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Abstract 

The Long Bay-Okura Marine Reserve (established 1995) is a 980-hectare no-take 

reserve located on the North Shore of Auckland. This reserve is influenced by the urban 

sprawl of New Zealand’s largest city through high sediment loads from coastal erosion and 

development. It was established to “protect a typical slice of Hauraki Gulf”, but despite its 

long protection, few investigations have explored the ecological benefits of this urban marine 

reserve and how effective it is at protecting species within its boundaries. This thesis 

examined the diversity of habitats in the reserve as well as the effect of 25 years of protection 

on two taonga species. 

To understand the current conditions of the benthic habitats and create a reference 

point for future comparisons, subtidal habitats were mapped inside and adjacent to the reserve 

using satellite and aerial imagery with geo-referenced drop camera images of the seafloor to 

validate habitat categories. Subtidal reef made up 7% of the reserve and was largely covered 

by canopy-forming large brown algae (Ecklonia radiata, Carpophyllum spp., Sargassum 

spp.), whereas low relief reef was dominated by turfing algae (e.g. Corallina officinalis) and 

high sand cover. Habitat composition was comparable inside and adjacent to the reserve.  

Baited video surveys of reef fishes were used to evaluate reserve protection of 

carnivorous fishes. As seen in other reserves in northern New Zealand, snapper (Chrysophrys 

auratus) were substantially larger and more abundant inside, with no legal sized individuals 

recorded in adjacent fished sites. Sea urchin (kina, Evechinus chloroticus) density and size 

were evaluated to assess the potential for reserve effects, either increase (protection of fished 

species) or decrease (via trophic cascades). Kina were generally larger and found at higher 

densities within the reserve, suggesting benefits from protection in this area and harvesting 

may have reduced densities on surrounding reefs. This contrasts patterns seen in other 

reserves in the Hauraki Gulf.  

Despite the degree of anthropogenic influence, Long Bay-Okura Marine Reserve 

protects several commercially, culturally, and recreationally important species. This 

demonstrates that reserves in urbanized areas can have significant ecological effects despite 

degraded habitat due to sedimentation and stressors associated with urban areas.  
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Chapter 1 

 

General Introduction 
 

“Marine reserves can work anywhere.” 

- Bill Ballantine (1999 p. 2) 

 
 
 

 
Morning light on Long Bay-Okura Marine Reserve  
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1. Introduction 

1.1 Marine Reserves 

Fishing and harvest pressure can impact biodiversity by removing species, and thereby altering 

ecosystem structure and function; fortunately, marine reserves provide a refuge from these impacts 

(Allison et al. 1998; Ballantine 1999; Ballantine & Langlois 2008). Marine reserves are defined as 

spatially delineated areas of the sea which are permanently ‘no-take’; prohibiting all extractive 

activities which protects the species and habitats within (Ballantine 1999). Marine reserves provide a 

unique opportunity to observe and examine the effects of extractive activities such as fishing, shellfish 

collecting, and harvesting of seaweed. Marine reserves are in essence functioning as “the controls for 

the uncontrolled experiment that is happening due to fishing and other human activities” (Ballantine 

2014, p. 300). When properly enforced, marine reserves provide many direct benefits including 

conservation gains, opportunities for education and recreation, as well as indirect benefits to fisheries, 

tourism, and coastal planning (Ballantine 1993 and 2014, Russ et al. 2004). No-take reserves are 

implemented for various reasons but most focus on one or more broad objectives: protecting marine 

biodiversity, ecosystem health and ecosystem services or aiding fisheries recovery by protecting a 

portion of stocks (Miller & Russ 2014). A global survey of marine protected areas (MPAs) 

demonstrates that effectiveness depends on five key properties: whether any fishing is allowed (i.e. no-

take marine reserves), enforcement, age, size and degree of isolation (Edgar et al. 2014).   

Measuring the success of a marine reserve is complex, especially if the goals of the reserve are 

not specific. While the effectiveness of reserves is often measured by the recovery of exploited species 

within their boundaries, to have a balanced study, monitoring in comparable fished reference areas is 

needed (Allison et al. 1998; Willis et al. 2003; Guidetti & Sala 2007). When measuring the recovery of 

exploited species, it’s helpful to have a baseline for reference, but sufficient monitoring before 

protection is rare. 

1.2 Reserve effects on targeted fishes  

Marine reserves have been shown to benefit targeted fishes with direct effects including 

increased abundance, biomass and size (Halpern 2003; Willis et al. 2003; Russ et al. 2004; Babcock et 

al. 2010). Population stability, a reflection of the recovery of targeted fishes, is a ‘direct effect’ of 

reserve protection which demonstrates that no-take protection benefits exploited species (Willis et al. 
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2003; McClanahan et al. 2007; Babcock et al. 2010, Russ et al. 2015). Decades of monitoring data 

show that fished species within no-take reserves tend to show greater benefit and significantly higher 

density, biomass, size, and diversity of species when compared to partially protected and fished sites 

(Halpern 2003; Willis et al. 2003; Russ et al. 2004; Guidetti & Sala 2007; Babcock et al. 2010). For 

example, 78% of cases examined in a study of 15 populations of exploited species increased over time 

in reserves, with detectable change appearing within five years on average (Babcock et al. 2010). In 

Apo Island, Philippines, over 18 years of protection, the biomass of two families of reef fishes that 

account for 40–75% of the fishery yield, tripled (Russ et al. 2004). Furthermore, the creation of the 

reserve at Apo led to maintained or enhanced total catch for the local fisheries, and in some cases 

higher catch rates despite reduced fishing effort (Russ et al. 2004, Russ et al. 2015). Similarly, in New 

Zealand, the snapper recruitment effect from a well-established temperate no-take marine reserve has 

been estimated to provide economic benefit to adjacent fisheries which is another example of how 

direct benefits can extend past the reserve boundaries (Qu et al. 2021). 

In New Zealand, some fished species show particularly strong reserve effects and consistent 

recoveries in marine reserves, including snapper (Chrysophrys auratus), blue cod (Parapercis colias), 

and rock lobster (Jasus edwardsii; Cole et al. 1990; Shears & Babcock 2002; Willis et al. 2003; Willis 

2013; Langlois & Ballantine 2005). Snapper (Chrysophrys auratus) the most common demersal 

predatory fish in northern New Zealand, have a history of being subject to intense fishing pressure 

(Babcock et al. 1999; Willis et al. 2003; Walsh et al. 2019). In a study across three northern New 

Zealand reserves, protection resulted in an increase of abundance of legal-sized snappers (>270 mm 

fork length at the time of the study) (Willis et al. 2003). Snapper were found to be about 14 times 

denser inside the reserves (Cape Rodney-Okakari Point Marine Reserve, Hahei Marine Reserve and 

Tāwharanui Marine Park) than in adjacent fished areas (Willis et al. 2003). Similarly, an increase in 

blue cod abundance and size (22.4 mm larger inside) compared with fished control sites, directly 

correlated with the cessation of recreational fishing just two years after Kokomohua (Long Island) 

Marine Reserve was established (Davidson 2001). 

In contrast, non-targeted fishes tend to show variable responses to reserve protection (Guidetti 

& Sala 2007; McClanahan et al. 2007; Russ et al. 2015; Allard 2020). As marine reserves restrict 

fishing, fishes that are not targeted are not expected to benefit. Some non-targeted species might benefit 

from protection if their preferred habitat increases in abundance (Allard 2020). However, some species 
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interactions are altered due to protection, changing the distribution of these non-target species in 

reserves and adjacent areas. 

Within the Long-Bay Okura Marine Reserve and surrounding area, baseline reports and 

summaries have highlighted the knowledge gap concerning marine reserve effects on abundance of 

fishes (e.g. Saunders & Creese 2000). While recovery of snapper populations has been documented in 

outer Gulf reserves (e.g. Willis et al. 2003), further investigation was needed to see if exploited species, 

like snapper, recover to the same extent in inner Gulf reserves despite influence from adjacent 

urbanization. 

1.3 Reserve effects on sea urchins  

By removing species with influential roles, fishing can considerably alter the community 

structure of ecosystems (Pinnegar et al. 2000; Eger & Baum 2020). Reserve protection can cause 

indirect changes in community composition through trophic cascades: predatory interactions involving 

three trophic levels, whereby the primary carnivores (e.g. snapper), through predation of herbivores 

(sea urchins), increase plant (kelp) abundance (Pinnegar et al. 2000). Outside of reserves, primary sea 

urchin predators can be overexploited by incessant fishing, leading to a proliferation of urchins that can 

be destructive to macroalgal habitats (Babcock et al. 1999; Ling et al. 2009; Ling et al. 2015; Kriegisch 

et al. 2019). In contrast, in marine reserves, predator populations have the potential to decrease the 

densities of sea urchins within their boundaries (Shears & Babcock 2002; Babcock et al. 2010; Eger & 

Baum 2020). Fishing pressure on sea urchin predators largely determines sea urchin abundance, 

therefore these systems may be considered “top-down” controlled (Shears & Babcock 2002). 

In several north-eastern New Zealand marine reserves, the relationship between predators and 

the abundance of sea urchins, and macroalgae, have been well studied. However, this predator-prey 

relationship is context dependent and not detected everywhere (Shears et al. 2008). Cole & Keuskamp 

(1998) first investigated the influence of predators on sea urchins (kina, Evechinus chloroticus), 

followed by studies which solidified the suspected correlation between kina abundance and the size and 

number of predators at Cape Rodney-Okakari Point (Goat Island) Marine Reserve. In Cape Rodney-

Okakari Point and Tāwharanui Marine Reserves, the recovery of kina predator populations (e.g. 

crayfish, Jasus edwardsii, Sagmariasus verreauxi, and snapper, Chrysophrys auratus) caused kina 

populations to decline (Babcock et al. 1999; Shears & Babcock 2002; Shears et al. 2008). This decline 

in kina density led to an increase in kelp forests. These studies provide compelling evidence that 
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relieving fishing pressure enhances the top-down interactions between predators, urchins, and 

macroalgae (Shears & Babcock 2003; Langlois & Ballantine 2005, Babcock et al. 2010). These 

findings were echoed in a study which mapped seabed habitats of Cape Rodney-Okakari Point Marine 

Reserve using satellite and aerial imagery to illustrate the impact of thirty years of marine protection 

(Leleu et al. 2012). 

Alternatively, in some areas sea urchins are also commercially and recreationally harvested and 

can therefore increase in marine reserves as a result of protection, as is expected for targeted species 

(Pais et al. 2006; Clemente et al. 2011; Lau et al. 2011). If sea urchins are heavily fished, they may 

have either higher density, sizes, or both inside marine reserves relative to fished sites (Lau et al. 

2007). In New Zealand, kina are commercially, customarily, and recreationally harvested. The impact 

of protection on urchins could vary depending on harvest pressure, thus two opposing factors can 

influence sea urchin population structure. The overall impact of protection on sea urchins will be 

determined by which effect is greater: protection from fishing, or increased predation from restored 

predator populations. 

Within the inner Gulf, urchins are generally rare and do not form barrens due to environmental 

constraints. The close proximity of Long Bay-Okura Marine Reserve to Auckland, New Zealand’s 

most populated city, signals that urchins are likely to be subject to higher recreational harvest pressure 

than in other parts of the outer Gulf. It is largely unknown how kina might respond to long term 

protection in this type of setting. 

1.4 Urban impacts on marine environment  

Urbanization and the cumulative flow-on effects from direct and indirect impacts of 

development need to be considered when assessing the ecological effects of a marine reserve. A large 

proportion of shallow reef ecosystems worldwide are significantly impacted by anthropogenic 

pressures such as sedimentation, pollution and over-fishing (Halpern et al. 2008). Coastal marine 

reserves implemented to protect marine life cannot be completely free of human impacts, as the areas’ 

no-take status only relieves the impacts of extractive human-induced stressors (Ballantine, 2014). 

Reserves located close to urban centres remain susceptible to other anthropogenic pressures, for 

example, sedimentation from increased development and untreated sewage overflows leading to high 

levels of faecal coliforms, are common stressors to these coastal marine environments which are 

complex to manage (Saunders & Creese 2000; Aguirre et al. 2016). Many of New Zealand’s existing 
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marine reserves are a significant distance away from population centres (e.g. Kermadec Islands, Poor 

Knights), yet some are within the city of Auckland, a city of 1.5 million people (e.g. Long Bay-Okura, 

Motu Manawa - Pollen Island; Ballantine 2014, Aguirre et al. 2016).  

Sedimentation on rocky shores is among the most problematic environmental stressors that 

increase with development and population density (Airoldi 2003). Often directly linked to human 

activities on the land, sedimentation has a variety of impacts on the benthic assemblages (Airoldi 2003; 

Schiel et al. 2006). Increased turbidity resulting in murkiness decreases light availability to 

photosynthetic organisms. This causes “coastal darkening”, physical and biological changes to coastal 

waters due to increased turbidity (Seers & Shears 2015; Blain et al. 2021). Sediment is also known to 

have indirect impacts with regards to the recruitment of algae and a variety of benthic organisms, 

including the sea urchin (Evechinus chloroticus), by reducing habitat suitability (Walker 2007). This 

study investigates the value of having marine reserves in areas adjacent to urban centres which have 

been widely impacted by development. 

1.5 Hauraki Gulf  

The Hauraki Gulf, Tikapa Moana Te Moananui a Toi, located in north-eastern New Zealand, is 

a diverse and highly productive ecosystem. The Waitematā Harbour and more broadly, the entire 

Hauraki Gulf, are “arguably New Zealand’s favourite marine playgrounds and our South Pacific 

nation’s primary maritime connection to the world” and are under an immense amount of pressure 

(Aguirre et al. 2016). The Hauraki Gulf is the ‘playground’ for many people in the Auckland and 

Waikato regions, recreational boating, paddling, fishing and diving. There are six marine reserves 

within it (Figure 1.1), which cover 0.3% of the 1.2 million hectares it spans. 
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  Figure 

1.1. Location of the six marine reserves in the Hauraki Gulf, north-eastern New Zealand. Long Bay-

Okura (LBO) indicated by the yellow star, other reserves are yellow dots: Cape Rodney-Okakari Point 

(CROP), Tāwharanui (TAWH), Pollen Island (POI), Te Matuku (TMT), and Hahei (HAH). 

 

Widespread changes over a short span of time in the Hauraki Gulf have driven habitat loss, 

declines in biodiversity, and the deterioration of water quality which has impacts not only on marine 

life, but also endangers human activities such as safe swimming and healthy kaimoana for harvest 

(Aguirre et al. 2016; Kelly et al. 2020). Inner Hauraki Gulf ecosystems are subjected to a variety of 

anthropogenic factors; terrestrial run-off of sediments and nutrients from coastal development and 

farming is one of the most significant (Morrison et al. 2009, Shears 2017). Across much of the inner 
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Hauraki Gulf, a thick layer of sediment on the shallow reefs and high concentrations of sediment in 

nearshore waters is common because of the surrounding geology and current land use (particularly 

agriculture upstream of the Firth of Thames; Morrison et al. 2009). For decades now, the inner Hauraki 

Gulf has had poor water clarity as a result of increased turbidity from the many dynamic pressures it 

faces (Seers & Shears 2015). 

