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PLAIN LANGUAGE SUMMARY 
 
This report reviews key national and international research on the ecological importance of 
macroalgae, such as kelp, in supporting fisheries in Aotearoa New Zealand. This research shows that 
macroalgae are important in providing habitat and contributing to coastal food webs, as well as 
playing a significant role in global carbon cycles. These ecological services contribute to macroalgal 
habitats that are integral to a number of important fishery species, such as kōura papatea (red rock 
lobster), pāua, and various finfish and bivalves, resulting in substantial economic contributions. For 
example, the thirteen fisheries that are associated with kelp had a combined asset value of 
$NZD 5.2 billion in 2019.  
 
But macroalgae are vulnerable to a number of significant stressors including rising temperatures, 
sedimentation, and kina grazing. To better understand the impacts of these large-scale environmental 
pressures and support effective monitoring and management, a range of methods can be applied. For 
example satellite remote sensing has been identified as a valuable tool because it enables the 
generation of updateable maps showing the extent of large canopy forming kelps. When combined 
with other monitoring methods, it can aid our understanding of macroalgal dynamics and further 
contribute to more informed ecosystem-based management of New Zealand’s coastal marine 
resources. 
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EXECUTIVE SUMMARY 
 
Mangan, S.1; Tait, L.W.1; Wing, S.R.2; D’Archino, R. 1; Neill, K.F. 1; Battershill, C.N.3; Schiel, 
D.R.4 (2025). The relationships between macroalgae and New Zealand's wild fisheries, key 
vulnerabilities and monitoring approaches. 
 
New Zealand Aquatic Environment and Biodiversity Report No. 362. 40 p. 
 
 
A review of the key literature was conducted on the ecological significance of macroalgae to wild 
fisheries in Aotearoa New Zealand, emphasising their crucial roles in marine ecosystems and their 
vulnerability to various stressors. Large habitat-forming macroalgae play vital ecological roles by 
providing biogenic habitat that enhance habitat complexity, significantly contribute to coastal food 
webs and modify local environmental conditions. Their high productivity also influences global 
carbon cycles through detritus export and carbon sequestration. 
 
Macroalgal habitats are integral to several important fishery species, including kōura papatea (red 
rock lobster), pāua, and various finfish and bivalves. These fisheries are supported through multiple 
pathways including habitat provision, grazing by key fishery species (e.g., pāua), support of epifauna 
biomass which provides food for fish and their prey, and the production of suspended particulate 
organic matter and detrital production which are assimilated by filter feeders and benthic 
invertebrates, thereby enhancing secondary productivity and energy transfer through food webs. The 
combination of these direct and indirect pathways underpins the economic value of macroalgae to 
New Zealand’s wild fisheries. It is estimated that the ecosystem services provided by macroalgae, 
including their support for fisheries, contributes approximately $NZ 4 billion to the asset value of 13 
kelp-associated fishery species. 
 
Macroalgae are, however, vulnerable to number of local and global stressors. Rising sea temperatures, 
including marine heatwaves, have been shown to negatively impact macroalgal health and 
distribution. Additionally, sediment deposition reduces light availability and ultimately affects the 
settlement and growth of macroalgae, reducing their productivity and altering community structures. 
Overgrazing by sea urchins is a significant stressor in northern New Zealand and can lead to the 
formation of urchin barrens which can significantly reduce kelp forest cover and its associated 
biodiversity.  
 
This report additionally highlights some of the main methods for monitoring macroalgae across 
multiple scales, including in situ diver surveys, camera surveys, acoustic surveys, and aerial imagery. 
Utilising methods across varying scales can be useful to track the distribution, abundance and health 
of kelp in response to varying stressors, which is essential to understand the impacts to the associated 
fisheries.  
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1. REVIEW CONTEXT 
 
Large habitat-forming macroalgae are important components of Aotearoa New Zealand’s inshore 
marine ecosystems. The importance of macroalgae ranges from amenity values to ecological and 
ecosystem services, to intrinsic values (Bennett et al. 2015; Eger et al. 2023; Hynes et al. 2021). This 
includes their crucial role in supporting commercial and recreational fisheries by providing habitat 
and food to a multitude of species. When large areas of kelp are removed, biodiversity can decrease 
dramatically, affecting coastal fishes that rely on kelp for nursery habitat, as well as small 
invertebrates like isopods, amphipods, sponges, and gastropods that live and feed on and among kelp, 
and which can provide an important food source (Teagle et al. 2017).  
 
The objective of this report is to summarise the key literature around the role of large habitat-forming 
macroalgae within Aotearoa New Zealand (hereafter New Zealand) and examine the direct and 
indirect relationships between macroalgae and New Zealand’s wild fisheries. This report was funded 
by Fisheries New Zealand research project ZBD2023-05 which includes the development of a tool to 
map trends in macroalgal distribution over time, and assess changes in extent relative to a number of 
environmental stressors. Overall, this project aims to inform advice on ecosystem-based management 
of relevant fisheries and provide context for policy related to marine biodiversity and critical fish 
habitats. 
 
This report focuses on two dominant Orders of large habitat-forming macroalgae which have distinct 
life-histories: Laminariales and Fucales. Laminarian algae, commonly known as kelp, represent the 
largest brown alga and exhibit an alternation of generations, a microscopic haploid gametophyte and a 
conspicuous diploid sporophyte each with distinct environmental requirements. Although large brown 
algae of the Order Fucales are increasingly referred to as kelps (Fraser 2012), they differ by having a 
direct life cycle, that is without an alternation of generations. Further details of the life histories of 
these taxa, their biological, physical, chemical and ecological requirements can be found in Schiel & 
Foster (2006).  
 
Within this report we consider the impact of harvesting on macroalgal stocks, the influence of broad 
stressors on macroalgae, and the techniques and tools for monitoring macroalgae in order to 
understand the effects on the respective fisheries. This review does not consider specific distributions 
of kelp and macroalgae or assess the relative health of macroalgae in specific regions. For this review 
we have recruited national experts in macroalgae and its contribution to fisheries, and we utilise 
national and international literature. 
 

2. DISTRIBUTION OF MACROALGAE IN AOTEAROA NEW ZEALAND 
 
Macroalgal distribution is limited by a combination of light, temperature and nutrients which have 
differing effects on the various life stages (e.g., Graham 2002; Graham et al. 2007; Lüning 1991). 
New Zealand sits mainly in the warm – cold temperate zone and kelp occurs from the subtropical 
waters of the Rangitāhua/Kermadec Islands (29° to 31.5°S) to the subantarctic islands (47° to 53°S) 
(Kingsford et al. 1989; Nelson 1994; Schiel 1990; Shears & Babcock 2007).  
 
Kelp stands around New Zealand are typically found in waters less than 20–30 m deep. The exception 
is the nearshore areas of the Rangitāhua/Kermadec Islands where shallower waters are dominated by 
the fucoid Sargassum (Cole et al. 1992; Schiel et al. 1986), and stands of the New Zealand 
common/golden kelp Ecklonia radiata have only been identified at approximately 72–90 m depth 
(Nelson et al. 2018). Such deep kelp assemblages have been found elsewhere on mesophotic reefs in 
subtropical areas (e.g., Graham et al. 2007) but little is known about them and we will not consider 
them further in this review.  
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New Zealand does not have a high diversity of kelp species (Order Laminariales) with only three 
native genera, Lessonia, Ecklonia, and Macrocystis and the introduced Undaria (Nelson et al. 2023). 
There are eight species in the Family Lessoniaceae, seven of which are in the genus Lessonia, three of 
which were recently described (Zuccarello & D’Archino 2024). Within the genus Ecklonia, Ecklonia 
radiata occurs around the coast of mainland New Zealand and the nearshore islands, including 
Rakiura/Stewart Island. Ecklonia beds can occur from the immediate subtidal zone to depths of more 
than 20 m, depending on the light environment. It does not occur at the Wharekauri/Chatham Islands 
or the subantarctic islands, where shallow reefs to around 8 m are dominated by Lessonia species and 
deeper areas by rimurimu/ giant kelp, Macrocystis pyrifera (Family Laminariaceae) (Schiel 1990; 
Schiel et al. 1995).  
 
Macrocystis pyrifera is distributed from the southern North Island to the subantarctic islands (Adams 
1994). Within New Zealand, it inhabits the upper subtidal zone down to about 20 m but is 
predominantly found at less than 10 m depth (Schiel & Foster 2015). Macrocystis is not uniformly 
abundant along rocky coastlines, but can form large colonies within calmer bays, harbours and 
offshore reefs. Macrocystis is one of the fastest growing photosynthetic organisms globally. Thalli are 
perennial and grow to 20 m in length with maximum biomass occurring in late winter through spring 
months.  
 
The invasive kelp Undaria pinnatifida (Family Alariaceae) has been in New Zealand since at least 
1987 (Hay & Luckens 1987) and is now widespread from Northern New Zealand to the Snares 
Islands including the Chatham Islands (Nelson et al. 2021). Undaria predominately occurs in waters 
less than 5 m deep, except in some areas with clear coastal waters such as in Fiordland and the 
Marlborough Sounds where it has been found at more than 10 m depth (Nelson et al. 2021). Undaria 
is the only kelp in New Zealand with an annual life history. It can form extensive stands and plants 
can reach over 2 m in length. Because of the quick turnover of its populations, Undaria fills gaps in 
canopies of other algae (Thompson & Schiel 2012; Valentine & Johnson 2004). 
 
Most fucoids in New Zealand have a very shallow depth distribution. For example, the greatest 
abundance of Carpophyllum species (C. maschalocarpum, C. plumosum, C. angustifolium), 
Cystophora species and Sargassum sinclairiii were found within the immediate subtidal zone to 
approximately 8 m (Choat & Schiel 1982). Additionally, Carpophyllum flexuosum has been found to 
form extensive stands up to 10–15 m (Cole et al. 2001). The lower depth limit is most likely set by 
light limitation (Thoral et al. 2023) and in many places in northern New Zealand by urchin-dominated 
coralline habitats. 
 
Durvillaea (rimurapa/ bull kelp) species occur at the intertidal – subtidal margin and down to 
approximately 3 m depth, mostly from Raukawa Moana/Cook Strait southwards (e.g., Fraser et al. 
2020), although it can be found in wave-driven sites across coastal New Zealand. This group forms 
very dense stands inshore, and also forms intertwined rafts when individuals break free in storms 
which may float for long distances (Fraser et al. 2009). This not only increases dispersal potential for 
distant recruitment but also provides transport and a source of organic matter for rafting flora and 
fauna (Waters et al. 2018).  
 
