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1.0 EXECUTIVE SUMMARY  

Long Island-Kokomohua Marine Reserve, Queen Charlotte Sound was established in April 

1993. Since March 1992, a biological monitoring programme coordinated by Davidson 

Environmental Ltd. under contract to the Department of Conservation has surveyed 

biological changes in relation to the establishment of the no-take marine reserve (Davidson 

1995, 1997, 2004). This report provides a comprehensive update on the biological monitoring 

programme based on results of further sampling over the last six years.  

1.1 Sampling 

Biological monitoring of several key species has been undertaken at replicate reserve and 

control sites. 

Line fishing (catch, measure and release) 

¶ Fish were captured using baited hooks, measured and released in all years except for 

2001. Sampling was bi-annual from 1993 to 1999 and annual from 2000 onwards. 

Only blue cod (Parapercis colias) catch measurement data have been presented in the 

present report.  

¶ Catch per unit effort (CPUE) measurements were collected for fish caught on each 

sample occasion. 

 

Underwater visual fish surveys (diver counts) 

¶ Reef fish density and size from rubble and macroalgae habitats were sampled 

annually by divers from 1992 to 2009. Additional macroalgae control sites were 

sampled from March 2002 onwards. 

 

Other sampling 

¶ Spiny lobster (Jasus edwardsii) density, size and sex were sampled every 2-3 years 

from 1992 to 2001 and annually from 2001 to 2009.  

¶ Black-foot paua (Haliotis iris) density and size data were collected on four and five 

occasions respectively between 1992 and 2009.  

¶ Kina (Evechinus chloroticus) size and density, and cats eye (Turbo smaragdus) 

density, were initially sampled in 1992 and subsequently on two further occasions. 
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¶ Cats eye size and various shore profiles were surveyed 1992, but these data have not 

been re-sampled since the original baseline study. 

 

1.2 Catch, measure and release 

From 2004 to 2009, a total of 4830 fish (1917 individuals (5 species) from reserve and 2913 

individuals (13 species) from control sites) were captured, measured and released during six 

annual sampling events. Blue cod dominated the total catch (4391 individuals or 90.9 % of 

the catch). Since April 2004, a total of 2522 blue cod was sampled at control sites, but only 

40 individuals or 1.6 % were larger than 330 mm total length (TL). In contrast, of the 1815 

blue cod measured from four reserve sites over the same period, a total of 534 or 29.4% were 

> 330 mm TL. Small blue cod (0 - 279 mm TL) always dominated the control population 

with proportions ranging from 55 % to 93 %. In contrast, since April 1996, large blue cod 

(330 ï 650 mm TL) dominated the reserve population on four occasions and were second 

behind the smallest size class for the remaining 11 occasions. 

Pooled mean blue cod length has increased in the reserve since the start of the study and was 

always higher than pooled data from areas open to fishing (control sites). Fluctuations in 

mean blue cod length values occurred both inside and outside the reserve, but were 

considerably larger at the control sites. These relatively large control site fluctuations were 

most likely influenced by changes to blue cod recreational size and bag limits. 

Blue cod catch rates (catch per unit effort or CPUE) from experimental fishing in the reserve 

increased shortly after the reserve was established and remained high compared to control 

sites. At control sites where recreational fishing was permitted, catch rates remained 

consistently low. 

 

1.3 Underwater visual fish surveys 

Since April 1997, the density of reserve blue cod in rubble habitat remained significantly 

higher compared to control sites. This difference was primarily due to an increase in the 

density of large blue cod (> 300 mm TL) in the reserve. In May 2009, blue cod > 300 mm TL 

were 3.6 times more abundant from reserve rubble habitat compared to the same habitat 

outside the reserve. The different densities of large blue cod recorded between reserve and 

control sites was most likely due to the absence of fishing in the reserve. 

No other reef fish on rubble habitat showed a trend that could be related to reservation. 

Spotty and banded wrasse were usually more abundant from the control group compared to 
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the reserve treatment. Tarakihi were uncommon from rubble habitat and apart from 1994, 

showed no significant difference between treatments. 

