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This review was originally submitted to the Ministry for Primary Industries for publication in their 

New Zealand Aquatic Environment and Biodiversity Report series. It brought together in one place all 

published and unpublished work on changes in the nature and extent of shallow-water, soft-seafloor 

biological communities of New Zealandôs Bay of Islands ï and it also included the supporting data 

that would otherwise have lain buried in the supplementary material of the associated papers. In so 

doing it has provided a baseline, additional to that of the (mainly) 2009 Bay of Islands Ocean Survey 

20/20 (marinedata.niwa.co.nz; http://www.os2020.org.nz/), from which future ecological change can 

be gauged. The report also incorporated my research into the physical impact of fishing on the 

biodiversity of the Bay of Islands shallow-water, soft-bottoms. This study was undertaken in support 

of Bay of Islands Maritime Parkôs 2021 appeal to the Environment Court under Clause 14 (1) of the 

First Schedule of the Resource  Management Act 1991 in the matter of the proposed Northland 

Regional Plan. A draft of my full report was provided in an earlier form to the expert witnesses to this 

case ahead of the July 2021 Onerahi court hearings.  
 

The Ministry for Primary Industries eventually declined to publish this review, in particular because it 

repeated material that had previously been published (something that reviews are obliged to do, I 

would have thought). 

 

Nevertheless, a lot of mahi has gone into bringing this material into one place, and I cheerfully offer it 

to readers and researchers alike. All I ask is that if you use information you acknowledge the source.  

 

I trust that this has been a useful contribution to our understandings around the ever-changing 

ecological state of my home-waters of PǛwhairangi, the Bay of Islands. 

 

 

John Booth 

28 October 2021 

  

http://www.os2020.org.nz/
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EXECUTIVE SUMMARY 
 

Booth, J.D. (2021). Reviewing recent (mainly post-1950) changes in nature and extent of shallow-

water, soft-seafloor biological communities of New Zealandôs Bay of Islands: causes, 

consequences and persisting threats. 

 

óMarine environmental historiesô that provide critical insight into baseline states-of-nature before 

human modification require information around changes in ecosystems over time. This contribution 

reviews the variations observed in shallow (<10 m deep), soft seafloors, and their associated biological 

communities, in the Bay of Islands, New Zealand. The temporal focus is post-1950, but changes in 

certain communities have their baseline before European colonisation (from about 1800 AD). The main 

driver has been human-induced, land-derived sedimentation which has led to an ongoing ecological 

cascade. Mangrove spread has impinged on threatened habitats such as saltmarsh, uppershore coarse-

sand/shell beaches and spits, and (probably) intertidal seagrass, and, simultaneously, previously-

productive shellfish beds have been destroyed through deposition of fine silt. 

 

It appears likely that in pre-human times mangroves (Avicennia marina) ï although widespread ï were 

much-more restricted to points of freshwater inflow than they are today. Major expansion in the 

mangrove footprint onto other soft shores took place over many decades of the twentieth century as 

levels of land-sourced sedimentation escalated. It seems that physical and biological conditions/events 

coincided in around 1900 to result in widespread mangrove recruitment low on sheltered soft shores, 

the recruits in turn bringing about higher rates of silt accrual that led to gradual shoreward spread. 

Mangrove cover by catchment increased 54ï267% (overall 128%) between the early-1950s and 2009, 

the wave of shoreward-infill now essentially complete. Upper sheltered shores will almost certainly 

continue to accrue sediment in certain parts of the Bay of Islands, inevitably leading to further 

alongshore-expansion of mangroves that can potentially fill every void.  

 

Saltmarsh areal cover reduced by around 12% between 1978 and 2009 as mangroves extended 

shoreward, but total loss over the longer term will have been far greater. Upbeach mangrove expansion, 

together with saltmarsh being essentially locked against landward expansion by infrastructure such as 

roads, ensures that for as long as mangrove cover continues to expand, saltmarsh cover will reduce. 

 

Mangrove expansion has also overwhelmed uppershore coarse-sand/shell beaches and chenier spits 

ï recently ranked among the most-at-risk marine ecosystems in the country ï that had, at least until the 

early-1950s, comprised the margin of many soft, upper shores of Bay of Islands estuaries and sheltered 

embayments. Almost certainly intertidal oyster reefs (originally the rock oyster Saccostrea glomerata 

but now the Pacific oyster Crassostrea gigas too) were once prominent in Bay of Islands estuaries. 

They are now highly restricted. 

 

In pre-human times, cockles (Austrovenus stutchburyi) ï with pipi (Paphies australis) ï would have 

been the prominent estuarine shellfish of the Bay of Islands, as they are today. Significant proportions 

and quantities of large cockles (40ï55 mm long) continued to be available for harvest in the Bay during 

late pre-Contact times (pre-1800), and into the early post-Contact era on an apparently enduring basis. 

Yet today, even under low fishing pressure, they are barely harvestable on most shores. Indeed, it 

appears that recently ï possibly within the last couple of decades ï there has been substantial decline 

in the status of the Bay of Islands cockle stocks. Cockles today are abundant (except in the Waikare 

and Waikino waterways), but seldom reach large sizes. Multiple stressors underpinned by chronic 

levels of fine terrigenous-silt accumulation ï a well-known inhibitor of cockle vigour ï are the likely 

explanation. Indeed, significant scatters of 20ï35 mm long surfaced living cockles present at many 

localities may indicate high parasite infestation, and/or the effects of other contagion.  
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The yellow-green alga Vaucheria periodically appears as dense and extensive beds in the low intertidal 

of beaches in the eastern Bay of Islands. Apparently, the way it accumulates silt means, once 

established, shores can ï at least temporarily ï become unsuitable for seagrass.  

 

Intertidal seagrass (Zostera muelleri) beds appear not to have been particularly extensive or notable in 

living memory within the Bay of Islands, and they may also have been of little significance even as far 

back as the early-nineteenth century. Although 50 y ago more widespread around the Bay, todayôs 

subtidal seagrass appears to be largely confined to 12 significant and recovering beds (some extending 

into the low-intertidal), as well as several smaller, more-ephemeral patches, around the islands of Ipipiri 

and on adjacent shores in the eastern Bay of Islands. The first aerial images were from the 1930s, yet 

widespread beds were not evident until the late-1950s. Indeed, some of todayôs most spectacular beds 

did not establish until the early-1970s, more than 30 y after the first significant seagrass was observed. 

This suggests that, at least for recent historical times, significant subtidal seagrass may be a relatively 

recent biome here. Decadal-scale changes in surface cover of subtidal seagrass since the 1960s/1970s 

are likely linked to changes in sedimentation rates and turbidity, and ocean-climate factors. 

