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Abstract

1. With the establishment of the 619 ha Long Island - Kokomohua Marine Reserve in April 1993, a biological monitoring programme designed to investigate changes due to the total no-take legislation applied to the reserve was initiated.
2. Size, distribution and behaviour of blue cod (Parapercis colias; Pinguipedidae) were investigated using baited hooks at reserve and control rubble bottom habitats annually from 1993 to 2000. Blue cod abundance was estimated using visual diver strip transects annually for a period of nine years from 1992 to 2001.
3. A total of 5628 blue cod (2436 reserve and 3192 control specimens) were captured, measured and released. Two years after the reserve was established, the average size of blue cod was 22.4 mm larger inside the reserve compared to control sites outside it.
4. Over the duration of the study, the mean length of blue cod captured using baited hooks increased in the no-take reserve, but declined at the control sites. By the end of the study, in April 2000, the proportion of large blue cod > 330 mm  in length in the reserve was 35 % compared to < 1 % at the control sites where recreational fishing activities occurred.
5. Blue cod catch rates from experimental fishing in the reserve increased within 11 months of removal of recreational fishing activities and continued to increase up to 47 months, in contrast to the control areas where recreational fishing was permitted, catch rates remained consistently low. Increased catch rates in the reserve were not due to increased blue cod abundance, rather an increase in the proportion of naïve fish in the population.
6. From March 1998 to the end of the study, the density of blue cod in the reserve was significantly higher compared to the control sites. This increase was primarily due to an increase in the density of larger blue cod > 300 mm length in the reserve and a corresponding small decline in the density of these larger fish at the control sites. 
7. It is concluded that the cessation of recreational fishing in the reserve had resulted in an increase in blue cod size, catch rate and abundance and also in a change to blue cod behaviour.
Introduction

A number of studies have documented the impacts of marine reserve establishment in temperate areas of the world (Bell, 1983; McCormick and Choat, 1987; Buxton and Smale, 1989; Garcia-Rubies and Zabala, 1990; Bennett and Attwood, 1991; MacDiarmid and Breen, 1993; Dufour et al., 1995; Edgar and Barrett, 1997; Kelly et al., 2000; Willis et al., 2000, Davidson et al., in press). Some studies have reported the recovery of populations of particular species (Bennett and Attwood, 1993; Cole and Keuskamp, 1998; Kelly et al., 2000), while others have reported mixed responses to the establishment of a marine reserve (Cole et al., 1990). Several reasons have been suggested for the variation in responses to marine reservation. Kelly et al. (2000) suggested that failure to demonstrate the effects of protection did not mean that change had not occurred, but may reflect limitations in the sampling methodology and analysis. These authors suggested that limitations in methodology and survey design rendered conclusions from many of the published studies in temperate marine reserves questionable.

Most studies investigating temperate marine reserves have been conducted over relatively short time scales, while others have investigated only a small numbers of sites inside and outside these reserves. The lack of studies exhibiting long-term time series data may also be related to funding issues. Government agencies in New Zealand, for example, operate on a relatively short-term basis with few funded projects extending beyond three years. The time frame of university-based student studies may also limit the duration of such marine reserve investigations.

Problems in detecting the impacts of marine reserve establishment have been further compounded by the mixed responses that occur in species or communities (Cole, 1994; Willis et al., 2000). Based on temperate marine reserve studies, it is clear that the same changes will not necessarily occur in all reserves, or perhaps any two reserves. For example, MacDiarmid and Breen (1993) reported conflicting results for spiny lobsters (Jasus edwardsii) at two marine reserves and three control locations in north-eastern New Zealand. Results from the marine reserve areas revealed highest densities in one marine reserve and lowest densities in the other. The authors concluded that low abundance in one reserve was probably due to a lack of suitable habitat and its location with respect to the continental shelf and major currents.

Environmental variability highlights the importance of adequate temporal and spatial sampling (Underwood, 1993). The present study therefore aimed to (1) regularly sample over a long period within and outside Long Island - Kokomohua Marine Reserve, and (2) document changes as a result of marine reserve establishment for blue cod (Parapercis colias), one of the most important and widespread reef fish in southern New Zealand waters. Collection of data on blue cod density was initiated 13 months prior to the establishment of the marine reserve. Blue cod size and catch rate sampling was initiated five months after reserve establishment.

The blue cod (Parapercis colias (Bloch and Schneider, 1801), Pinguipedidae), was selected for study as this species represents a widespread and important recreational fishery in the Marlborough Sounds, it was relatively common at Long Island prior to reservation, and it could be studied using established underwater visual methods as well as hook and line capture methods. In addition, blue cod have been the focus of movement studies in the Marlborough Sounds (Mace and Johnson, 1983; Cole et al., 2000) and in southern New Zealand (Carbines, 1998; 1999), and have also been the focus of fisheries-related research in the Marlborough Sounds (Blackwell, 1997; 1998).