The density of blue cod, blue moki, tarakihi and butterfish from the macroalgae habitat were 

often, but not always, higher in the reserve. These differences were, however, seldom 

statistically significant. The density of butterfish from both treatments was usually very low 

with few individuals recorded at most sites. Tarakihi were patchily distributed and when seen, 

were often present in groups. 

Since March 1994, the mean size of blue moki sampled from all sites was greater from the 

reserve compared to control sites. Divers regularly observed very large blue moki (>700 mm 

TL) from the reserve, whereas large individuals were rarely seen from control sites. Mean 

tarakihi size fluctuated dramatically during the study depending on the presence or absence of 

schools of juvenile fish. 

 

1.4 Spiny lobster 

Reserve spiny lobsters were more abundant than control lobsters from April 1999 onwards. In 

March 2009, lobsters were 3.3 times more abundant in the reserve (10.7 individuals per 

100m
2
) compared to outside (3.3 individuals per 100m

2
) and 5.6 times more abundant than 

densities recorded at the start of the study. 

In all years, large male and female lobsters were more abundant at reserve sites compared to 

control sites. In 2009, male lobsters were 3.1 times more abundant and females 3.6 times more 

abundant from the reserve compared to controls. Mean lobster carapace length was greater 

from the reserve compared to controls on all sample occasions from 1999 to 2009. It is 

concluded that the increase in lobster abundance and size within the reserve is directly related 

to their protection from fishing and will lead to greater reproductive output from the reserve 

compared to control areas. 

 

1.5 Black-foot paua density and size 

Black-foot paua density showed no clear changes in response to marine reserve protection. 

The mean size of paua was higher in the reserve compared to control sites on all sample 

occasions, with very large individuals being regularly encountered in the reserve and virtually 

absent from control sites, especially in 2007 and 2009. The mean size of paua in the reserve 

prior to reservation in 1992 was, however, greater than the average size recorded during the 

four subsequent sample events. The reason for the higher mean size in 1992 may be related to 
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the small sample size in that year or larger numbers of smaller paua recruiting into the 

population since the reserve was established. Natural mortality, predation by lobsters and 

paua poaching may also have influenced the decline in mean paua size in the reserve. 

 

1.6 Kina density and size 

At both treatments, kina density initially declined and then increased to a high in 2008. These 

density changes were observed from both reserve and control treatments suggesting natural 

events rather than any reserve-related effect. Kina were larger at reserve sites compared to 

control sites; however, this difference existed prior to reservation and may therefore be a 

reflection of differences in habitat quality between sites rather than any reserve effect. The 

reasons for the increase in the mean size of kina at both treatments over the duration of the 

study is unknown, but in the reserve it will  be partially related to the absence of small kina < 

50 mm diameter in 2008. This size class was present at reserve sites in 1992 and 1999 and at 

control sites in all years including 2008. The absence of small kina from the reserve sites may 

be related to predation by the large numbers of large blue cod and/or lobsters. If this is the 

case, this represents the first structural community change indirectly related to reservation 

recorded for this marine reserve. 

 

1.7 Behavioural change 

Based on regular diver observations from the same areas before and after reservation and 

from between sites inside and outside the reserve, it was concluded that the behaviour of blue 

cod, blue moki and rock lobster changed during the course of the study. Individuals became 

diver neutral or positive. In the case of rock lobsters for example, individuals were regularly 

observed in the open or at the entrances to cracks and holes compared to control lobsters that 

were rarely seen in the open and were usually located well inside cracks and holes.  

 

1.8 Recommendations for ongoing monitoring 

Several recommendations regarding future ecological monitoring of Long Island-Kokomohua 

Marine Reserve are presented at the end of the report. 



 

 

 

 

 

Table 1.  Summary of sampling events for Long Island-Kokomohua Marine Reserve and control sites. 