 

The shallow soft seabeds around the islands of Ipipiri ï referred to here as the Ipipiri Platform and 

essentially defined by the 10 m depth contour ï stand out in having apparently been much-less affected 

by land-sourced sedimentation than most other parts of the Bay of Islands. Ipipiri Platform is today 

characterised by large areas of apparently time-stable red-algal turf interspersed with more-time-

varying subtidal-seagrass cover. The algal turf fields appear in turn to be differentiated into a mosaic of 

patches of biogenic growth familiar in the soft-bottom ecology of other parts of New Zealand that 

include beds of morning star shells (Tawera spissa) and robust dog cockles (Tucetona laticostata). 

 

So far, essentially all large-scale changes observed in the biological communities of shallow, soft 

seafloors in the Bay of Islands have had their origins ï directly or indirectly ï in human activity, rather 

than being part of any inherent progression in nature. The expansion in mangroves and concomitant 

loss of saltmarsh, coarse-sand/shell beaches and spits, intertidal seagrass and cockle beds are 

attributable primarily to high levels of anthropogenically-generated, land-sourced sediment. Ongoing 

threats to these ecosystems include continuing sedimentation, damaging fishing practices, and 

establishment and spread of non-indigenous organisms ï in particular, the proliferation of possibly-

novel viruses.  

  

Physically small yet ecologically diverse, the Bay of Islands has provided a tractable location for this 

unfunded, community-science project concerning changes in nature and extent of shallow-water, soft-

seafloor biological communities in a northern-New Zealand embayment.   
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1. INTRODUCTION 

 

1.1 Background 
 

Progressing our understanding of ecosystem functioning at the time of first human arrivals, and through 

settlement and population growth, can assist coastal managers in developing the ómarine environmental 

historiesô that allow critical insight into baseline states-of-nature before its human-mediated 

modification (e.g., Manez et al. 2014; Klein & Thurston 2016; MacDiarmid et al. 2016). Drawing on 

published and unpublished material, this report brings together and addresses in one place the nature of 

ecological change in representative shallow-water (mainly Ò10 m depth) soft seafloors of the Bay of 

Islands (35Á 12ǋ S, 174Á 10ǋ E), on the northeast coast of New Zealand (Figure 1).  Principally concerned 

with the past seven decades, but on occasions going back to pre-European times, it considers likely 

main-drivers of those transformations, and ecological consequences and risks into the future. 

 

All marine ecosystems have inherent natural dynamism, driven by such processes as non-

anthropogenically-derived sea-temperature change and varying patterns of storminess. This variation is 

manifested in significant change over short time-frames, through to little or no perceivable shift over 

the scale of decades. Superimposed on these are transformations resulting directly from human activities 

(e.g., seafood harvesting that leads to the overfishing of particular stocks), together with those indirectly 

brought about by anthropogenic influences such as increased levels of terrigenous sedimentation 

derived from land clearance, and rising sea temperatures associated with human-mediated climate 

change.  

 

The paramount driving force for natural ecological change in recent geological times has been climatic 

variation. Briefly, for the past millennium, the óPolynesian Warm Periodô, from 1150 to 1450/1500 AD, 

was followed by the Little Ice Age between 1500 and 1900. In the thirteenth century, average annual 

air temperatures may have been 0.3ï0.5 ÁC above todayôs; and during the eighteenth century about 0.8 

°C lower (Anderson et al. 2014). But because the inexorable biological and ecological changes brought 

about by climate variation over this period seem so far to have been small in terms of the environmental 

tolerances of most taxa (apart from those living at the edge of their geographic range), it is human 

presence that has had greater appreciable ecological impact. Beginning with East-Polynesian arrivals 

in the Bay of Islands in about 1300 AD (Robinson et al. 2019), and rapidly-growing populations with 

European arrivals from about 1800 (Booth 2017), human presence wrought immense, conspicuous and 

enduring change to the local shallow soft-seafloor marine ecology. This came about particularly from 

increased levels of land-derived sedimentation.  

 

Soft-bottom habitats are those of mud, sand and gravel. But they also include biogenic substrates such 

as seagrass and shellhash occurring on their own or on top of mud, sand or gravel, and soft-sediment 

veneers over rocky reef. Biogenic habitats encompass both a) those living species that form emergent 

three-dimensional structures that distinguish areas in which they occur from surrounding lower vertical-

dimension seafloor habitats, and b) non-living structure generated by living organisms, such as infaunal 

tubes and burrows (Morrison et al. 2014a: 8). Biogenic habitats can exist over extensive areas of 

seafloor and support higher biodiversity than adjacent habitats, and are often hotspots of living diversity 

(e.g., Anderson et al. 2019: 13ï14).  
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Figure 1: Bay of Islands, on the northeast coast of the North Island (inset), and locations mentioned in the 

text. T, Tangitu; W, Waiaruhe  (Map: author)  

 

In numerous places around New Zealand land-derived sediment inundating nearshore marine substrates 

is of immense ecological concern (e.g., Morrison et al. 2009), as it is globally (e.g., Gray 1997). This is 

especially concerning when it involves the soft habitats that often dominate the seabed of estuaries and 

coastal embayments. This is because soft seafloors in sheltered locations are typically biologically 

diverse and important to nutrient budgets and the global carbon cycle (e.g., Gray 1997; Snelgrove 1999; 

Lohrer et al. 2006). Presence in the water column of, and smothering of the seafloor by, land-sourced 

silt can alter the structure and functioning of these ecosystems, particularly as sedimentation rates rise 

(e.g., Gray 1997; Thrush et al. 2004). Further, depressed condition among filter feeders such as cockles 

Austrovenus stutchburyi, in particular, is common under elevated levels of suspended terrigenous 

sediment. The silt particles abrade, clog and smother; reduce interstitial spaces; and reduce food supply 

and quality through decreased light attenuation (e.g., Norkko et al. 2002; Thrush et al. 2004; Morrison 

et al. 2009; Adkins et al. 2016). 

 

Although land-sourced sediment deposition pre-dates human settlement in New Zealand, land-use 

practices ï especially over the past 200 y ï have greatly increased sediment accumulation rates (SARs) 

in coastal ecosystems (Swales et al. 2012). Moreover, greater storminess associated with a warming 

climate means species must cope with greater suspended-sediment loads and increased accumulations 

of sediment-per-storm, together with concomitant longer-term changes in habitats. Storm events 

increase turbidity and sedimentation over short time-frames, but repeated turbidity and sedimentation 

events can have even-more-significant negative impacts (Lohrer et al. 2004; Norkko et al. 2006). 

Critical thresholds for benthic species are therefore exceeded more frequently, with less time to recover 

between events and greater chance for gradual degradation in benthic community structure and function.  

