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Listing advice for the Giant Kelp Marine Forests of South East Australia ecological community 

Advice to the Minister for Environment Protection, Heritage and the Arts from the 

Threatened Species Scientific Committee (the Committee) on an Amendment to the List of 

Threatened Ecological Communities under the Environment Protection and Biodiversity 

Conservation Act 1999 (EPBC Act) 

 

1. Name of Ecological Community 

 

Giant Kelp Marine Forests of South East Australia 

 

This advice follows the assessment of information provided by a public nomination to list the 

Giant Kelp Marine Forests of the East and South Coasts of Tasmania in the endangered category 

of the list of threatened ecological communities under the EPBC Act. The name has been changed 

to reflect the full national extent of the ecological community. 

 

Research and expert opinion indicated that Giant Kelp Marine Forests also occur at locations off 

the coast of South Australia and Victoria. The Committee recommends that the ecological 

community be named as Giant Kelp Marine Forests of South East Australia to reflect this 

broader distribution. 

 

Throughout this document the Giant Kelp Marine Forests of South East Australia is often 

abbreviated to ‘giant kelp marine forests’ or ‘the ecological community’. 

 

2. Public Consultation 

 

The nomination and a draft description of the ecological community were made available for 

public consultation for a minimum of 30 business days. Consultation with experts on the 

ecological community also assisted with the determination of the national ecological community. 

The Committee has had regard to all public and expert comment that was relevant to the 

consideration of the ecological community. 

 

3. Summary of conservation assessment by the committee 

 

The Committee provides the following assessment of the appropriateness of the ecological 

community’s inclusion on the EPBC Act list of threatened ecological communities. 

 

The Committee judges that the ecological community has been demonstrated to have met 

sufficient elements of: 

 

 Criterion 1 to make it eligible for listing as vulnerable  

 Criterion 2 to make it eligible for listing as vulnerable 

 Criterion 3 to make it eligible for listing as endangered  

 Criterion 4 to make it eligible for listing as endangered  

 

The highest category for which the ecological community is eligible to be listed as is 

endangered. 
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4. Description 

Definitions of scientific terms used in this listing advice may be found at the end of this document 

in the Glossary.  

 

Overview  
 

Kelp forests are shallow coastal marine ecological communities of cold water regions organised 

around the structure and productivity of members of the order Laminariales (Tegner and Dayton, 

2000). Giant kelp marine forests are phyletically diverse, structurally complex and highly 

productive components and foundation species of cold-water rocky marine coastlines around the 

world (Stenek et al., 2002). The most dense forests and largest canopies are produced by kelp 

from the genus Macrocystis, which contains only one species: Macrocystis pyrifera, known as 

giant kelp or string kelp. Giant kelp marine forests in Australia are found predominantly in 

temperate south eastern waters on rocky reefs where conditions are cool and relatively nutrient 

rich (Womersley, 1954, 1959; Womersley et al., 1957; Edyvane, 2003; Johnson et al., 2011).  

 

The Giant Kelp Marine of South East Australia is a unique ecological community that extends 

from the ocean floor to the ocean surface and exhibits a ‘forest-like’ structure with a diverse range 

of organisms occupying its benthic, pelagic and upper-canopy layers. The ecological community 

is characterised by a closed to semi-closed surface or subsurface canopy of M. pyrifera. 

Macrocystis pyrifera is the only species of kelp able to provide this three dimensional structure 

from the sea floor to the sea surface, so if giant kelp plants are lost or removed, the ecological 

community no longer exists.  

 

The Giant Kelp Marine Forests of South East Australia ecological community occurs on rocky 

substrate, typically at greater than eight metres below sea level (bsl), along the east and south 

coastlines of Tasmania (from Eddystone Point in the north east, along the east coast and around to 

Port Davey in the south) (Edgar, 1981; Edgar et al., 1982; Sanderson, 1997; Barrett et al., 2001; 

Edyvane 2003). Some patches of the ecological community may also occur at greater than eight 

metres bsl in the coastal waters of northern and western Tasmania, south eastern South Australia 

as far west as Margaret Bock Reef near Robe, and in Victoria as far east as Gabo Island (Edyvane 

1998; Edyvane and Bakker, 1999; Crozier et al., 2007; Millar pers. comm., 2011; Shepherd and 

Edgar, 2012). This distribution encompasses the Otway, Central Victoria, Two Fold Shelf, Boags, 

Freycinet, Bruny, Davey and Franklin marine bioregions (DPIWE, 2001; Commonwealth of 

Australia, 2006). 