The Inner Hauraki Gulf is naturally a high sediment area because much of the coast of the 

Auckland region are flanked by highly erosive cliffs made of soft sedimentary rock (sandstone and 

mudstone). Cliff landslides (slips) are common and can release large quantities of sediment into the 

coastal waters (Dickson & Perry 2016). Organic matter eroding from these cliffs is broken down to fine 

sediment and washed to sea by the rain and waves. This process may be amplified through climate 

change induced effects including an increase in rainfall, storm frequency and intensity (Seers & Shears 

2015). Land-based activities in the adjacent catchments such as coastal development and farming, 

contribute large quantities of sediment into the nearshore environment in addition to that from natural 

erosion (Seers & Shears 2015). Recent monitoring of intertidal sites across the Hauraki Gulf (Shears 

2010, 2017) suggests that sedimentation has a large influence on the intertidal assemblages in the mid- 

to inner-Hauraki Gulf. While it’s challenging to separate the impact of naturally occurring sediment 

inputs from cliff erosion versus and land use change and human activities, sediments do have an impact 

on reef ecosystem health (Airoldi 2003). 

1.6 Long Bay-Okura Marine Reserve 

The Long Bay-Okura Marine Reserve is located in the inner part of the Hauraki Gulf, on the 

north shore of Auckland (Figure 1.1 & 1.2). The shoreline of the marine reserve adjoins with the 

popular Long Bay Regional Park and the Okura Estuary Scenic Reserve. In February 1994 the Ministry 

of Agriculture and Fisheries put a temporary shellfish closure in place at Long Bay, reinforced by a 

traditional rāhui (customary practice of restricting access to, or use of, an area or resource for the 

purposes of kaitiakitanga and tikanga). This was an interim measure to protect the marine resources of 

the park while an application for the marine reserve was considered by parliament. The reserve was 

established in November 1995, actioned out of a community driven effort to end the noticeable decline 

in marine life present in inshore coastal waters and to preserve a ‘typical slice of the Hauraki Gulf’ 

(East Coast Bays Coastal Protection Society Inc. 1993).  
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The harvest pressure in the area was highlighted by Brenda Green who noted in one report: 

“intertidal life of the Long Bay coastline is heavily exploited by visitors, especially over the summer 

months” (Green 1992). More references to the need for monitoring of popular edible species such as 

oysters and kina was indicated in reports from intertidal monitoring undertaken in the early 1990’s, 

which was initially intended to be part of a larger monitoring program to include subtidal marine 

organisms such as fish, kina and tuatua (Green 1992) to measure the long-term recovery of marine life 

(Green 1994). 

 

 
Figure 1.2. The boundary of the Long Bay-Okura Marine Reserve. 
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The Long Bay-Okura Marine Reserve is in a highly urbanised region, exposed to stressors (e.g. 

sedimentation, sewage outfall, pollution) which are prevalent in densely populated areas. Since its 

establishment, the increasing population of nearby Auckland and urban sprawl has transformed the 

Long Bay region into suburbia. The catchment area surrounding the marine reserve has undergone 

extensive land development and there have been ongoing concerns about the impacts of urbanization 

on the marine reserve. In particular, these include the impacts of an influx of sediment as well as the 

addition of kilometres of impervious surfaces and more houses (Saunders & Creese 2000).  

 

1.7 Investigating Protection Value 

Despite its marine reserve status since 1995, there has been little investigation into the 

ecological effects or conservation value of the Long Bay - Okura Marine Reserve. Given the range of 

stressors acting on the ecosystems within and surrounding the reserve, it is unclear whether this reserve 

plays a significant role in protecting targeted species, biodiversity and contributing to a wider marine 

protected area network. To better understand the ecological effects of a marine reserve, it is necessary 

to understand what species are harvested regionally and assess how those species benefit from 

protection.  

The amount of fishing and harvesting pressure in the areas adjacent to the reserve can be partly 

attributed to the high population density of Auckland and the North Shore and the accessibility of the 

reserve. Recreational fishing in this area includes both shore and boat-based line fishing and gathering 

of shellfish and other invertebrates from the intertidal and shallow reefs. This is evident in the types of 

marine reserve offences that have been recorded in Long Bay by Department of Conservation (Figure 

1.3). A large proportion of the offences over time were people taking sea urchins (kina) and finfish. 

‘Other’ includes any offences that did not involve kina or finfish (e.g. poaching of seaweed, shellfish, 

snails, shells or sand). This gives us insight into what is commonly recorded as an offence and 

highlights that even though the reserve is a no-take area, some poaching does occur and protection is 

not absolute. 
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Figure 1.3. Number of marine reserve offences in Long Bay-Okura Marine Reserve by type 
from 1995 to 2020. 

 

1.8 Study Aims 

This study will specifically focus on examining the role which Long Bay-Okura Marine 

Reserve provides in protecting shallow subtidal reef ecosystems. Investigations of the physical and 

biogenic habitats of the reserve and adjacent area were utilised to categorize and map the dominant 

habitats present. Knowledge of the harvest pressure on targeted species in the surrounding waters, 

provoked surveys of finfish and kina to examine how densities and size structure of the species vary 

inside and outside the reserve. The three components of this thesis are designed to help understand the 

value of protection on a few key species within a marine environment that is under growing pressure 

from Auckland’s rampant urbanisation and the Hauraki district’s intensive agriculture. 
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The aims of this thesis are to: 

1. Map the main abiotic and biogenic habitats found within and immediately adjacent to the 

Long Bay-Okura marine reserve (excluding the Okura estuary). The purpose of mapping 

the extent of physical and biogenic habitats is to establish a baseline map for the reserve, the 

first step towards understanding and managing changes detected in the marine environment. 

 

2. Assess effects of protection on carnivorous fishes using baited underwater video. To 

measure the effect of 25 years of reserve protection on finfish and more specifically, exploited 

species (e.g. snapper), via examining how densities and size structure of targeted species vary 

inside and outside the reserve.  

 

3. Investigate how reserve protection affects kina (sea urchins) in Long Bay-Okura. To 

understand how kina density and size structure differ inside the reserve compared to adjacent 

fished areas either through direct protection or indirect trophic cascades.  
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Chapter 2 

 

Mapping habitats of the Long Bay-
Okura Marine Reserve 
 

 

“In areas protected from settling silt, and from the effects of the sweeping 
action of seaweeds moving in the waves, diversity of marine life is very high.”  

- Roger Grace (1990, pp. 10) 
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2. Mapping habitats of the Long Bay-Okura Marine Reserve 

2.1 Introduction 

Maps of underwater habitats are a valuable tool with applications in marine spatial planning, 

fisheries management and ecological studies. For example, large-scale habitat mapping has been used 

to monitor changes in the distribution of reef habitats in northern New Zealand marine reserves 

(Babcock et al. 1999; Leleu et al. 2012). There are numerous approaches to mapping marine habitats, 

but satellite and aerial imagery can be effective at mapping visually distinctive habitats in shallow 

water (Kibele 2016). The creation of marine habitat maps typically utilizes a standardized habitat 

classification scheme to aid the identification and description of habitats of distinct biological 

assemblages. Collection of ground truth data is essential to validating the classification of habitats.  

The Long Bay-Okura Marine Reserve is a 980 hectare (2,400 acre) no-take area which stretches 

from Karepiro Bay and the Okura Estuary at its Northern boundary to Toroa Point, the headland 

located at the southern end of Long Bay (Figure 1.2). The marine reserve includes a variety of marine 

habitats, from tidal mudflats and mangroves in the Okura estuary, to extensive rocky reefs and long 

sandy shores. Several species of shorebirds, finfish and a plethora of invertebrate species inhabit this 

area and an inventory of these habitats from before it was established (Grace 1990) have provided 

insight into the ecological history of this area. The subtidal reefs of Long Bay are known to be 

dominated by large brown seaweeds, but only extend to depths of ~5 m (Shears and Babcock 2004). 

Early assessments of the soft sediment habitats and benthic invertebrates of the Long Bay-Okura area 

(Morrison 1999) give good descriptions of the substrates and life found throughout the reserve that are 

valuable for comparison to findings in this report. The habitats of Okura Estuary have previously been 

mapped (Townsend et al. 2014), but the wider abiotic and biogenic habitats of the marine reserve have 

not previously been mapped. 

An important step in understanding and managing changes in the marine environment is 

mapping the extent of physical and biogenic habitats. This study uses a combination of drop camera 

and satellite imagery to map subtidal habitats inside and immediately adjacent to the Long Bay-Okura 

Marine Reserve. A combination of abiotic and biogenic habitats are mapped in accordance with the 

draft New Zealand Marine Habitat Classification Scheme (NZMHCS) (Dohner 2013; Haggitt et al. 
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2015). The process utilizes an array of images of the seafloor with depth and geolocation in a 

photographic database to aid in creating a map. Maps which combine a georeferenced set of images 

and satellite imagery are important for detecting change over time by providing a visual record that can 

be revisited and reinterpreted in the future (Kibele 2016). The aim of this study was to create a map of 

the abiotic and biogenic habitats within the Long-Bay-Okura Marine Reserve and surrounding area. 

 

2.2 Habitat Mapping Methods 

2.2.1 Collecting Ground Truth Images 

To support habitat map creation, information on substrate type and habitat forming species were 

obtained from geo-referenced images of the seafloor taken throughout the Long Bay-Okura area. 

Images of the seafloor were collected by utilizing a drop camera system developed by Kibele (2016). 

The drop camera (Figure 2.1) is made up of a stainless steel pole with a large weight at the bottom and 

a float at the top to keep the set-up vertical when resting on the seabed. Just below the float, a GoPro 

HERO 7 was mounted, facing downward which captures images of the seafloor, an area of 

approximately 2.5 m2. A coaxial cable reinforced by rope connected the camera to a tablet or phone on 

the surface to enable remote photo capturing. A Sensus Ultra depth logger is attached close to the 

bottom, just above the weight.  
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Figure 2.1. The GoPro drop camera system developed by Kibele (2016) to collect 
ground truth images. The yellow Sensus Ultra depth logger is visible on the right. 

 

A Garmin hand-held GPS was set to automatically record track position every two seconds, 

which was later used to geo-reference the photographs using the Benthic Photo Survey software 

(Kibele 2016). The GoPro’s time was synchronized to satellite time at the start of each day’s data 

collection to ensure the satellite time of the GPS and depth logger would align with the digital 

timestamp on the images. Ground-truth photos were taken along transects running from the coast in an 

offshore (west to east) direction to just beyond the offshore boundary of the reserve. An attempt was 

made to have transects spaced approximately every 250-300 m along the coastline using pre-

determined starting points. However, the exact starting position and direction of the transect was 

dependent on weather conditions on the day of sampling. At the starting point, close to shore, images 

were captured at approximately 5 to 10 m intervals, but as the distance from shore increased and moved 

into deeper soft sediment areas with more homogeneity, the distance between drops was increased to 

every 30 to 50 m. In ideal conditions this would provide relatively consistent cross-sections of the reef, 

running from shallow to deep.  
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At the start of each transect, the drop cam was lowered off the side of the boat until it reaches the 

bottom and then the skipper, or other personnel assisting, took the image via the GoPro Connect app. 

After the image was captured, the drop cam was then lifted off the seabed, a meter or more, and the 

boat moved slowly ahead for a subsequent drop. Before lowering the drop cam to the sea floor, it was 

ensured that the rope is vertical in the water column and dropped directly below in order to get an 

accurate GPS location. When distance between drops increases to 30 to 50 m the drop camera was 

brought back on board between drops. Collection of ground-truth imagery was greatly hindered by 

poor underwater visibility. In particular, when surveying the deeper areas of the marine reserve (mostly 

when over mud) there was a green layer which restricted accurate portrayal of bottom type and 

biological features. The bulk of drop camera surveys were initially conducted between 19th February 

and 21st March 2020, but then completed after the Covid-19 Level 3 & 4 lockdowns which prohibited 

field work until June 2020. The visibility was much better in the June surveys, with cooler water 

temperatures likely resulting in less phytoplankton and better visibility. 

2.2.2 Processing and Classifying Images 

Drop camera images were processed using the free open-source software Benthic Photo Survey 

(BPS; Kibele 2016) for easy import into Quantum GIS (QGIS Development Team, 2020). Images were 

geo-referenced using GPS data and assigned depth using the depth logger data. BPS was then used to 

export a point shapefile containing the depth and position for each image at its specified location. The 

path to each respective image was also attributed to each point so that images could be viewed in GIS 

(Kibele 2016).



18 

 

Figure 2.2. Distribution of ground truth images displayed as blue dots across the mapping area. 
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Figure 2.3. Detailed view of two areas of the Long Bay-Okura Marine Reserve, Piri Piri Point in the 
north (left) and Toroa Point, southern end of reserve (right), showing ground-truth points and 
associated habitat classification overlaid on satellite imagery.  
 

Physical habitat type 

The abiotic characteristics of the seafloor in each photo were classified according to “Level 2 – 

Main habitats” in the New Zealand Marine Habitat Classification Scheme (NZMHCS; Table 2.1). 

Images of Unconsolidated (soft sediment) habitats were classified as either Sand or Mud. The ripples 

and patterns as well as presence of visible shell fragments and larger, more granular, grains were used 

as general indicators of sand. The inability to detect individual grains, homogenous colouration and 

presence of holes signified a muddier substrate composition. Reef habitats were primarily classified as 

Bedrock, then categorized further based on biological/algal composition. In several cases there was a 

thick layer of sand over the low relief reef in which case it was classified as Sand inundated reef. 

 

Biological classification 

The biotic characteristics of each photo were classified according to “Level 2 – Biotope 

Complex” in the New Zealand Marine Habitat Classification Scheme (NZMHCS) (Table 2.1). 



 

20 
 

However, images of Sand and Mud were not given a biotic classification due to an absence of any 

biological organisms or features, and limitations in image quality due to poor water clarity. However, 

any biogenic features, or species of interest, on soft sediment habitats were noted. Subtidal reef habitats 

were classified as Canopy Algae if the cover of large brown algae, such as Ecklonia radiata and 

Carpophyllum spp., was >50%. The two categories of Seabed erect algae and Turfing algae and algal 

mat from the NZMHS were combined into Turfing and Foliose Algae, which was used when the image 

was dominated by the presence of short algal and turfing species. When there was a heavy cover of 

sand over the reef, and only low cover of macroalgae or invertebrates, photos were classified as Sand 

inundated reef. Notes and evidence of any species of interest, including invasive species, were made 

and examples of these are found in Figure 2.4. 

 
Table 2.1. Habitat categories used in this study and how they fit within the hierarchical organization of 
the New Zealand Marine Habitat Classification Scheme. 
 

Intertidal/ 
Subtidal 

Level 2 - 
Main 
Habitats 

Level 2 -  
Biotope Complex 

Habitat 
Category 

Description 

Intertidal 3.1.2 Sand  NA Intertidal Sand Sand (0.0625-2 mm diameter) 
exposed at mean low tide. 