 

Inundation of seafloors by silt resulting from land run-off is not, however, the only potential agent of 

appreciable change in the nature and extent of shallow-water, soft-seafloor biological communities of 

the Bay of Islands. Others include the physical and ecological impacts of human activities such as 
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seafood harvesting and boating, and ï potentially ï the arrival of non-native species of plants and 

animals and novel viruses (e.g., Harvell et al. 1999; Guo & Ford 2016). Establishment and spread of 

non-indigenous species (NIS) bringing about far-reaching change in communities and ecosystems is 

well illustrated in the Bay of Islands in the colonisation of many hard-intertidal surfaces by the Pacific 

oyster Crassostrea gigas. 

 

Soft-bottom marine ecosystems of New Zealand have, overall, been less-well studied than ecosystems 

associated with rocky reefs (e.g., Anderson et al. 2019). As a contribution to redress this for northeast-

North Island, this unfunded, community-science contribution compiles and reviews published and 

unpublished material concerning changes in, and persisting threats to, the ecology of the shallow soft-

seafloors of the Bay of Islands. After addressing the hydrological, sedimentological and biological 

context of the Bay of Islands, changes (mainly post-1950) among representative intertidal and shallow 

subtidal soft-shore ecosystems are explored: 1) expansion in the mangrove (Avicennia marina) 

footprint, associated with increasing levels of sedimentation taking place from the late-1800s; 2) 

concomitant contraction in the extent of saltmarsh and loss of critically-endangered uppershore coarse-

sand/shell beaches, and the chenier-like spits (Wiser et al. 2013) that form elongate barriers at 

freshwater outflows; 3) sedimentation of oyster reefs (originally the rock oyster Saccostrea glomerata 

but now the Pacific oyster too); 4) loss and/or degradation of harvestable beds of shellfish (particularly 

cockles and pipi [Paphies australis]); 5) changes in areal cover of intertidal and subtidal seagrass 

Zostera muelleri and, intertidally, the yellow-green alga Vaucheria; and 6) changes ï apparently small 

ï in the nature and extent of the red-algae-dominated shallow soft seafloors (<10 m depth) of Ipipiri  in 

the eastern Bay of Islands. Data-sources include published and archived historical and scientific 

accounts, pictorial records and research documents, the contents of middens, aerial imagery, interviews 

with locals, and field sampling. 

 

1.2 Hydrological setting 

 

Bay of Islands (Figures 1 and 2) is a 180 km2 embayment of drowned river valleys, many of its 

numerous islands being the summits of what were once hills. The Bay lies in a warm-temperate zone 

with strong subtropical and tropical influences, particularly during summer, surface waters reaching 

20ï22 °C in late-summer and dropping to 13ï16 °C in late-winter (Booth 1974). Extensive estuarine 

and tidal reaches feed into the mainly 30ï50 m deep main basin of the Bay, with depths reaching 80 m 

near the entrance (Figure 2). Overall, the Bay is reasonably well-mixed, with one estimate of the 

residence time for waters being 19 tidal periods (Heath 1976). The semi-diurnal tides have amplitudes 

of 2.0 and 1.5 m for spring and neap highs respectively. The north-flooding tidal stream that turns west 

into the Bay at Motukokako (the sequence reversing during the ebb; MacDiarmid et al. 2009) ensures 

waters in the eastern Bay of Islands, in particular, are regularly and extensively renewed. But the tidal 

streams are generally weak, except at the restricted mouths of estuaries, and particularly between the 

eastern islands where ebb velocities reach 1.25 m-1 (MacDiarmid et al. 2009: 173). The main oceanic 

influence on the waters of the Bay of Islands is the southeast-flowing East Auckland Current. The Cape 

Brett Peninsula protrudes into this flow, thereby initiating a weak countercurrent across the mouth of 

the Bay (Booth 1974; Mitchell et al. 2009). This oceanic intrusion is seen in the high abundance (and 

for some taxa, breeding) of tropical and subtropical species (particularly fishes) especially in the Bayôs 

southeast. Catchment land-use today is mainly agricultural, the low levels of industrial activity (the only 

mining being rock-quarrying) around the Bay of Islands resulting in generally-low levels of chemical 

contamination of aquatic systems (Griffiths 2011, 2014, 2015).  
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Figure 2: Bay of Islandsô bathymetry (Mitchell et al. 2009). Outermost bold contours are 100 m and 50 m, 

with finer contours at 10 m depth intervals.  

 

1.3 Sedimentological setting 

 

The underlying geology is predominantly greywacke, resultant soils and clays being prone to erosion 

and aquatic leaching. Land cores show that early Polynesians had devastating impact on the vegetation 

around the Bay of Islands, particularly through use of fire (e.g., Elliot et al. 1997) to promote growth of 

starch-rich bracken Pteridium esculentum. But erosion from these catchments was minimal. The soil 

structure was maintained by networks of bracken roots (up to 0.5 m deep, and relatively unaffected by 

fire), and protected from raindrop impact and slope wash by a dense plant canopy (Wilmshurst 1997). 

Accordingly, marine-sediment cores around the Bay showed these early firings resulted in only modest 

increases in SARs (Swales et al. 2012).  

 

With European settlement, however, soil erosion increased markedly. Key land-use changes included 

widespread land clearances for pastoral farming, beginning in the late-1800s, and, later, plantation-pine 

planting and, in places, citrus-orcharding (Swales et al. 2012). Extensive replacement of soil-stabilising 

vegetation with pasture, in particular, left soft-rock hill-country soils vulnerable to erosion and 

landslides (Wilmshurst 1997), with resultant runoff to the sea (e.g., Figure 3).  

 

  
 

Figure 3: Silt-laden surface flood waters flow east out of Kerikeri Inlet which lies just beyond the headland 

to the right ; Te Puna Inlet is to the left; and the Black Rocks and Moturoa Island can be seen in the upper 

middle distance. (Image: Dean Wright Photography, with permission)  
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Inner -bay sedimentation rates  Our most-detailed understandings around sources, rates and impacts 

of land-derived sedimentation come from the Bay of Islands Ocean Survey 20/20 

(marinedata.niwa.co.nz; http://www.os2020.org.nz/) seabed sediment cores and associated 

observations. Sampling took place mainly during 2009ï10: Bostock et al. (2010; Seafloor and 

subsurface sediment characteristics); Gibbs & Olsen (2010; Determining sediment sources and 

dispersion in the Bay of Islands); Pritchard et al. (2010; TRANS ï Sediment transport model); and 

Swales et al. (2010, 2012: Recent sedimentation rates, updated in 2012). Other information concerning 

recent sedimentation in the inner Bay of Islands comes from investigations and sampling by Northland 

Regional Council (Cornelisen et al. 2011; Griffiths 2011, 2013, 2014, 2015; Bamford 2016), Booth 

(2017, 2019, 2020) and Booth & Edwards (2020).  