 
Sample March 92March 93Sept 93March 94Aug 94 March 95Sept 95April 96 April 97 Sept 97March 98April 99 Sept 99April 00 March 01April 02 April 03

Catch, measure & release

Underwater visual (rubble)

Underwater visual (algae)

Lobster size, sex and density

Paua size

Paua density

Kina density and size

Cats eye snail density

Cats eye snail size

Shore profiles & video  
 
Sample March 04April 05 April 06 April 07 April 08 March-May 09

Catch, measure & release

Underwater visual (rubble)

Underwater visual (algae)

Lobster size, sex and density

Paua size

Paua density

Kina density and size

Cats eye snail density

Cats eye snail size

Shore profiles & video  
 
Note: Prior to April 2002, macroalgae habitats were sampled annually at three reserve and one control site. Due to the lack of sufficient control sites prior to 2002, these early data 

have not been presented in the present report. 
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2.0 INTRODUCTION  

The establishment of a marine reserve often leads to an increase in the abundance and size of 

particular species (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; Babcock et al., 1999; Kelly et al., 2000; Willis 

et al., 2000; Davidson et al., 2002; Halpern and Warner, 2002; Davidson et al., 2007; Pande 

et al., 2008). These changes have been documented for species traditionally targeted by 

fishers (Bennett and Attwood, 1993; Cole and Keuskamp, 1998; Kelly et al., 2000; Shears 

and Babcock, 2002; Denny et al., 2004; Freeman, 2006; Shears et al., 2006). However, for 

some species in marine reserves, little or no change has been documented (Cole et al., 1990; 

Freeman, 2005; Davidson et al., 2007). The reason for this has been a combination of several 

factors including: (i) most monitoring effort focusing on species targeted by fishers; (ii) 

limited funding to enable monitoring of other species; (iii) insufficient spatial or temporal 

sampling of non-fished species; and (iv) study duration being too short to detect longer term 

community changes. 

In response to the pending establishment of Long Island-Kokomohua Marine Reserve, the 

Department of Conservation established a biological baseline in 1992 (Davidson, 1995). 

After the establishment of the reserve in 1993, particular aspects of the baseline have been 

monitored and the results presented in two subsequent reports (Davidson, 1997; 2004). The 

present report updates the overall data set by incorporating new monitoring data collected 

from March 2004 to May 2009.  

Like most marine reserve studies, the present monitoring programme focuses on species 

traditionally targeted by fishers (i.e. blue cod and spiny lobster). Blue cod (Parapercis 

colias), for example, is one of the most important recreational fisheries in the Marlborough 

Sounds. 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). Blue cod have also been the focus of fisheries-related research in the Marlborough 

Sounds (Blackwell, 1997, 1998, 2002, 2006, 2008). Spiny lobster (Jasus edwardsii) was also 

selected as many studies within and outside New Zealand have shown that this species often 

responds to protection (MacDiarmid and Breen, 1993; Kelly et al., 2000; Davidson et al., 

2002; Haggitt and Kelly, 2004; Shears et al., 2006). At less frequent intervals, data on paua, 

kina and cats eye were collected from the reserve and adjacent control sites in an effort to 

detect community or longer term changes due to reservation. 
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3.0 STUDY AREA 

Long Island-Kokomohua Marine Reserve is a fully protected reserve extending a quarter 

nautical mile (463 metres) offshore around Long and Kokomohua Islands and an unnamed 

charted rock, north-east of Kokomohua Island (41 05.867 S, 174 18.750 E on Chart NZ 

6153). The marine reserve is approximately 6.5 km in length and 619 ha in area (Figure 1). 

The marine reserve was formally established on 30 April 1993. For the four years prior to the 

formation of the marine reserve, local dive clubs had established a self-imposed voluntary 

ban on the taking of marine life from the area and had encouraged others to do the same. 

Long Island and the adjacent Kokomohua Island are located in outer Queen Charlotte Sound, 

Marlborough Sounds (Figure 1). Long Island is approximately 4 km in length and between 

300 m and 500 m wide. Kokomohua Island is subtidally connected to Long Island by a reef at 

the north-east tip of Long Island and contributes a further one km to the total length of both 

islands. Long Island is 1.9 km from the nearest point on the mainland, 1.5 km from Arapawa 

Island, 3.5 km from Blumine Island, and 1.4 km from Motuara Island, all of which were used 

to situate control sites in the present study. 