  3.2.2 
Bedrock 

NA Intertidal Rock Intertidal rock platforms. 

Subtidal 3.1.1 Mud  NA Subtidal Mud Very fine soft sediment (0.98-62.5 
µm) characterized by holes. 

  3.1.2 Sand  NA Subtidal Sand Sand (0.0625-2 mm) that is not 
exposed at low tide. 

  3.2.2 
Bedrock 

4.1.2 Canopy algae Subtidal Canopy 
Algae 

Macroalgal dominated; >50% 
large brown algae. 

    4.1.3 Seabed erect 
algae and 4.1.4 
Turfing algae and 
algal mat 

Subtidal Turfing 
and Foliose Algae 

Dominated by the presence of 
short algal species, <50% large 
brown algae, with high sediment 
cover 

  3.2.4 Sand 
Inundated 
reef 

  Subtidal Other* Sediment over reef. Sparse algal 
cover less than 50% and presence 
of sponges and other inverts.  

 

* Sand-inundated reef was hard to classify since it did not align with any of the described biotopes 
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2.2.3 Habitat Map Creation 

Intertidal habitats 

Aerial imagery taken at low tide was used to digitise an outline of the intertidal, and map both 

intertidal sand and intertidal reef. Aerial imagery from the summer months of 2017 was obtained from 

the Land Information New Zealand data service (LINZ website1). These images are geospatially 

precise, therefore providing an accurate starting point for the habitat map. 

Subtidal habitats 

Subtidal habitats were mapped using recent satellite imagery of the Long Bay area. WorldView 

II satellite imagery from the 18 January and 18 February 2020 was obtained through the Maxar 

SecureWatch platform. It was challenging to find satellite images of the Long Bay area with good 

water clarity, taken around low tide, and without cloud and sun glint. Satellite images were stretched to 

maximise the contrast of underwater habitats so they could be visually delineated and mapped by 

digitizing polygons of broad habitat types. The poor water clarity meant accurate classification of the 

different habitats via satellite imagery was limited to the broad habitat categories in Table 1, excluding 

Sand inundated reef which was not visually distinct from Sand. It was only possible to distinguish 

different reef habitats to depths of approximately 6 to 7m, which encompasses the vast majority of reef 

within the area, with only a small proportion of reef extending deeper. In shallow water, Canopy algae 

could easily be distinguished by colour from reef covered in Turfing and foliose algae, but in deeper 

regions only the canopy algal covered reef was visible from satellite/aerial images. 

It was not possible to visually distinguish Sand inundated reef from the other habitat types in 

the satellite imagery and although ground truth images provide geographical context, this category was 

unable to be mapped as it is not distinctive enough and too difficult to delineate boundaries for. The 

ground truth imagery was used to guide and affirm visual classification of habitats in the satellite 

imagery. The boundary between Mud and Sand was estimated using ground truth images since there 

was no visible difference between subtidal sand and mud in aerial or satellite images.  

A vector (polygon shapefile) layer was created for each main habitat feature by using the ‘Add 

polygon feature’ tool. Using this along with the ‘snapping’ tools enabled different habitat regions to be 

 
1 https:\data.linz.govt.nz\layer\95497-auckland-0075m-urban-aerial-photos-2017\data\6607\?mv=1 
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digitised as different coloured polygons and ‘snapped’ to ensure there was no overlap or gaps between 

polygons. The ‘map swipe plugin’ and ‘image pop up’ features were also helpful tools in the mapping 

process. Map swipe enables you to easily compare the polygons with the aerial or satellite image 

beneath and ‘image pop up’ brings up the ground truth image and associated meta-data when you scroll 

over the georeferenced point on the map. 

 

2.3 Results  

2.3.1 Mapped Extent  

The Long Bay-Okura Marine Reserve was the focus area for this mapping study; however, 

results exclude the Okura Estuary since this was previously mapped (Townsend et al. 2014). The total 

area of the reserve mapped using the above methods was 10.84 km2. Areas immediately to the north 

and south of the reserve were also mapped for comparison, approximately 12 km2 total was the full 

mapped area extent. A total of nearly 2,000 photos were taken of the seafloor across the study area, but 

not all were useable. After separating out the images where the bottom was insufficiently visible to 

assign a habitat, not photographed perpendicular to the substrate, too unclear, or had a kelp frond in 

front of lens, 1052 images were classified into 7 main habitat types (Table 2.1, Figure 2.4). 

 

2.3.2 Distribution of Physical Habitats  

The physical environment of the Long Bay-Okura Marine Reserve is predominantly sand and 

mud, with a margin of intertidal and shallow reef around the main points and headlands (Table 2.2). 

Subtidal reefs on average extend to a depth of ~6 m, and a portion of macroalgal reef occurring off 

Toroa Pt. around 8 m. Beyond ~8 to10 m depth, homogeneous fine-medium grain sand slowly changes 

to mud with increasing depth. The change from sand to mud occurred at ~6 m in the north, off Karepiro 

Bay, and ~10 m, off Toroa Pt. In some areas the reef is very flat and low relief and has a layer of fine-

medium grain sand (~2 to 5 cm thick). It was not possible to distinguish this habitat from Sand in the 

satellite imagery and it is likely that these areas are periodically buried in sand.  
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Table 2.2. Main physical habitats present within Long Bay-Okura Marine Reserve, excluding Okura 
estuary. These are classified in alignment with the structure of Level 2, Section 3 of the NZMHCS. 
Note that these estimates only apply to the marine reserve and do not include the areas mapped 
adjacent to the marine reserve. 
 

Main Habitat Description 
Area 
(km2) 

% mapped 
area 

Intertidal 

3.1.2 Sand Beach sand exposed at low tide. 1.36 12.55% 

3.2.3 Bedrock  
Sandstone/siltstone rock platforms exposed at low 
tide. 

0.26 2.40% 

Subtidal 

3.1.1 Mud 
Substrate is composed of very fine, silty sediment. 
Often indicated by holes. Dominant habitat >8m 
deep 

4.43 40.87% 

3.1.2 Sand 
Fine and medium sand. 0 to 10m depth at south 
boundary 

4.03 36.16% 

3.2.3 Bedrock  
Characteristic rocky reef habitat made up of 
Waitemata series (sandstone/siltstone) rocks. To 6m 
at N. end & 7m at S. end 

0.76 7.01% 

3.2.4 Sand 
Inundated reef 

Low relief patches of sandstone/siltstone covered in 
sand or bordering sandy habitat. Intertidal to ~9m 
depth 

Not 
mapped 

N/A 

 
 

2.3.3 Biotopes within Long Bay-Okura Marine Reserve 

Biotope complexes, based on the New Zealand Marine Habitat Classification Scheme 

(NZMHCS), were classified in 482 (48%) of the ground-truth photos. A total of six distinct biotope 

complexes were observed (Table 2.3). Four of these were found on rocky reefs and two on soft 

sediments. Of the rocky reef biotope complexes, three were included within the broad biotype Algal 

Bed (Level 1, 4.1, Haggitt et al. 2015). Biotope complex 4.1.2 Canopy algae was the most easily 

distinguishable reef habitat type, characterised by canopy cover of more than 50% Ecklonia radiata or 

other large brown algae. 224 photos (22% of useable drop cam images) were classified as Canopy 

Algae. The two biotope complexes: 4.1.3 Seabed Erect Algae and 4.1.4 Turfing Algae were common 

but for the purposes of this study were combined as Turfing and erect algae (258 photos or 26%). 
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The biotope complex 4.7 Sponge garden only loosely fits some of the instances we observed 

(Figure 2.5). There was not a high diversity of sponges but there were a few instances where they 

occurred with a small amount of reef visible, these photos were considered sand-inundated and 

classified as other reef since they did not align with any of the described biotopes. Sponges were only 

observed in 20 photos (2% of images), but most observations were of individual sponges, not 

aggregations of sponges, therefore this was not a mapped category. This sand inundated/deep reef was 

not mapped but identified in 43 photos (4.2%). The Urchin barrens biotope was not observed within 

Long Bay-Okura, but we did capture some images of urchins in relatively high density close to the 

southern end of the reserve (Figure 2.4 E). 

Infaunal communities and mobile invertebrate communities, biotope complex 4.15 and 4.16 

were identified but images were not classified as such or mapped according to biotope. In 14 photos 

(1.4%) we recorded a high density of holes in the soft sediments (Figure 2.6 A). There were also 

several instances of sea stars detected in drop cam images (Figure 2.5 B) which are noted in the habitat 

map metadata. The invasive Mediterranean fanworm (Sabella spallanzanii) occurred in several ground 

truth images both inside and adjacent to the reserve. This species was primarily found on low relief reef 

which was not dominated by macroalgal canopies. No horse mussels or sand dollars were observed in 

drop camera imagery. 
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Table 2.3. Breakdown of biotope complexes present in Long Bay. These are classified in alignment 
with structure for Section 4, Biotic Habitat, of the NZMHCS. 
 
Broad 
Biotope L1 

Biotope 
Complex L2 

Biotope  
L3 

Dominant Species  
L4 

Description 

4.1 Algal 
Bed 

4.1.2 Canopy 
Algae 
 

4.1.2.3  
Kelp Forest 

Ecklonia radiata 
Rocky reef with 
canopy cover of more 
than 50% Ecklonia. 

4.1.2.9 
Shallow Mixed 

Ecklonia radiata, 
Carpophyllum 
flexuosum,  
C. maschalocarpum, 
C. plumosum 
Sargassum sinclairii 

Rocky reef dominated 
by a mixture of 
various large brown 
algal species. 

4.1.3 Seabed 
Erect Algae 

4.1.3.31  
Mixed Seabed 
Erect Algae 

Zonaria spp., Codium 
fragile 

Short algal species 
other than turfs. 

4.1.4 Turfing 
Algae 

4.1.4.9 
Mixed turfing 
algae and algal 
mat 

Corallina officinalis  

Rocky flats covered in 
at least 50% short 
algae, primarily 
coralline turf, with 
high sediment cover.  

4.7 Sponge 
garden 

N/A N/A 
Tethya spp., Aaptos 
spp., Polymastia spp. 

Aggregation of 
sponges of the same 
or different species. 

4.15 Infaunal 
community 

4.15.7 Mixed 
Infaunal 
community  

N/A Species unknown 

Evidence of 
polychaete worms 
shrimps, gastropods 
and crabs indicated by 
presence of burrows. 

4.16 Mobile 
invertebrate 
community 

4.16.6 Mixed 
mobile 
invertebrate 

community 

N/A 

Patriella regularis, 
Coscinasterias 
muricata, Evechinus 
chloroticus 

Observation of two 
starfish species, and 
urchins. Also evidence 
(tracks) of 
Echinocardium 
chordatum. 
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Figure 2.4. A-F Examples of drop camera imagery of subtidal rocky reef habitats in the Long Bay-Okura Marine Reserve categorised by Section 4 - 
Biotic Characteristics: Broad Biotope, Algal Bed.  

 
   

A. Canopy Algae – Kelp Forest (4.1.2.3) Ecklonia 
radiata, kelp forest. 

C. Turfing and Foliose Algae - a combination of 
Ecklonia, Sargassum and coralline turfing algae. 

B. Canopy Algae – Shallow Mixed (4.1.2.9) a 
combination of Ecklonia radiata, Carpophyllum 
plumosum and Cystophora retroflexa. 

E. Turfing and Foliose Algae with kina in pockets 
of shallow reef, north of Toroa Point noted as 
mobile invertebrate community biotope. 

D. Turfing and Foliose Algae on shallow reef –  
Ecklonia radiata, Carpophyllum maschalocarpum, 
Cystophora retroflexa and coralline turf. 

F. Intertidal rocky reef with Homosira banksii, 
coralline turf and oysters visible. 
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Figure 2.5. A-C Examples of sand inundated reef and associated organisms found in the mapped extent. 

           
 
 
  
 

Figure 2.6. A-C Examples of soft sediment communities and evidence of infaunal communities (Broad biotope 4.15) within Long Bay-Okura.

 

B. Sand inundated reef with small patch of algae, 
orange branching and yellow encrusting sponges, 
parchment worm tubes (Chaetopterus) and cushion 
star (Patriella regularis) at 6m. 

C. Sand inundated reef with low algal cover 
colonised by Mediterranean fanworm (Sabella 
spallanzanii) - 5m depth, west of Arkles Bay. 

A. Infaunal community in mud – holes possibly 
made by polychaetes observed at 12m. 

B. Infaunal community in sand – Heart urchin 
(Echinocardium cordatum) tracks and small holes 
observed at 11m off reef north of Toroa Point. 

C. Infaunal community in sand - small holes 
possibly made by shrimp or amphipods at 8m. 

A. Sand inundated reef colonised by several 
Polymastia sponges recorded at 7.5m deep near the 
southern boundary of the marine reserve. 
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2.3.4 Distribution of Abiotic and Biogenic Habitats  

A total of 6 abiotic and biogenic habitats (Table 2.4) were mapped in the Long Bay-

Okura Marine Reserve (excluding Okura estuary) using the available satellite imagery (see 

habitat maps, Figures 2.7-2.9). The majority of the marine reserve is subtidal sand and mud (78% 

mapped area) and only a small fraction of the reserve area is estimated to be subtidal reef (7%). 

Surrounding the fingers of reef stretching out from the headlands are low relief bedrock covered 

in sand. Sand borders the rocky reefs and extends from the intertidal to a depth of ~8 metres then 

noticeably transitions to mud. There is a distinct change from fine-medium grain sand to fine, 

darker coloured mud at increasing depths across the reserve. At the north end of the reserve the 

transition occurred between 5 to 7 metres, whereas at the southernmost end of the reserve, near 

Toroa Point, the change from sand to mud occurred at about 10 m. In the area outside the reserve 

in the northern more sheltered areas, near Arkle’s Bay, mud was observed to occur much 

shallower, at one area transitioning from sand to mud around a depth of 4 to 5 metres. 

 

The subtidal reef was evenly split between the two biological habitat types Canopy Algae 

and Turfing and Foliose Algae. Canopy algae typically dominated more complex reef structure 

around the main points, whereas the flatter low relief reefs were predominantly covered in 

turfing algae (mostly articulated coralline algae). 
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Table 2.4. Abiotic and biogenic habitats mapped in the Long Bay-Okura Marine Reserve 

(excluding Okura estuary and areas outside the reserve).  

Habitat Description 
Area 
(km2) 

% of MR 
Area 

Intertidal 

Reef Rocky reef exposed at low tide. 0.26 2.40% 
Sand Sand exposed at low tide. 1.36 12.55% 

Subtidal 

Canopy Algae 
Rocky reef dominated by canopy algae: a 
mixture of various large brown algal species. 

0.43 3.97% 

Turfing and 
Foliose Algae 

Rocky flats covered in at least 50% short algae, 
primarily coralline turf.  

0.33 3.04% 

Mud 
Fine, very silty sediment. Presence of infauna 
indicated by holes. 