 

Using sediment traps (some nearshore, away from main channels, which is where tidal currents slowed 

through friction can be expected to have brought about highest silt-deposition rates), Gibbs & Olsen 

(2010) showed that November/December 2009 SARs were very high in Waikare Inlet, moderate in 

Kerikeri and Te Puna inlets, and low elsewhere (including ï surprisingly ï Kawakawa River, possibly 

because there was no heavy rain just before or during the sampling) (Figure 4). 

 

 
 

Figure 4: Relative proportions of sedimentation and resuspension fluxes across the Bay of Islands in 

November/December 2009 (Gibbs & Olsen 2010: 18). 

 

Considering the longer term, the Ocean Survey 20/20 modelling indicates that average annual sediment 

deposition over the past ~150 y has been ~509 000 t (95% CIs 299 000ï719 000; Swales et al. 2012), 

the largest source being Kawakawa River, with almost 340 000 t. The average annual sediment loads 

of the other main rivers are Waipapa 4300 t, Kerikeri 12 100 t, Waitangi 62,700 t, and Waikare 9100 t. 

The associated time-averaged SARs have been 1.0ï4.9 mm y-1, except near the entrance to Kawakawa 

River where the rate has been 14.2 mm y-1 (Swales et al. 2012) (Figure 5). These SARs are 10ï20 times 

higher than before European settlement (Swales et al. 2012), with values typically greatest in upper 

estuaries (Oldman et al. 2009). Most of this terrestrial material enters the sea after heavy rainfall on 

steep and erosion-prone terrain, increasing suspended sediments in the water column and depositing 

fine sediments within channels and on their margins.  
 

http://www.os2020.org.nz/
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Figure 5: Time-averaged sediment accumulation rates over the last 100ï150 y in the Bay of Islands based 

on sediment cores (Swales et al. 2012: 47). 

 

However, it should be noted that almost all inner-Bay of Islands sediment cores were taken near mid-

channel, where flood scour would be expected to ensure among-the-lowest silt-deposition rates in the 

entire system. For example, for Kerikeri Inletôs two stations (RAN S-18 and RAN S-19), SARs were 

relatively low (2.4 and 1.8 mm y-1 respectively), but both stations were well-removed from the shore 

(Figure 6). In line with this, rock-oyster rock groynes near the edge of the main (Pickmere) channel, 

apparently set out in the 1920s (Booth 2017), have remained visible (e.g., in 1939 and ~1955; Watkins 

1974) to this day (Appendix 1). This indicates little or no sedimentation here over the past 100 y. 

   

  
 

Figure 6: Recent surface benthic grain-size determinations for mid-Kerikeri Inlet. 1) Green dot, Northland 

Regional Council sampling site 2008ï10 (43ï46% <63 µm; Griffiths 2011); 2) Yellow dots, Ocean Survey 

2020 (2009) RAN S-19 (15.9% mud) and RAN S-18 (48.1% mud) (Swales et al. 2012); 3) Red dots, Ocean 

Survey 20/20 Sites 8 and 9 (Hewitt et al. 2010), with significant proportions of mud and fine sand; and 4) 

Black dots, Northland Regional Council sampling sites 2012ï16 (~75% mud [<63 µm], the remainder fine 

sand (Griffiths 2014; Bamford 2016) (from Booth 2020). Marine chart NZ 5124 indicates widespread fine-

mud and fine-sand substrates in this region.  
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In contrast, in shallower parts of Kerikeri Inlet, particularly towards and at its margins, SARs have been 

much higher. This is evidenced in the shallowing of Middle Passage (no longer navigable at low tide) 

between 1849 and the present, and the presence today of mud extending tens to hundreds of metres 

away from the Inletôs shores. This mud is bereft of macrofauna such as cockles and is so deep as to be 

risky to enter on foot (Figure 7).  

 

  

  
 
Figure 7: Kerikeri inletôs Middle Passage was navigable in 1849 (upper left; Stokes 1849, depths in fathoms) 

but is now obstructed (upper right ; depths in metres), and large areas of nearby shore are now deep mud 

that is without shellfish (vertical orange lines, main cockle beds being shown as vertical yellow lines; 2020; 

lower) (from Booth 2020).  

 

Further, the impression is that much of the areal expansion of near-shore sedimentation in Kerikeri Inlet 

is relatively recent. Long-time locals recount how siltation of upper-Kerikeri Inlet shores ramped-up 

after the 1970s, places like Skudders Beach, ǽkura River and Shelly Beach, and the mouth of Rangitane 

River, becoming unswimmable and bereft of harvestable cockles. And today, ~50% of the cockle habitat 

ï much of it nearshore ï is deep mud (Booth 2020: 11ï12). In line with this, the boat-launching ramp 

at Skudders Beach, a concrete slab extending seaward across the upper 15 m of the 70-m wide intertidal 

and believed to have been constructed in the 1960s, is useable today only at the top of the tide because 

it now terminates in deep mud at about half tide level (Appendix 1).  

 

Levels of nearshore sedimentation in the Waikare and Waikino waterways appear to have been even 

greater, even though SARs at the channel coring sites were only 1.1ï3.2 mm yr-1 (Figure 5). Nearshore 

oyster farms have been overwhelmed by mud over the last few decades, and in early-2019 Booth (2020: 

13ï14) found it difficult to locate significant cockle beds in an area where the presence of huge cockle 

middens indicated shellfish had been historically abundant (Figure 8). Indeed, the extent and depth of 
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fine mud apparently precludes cockle establishment on most shores of Waikare Inlet and Waikino Creek 

today, this now being the long-term condition according to local residents. These observations are in 

line with Swalesô et al. (2012) conclusion that large quantities of terrigenous silt derived from 

Kawakawa River are transported to and deposited in the Waikare and Waikino waterways. 

 

     

  
 

Figure 8: Only the upper intertidal of even the most-open of beaches in Waikare Inlet and Waikino Creek 

(upper pair; authorôs images) support cockles today, lower parts of the beach being deep, fine mud. Oyster 

farms established late in the twentieth century near the entrance to the Waikare have long since silted-up 

(lower; Ocean Survey 20/20 image).  

 

In the absence of synoptic sediment corings for many shallow (<10 m) parts of the Bay of Islands, 

insight into regional variation in SARs was obtained by comparing the bottom-depth contours shown 

on the 1849 Acheron chart (Stokes 1849) with various charts since, culminating in the most-modern 

(mainly 2010s) ones. The approach is crude, it not necessarily taking into account, for example, episodes 

of major accretion followed by major erosion. Nevertheless, the location of contours ï particularly the 

10 m/5 fathom lines ï suggest significant near-shoreline shallowing within estuaries and near their 

approaches between 1849 and today. Even if the absolute depths at the time of the surveys are 

debateable, the pattern of shallowing across the entire chart ï taken to reflect relative rates of accretion 

of sediment by location ï are informative.  