 

Patches of M. pyrifera included in the Giant Kelp Marine Forests of South East Australia 

ecological community act as ecosystem engineers by providing vertical structure in the water 

column and altering the immediate light and hydrological environment with their stipes and 

canopy (hence their likeness to terrestrial ‘forests’). This habitat structure is inhabited by a diverse 

assemblage of animals and smaller seaweeds. The primary production of giant kelp is also utilised 

by a broad community of organisms (Hobday et al., 2006; Okey et al., 2006) making the 

ecological community a distinctive and important habitat type on shallow sub-tidal reefs in south 

eastern Australia (Johnson et al., 2011). The high primary and secondary productivity of the giant 

kelp marine forests create and provide a number of ecosystem services to the local environment 

including settlement habitat for juvenile life stages of commercially important marine species, 

improvements in local water quality conditions and coastal protection via buffering strong waves 

from reaching the shore. 
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Patches of M. pyrifera that occur between the low tide mark and eight metres bsl are not likely to 

be part of the listed ecological community. Macrocystis pyrifera found in shallower water (low 

tide mark to eight metres bsl) may not develop a tall ‘forest-like’ vertical structure and closed or 

semi-closed canopy that M. pyrifera can have when growing from a greater depth and therefore 

may not create the same physical habitat which supports the marine flora and fauna that comprise 

the Giant Kelp Marine Forests of South East Australia ecological community. Where a patch 

between low tide mark and eight metres bsl does form a surface canopy it is likely to be 

considered included in the listed the ecological community. 

 

Taxonomy 

 

Phenotypic and genetic research since 2001 has shown that the genus Macrocystis is monospecific 

rather than including a number of different species (Coyer et al., 2001; Graham et al., 2007). In 

2009, Demes et al. found that, internationally, all four previously recognised species of 

Macrocystis are conspecific and therefore should be synonymised with M. pyrifera, which has 

nomenclatural priority as the originally named type specimen. Research of Macaya and Zuccarello 

(2010) into DNA of the Macrocystis genus also supported the recognition of a single species. A 

taxonomic revision now formally recognises M. pyrifera as the single official species name 

(Algaebase, 2010).  

 

Within Australia, two species of Macrocystis were previously recorded: Macrocystis angustifolia 

and M. pyrifera (Womersley, 1954, 1987). Until recently, the distinction between the two species 

of Macrocystis was based on holdfast morphology and depth to which the plants grew. 

Macrocystis angustifolia was considered present on the Bass Strait coast of Tasmania and further 

north in Victoria and South Australia, while M. pyrifera was the ‘giant’ species, present along the 

east, south and western coasts of Tasmania (Womersley, 1987). Edgar (1984) noted that M. 

pyrifera formed forests as dominant species from eight to 22 metres depth bsl in Tasmania. Both 

previously recorded morphospecies are now recognised as M. pyrifera, and can be the foundation 

species for the Giant Kelp Marine Forests of South East Australia ecological community as long 

as the other key defining characteristics of the ecological community are satisfied. 

 

To reduce confusion, for the purposes of this Listing Advice, literature published prior to the 

taxonomic review referring to Macrocystis angustifolia is included here using the newly 

recognised name of M. pyrifera.  

 

Community Structure and Species Composition 

 

Kelp such as M. pyrifera provide important habitat structure for other organisms in reef 

ecosystems. This habitat structure varies considerably, depending on the type of kelp species 

present (Edmunds et al., 2010). Tall vertical structures in the water column are formed by M. 