Another important factor of macroalgae presence around New Zealand is the need for suitable rocky 
substrata for settlement and growth. Typically, this requires rocky reef or boulder habitats that are 
elevated above sand and gravel areas to avoid frequent and intense scour. New Zealand has a very 
heterogenous coastline of approximately 15 000 km length. Estimates of how much of the coastline is 
rocky habitat suitable for kelp vary considerably, but it is likely in the order of 35% of waters out to 
20 m depth (e.g., Schiel et al. 2021 for the earthquake-affected Kaikōura coastline). The rest of the 
coastline consists of bays, estuaries, gravel and sand.  
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3. THE IMPORTANCE OF MACROALGAE TO COASTAL AND OFFSHORE 
ECOSYSTEMS ON A GLOBAL SCALE 

 
Kelps and fucoids that form multilayered forests or stands have long been recognised for their role in 
supporting a vast diversity of life. As far back as 1860, Darwin observed: “..if in any country a forest 
was destroyed, I do not believe nearly so many species of animals would perish as would here, from 
the destruction of the kelp” (Darwin 1909). These early observations of the importance of kelp forests 
form a cornerstone for our current understanding of the role that macroalgae play in supporting 
coastal marine diversity and the ecosystem functions and services they provide.  
 
Macroalgae have some of the highest per-area primary productivity of any of the world’s ecosystems 
(Gerard 1982; Leigh et al. 1987; Mann 1972, 1973; Pessarrodona et al. 2022; Schiel & Foster 1986). 
Globally, kelp forests provide habitat for valuable fisheries, particularly abalone, lobsters, and finfish 
(Steneck et al. 2002). They also represent important fisheries in their own right (Schiel & Nelson 
1990). Further, through their high productivity, kelp forests fix carbon from the atmosphere, release 
oxygen, and alter the physico-chemical environment they inhabit (Kosek & Kukliński 2023). The 
combined global annual financial value of kelps (including assessments of Ecklonia, Lessonia, and 
Macrocystis) ranges between $465–562 billion per annum, primarily driven by fisheries and nitrogen, 
phosphorus, and carbon removal (Eger et al. 2023).  
 
Through the combined provision of ecological services, and direct and indirect contributions to 
fisheries, kelps represent a vital component of global economics, biogeochemical cycling, and 
ecosystem health. Declining abundance and distribution of kelp forests (e.g., Tait et al. 2021) threaten 
to reduce the quantity and distribution of these global benefits with implications for carbon storage, 
ecosystem health, and fisheries (Durante et al. 2022). 
 

4. KEY ECOSYSTEM SERVICES AND PATHWAYS WHERE MACROALGAE 
SUPPORT FISHERIES 

 
For the purpose of this review, we define ‘ecosystem function’ as the provision and transport of 
energy, nutrients and organic matter through food webs within diverse, ‘healthy’ ecosystems, whereas 
‘ecosystem service’ is used to highlight services, benefits or value derived from a healthy ecosystem 
to the benefit of people. Therefore, the provision of food is a valuable ecosystem service, while the 
maintenance of pathways and channels by which kelp-derived organic matter pass through food webs 
are a measure of ecosystem function. These distinctions are particularly important for management 
because without the maintenance of healthy function there will be no service. 
 
4.1 Habitat provision 
 
Kelp forests form some of the largest biogenic structures in coastal marine ecosystems (Dayton 1985), 
which provide essential habitat for a diverse array of flora and fauna. Extensive three-dimensional 
canopies offer shelter to species such as pāua, red rock lobsters, and various fish. The structural 
complexity of kelp forests, including holdfasts, stipes, and fronds, creates numerous microhabitats 
that serve as nursery and refuge grounds (Anderson et al. 2019; Morrison et al. 2014). The biomass 
and structural volume of habitat provided by kelps can vary significantly depending on the species, 
location, and region. These variations are further influenced by environmental factors such as wave 
exposure, substrate type, and light availability (Teagle et al. 2017). As a result, both the quantity and 
complexity of kelp-derived habitat differs across New Zealand.  
 
It has been estimated that in northeastern New Zealand, approximately 130 fish species inhabit rocky 
reefs and their associated kelp forests (Jones 2013). Specific fish species, such as 
rarī/butterfish/greenbone (Odax pullus), utilise kelp forests throughout their juvenile and adult life 
stages, with the presence of giant kelp correlating with increased abundance and frequency of 
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occurrence (Pérez-Matus & Shima 2010a). Ecklonia forests have been identified as nursery habitats 
for leatherjackets, where kelp serves as principal settlement and initial growth areas (Kingsford & 
Milicich 1987). Additionally, it has been suggested that kelp beds provide habitat for grey mullet and 
john dory. In New Zealand, the critical role of kelp forests in habitat provision has led to their 
classification as foundation species under the Fisheries Management Act 1996, recognising their 
significance for fisheries management (Cryer et al. 2016). Consequently, the preservation of kelp beds 
is a key tenet of ecosystem-based management approaches to fisheries in New Zealand. 
 
4.2 Kelp harvest 
 
With the addition of Macrocystis pyrifera to the quota management system (1509.6 tonnes total 
allowable harvest in 2024–25), commercial kelp harvest has become a direct link between kelp forests 
and ‘fisheries’, with a range of other seaweeds also targeted or being considered for harvesting (e.g., 
Schiel & Nelson 1990; White & White 2020). In addition to direct harvest for commercial, 
recreational or customary use and the collection of drift kelp for natural fertilisers and animal feed 
supplements, there is considerable interest in the direct harvest of Phaeophyceae algae for a wide 
range of biomolecules. Alginate, which is a gelling polysaccharide, fucoidan a bioactive sulphated 
polysaccharide and phlorotannins are used extensively in a wide range of applications in food, 
cosmetics, pharmaceuticals and nutraceuticals (Kim & Bhatnagar 2011; Mak et al. 2013; Porse & 
Rudolph 2017) and comprise some of the key commodities obtained from the harvest of kelps. Within 
New Zealand, the invasive kelp Undaria pinnatifida is now able to be commercially harvested. 
Increasing interest, investment, and demand for algal products has the potential to lead to growing 
industries in the culturing and wild harvest of macroalgae (Bradly et al. 2021; Wheeler et al. 2021), 
although this has been done in the past with species other than kelps (Brasch et al. 1984). 
 
4.3 Direct grazing 
 
Direct macroalgal grazing by sea urchins (Echinoidea) and pāua (Gastropoda) supports two of the 
most accessible and valuable coastal fisheries in coastal rocky reef systems. Kina (Evechinus 
chloroticus) directly consume macroalgae and are the source of a local fishery. Kina comprise a 
localised fishery, but poor roe quality in the wild fishery restricted early expansion of the market 
internationally (Andrew 1988). Efforts to enhance roe quality within mariculture or natural restoration 
programmes persist (Miller et al. 2024). Nevertheless, as a customary and local commercial fishery 
managed under the Quota Management System (QMS), a majority of the sea urchins landed in New 
Zealand are sold on the domestic market (Miller & Abraham 2011). In contrast, the commercial, 
recreational and customary fisheries for pāua comprise a multi-million dollar enterprise with large 
cultural value and persist as one of the last wild caught abalone fisheries in the world (e.g., Gerrity & 
Schiel 2024; Schiel et al. 2023). These gastropods directly consume macroalgal-derived organic 
matter from a range of species and are reliant on healthy macroalgal communities for growth and 
reproduction. In addition to sea urchin and gastropod grazers, there are several herbivorous fishes that 
feed exclusively on kelps, most notable of these are butterfish which are subject to a commercial 
gillnet and recreational spear fishery (Paul et al. 2000). 
 
4.4 Epifauna 
 
One of the most important secondary channels for provision of kelp-derived organic matter into food 
webs supporting fisheries are epifaunal amphipods, isopods and annelids that graze and live on kelp 
(Taylor 1998; Taylor & Cole 1994). For example, Taylor (1998) estimated that epifauna comprise 
over 90% of the secondary biomass in many coastal macroalgal beds. These epifaunal species are 
important food for both juvenile and adult fishes many of which are subject to coastal fisheries 
(Newcombe & Taylor 2010). Epifaunal amphipods and isopods either directly consume macroalgae or 
graze on the eroding tips of thali. The functional group is ubiquitous within algal beds and dense 
concentrations of epifauna can be found on all of the native large brown algae, green algae as well as 
in turfing species (Taylor 1998). Additionally, the epifauna community structure on the invasive kelp 
Undaria pinnatifida has been shown to be similarly diverse and productive (e.g., Suárez-Jiménez et 
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al. 2017). Epifauna provide a direct channel for macroalgal-derived organic matter to support many 
coastal finfish and are found in the diets of a large number of species. 
 
4.5 Production of suspended particulate organic matter 
 
Through seasonal breakdown of thali or persistent erosion of the eroding ends of blades, kelps 
produce large amounts of suspended particulate organic matter (SPOM) that mix with phytoplankton, 
mixotrophs and bacteria to form the particulate organic matter pool in coastal regions. SPOM is 
directly taken up by suspension feeders and in many regions macroalgal-derived particulate matter 
can comprise a large fraction of the organic matter provision to suspension feeding invertebrates 
(Schlieman et al. 2022; Wing & Jack 2012). This important channel for kelp, and other macroalgal-
derived organic matter directly supports several important bivalve fisheries such as for wild 
kuku/green-lipped mussel (Perna canaliculus) and tipa/scallops (Pecten novazelandiae) (Schlieman et 
al. 2022). In addition, species such as the kōura papatea/red rock lobster (Jasus edwardsii), 
rāwaru/pākirikiri/blue cod (Parapercis colias) and tāmure/snapper (Chrysophrys auratus) feed 
extensively on bivalves, thereby directly linking kelp-derived organic matter with production of key 
coastal fisheries species (Jack & Wing 2011; Jack et al. 2009; Kolodzey et al. 2023; Wing et al. 
2012). For example, Jack & Wing (2011) found that among migrating rock lobsters, individuals were 
supported by an average of 73% macroalgal-derived organic matter, while reef-associated resident 
rock lobsters received a majority of their organic matter from macroalgal-derived sources (79%). 
While much of the labile SPOM produced by kelps is directly consumed in the food web, some enters 
the detrital food web channel and can then be recycled into the benthic food web for additional 
support for a range of coastal biodiversity including fished species. 
 
4.6 Detrital production by kelps 
 
Through their high productivity, kelp and other macroalgae are major producers of detritus for coastal 
food webs (Mann 1986) which can be detected using isotopic analysis (Duggins et al. 1989; Walton et 
al. 2022). Detritus is produced by kelps through constant erosion and loss of tissue from the distal 
portion of fronds, and the loss or removal of standing biomass. Production of macroalgal-derived 
detritus is vast with an estimated 80–90% of macroalgal based productivity entering detrital pathways 
either as SPOM or benthic detritus (Walton et al. 2022). Additionally, the estimated annual detrital 
production from the erosion of kelp blades ranged from 50–513 g C m-2 across Nova Scotia, which 
exceeded the annual phytoplankton production and estimates of detrital production in seagrass beds in 
North America (Krumhansl & Scheibling 2011). The spatial distribution of kelp-derived organic 
matter is equivalently vast with evidence of kelp-derived production into the deep sea via submarine 
canyons (Harrold et al. 1998; Vetter & Dayton 1998).  
 