Study area

The study area, defined as the entrance to Queen Charlotte Sound, is located in the eastern Marlborough Sounds (Figure 1). Queen Charlotte Sound is closed to commercial blue cod fishing, but recreational fishing can be intense, particularly over the summer holiday period (December to February). Reserve sample sites were located within the Long Island - Kokomohua Marine Reserve, Marlborough Sounds. The marine reserve was formally gazetted and opened on 30 April 1993. It was the first marine reserve to be established in the South Island of New Zealand and the seventh in New Zealand.  For the four years prior to the establishment of the marine reserve, local dive clubs had established a self-imposed voluntary ban on the taking of marine life from the area. The marine reserve is approximately 6.5 km in length and encompasses an area of 619 ha, extending 463 m offshore around Long Island and the smaller Kokomohua Island and a charted rock located to the north east of Kokomohua Island (Figure 1). The charted rock is a rock stack that reaches the surface only at low water. Long and Kokomohua Islands and the charted rock are connected subtidally by rocky reefs.

Long and Kokomohua Island’s coast is 1.9 km from the nearest point on the mainland (Bottle Rock coast, to the west), 1.5 km from Arapawa Island (Cooper and Clark Points to the east), 3.5 km from Blumine Island (to the southwest), and 1.4 km from Motuara Island (to the north-west). Those areas were used as control sites in the present study, while reserve sample sites were established on both sides of Long and Kokomohua Islands (Figures 1 and 2). Long and Kokomohua Islands are surrounded by mud bottoms in more than 30 m water depth, except in the northwest, where a sand bottom dominates in water depths from 13 to 20 m. Tidal flows are generally weak around most of Long and Kokomohua Islands, but occasionally slight (estimated < 0.5 knot) currents were encountered during sampling.

Methods for assessing blue cod abundance have been studied in the Long Island – Kokomohua Marine Reserve (Grange et al., 1995; Grange and Cole, 1997). The reserve and adjacent coastal water support a relatively high abundance of blue cod (Davidson, 1995; 1997). The area is not visited frequently by divers, and observations suggest that blue cod behaviour has not been influenced by diver fish feeding activities, though diver disturbance of the substratum does attract them.
The selection of study sites was based on habitat type, which is related to shore aspect and topography (Davidson, 1995). All sampling sites were located on either north-east or south-west facing shores, which typically have a narrow sublittoral fringe of macroalgae extending 1 m to 2 m depth below low water. Below this fringe is a relatively homogeneous rock rubble reef dominated by cobbles and small boulders (rubble bank), interspersed with broken shell, sand and silt. These rubble banks extend to approximately 18 - 22 m depth, beyond which broken and dead whole shell and soft substrata occur. The depth ranges of these sediments and reefs overlap, but the general trend is for an increased proportion of sandy and silty substrata with increasing depth (Villouta et al., submitted). The reefs are relatively steep, and extend from approximately 40 m to 80 m offshore.

Methods

Blue cod size and catch rate derived from catch, measure and release methodology

Blue cod size and catch rates were investigated at three reserve and six control sites from September 1993 to April 2000 (Figure 1). The number of sites in the reserve was restricted to three and the number of blue cod captured limited to 60 fish per site, based on conditions established by the Marine Reserve Committee, which is made up of representatives of the iwi (local Maori), the local community and recreational and commercial fishers. With permission from the Committee, more blue cod were captured on particular occasions for the purposes of other studies (e.g. tagging). The six control sites were established at sites that were subject to a wide range of recreational fishing pressures.  Two sites known to be sites regularly visited by recreational fishers were selected close to the marine reserve (i.e. Bottle Rock and Clark Point), one site was chosen that represented an area seldom fished (i.e. Anatohia Bay) and a further three sites were selected representing fishing pressure between these two extremes.

All catch, measure and release sites were sampled over rubble bottoms located as close to 12 m depth as possible. At each site, an 8 m aluminium boat was positioned perpendicular to the shore using bow and stern anchors, thereby ensuring minimal boat movement. Ground-bait (two opened cans of sardine cat food) was secured inside a weighted plastic mesh container and lowered on a weighted rope to the sea floor directly below the boat. At each site, fishers used Kilwell scarab boat rods, set-up with two barbless ‘surf-master’ flasher rig hooks (size 2/0) and a lead sinker. Small hooks were used in an effort to catch as wide a range of fish sizes as possible. Hooks were baited using small pieces of squid. In order to minimize fish mortality, fishers were instructed to maintain direct contact between the rod and the sinker to ensure that fish did not swallow the hooks.

At each site, fishing effort (number of fishers and time fished) was recorded. Captured fish were transferred to a holding tank continuously supplied with fresh sea water. At the end of the fishing period, all fish were measured and transferred to a second holding tank secured over the side of the boat and supplied with fresh circulating sea water. All fish were handled using clean cotton gloves, while the deck of the boat was covered in carpet to minimize damage and risk of infection to fish. No blue cod were released while sampling continued, eliminating the chance of recapture. This also allowed the sampling coordinator to assess any fish mortality during the period prior to fish release. All fish were released together to minimise mortality from predators, principally shags and barracouta (Thyrsites atun).