pyrifera, typically between eight to 35 m bsl. These can form a dense layer of fronds floating on 

the water surface. Species such as Ecklonia radiata (common kelp), Phyllospora comosa (cray 

weed) and Durvillaea potatorum (bull kelp), can also form a sub-canopy from 0.5-2 m above the 

rocky substratum. Lower layers of structure are formed by foliose macroalgae between 10-30 cm 

high, such as the green Caulerpa and red Plocamium species (Edmunds et al., 2010). Turf-

forming red algae species (up to 10 cm high) including Pterocladeilla capillacea and hard 

encrusting layers of red coralline algae complete the understory algal layers. The nature and 

composition of these structural layers varies considerably within and between reefs, depending on 

the biogeographical region, depth, exposure to swell and waves, currents, water temperature 

range, water clarity and presence of sand (Edmunds et al., 2010). 
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Dayton (1985) describes giant kelp marine forests as being similarly structured ecological 

communities characterised by patches composed of guilds with different canopy adaptations that 

include: 

 a floating canopy of M. pyrifera with fronds at, or near, the surface 

 a stipate, erect understorey in which the M. pyrifera fronds are supported above the substratum 

 a prostrate canopy in which the fronds lie on, or immediately above, the substratum 

 various turf-forming associations usually composed of articulated coralline algae or foliose 

and filamentous red algae 

 encrusting coralline algae often associated with sea urchins.  

Within Australia, the Giant Kelp Marine Forests of South East Australia ecological community 

typically conforms to the structure described above. Variations to this structure may occur on a 

seasonal or yearly basis due to localised or large scale changes in physical parameters (Edgar, 

1981, 1984; Sanderson, 1997; Edyvane, 2003). 

Macrocystis pyrifera acts as the foundation species for diverse energy-rich habitats that are of 

high ecological importance (Coyer et al., 2001; Sanderson, 1997; Edyvane, 2003; Okey et al., 

2006; Graham et al., 2007; Demes et al., 2009). The presence of giant kelp alters the nature of 

reefs by adding vertical structure. This leads to increased habitat complexity and increased 

biodiversity. Giant kelp plants provide shelter and habitat for a large number and diversity of 

fauna, including fish, molluscs (sea snails), bryozoans (lace corals), polychaetes (worms), 

crustaceans (crabs, isopods, amphipods), echinoderms (sea urchins, seastars) and sponges 

(Edyvane, 2004).  

 

Importantly, the Giant Kelp Marine Forests of South East Australia harbour coastal fish and 

invertebrates because of the variety of microhabitats, refugia, attachment opportunities and food 

they provide (Okey et al., 2006).  

 

Giant kelp marine forests support high levels of marine faunal biodiversity because of the three 

dimensional structure (Edyvane, 2003, 2004; Hobday et al., 2006) that provides habitat in several 

ways such as: 

 settlement habitat and a trigger for settlement of larvae;  

 food and shelter for adults living among the kelp fronds; and  

 for organisms living directly on the kelp plant itself or for organisms living on the seafloor, in 

the low-light, sheltered environment created beneath the canopy of the kelp. 

 

Understorey and Seafloor 

 

Macrocystis pyrifera forms forests of varying density. Where it forms very dense stands, it may 

reduce the light intensity, which favours shade-tolerant encrusting Lithothamnion (Cribb, 1954). 

In other places the understorey of the ecological community is of variable density, generally 

dominated by Ecklonia radiata (common kelp) (Seacare, 2002) but often with a variety of other 

algae such as the brown algae Zonaria turneriana, Zonaria angustata, Halopteris spp. and 

Cystophora spp. Low turf-forming fleshy algae, encrusting and articulated coralline algae are also 

prevalent (Edyvane, 2003, 2004). 

 

Grazing and predatory mobile invertebrates are prominent animal inhabitants of the ecological 

community. Common grazers include Haliotis rubra (blacklip abalone) and H. laevigata (greenlip 

abalone), Turbo undulatus (common warrener) and Heliocidaris erythrogramma (purple sea 
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urchin), Holopneustes spp. and Amblypneustes spp. (Edmunds et al., 2010). The abundance of 

grazers within the ecological community can influence the growth and survival of habitat forming 

species. For example, sponges and foliose seaweeds are often prevented from growing on 

encrusting coralline algae surfaces through the grazing actions of abalone and sea urchins 

(Edmunds et al., 2010). Predatory invertebrates typically found in the ecological community 

include Dicathais orbita (dogwhelks), Jasus edwardsii (southern rock lobster), Octopus maorum 

(octopus) and a wide variety of seastar species (Edmunds et al., 2010) including Meridiastra 

calcar, Uniophora sp. (sea stars), Coscinasterias calamaria (eleven-armed sea star) and Tosia 

spp. (biscuit stars) (Edyvane, 2003; 2004). 