Similarly, production of drift kelp and beach wrack represent wide ranging dispersal of kelp derived 
organic matter, both of which are consumed relatively quickly by amphipods and other grazers, 
thereby providing additional links to the food web. Through studies of kelp detritus it has been 
recognised that the nutritional quality and chemical composition of macroalgal-derived organic matter 
varied widely among species, according to concentrations of phenolic compounds and bacterial 
decomposition (e.g., Duggins & Eckman 1997). In New Zealand, concentrations of phenolic 
compounds in kelp derived detritus can vary over three orders of magnitude with some macroalgae 
containing halogenated forms that are natural toxins (McCarthy et al. 2024). Consequently, uptake of 
kelp derived organic matter in food webs can be very species specific (McCarthy et al. 2024). These 
findings highlight the importance of intact community structure of multilayered macroalgal forests in 
mediating the channels for macroalgal-derived organic matter into the coastal food webs that support 
fisheries. 
 
4.7 Economic value of ecosystem services 
 
Scientific advances since the seminal paper by Mann (1973) have resolved key pathways by which 
macroalgal-derived organic matter support coastal food webs and by extension coastal fisheries. 



 

Fisheries New Zealand A review on the relationships between macroalgae and New Zealand’s wild fisheries • 7 
 

These studies have highlighted the scale of productivity in coastal systems supported by macroalgae, 
along with their key role in providing critical three-dimensional biogenic habitat, supporting 
biodiversity, secondary productivity and coastal fisheries. Through these studies, it is possible to 
estimate the direct and indirect economic contributions of macroalgae to coastal ecosystem services 
including fisheries. The research focus has shifted from studies of ecosystem function to economic 
estimates of the value of ecosystem goods and services provided by kelps and other macroalgae. In 
the southern hemisphere, for example, Vásquez et al. (2014) estimated that kelp beds in northern 
Chile had a total value of $US540 million per annum of which $82 million was direct support of 
associated fisheries and $US409 million was direct harvest of kelps primarily for alginate. Similarly, 
Blamey & Bolton (2018) placed the economic value of South Africa’s coastal kelp forests at $US434 
million per annum, with 59% of that value ($US256 million per annum) attributed to fishing. The 
authors highlight severely overexploited abalone and rock lobster fisheries at less than 3% pre-
exploitation values contributing to an underestimate of the economic potential of South Africa’s kelp 
forest-based fisheries. Valuations focussed on Australia’s Great Southern Reef place fisheries values 
for kelp-dependent rock lobster and abalone fisheries at approximately $US350 million per annum 
(Bennett et al. 2015). Valuations such as these have been summarised and extended by Eger et al. 
(2023) who estimated that globally the ecosystem services derived from kelp forests are worth 
between $US465 and 562 billion per annum of which approximately 28% ($US144 billion) was 
attributed to direct kelp-derived fisheries production. These figures are likely to be underestimates as 
they only recognise direct commercial fisheries returns and not recreational fisheries or the indirect 
pathways of kelp-derived organic matter supporting fisheries in food webs. In the Australasian region 
(Australia and New Zealand) total ecosystem services of three species, Ecklonia radiata, Lessonia 
spp. and Macrocystis pyrifera have been estimated to be $US3.7 billion per annum, with large 
percentages of the key fisheries for rock lobsters and abalone supported by kelp forest habitats (Eger 
et al. 2023). These estimates, both the existing and potential value of kelp-derived fisheries, highlight 
the need to quantitatively assess the contribution of kelp forests to biodiversity and fisheries in New 
Zealand. 
 

5. QUANTITATIVE ASSESSMENT OF THE MACROALGAL CONTRIBUTION TO 
KEY FISHERIES  

 
Kelps are globally recognised as foundation species supporting both abundance and diversity of 
associated fishes and invertebrates, many of which are exploited species (Dayton et al. 1998). These 
observations have been experimentally quantified in many kelp forest systems using kelp removal 
experiments at a variety of spatial and temporal scales (Carranza et al. 2024). For example, an 
experimental 9 year giant kelp removal study by Castorani et al. (2018) demonstrated a 30–60% 
decline in mobile invertebrate and fish biomass and a 40% decline in kelp-derived detrital availability 
in experimental plots cleared of giant kelp in California.  
 
A complementary line of research has focussed on tracking the supply of kelp-derived organic matter 
to fish and invertebrates within kelp forest ecosystems. For example, a review by Elliott Smith & Fox 
(2022) demonstrated that among 43 studies using stable isotope analysis to trace the relative 
contribution of kelp-derived and phytoplankton-derived organic matter, average contributions of kelp-
derived organic matter often exceeded 50% in coastal ecosystems. Resolving macroalgal-derived 
organic matter in food webs from organic matter produced by phytoplankton or terrestrial plants is 
facilitated by the fractionation of the stable carbon isotopes 13C and 12C between alternate inorganic 
carbon sources fixed by primary producers, CO2, CO2(aq) and bicarbonate. Because large brown algae 
can access carbon from the vastly abundant bicarbonate pool, the ratio of carbon isotopes tends to be 
more enriched in the heavy isotope 13C relative to phytoplankton or terrestrial plants which primarily 
access carbon from the CO2 pools. This difference results in a reliable chemical tracer, the relative 
ratio of 13C and 12C relative to a standard or d13C, for broad resolution of the origin of organic matter 
between macroalgal-derived and phytoplankton-derived sources in coastal marine systems. 
Application of these tracers has resolved the contributions of kelp-derived organic matter to key 
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fisheries in New Zealand, including rock lobsters, bivalves and both coastal and shelf-based finfishes 
(Schlieman et al. 2022; Udy et al. 2019a; Udy et al. 2019b). 
 
 
5.1 Kōura papatea/red rock lobster (Jasus edwardsii)  
 
Kōura papatea/red rock lobsters (Jasus edwardsii) comprise the most valuable coastal fishery in New 
Zealand with landings that exceed $300 million per annum in export value. They feed on a variety of 
invertebrates including sea urchins, sea stars, clams, mussels, pāua and other gastropods. All of their 
significant diet items have direct links to kelp-based organic matter through direct (sea urchins, 
gastropods), suspended particulates (clams and mussels) and detrital channels, therefore the food 
webs supporting red rock lobster populations are heavily dependent on healthy kelp forests. For 
example, Jack & Wing (2011) quantified the trophic position and contribution of kelp-derived organic 
matter to two distinct red rock lobsters populations in Fiordland: “run” lobsters migrating along the 
coast and “resident” lobsters directly associated with kelp forest habitats. The best 
descriptors/predictors of lobster abundance were the presence of kelp and mussels. The resident 
lobster population relied more heavily on macroalgal based organic matter with 79% of their biomass 
supported by macroalgal based production. In a related study in Fiordland, Jack et al. (2009) used 
stable isotopes to resolve food web position and use of macroalgal-based organic matter in lobsters 
from abundant kelp forest habitats compared to habitats in the inner fjord where macroalgal beds had 
been greatly reduced by freshwater outflows from the Manapouri Power Plant (Batham 1965; Jack et 
al. 2009). The inner fjord lobster population was very small and persisted on an alternative recycled 
source of benthic productivity linked to bacterial recycling, compared to the more abundant kelp 
forest-based population relying heavily on macroalgal-based organic matter. These results highlight 
the critical direct role that macroalgal based organic matter plays in supporting a valuable coastal 
fishery in New Zealand. 
 
Kelp forest habitats also provide important ecological functions beyond food supply. They offer 
refuge and settlement cues for lobsters, particularly during vulnerable life stages (Shelamoff et al. 
2022). For example, Hinojosa et al. (2014) found that both the settlement success and survival from 
predation of the early benthic phase of lobsters were significantly higher in natural Macrocystis 
habitat compared to artificial kelp or no habitat at all. Adult lobsters are also known to use kelp forests 
for shelter, food and foraging (MacDiarmid et al. 2013). 
 
In addition, under some environmental conditions lobster can help to control the proliferation of kina, 
thereby contributing to kelp forest habitats by lessening overgrazing (Shears et al. 2008; Wing et al. 
2022). This effect depends on environmental conditions, including low rates of coastal sedimentation 
and coastal warming, as well as recruitment and population dynamics of sea urchins, but represents a 
key positive feedback between a species dependent on kelp forest production, lobster, and healthy 
kelp forests (Schiel 2013). 
 
5.2 Coastal and Continental Shelf Finfishes 
 
Significant coastal finfish fisheries that utilise kelp forest habitats (but not necessarily exclusively) 
include blue cod, snapper, tarakihi (Nemadactylus macropterus), blue moki (Latridopsis ciliaris), 
kohikohi/trumpeter (Latris lineata), pūaihakarua/sea perch (Helicolenus percoides), 
kōkiri/leatherjacket (Parika scaber) and butterfish. These fisheries support recreational, customary 
and commercial usages. Each of these species, with the exception of butterfish, are broad spectrum 
omnivorous species feeding on a variety of marine invertebrates and small fishes. Butterfish is a 
herbivorous species directly consuming macroalgae throughout its life history but becoming fully 
dependent on a macroalgal-based diet following maturation (Curtis et al. in prep).  
 
To quantify the contribution of a macroalgal-based diet to some of these species, Udy et al. (2019a) 
carried out a comparative study of the whole community contribution of macroalgal-based organic 
matter to fish biomass per unit area in the Fiordland region, where kelp forest habitats were abundant, 
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and in the Marlborough Sounds, where large areas of kelp forest habitats have been lost to 
sedimentation, urchin grazing, and coastal warming. Subtidal surveys were used in both regions to 
quantify the abundance and average biomass per unit area of 19 common coastal fish species, 
including many of the fisheries species cited above. Stable isotope analysis was then used to quantify 
the contribution of macroalgal-based organic matter to the fished species group and compare it 
between regions. In Fiordland, 77% of the biomass of fished species was supported by macroalgal-
based organic matter. In the Marlborough Sounds, which had both depressed finfish populations and 
declining kelp forest habitats, only 31% of the biomass of fished species was supported by 
macroalgal-based productivity. These results provide a strong direct link between healthy kelp forest 
habitats and productive coastal finfish fisheries.  
 
Further evidence for direct linkages between finfish fisheries and macroalgal based productivity 
comes from isotopic analysis of museum wet-fish collections and modern collections from coastal and 
shelf-based fisheries species (Durante et al. 2022; Sabadel et al. 2020). In a study using isotopic 
analysis of 16 species of New Zealand inner shelf, outer shelf, mid slope and outer slope fisheries 
species, significant amounts and changes in the use of macroalgal-based organic matter between 
modern and historic fisheries time periods were detected (Durante et al. 2022; Durante et al. 2020). 
Most exploited fish communities since the 2000s were found to have increased their reliance on 
pelagic production compared to the pre-2000s period when there was more coastal production 
supported by macroalgae. These data highlight the critical role that macroalgal-based organic matter 
has played in supporting fisheries production in New Zealand. Further, analysis of historical data has 
also highlighted the vulnerability of kelp forest production to land-based and climate-based stressors 
(Udy et al. 2019b). 
 