 

For example, in the Kerikeri and in the context of little or no tectonic activity, the 3 m depth contour 

upstream from the inletôs mouth had migrated ~500 m seaward between 1849 and 2017 (Figure 9). 
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What was once the 3-fathom contour is now 3 m, giving a nominal average annual SAR of 17.9 mm y-

1 (1849ï2017) at certain points.  

 

 
 

Figure 9: Position upstream from the mouth of Kerikeri Inlet  of the 3-m depth contour in 1849 (Stokes 

1849) and 1955 (Watkins 1974) superimposed on the depth contours (m) of 2017 (Northland Regional 

Councilôs map  kerishoalinterp1mgrid) .  

 

Growing awareness over the past few decades of the impact of terrigenous silt on the marine 

environment has seen local-government regulations around the control of silt runoff becoming 

increasingly stringent (e.g., www.nrc.govt.nz; www.lawa.org.nz), with some evidence for declining 

levels of siltation in estuaries and other sheltered habitats in certain parts of the Bay of Islands. For 

example, SARs appear to have recently stabilised in upper parts of Kerikeri Inlet (Richard Griffiths, 

Northland Regional Council, pers. comm. 2019). 
 

Outer-bay sedimentation There is no evidence of sedimentation to this extent on the margins of Ipipiri 

Platform. Here, the 2.5 fathom line in 1849 appears to be physically close to the 5 m contour of today, 

170 y on (Figure 10, and apparently steady over intervening years). This suggests resuspension and 

seaward transport of silt, with nominally little or no enduring build-up.  

 

  

http://www.nrc.govt.nz/
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Figure 10: Depth contours for Ipipiri Platform in 1849 (upper, the dotted isoline being 2.5 fathoms, and the 

continuous black line the 5 fathom contour) and in 2013 (lower, the isoline between dark blue and light 

blue being the 5 m contour, and with the 10 m contour separating light blue and white).  

 

1.4 Biological setting 

 

Habitat maps, which combine water depth with information on physical variables of the seafloor, and 

sometimes with biological distributions, provide broad-brush understanding of benthic habitats and 

communities. For the Bay of Islands as a whole, Kerr (2009) has provided a generalised habitat map, 

with regional updates for the areas around Waewaetorea Island and Maunganui Bay by Kerr & Grace 

(2015) and Kerr (2016) (Figures 11ï13). These show how soft seafloors predominate in shallow inner 

parts of the Bay of Islands and around the islands of Ipipiri , often with steep rocky shores further 

seaward. Various of the biologically-focussed research (much of it directed towards waters >10 m) from 

Ocean Survey 20/20 includes Bowden et al. (2010; Seafloor assemblage and habitat assessment using 

DTIS); Hewitt et al. (2010; Soft-sediment habitats and communities); Jones et al. (2010; Fish 

communities); Nelson & DôArchino (2010; Attached benthic macroalgae); and Parsons et al. (2010; 

Shallow rocky reefs) are referred to later. 

 

 



  
 
Figure 11: Habitat map of the seafloor of the Bay of Islands, with distribution of physical variables (Kerr 2009).



 
 

Figure 12: Habitat map of the seafloor in the vicinity of Waewaetorea Island, with distribution of physical 

variables (Kerr & Grace 2015). 

 

 
 

Figure 13: Habitat map of the seafloor in the vicinity of Maunganui Bay, with distribution of physical 

variables (Kerr 2016). 
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2. EXPANSION IN MANGROVE FOOTPRINT 

 

Mangroves are well known for the breadth and complexity of their ecological roles (e.g., Morrison et 

al. 2014a; Anderson et al. 2019). Mangrove forests are defined as areas of continuous tree occurrence, 

often forming a canopy, extending alongshore for at least 200 m, and across-shore for at least 50 m 

(Anderson et al. 2019: 45). Smaller areas are typically referred to as mangrove ópatchesô, and here the 

term ógroveô refers to mixes of forests and patches of mangroves. 

 

Two main perspectives prevail concerning the biogeomorphic development of recent New-Zealand 

forests (Swales et al. 2015). Either mangroves are opportunistic, forest development being primarily 

driven by physical processes; or biophysical feedbacks strongly influence sedimentation and the 

resulting geomorphology. In order to determine which of these applied most widely in the Bay of 

Islands, changes in mangrove distribution were derived from mainly early- to mid-twentieth century 

maps, plans and commentaries, and synoptic aerial imagery that began in the early-1950s. The aerial 

imagery additionally allowed estimates around changes in individual tree-size and density. Most 

observations from the Bay of Islands point to biophysical feedbacks strongly influencing sedimentation 

and the resulting geomorphology, and leading to mangrove spread (Booth 2020).  

 

2.1 Early accounts  

 

Accounts of Bay of Islands mangrove cover (e.g., Chapman 1978; Walls 1987; Hackwell 1989; 

MacDiarmid et al. 2009; Swales et al. 2012; https://data.linz.govt.nz/layer/50296-nz-mangrove-

polygons-topo-150k/) focussed on relatively recent (post-1968) cover, yet baselines concerning 

mangrove extent are available as far back as the mid-1800s. For the earliest observations, whereas some 

localities have since shown little change in areal cover, most have expanded (Figure 14).  

 

  
 

Figure 14: Old land claims (OLC), MǕori land surveys (ML) and written accounts from the mid-1800s, 

indicate where mangroves existed (green shading) or were referred to (green circles); pink indicates 

shorelines where, on any one plan explicitly showing mangroves, no mangrove cover was indicated. Shores 

without shading may or may not have supported mangroves. Whereas some localities have shown little 

change in areal cover since the mid-1800s (blue boxes) (1 and 5 [6 and 8 were already at full-extent]), others 

have expanded (2, 7 and 9) (Booth 2020). 

 

 

 

 

 

https://data.linz.govt.nz/layer/50296-nz-mangrove-polygons-topo-150k/
https://data.linz.govt.nz/layer/50296-nz-mangrove-polygons-topo-150k/
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The first Bay of Islands-wide assessment of mangrove presence/absence appears to be that of Ferrar & 

Cropp (1922), followed by the 1939 hydrographic chart and the 1942 inch-to-mile plans. Between 1922 

and 1942, mangroves had spread significantly, especially into areas beyond the uppermost estuaries 

(Figure 15).  

 

 

  
 

Figure 15: Presence of mangroves (green) in the Bay of Islands in the early-1900s (Ferrar & Cropp 1922) 

(upper) and in 1942 (Department of Lands and Survey topographical maps) (lower; omission of mangroves 

at sites 1 and 2 is almost certainly oversight) (Booth 2020). 



21 
 

2.2 Aerial imagery  

 

The first synoptic aerial imagery for the Bay of Islands was from the early-1950s, when mangrove cover 

throughout most of the Bay (Appendices 2ï4) was characterised as follows (Figure 16) (Booth 2020). 