Mobile filter feeding echinoderms commonly live and feed on the seafloor under kelp forests and 

include Cenolia trichoptera (feather star). Other large reef invertebrates present on the seafloor 

include sessile (attached) animals such as sponges, tunicates, anemones, cup corals and 

bryozoans, which all form part of the Giant Kelp Marine Forests of South East Australia 

ecological community.  

 

The rare benthic fish Thymichthys politus (red handfish) is associated with rocky reef habitats in 

Tasmania such as those occupied by the ecological community and is confined to less than 10 

sites in south-eastern Tasmania (Gledhill and Green, 2010). Another benthic fish species 

Brachiopsilus ziebelli (Ziebell's handfish) has been found on the edge of kelp forests at the 

Actaeon Islands and in Cox's Bight (Edgar et al., 1982). The red handfish is listed as Critically 

Endangered and the Ziebell’s as Vulnerable under the EPBC Act. Both are protected in Tasmania 

under the Living Marine Resources Act 1995.  

 

Due to the reduced water flow caused by the protection of the giant kelp marine forest canopy, 

concentrated settlement of planktonic larvae can occur beneath the canopy. This is beneficial for 

the settlement of puerulus of Jasus edwardsii (southern rock lobster), and also leads to a high 

abundance of filter-feeders or suspension feeders on the sea floor that feed on kelp detritus 

(Edyvane, 2004). Limpets ingest broken pieces of giant kelp, and detritivores ingest microscopic 

pieces of kelp after it has broken down in the surf (Edyvane, 2004). 

 

The holdfast of giant kelp also supports important components of the ecological community. A 

wide suite of animals occur or rely on the holdfast, including portions that are decaying, including 

isopods, amphipods, crabs, sea urchins, polychaetes, ophiuroids (brittle stars), small fish, eels, 

hydroids, bryozoans, gastropods and sponges (Edyvane, 2003, 2004).  

 

Water Column 

 

Numerous species reside in the water column within the ecological community closely associated 

with giant kelp plants including cuttlefish, seahorses and diverse assemblages of planktonic 

species such as jellyfish, crustaceans and fish larvae (Edyvane, 2004). Fishes are also a dominant 

component of the Giant Kelp Marine Forests of South East Australia ecological community, in 

terms of both biomass and ecological function (Edmunds et al., 2010). 

 

Reef fish assemblages associated with the ecological community may include roaming predators 

such as Notolabrus tetricus (blue-throated wrasse), herbivores such as Olisthops cyanomelas 

(herring cale), planktivores such as Scorpis aequipinnis (sea sweep) and picker-feeders such as 

Meuschenia freycineti (sixspined leatherjacket) (Edmunds et al., 2010). The type and abundance 

of each fish species varies considerably, depending on bioregion, exposure to swell and waves, 
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depth, currents, reef structure, seaweed habitat structure and many other ecological variables 

across the range of the ecological community.  

 

Other fish species that are part of the Giant Kelp Marine Forests of South East Australia 

ecological community include: Notolabrus fucicola, Pictilabrus laticlavius, Pseudolabrus 

mortonii (wrasse spp.), Acanthaluteres spilomelanurus (bridled leatherjacket), Aracana aurita 

(Shaw’s cowfish), Caesioperca lepidoptera (butterfly perch), Trachinops caudimaculatus 

(southern hulafish) and Pempheris multiradiata (bigscale bullseye) (Edgar et al., 1982; Sea Care, 

2002; Edyvane, 2003, 2004). Fish species such as Latris lineata (striped trumpeter), Latridopsis 

forsteri (bastard trumpeter), Acanthopagrus australis (yellowfin bream), Girella tricuspidata 

(luderick) and Chrysophrys auratus (snapper) may feed on the algae and small crustaceans on the 

reef beneath the kelp (Edgar, 2001; Sea Care, 2002; Edyvane, 2003; 2004). Phyllopteryx 

taeniolatus (weedy or common sea dragon), occurs over rocky reefs throughout the distribution of 

the ecological community and has been found in association with giant kelp marine forests where 

they feed on small crustaceans (Edgar et al., 1982).  