4.43 40.86% 

Sand 
Relatively fine and medium sand sometimes 
pocked with holes with fragments of shell, 
sometimes has tracks from gastropods. 

4.03 37.18% 
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Figure 2.7. Long Bay-Okura Habitat Map Section 1 - the northern region of the mapped area from Arkles Bay to Piri Piri Pt.
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Figure 2.8. Habitat Map Section 2 - Piri Piri Point to Vaughn’s Stream, at the northern end of Long Bay Beach.  
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Figure 2.9. Habitat Map Section 3 - Vaughn’s Stream, Long Bay Beach to southern mapped extent, Toroa Point.
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2.4 Discussion 

2.4.1 Overview of mapped extent 

In this study habitats were mapped along the open coast of the Long Bay-Okura Marine 

Reserve, excluding the Okura estuary. Using aerial imagery, we were able to accurately map 

intertidal habitats, 1.36 km2 (12.55% of mapped reserve area) of intertidal sand including Long 

Bay beach and the large sand flats within Karepiro Bay. Intertidal reef covered 0.26 km2 (2.4%) 

of the reserve and predominantly consisted of sedimentary platform reefs. The subtidal 

environment was mostly comprised of soft sediment habitats, 4.43 km2 mud and 4.03 km2 sand; 

78.04%, with only a narrow margin of shallow reef around the points and headlands 0.76 km2 

(7.01%). The shallow depth of most of the subtidal reef meant it could be detected via satellite 

imagery and mapped despite the generally poor water clarity. 

The high turbidity in the Long Bay area greatly impacted the collection of high-quality 

ground-truth images and limited the availability of satellite imagery with conditions suitable for 

mapping underwater habitats. The Long Bay area is prone to high sediment inputs and poor 

underwater visibility due to surrounding land-use, proximity to estuaries, and the highly 

sedimentary nature of the coastline (Lohrer 2004, Townsend 2014). Poor water quality meant it 

was difficult to map the deeper edge (beyond ~5 m) of the reef around the headlands so there 

could be some areas of deeper reef that have not been mapped. However, based on ground-truth 

photos we expect this to be minimal. 

The images were initially split into categories based on physical substrate to start with, 

then for those identified as reef subsequently assigned biogenic habitat types. There were some 

challenges with biogenic classifications, particularly with reef that was covered in a thick layer 

of sand. We used the classification Sand inundated reef, based on the draft classification scheme 

(Dohner 2013) to classify images where reef was clearly underlying but bare rock was not visible 

and there was only sparse algal cover. Large areas of subtidal reef in the marine reserve are very 

low relief with high levels of sand inundation. These areas could not be distinguished from sand 

in the satellite imagery, making it difficult to both classify and map Sand inundated reef as a 

biotope.  
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2.4.2 Soft Sediments dominating Long Bay-Okura 

The majority of the physical subtidal habitat was soft sediment: mud (40.86%) and sand 

(37.18%; table 2.2). The offshore transition from sandy to muddy sediments aligns with earlier 

reports and descriptions of ‘clean medium to fine sands’ which extend offshore only a short 

distance before becoming ‘increasingly muddy’ (Grace 1990; Morrison 1999). The sediments 

transition from sand to mud at ~6-7 m depth to predominantly mud beyond 10m, as previously 

reported by Grace (1990). The muddy substrate recorded in the reserve is typical of wave-

sheltered areas of the inner Hauraki Gulf.  

When reviewing the ground-truthing photos for classification, the main distinguishing 

factors between sand and mud habitat types were texture and homogeneity. This method was 

supported by Morrison (1999) who used the acoustic mapping system “QTC View” and video 

surveys of soft sediment habitats in Long Bay. In the case of differentiating soft sediment types 

the two main habitat classes that were visually and acoustically distinct were: “fine-coarse sand 

(flat, slightly rippled or ‘wavey’ bed-forms), and silt (usually pocked with burrow complexes”; 

Morrison 1999). This aligns well with the key differences we found in our ground truthing and 

combined with observing the coarseness and level of shell fragment in the substrate, these factors 

helped to distinguish between mud and sand. In many cases the presence of mud could also be 

confirmed by the weight on the drop camera sinking into the sediment (Figure 2.10). The border 

delineating sand and mud in the habitat map was estimated based on ground-truth photos and 

therefore must be interpreted with some degree of caution, primarily due to poor visibility. The 

visibility greatly reduced image quality in deeper areas and led to a sparse selection of useable 

ground truth images taken in the extensive offshore areas. To better understand the distribution 

of sand and mud habitats further, sediment grain-size sampling is recommended.  
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Figure 2.10. Drop camera weight covered in mud retrieved after a 10m drop 
 

Within the large expanse of sand habitat throughout the reserve there was only occasional 

presence of large macroinvertebrates, most commonly the cushion star (Patriella regularis) and 

eleven-armed seastar (Coscinasterias muricata). While poor visibility limited ability to observe 

small scale biological features, we are confident the imagery was sufficient to observe large 

macrofauna, such as horse mussels, if they were present. The lack of large macrofauna observed 

in our ground truth collection contrasts prior studies that have found large aggregations of sand 

dollars (Fellaster zelandiae) as well as beds of horse mussels (Morrison 1999). We specifically 

looked for horse mussel beds (Atrina zelandica) and did not find evidence of them. However, 

historical reports suggest they were not very common in the reserve: “Horse mussels were quite 

uncommon and occurred only as isolated clumps on the silt habitats on one video transect - most 

northern one” (Morrison 1999). Morrison also found horse mussels to be patchy in distribution, 

occurring in “small clusters of individuals rather than continuous beds” (1999). Therefore, we 

conclude that it is possible that they do still occur in small numbers in the reserve, but they were 

missed in drop camera surveys due to the fact they were only recorded to occur in patchy 

isolated clumps in the past. 

Sand dollars (Fellaster zelandiae) were also reported to occur in high densities in the 

north-western region of our mapped area including Karepiro Bay (Morrison 1999) but were not 

observed in this study. Sand dollars used to be very common on the beach in Long Bay, but they 

are no longer reported to be encountered there (David Gray pers. comm., 2020). While we did 
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not focus efforts to collect drop cam images in the surf zone where they were previously 

recorded, the absence of sand dollars over the past several years has been noticed by many locals 

and noted in the Marine Monitoring at Long Bay Technical Report 1998 (Davies, J. unpublished 

BSc assignment, University of Waikato). Jane Davies wrote “sand dollars had a significant 

decrease in population size… with no specimens being observed in 1994/1995” and cited an 

unpublished draft report held by Ministry of Fisheries by O’Shea and Kuipers (1994). Grace 

(1990) reports that sand dollars were found from ‘about extreme low water of spring tides to 

approximately 200 m offshore to a depth of about 4 to 5 m, yet informal surveys over the past 

few years found none. 

Tracks, burrows and holes in the sediment marked the presence of polychaete worms, 

heart urchins, hermit crabs, whelks and other gastropods, these were observed in numerous 

images. However, the recorded evidence of burrows and excavations in the sand and mud, 

typical of epifaunal/infaunal complexes, did not provide us with enough information to further 

classify these sand or mud habitats to a Level 2 biotype complex. Smaller-scale video surveys 

and/or grab sampling would be required to attain a higher level of classification and information 

on soft sediment communities. 

2.4.3 Reef Habitats of Long Bay-Okura 

The algal composition of the Long Bay-Okura Marine Reserve is comparable to other 

shallow and sheltered reef communities in the inner Hauraki Gulf (Shears & Babcock 2004). All 

macroalgal habitats at Long Bay were associated with bedrock and very seldomly small 

boulders. The two subtidal rocky reef habitats classified in this study, Canopy algae and Turfing 

and foliose algae, collectively covered 7% of the subtidal area of the marine reserve (Canopy 

algae 3.97%, Turfing and foliose algae 3.04%). Monospecific stands of Ecklonia radiata were 

patchily distributed, most prominent on the reefs adjacent to Piri Piri and Toroa Point. In many 

areas the algal canopy was dominated by a mixed assemblage including an array of brown algae 

such as Ecklonia radiata, Carpophyllum flexuosum, Carpophyllum maschalocarpum, 

Carpophyllum plumosum, Sargassum spp., and Cystophora retroflexa. Low relief areas of 

bedrock were primarily classified as Turf and foliose algae and were comprised mostly of 

coralline turf Corallina officinalis, which trapped large amounts of sediment.  
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When comparing our findings to the 1990 Long Bay Regional Park Marine Survey, many 

descriptions align with the patterns observed in this study (Grace 1990). Grace describes the 

biological features of the reefs, with the two dominant algae being E. radiata and C. flexuosum. 

“In shallower water Carpophyllum maschalocarpum is dominant and in other areas of more 

complex topography, Ecklonia was dominant” (Grace 1990). He also noted that “small numbers 

of the seaweed Sargassum sinclairii were scattered amongst the other brown algae” (Grace 

1990). These descriptions still accurately depict the habitats and biological features observed in 

the ground truth images. 

The flat low relief bedrock surrounding the subtidal algal covered reef creates a novel 

environment with a high level of sand inundation. Grace also describes the sediment covered 

rocks in his 1990 survey: “around the edges of some of the reefs, is a narrow band where low 

rock is covered with a thin layer of sediment.” Our ground truth images described as sand 

inundated reef, typically had less than 25% algal cover and only occasionally sponge species 

were observed (e.g. Polymastia croceus and Tethya aurantium). There were a large number of 

images which had some reef texture visible but little to no algal cover – where this sand 

inundated reef occurs, the other reef classification was assigned - these were challenging images 

to classify and subsequently difficult to map. In contrast, shallow macroalgal covered reef was 

clearly visible in satellite images and could be accurately mapped. However, as noted earlier, in 

some areas such as the deeper reef around Toroa Point, the lower limit of the reef could not be 

resolved from satellite imagery. In general, very little reef extend to depths beyond 8 m. In the 

1990 report, Grace described sponge gardens as present but “not extensive” and has records of 

observing finger sponges (Callyspongia ramosa and Raspailia spp.), which we did not visibly 

record in our ground truth images. This seemingly sparse sponge cover seems to align best with 

what was recorded in the 1999 acoustic/video assessment of Long Bay, which reported no 

“dense animal assemblages” such as sponge gardens (Morrison 1999). 

The historical description of the urchins as “very patchy in their distribution… generally 

found in hollows or under small ledges” (Grace 1990) aligns with the observations we made 

through the ground truth images (Figure 2.4 E) where several kina could be seen in the hollowed 

pockets of the shallow subtidal reef. As noted in earlier reports (Shears & Babcock 2004; Shears 

et al. 2008), kina barrens were not observed in the Long Bay area. On the contrary, the presence 
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of the invasive Mediterranean fanworm (Sabella spallanzanii) was apparent in several drop cam 

images. This species was absent from historical reports, indicating more recent distribution to the 

Long Bay area. This species was primarily found on low relief reef that was lacking large 

macroalgal canopies. S. spallanzanii has been extending its distribution through the study area 

over the past several years and is rapidly spreading throughout the Hauraki Gulf. S. spallanzanii, 

is now a well-known non-indigenous species which is extending its range in the Waitematā 

Harbour through natural dispersal and opportunistic settlement along the coast (Aguirre et al. 

2016). 
 

2.5 Summary 

This study established a baseline reference of dominant abiotic and biogenic habitats of 

the Long Bay-Okura Marine Reserve. The area mapped was dominated by soft sediments, 

primarily sand and mud. The rocky reef was characterised by either canopies of large brown 

macroalgae (4%) or shorter turfs and foliose algae (3%). The algal community we observed in 

the Long Bay area seems mostly unchanged when compared to historical reports from before the 

reserve was created and since. There were no areas with particularly high densities of kina 

recorded inside or adjacent to the reserve. The absence of horse mussels and sand dollars that 

have previously been observed in Long Bay raises potential concerns and deserves further 

investigation. While the highly turbid nature of the Long Bay-Okura region created challenges 

for mapping subtidal habitats, the maps created are still highly valuable for having a baseline 

understanding of the main reef habitat types of the area and detecting broad ecosystem changes 

in the future. 
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Chapter 3 
 
Reef Fish Monitoring 

 
“Whether a network of marine reserves would produce any significant  
benefit to exploited fish or shellfish stocks is probably the most  
controversial question and the most obvious potential benefit.” 
  

- Bill Ballantine (1991, pp. 1)  
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3. Reef Fish Monitoring 

3.1 Introduction 

As anthropogenic pressures and the intensive exploitation of marine species ceaselessly 

endures, there is a clear need to gather accurate information on marine fish populations (Jackson 

et al. 2001; Gell & Roberts 2003; Halpern et al. 2008). Populations of fished species around the 

world are in decline; the removal of large fish modifying abundance of predators and prey 

influences food webs, population size and size structure (Costello & Ballantine 2015). Marine 

protection in the form of no-take marine reserves can, over time, alleviate and in some cases 

reverse, certain negative changes to the ecosystem (Babcock et al. 1999; Shears et al. 2008; Ling 

et al. 2009). Marine reserves can be viewed as a means to “manage ecosystems more holistically 

and fisheries more conservatively” (Miller & Russ 2014); however, it can be challenging to 

determine the effects of marine reserve protection. For most exploited and even non-targeted 

species, their abundance, and how that might be changing, is unknown. Knowledge of fish 

abundance within New Zealand’s marine reserves is limited to a few hallmark reserves (e.g. 

Cape Rodney-Okakari Point, Tāwharanui, and Poor Knights); but for most reserves, quantitative 

estimates of fish abundance remains a mystery. Using appropriate methods to investigate fish 

populations inside and outside marine reserves is essential for measuring the impact of protection 

on targeted fish species (Willis & Babcock 2000; Willis et al. 2003; Shears et al. 2008). 

Fishing has one of the largest environmental impacts on northern New Zealand’s Hauraki 

Gulf (Kelly et al. 2020). Commercial, recreational, and customary fisheries within the Gulf 

primarily target large carnivorous fishes such as snapper, terakihi, john dory and gurnard, or 

small schooling fishes such as trevally, mullet and pilchard (Kelly et al. 2020). Snapper, 

Chrysophrys auratus, are opportunistic reef predators which also support significant commercial 

and recreational fisheries and are taonga (highly valued species) by Māori. The Hauraki Gulf 

snapper fishery is managed collectively with East Northland and Bay of Plenty, in management 

area SNA1, which provides a large proportion of the country’s total commercial catch. The 

1980s was the peak of snapper fishing in SNA1, but by the mid-1980s catches were declining. 

While the Quota Management System (QMS) was introduced in 1986, snapper stock numbers 
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are still considered low (Walsh et al. 2019). The 2013 Snapper Stock assessment indicated SNA1 

was still overfished, following this there was no change to the commercial total allowable catch. 

Instead, the recreational minimum legal size was increased, from 270mm to 300mm, and the 

catch limit was reduced. The balance of take by commercial and recreational fishers has changed 

significantly over the past 20 years; current statistics show that two-thirds of the snapper catch in 

the Hauraki Gulf is recreational, and the other one-third is commercial (Kelly et al. 2020). 