The selection of study sites was based on habitat type that, in turn, related to shore aspect and 

topography. On south, east and west-facing shores of the outer Queen Charlotte Sound, a 

sublittoral fringe of macroalgae extending to approximately 1 m depth was recorded by 

Davidson (1995). On north-facing aspects of Long and Kokomohua Islands, the macroalgae 

habitat extended down to between 7 ï 10 m depths. Macrocystis pyrifera habitat was located 

on the reef extending north-east of Long Island, in the gap between Long and Kokomohua 

Islands and around much of Motuara, The Twins and Motungarara Islands (excluding the 

southern shores). Shallow sand bottoms (< 14 m depth) were located between Long, 

Kokomohua, and Motuara Islands. Rubble habitat was distributed around most of the outer 

Sound and was often colonised by a relatively narrow sublittoral fringe of macroalgae. 

Bedrock habitat was restricted to headlands and northerly aspects where the macroalgae 

habitat extended beyond the sublittoral fringe. 

Long Island is located in a transition zone between habitats common within sheltered parts of 

Queen Charlotte Sound and habitats common in the outer Sound. The outer Sound habitats 

include macroalgae stands of M. pyrifera, Ecklonia radiata, Landsburgia quercifolia, Zonaria 

angustata and Marginariella urvilleana, present along the northern parts of Long Island. 

Southern Long Island was dominated by typical inner Queen Charlotte Sound rubble banks 

supporting a narrow sublittoral fringe of macroalgae. McKnight and Grange (1991) also 

recorded a transition zone in the Long Island area from soft sediment biological community 

characteristic of the inner Marlborough Sounds to those more representative of the outer 

Sounds. 
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Figure 1. Location of Long Island-Kokomohua Marine Reserve in outer Queen 

Charlotte Sound. 
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4.0 MATERIALS AND METHODS  

4.1 Fishing surveys (catch, measure and release) 

Fish (predominantly blue cod) size and catch rates were investigated at six control sites and 

three (1993-2003) or four (2004-2009) reserve sites (Figure 2, Table 2). A maximum of 60 

blue cod were sampled from each site, increasing to a maximum of 80 individuals from 2007 

onwards. For the first several years up until and including 1999, line fishing was annual or 

biannual in either autumn (March or April) or spring (August or September). From 2000 

onwards, sampling was carried out annually each autumn (predominantly in April). 

 

Table 2. Catch, measure and release sample sites located within the marine reserve and 

at control sites. 

Site no. Area Sample site Habitat Coordinates 

R 1 Reserve Long Island (east) Rubble 41
o
 06.678'S 

     174
o
 17.793'E 

R 2 Reserve Kokomohua (east) Rubble 41
o
 06.239'S 

     174
o
 18.397'E 

R 3 Reserve Long Island (south-west) Rubble 41
o
 07.546'S 

     174
o
 16.182'E 

R4 Reserve Long Island (south-east) Rubble 41 07.299'S 

     174
o
 16.597'E 

C 1 Control Bottle Rock Rubble 41
o
 07.506'S 

     174
o
 14.628'E 

C 2 Control Clark Point Rubble 41
o
 08.388'S 

     174
o
 17.281'E 

C 3 Control Blumine Island (north) Rubble 41
o
 09.489'S 

     174
o
 14.523'E 

C 4 Control Anatohia Bay Rubble 41
o
 08.005'S 

     174
o
 18.384'E 

C 5 Control Scott Point Rubble 41
o
 08.567'S 

     174
o
 13.163'E 

C 6 Control Blumine Island (south-west) Rubble 41
o
 10.580'S 

        174
o
 13.603'E 
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Figure 2. Location of catch, measure and release sites (R1 - R4 = marine reserve sites, 

C1 - C6 = control sites). 
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The six catch, measure and release control sites were established at sites subject to a 

perceived wide range of recreational fishing pressures. Two sites known to be regularly 

visited by recreational fishers were selected close to the marine reserve (Bottle Rock and 

Clark Point), one site was chosen that represented an area seldom fished (Anatohia Bay), and 

a further three sites were selected representing fishing pressure between these two extremes.  