Fishers used for the sampling attempted to catch 60 fish from each site during each sampling period. This was always possible at reserve sites, but on many occasions could not be achieved at control sites due to a decline in the catch rate. The period of time spent sampling the population was not predetermined at reserve sites, but was set at a maximum of two hours at control sites due to this phenomenon.

Blue cod size data were separated into three size classes that corresponded to the two previous legal size limits (i.e. > 300 mm and > 330 mm total length) and the present size limit (i.e. > 280 mm). These sizes were different to the size classes adopted in underwater fish transects. For underwater counts sizes corresponded to the size of juveniles (< 10 mm), the legal size limit when fish counts were initiated in 1992 (i.e. 300 mm).

To investigate whether the catch was representative of the reserve and control site blue cod populations, two methods were used: (1) in March 1994 and again in April 2000 divers descended to the sea floor under the catching boat at one reserve and one control site and visually assessed the sizes of fish in the populations around the ground bait and compared these to those in the catch, and (2) in September 1995 the sizes of blue cod were recorded in the order they were captured at two control (Bottle Rock and Clark Point) and all three reserve sites.

Blue cod density derived from underwater visual transects

Blue cod abundance was investigated using established underwater visual transect methods (Bell, 1983; McCormick and Choat, 1987; Choat et al., 1988; Buxton and Smale, 1989; Cole et al., 1990; Cole, 1994; Willis et al., 2000). Between four and five reserve and four control sites were sampled annually over a nine year period from March 1992 to April 2001 (Figure 2). All transects were established parallel to the shore at depths from 7 m to 12 m. Blue cod sizes were estimated by divers and allocated to three size groups (juvenile < 100 mm, sub-adult 100 mm to 300 mm and adult > 300 mm total length). Divers also recorded the presence of other reef fish excluding triplefins and cave and crevice dwelling species. The same two divers were used to estimate blue cod sizes and numbers from 1992 to 1999, while two additional divers were used in April 2000. Diver estimation of blue cod size was standardised using plastic model fish, the sizes of which were estimated underwater prior to the field work.

At each site, a lead weight at the start of the transect line was dropped onto the substrate within the designated depth range. The line was automatically reeled off the spool as the diver holding the spool swam away from the lead weight. At a distance of 5 m from the weight (as indicated by a marker on the line), the divers started counting those fish present within an estimated 2 m wide x 2 m high x 30 m long “tunnel”. A total of 12 replicate data sets were collected on each occasion apart from during March 1992 when only six replicate data sets per site were collected. Transects were swum at a constant slow speed, but fast enough to ensure that swimming blue cod did not overtake the divers.

Results

Fish catches from baited hooks
A total of 6709 fish of different species, comprising 2622 from the reserve and 4087 from the control sites were captured and measured over 12 fishing events between September 1993 and April 2000 (Tables 1 and 2). Blue cod dominated the catch with 5628 fish (83 % of the total catch) comprising 2436 from the reserve and 3192 from the control sites. Within the reserve, blue cod represented 93 % of the total catch (Table 1), while they represented 78 % of the total catch at the control sites (Table 2). Tarakihi (Nemadactylus macropterus; Cheilodactylidae) were the next most common fish caught in the reserve, followed by spotty (Notolabrus celidotus; Labridae)(4.8 % and 1.4 %), respectively. At the control sites, spotty dominated the bycatch, with 572 fish representing 14 % of the total control catch, followed by tarakihi (4 %). The tarakihi catch in the reserve varied considerably between years with no tarakihi being captured in March 1995, April 1997, April 1999 and April 2000. Over the 12 samples, a total of ten species were captured at the reserve sites (Table 1) compared to 15 species from the control sites (Table 2).

Size of blue cod from baited hook catches

The pooled mean size of blue cod from the reserve sites increased gradually over the 6.5 year study (Figure 3). Pooled mean blue cod size in the reserve ranged from a low of 276 mm (n = 189) in September 1995 to a high of 318 mm (n = 206) in September 1999. Two way ANOVA of the pooled data for all samples confirmed that the mean size of blue cod was higher from in the reserve (F = 35.65, P < 0.0001). In contrast to the steady increase in blue cod size at the reserve sites, the mean size at the control sites varied throughout the study (Figure 3). The average size of blue cod at the latter sites increased from September 1993 to August 1994, but then declined dramatically by September 1995. For the following four samples the mean size of blue cod at the control sites gradually increased, but declined again to an all time low in April 2000.

The separation of pooled reserve and control blue cod into the three size classes for each sampling occasion indicated differences between the reserve and control size distributions (Figure 4). A greater proportion of small blue cod (< 280 mm) and a lower percentage of large blue cod (> 330 mm) were recorded from the control sites on all sampling occasions. The proportion of small blue cod declined, and a corresponding increase in large blue cod occurred, in the reserve over time following reserve establishment (Figure 4, Table 3). The opposite trend was apparent for the control sites, but variations occurred in the relative proportions of each size class over time (Figure 4). The proportion of medium sized blue cod (280 mm to 330 mm) remained relatively stable within the reserve compared to an overall decline at the control sites.