5.3 Bivalves 
 
New Zealand’s coastal bivalve fisheries include valuable mussel (Perna canaliculus) and scallop 
(Pecten novazelandiae) fisheries. Both of these species rely on the coastal SPOM pool for food and 
actively filter large amounts of seston from the water column. Because macroalgae produce large 
amounts of particulate organic matter, their contribution to the SPOM pool can be significant, 
particularly in areas with abundant kelp forest habitats. For example, Schlieman et al. (2022) used 
stable isotope analysis to quantify the contribution of macroalgal-derived organic matter to five 
bivalve species, including scallops and mussels, in the Marlborough Sounds and Fiordland. The 
results indicated that large amounts of macroalgal-derived organic matter were used by both species 
and that the bivalve populations were particularly supported by macroalgal-based organic matter in 
areas where kelp forest habitats were abundant, and land-based stressors from runoff and 
sedimentation were low. These data provide a direct link between productive macroalgal communities 
and bivalve fisheries in New Zealand and also give an example of how important coastal management 
of stressors such as sedimentation can be to these valuable bivalve fisheries (Schlieman et al. 2022). 
The scallop fishery is, however, largely closed commercially because of multiple stressors leading to 
severely degraded habitats and poor recruitment. 
 
5.4 Summary of the economic value of key macroalgal supported fisheries 
 
It is difficult to provide accurate estimates of the total economic value of foundation species such as 
Ecklonia radiata or Macrocystis pyrifera, but estimating the contribution of fisheries asset value from 
bioenergetic contributions of macroalgae is slightly more straightforward. This can be a useful 
heuristic exercise for understanding the scale of bioenergetic contributions of macroalgae to fisheries 
based solely on their provision of organic matter. For example, as an estimate of relative value, we 
can add up the proportional contributions of macroalgal-based organic matter to the biomass of kelp 
forest-associated species from the studies cited above and apply these to the estimated fisheries asset 
value of each of these species (Stats NZ 2021). However, there are several important caveats that need 
to be considered. First, the current asset value represents, in many cases, devalued assets because 
many of the stocks are significantly below the biomass that delivers the maximum sustainable yield 
(e.g., Cryer et al. 2016). Therefore, the calculation does not represent the full potential value of 
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macroalgal contributions. Second, the list of species considered is not complete and there is ample 
evidence that contributions of macroalgal-based organic matter extend beyond species in this list. 
Furthermore, the direct asset values of Macrocystis pyrifera or other harvested macroalgae are as yet 
undefined in New Zealand, so this may be an underestimate of the total value (e.g., Durante et al. 
2022). Third, the spatial resolution of macroalgal based contributions to fisheries is limited to only a 
few regions in New Zealand. Nevertheless, the data do resolve patterns across several regions and 
represent the best available information for New Zealand species. With these caveats in mind the 
calculation presents an order of magnitude estimate of the important contributions of healthy kelp 
forest habitats to the bioenergetics of a select group of kelp forest-associated fisheries assets of New 
Zealand. The contribution of macroalgae comprises approximately 72% of the asset value of these 13 
kelp-associated fisheries species, whose total estimated asset value in 2019 was $NZD5.24 billion, or 
approximately $NZD4 billion of contributions of macroalgae to the asset value of these species alone 
(Table 1). Asset value is defined as the monetary value of a species derived from average values per 
tonne for quota transactions during the fishing year. It is a measure of the total combined tradable 
value of quota for a species. It is not a measure of annual value derived from the fisheries. This is a 
simplified calculation, but it does highlight the very large contribution of kelp in underpinning the full 
value of fisheries. 
 
Table 1:  Key fishery species supported by macroalgae and their associated annual asset value (from 

Stats NZ 2021). 

Species Asset value (NZD 
millions) 

Estimated proportion of 
biomass supported by 

macroalgae 

Estimated asset value (NZD 
millions) of macroalgal 

contribution 
    
Red rock lobster 3 482.5 0.77 2 667.6 
Pāua 694.4 1.00 694.4 
Snapper 650.7 0.54 351.4 
Blue cod 168.8 0.61 102.6 
Tarakihi 146.2 0.71 103.2 
Sea cucumber 29.8 1.00 29.8 
Green-lipped mussel 23.7 0.58 13.7 
Kina 20.4 1.00 20.4 
Blue moki 8.8 0.74 6.5 
Sea perch 7.6 0.49 3.7 
Greenbone/Butterfish 3.5 1.00 3.5 
Leatherjacket 3.3 0.41 1.4 
Trumpeter 1.4 0.50 0.7 
Giant kelp  1.00  
Total 5 241.1 0.72 3 998.9 

 

6. LITERATURE ASSESSMENT OF THE IMPACTS OF MACROALGAE 
HARVESTING ON ECOSYSTEM HEALTH AND BIODIVERSITY 

 
There is worldwide interest in the harvesting of kelps and other macroalgae. Buschmann & Camus 
(2019) provide an extensive list of globally harvested algae, and they estimated that the total wild 
harvest is approximately 526 000 t annually, which is likely to keep increasing from wild and 
cultivated populations. Within New Zealand, kelps, fucoids and other species have been harvested for 
decades, but currently only giant kelp is in the QMS. Undaria is permitted to be harvested from 
among the biofouling on mussel farms in select locations, and E. radiata and L. variegata are 
permitted to be collected from beach-cast material in some areas, but their commercial landings are 
estimated to be relatively small.  
 
 
 



 

Fisheries New Zealand A review on the relationships between macroalgae and New Zealand’s wild fisheries • 11 
 

6.1 Macrocystis pyrifera harvesting 
 
Macrocystis was harvested commercially for food, fertiliser and chemicals from the early 1900s for 
around a century along the coast of California (reviewed by Schiel & Foster 2015). Initial methods 
included removing whole plants (McPeak & Glantz 1984), but, this was soon replaced by cutting 
fronds, which was later restricted to an 8 m swath and a maximum depth of 1.2 m below the sea-
surface canopy. Kelp beds in southern and central California were numbered and harvested 
rotationally based on the state of the canopy and how much it had recovered from previous harvesting, 
storms and warm-water events.  
 
Concerns about the ecological impacts of harvesting emerged in the 1950s, prompting investigations 
into potential effects on kelp forests and associated marine life. These concerns included the possible 
loss of kelp forests, reduction of canopy-dwelling fishes and invertebrates, reduction of fish 
populations due to loss of food and /or habitat, increased beach erosion due to less dampening of 
water motion, and an increase in the abundance of drift kelp on beaches from cut fronds and dislodged 
plants not captured by the harvester. Following investigations, North & Hubbs (1968) and Barilotti & 
Zertuche-González (1990) found no significant ecological effects of harvesting. While many 
organisms are removed with the cut fronds (e.g., North & Hubbs 1968), overall reductions within a 
forest were not reported. However, the possible changes in populations of consumers such as abalone 
and fishes in kelp forests, beaches, and offshore due to an indirect effect of removing the biomass and 
primary production of sea-surface kelp were not investigated. Within New Zealand, studies by Pirker 
(2002) also found minimal effects of Macrocystis canopy harvesting, however, they reported an 
overwhelming influence of land-sourced sedimentation on the standing crop of Macrocystis in Kāi 
Tahu/Akaroa Harbour, Waitaha/Canterbury.  
 
The lack of detectable impacts from harvesting is at least partly due to the life history traits of 
Macrocystis. Individuals can have hundreds of fronds growing from a holdfast, although plants tend 
to have only several fronds in New Zealand (Kain 1982). Since reproductive fronds (sporophylls) are 
located just above the holdfast, surface harvesting primarily affects vegetative fronds. However, 
fecundity is a function of vegetative biomass (Neushul 1963) which can be reduced by storms, grazers 
(Graham 2002; Reed 1987), or artificial removal of the canopy (Geange 2014), and its recovery can 
lag behind vegetative recovery (Graham 2002). Other beneficial life history traits include high growth 
rates, where stipes can elongate 50 cm daily, which is among the fastest on record for any autotroph 
(Clendenning 1971). At least in California, the lifespan of an individual frond is about three to five 
months, and entire adult plants live an average of two to three years (North 1984). The large, year-
round reproductive potential of Macrocystis and its ability to form floating rafts when whole plants 
are removed in storms greatly aids its recovery after a disturbance (Edwards & Estes 2006, Reed 
2006). This differs from other kelps which usually do not have multiple fronds, have their 
reproductive structures in the laminae (blades) at the top of plants, and often have little or no ability to 
float and disperse (such as the New Zealand common kelp, E. radiata and Lessonia spp).  
 
Differences in life history traits between kelp species led to restrictions on the harvesting of 
Macrocystis in California when it co-occurred with another kelp, Nereocystis luetkeana. In contrast to 
Macrocystis, N. luetkeana is an annual species that produces spores on surface fronds and therefore 
harvesting these fronds can reduce the abundance of future generations of sporophytes (Springer et al. 
2006). This species has not been purposefully harvested, but it has undergone large die-offs in 
northern California due to a combination of repeated warm water events coupled with low nutrients 
and the significant expansion of sea urchin populations (Rogers-Bennett & Catton 2019). This 
highlights the variability of effects of biomass loss in different species, and the interactions with 
multiple environmental and ecological stressors that can differentially affect nominally similar 
species. 
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6.2 Removal and recovery of kelp 
 
Kelp removal and recovery experiments and observations have been conducted for several decades in 
many areas of the world. One of the earliest examples of Macrocystis removal was by Pearse & Hines 
(1979) who cleared a 10 × 20 m plot in central California. They found that several species of kelp and 
red algae became established within a year, but that over time, Macrocystis dominated the areas due 
to shading by their canopy. More recent international examples include Castorani et al. (2021) who 
found that, over a decade, there was some compensation in net primary productivity by understory 
species following repeated removal of Macrocystis, but that the quality of the habitat was a significant 
factor mediating the effects of intensified disturbance on canopy and understory productivity.  
 
Removal experiments using Ecklonia plants within New Zealand have dated back to the late 1970s. 
Studies by Schiel (1980) removed mature Ecklonia by cutting off individuals above the holdfast in 
replicate 1 m2 plots inside and outside of the peak reproductive season. Plots cleared in early spring 
when Ecklonia was reproductive had four times as many recruits as control plots and soon formed a 
dominant canopy due to its faster growth rate compared to nearby fucoid species. However, plots 
cleared in summer when fucoids were reproductive had large numbers of fucoid recruits and 
eventually produced a mixed canopy of Ecklonia and fucoids. Overall, it was recommended that if 
any harvesting of Ecklonia were to be done, it should only be in small patches that are widely 
dispersed within a kelp bed so that short range dispersal from nearby reproductive plants is possible. 
This is especially important because Ecklonia adults do not float and effective spore dispersal is likely 
to be only a few metres (Gaylord et al. 2002). 
 