Regardless of who catches it, snapper are the main fish species caught in the Hauraki Gulf and 

the snapper fishery is regarded as one of the largest and most valuable coastal fisheries in New 

Zealand (Willis et al. 2003; Kelly et al. 2020). 

Within the Hauraki Gulf Marine Park, the areas where fishing is prohibited (5.2%) are 

small relative to the Gulf’s 1.2 million hectares. This small percentage includes six no-take 

marine reserves which cover around 0.3%, plus the cable protection zones covering 4.9% of the 

marine park (Kelly et al. 2020). Research has mostly been focused on just three Hauraki Gulf 

marine reserves (see Figure 1.1); Cape Rodney-Okakari Point Marine Reserve (est. 1975, 518 

ha), Hahei Marine Reserve (est. 1993, 840 ha) and Tāwharanui Marine Park (established in 1981, 

officially made a marine reserve in 2011, 350 ha). These studies revealed dramatic increases in 

the relative density of snapper and crayfish; modelling indicated a 14-fold increase of legal-size 

snapper in these three reserves (Willis et al. 2003) and mean densities of crayfish were 

significantly greater compared to adjacent fished areas (Babcock et al. 1999; Shears et al. 2008). 

On the other hand, few studies have examined the three inner Gulf reserves (see Figure 1.1): 

Long Bay-Okura Marine Reserve (est. 1995, 980 ha), Te Matuku Marine Reserve (southern end 

of Waiheke Island, est. 2005, 690 ha) and Motu Manawa-Pollen Island Marine Reserve (upper 

Waitematā Harbour est. 1995, 501 ha). These three inner gulf reserves have high sedimentation 

and high levels of anthropogenic nutrient loading (Aguirre et al. 2016). Thus, it is unknown 

whether exploited fish within these reserves have exhibited a similar response to reserve 

protection as at the outer gulf marine reserves. 

The Long Bay-Okura Marine Reserve was established in 1995, and the surrounding area 

is subject to high fishing pressure, from the shore and by boat (Green 1992, Saunders & Creese 

2000). Prior to protection, reef fish were described as low in diversity, as only 9 species were 

recorded in a “by no means exhaustive” one day reconnaissance (Grace 1990). Spotties 
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(Notolabrus celidolus) were most common, followed by parore (Girella tricuspidata) and red 

mullet (Upeneichthys lineatus). A mixed school of pelagic fish was recorded which included 

kingfish (Seriola lalandi) and trevally (Pseudocaranx georgianus, formerly P. dentax). Only two 

studies have been carried out since reserve protection, a baited underwater video survey in 2002 

(Ward 2002) and diver-based surveys in 2011 (Haggitt & Shears 2011). Both studies indicated 

that snapper were more abundant and larger in size within reserve boundaries than in the 

surrounding area. 

The aim of this study was to assess the effects of marine protection at Long Bay-Okura 

Marine Reserve on targeted and non-targeted fishes following 25 years of protection. To 

investigate the direct and indirect effects the reserve has for targeted and non-targeted species, 

carnivorous finfishes were surveyed within, and in areas adjacent to, Long Bay-Okura Marine 

Reserve. Baited underwater video (BUV) was used to measure the relative densities and size 

structures of carnivorous fishes inside and outside the reserve. As technology advancements have 

made compact video cameras more accessible and affordable, BUV has become the most 

common video technique used to monitor fish populations (Whitmarsh et al. 2017). Non-

destructive in nature, BUV is a replicable technique for monitoring reef fish assemblages across 

varied spatial and temporal scales (Terres et al. 2015). BUV avoids several limitations associated 

with underwater visual censuses (UVC): variable response to divers, poor visibility, and shy 

subjects (Cole et al. 1990; Cole 1994). BUV surveys in the Long Bay-Okura area were carried 

out in spring 2020 which provides an indication of the presence of a resident population of 

snapper (Willis et al. 2003). 

 

3.2 Methods 

3.2.1 Study Sites 

The study area includes four sites within the Long Bay-Okura Marine Reserve and five 

adjacent sites (Figure 3.1). BUVs were deployed at sites with comparable depths and similar 

benthic assemblages close to (or on) rocky reef (Table 3.1). Sampling was carried out between 

October 1st and 6th 2020, austral spring, when the water temperature was ~15 degrees Celsius.  
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Figure 3.1. Map of BUV sites inside and outside Long Bay-Okura Marine Reserve. Dashed 

yellow line indicates reserve boundary. Coloured dots indicate individual drops and the different 

colours reflect the day the surveys were conducted. 
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Table 3.1 BUV sites in Long Bay-Okura Marine Reserve and surrounding area, listed from north 

to south. Corallina reef indicates the main substrates were flat reef platform covered in erect 

coralline turf algae and ‘Reef edge’ indicates the presence of macroalgae near the frame or in 

background.  

Site name Status Drops Depths Substrates sampled 

Arkles Cave Fished 2 3 – 4m Reef edge, sediment covered reef 

Arkles Pilings Fished 3 3 – 4m Corallina reef, sediment covered reef, sand 

Okura Reserve 3 3 – 4m Sediment over reef 

Piripiri Point Reserve 3 3 – 5m Reef edge, sand  

Granny's Bay Reserve 5 3 – 5m Corallina reef, sand 

Awaruku Reserve 4 3 – 5m Corallina reef, reef edge, sand 

Toroa Point Fished 4 4 – 6m Reef edge, sand 

Winstones Cove Fished 3 3 – 5m Corallina reef 

Browns Bay Reef Fished 2 4 – 5m Corallina reef 

 

A downward facing BUV system was used guided by the methods outlined in the Baited 

Remote Underwater Video Guidelines (Haggitt et al. 2014) and associated DOC I and M 

Toolbox documents. In our system, however, two GoPro cameras were mounted on each frame, 

set to shoot at 1280x960 resolution with a wide field of view. One camera was oriented vertically 

(downward facing) with a fixed field of view of the seabed and another camera was oriented 

horizontally, with no fixed field of view (Willis et al. 2000). The bait container fixed onto the 

frame in the centre of both camera’s field of view (Figure 3.2). The primary (downward-facing) 

camera was used for all video analyses, and the outward-facing camera was used for secondary 

identification. Having a second camera proved very helpful for identifying fish if there was any 

discrepancy from the downward facing view. The outward facing camera also provides the 

benefit of being able to take additional measurements of fish using the head height:eye diameter 

ratio (Richardson et al. 2015). The BUV frames used for this study were each 1.5 metres high 

with the downward facing camera located vertically at a height of 143.5 cm from the ground and 

the outward facing camera at 29 cm from the ground.  
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Figure 3.2. View from vertically mounted, downward facing camera of the BUV frame (left) 
and view from outward facing camera (right). 
 
 

Transparent plastic jars with many holes were used for bait containers, cable tied to the 

frame 62 cm away from the lens of the outward facing camera. The jars were filled with three 

chopped up pre-frozen pilchards (Sardinops neopilchardus) totalling approximately 200g of 

fresh bait used for each drop. Using pilchards, which have a relatively high oil content, creates 

an odour plume to help concentrate fish around the camera, reducing the chance of producing a 

low or zero abundance estimate (Willis & Babcock 2000, Whitmarsh et al. 2017). 

BUV units were consistently deployed near rocky reef habitats since substrate is known 

to have an influence on the type and abundance of observed species The approximate locations 

for the BUV deployments were predetermined using GIS to ensure the adjacent habitats would 

have a high level of comparability. At each site the frame is lowered to the seafloor via a rope 

with a surface buoy attached to the end and left undisturbed for 35 minutes. For each drop we 

recorded GPS coordinates, took a depth measurement from the boat’s sounder, and noted the 

time. To avoid any biases associated with diurnal feeding behaviour, all sampling was 

undertaken between 10 am and 4 pm.  
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3.2.2 Video Analysis 

Fish abundance was measured by maximum count, MaxN, the largest number of a 

particular species seen in one frame from the downward-facing camera footage over the 30 min 

deployment. This was evaluated at 30 second intervals for the duration of the video recording. 

MaxN is an estimate of relative abundance as more individual organisms could be present around 

the BUVs during the recording but do not appear in the field of view at the same time 

(Whitmarsh et al. 2017). The MaxN of all fishes, excluding cryptobenthic species (e.g., 

triplefins) and small schooling fish, was recorded at 30 second intervals and entered into an excel 

spreadsheet. This results in a MaxN for each species, from each camera drop. The max count for 

each species was averaged across all BUV drops at each site to produce a site mean MaxN. 

To measure our main target species (snapper), we used the footage from the downward 

and outward facing camera, using screenshots captured at the point of the highest MaxN. To take 

into account that fishes occurred at different heights in the field of view, we used two different 

reference measurements with known lengths (e.g., bait container or taped intervals on frame), 

depending on distance above the substrate. The tape marks were at 30 cm intervals along the 

base of the BUV system, and the bait container was 17 cm long, and when fastened on with cable 

ties sat approximately 100 to 120 mm higher than the BUV base, more often the height at which 

the snapper were swimming at. Using Image J Processing software Fiji/ImageJ (http://fiji.sc/Fiji; 

Schindelin 2012), we calibrated the measuring tool with one of those known lengths (Richardson 

et al. 2015; Evans 2017). To get additional measurements of fish which approached the bait 

container, we used the head height:eye diameter ratio on screenshots from the outward facing 

camera, enabling estimates of the sizes of the majority of the snapper recorded at MaxN 

(Richardson et al. 2015).  
 

3.3 Results 

3.3.1 Snapper Abundance 

The BUV surveys revealed that there is higher snapper relative abundance at sites within the 

reserve compared to outside (Figure 3.3 below). There was no snapper recorded at three out of 

the five fished sites we sampled, and at the two fished sites where we detected snapper, it was at 
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low abundances. Most BUV deployments at fished sites had no snapper present (12 out of 14), 

whereas none of the deployments at reserve sites had no snapper present. The high number of 

zero’s at fished sites meant statistical analysis of a difference was not appropriate nor necessary. 

MaxN for snapper in the reserve ranged from 1-6 snapper (Figure 3.4). 

 

 

Figure 3.3. Distribution of Mean MaxN (± SE) for snapper across all sites.  

 

Figure 3.4. Example of highest MaxN of 6 individuals (left) and a MaxN of one large individual 

(right). 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Arkles Cave Arkles
Pilings

Okura PiriPiri Granny's Awaruku Toroa Winstones Browns Bay
Reef

M
ea

n 
# 

M
ax

N

Site Name



 

48 
 

3.3.2 Snapper Size 

The size of snapper at reserve sites was substantially larger than those recorded at the 

fished sites (Figure 3.5). The largest snapper recorded was near Awaruku, with a fork length 

(FL) estimated to be 720 mm (Figure 3.6) The most commonly recorded individual snapper sizes 

in the reserve were between 300-400mm. In non-reserve sites, no legal-size snapper were 

detected; two sublegal snapper were estimated at 150mm. 

 

Figure 3.5. Size distribution of all snapper (grouped into 50mm bins) inside (blue bars) 

and outside (grey bar) Long Bay-Okura Marine Reserve. Dotted line indicates minimum 

legal recreational fishing size limit of 300mm. 
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Figure 3.6. The largest snapper recorded (at Awaruku) estimated fork length 720mm. 
 

The mean fork length of snapper was higher at all reserve sites than fished sites. At Piri Piri 

Point and Awaruku, the snapper recorded were on average 372 mm and 354 mm respectively, 

and at Okura and Granny’s the average snapper was not above legal size but the average fork 

length was still greater than the snapper detected at two fished sites south of the reserve, Toroa 

and Winstones Cove, where average fork length was 144 mm and 150 mm. 

 

   

Figure 3.7. Average snapper fork length (± SE) for reserve (blue) and fished (grey) sites. 
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3.3.3 Other Fish Species 
 

Observations of other species were low in both reserve and non-reserve sites, and no 

clear differences in relative abundances was evident (Figure 3.8). Aside from snapper, just four 

other species of fish were recorded. These included spotties (Notolabrus celidotus), goatfish 

(Upeneichthys lineatus), trevally (Pseudocaranx georgianus) and jack mackerel (Trachurus 

novaezelandiae). MaxN was recorded for all species excluding jack mackerel as they appeared in 

schools. 

 
 

Figure 3.8. View from outward facing camera: jack mackerel (Trachurus novaezelandiae) at 

Winstones (left), spotties (Notolabrus celidotus) at Toroa Point (right). 

 

Spotties were the second most abundant species observed and tended to be higher at 

fished sites (Figure 3.9). However, 1-way ANOVA reveals there is no significant difference 

between reserve and fished sites for spotty (F = 3.025, df 1/27, p-value: 0.09339). Goatfish 

(Upeneichthys lineatus) were recorded in three videos and juvenile silver trevally (Pseudocaranx 

georgianus) and schools of jack mackerel (Trachurus novaezelandiae) were recorded in just two 

videos, both within the reserve. 
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Figure 3.9: Average MaxN (± SE) for other fish species detected in the 

BUV videos across the fished (grey bars) and reserve (blue bars) sites. 

 

Overall species diversity was quite low; however, these surveys are designed to target 

carnivorous fish, so detection of the full spectrum of fishes which reside on these reefs was not 

expected. Notably, some other species were seen on dives near these BUV sites, just at slightly 

shallower depths during kina surveys. In addition to the species above, two species not recorded 

via BUV but encountered on SCUBA were parore (Girella tricuspidata) and red moki 

(Cheilodactylus spectabilis). 

 

3.4 Discussion 

3.4.1 Snapper  

Snapper, the most heavily exploited fish in the Hauraki Gulf, was the most common 

species recorded on BUV within Long Bay-Okura Marine Reserve, being 20.5 times more times 

more abundant and considerably larger than at adjacent fished sites. Notably, no legal-size 

snapper were detected outside the reserve. These results demonstrate marine reserve effects on 

snapper following 25 years of protection and suggest the presence of a resident population within 

the reserve. These results are consistent with previous BUV surveys carried out at Long Bay in 
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2002, which found snapper relative abundance was 11 times higher in the reserve compared to 

adjacent fished sites and the snapper inside the reserve were larger (Ward 2002). The largest 

snapper inside the reserve recorded in Ward’s study (2002) was 472 mm. Comparatively, the 

max length recorded in 2020 was 248mm larger (Figure 3.5 and 3.6). Similar to the 2020 

results, there was only a small range in size observed in the individuals recorded outside the 

reserve in 2002 (max of 270 mm, min of 204 mm; Ward 2002). 

In the 2002 BUV study, the mean MaxN snapper was calculated to be 3.48 inside the 

marine reserve, versus just 0.37 for the mean MaxN snapper outside reserve (Ward 2002). In 

comparison, in 2020, the mean MaxN was 2.39 inside the reserve versus a mean MaxN of 

0.13 in non-reserve areas. The lower MaxN’s in 2020 are likely to be a reflection of seasonal 

fluctuations due to sampling in spring in the present study whereas Ward (2002) study was done 

in late summer. This is supported by Willis et al. (2003) who found that snapper abundance in 

inshore marine reserves was consistently higher in autumn compared with spring due to a portion 

of the snapper population making regular onshore–offshore seasonal migrations. 