Comparison of blue cod size structure between March 1994 and April 2000 showed that the number of smaller and larger individuals increased in the reserve compared to the control sites (Figure 5). The size-frequency histogram for the pooled April 2000 reserve sample was flatter and wider compared to the reserve in March 1994 and the control sites in March 1994 and April 2000. In contrast, most blue cod at control sites fell within a relatively narrow size range compared to the April 2000 reserve sites (Figure 5). The median size of blue cod increased by 27 mm at the reserve sites over the six-year period compared to a decline of 52 mm at the control sites.

Catch per unit effort (CPUE)
Pooled catch per unit effort values were significantly higher in the reserve compared to values at the control sites that remained consistently low (F = 42.62, P < 0.0001)(Figure 6). By 11 months after reservation, the CPUE had increased by over 100 % compared to the control sites. The CPUE continued to increase in the reserve for four years after the reserve was established. Apart from April 1999, the CPUE remained at above one blue cod per rod, per minute in the reserve compared to one blue cod per five minutes at the control sites (Figure 6).

Catch methodology

The sizes of blue cod recorded in the sequence that they were captured at two control and three reserve sites in September 1995 showed no consistent pattern of increasing or decreasing size throughout the fishing period. The regression lines fitted to blue cod size data versus their catch sequence exhibited a low gradient for all sites, being negative at two sites (one reserve and one control)(slopes = -0.054 and -0.46) and positive at the remaining three sites (two reserve and one control)(slopes = 0.36, 0.42 and 0.48).

Underwater observations of the fishing operations suggested that no particular size classes of blue cod were captured in a higher proportion than they were represented in the environment. In the reserve a feeding frenzy often developed during fishing with numbers of blue cod actively competing for the baited hooks. In these instances the smaller blue cod often reached the hooks before the larger fish thereby increasing the potential for these fish to represent a higher proportion of the catch. These smaller fish had, however, often taken and let go of the barbless hooks before the fishers on board the boat reacted. In this way larger blue cod had the opportunity to subsequently take the baited hooks. It appeared to divers that this phenomenon balanced out the disproportionate number of hook takes by the smaller blue cod in the population. In general, the divers concluded that the catch was a good representation of the range of blue cod present at each site.

Fish abundance from visual diver counts
Divers observed a total of 12 species of reef fish over rubble habitat at the reserve and control sites over the duration of the study (Table 4). Blue cod and spotty were recorded from all rubble bottom sites on all occasions. Apart from leatherjackets (Parika scaber; Balistidae) recorded sporadically as lone adults, all of the other species were only rarely observed at the surveyed sites both inside and outside the reserve.

Pooled mean abundance of blue cod < 300 mm length was significantly higher in the reserve compared to the control sites throughout the study (F = 18.44, P = 0.0026), but the 95 % confidence intervals only separated in the latter years of the study (i.e. March 1998 and April 2001)(Figure 7). The density of blue cod > 300 mm was significantly higher at reserve sites (F = 10.54, P = 0.0118) apart from the first three years of sampling (P > 0.4695)(Figure 7). The density of large blue cod at the control sites remained low over the duration of the study, reaching an all time low in April 2000. From March 1995 onwards, the pooled density of all blue cod sizes was significantly higher within the reserve compared to the control sites (Figure 7, Table 5).  The 95 % confidence intervals no longer overlapped from April 1997 to the end of the study.

Discussion

This is the longest time series of such data published for any marine reserve monitoring programme in New Zealand (i.e. nine years for blue cod densities and seven years for blue cod sizes and catch rates). Some marine reserves in New Zealand have little or no quantitative data available for them, while most have only sporadic data often collected well after the establishment of the reserve. Despite this situation, there has been a growing body of studies that have shown such changes in marine reserves in New Zealand (McCormick and Choat, 1987; Cole et al., 1990; Creese and Jeffs, 1993; Jones et al., 1993; MacDiarmid and Breen, 1993; Cole, 1994; Cole and Keuskamp, 1998; Kelly, 1999; Kelly et al., 1999; Kelly et al., 2000; Willis et al., 2000; Cole et al., 2000; Davidson et al., submitted). Changes observed have generally been attributed to the cessation of commercial, recreational and traditional fishing, as all New Zealand’s marine reserves have all been total no-take.

The present study also demonstrates that the exclusion of fishing activities results in biological changes in fish populations. Blue cod size and population structure, abundance and behaviour all exhibited dramatic changes. In April 2000, blue cod were over 125 % more abundant within the reserve and on average 80 mm longer compared to control sites. Large blue cod (> 330 mm) in the reserve represented 35 % of the population compared to < 1 % at the control sites. Furthermore, blue cod could be captured using catch, measure and release methodology more than 200 % faster within the reserve compared to the control sites. These results clearly show that the exclusion of fishing activities from Long Island – Kokomohua Marine Reserve has resulted in a relatively rapid and large scale change in the size, abundance and behaviour of this dominant reef fish species.