All fishing surveys were located over rubble habitat (i.e. cobbles and small boulders), as 

close to 12 m depth as possible. At each site, the survey vessel was positioned perpendicular 

to the shore using bow and stern anchors, thereby ensuring minimal boat movement. Ground-

bait (berley) was secured inside a weighted plastic mesh container and lowered to the sea 

floor directly below the boat. Fishers used Kilwell scarab boat rods, set-up with two barbless 

ósurf-masterô 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 minimise fish mortality, fishers were instructed to maintain direct contact 

between the rod and the sinker (tight lines) to help ensure 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 seawater. 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 seawater. All fish were handled 

using clean cotton gloves to minimise damage and risk of infection to fish. No fish were 

released while sampling continued, eliminating the chance of their 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). 

The maximum period fished at any site was set at two hours due to low catch rates at some 

sites. The target number of captured blue cod was always reached at reserve sites while the 

number of blue cod captured at control sites varied. Fishing ceased at two hours or when the 

target number of blue cod individuals were captured (i.e. up to 60 blue cod through to 2006 

and up to 80 blue cod from 2007 onwards). 

Davidson (2004) used two methods to confirm that the catch was representative of the reserve 

and control site blue cod populations. The author reported that 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 sizes in the catch. In September 1995, the sizes of blue cod were 

recorded in the order they were captured at two control sites (i.e. Bottle Rock and Clark 

Point) and all three reserve sites. 
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4.2 Underwater visual fish surveys 

Blue cod and other reef fish abundance were 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). 

For rubble habitats, five reserve and four control sites were sampled annually from March 

1992 to March 2009 (Figure 3, Table 3). For macroalgae habitats, three control and three 

reserve sites were sampled annually from April 2002 to May 2009 (Figure 4, Table 4). Prior 

to April 2002, algae habitats were sampled each year from three reserve and one control site 

(C3). Due to the lack of sufficient control sites prior to 2002, these early data have not been 

presented in the present report. 

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 299 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 three 

divers were used to estimate blue cod sizes and numbers from 1992 to 1999 and 2001 to 

2009, while two additional divers were used in April 2000. All divers were trained at 

estimating fish size using a calibrated fish measuring pole. 

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 a 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 diver started counting fish present within an estimated 

2 m wide x 2 m high x 30 m long ñtunnelò. A total of 12 replicates were collected on each 

occasion, apart from during March 1992 when six replicates 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. Underwater visibility was Ó 4 m horizontal distance for all fish 

counts. 
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Table 3. Diver visual fish sites (rubble) in Long Island-Kokomohua Marine Reserve and 

at control sites (note: more sites were initially sampled by Davidson (1995)). 

Site no. Area Sample site Habitat Coordinates 

R 1 Reserve Long Island (south-east) Rubble 41
o
 07.299'S 

     174
o
 16.586'E 

R 2 Reserve Long Island (east) Rubble 41
o
 06.678'S 

     174
o
 17.793'E 

R 3 Reserve Long Island (north-east) Rubble 41
o
 06.447'S 

     174
o
 18.056'E 

R 4 Reserve Kokomohua (east) Rubble 41
o
 06.239'S 

     174
o
 18.397'E 

R 5 Reserve Long Island (south-west) Rubble 41
o
 07.546'S 

     174
o
 16.182'E 

C 1 Control Bottle Rock Rubble 41
o
 07.506'S 

     174
o
 14.628'E 

C 2 Control Motuara Island Rubble 41
o
 05.869'S 

     174
o
 16.354'E 

C 3 Control Kotukutuku Rock/Rubble 41
o
 07.574'S 

     174
o
 18.198'E 

C 4 Control Clark Point Rubble 41
o
 08.388'S 

        174
o
 17.281'E 

 

 

Figure 3. Location of rubble habitat underwater visual fish transects (R1 - R5 = marine 

reserve, C1 ï C4 = control sites). 
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Table 4.  Diver visual fish transect sample sites from algae habitat in Long Island-

Kokomohua Marine Reserve and at control sites. 