 

Other species attach to the fronds of the kelp plants within the water column. A characteristic 

invertebrate commonly found on giant kelp plants in the ecological community is the bryozoan, 

Membranipora membranacea (lace coral), whose calcium carbonate calcareous skeleton forms 

large, white, lacy patches on the kelp frond. Membranipora also provides both shelter and food 

for nudibranchs (sea slugs) from the family Coramidae (Edyvane, 2004). 

 

Physical Environment Required by the Giant Kelp Marine Forests of South East Australia 

Ecological Community 

 

The availability of light, substrata and nutrients, the motion, turbidity, salinity, and temperature of 

the water (Dayton, 1985) as well as competition and predation (Steneck et al., 2002), all impact on 

the distribution and survival of the ecological community. The roles of each of the above factors 

are interdependent and vary across the environment e.g. parameters will vary across depth 

gradients (Dayton, 1985) and also affect the juvenile and adult stages of giant kelp and other 

component species of the ecological community in different ways.  

 

At the ecological community level, the diversity and productivity of giant kelp systems are driven 

primarily by oceanographic processes that regulate the distribution, abundance and standing stock 

of the main foundation species, M. pyrifera (Graham et al., 2007). Consequently, the description 

of the physical environment required for the ecological community to exist focuses significantly 

on the physical requirements of the giant kelp plant itself and its various life stages. 

 

Substrata 

 

Mature stands of giant kelp are restricted to hard substrata while the microscopic germination and 

juvenile stages are free living (Dayton, 1985). In order to reach maturity, the giant kelp spores 

must have a hard substratum to attach to (Cribb, 1954). Rocky reefs typically greater than eight 

metres bsl are the substratum required for the Giant Kelp Marine Forests of South East Australia 

ecological community to develop. 

 

The outer limits of patches of the ecological community are often determined by the appearance 

of a sandy substratum rather than being limited by water depth. Sand and other sediment 

significantly interferes with the ability of spores, gametophytes and young plants to settle and 

survive (Dayton, 1985).  
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Light Levels and Water Depth 

Giant kelp requires clear, shallow water no deeper than approximately 35 metres bsl (Edyvane, 

2003; Shepherd and Edgar, 2012). They are photo-autotrophic organisms that depend on 

photosynthetic capacity to supply the necessary organic materials and energy for growth 

(Chapman, 1974). Quality and quantity of irradiance are critical to all algal life-history stages as 

many important physical and biological processes are ultimately light-related (Dayton, 1985). 

Because the quantity of light penetration decreases and light quality changes as water depth 

increases, light availability and the depth to which plants can survive are interrelated for M. 

pyrifera.  

Sediment in the water column can lead to increased turbidity and decreased light availability 

(Dayton, 1985). Processes that release sediment into or disturb sediment within the marine 

environment impact available light levels in the water column. Because giant kelp plants require 

clean, clear water to grow, increased turbidity can impact on the survival of giant kelp plants and 

therefore affect the distribution and condition of the Giant Kelp Marine Forests of South East 

Australia ecological community. 

Water Motion and Wave Energy 

The distribution of M. pyrifera is strongly influenced by natural oceanographic and physical 

influences such as seasonal upwelling and current patterns (e.g. the Bonney upwelling in South 

Australia and the East Australian Current on the east coast), El Niño and La Niña episodes, 

storms, rainfall, and anthropogenic impacts such as discharged waste waters (Tegner and Dayton, 

1987; Edyvane, 2003). 

In addition to large scale water conditions, giant kelp marine forests require regular water motion 

such as internal waves, surges and surface waves for survival. Water turbulence determines the 

availability of nutrients in the water column and enhances nutrient assimilation by the plants 

(Dayton, 1985). Water motion also influences light availability to the lower layers by moving 

canopies (Dayton, 1985). Excessive water motion can however be a cause of plant mortality and 

influences the impact of sedimentation and scour, which in turn alters the availability of suitable 

substrata for gamete settlement and sporophyte (adult plant) development (Dayton, 1985). As 

gametes are not motile, water motion is required for their dispersal. 