At the start of the present study, the marine reserve supported larger blue cod than the control sites. This result may have been due to a voluntary restriction on fishing around Long and Kokomohua Islands. Prior to the opening of the marine reserve in April 1993, the combined Marlborough Dive Clubs promoted and adhered to a four-year voluntary ban on fishing. This voluntary ban may have accounted for the difference between the reserve and control areas in the early years after the Long Island-Kokomohua Marine Reserve was established.

The increased mean size of blue cod in the reserve over the duration of the study was in stark contrast to changes in their sizes and densities at the control sites. Changes in blue cod sizes corresponded to Ministry of Fisheries legislation changes. Prior to October 1994, the minimum legal size for the take of blue cod was increased from 300 mm to 330 mm.  From the start of this study up to August 1994, the mean size of blue cod at the control sites thus increased. In October 1994 the minimum legal size was reduced to 280 mm, and by September 1995 the mean size of blue cod at the control sites had declined dramatically, presumably as a result of this reduction in the legal size limit. Over this period of considerable change to these fisheries size limits, the marine reserve blue cod population has thus acted as a reference or control.

The mean size of blue cod outside the reserve declined from approximately 275 mm in August 1994 to 223 mm in April 2000. As the six control sites were selected over a range of bays in outer Queen Charlotte Sound each representing a different level of perceived recreational fishing pressures (i.e. from a high at Bottle Rock to a low at Anatohia Bay), it can be concluded that fishers in the entrance to Queen Charlotte Sound now have less chance of catching large fish than they did at the start of the study. This decline in the average sizes of blue cod at the control sites has accentuated the original difference between blue cod sizes in the reserve and at nearby areas. The average size of blue cod in the reserve also declined sharply in September 1995 and again in April 1999. In contrast to the prolonged declines at the control sites, however, these reserve site declines were transient.

Most New Zealand studies that have investigated the impacts of reservation on reef fishes have adopted traditional diver strip counts to determine fish abundances (e.g. McCormick and Choat, 1987; Cole et al., 1992; Cole, 1994). Willis et al. (2000), however, questioned the reliability of this method and reported that other methods such as baited video stations may be a more reliable method for determining fish abundance. The development of such new methods may thus be an important consideration for present and future marine reserve monitoring.  For example, in areas subjected to consistently poor water visibility, alternative methods to diver visual counts will require development and testing.

The present study adopted traditional visual transect methodology to estimate blue cod density for a variety of reasons. Water visibility in this area was consistently adequate for this method (i.e. > 4.5 m horizontal distance), the habitat was homogeneous, and lastly the target species was relatively diver neutral, providing divers did not disturb the benthos. As a precautionary approach, a large number of replicates were collected at each site.

The present study was the first in New Zealand to adopt a modification of the catch, measure and release methodology developed by Bennett and Attwood (1991, 1993) for a beach surf casting situation in South Africa. Willis et al. (2000) tested the reliability of this method compared to underwater visual transects and an underwater baited video station at Cape Rodney – Okakari Marine Reserve, north-eastern New Zealand. They recorded similar blue cod densities using all three methods, but catch, measure and release methodology resulted in a larger mean blue cod size. Blue cod in that reserve were estimated by divers to be on average 257 mm in length compared to 200 mm long at the control sites, while catch methodology produced mean blue cod sizes of 414 mm and 296 mm in the reserve and control areas respectively. In the present study at Long Island – Kokomohua Marine Reserve, mean sizes of blue cod caught in the reserve were intermediate compared Cape Rodney – Okakari Marine Reserve. Willis et al. (2000) stated that due to the abundance of large and aggressive snapper (Pagurus auratus; Sparidae), the use of large hooks resulted in a bias favouring large blue cod in his study area. The present study adopted size 2/0 hooks in an effort to capture as wide a range of blue cod sizes as possible. Captured blue cod generally ranged from 120 mm to 495 mm length, with only one fish < 120 mm long being captured. Clearly this method did not sample the entire population as juvenile fish down to 40 mm length have been visually recorded in this area (Villouta et al., submitted).  Based on diver visual size estimates, up to 12.5 % of the population in the reserve comprised fish < 100 mm in length (Cole et al., 2000). This method does, however, provide consistent size information for blue cod > 120 mm. These data can therefore be compared both over the duration of the study and between treatments for the Long Island – Kokomohua Marine Reserve. Using the baited underwater video technique, Willis et al. (2000) did not record blue cod < 80 mm, suggesting that this method also did not sample the entire size range present in the population, however, the technique did avoid problems related to diver survey biases (Cole, 1994; Jennings and Polunin, 1995; Kulbicki, 1998). Hook sizes used and the behaviour of the target and other species require consideration before results from different marine reserves can be reliably compared.