Site no. Area Sample site Habitat Depth 

(m) 

Coordinates 

R 1 Reserve Charted Rock Algae 4-15 m 41
o
 05.896'S 

      174
o
 18.809'E 

R 2 Reserve Long Island (north) Algae 4-8 m 41
o
 06.419'S 

      174
o
 17.855'E 

R 3 Reserve Long Island (north-west) Algae 4-8 m 41
o
 06.614'S 

      174
o
 17.198'E 

C 1 Control Motungarara Island Algae 4-8 m  41
o
 06.828'S 

      174
o
 19.740'E 

C2 Control The Twins Algae 4-10 m 41
o
 06.358'S 

      174
o
 19.577'E 

C 3 Control Motuara (west) Algae 3-5 m 41
o
 05.539'S 

          174
o
 16.296'E 

 

 

Figure 4. Location of algae habitat underwater visual fish transects (R1 - R3 = marine 

reserve, C1 ï C3 = control sites). 
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Fig 4  Location of visual fish transects from
          algae habitat inside and outside the
          marine reserve.
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4.3 Spiny lobster density, sex and size 

Spiny lobster density and sex were sampled in March 1992, March 1995, April 1997, April 

1999, and annually from April 2001 to March 2009 from four reserve and four control sites 

(Table 5, Figure 5). Lobster size (carapace length, CL, in 5 mm intervals) was recorded on 

slates with rulers used to estimate and, when possible, measure lobster size. 

Prior to April 2001, between three to eight 60 m
2
 quadrats were sampled per site. Starting in 

April 2001, the methodology was altered to reflect survey methodologies used elsewhere in 

New Zealand with between three and eight 100 m
2
 quadrats sampled per site. Since March 

2003, a total of six 100 m
2 
quadrats was sampled. The method used to measure lobster size 

was also altered to using carapace length (CL) instead of total length (TL) from April 1999 

onwards. Lobster quadrats were located in variable depths depending on the local topography 

at each sample site (i.e. sample depths corresponded to the location of suitable reef habitat) 

(Table 5). 

Each lobster quadrat was haphazardly placed within the depth stratum. Two divers 

independently searched all crevices, caves and cracks within each quadrat using a dive torch. 

The size (CL) and sex of lobsters encountered were recorded. A core group of three divers 

was involved in most of the surveys. The size and sex of some lobsters could not be measured 

because they were deeply concealed beneath boulders or within caves. As a result, lobster 

density and size data do not correspond (i.e. all lobsters are included in density calculations, 

but some lobsters which could not be sexed do not appear under the male, female or juvenile 

categories). Underwater visibility was > 2 m horizontal distance during all counts. 

 

4.4 Black-foot paua density and size 

Black-foot paua (Haliotis iris) were sampled at eight reserve and three control sites in 1992. 

Since 1992, the number of sites was standardised to seven reserve sites and six control sites 

(Figure 6, Table 6). Paua were sampled from sublittoral bedrock or boulder habitats. In all 

cases, paua data came from the "mixed algae" habitat or from a macroalgal (C. 

maschalocarpum) sublittoral strip growing on bedrock located from 0 to 2 m depth.  

Paua density was sampled in March 1992, April 1999, April 2007 and March 2009 from 30 to 

60 1 m
2 

quadrats within a predetermined depth range (Table 6). Quadrats were haphazardly 

placed on bedrock and boulder substrata and all visible black-foot paua were counted.  

Between 15 and 115 individual black-foot paua were measured in situ (maximum length) using 

callipers in March 1992, April 1999, March 2004, April 2007 and March 2009 from the same 
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sites used to sample paua density (Table 6). The minimum number measured varied depending 

on the availability of paua. All paua within the quadrats used for density sampling were 

measured. In some cases additional paua were measured outside quadrats to increase the 

sample size and in 2004, quadrats were not used. When quadrats were not used, divers searched 

methodically within the depth range to sample all sizes present. Divers did not, however, look 

under boulders or cobbles for cryptic paua in either the quadrats or during measuring searches. 