The southern bull ‘kelp’ Durvillaea, which is the world’s largest fucoid, has also been considered for 
potential harvest. Experimental clearances similar to those of Ecklonia showed that rocks cleared of 
Durvillaea antarctica during the reproductive season in winter had up to 7000 recruits of Durvillaea 
per square metre, whereas those cleared at other times had virtually no recruitment and other algae 
occupied the cleared area (Hay & South 1979). Larger scale removal where entire Durvillaea 
individuals are harvested is unlikely to be feasible. Durvillaea poha/antarctica reproduces for only 
about 6 weeks during winter, is dioecious (so male and female plants must be in close proximity for 
fertilisation to occur), the effective gamete settlement distance is mostly up to about 30 m, and the 
effective target area for sporefall and replenishment of populations is only a narrow band in the very 
low intertidal zone on exposed shores.  
 
Futhermore, Schiel et al. (2021) showed that this species did not recruit in any significant numbers 
over the five years after the coastal uplift caused by the Kaikōura earthquake in November 2016. In 
addition, its loss had cascading effects on the nearshore ecosystem. One such effect was a large 
decrease in primary productivity as Durvillaea was replaced by smaller and far less productive 
fucoids, such as C. mascahlocarpum (Mangan et al. 2023). Durvillaea was also removed in many 
sites south of Kaikōura in the air and sea heatwaves of 2017–2018, and has not recovered (Thomsen 
et al. 2021). Previous considerations for the harvesting of Durvillaea were therefore deemed to be 
inadvisable (Hay & South 1979). 
 
6.3 Kelp bed diversity 
 
Diversity within kelp bed habitats is greater than diversity when kelps are removed, predominately 
because of the biogenic habitat and three-dimensional structure afforded by kelps (Graham et al. 
2007). Within New Zealand, there are no known obligate species associated with Macrocystis 
(compared to California; Graham et al. 2007), but stipitate kelps such as Ecklonia can be present in 
the Macrocystis understory and are abundant on reefs in New Zealand. Studies internationally have 
shown that when Macrocystis canopies are removed, light increases to the understory and in some 
cases, there is productivity compensation by understory kelps (Castorani et al. 2021; Miller et al. 
2011). With few exceptions (e.g., butterfish which feeds directly on kelp and fucoids, Clements & 
Bellwood 1988) these kelps in combination fuel the food web through detritus and particulate organic 
matter rather than direct feeding on attached tissue (Udy et al. 2019a).  
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There is an extensive literature on fish diversity in and around kelp forests (e.g., Jones 2013). For 
example, Williams et al. (2008) found that the diversity of fish assemblages decreased from kelp to 
sand habitats. In addition, Willis & Anderson (2003) found strong positive correlations between 
habitat complexity (Ecklonia forest versus urchin barrens) and the density and diversity of cryptic fish 
assemblages. A recent global meta-analysis highlights the increased abundance of reef fishes within 
kelp forest habitats and the enhanced recruitment of early life history stages (Pérez-Matus et al. 2025). 
Furthermore, increased fish diversity can positively influence kelp forest habitats via the consumption 
of macroalgal grazers (Pérez-Matus & Shima 2010b) and act as a potential zoospore disperser (Ruz et 
al. 2018).  
 
6.4 Other potential community effects 
 
Organic matter from kelps plays a crucial role in the coastal food web. As kelps grow, the older 
sections of their primary fronds move upwards and erode due to water motion, dispersing into the 
surrounding water. This dispersed organic matter is consumed by small invertebrates or bacteria, 
contributing significantly to the ecosystem. Additionally, large amounts of beach-cast seaweeds create 
fertile grounds for a diverse array of invertebrates and kelp flies (Inglis 1989). These seaweeds often 
break down within several days and return to nearshore waters during tidal surges. While these effects 
are generally diffuse, they can be detected chemically through isotopic studies within the food web, 
demonstrating that they enhance the productivity and food web of nearshore waters (Duggins et al. 
1989; Walton et al. 2022). 

7. NATIONAL AND INTERNATIONAL LEVEL ASSESSMENT OF THE TOP-DOWN 
INFLUENCE OF PREDATORS ON KELP FORESTS 

 
One of the most pervasive issues relating to kelp forests is the role of herbivory, predation, and 
trophic cascades on kelp forest structure. In its simplest form, the idea is that the removal of top 
predators, usually large fish and lobsters, from kelp communities allows key grazers such as sea 
urchins to proliferate, which can decimate kelp beds. This change from kelp forest to urchin-
dominated areas are often referred to as alternate stable states, which can last several decades (Elner 
& Vadas 1990; Filbee-Dexter & Scheibling 2014; Petraitis & Dudgeon 2004). Cessation of fishing, 
especially through marine protected areas (MPAs), has been proposed to restore ecological 
relationships, re-establish trophic control of grazers, and thereby allow kelp communities to flourish. 
This review aims to summarise some of the key arguments. Examples of more in-depth reviews 
include Doheny et al. (2023) for trophic cascades in kelp assemblages nationally and internationally, 
Steneck et al. (2002) for a global perspective and history of kelp forest deforestation, and Choat 
(1982) on the role of fishes in structuring benthic communities.  
 
7.1 International examples of top-down influence 
 
Top-down control mediated through trophic cascades has been observed in kelp forest communities 
globally (Estes et al. 1998; Ling et al. 2015; Steneck et al. 2002), and has been shown to explain 7–10 
fold more variance in the abundance of bottom and mid-trophic levels than bottom-up control 
(Halpern et al. 2006). This effect has been shown to be particularly evident in mid-latitude regions 
where kelp communities can be less constrained by physical factors such as temperature and nutrients, 
resulting in herbivory being suggested as the most common and important agent of kelp forest 
declines (Steneck et al. 2002).  
 
The conversion of kelp forests to urchin barrens has been documented worldwide, such as in Alaska, 
the Gulf of Maine, Japan, Chile, Australia and Norway (Ling et al. 2015; Steneck et al. 2002). Sea 
urchin barrens are defined as areas of rocky reef that would typically support kelp forest but are 
instead dominated by sea urchins and have little to no kelp due to overgrazing (Doheny et al. 2023). 
While many factors can influence sea urchin population dynamics (e.g., disease, storms, and warming 
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currents) the removal of predators has been frequently identified as the primary driver of urchin 
proliferation. Notable examples include the extirpation of sea otters in California (e.g., North & 
Pearse 1970), and the removal of predatory fish and lobsters in California and Nova Scotia (Chapman 
1981; Dayton et al. 1998; Tegner & Dayton 2000). Predator traits, particularly size and foraging 
behaviour, have been shown to play a critical role in regulating urchin populations. For example, 
Hamilton & Caselle (2015) found that larger male sheephead wrasse exerted greater predation 
pressure on urchins, and their selective removal reduced top-down control. Similarly, Johnson et al. 
(2013) demonstrated that large lobsters were more effective at suppressing Centrostephanus rodgersii 
in Tasmania, with their distribution and foraging behaviour influencing the persistence of urchin 
barrens. These studies underscore the importance of predator traits and environmental variability in 
shaping kelp forest dynamics, and highlight the role of feedback mechanisms that can reinforce either 
kelp- or urchin-dominated states. Nevertheless, other mechanisms such as sea urchin population 
dynamics can also play a role, with significant kelp recovery occurring following disease outbreaks 
(Scheibling 1986, Williams et al. 2021).   
 
7.2 National examples of top-down influence 
 
Discussions and examples of the top-down influences on kelp forests within New Zealand often 
consist of the role of predation on sea urchins. Urchin overgrazing has been shown to be a significant 
driver of kelp forest loss, particularly where environmental conditions are favourable, such as in 
northeastern New Zealand (Kerr et al. 2024; Ling et al. 2015). Kina (Evechinus chloroticus) is the 
dominant barren-forming sea urchin in New Zealand (Shears & Babcock 2007), however, recently the 
sea urchin C. rodgersii has been increasing in parts of northeastern New Zealand (Balemi & Shears 
2023). This species can co-occur with kina but can also form barrens in deeper water. An important 
morphological distinction between the two species is the longer spines of C. rodgersii when compared 
to kina which is likely to make it less vulnerable to predation.  
 
In northeastern New Zealand, kina barrens are typically found in shallow waters from 2–10 m on open 
rocky coasts (Choat & Schiel 1982; Shears & Babcock 2004). These barrens are bordered by mixed 
algal forests dominated by wave-tolerant species such as C. maschalocarpum and C. angustifolium, 
and by largely monospecific beds of Ecklonia at greater depths (Blain et al. 2021). High densities of 
urchins can extend deeper than the limit of kelp beds, especially with increased wave exposure, 
reaching depths of up to 20 meters in highly exposed locations (Grace 1983; Shears & Babcock 
2004). Urchin dominated areas have been observed across parts of the North Island and the 
Marlborough Sounds but have yet to be observed extensively further south.  
 
Within New Zealand, the main predators of kina are considered to be snapper (predominantly in 
northern New Zealand (Marinovich et al. in press)), blue cod, and red rock lobster (Shears & Babcock 
2002), but other predators are likely to include leatherjackets, large starfishes 
(Pātangaroa/Coscinasterias muricata and tangaroa wae whitu/Astrostole scabra), red moki 
(Cheilodactylus spectabilis), tāngahangaha/banded wrasse (Notolabrus fucicola) and hāpuku 
(Polyprion spp.) (Doheny et al. 2023). The presence of predators also indirectly alters behavioural 
interactions by modifying the movement and location of prey species (Doheny et al. 2023; Spyksma 
et al. 2017). In sea urchins, predator avoidance, escape responses and defence behaviours have been 
shown to reduce herbivory and grazing effects. Additional indirect effects include altering the supply 
of kelp-derived organic matter assimilated by filter feeders (Salomon et al. 2008).  
 
In regions where kelp loss is linked to urchins and the harvest of their predators, rebuilding predator 
populations through MPAs has been shown to be a viable approach to restoring kelp forests and their 
associated ecosystem services (Babcock et al. 2010; Peleg et al. 2023). For example, the higher 
density of predators, mainly lobsters, within two marine reserves was estimated to increase the 
likelihood of kina predation by seven times (Shears & Babcock 2002), and there was a decrease in 
urchin-dominated regions in the Cape Rodney-Okakari Point Marine Reserve which was attributed to 
an increase in the number and size of snapper (Denny et al. 2004). Further, a review of long-term 
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studies within MPAs showed that recovery of predators can shift the balance from urchin to kelp 
dominance, with kelp and fucoids returning as urchin numbers decline (Shears & Babcock 2003).  
 