To enable results from different marine reserves in New Zealand to be compared, relatively standard methodology should be adopted where practicable. This may not be easy, as the more important fish species (e.g. recreationally and/or commercially important or having high conservation value) in any marine reserve will vary throughout the country and the sampling methods appropriate for one species may not be appropriate for another (Willis et al., 2000). Similarly, a standard method for sampling blue cod, for example, may fail due to the presence of a voracious predator such as the snapper competing for the baited hooks or driving small blue cod away from a baited video station. A methodology appropriate for each fish species and each marine reserve location should be developed in order that the impact of protection can be determined.  Parts of these methods could, however, be standardised better nationwide comparisons. Such standardisation may consist of the use of particular hook shapes or sizes, types of baits, the use of ground bait, the types of habitats fished or dived, depth and minimum water visibility etc.

The catch, measure and release methodology used in the present study was based on a South African study that successfully documented fish stock recovery in a marine reserve where low water visibilty precluded the use of visual methods (Bennett and Attwood, 1991; 1993). They recorded an increase in modal sizes for particular species and an increase in catch per unit effort data over the 4.5 years following reserve protection and attributed these results to the formation of the marine reserve. 

Catch per unit effort data collected by Bennett and Attwood (1991, 1993) and during the present study were not used to estimate fish abundance. Deriso and Parma (1987) and Somerton and Kikkawa (1995) both demonstrated that catch per unit effort (CPUE) was inadequate for estimating fish abundance. Arreguin-Sanchez (1996) discussed problems associated with variable catchability, while Millar and Fryer (1999) highlighted problems associated with size selectivity. Data collected during the present study from September 1993 to April 1996 showed that CPUE increased dramatically in the reserve, but that this did not correspond to increased blue cod abundances based on diver visual counts. The increase in CPUE was thus probably due to a change in blue cod behaviour rather than increased abundance. Underwater observations also suggested that a proportion of the blue cod attracted to ground baited sites would not attack the baited hooks. This was particularly apparent at control sites where the catch rates were low, but up to 30 blue cod could be observed over the substratum around the ground bait. It is possible that reservation increases the proportion of naive fish in the population. This phenomenon may be an important consideration for reserves that are intermittently opened to fishing. Reserves of this type exist in New Zealand as “mataitai” and “taiapure” reserves. The opening of reserves to fishing where fish catchability has increased but abundance has not may thus result in rapid depletion of fish stocks, thereby defeating the purpose of such reserves.

Few studies investigating changes due to the cessation of fishing have discussed behavioural changes. Cole (1994) reported that feeding of fish in New Zealand’s longest established marine reserve (Cape Rodney – Okakari Marine Reserve) had altered fish behaviour. Divers undertaking field work over the duration of the present study all reported behavioural changes, particularly for large blue cod. Many blue cod exhibited a lack of fear, often allowing divers to touch them, while some large blue cod attacked the divers biting their lips, fingers and equipment. Divers also reported changes to the behaviour of large blue moki (Latridopsis ciliaris; Latridae) which changed from standing off from the divers to virtually ignoring them, even in close proximity. Spiny lobsters (Jasus edwardsii; Panuliridae) at reserve locations in the present study were often observed at the entrances to their holes rather than further back inside these holes. They could also often be handled within the reserve, an activity that was not possible in the control areas or in the reserve during its initial years. These observations, combined with the dramatic changes observed in blue cod CPUE, suggest that behaviour may be the first measurable change due to reservation. This aspect of marine reserve impact has not been studied in detail in New Zealand and warrants more attention, as it may influence the reliability of particular methods used to monitor marine reserves. For example, a change from diver negative behaviour to diver neutral or diver positive behaviour may result in errors where an increase in fish abundance is estimated but does not exist. Clearly, further investigation into behavioural changes and their impacts on survey methodologies is an important consideration in any study of the recovery of fish stocks due to protection in marine reserves.
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Captions to Figures
Figure 1.  Locations of blue cod catch, measure and release sites at Long Island – Kokomohua Marine Reserve and along the adjacent coastlines of Queen Charlotte Sound (R1-3 = marine reserve sites, C1-6 = control sites).

Figure 2.  Locations of underwater visual transect sites at Long Island – Kokomohua Marine Reserve and along the adjacent coastlines of Queen Charlotte Sound (R1-5 = marine reserve sites, C1-4 = control sites).

Figure 3.  Pooled mean blue cod total lengths for the reserve (open dots) and the control sites (shaded dots) from September 1993 to April 2000. Error bars represent 95 % confidence intervals.

Figure 4.  Proportions of blue cod from pooled reserve (n = 3) and pooled control (n = 6) sites in three size categories (<280 mm = hatched, 280 – 330 mm = open, > 330 mm = black)(for total numbers in each pooled sample see Tables 1 and 2).