 

4.5 Kina density and size 

Kina or sea urchin (E. chloroticus) density and size data were collected in March 1992, April 

1999 and April 2008. Eleven reserve and five control sites were sampled in 1992, but sites were 

reduced to six reserve and five control sites in April 1999 onwards (Figure 7). Analysis of size 

data used only the 1999 and 2008 sample sites, with data from additional sites collected in 1992 

being excluded from the analysis. At each site, numbers of kina were counted from 34 to 66 

haphazard 1 m
2
 quadrats sampled at a predetermined depth range from rock or rubble substrata 

not covered by foliose macroalgae (Table 7). All surface-dwelling kina within quadrats were 

measured in situ using callipers to the nearest 1 mm length. When insufficient kina were 

measured from quadrats, additional kina were measured from adjacent areas within the 

predetermined depth range by divers thoroughly and methodically searching rocky habitats. 

 

4.6 Cats eye density 

Cats eye snail (T. smaragdus) density was sampled from five reserve and five control sites in 

March 1992, April 1999 and April 2008 (Figure 7). Cats eyes were counted in 21 to 60 

haphazard 1 m
2
 quadrats sampled from a predetermined depth range on rock or rubble habitat 

free of foliose macroalgae (Table 7). 
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Table 5.  Spiny lobster sites in the reserve and at control sites. 

Site Area Sample site Habitat Depth 

(m) 

Coordinates 

R1 Reserve Charted Rock Bedrock 4-15 m 41
o
 05.896'S 

      174
o
 18.809'E 

R 2 Reserve Long Island (north-east) Rubble/bedrock 2-5 m 41
o
 06.352'S 

      174
o
 18.109'E 

R 3 Reserve Long Island (north-west) Bedrock 4-10 m 41
o
 06.419'S 

      174
o
 17.855'E 

R 4 Reserve Long Island (north-west) Bedrock 4-10 m 41
o
 06.614'S 

      174
o
 17.198'E 

C 1 Control Motungarara Island Bedrock 3-12 m 41
o
 06.678'S 

      174
o
 17.793'E 

C 2 Control The Twins Bedrock 3-12 m 41
o
 06.358'S 

      174
o
 19.577'E 

C3 Control Kotukutuku Rock 2-6 m 41
o
 07.509'S 

      174
o
 18.332'E 

C4 Control Motuara (west) Bedrock/rubble 2-7 m 41
o
 05.539'S 

          174
o
 16.296'E 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.  Location of spiny lobster sample sites in Queen Charlotte Sound (R1 ï R4 = 

marine reserve sites, C1 - C4 = control sites). 
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Fig 5  Location of spiny lobster size, sex and
          density sites inside and outside the
          marine reserve.
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Table 6.  Black-foot paua sample sites in the Long Island-Kokomohua Marine Reserve 

and control sites. 

 

Site 

no. Area Sample site Habitat Depth (m) Coordinates 

R1 Reserve Eduardo Rock Bedrock, cobble 0-2 m 41 06.77379,174 17.57974 

R2 Reserve North-east Long Is. Bedrock 0-2 m 41 06.37738,174 18.08845 

R3 Reserve Kokomohua Is. Bedrock, cobble  0-2 m 41 06.19322,174 18.40408 

R4 Reserve Long Is. (NW) Bedrock 0-2 m 41 06.47505,174 17.87018 

R5 Reserve Long Is. cliffs Bedrock 0-2 m 41 06.63415,174 17.23677 

R6 Reserve Long Is. west Boulder, cobble  0-2 m 41 07.15759,174 16.41064 

R7 Reserve Long Is. south Spit Bedrock, cobble 0-2 m 41 07.55120,174 16.23871 

C1 Control Te Ruatarore Bedrock 0-2 m 41 06.94826,174 14.92066 

C2 Control Motuara Is. south Bedrock, cobble 0-2 m 41 05.86498,174 16.34414 

C3 Control Motuara Is. west Bedrock, cobble 0-2 m 41 05.55268,174 16.32606 

C4 Control Motungarara Is. Bedrock, cobble 0-2 m 41 06.86422,174 19.76224 

C5 Control Kotukutuku Bedrock 0-2 m 41 07.59032,174 18.24171 

C6 Control Clark Point Boulder, cobble  0-2 m 41 08.15534,174 17.54890 

 

 

Figure 6.  Location of black-foot paua sample sites (R1 - R7 = marine reserve sites, C1 ï 

C6 = control sites). 

 


































































