While urchin overgrazing is a pervasive threat to kelp forests, the factors leading to barrens are 
context specific, varying across and within regions depending on biotic and abiotic factors (see review 
by Doheny et al. 2023). Additionally, it is important to understand the role of multiple stressors, 
including environmental factors, which can interact with species’ life histories and demography and 
ultimately overwhelm ecological and trophic effects (Reed et al. 2011). For example, warming seas 
have had overwhelming effects on kelp, urchins and other key organisms in Tasmania where the 
onshore advection of warm water currents facilitated the transport of sea urchin larvae from the 
mainland (Johnson et al. 2013), and in New Zealand the range expansion and population explosion of 
C. rodgersii is rapidly impacting kelp in areas of the northeast exposed to warming currents (Balemi 
& Shears 2023). 
 

8. THE VULNERABILITY OF KEY MACROALGAL GROUPS TO ENVIRONMENTAL 
STRESSORS  

 
There is a vast literature on environmental influences on kelp, particularly temperature, light, 
nutrients, storm events – particularly those associated with basin-wide events such as El Nino – and 
the interaction of all of these on various life stages. Virtually all algal species are limited in 
distribution by a combination of these factors, but the specifics vary considerably by species and 
physiology. For example, giant kelp losses can be highly seasonal, localised or basin-wide, with 
considerable regional differences (Bell et al. 2015; Reed et al. 2011). In a global analysis of patterns 
of kelp forest change over the past 50 years, Krumhansl et al. (2016) identified kelp declines in 38% 
of ecoregions, no change in 35%, and increases in 27%. They concluded that while global drivers 
could be affecting kelp forests at multiple scales, local stressors and regional variability in the effects 
of these drivers dominate kelp dynamics. Notably, this study included data from northeastern New 
Zealand where it was inferred that relatively high magnitude increases could be expected, although 
there was some statistical uncertainty due to the limited data range from 1999 to 2011. 
 
8.1 Rising temperatures 
 
Temperature influences processes across all biological scales, and affects the growth, distribution and 
physiology of macroalgae. Species occupy defined thermal niches, partly because they are adapted to 
specific temperature ranges where cellular and physiological processes can occur close to their optima 
(Pörtner & Farrell 2008). As both atmospheric and oceanic temperatures increase, populations close to 
their upper thermal distributions can be disproportionately affected. Acute or chronic thermal stress to 
macroalgae can eventually lead to population changes such as decreased abundance, altered size 
structure, range shifts and regional extinctions (review by Smale 2020). Examples of these changes 
have been documented in a few places globally and include comparisons of macroalgal communities 
on both the Indian and Pacific Ocean sides of the Australian continent which showed poleward shifts 
between the periods of 1940–1960 and 1990–2009 (Wernberg et al. 2011), and a reduction in 
abundance, local extinction or range contractions for some kelp species across the North Atlantic 
(Smale 2020). However, it is less understood how permanent these shifts may be. 
 
Superimposed on gradually increasing ocean temperatures, is the increase in marine heatwave events 
which are becoming progressively more frequent and intense (Frölicher et al. 2018; Montie et al. 
2024; Oliver et al. 2018). Over a period of 30 years of satellite derived sea surface temperature 
estimates, there has been a 95% increase in coasts experiencing extremely hot conditions (Lima & 
Wethey 2012), and a >50% increase in the average number of days in the global ocean experiencing 
marine heatwave conditions over the last century (Oliver et al. 2018). In New Zealand from 1982–
2021, there was an increase in marine heatwave metrics across 70% of all ecoregions (Montie et al. 
2024). The consequences of these events have been shown to have severe deleterious effects on whole 
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populations of giant kelp in some places (Tait et al. 2021), including reducing the growth rate of 
juvenile sporophytes (Bunting et al. 2024), and on populations of bull kelp (Thomsen et al. 2019). In 
general, it is the relative deviation from the temperature variation normally experienced at a location 
that causes the greatest deleterious effects, rather than the absolute extent, duration or intensity of the 
event (Holbrook et al. 2019).  
 
Marine heatwaves can cause local temperatures to exceed key physiological thresholds, which have 
already been shown to have deleterious ecological consequences in both temperate and subtropical 
regions. For example, several high-magnitude heatwaves have affected Western Australia in recent 
years, including in the summer of 2010–2011 when sea temperatures were up to 5°C above the 
climatological average (Wernberg et al. 2013). Within several months, there were significant declines 
of Ecklonia and a more than 100 km range contraction of the fucoid Scytothalia dorycarpa, both of 
which were ultimately replaced by weedy algal turfs which supported lower productivity and 
biodiversity (Filbee-Dexter & Wernberg 2018). After a succession of warm summers, it was estimated 
that 43% of kelp forests in southwest Australia had been lost or severely reduced (Wernberg et al. 
2016). The duration of these reductions or whether they are very long lasting is, however, not well 
documented. 
 
For intertidal macroalgae, ocean warming can occur concurrently with atmospheric temperature 
increases, desiccation and UV stress during emersion at low tide (Helmuth et al. 2006; Thomsen et al. 
2019). In temperate zones, aerial thermal stress is greatest in summer, especially on calm and clear 
days when low tide occurs in the afternoon. If these conditions persist over consecutive days, the 
survival and physiology of intertidal macroalgae can be compromised (Fernández et al. 2015a; 
Ferreira et al. 2014; Hereward et al. 2020; Martínez et al. 2012).  
 
Increases in ocean and atmospheric temperature can also indirectly affect kelp communities by 
introducing novel taxa (Cavole et al. 2016; Vergés et al. 2014) and altering habitat availability 
(Filbee-Dexter & Wernberg 2018; Kumagai et al. 2018), thereby affecting food web dynamics by 
changing the relative abundance of species and shifting trophic dynamics and competitive interactions 
between species (Harvell et al. 2019; Hawkins et al. 2009; Mieszkowska et al. 2006; von Biela et al. 
2019). The latter is particularly evident in polar regions where decreased ice cover has led to changes 
in light and substrate availability in coastal regions which has resulted in an increase in suitable 
habitat and the expansion of kelp beds in some regions (Filbee-Dexter et al. 2019; Krause-Jensen & 
Duarte 2014). 
 
8.2 Ocean acidification 
 
Atmospheric carbon dioxide (CO2) levels have risen by more than 150 ppm since the industrial 
revolution, and are continuing to rise at a current rate of 2.77 ppm per year (as at November 2024; 
Lan et al. 2024). The accompanying absorption of atmospheric CO2 by the oceans has led to an 
average reduction of open ocean pH by 0.1 units and an alteration in carbonate chemistry, termed 
ocean acidification (OA) (Orr et al. 2005). These declines in global surface pH are expected to 
continue by a further 0.3–0.4 pH units by the end of the century. It is likely, however, that coastal 
environments may experience periods of these projected 2100 pH conditions sooner than open ocean 
environments because of their inherently large natural fluctuations of pH, along with temperature, 
salinity and oxygen which can occur on tidal, daily, seasonal and annual time scales (Baumann et al. 
2015; Frieder et al. 2012; Hofmann et al. 2011; Saderne et al. 2013). The magnitude of pH 
fluctuations on these varying timescales is influenced by multiple factors such as, freshwater inputs, 
upwelling events, temperature, tidal cycles, photosynthesis and respiration.  
 
While it is well documented that OA is likely to have negative consequences for many calcifying 
species (including some algae) such as reduced growth and calcification rates, it is currently unclear 
how OA will influence the physiology and ecology of large habitat-forming macroalgae (Cornwall et 
al. 2012; Falkenberg et al. 2013; Fernández et al. 2015b). Reductions in seawater pH may have 
minimal effects on photosynthesis and growth because kelps are able to actively uptake bicarbonate, 
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the most abundant source of dissolved inorganic carbon in seawater, using carbon concentrating 
mechanisms (CCM) (e.g., Fernández et al. 2015b). Alternatively, the projected increase in dissolved 
CO2 may facilitate the diffusive uptake of CO2, resulting in a down-regulation of CCM and potentially 
increasing growth and photosynthesis rates (Schlenger et al. 2021). However, reduced growth has also 
been observed in some species, such as Fucus vesiculosus (Gutow et al. 2014) and the kelp 
Saccharina latissima, with the latter attributed to the pH sensitivity of CCM (Swanson & Fox 2007), 
and reduced photosynthetic rates have been observed in juvenile Ecklonia radiata (Britton et al. 
2016). To date, observations have been highly specific to species and location, with several 
environmental factors such as nutrient supply, light intensity, temperature and season reportedly 
influencing the response to reduced pH (elevated pCO2) conditions (e.g., Ní­ Longphuirt et al. 2013).  
 
Kelp forests have been considered as a potential refugia from OA for associated calcifying species. 
Despite being transient and limited to daily and seasonal cycles, diel changes in pH occurring as a 
result of photosynthetic activity within kelp forests, have been observed to have positive effects in 
some marine species in highly retentive areas (Hurd 2015; Kapsenberg & Cyronak 2019). However, 
there is no uniformity in these effects because the scale of buffering depends on a multitude of 
interacting factors such as currents, wave climate, changes in flow attenuation within the kelp forest 
and other local physical characteristics (Bednaršek et al. 2024; Hoshijima & Hofmann 2019; Koweek 
et al. 2017; Traiger et al. 2022). In addition to direct effects, it has been suggested that OA alters 
competitive dynamics between calcareous species and fleshy seaweeds which has the potential to 
drive significant ecosystem shifts (Kroeker et al. 2013).  
 
8.3 Sedimentation and a changing light climate  
 
Sedimentation and increasing water column turbidity are pervasive issues in coastal ocean 
environments globally because they can alter physical, biological and biogeochemical properties and 
processes. Coastal erosion is amplified by land-based anthropogenic activities such as deforestation, 
agriculture, urbanisation and coastal development, which can be exacerbated by climatic changes such 
as increased precipitation, storm events and sea level rise (Neverman et al. 2023; Smith et al. 2023). 
New Zealand is no exception, with an estimated 192 million tonnes of soil lost each year equating to 
1.7% of global sediment delivery (MfE and Stats NZ 2018).  
 
Sedimentation has been shown to influence the distribution of macroalgae along rocky shore and soft 
sediment habitats (see review by Airoldi 2003), including within New Zealand (Morrison et al. 2009; 
Wing et al. 2022). Sediment can disrupt the settlement and attachment of kelps during their 
microscopic stages (Arakawa & Matsuike 1992; Chapman et al. 2002; Devinny & Volse 1978) and 
can lower the survival and germination rates of successfully attached spores through scouring and 
sediment burial (Arakawa & Matsuike 1992; Schiel et al. 2006). For adults, sedimentation has been 
found to decrease primary productivity (Alestra et al. 2014), reduce growth, and impair regeneration 
(Umar et al. 1998), which can ultimately influence species composition and distribution (Airoldi 
2003). However, the persistence of some kelp forests in sediment-influenced habitats has been linked 
to specific morphological and life history traits, such as robust thali, apical growth and vegetative 
reproduction (Airoldi 2000; Airoldi & Cinelli 1997; Littler et al. 1983). 
 