Figure 5.  Size-frequencies of pooled blue cod from reserve and control catch, measure and release samples for 1993 and 2000. Vertical reference line represents the median.

Figure 6.  Mean catches per unit effort for blue cod from pooled the reserve (squares) and the control sites (dots) from September 1993 to April 2000.  Error bars represent standard error.

Figure 7.  Mean densities of blue cod pooled from four to five reserve (open dots) and four control (shaded dots) rubble bottom sites. Error bars represent 95 % confidence intervals.
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Table 3.   Average size, number and proportion of blue cod in three size categories (<280 mm, 280-330 mm length and >330 mm length) for pooled sites inside and outside the reserve. Error values represent 95% confidence.

	Treatment
	Size (mm)
	<280 mm

length
	280 – 330 mm length
	>330 mm   length
	Size range

	
	N
	Mean (SE)
	N
	%
	N
	%
	N
	%
	(mm)

	September 1993

Marine reserve (3)

Control sites (2)
March 1994

Marine reserve (3)

Control sites (6)
August 1994

Marine reserve (3)

Control sites (6)
March 1995

Marine reserve (3)

Control sites (6)

September 1995
Marine reserve (3)

Control sites (6)

April 1996
Marine reserve (3)

Control sites (5)

April 1997
Marine reserve (3)

Control sites (6)

September 1997

Marine reserve (3)

Control sites (6)
March 1998

Marine reserve (3)

Control sites (6)

April 1999
Marine reserve (3)

Control sites (6)

September 1999
Marine reserve (3)

Control sites (6)

April 2000
Marine reserve (3)

Control sites (6)
	305

131

226

336
193

372

185

372

181

131

181

289

186

302

240

281

200

205

177

230

183

275

179

268
	287.9 (4.7)

257.2 (6.30)

279.9 (5.5)

270.7 (4.4)

280.1 (6.5)

275.0 (4.1)

288.2 (6.9)

265.8 (4.5)

276.3 (6.6)

238.2 (6.1)

293.4 (9.3)

245.5(5.2)

297.9  (8.18)

252.2 (3.15)

296.5 (7.0)

257.1 (4.3)

313.4 (7.0)

261.3 (6.2)

294.5 (9.1)

231.2 (5.6)

318.5 (8.2)

232.1 (5.2)

304.0 (9.4)

223.3 (4.5)
	137

96

124

221

99

210

86

235

94

113

82

237

82

237

109

216

58

123

75

196

42

234

66

249
	44.9

73.3

54.9

58.2

51.3

56.7

46.5

63.1

51.9

86.3

45.5

82.0

44.1

78.5

45.6

77.0

29.0

60.0

42.6

85.3

23.0

85.1

36.9

93.0
	110

33

70

130

63

123

60

115

63

18

45

40

46

59

61

55

72

73

55

27

70

33

50

17
	36.1

25.2

30.9

34.2

32.6

33.1

32.4

31.0

34.8

13.7

25.1

13.8

24.8

19.5

25.2

19.5

36.0

36.0

31.3

11.7

38.5

12.0

27.9

6.3
	58

2

32

29

31

38

39

22

24

0

53

12
58

6

70

10

70

8

46

7

70

8

63

2
	19.0

1.5

14.2

7.6

16.1

10.2

21.1

5.9

13.3

0

29.4

4.2

31.9

2.0

29.2

3.5

35.0

4.0

26.1

3.0

38.5

2.9

35.2

0.7
	178-394

185-400

164-390

181-473

173-406

162-440

176-413

166-434

181-390

155-325

190-430

165-452

193-424

175-395

171-440

160-424

166-446

142-365

172-424

149-370

180-440

155-408

169-440

144-370




Table 4.   Species recorded during underwater counts

from reserve and control sites.

	Species name
	Common name

	Caesioperca lepidoptera
	Butterfly perch

	Upeneichthys lineatus
	Goatfish

	Scorpis lineolatus
	Sweep

	Aplodactylus arctidens
	Marblefish

	Nemadactylus macropterus
	Tarakihi

	Cheilodactylus spectabilis
	Red moki

	Latridopsis ciliaris
	Blue moki

	Notolabrus celidotus
	Spotty

	Notolabrus fucicola
	Banded wrasse

	Pseudolabrus miles
	Scarlet wrasse

	Parapercis colias
	Blue cod

	Parika scaber
	Leatherjacket




Table 1.   List of fish species captured from pooled reserve sites throughout the study.