There were reasonably extensive areas of large (and almost certainly old) trees associated with tidal 

creeks and river mouths, the largest trees occupying seaward fringes. Presumably these mangroves 

represent those present at the beginning of European colonisation, and probably much earlier. There 

were also reasonably extensive areas or bands of trees on inlet- and river-flats, the largest individuals 

occupying seaward fringes (again, likely long-established forests). Conspicuously, on many sheltered, 

soft shores until then clear of mangroves, one row (but up to three) of reasonably-large trees (most ů5 

m crown diameter) had established well below high-water level, and, occasionally, similar rows of new 

trees had established seaward of bands of older trees. 

    

 

  
 

Figure 16: Examples of the categories of mangrove cover in the Bay of Islands in the early-1950s given in 

Appendix 2 (óRiver Bendô in Kawakawa River) (upper, NZ Aerial Mapping Ltd. 548-68), with the same 

location in 2009 (lower, Ocean Survey 20/20) (Booth 2020). A, a significant forest of established trees 

associated with stream mouth(s); B1, away from stream mouths, one main row, the trees being of similar 

size; B2, away from stream mouths, 2ï3 rows, the trees being of similar size; B3, away from stream mouths, 

2ï3 rows, the trees within rows being of similar size, but different to those in other row(s); B4, away from 

stream mouths, wide band (equivalent in width to at least five rows) of large trees; B5, away from stream 

mouths, wide band of large trees with one main row to seaward; B6, away from stream mouths, wide band 

of large trees with 2ï3 rows to seaward; C1, trees referred to in Columns AïB6 of Appendix 2 remain ï 

almost universally ï the lowest on the shore (and in most instances individually identifiable through their 

pattern of distribution); C2, many or all trees referred to in Columns B1ïB3, B5 and B6 are well below 

mean high water, based on such features as upper-beach form and presence of saltmarsh.  
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About-decadal follow-up aerial photography, culminating in the 2009 Ocean Survey 20/20 imagery 

(NZ Aerial Mapping Ltd SN50765X), shows how this mangrove cover evolved. The lines of low-beach 

recruitment evident in the early-1950s remained the lowest on the shore in 2009 (individual trees often 

still identifiable), and most of the expansion had been shoreward (e.g., Figure 17). Although grazing of 

mangroves by cattle had taken place in certain parts of the Bay of Islands (e.g., Chapman 1978), it does 

not adequately explain this pattern of mangrove presence: óGrazing results in stunted growth and 

damage to branches and pneumatophoresô (Hackwell 1989), not ï except among seedlings ï entire 

removal; and it is unlikely cattle would have left only the lowest lines of trees ungrazed. Today, the 

wave of shoreward-infill has consolidated. Mangrove cover by catchment increased by 54ï267% 

(overall 128%) between the early-1950s and 2009, with rates higher pre-1978 than post-1978 (Table 1 

and Appendix 3). Greatest expansion (Ó100%) during 1950sï2009 took place in Te Puna/Poukoura and 

Kerikeri inlets, Veronica Channel, the Waikare/Waikino waterways, and especially Parekura Bay.  

 
Table 1: Surface area (ha) of mangroves in the Bay of Islands in 1950ï53 (orthorectified images given in 

Appendix 2) compared with 2009 (Booth 2020). Grey indicates estimates of mangrove cover by Swales et 

al. (2012) for 1978 and 2009, with close alignment between the two independent estimates for 2009 (1 154 

ha [present study] and 1 169 ha (which includes the two values below in the column). Italicised entries 

reflect different geographical groupings. *, incomplete data; ï, uncalculatable. Rounding has led to minor 

inconsistencies.  

 
Waterway Present study Swales et al. (2012) 

 1950ï53 2009  Increase 1978  2009 Increase 

 ha ha ha %  % y -1 ha ha ha %  % y -1 

           

Te Puna & Poukoura 

inlets 
34 101 67  197.1 3.3 85 103 18  21.2 0.7 

Kerikeri Inlet 48 96 48  100.0  1.7 80* 97 - - - 

Veronica Channel 119 260  141  118.4 2.0 222* 245 - - - 

Kawakawa  & Karetu 

rivers  
85 131 46  54.1 0.9 - - - - - 

Waikare Inlet & Waikino  197 508 311  157.9 2.7 - - - - - 

Paroa & Manawaora 

bays 
14 25 11  78.6 1.3 - - - - - 

Parekura Bay 9 33 24  266.7 4.5 - - - - - 

 

ALL Bay of Islands 506  1 154 648  128.1   2.2 - 1 169 - - - 

           
Kawakawa, Karetu, 

Waikare & Waikino 
282 639 357  126.6 2.1 615 666 51  8.3 0.3 

Paroa, Manawaora & 

Parekura 
23 58 35  152.2 2.6 40 58 18  45.0 1.5 

 

The predominant biophysical-feedback pattern of mangrove expansion in the Bay of Islands is well-

exemplified by an embayment in southeastern Parekura Bay (Figure 17, with other examples listed in 

Appendix 4). Mangroves were present in the early-1920s. A distinct line that was well-established by 

the time of the first aerial image (1951) was followed by rapid infilling of new recruits and consolidation 

during the late-1970s to the 1990s. Meagre knowledge concerning mangrove age and growth means 

that the period of propagule recruitment that had led to the initial line of mangroves is difficult to judge. 

However, based on an average crown diameter in 1951 of 7.5 m (SD 1.8 m, from the orthorectified 

imagery), and using the aerial imagery to estimate time for a new recruit to reach 7.5 m diameter (~55 

y), 1890ï1910 may be a reasonable estimate. 
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Figure 17: Changes in mangrove cover in Parekura Bay, 1922ï2009, the red-boxed mangroves in 1922 and 

1942 presumably representing the tree-line visible by 1951 (Booth 2020). During rapid infilling and 

consolidation of new recruits, individual initial trees remained discernible. 

 

2.3 Synthesis  

 

It appears likely in pre-human times that mangroves, although widespread on sheltered shores of the 

Bay of Islands, were much-more restricted to freshwater sources such as rivers and streams than they 

are today (Booth 2020). Major expansion in footprint onto other soft shores then took place over many 

decades of the twentieth century. 

 

Key to explaining this spatial explosion of mangroves in the Bay of Islands was establishment by the 

early-1950s of narrow lines of trees near and slightly above half-tide level on sheltered shores. The 

general similarity in size suggests a reasonably-discrete recruitment episode (Booth 2020). It seems 

likely some ówindow of opportunityô (Balke et al. 2011) involving climatic, biological and geomorphic 

events coincided to ensure establishment of this early wave of recruitment along kilometres of sheltered 

soft shore. (A possible sequence is offered in Table 2.) Decades later, from the 1970s, the silt 

accumulating among the roots and pneumatophores of the founding trees had become sufficient to 

sustain the infilling and consolidation of mangroves upshore.  