Often coupled with sedimentation is an increase in water column turbidity though suspended 
sediments which can greatly limit the light and therefore energy available for photosynthesis (Gattuso 
et al. 2006). Blain et al. (2021) showed that water column turbidity alone reduced light availability 
within Ecklonia forests by 63%, resulting in a 95% reduction in primary productivity. Considering 
that macroalgae can contribute up to 90% of total carbon to coastal food webs (Duggins et al. 1989; 
Gattuso et al. 2006), reduced primary productivity through light limitation can have direct 
implications for coastal food webs and carbon sequestration pathways (Blain et al. 2021). Gradients of 
increasing sediments have also been shown to severely compromise the health and resilience of giant 
kelp beds (Tait 2019). 
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Light availability within macroalgal forests is highly dynamic, and along with water column turbidity, 
can also depend on atmospheric conditions, tides and shading from canopy foliage (Tait 2019). 
Macroalgae employ a range of mechanisms to deal with this variability including dynamic 
photoinhibition under high light stress, acclimation through varying concentrations of specific 
pigments and adaption through changes to thallus morphology which can alter the efficiency of light 
absorption per unit of photosynthetic tissue (Blain et al. 2020; Colombo-Pallotta et al. 2006; 
Johansson & Snoeijs 2002). However, if turbidity persists, it can affect the density, biomass and depth 
distribution of kelp forests (Desmond et al. 2015; Kirkman 1989; Tait 2019), as well as affect the 
resilience of kelp beds to multiple stressors (Krumhansl et al. 2016). 
 
8.4 Eutrophication 
 
Coastal eutrophication is driven by elevated nutrient enrichment from increased anthropogenic inputs 
(which are often concomitant with sediment inputs). This stimulates the growth of phytoplankton 
which ultimately increases light attenuation within the water column (see Section 8.3 for implications 
of a changing light climate) and ephemeral, opportunistic macroalgae with high maximum intrinsic 
growth rates. Large, perennial algae with lower intrinsic growth rates are not stimulated to the same 
extent and therefore increased nutrient availability is not generally reported to have direct effects on 
kelp canopies. However, greater nutrient concentrations can create favourable conditions for turfing 
species to colonise rapidly and retain space if other stressors such as storm events cause losses of 
canopy cover (Andrew & Sean 2006). This is evidenced globally where turf-forming algae have 
formed extensive habitats within subtidal rocky reef environments adjacent to urbanised coastlines 
(Benedetti-Cecchi et al. 2001; Coleman et al. 2008; Eriksson et al. 2002; Gorgula & Connell 2004; 
Middelboe & Sand-Jensen 2000), which are anticipated to be more pronounced where there is a 
greater disparity between historical and current nutrient loads (Gorman et al. 2009).  
 
Turf species generally have a limited capacity to store nitrogen (Pedersen & Borum 1996) but are 
often able to persist under continued elevated nutrient loading leading to enhanced competition for 
space. Over time, turf algae additionally accumulate sediment (Airoldi et al. 1995) which further acts 
to inhibit the recruitment of canopy-forming kelp (Kennelly 1987). The shift from perennial species 
that form structurally complex communities to opportunistic species that create simpler environments 
can lead to less diverse habitats, including changes to community dynamics such as reductions of 
grazing invertebrates and alteration of local physical properties (Benedetti-Cecchi et al. 2001; Graham 
2004).  
 
8.5 Changing wave climate 
 
Waves and water motion influence many physical properties including light, oxygen, sediment 
movement and nutrient availability, and therefore strongly influences the composition of rocky shore 
communities (Burrows et al. 2008; Pedersen et al. 2012; Smale & Vance 2015; Wernberg & Connell 
2008). Waves also indirectly influence canopy forming algal communities by altering the dispersal 
distance of propagules, with estimates up to several kilometres from the parent plants (Gaylord et al. 
2002). Additionally, wave action influences the persistence of adult plants (Jonsson et al. 2006) and 
their depth distribution (Assis et al. 2024; Graham 1997). It also affects the vigour of canopy 
sweeping which in turn modifies sediment accumulation and light exposure (Kennelly 1989), as well 
as the abrasion from fronds which affects the recruitment, survival and growth of understory algae 
and invertebrates (Connell 2003). By modifying many ecological and physical processes that 
influence community dynamics, changes in wave exposure can have widespread implications for 
rocky shore communities. 
 
As climate change progresses, coastal wave climates are predicted to change with higher wave 
heights, altered wave directions, and more intense and severe storm events which will increase the 
number and magnitude of physical disturbances these communities will experience (Meehl et al. 
2000; Mori et al. 2013; Ummenhofer & Meehl 2017; Wang et al. 2014). While the implications of 
these changes are complicated and likely to be location and community specific, there is evidence of 
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reductions in the diversity and complexity of kelp forest food webs (Byrnes et al. 2011; Castorani et 
al. 2018) and modifications to kelp forest structure (Smale & Vance 2015). When combined with 
other stressors such as rising temperatures, canopy forming algae can reach lethal physiological and 
hydrodynamic stress, further decreasing population extent (Cavanaugh et al. 2011; Hawkins et al. 
2009).  
 

9. MONITORING METHODS, THEIR UTILITY, LIMITS, AND CAVEATS 
9.1 In situ diver surveys 
 
In situ diver surveys can provide accurate information on species’ extent, distribution, abundance and 
biomass, and habitat characteristics. Additionally, experienced human divers are highly adaptable and 
can provide additional insights and detailed information on any unusual or significant observations. 
Divers are particularly useful in cases where thick macroalgal canopies are present. In these cases, 
towed or remote operated cameras can have difficulty observing key sub-canopy metrics, while divers 
are capable of moving canopies aside and collecting quantitative information.  
 
Key methodology includes transect and quadrat surveys and timed searches which can be repeated by 
using fixed positions which can be revisited using GPS and on-surface location or fixed in situ marks. 
However, diver surveys require trained dive personnel with taxonomic skills if species identification 
is required. Because of this, spatial coverage is dependent on the size of the dive team, approach, 
depth and environmental conditions. Physiological limitations of divers underwater limit both the 
coverage and depth distribution of surveys.  
 
9.2 Camera surveys 
 
Camera surveys include drop cameras, towed video, or the use of robots either as autonomous 
underwater vehicles (AUVs) or remotely operated vehicles (ROVs). High accuracy of species 
identification, density and extent can be collected in good weather conditions, and these surveys are 
often faster and generally less expensive than diver surveys. In addition, these systems can ascend and 
descend repeatedly (unlike diver surveys), are typically rated well beyond standard diving depths, and 
therefore can complete more surveys within a day. However, overlap of the canopy can obscure 
understory species, all optical surveys require good visibility, and manoeuvrability is often limited. 
 
Drop cameras are typically cheaper, quicker, easier to deploy and require less maintenance then 
AUVs or ROVs. They often require smaller teams to operate and can be used to rapidly image large 
areas of the seafloor. They can be towed to follow a transect line and have a relatively greater spatial 
resolution of up to 2 km2/day (Tillin et al. 2023), but there is little control over their exact position, 
and they are greatly affected by swell which can lead to a large proportion of photographs being 
unsuitable for quantitative analysis.  
 
An AUV is a battery-powered, unmanned underwater robot that can operate independently of a 
surface vessel for durations ranging from a few hours to several days. AUVs can execute a fully pre-
planned survey mission or adapt their plan during the mission as more advanced control systems are 
developed. Once the AUV surfaces, the collected data are transferred via a WiFi link or data cable. In 
contrast, an ROV is connected to the surface by an umbilical cable. This cable transmits control 
signals to the ROV and sometimes supplies power to the ROV, while simultaneously sending video 
footage and telemetry data back to the operator at the surface. 
 
Small AUVs and ROVs, typically less than 3 m long, can be manually deployed from the shore or 
small vessels making them particularly suited for macroalgae surveys. Both systems are adept at 
gathering geophysical, biological, and oceanographic data from both the seafloor and the water 
column. They can operate less than 5 m over the seabed as well as being equipped with high-
definition camera systems. Combined with advancements in image processing, this enables the 



 
 

20 • A review on the relationships between macroalgae and New Zealand’s wild fisheries  Fisheries New Zealand 
 

creation of extensive imagery datasets. These datasets can be processed to produce continuous, 
georeferenced photographic coverage of the seabed, covering up to 1 km2/day (Tillin et al. 2023). 
However, AUVs and ROVs are more expensive to operate than towed systems, are more prone to 
equipment failure, and often require a highly skilled pilot or technical support. For smaller ROVs, 
there are power limitations at increased depths (due to increased drag) and challenging environmental 
conditions can also reduce performance, along with the risk of entanglement of the tether which can 
lead to the loss of the instrument. 
 
9.3 Acoustic surveys 
 
Acoustic surveys, although having been used in deepwater and pelagic fisheries for some time, are 
emerging as an efficient tool for marine benthic habitat assessments that can be automated and cover 
large spatial scales (Brown et al. 2011; Nau et al. 2025; Schimel et al. 2020). These types of surveys 
typically produce sonograms of reef sounds which, when identified, can lead to assessments of 
species present in an area. Macroalgal beds significantly influence the strength of acoustic backscatter 
by dampening the return echo signal. Sonar systems can be operated from boats with the sensor 
(transducer) mounted on the hull or towed. There are two main types of sonar: single beam echo-
sounders (SBES) and swath sonars (sidescan and Multi Beam Echosounder (MBES)). Single beam 
echo-sounders emit a vertical cone of sound that ensonifies a specific area of the seabed (a circle in its 
simplest form) directly beneath the vessel. The sound reflects off the seafloor and returns to the 
transducer, which converts the sound energy back into an electrical signal. This signal is then 
analysed as a time-trace of the energy. SBES are the simplest of the SONAR systems, and their echo 
analysis is much less complex compared to swath systems like sidescan and multibeam sonars. Swath 
sonars, on the other hand, ensonify a strip of the seabed perpendicular to the vessel, with the range on 
either side depending on the sonar's frequency (Davies et al. 2001) and can provide a greater spatial 
coverage. 
 
Acoustic surveys have the advantage that they are not limited by water column turbidity (Brown et al. 
2011) and have been shown to distinguish between canopy-forming and filamentous macroalgae 
(Lubsch et al. 2020), such as different species of Laminaria (Blight et al. 2011). However, 
distinguishing between species with similar properties has been reported to be less feasible (Blight et 
al. 2011) and the detection of seaweeds without air-filled vesicles still remains difficult (Tillin et al. 
2023). However, recent studies show that species such as Ecklonia with no pneumatocysts are able to 
be accurately identified over large areas (Nau et al. 2025). Additionally, the ability to detect species 
extent decreases with depth (McGonigle et al. 2011), overlapping fronds reduce abundance estimates, 
there is often a high acquisition cost of sonar equipment, and there is difficulty using the equipment 
from small boats. Despite the limitations of these methods (particularly the challenges of species-
specificity), they are a useful tool for detecting kelp over large areas and at reasonable depths. 
  