	Species name
	Common name
	Sept. 1993
	March 1994
	August 1994
	March 1995
	Sept. 1995
	April 1996
	April 1997
	Sept. 1997
	March 1998
	April 1999
	Sept. 1999
	April 2000
	Total

	Parapercis colias
Nemadactylus macropterus
Notolabrus celidotus
Thyrsites atun
Cephaloscyllium isabellum

Pseudophycis bachus

Chelidonichthys kumu

Raja nasuta

Parika scaber

Arripis trutta

Helicolenus papillosus

Latris lineata

Pseudolabrus miles
Conger verreauxi

Squalus acanthias
Notolabrus fucicola

Total catch (n)

Total no. species
	Blue cod

Tarakihi

Spotty

Barracouta

Carpet shark

Red cod

Gurnard

Skate

Leatherjacket

Kahawhai

Sea perch

Trumpeter

Scarlet wrasse

Conger eel

Spiky dogfish

Banded wrasse


	305

4

8

0

0

0

0

0

0

0

0

0

2

0

0

0

319

4
	226

11

3

3

0

0

0

0

0

0

0

0

0

0

0

1

244

5
	193

5

6

0

0

0

0

0

0

0

0

0

0

0

0

0

204

3
	185

0

1

1

0

0

0

0

0

1

0

1

0

0

0

0

189

5
	181

59

0

1

0

0

0

0

0

0

0

0

2

0

0

0

243

4
	181

16

5

1

0

0

0

0

1

0

0

0

1

0

0

0

205

6
	186

0

4

2

0

0

0

0

0

0

0

0

0

0

0

0

192

3
	240

7

7

1

1

0

0

0

0

0

0

0

0

0

0

0

256

5
	200

3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

203

2
	177

0

1

1

0

0

0

0

1

0

0

0

0

0

0

0

180

4
	183

20

0

3

0

0

0

0

0

0

0

0

0

0

0

0

206

3
	179

0

2

0

0

0

0

0

0

0

0

0

0

0

0

0

181

2
	2436

125

37

13

1

0

0

0

2

1

0

1

5

0

0

1

2622

10




Table 2.   List of fish species captured from pooled control sites throughout the study.

	Species name
	Common name
	Sept. 1993
	March 1994
	August 1994
	March 1995
	Sept. 1995
	April 1996
	April 1997
	Sept. 1997
	March 1998
	April 1999
	Sept. 1999
	April 2000
	Total

	Parapercis colias
Nemadactylus macropterus
Notolabrus celidotus
Thyrsites atun
Cephaloscyllium isabellum

Pseudophycis bachus

Chelidonichthys kumu

Raja nasuta

Parika scaber

Arripis trutta

Helicolenus papillosus

Latris lineata

Pseudolabrus miles
Conger verreauxi

Squalus acanthias
Notolabrus fucicola

Total catch (n)

Total no. species
	Blue cod

Tarakihi

Spotty

Barracouta

Carpet shark

Red cod

Gurnard

Skate

Leatherjacket

Kahawhai

Sea perch

Trumpeter

Scarlet wrasse

Conger eel

Spiky dogfish

Banded wrasse


	131

0

2

0

0

0

0

0

0

0

0

0

0

0

0

0

133

2
	336

15

39

7

0

0

0

0

0

0

1

0

1

2

0

0

401

7
	372

4

52

1

1

7

1

1

0

0

0

0

0

0

0

0

439

8
	372

16

72

2

0

0

0

0

2

1

3

1

0

0

0

0

469

8
	131

4

29

0

0

0

0

0

0

0

0

0

0

0

0

0

164

3
	289

29

66

26

0

0

0

0

2

0

0

0

0

0

0

0

412

5
	302

19

103

6

0

0

0

0

8

7

1

1

2

1

1

0

451

11
	281

16

31

2

0

2

0

0

0

0

2

0

2

0

0

0

336

7
	205

13

38

4

0

0

0

0

3

21

0

0

0

0

0

0

284

6
	230

19

71

2

0

0

0

0

5

1

0

0

0

0

2

0

330

7
	275

12

38

3

1

1

0

1

3

0

1

0

1

0

0

0

336

10
	268

17

31

1

1

0

0

0

3

0

1

0

2

0

8

0

332

9
	3192

164

572

54

3

10

1

2

26

30

9

2

8

3

11

0

4087

15




Table 5.   Mann-Whitney rank sum test (non-parametric t-test) of all blue cod collected from underwater visual counts from rubble bottom sites compared between pooled reserve and pooled control sites from 1992 to 2001.

	Year 
	Timing
	N
	T
	P
	Significance

	
	
	
	
	
	

	March 1992
	Pre-reservation
	42
	408.5
	0.5934
	Not Significant

	March 1993
	Pre-reservation
	90
	1614.5
	0.0959
	Not Significant Significant

	March 1994
	Post reservation
	93
	1394
	0.1045
	Not Significant

	March 1995
	Post reservation
	99
	1459.5
	0.0134
	Not Significant

	April 1996
	Post reservation
	79
	1093.5
	0.0472
	Not Significant

	April 1997
	Post reservation
	103
	2086.5
	<0.0001
	Significant

	March 1998
	Post reservation
	108
	1767.0
	<0.0001
	Significant

	April 1999
	Post reservation
	108
	1862.0
	<0.0001
	Significant

	April 2000
	Post reservation
	108
	1778.0
	<0.0001
	Significant

	April 2001
	Post reservation
	96
	1701.5
	<0.0001
	Significant
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