Snapper that are present in winter or spring surveys are generally considered to represent 

a resident population that are likely to persist in the reserve year-round (Parsons et al. 2014). 

Interestingly, ‘Area 4’ in the 2002 study, which aligns with Piri Piri Point on the current site 

map (Figure 3.1), is where the highest mean MaxN snapper was recorded in (Ward) 2002 

(MaxN 5.25) and subsequently in 2020 (MaxN 2.67) suggesting this area might be inhabited 

by some residential snapper. Overall patterns of snapper abundance recorded in the surveys in 

the Long Bay-Okura area are comparable to that seen in other reserves in north-eastern New 

Zealand, (e.g. Cape Rodney-Okakari Point, Tāwharanui, and Hahei; Willis et al. 2003). These 

three reserves displayed consistently higher densities of legal snapper inside compared to outside 

(Willis et al. 2003; Taylor et al. 2005; Sivaguru 2007). Spring densities at Long Bay are 

comparable to the MaxNs recorded in the early years of reserve establishment for Cape Rodney- 

Okakari Point, Tāwharanui, and Hahei (Willis et al. 2003). The overall pattern at these locations 

are a reflection of snapper recovery inside the reserves over time with very little change to the 

adjacent fished areas (Sivaguru 2007). 
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BUV surveys have not been undertaken at other inner Hauraki Gulf locations and the 

habitats of the outer Gulf reserves where most BUV research has been done are different from 

the Long Bay-Okura area. The lower abundance estimates of snapper compared to other reserves 

are likely due to shallower depths and reduced extent of reef habitat (Haggitt et al. 2015). The 

reefs in the Long Bay-Okura area are mostly shallow subtidal reefs, which on average extend to 

a depth of ~6m and generally flat and low relief (see Chapter 2). In contrast the reef at Cape 

Rodney-Okakari Point is, in general, deeper, and more complex (Shears & Babcock 2004; Leleu 

et al. 2012). The differences in reef complexity likely explain why Cape Rodney-Okakari Point, 

and other similar coastal northeast reserves, specifically Tāwharanui, and Hahei, are found to 

support a higher density of snapper (e.g. Willis et al. 2003; Taylor et al. 2005). These three outer 

Gulf reserves are also more wave exposed and have lower sedimentation levels (Shears & 

Babcock 2004) which may help to provide a more suitable habitat for a larger population of 

snapper. 

Most snapper are seasonally mobile but ‘resident’ snapper have been found to exhibit a 

high level of site fidelity at small spatial scales (Willis et al. 2001). The highest density of 

snapper activity on the reef, in Cape Rodney-Okakari Point Marine Reserve, occurs in summer, 

then roughly 50% of the population are suspected to leave coastal reefs in winter (Egli & 

Babcock 2004). It is therefore inferred that the snapper observed in the BUV surveys undertaken 

in October (austral spring) 2020 are representative of the resident snapper population at Long 

Bay. The lack of snapper, and more specifically the absence of legal sized snapper, observed in 

unprotected areas adjacent to the reserve indicates the likelihood of high mortality of resident 

snapper in those areas which have been heavily fished. This is supported by research which 

demonstrates that overall fishing-associated mortality in nearshore coastal environments, may be 

considerably higher than previously thought (Willis & Millar 2004). The percentage of legal-size 

fish in non-reserve areas estimated to be killed by fishing ranged from 70-96%, supported by 

calculated using measurements of seasonal change between reserve and non-reserve areas over 

six-month periods (Willis & Millar 2004). 

While it is unclear if sedimentation is having any impact on fish assemblage and 

abundance, sediments could also be having an indirect effect on snapper through influencing the 

availability of food resources. It has not been determined if impacts from urbanization of the land 
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directly affect adult snapper, but it has been suggested that increasing turbidity levels can alter 

feeding strategies in juvenile snapper; changing from active (visual) selection of pelagic prey 

(zooplankton), to larger, slower moving benthic prey (Morrison et al. 2009). Significantly higher 

levels of gill deformation and higher parasite loads were recorded in juvenile snapper with 

increasing suspended sediment load. Collectively, this indicates that increases in suspended 

sediment and turbidity could be detrimental to the fitness, and productivity, of snapper 

populations in the inner gulf (Morrison et al. 2009).  

In context, our findings support that heavily targeted fish species that exhibit high site 

fidelity, such as snapper (Chrysophrys auratus) typically show direct benefit from marine 

reserve protection (see also Willis et al. 2001; Ward 2002; Willis et al. 2003; Taylor et al. 2005). 

Estimates of abundance are important in the role of understanding recovery and management of 

exploited species and it would be interesting to continue this monitoring seasonally to see what 

differences occur based on time of year and length of time under protection. Fishing pressure in 

the Long Bay-Okura area, in combination with its shallow reef and lower habitat complexity by 

nature, contribute to a smaller abundance estimate of snapper in comparison to deeper and more 

extensive reef systems 

 

3.4.2 Other fish species 

Overall species diversity observed was low, but BUV surveys are designed to target 

carnivorous fish. In contrast to snapper, non-targeted fishes (e.g. spotty, goatfish) showed no 

response to reserve protection. This aligns with literature that demonstrates most unexploited 

species rarely responded to protection (Guidetti & Sala 2007; McClanahan et al. 2007; Russ et 

al. 2015; Allard 2020). Notably, other species seen on dives near the BUV sites included parore 

and red moki. While there is a lack of data for direct comparisons, there is one fish monitoring 

study that also reflected a lack of reserve response by non-target fishes. UVC surveys in 2011 

found that species diversity was very similar for reserve and non-reserve sample populations and 

the fish assemblage was dominated by species such as spotty, goatfish, and parore (Haggitt & 

Shears 2011).  
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The lack of response to protection when comparing reserve and non-reserve abundances 

for goatfish and spotty in this study reflects the generic distribution of these non-target species 

within the inner Hauraki Gulf. In comparison to outer Hauraki Gulf marine reserves (like Goat 

Island and Tāwharanui), our data reflects that reef fish diversity is lower at Long Bay and its 

adjacent reefs as reported by Haggitt & Shears (2011). The lack of response of non-target species 

to protection suggest that indirect effects of reserve protection are unlikely to be occurring in the 

Long Bay reserve. However, as outlined above, BUV is not ideal for monitoring these other 

species, evident by the low numbers and lack of diversity recorded in our surveys, so it is hard to 

make comparisons or interpret this data.  

 

3.4.3 Limitations of the study 

One limitation of BUV is that it only looks at one subset of fishes: large carnivorous 

fishes that are attracted to bait. It ignores cryptic benthic fishes and herbivorous fishes, but also 

many small carnivorous species. Nevertheless, BUV is a standard well utilised method for 

sampling and arguably much more reliable than UVC for measuring abundance of large 

carnivorous finfishes such as snapper. However, the results are of limited value in interpreting 

effects of the reserve on biodiversity and other species, so other methods are needed to help 

determine the response to protection by other species. We also acknowledge that it is plausible 

that the BUV surveys may not provide a completely unbiased assessment of reef fish inside and 

outside reserves as the BUV frame deters legal snapper in fished areas (Evans 2017; Richardson 

2015). There was no capacity within this study to test for this possible interaction, but since a 

substantial amount of fish monitoring to date has utilized the BUV method outside of reserves, 

we feel our results are comparable to a variety of other studies. It is also important to note that 

snapper have not historically been fed in the Long Bay reserve and therefore should not be 

attracted to divers and boats. In contrast to other reserves, snapper in the Long Bay reserve 

exhibited a cautious behaviour around the BUV so it is assumed to provide a comparable 

assessment of snapper inside and outside the Long Bay reserve. 

The sites chosen for this study have a degree of variability between them; however, the 

species that clearly benefit most from the reserve are snapper. The locations of reserve and 
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adjacent fished sites were selected intentionally to ensure comparable habitat in order to evaluate 

the impact of protection, independent of habitat effects. The survey design accounts for 

variability in habitats and because replicates represent a variety of substrates, we are confident 

out results are not confounded by habitat effects.  

 

3.4.4 Conclusions 

Snapper exhibited a strong response to protection in the Long Bay-Okura Marine 

Reserve: they occur at higher abundances and larger sizes compared to adjacent fished areas. 

There was no evidence of reserve effects on other reef fish species, however further research and 

utilisation of different methods are recommended to confirm this. These surveys helped to 

establish an unfished reference point for snapper in the Long Bay-Okura area, providing a long-

term baseline. An increase in fishing pressure in this area could mean that other species which 

were not targeted before may become more vulnerable as the perceived value of different species 

changes over time (Allard 2020). This supports the need for a wider variety of surveys like 

underwater visual census (UVC) which could reveal if species other than snapper show declines 

outside reserves. Lastly, marine reserves protect against fishing and extractive processes only, 

and other measures may be needed to mitigate the sedimentation and possible flow on impacts of 

development on snapper habitat in the Hauraki Gulf. Further research would be needed to 

understand the impacts of urbanization on fish assemblages and community composition. 
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Chapter 4 

 

Shallow Subtidal Kina Monitoring 
 

“Very patchy in their distribution were groups of the common 
sea urchin, sea egg or kina (Evechinus chloroticus), generally 
found in hollows or under small ledges. The individuals were 
quite large, with a shell diameter up to 90mm.”  

- Roger Grace (1990) 
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4. Shallow Subtidal Kina Monitoring 

4.1 Introduction 

Most temperate reef ecosystems depend on predator populations to control herbivores 

through consumption, keeping balance among organisms (Sala et al. 1998; Steneck et al. 2002; 

Guidetti & Sala 2007). Overfishing of sea urchin predators (e.g. snapper, crayfish, otters) has 

contributed to proliferation of sea urchins with cascading effects on kelp forests in many parts of 

the world (Tegner & Dayton 2000; Barrett et al. 2009; Ling et al. 2015; Hamilton & Caselle 

2015; Sheppard-Brennand et al. 2017). In the Hauraki Gulf, links between overfishing of 

predators (snapper and crayfish), subsequent over-abundance of kina (Evechinus chloroticus) 

and appearance of kina barrens, were first considered in the 1960s (Dromgoole 1964). In some 

marine reserves in north-eastern New Zealand, when predators (e.g. crayfish and snapper) 

increase following protection, their prey species (kina) may show a decline in abundance, 

consequently causing algal cover to increase (Cole et al. 1990; Cole & Keuskamp 1998; Shears 

& Babcock 2002; Shears et al. 2008). This reduction in urchin abundance has also been observed 

as an indirect consequence of marine reserve protection in other parts of the world (Shears & 

Babcock 2002; Guidetti & Sala 2007; Barrett et al. 2009; Babcock et al. 2010; Clemente et al. 

2011). 

Consequently, marine reserves can show differential direct and indirect effects on species 

densities and size structure (Shears et al. 2008; Clemente et al. 2011). Density, size structure and 

behaviour of kina varies significantly between reserve and fished sites in north-eastern New 

Zealand as a result of predation (Shears et al. 2008). The presence of predators is known to 

directly affect the behaviour of urchins. Kina which are observed on an open reef surface are 

referred to as exhibiting behaviour which is considered ‘exposed’. In contrary, kina that increase 

their use of camouflage and take up refuge in crevices are referred to as ‘cryptic’ (Spyksma et al. 

2017). Exposed adult urchins generally had larger modal sizes at reserve sites, and at Cape 

Rodney-Okakari Point (Goat Island) and Tāwharanui the populations were more bimodal with a 

higher proportion of cryptic individuals, compared to fished sites (Shears et al. 2008). However, 

there are other influencing factors aside from the density of predators which can both directly 

and indirectly impact the abundance of kina (Sala et al. 1998; Walker 2007; Shears et al. 2008). 
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A study of kina on two offshore islands, one fully protected (Poor Knights Islands) and the other 

fished (Mokohinau Islands), concluded that fishing pressure explained only 17–22% of the 

variation in urchin density among sites (Shears et al. 2008). Other differences can be derived 

from environmental variation; on the regional scale, local scale (sites) and fine scale (depth), 

which can influence the habitat suitability for urchins (Shears et al. 2008).  

In general sea urchins are widely expected to be less abundant in reserves where 

predators are common. However, sea urchins in many regions are also a targeted species, and 

reserve protection can provide relief from fishing pressure. This has been shown in other regions 

and around the world, where targeted sea urchins increase in size and density with reserve 

protection (Pais et al. 2007; Lau et al. 2011). Currently, commercial harvest of kina in the 

Hauraki Gulf is concentrated at the outer Gulf islands (P. Herbert pers. comm.). The amount 

harvested for recreational and customary purposes is largely unquantified but presumed to be 

highest in the inner Gulf closest to the main population centre. In the Long Bay-Okura Marine 

Reserve area the level of recreational harvest before establishment was noted as high and 

includes reports of ‘sacks of kina’ being taken, particularly from the southern coastline (Green 

1992, 1994; East Coast Bays Coastal Protection Society 1993).  

Prior to establishment of the reserve, intertidal survey reports inferred a correlation 

between the degree of exploitation and level of accessibility (Green 1992 & 1994). Kina in rock 

pools at sites from north to south of Long Bay reflected a gradient of accessibility coupled with a 

trend of increasing kina size (Green 1992). These findings paralleled what was found at 

Mahurangi East which implied that sites with the highest density of kina were found at the 

furthest distance from an access point (Grace 1992). With this information, it was predicted that 

the kina south of Pohutukawa Bay were most at risk from exploitation (Green 1992). Early 

intertidal and subtidal kina monitoring studies were intended to “provide a good measure of the 

effect of the rahui and shellfish ban, and, should the reserve be established, long term recovery 

of marine life” (Green 1994, p.3). More recent poaching offences in the reserve (see Figure 1.3) 

recorded by Department of Conservation suggests there is still a significant level of harvest 

pressure on kina in this area.  

In addition to fishing pressure, abiotic factors such as high levels of suspended sediments 

are detrimental to many subtidal species and can smother both adult and juvenile organisms and 
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prevent settlement of propagules (Airoldi 2003; Walker 2007). Fine sediments have adverse 

effects on larval and post-settlement survival of kina (Walker 2007). At inner Gulf locations 

which have low wave exposure, high turbidity and sedimentation, kina are generally found at 

low densities and barrens are not found to develop (Shears et al. 2008). Therefore, even in fished 

areas with low predator numbers in the inner Hauraki Gulf, kina densities would not be expected 

to increase sufficiently to induce habitat-level changes or changes to the structure of algal 

communities (Shears et al. 2008). Long Bay-Okura Marine Reserve is unique among north-

eastern New Zealand marine reserves in its proximity to a dense population and high level of 

sedimentation. Furthermore, research on the population density of urchins inside and outside the 

reserve has been fairly limited in contrast to other reserves. As a result, it is unknown how kina 

populations are impacted by protection status at Long Bay-Okura Marine Reserve. Given 

inherently low densities in the area and relatively high harvest of kina from intertidal and 

shallow reefs, this reserve may support higher densities and play a role in protecting kina 

populations. Conversely, the higher abundance of snapper in the reserve may act to further 

depress kina populations.  