9.4 Aerial imagery 
 
Aerial imagery can be used to increase spatial and temporal monitoring of coastal ecosystems. These 
range from satellites to manned aircraft to unmanned aerial vehicles (UAV; i.e., drones), which all 
vary in their spatial coverage, resolution and cost. Earth observation satellites have the greatest spatial 
and temporal coverage and are often freely available but are limited in their resolution and flexibility, 
particularly relating to when useful images are captured. In comparison, a drone provides high pixel 
resolution and flexibility in the timing of imagery capture but is more expensive (to acquire the 
imagery) than using satellite data and has less spatial coverage. The most suitable platform, therefore, 
depends on the requirements of the survey and typically involves a trade-off between spatial 
resolution (pixel size), spatial coverage, the skills of personnel and processing costs.  
 
The spectral resolution of aerial imagery describes the number and width of spectral bands within the 
sensor, and dictates the level of detail that can be extrapolated. Visible light imagery, or red green 
blue (RGB), includes three bands of data representing the intensities of the red, green and blue 
wavelengths of each pixel. Multispectral imagery includes additional bands outside of the visible light 
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spectrum such as those in the ultra-blue, near infrared (NIR) and short-wave infrared wavelengths. 
This is particularly important when distinguishing vegetation because of the dissipation of infrared 
wavelengths during active photosynthesis. The reflection of electromagnetic radiation in specific 
wavelengths differs between species making it possible to distinguish species or higher functional 
groups in multispectral imaging. The combination of richer data (e.g., more bands) and specific 
spectral properties of different biogenic habitats in the NIR range provides a powerful tool for 
accurate identification of a greater range of species. 

9.4.1 Drone imagery 
UAVs or drones describe a range of aircraft than can be piloted from the ground. They are 
increasingly being used in various environmental and ecological monitoring campaigns (Chirayath & 
Earle 2016; Koh & Wich 2012; Tait & Mangan 2024; Ventura et al. 2023), across different ecosystem 
types such as intertidal rocky reefs, floating algal canopies and estuaries. UAVs can be fitted with a 
wide range of sensors including RGB cameras, multispectral cameras, hyperspectral cameras, thermal 
imagery, Light Detection and Ranging (LiDAR) imagery and high-resolution GPS positioning. For 
example, when fitted with multispectral cameras, drones are particularly effective for examining the 
spatio-temporal distribution of key biogenic features or functional groups, and within some functional 
groups of vegetation, it is possible to identify species or genus levels accurately (Tait et al. 2019). 
However, this also requires the integration of in situ sampling to both validate detections and provide 
estimates of uncertainty in analyses which are essential for accurately differentiating species.  
 
UAV survey flights can be timed for alignment of optimal environmental conditions for the species of 
interest, such as during low spring tides. They can also be flown at differing altitudes to obtain the 
necessary pixel resolution to identify smaller features or patches which is particularly important 
within complex rocky reef communities. High pixel resolution also enables object-based recognition 
analyses compared to variations in spectral signatures of coarser imagery. Furthermore, UAV flight 
paths can be pre-programmed and repeated to generate multi-temporal datasets for change detection 
analysis. However, UAVs can only realistically cover relatively small areas (e.g., less than 10 km2 for 
surveys within specific tide windows), and requires the field team to be deployed near study sites. 

9.4.2 Manned fixed wing imagery  
Manned fixed wing imagery has similar advantages of drone imagery but can typically be used for 
covering large areas by increasing flight durations. For example, they can stay airborne for periods 
from 20 minutes to several hours. However, they often need larger take-off and loading areas, 
assistance to launch or capture and can be costly to attain hardware and to deploy. In addition, the 
pixel resolution is often coarser when compared to drone captured imagery, a fixed flight speed is 
often necessary, there is a risk of smearing at low altitudes, and it is more difficult to be agile around 
optimal environmental conditions, such as cloud cover (Kvile et al. 2024). There can also be 
challenges in collecting high resolution overlapping imagery from fixed-wing aircraft, although some 
specialist craft and teams are specifically configured to acquire such data. While costs per unit area 
can be similar to UAV operations, the base cost for fixed-wing operations are much higher. 

9.4.3 Satellite imagery  
Satellite imagery can be used for passive remote monitoring using freely available satellites by 
providing imagery of high enough resolution for broad habitat classification (Bell et al. 2018). For 
example, earth observation satellites with a pixel size of 10–30 m have been used for remote imaging 
of Macrocystis providing data which relates well to in situ observations (Bell et al. 2018; Bell et al. 
2015; Cavanaugh et al. 2011). Analyses can be run over very large scales and provide frequent 
observations through time. The spatio-temporal scale of these datasets provides a unique opportunity 
to assess how broad-scale variables and stressors impact kelp bed abundance and distribution 
(Hamilton et al. 2020). 
 
A range of satellite products exist, but they vary in pixel resolution, the number of spectral bands they 
capture, and the frequency of passes. Readily available earth observation satellites regularly use broad 
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multispectral imaging, such as the Sentinel-2A constellation (European space Agency: 13 bands 
between 443–2190 nm) and Landsat-8 (U.S. Geological Survey: 9 bands between 430–1380 nm) 
where the pixel resolution varies between bands. Bands with resolution in the red-edge and NIR 
wavelengths enable accurate identification of surface canopies of kelp species (Timmer et al. 2022). 
Products incorporating these wavelengths are required to detect floating seaweed canopies. 
 
In New Zealand, satellite remote sensing of Macrocystis has been successfully used to understand 
environmental effects on distribution, showing that water clarity and marine heatwaves were key 
drivers of kelp loss (Tait et al. 2021). The ability to freely and retrospectively assess changes in the 
distribution and abundance of kelp across its full range is only possible through satellite tools and 
represents a significant opportunity to provide near-real time information for use in management 
interventions. The suitability of satellite imagery to detect subtidal canopies of Macrocystis as well as 
other large macroalgal species is currently being investigated within New Zealand. 
 

10. MONITORING KELP FOR BETTER FISHERIES MANAGEMENT 
 
Kelp and macroalgae are a key component of all temperate marine ecosystems, and directly and 
indirectly support a range of fisheries. The value of macroalgal carbon is likely to be worth millions 
of dollars per annum, yet changes and variability of kelp beds are not incorporated into fisheries 
management in a meaningful way. Leveraging key datasets that provide evidence of the spatio-
temporal variability of kelp and macroalgae may provide a novel and useful tool for better 
management of tightly linked fisheries. For example, giant kelp and other seaweeds have faced 
significant losses in years of severe marine heatwaves (Thomsen et al. 2019, Tait et al. 2021), and 
these events may be linked to year-class failure or reductions in dependent fisheries.  
 
Here the utility of satellite remote sensing is considerable (Bell et al. 2018). Continuous passive 
monitoring of surface canopies by satellites provides a timely, cheap, and effective means of tracking 
the distribution, abundance and health of kelp (Cavanaugh et al. 2021), and can enable a more 
informed fisheries management approach. Given the scale, remoteness, accessibility, and variability 
of kelp in New Zealand, satellite remote sensing is one of the few methods able to be implemented 
across New Zealand immediately. This could be achieved through the creation and management of an 
updateable interface that ingests new satellite imagery and automatically processes it to produce 
layers of kelp distribution and abundance. As a separate objective of this wider project, we aim to 
collate existing datasets and produce a tool to map trends in Macrocystis distribution over time. These 
data can then be used to assess historical trends and model future scenarios of macroalgal distribution 
in response to the effects of climate change, and to discuss the implications this may have for 
fisheries.  
 
10.1 Recommendations for updateable GIS database to store multi-scaled data  
 
Two key long-term, freely available, earth observation satellite products exist, Sentinel-2 and Landsat. 
These products have been running for a decade or more, have good resolution, and have bands in the 
NIR wavelengths. The key difference between the two is currently the minimum pixel size, with 10 × 
10 m pixels available for Sentinel-2, while Landsat 8 has 30 × 30 m pixels, and Landsat-9 (launched 
2021) has 15 × 15 m pixels. Sentinel-2 has more spectral resolution in the red-edge wavelengths (i.e., 
700–730 nm).  
 
For these reasons we currently recommend Sentinel-2 imagery for the identification and delimitation 
of surface canopies of giant kelp. Access to these repositories can be achieved through freely 
available, open-access interfaces, such as Jupyter Notebooks. This Python coding interface allows 
various selection and processing algorithms to filter and prepare data for analysis and presentation.  
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11. DISCUSSION  
This review synthesises current national and international literature on the ecological and economic 
relationships between large habitat-forming macroalgae and New Zealand’s wild fisheries. The 
primary focus was to assess the direct and indirect pathways through which macroalgae support 
fisheries production, and to evaluate the vulnerability of these systems to environmental stressors.  
 
Macroalgal habitats support fisheries through a range of ecological pathways. These include direct 
grazing by species such as pāua and kina, the provision of structurally complex habitat that enhances 
recruitment and survival of juvenile fish and invertebrates, and the support of epifaunal communities 
that serve as prey for higher trophic levels. Additionally, macroalgae contribute significantly to the 
production of SPOM and detritus, which are assimilated by filter feeders and benthic invertebrates, 
thereby enhancing secondary productivity and energy transfer through food webs. Stable isotope 
analyses have demonstrated that macroalgal-derived organic matter can comprise a significant 
proportion of the biomass of key fisheries species in regions with intact kelp forests. These findings 
underscore the importance of macroalgae in sustaining the productivity of high-value fisheries. The 
estimated asset value of 13 kelp-associated fisheries species in 2019 in New Zealand is approximately 
$NZD5.24 billion, with macroalgal contributions accounting for around $NZD4 billion of this total. 
While this valuation is based on quota asset values and does not capture the full range of ecosystem 
services or non-commercial benefits, it provides a useful heuristic for understanding the scale of 
macroalgal contributions to fisheries. 
 
Despite these established linkages, several critical areas of uncertainty and information gaps remain. 
The cumulative impacts of multiple stressors, including rising sea temperatures, sedimentation, ocean 
acidification, and overgrazing by sea urchins, and their influence on macroalgal life histories, 
recruitment, and recovery dynamics pose complex challenges to the resilience of macroalgal 
ecosystems. This review additionally highlights the advantages of utilising satellite remote sensing to 
investigate the effects of large-scale environmental stressors. However, continued research, 
particularly into the potential to use satellite remote sensing to correlate to subtidal beds and other 
important macroalgal species, combined with other monitoring methods will improve our 
understanding of macroalgal dynamics and further contribute to more informed ecosystem-based 
management of New Zealand’s coastal marine resources.  
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