 

This biophysical-feedback interpretation is similar to that applying in parts of southeast Australia 

(Saintilan et al. 2014), but contrasts with the Firth of Thames (250 km south of the Bay of Islands). In 

the Firth of Thames, mangroves occupied mudflats once the shore had reached sufficient elevation in 

the intertidal (Lovelock et al. 2007; Swales et al. 2015). Bay of Islandsô upper sheltered shores with 

soft substrates will almost certainly continue to accrue sediment in a manner similar to the Firth of 

Thames, potentially leading to further alongshore expansion of mangroves that can potentially fill every 

void (authorôs unpubl. obs.). Apparently therefore, very-different establishment regimes apply in 

different parts of the country. Possibly, in constricted places like the estuaries and sheltered shores of 

the Bay of Islands, overarching driving mechanisms such as severe flood events have had greater impact 

than is possible in morphologically less-constrained places like the Firth of Thames, this leading to 

biophysical feedbacks strongly influencing sedimentation and the resulting geomorphology. 
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Table 2: Possible sequential contributors  leading to the establishment (likely around 1900), and subsequent 

consolidation, of mangroves on sheltered soft shores of the Bay of Islands. 

:  

1 Warming air and sea temperatures associated with the end of the Little Ice Age had led to 

increased plant vigour;  

2 Vast volumes of soil destabilised as a result of the land clearances of the late-1800s/early-

1900s reach the marine environment;  

3 Particularly bountiful propagule production occurs;  

4 One or more exceptionally wet and fierce storms result in wholesale deposition of silt along 

shorelines (e.g., Swales et al. 2012: 54ï55);  

5 Calm conditions ensue, allowing propagules to establish;  

6 This is followed by a quiescent period of years (in propagule-production, silt-delivery and/or 

wave-action) when few further mangroves are added to the now-established line of 

recruitment;  

7 Mangrove growth is facilitated by substantial quantities of nitrogen and phosphorus 

emanating from farming activities (e.g., Lovelock et al. 2007);  

8 Finally, seedlings spread alongshore and fill remaining niches. 

 

2.4 Persisting threats  

 

Mangrove forests in New Zealand are potentially affected by 25 significant threats (MacDiarmid et al. 

2012: 43): two are extreme (rise in sea-level due to climate change, and reclamation); one is major 

(causeway construction); and another 14 are moderate. Of all, sea-level rise appears to be the immediate 

significant threat to Bay of Islandsô mangroves. 

 

Ironically, it seems that mangroves today present a greater threat to other native biodiversity than they 

are themselves threatened. In an ongoing ecological cascade, the enormous expansion in mangrove 

cover that has taken place in the Bay of Islands over the past century or so has impinged on 

threatened/rare habitats such as saltmarsh, uppershore coarse-sand/shell beaches and spits, and 

(probably) intertidal seagrass. Simultaneously, previously-productive shellýsh beds have been 

destroyed through deposition of ýne silt.  

 
3.    LOSS OF SALTMARSH  

 

Saltmarsh is the biodiverse buffer between fully terrestrial vegetation and the intertidal flats lower down 

the shore. Its areal cover has reduced as mangroves have spread shoreward (e.g., Figure 18). Swales et 

al. (2012) estimated ~12% loss of Bay of Islands saltmarsh between 1978 and 2009 (Table 3), but total 

loss over the longer term will have been far greater. For example, there was 78% loss of saltmarsh in 

Whangaroa Harbour (40 km north) between 1909 and 1981 (Morrison et al. 2014a).  
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Figure 18: An example of mangroves advancing into saltmarsh habitat. The mangroves (indicated in 

yellow) lining the edges of these tidal reaches of Karetu River appeared thicker and more continuous in 

2009 (right; Ocean Survey 20/20) than in the early-1950s (left; NZ Aerial Mapping Ltd  image 549-76).  

 
Table 3: Estimates of surface area (ha) of saltmarsh in the Bay of Islands in 1978 (NZ Aerial Mapping Ltd 

images) compared with 2009 (Ocean Survey 20/20) (Swales et al. 2012, using their individual tables rather 

than their Table 3-12) (Booth 2020). *, incomplete data; -, cannot be calculated  

 
 Compartment 1978  

 

2009  % change 

since 1978  

Habitat change  

(% yr -1) 

 

1 Te Puna & Poukoura  15.6 14.0 -10.5 -0.3 

2 Kerikeri  19.4* 12.7 - - 

3 Veronica Channel 18.3* 21.4 - - 

4 Kawakawa, Karetu, Waikare & Waikino  254.4 219.7 -13.6 -0.44 

5 Paroa, Manawaora & Parekura 9.2 10.1 9.4 0.3 

 

 TOTAL BAY OF ISLANDS (indicative)  316.9 277.9 - - 

 

3.1 Persisting threats 

 

Saltmarsh habitats are affected by 23 significant threats (MacDiarmid et al. 2012: 43), with two extreme 

(reclamation and rise in sea level caused by climate change). Major threats are the effects of causeway 

construction, increased sediment loading of rivers, and oil pollution, and a further 10 are moderate. For 

the Bay of Islands, mangrove expansion is probably the predominant immediate threat, the saltmarsh 

being essentially locked from landward expansion by infrastructure such as roads and stopbanks (e.g., 

Figure 18).  
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4. LOSS OF UPPERSHORE COARSE-SAND/SHELL BEACHES AND SPITS  

 

Mangrove expansion has overwhelmed the now-rare uppershore coarse-sand/shell beaches that had, at 

least until the early-1950s, comprised the margin of many soft, upper shores of Bay of Islands estuaries 

and sheltered embayments (e.g., Figure 19) (Booth 2020).  

 

     
 

Figure 19: Much of the coarse-sand/shell beach, and the entire spit, in this embayment in the eastern Bay 

of Islands has been obliterated in the course of shoreward expansion of mangroves, between 1951 and 2009 

(images from Figure 17). 

 

These high-shore beaches and spits associated with essentially every place where fresh-water streams 

flow out onto soft sheltered shores (e.g., Figures 19 and 20) were most readily distinguished in the 

earliest (mainly early-1950s) synoptic aerial imagery. But, even then, most of the small spits (<50 m 

long) were already too overgrown with terrestrial vegetation and mangroves to be obvious (Booth 

2020). Nevertheless, these images formed the baseline from which to estimate the extent of subsequent 

loss of this biome, with Kerikeri Inlet being considered representative of the entire Bay of Islands. 