The aim of this study was to assess the effects of marine reserve protection on kina in an 

urbanised environment (Long Bay-Okura Marine Reserve) and evaluate the relative importance 

of direct and indirect effects of protection on kina populations. Specifically, this study compares 

changes in kina density though time inside the marine reserve (between 1993 and 2020) and 

spatially, between inside and outside the marine reserve in 2020. A long-term increase in kina in 

the reserve and higher abundance inside as opposed to outside would indicate a direct effect of 

protection. In contrast, declines over time and higher abundances outside the reserve would 

suggest a long-term indirect effect of protection.  

 

4.2 Methods 

4.2.1 Study sites 

Study sites were selected in the shallow subtidal zone (2-3 m below MLWS, Mean Low 

Water Spring) inside and outside the Long Bay Okura-Marine Reserve (Figure 4.1), on the North 

Shore of Auckland. The four reserve sites in our study were the same as those from subtidal kina 
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monitoring undertaken before reserve establishment (Green 1994). Five additional sites were 

selected adjacent to the reserve, with as similar sedimentation, wave exposure, and depth as 

possible. All surveys were conducted from 3 to 4 December 2020. As kina populations in the 

Long Bay-Okura region are very patchy, two different survey methods were used to evaluate 

kina density, abundance, and size structure. Random quadrats were used to provide an area-based 

density as in Green (1994), whereas a timed swim survey was used to give a broader overview of 

abundance, taking into account urchins patchy nature. Green concluded that the high degree of 

variation between quadrats “due to the clumping nature of kina… will mask any true difference 

between sites” (1994, p.11). For this reason, it was imperative to use two different survey 

methods to get an accurate overview of kina density and abundance estimates at reserve and non-

reserve sites.  

 

Figure 4.1: Kina survey site map at Long-Bay Okura Marine Reserve. Green coloured points 
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indicate reserve sites and blue points are non-reserve (fished) sites. Solid red and dashed yellow 

outline denote boundary of the reserve.  

 

Table 4.1: General habitat description and GPS coordinates for each survey site from north to 

south. Reserve sites (shaded grey) correspond to kina survey sites monitored before reserve 

establishment (Green 1994). 

Site name (Historical) Coordinates Substrate and dominant algae 

Rakauananga Point 
-36.628301° S, 
174.800450° E 

Bedrock, very silty, some boulders, 
stands of Ecklonia 

Little Manly 
-36.640840° S, 
174.761111° E 
 

Bedrock, few boulders with patchy areas 
of Ecklonia. 

Piripiri Point (K1) 
-36.663543° S, 
174.749157° E 

Bedrock, flat top reef covered with 
Carpophyllum maschalocarpum with 
small stands of Ecklonia radiata 

Pohutukawa (K2) 
-36.401277° S, 
174.445536° E 

Patchy reef with occasional stands of 
Ecklonia surrounded by sand inundated 
coralline turf flats 

Awaruku South (K3) 
-36.690557° S, 
174.758045° E 

Bedrock flat top reef, Sargassum 
amongst short patchy mixed algae 

Toroa North (K4) 
-36.692517° S, 
174.760759° E 

Bedrock flat top reef, stands of Ecklonia 
and Sargassum 

Toroa South 
-36.696739° S, 
174.762213° E 

Bedrock and cobbles, Ecklonia and 
Sargassum 

The Tor 
-36.702078° S, 
174.757200° E 

Bedrock and boulders, stands of Ecklonia 
and Sargassum, very silty 

Browns Bay Reef 
-36.710639° S, 
174.755333° E 

Bedrock flat top reef, short mixed algae 
amongst Ecklonia and Sargassum 
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4.2.2 Quadrat Survey Methods 

The density and size of subtidal kina were measured at nine sites (4 reserve, 5 fished; 

Figure 4.1, Table 4.1) via SCUBA diving surveys. Reserve sites were relocated with descriptive 

information and photographs in the historical report (Green 1994). We obtained GPS coordinates 

of each site to enable monitoring of the abundance of these discrete populations again in the 

future. At each of the nine sites we followed the same quadrat survey methods to enable 

comparison to previous surveys by the Auckland Regional Council from 24 February and 7 

March 1994 (Green 1994). 

Two divers visited the described rock platforms (Table 4.1) at a depth of 2 to 3 at mean 

low water springs (MLWS). Within ten haphazardly located 1 m2 quadrats, we counted and 

measured the test diameter of all kina with Zebratech digital underwater callipers. We also 

recorded the substrate type (bedrock, boulders, cobble, or sand) and percentages of dominant 

brown macroalgal covers (Ecklonia radiata, Carpophyllum spp., Sargassum sinclairii). To 

ensure random placement of quadrats after arriving at the described site, we counted 10 kick 

cycles and tossed the quadrat onto the seafloor. Quadrats were only measured on reef substrate. 
 

4.2.3 Timed Swim Survey Methods 

Two divers each performed two replicated timed swims of 10 minutes at each of the 

previous 9 sites. Divers swam in adjacent areas, within a depth range of 2 to 4 meters (MLWS) 

and measured the first 25 kina we could find using Zebratech digital underwater callipers; all 

subsequent kina were counted but not measured. Divers communicated their intended area of 

coverage to avoid overlap and minimize the occurrence of kina being counted twice. 

 

4.3 Results  

4.3.1 Quadrat Surveys 

In this study the average kina density per quadrat was significantly higher inside the 

reserve (3.4 kina/m2) than outside reserve (0.4 kina/m2; t = 2.01, p = <0.001; Figure 4.2). For 

three out of four sites inside the reserve, our findings are comparable to survey results from 
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1994, when the average density for all reserve sites was 7.2 kina/m2 (Green 1994; Figure 4.2). 

While there was a significant overall decline in kina numbers between 1994 and 2020 in the 

reserve (t = 1.99, p = <0.001), this was highly variable among sites. The densities for Awaruku 

did not differ (p = 0.63), Piri Piri Point and Toroa North had marginal declines (p = 0.06), 

whereas no kina were recorded at Pohutukawa Bay in 2020 indicating a substantial decline at 

this site. 

 

 

Figure 4.2. Average kina density within quadrats near Long-Bay Okura Marine Reserve, 

displayed from north to south. Reserve sites (2020) are in green, fished sites (2020) are in blue, 

and historical data (Green 1994) are represented by grey bars. 
 

Overall, reserve sites in 2020 revealed a higher number of large individuals (90+ mm) 

and decrease in smaller individuals in comparison to historic surveys (Figure 4.3 A and B). Size 

structure at Awaruku exhibited a slightly right-skewed pattern and at Piri Piri Point there was no 

strong bimodal pattern compared to the trend in 1994 (Appendix 1). When combined, the reserve 

sites in 1994 and 2020 share the same modes, 50-55 mm and 60-65 mm. In comparison, only a 

small number of kina were recorded in quadrat surveys at fished sites and these were evenly 

distributed across the size range (Figure 4.3C).  
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Figure 4.3. Kina size structure from quadrat surveys; A) historical reserve data (Green 1994) are 

represented by grey bars, B) 2020 reserve site survey results are represented by green bars, and 

C) fished sites (2020) are in blue. 
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4.3.2 Timed Swim 

The timed swim survey revealed highly variable kina counts among sites (Figure 4.3). 

Mean count (± SE) in the reserve was 186.2 ± 58.8 kina/10min and fished sites 98.8 ± 25 

kina/10min but this difference was not statistically significant (t = 1.33, p = 0.195). The two 

most southern sites in the reserve had the highest average counts of kina; Awaruku had 412 ± 

158.73 kina/10min (mean ± SE), Toroa North 296.75 ± 66.69 kina/10min. One non-reserve site, 

Rakauananga Point also had a high mean kina count of 295.5 ± 0.5 kina/10min. 

 

Figure 4.4. Mean kina count from timed swim (10 mins). Reserve sites (2020) are 

shown in green, fished sites (2020) are in blue. Sites arranged from north to south. 

 

The average sizes of kina measured during timed swims across reserve and non-reserve sites 

were relatively similar, although most sites within the reserve (except Awaruku) had a larger 

average size (Figure 4.4). Similarly, size structure data showed that larger kina were more 

abundant inside of the reserve (Figures 4.4 and 4.6 A and B). There was a higher occurrence of 

kina with test diameters >100mm in the reserve but these did not occur in large numbers. The 

timed swim data displays an average mode of 70/75mm test diameter for reserve sites and 65mm 

test diameter for the non-reserve sites (Figure 4.6 A and B).  
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Figure 4.5. Average kina test diameters across all sites measured in timed swim 

surveys. Reserve sites are shown in green, fished sites are in blue. Sites arranged 

from north to south. 
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Figure 4.6. Size structure of kina from timed swim data from A) within 

reserve sites and B) within all fished sites. 

 

4.4 Discussion  

Kina tended to be more abundant and larger at reserve sites compared to fished sites 

suggesting that kina in the Long Bay-Okura Marine Reserve may benefit from protection. 

Quadrat surveys revealed significantly higher kina density inside the reserve (p  <0.001; Figure 
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4.2) implying that the reserve is protecting kina from recreational harvest and that the population 

is benefiting as a direct effect of marine protection. This is unique because kina populations at 

other marine reserves in north-eastern New Zealand have displayed indirect effects of protection, 

exhibiting a decrease in abundance following protection due to predator population increase 

(Cole & Keuskamp 1998; Shears & Babcock, 2003; Shears et al. 2008). Higher abundance and 

on average larger sized urchins within reserve boundaries compared to adjacent fished sites is a 

direct effect which has been observed in locations where sea urchins are commercially harvested 

(Pais et al. 2007; Lau et al. 2011). The results here suggest recreational and/or customary harvest 

reduces densities at non-reserve sites surrounding the Long Bay Marine Reserve. 

This direct effect was clear based on quadrat data but not as evident in timed swim data, 

which emphasizes the patchy nature of kina and difficulties with estimating kina abundance; 

there is a range of influencing factors in play. In general, it is likely that the distance to access 

points could influence kina numbers since harvest on these coastal reefs this area would typically 

be on foot. The results generally support a correlation between degree of accessibility (distance 

from public access points to the coast) and density of kina that was predicted to occur on the 

reefs in Long Bay and at Mahurangi (Grace 1992). The most abundant kina population at a 

fished site in the 2020 surveys was found at the furthest distance from an access point. 

Rakauananga Point, due east of Gulf Harbour, was the site with the highest kina density and 

abundance, and it is the least accessible to people on foot. The sites where the least abundance 

was recorded, outside the reserve, are very accessible and close to highly urbanized areas. 

Furthermore, areas which exhibit low-level adult abundance may not experience enough 

recruitment to counteract the adult mortality from harvest (Tegner & Dayton 1997), possibly 

explaining lower densities in some fished areas. 

Another interesting observation which paralleled results from the 1994 surveys was the 

consistency in the pattern of kina size recorded at Piri Piri Point over time. In both surveys, the 

kina recorded on the south side of the rock platform were less dense and generally smaller than 

those on the north of the platform (Green 1994). Kina densities in the reserve in 2020 were 

generally lower than in 1994, but this was highly variable among sites. In general, results from 

quadrat surveys at reserve sites appeared to have comparable numbers and size structures, 

excluding the Pohutukawa Bay site which had no kina in 2020. Influencing factors to consider 



 

70 
 

include the ability to relocate the precise 1994 site location, and a potential change in the 

habitat’s suitability for kina. As no GPS locations were available, there is a possibility our 

quadrat surveys were not conducted at the same location of the Pohutukawa Bay survey in 1994. 

However, it could also be that the habitat at this site has become more silty and less suitable for 

kina over time. In 1994, the Pohutukawa Bay site was described as “about 500m from the cliff 

edge in an area less than 10m2…. general habitat was pocketed sandstone flats away from the 

reef edge.” (Green 1994, p.8). The quadrat survey site in 2020 could be described as patchy 

sandstone reef flats and was very silty in comparison to the three other reserve sites.  

The size structure of kina at reserve sites between 1994 and 2020 were similar, but 

interestingly there were fewer juvenile kina <45mm recorded in 2020. More juveniles were 

present in quadrat surveys in 1994 (Figure 4.3 A & B). In general, lower densities and low 

recruitment rates are expected at Long Bay than the outer Gulf due to higher sediment loads 

which have negative impacts on juvenile kina settlement and survival (Walker 2007). An 

increase in sediment input resulting from land use change, a major slip or a combination of these 

events could explain declines in the kina abundance over time and particularly the lower number 

of juveniles. The coating of silt on the seaweeds and layer of sediment covering the reef structure 

at Pohutukawa Bay does suggest higher sediment loads at this site. Timed swim surveys at 

Pohutukawa Bay only found large individuals and there were no individuals <45 mm, suggesting 

this site has not experienced much successful recruitment or the juvenile urchins could have 

possibly experienced a mortality event. Sediment induced, size-dependent mortality of larval and 

juvenile stages of Evechinus might be an important contributor to low numbers of kina in 

sheltered inner gulf sites (Walker 2007). The Pohutukawa Bay site is the closest survey site to 

the Vaughn stream, which could explain a decrease in habitat suitability as development of the 

area has been increased over time. 

Comparison of size structures of kina in reserve versus nearby fished areas suggest that 

the reserve provides significant protection from recreational harvest because of higher modes and 

larger average sizes in the reserve. Three of the four reserve sites had a larger average size than 

fished sites (Figure 4.4). Size structure data collected in 2020 reflects a higher proportion of 

larger kina inside of the reserve, a mode of 70-75 mm and compared to outside the reserve 65-70 

mm (Figures 4.4 and 4.6 A and B), and an average test diameter of 71 mm inside versus 59 mm 
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outside. In 1994 the most common size across all four reserve sites was 80-85 and 70-75 mm, 

and size structures were trimodal (three different size cohorts of kina at one site; Green 1994). 

Bimodal patterns in size structure like what has been recorded at Cape Rodney– Okakari Point 

(Goat Island; Cole & Keuskamp 1998) and in more recent years again at Cape Rodney–Okakari 

Point, as well as Tuhua, Poor Knights and Mokohinaus Islands (Shears et al. 2008) were not 

observed at any Long Bay sites surveyed in 2020. This draws attention to the notion that 

protection in different contexts and environmental gradients, even over small spatial scales, can 

produce different outcomes for predator-prey interactions (Clemente et al. 2011; Shears et al. 

2008)  

Most other New Zealand marine reserves have reported significant declines in kina 

abundance when compared to fished sites (controls) as this is the most common indirect effect of 

marine protection on kina (Sala & Zabala 1996; Cole & Keuskamp 1998; Shears & Babcock, 

2003; Shears et al. 2008). While this indirect effect is common in the outer Gulf, in areas of the 

inner Gulf where kina are experiencing high levels of harvest they might also benefit from 

protection, revealing possible direct effects of a reserve in other places. This contrasts 

observations at more exposed outer Gulf areas where kina populations are higher, and kina occur 

in lower numbers in reserves due to much higher predator numbers.  