 

 
 

Figure 20: A typical coarse-sand/shell spit, in Waikino Creek, with freshwater marsh to the left, and 

mangroves invading from estuarine waters to the right. (Image: author) 

 

In mid-Kerikeri Inlet, 2.04  km of the sand/coarse-shell beaches (58% of the total length of such shore 

that was still relatively intact in the 1951 images) had been overwhelmed by mangroves by 2009, and 

all of the nine obvious, ecologically-distinctive spits overrun (with other smaller, essentially 

unperceivable spits invaded too) (Appendix 5). 
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The intertidal of such shores today are often feeding grounds for birds like the endangered NZ dotterel 

Charadrius obscurus and variable oyster catcher Haematopus unicolor. But the shoreward expansion 

of mangrove cover means there are no longer nesting opportunities for them above high-water level on 

these beaches. Instead, birds must nest in ever-diminishing areas of intact sand/shell uppershore 

elsewhere, which is often where people with their pets gather.  

 

4.1 Persisting threats  

 

Few coarse-sand/shell beaches and spits remain intact, and, accordingly, they are considered among 

the most-at-risk marine ecosystems (Clement Lagrue, Department of Conservation, pers. comm. 2020). 

Threats to them are similar to those affecting saltmarsh. Mangrove expansion (now mostly alongshore) 

appears to be the main immediate threat to this biome in the Bay of Islands: terrestrial vegetation 

invading these beaches and spits is usually easily managed and presents far-less long-term menace than 

do mangroves. 

 
5.   INUNDATION OF OYSTER REEFS 

 

There has been ~85% loss globally of natural oyster reefs and beds (Beck et al. 2011), many of them 

intertidal. Northern-New Zealand oyster reefs today are comprised of both the native rock oyster and 

the Pacific oyster. Rock oysters extend furthest up the shore and Pacific oysters furthest down (Morrison 

et al. 2014a: 49-51), at least native rock oysters apparently being excluded from the subtidal through 

infestations of spionid polychaete (mud) worms (e.g., Handley & Bergquist 1997). The oysters can be 

present on stony surfaces amid mudflats, or form reefs on top of mud. 

 

Oysters (pre-1970, the rock oyster alone) have formed intertidal biogenic reefs in the Bay of Islands 

(e.g., Figure 21). The oyster reefs tend not to show well in aerial imagery through there being little 

colour-contrast with surrounding substrates and because the reefs have often been small (<50 m2). 

Nevertheless, aerial images (from the early-1940s onward), early charts and recent field observations 

provide a sense around changes in the presence and extent of intertidal oyster reefs of the Bay, the main 

focus having been Kerikeri Inlet.  

 

 
 
Figure 21: The largest oyster reef in Kerikeri Inlet today (~1 000 m2) lies off Hororoa Point (Figure 22). 

(Image: author)  

 

Human-made rock-oyster rock reefs associated with an oyster-enhancement initiative in the first half 

of the twentieth century were prominent on various intertidal shores of the Bay of Islands, and remain 

visible in many places (Booth 2017). They tend to show well in aerial imagery because of the mainly 

dark, basaltic rock used, and the ordered lines or groups of rocks. 
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5.1 Natural oyster reefs  

 

Almost certainly, oyster reefs would have been far more prominent in Bay of Islands estuaries in the 

past than in recent times. The two significant areas of oyster reef in Kerikeri Inlet today are associated 

with the extensive mudflats off Hororoa Point/Skudders Beach (Figure 22; Appendix 6). Comprised of 

tightly-packed, mainly-large (>80 mm long), dead but still-articulated individuals, the proportions of 

rock versus Pacific oysters are unknown. These two areas appear to have also been the only significant 

beds visible in the earliest images (1942; Appendix 6 ï possible-others being difficult to distinguish 

with confidence). The larger bed (~1 000 m2; ó1ô in Figure 22) is alongside Middle Channel. The smaller 

one (ó2ô) is upstream of Hororoa Point and is comprised of a number of small patches that are probably 

supported by shingle (Watkins 1974).  

 

   
 
Figure 22: The two significant oyster reefs (1 & 2) remaining in Kerikeri Inlet ( left) are of tightly-packed, 

mainly-large (>80 mm long) individuals, many dead but still articulated (right) . (Map and image: author) 

 

5.2 Persisting threats  

 

Intertidal reefs in harbours and estuaries are affected by 51 significant threats (MacDiarmid et al. 2012: 

44), they being extremely vulnerable to the effects of ocean acidification, sedimentation, invasive 

species and reclamation. Major threats include rise in sea-level, increased sea temperature, shellfish 

gathering, increased storminess, altered rainfall, UV increase, change in currents, and causeway 

construction. A further 28 threats were considered moderate. For Kerikeri Inlet, it is remarkable that 

any of the oyster reefs persist beyond the main channels, given the levels of sedimentation along the 

inletôs margins; possibly ongoing spat settlement on top of older oysters maintains these beds. 

Continuing sedimentation is the immediate threat likely to lead to further losses of reefs. 

 

5.3 Human-made rock-oyster reefs  

 

These were established along various intertidal shores of the Bay of Islands in the early- to mid-1900s 

in what was the first serious attempt at marine fishery enhancement in New Zealand (e.g., Figures 23 

and 24). Rocks for oyster spat to settle on were accessed mainly from Te Puna Inlet and distributed 

widely on soft-bottom seafloors around the Bay of Islands (Booth 2017). Further, by 1916, local and 

imported high-level oyster rocks were being moved down to half-tide level, with kilometres of rock 

wall established (Marine Department 1916) on what had previously been soft shores. 
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Figure 23: Large area of newly-laid-out rocks in the lower reach of Kerikeri Inlet in 1922. (Photograph: 

Sir George Grey Special Collections, Auckland Libraries, Auckland Weekly News AWNS-19210224-40-4) 

 

   

  
 

Figure 24: Upper: Places where intertidal oyster groynes, or groynes and rocks, established early in the 

twentieth century were still clearly identifiable in the 2009 Ocean Survey 20/20 aerial images, most having 

been established on soft bottom (Booth 2017). Lower pair: Extensive areas of oyster groyne clearly visible 

in 1971 in Kerikeri Inlet (left image: NZ Aerial Mapping Ltd 4476-5, part of S.N. 3406) had been greatly 

reduced by 2009 (right image: Ocean Survey 20/20 AV29_3021).  

 
6. CHANGES IN COCKLE DISTRIBUTION AND SIZE  

 

Cockles ï with pipi ï are the prominent estuarine shellýsh of the Bay of Islands (Booth 2020). Cockles 

are ubiquitous, shallow-burrowing bivalves of soft estuarine and sheltered shores (Morton & Miller 

1968) that live from near high-water mark to the lowest intertidal. They are found most abundantly (up 

to 4500 mī2) in sediments with Ḑ11% mud (Anderson 2008; MPI 2018). Cockles are ecosystem 

engineers, creating, modifying and maintaining habitats (Gutiérrez et al. 2003). (For essential-other 

biology, see Booth 2020: 9.) Kerikeri Inlet and Waikino Creek/Waikare Inlet were the main focus for 

detailed assessment of changes in the characteristics of cockle populations over the past two centuries, 
















































































































































