In comparison to non-reserve sites under harvest pressure, kina in the Long Bay-Okura 

Marine Reserve appear to benefit to some degree from protection and there is little to no 

evidence of indirect effects on urchin populations. The results of this study are consistent with 

Shears et al. (2008) who also found that urchins occurred in low numbers in the Long Bay-Okura 

area and urchin barrens were absent. This divergence between observations in the inner and outer 

Gulf not only highlights the context dependent nature of trophic cascades, but also draws 

attention to how species respond to protection is context dependent. Our findings support the 

concept that urchin overpopulation is influenced by abiotic factors such as exposure, depth, and 

suspended sediment load. The combination of harvest pressure and high levels of suspended 

sediment across the survey sites make it problematic to determine precisely what effect the 

reserve has on kina populations but the kina evidence we have compiled suggests that they 

benefit from no-take protection in the Long-Bay Okura Marine Reserve. 
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Chapter 5  

 

Discussion 

 
 

“We take for granted that our cities have amenities such as 
libraries, parks, botanical gardens, art galleries and zoos – 
so why not a marine reserve?”  

- Wade Doak (NZ Herald 4.1.92) 

 

 
 

 

Photo taken from the offshore boundary of the Long Bay-Okura Marine Reserve 
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5. General Discussion 
The three components of this thesis investigate the effects of the Long Bay-Okura Marine 

Reserve, providing insights into the effects of 25 years of marine protection in a highly urbanised 

marine environment. The purpose of this study was to address knowledge gaps related to the 

impacts of the reserve, particularly its effect on two popular edible taonga species, snapper and 

kina and their associated habitat. The first study, mapping the physical and biogenic habitats of 

the reserve and adjacent area, will assist with detecting changes in the future and confirms that 

there are comparable habitats across reserve and fished areas. The second and third components 

of this thesis demonstrate that this marine reserve has provided protection for exploited species, 

including both predatory fishes and sea urchins. The results of this study show that marine 

reserves can provide benefits for targeted species in highly urbanised environments. 

 

5.1 Habitat mapping  

This research mapped and created a baseline reference for the dominant abiotic and 

biogenic habitats of the Long Bay-Okura Marine Reserve. The habitats identified in the marine 

reserve are typical of the inner Hauraki Gulf. There was no clear difference between the 

dominant habitat types inside the reserve compared to adjacent fished areas. There are some key 

differences in algal composition of the subtidal reefs in comparison to the outer Gulf, as 

expected, and a high level of sedimentation was evident. In comparison to the outer Gulf, algal 

diversity is lower in the Long Bay-Okura area, with reefs generally dominated by large brown 

macroalgae and dense mats of turfing Corallina officinalis. This contrasts more exposed Hauraki 

Gulf locations where kina occur at higher densities (especially between 2-9 m depth) and play an 

important role in structuring algal communities (Shears & Babcock 2004). The low-lying reefs, 

have mixed algal assemblages characterised by less fleshy red and green seaweeds than reefs in 

the outer Gulf (Chapter 2, see also Shears & Babcock 2004). The common kelp, Ecklonia 

radiata had shorter stipes when compared to their counterparts at exposed locations. Ecklonia 

displayed morphological differences (e.g. short stipe length) which corresponds to observations 

at other sheltered locations (Blain et al. 2020).  



 

74 
 

When it was proposed, one of the objectives for Long Bay-Okura Marine Reserve was to 

preserve a “typical slice of the Hauraki Gulf” (East Coast Bays Coastal Protection Society 1993). 

Nearly 80% of the substrate of the marine reserve (Table 2.2) is soft sediments, which are 

widespread in the inner Hauraki Gulf. The shallow reef habitat in this area is representative of 

much of the intertidal and subtidal reef in the inner Hauraki Gulf. Thus, the instigators of the 

marine reserve have achieved their goal by establishing a reserve in a characteristic part of the 

inner Gulf which includes a modest diversity of habitats.  

 

5.2 Marine reserve effects on reef fishes 

Snapper abundance was 20.5 times higher inside the reserve and the average size of 

individuals inside the Long Bay-Okura Marine Reserve were greater than those in adjacent 

fished areas. These findings are consistent with almost all studies of snapper in reserves in the 

Hauraki Gulf and across New Zealand, regardless of method (Willis et al. 2003; Taylor et al. 

2005; Shears et al. 2008; Allard 2020). Their higher average sizes and abundance within the 

reserve demonstrate a substantial benefit from protection, however the density of snapper (mean 

MaxN= 2.67) is lower than that reported in other north-eastern reserves. Long Bay-Okura 

Marine Reserve may not support as large of a population of snapper as other outer Gulf reserves, 

due to the shallow nature of the reef (as described in Chapter 2). However, it still supports large 

individuals, and it is probable that many of the snapper recorded inside the reserve in October 

(austral spring) are representative of a resident population at Long Bay (Parsons et al. 2014).  

This study showed strong reserve benefits for the fish subject to the greatest fishing 

pressure (the Australasian snapper); no legal-sized snapper were detected outside the reserve. 

The strong reserve benefit for snapper was expected based on other reserves in the Hauraki Gulf 

(Willis et al. 2003; Taylor et al. 2005; Sivaguru 2007; Shears 2008). There are high levels of 

fishing and harvest pressure on the marine life in the Long Bay-Okura area (e.g., Figure 1.3) and 

more generally, on the entire Hauraki Gulf (Kelly et al. 2020). However, the high fishing 

intensity in the inner Gulf doesn’t have the same ecological impacts that result in a loss of kelp 

forests and shift to kina barrens in the outer Gulf (Shears et al. 2008), likely due to the high 

levels of sedimentation restricting kina abundances (Walker 2007). Consequently, while direct 

effects of protection on harvested species are evident in reserves in the inner Gulf, indirect 
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effects via trophic cascades were not observed in the same way as in other temperate rocky reef 

marine reserves (Shears & Babcock 2002; Guidetti & Sala 2007; Barrett et al. 2009; Babcock). 

There were no major differences in habitat composition when comparing survey sites 

inside the reserve compared to the adjacent fished areas, suggesting any effects seen in targeted 

fishes are due to a reserve effect, rather than habitat variation. While snapper showed strong 

reserve benefits, non-targeted carnivorous fishes did not, but more research using different 

methods is needed to further investigate the reserve impact on other fish species. Our methods 

were ideal for sampling carnivorous fishes but it is important to use other methods, such as 

underwater visual census (UVC), to get a more inclusive assessment of the fish biodiversity in 

the area (e.g. herbivorous or cryptic fishes). A combination of UVC and BUV methods could 

help divulge the reserve’s impact on a broader array of species, including those that are not the 

usual targets of fishers and therefore less likely to be attracted to the baited cameras (e.g., spotty, 

goatfish, red moki and parore).  

 

5.3 Marine reserve effects on kina 

Sea urchins (including kina) are an important indicator species because they are targeted 

for recreational, commercial, and customary harvest, and their abundance can increase as an 

indirect effect of fishing (Tegner & Dayton 2000; Barrett et al. 2009; Ling et al. 2015). Kina 

were generally more abundant and larger in the shallow subtidal reef habitats of the Long Bay-

Okura Marine Reserve (Figure 4.2 and 4.3) compared to fished sites, providing evidence that the 

marine reserve is likely having a direct benefit in protecting this species from harvest. However, 

elevated densities were recorded at the most isolated fished site, furthest from access points and 

densely populated places. This pattern implies that while kina density is negatively affected by 

harvest pressure, this is greatest nearest to access points and the reserve is providing refuge for 

kina, revealing a direct effect of reserve protection. 

Kina occurred at lower densities in comparison to the outer Gulf, which is likely a 

reflection of reduced wave exposure and higher sediment loads at Long Bay. As a result, the 

higher abundances in the Long Bay-Okura reserve contrasts other marine reserves in north-

eastern New Zealand which display an indirect effect of protection on this species (Cole & 
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Keuskamp 1998; Shears & Babcock 2002). The low numbers of kina that were recorded at most 

fished sites is likely a combination of harvesting pressure and high levels of sediment on these 

sheltered sites. While too high densities of kina can result in kina barrens as seen in much of the 

mid and outer Hauraki Gulf (Shears & Babcock 2004), no barrens were observed in this region. 

Lower kina densities are expected in more sheltered locations with high levels of sedimentation 

(Walker 2007; Shears et al. 2008).  

 

5.4 Management implications 

The Long Bay-Okura Marine Reserve provides conservation benefits despite a plethora 

of land-based human impacts, including but not limited to, sedimentation, increasing turbidity 

and nutrient loading. This suggests that urban reserves, even in degraded environmental 

conditions, can provide benefits and therefore should be included in marine reserve networks. 

Irrespective of the influences of human activities, more numerous, larger urchins are persisting 

on the reefs within the marine reserve and a strong benefit for targeted fishes was evident. This 

research highlights how marine reserves in New Zealand can benefit a range of species, but 

species response can vary considerably among different reserves. This urban marine reserve tells 

a different story compared to outer Gulf marine reserves like Cape Rodney-Okakari Point and 

Tāwharanui, because the effects of marine protected areas are context dependent and vary on a 

spatial and environmental gradient (Shears et al. 2008). The inner Gulf it is shallower in nature 

and has been much more directly impacted by the population growth of Auckland than the outer 

Gulf. With increasing population growth globally, urban reserves potentially have a greater role 

in the future.  

Increasing sedimentation from changes in land-use practices is affecting marine protected 

areas (MPAs) all over the world (Halpern et al. 2013; Bégin et al 2016; Suchley & Alvarez-Filip 

2017). While marine reserves and MPAs are not designed to mitigate sedimentation and other 

abiotic stressors, they may be able to increase biological resilience to anthropogenic impacts 

through increased biodiversity and trophic redundancy. Sediments entering the marine 

environment are known to cause adverse impacts to temperate (Airoldi 2003; Schiel et al. 2006; 

Walker 2007;) and coral reefs (Bégin et al 2016), and this can limit the effectiveness of MPAs 

(Suchley & Alvarez-Filip 2017).On the other hand, a global meta-analysis by Huijbers et al. 
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(2015) found that positive effects of reserves (higher organism abundance inside reserve 

boundaries) were undiminished by proximity to coastal cities or river discharges. Our findings in 

the Long Bay-Okura Marine Reserve show similar results of reserve effectiveness suggesting 

that even in under high sedimentation stress, reserves can be beneficial for some species.  

A suite of research provides evidence for the urgent need for integrated MPA planning, 

making sure we consider the impact of activities on land in the design of coastal MPAs (Stoms et 

al. 2005). Many human impacts can be mitigated with policy, and ideally MPAs should be 

accompanied by measures (regulations and enforcement) to reduce terrestrial impacts, such as 

runoff from land (Bégin et al. 2016; Suchley & Alvarez-Filip 2017). Instead of avoiding 

establishing reserves in areas which are subject to disproportionally high risks and disturbances, 

measures to mitigate environmental stressors should be incorporated to reserve design (Stoms et 

al. 2005; Huijbers et al. 2015; Bégin et al. 2016; Suchley & Alvarez-Filip 2017). Overall, this 

study supports that urban marine reserves can provide benefits to targeted species and validates 

the merit of having marine reserves in urban environments. 

 

5.5 Recommendations for further research 

While the targeted species we investigated showed direct benefits from this urban 

reserve, further research would bring more clarity to the bigger picture of ecological value of 

urban reserves which are adversely impacted by human influence. In particular, research across 

diverse habitats and across time would facilitate a better understanding of the effects of urban 

marine reserves. Within Long Bay-Okura Marine Reserve, more in-depth sampling of the soft 

sediment habitats in offshore parts of the marine reserve would be useful to obtain more detailed 

information on potential changes in the communities and sediment grain-size composition found 

in this area as land-use changes and urbanization endures. Of particular interest would also be 

better understanding the apparent changes in horse mussels and sand dollars. 

Ongoing monitoring could also evaluate how kina density and size at the established 

monitoring sites changes over time to determine population structure trajectories. Similarly, 

relative fish abundance monitoring at different times of the year can illuminate seasonal variation 

and could be further investigated with additional BUV sampling. Indication of seasonal trends 
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could help increase understanding of how the abundance of snapper changes during the year and 

reveal finer details of how urban marine reserves benefit targeted fish species. 

The intertidal and shallow subtidal marine ecosystems of the Auckland region have been 

under increasing harvest pressure over the last few decades. Bringing the decline in marine life to 

the public’s attention is how the East Coast Bays Coastal Protection Society Inc. (1993) gained 

support for the creation of Long Bay-Okura Marine Reserve. However, there has been growing 

media attention and public awareness that suggest increased harvest pressure on rocky shores 

across the Hauraki Gulf 2. In addition to outcries for greater protection of rocky shore ecosystems 

from established not-for-profits, Facebook pages like ‘Protect Rock Pool Sea Life’3 have popped 

up to rally public support4 for increased restrictions on what marine organisms can be harvested 

and how much people can take. All of this emphasizes the urgent need to gain a better 

understanding of human impacts on the marine environment and how marine reserves protect 

these ecosystems.  

Existing reserves such as at Long Bay provide an opportunity for further research into the 

effects of intertidal harvesting and the ecological value of protection on intertidal assemblages. 

Some research has been done on soft sediments and shellfish over the years in the Long Bay 

area, which could also be expanded for assessing change through time and for a greater number 

of species. More research on how human population growth and changing demographics of the 

area has impacted harvest pressure and target species would be interesting. Additionally, 

anecdotal reports suggest the Covid-19 lockdowns in Auckland have increased local fishing and 

harvesting, putting even more pressure on the Hauraki Gulf. Therefore, further research into 

recreational fishing rates could be beneficial for management and the promotion of a more 

sustainable fishery. 

 
2 https://www.stuff.co.nz/auckland/9587664/Cockle-concern 

3 https://www.parliament.nz/en/pb/petitions/document/PET_104031/petition-of-mary-coupe-protect-rock-pool-sea-life  

4 https://www.facebook.com/ProtectRockPoolSeaLife 
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5.6 Conclusions 

The general findings from this research suggest that the marine reserve at Long Bay does 

provide a valuable and unique contribution to marine protection in the Hauraki Gulf. As harvest 

pressure continues to increase, no-take areas close to urban centres can provide value on 

different levels. For instance, they provide ecological value because they protect taonga species 

and preserve biodiversity. Urban reserves also retain noteworthy educational value, allowing 

people to ‘see’ various species of marine life and appreciate the conservation value of the marine 

environment in their ‘blue backyard.’ Marine reserves in close proximity to where people live 

makes them more accessible and helps to increase ecological awareness. Positive experiences in 

marine reserves could allow people to see value in the marine environment and learn to modify 

their activities to mitigate damage (Ballantine 2014). This research demonstrates that marine 

protected areas provide value, regardless of whether they are in a pristine location or edge of an 

urban centre. 
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Appendix 1 
 

  

   
 

Kina size structure from quadrat surveys. Reserve data (2020) represented by green bars, 

historical data (Green 1994) are represented by grey bars, and fished sites (2020) are in blue. 
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Size structure of kina at each site from timed 
swim data grouped into 5mm size classes. Fished 
sites in blue (left) and reserve in green (right). 