Cribb (1954) suggested that giant kelp plants are able to withstand great variations in wave 

exposure, with some beds being subject to maximum exposure and others thriving in sheltered 

bays. Thorough surveys by Edyvane (2003) on the east and south coasts of Tasmania found that 

the favoured sites for Giant Kelp Marine Forests of South East Australia include sheltered 

coastlines, bays, estuaries and inlets protected from the prevailing weather direction (Edyvane, 

2003). These habitats reduce exposure from the full force of incoming wave action, and therefore 

decreases the risk of detachment of sporophytes. These ‘sub-maximal’ wave conditions provide 

enough water motion for effective distribution of nutrients required for growth of the giant kelp 

plants and therefore enhance the presence of the ecological community. 

The eastern coast of Tasmania has a cold, nutrient rich coastline with sub-maximal wave 

exposure, which provides numerous sites favourable to development of M. pyrifera and the 

ecological community (Edgar et al., 1995; Edyvane, 2003). In Victoria and South Australia the 

ecological community may be found in similarly sheltered areas (Edyvane and Bakker, 1999; 
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Edmunds 2000, 2010). The western and southern coasts of Tasmania typically have narrower, 

steeper shelves and due to the prevailing westerly weather conditions, a higher wave energy 

climate (Edgar et al., 1995). This tends to discourage M. pyrifera growing at depths appropriate 

for the ecological community to exist in most locations, as it is harder for gametes to settle and 

sporophytes are more likely to be detached. The northern coasts of Tasmania shelve gradually into 

Bass Strait and are classified as sheltered open or moderately exposed coastal habitats (Edgar et 

al., 1995). This coastline, along with being predominantly sandy substrata at depths greater than 

eight metres below sea level, is not typically exposed to sufficient water motion to support the 

development of the ecological community. 

In areas where giant kelp marine forests do occur in dense patches, they have the ability to reduce 

the velocity of waves reaching the inner edge of the patch, thereby contributing to localised 

protection of the coastline. Further ecosystem services provided by giant kelp marine forests and 

their ability to alter the local hydrological environment are discussed in Section 7 Patch Dynamics 

of Relevant Biology and Ecology.  

Water Temperature  

It is important to note that the ecological community develops only within a specific temperature 

range. Macrocystis pyrifera is confined to waters where the sea surface temperature does not 

exceed 20 °C, as giant kelp plants cannot survive or reproduce in temperatures above 20 °C 

(Cribb, 1954; Edyvane, 2003; Sanderson and Ibbott, 2003). At the lower temperature limit, the 

distribution of giant kelp is limited to waters above 5 °C (Edyvane, 2003). 

 

Temperature effects on giant kelp and the distribution of the ecological community are also 

closely related to other environmental factors such as light thresholds, nutrient absorption and 

growth (Dayton, 1985). For example, as high water temperature and low nutrient concentrations 

can be related, sometimes the seasonal and spatial patterns of distribution of algae that are 

attributed to temperature effects may be due to nutrient changes (Jackson, 1977). Warmer water is 

generally more nutrient poor than cooler water, so as water temperatures increase and place stress 

on the giant kelp plants, nutrient levels can decrease, further impeding the growth of giant kelp 

plants and therefore the development or expansion of the ecological community. 

Cold, nutrient-rich water is what drives the rapid growth of the adult giant kelp plants. The 

ecological community is therefore currently restricted to waters with an average sea surface 

temperature of between 5 °C and 20 °C. Temperate waters off the coasts of South Australia, 

Victoria and Tasmania maintain water temperatures suitable for growth of giant kelp plants. In 

particular, areas that are influenced by cold water currents such as the south coasts of Tasmania 

and cold water upwellings, such as the Bonney upwelling off the coast of South Australia allow 

long term persistence of patches of the ecological community.  

Nutrient Availability  

Nutrients, in particular nitrate, are important for giant kelp growth as photosynthetic production 

by giant kelp is strongly influenced by the nutrient concentration of the surrounding water 

(Jackson, 1977). Nutrients interact with temperature in complex ways. Giant kelp plants are 

known to be sensitive to increases in temperature and corresponding decreases in nutrients 

(Jackson, 1977; Graham et al., 2007; Johnson et al., 2011), and warming water and reduced nitrate 

levels can reduce growth and photosynthesis (Gerard, 1984). 
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Lack of nitrate is the main limiting factor to giant kelp growth as adult sporophytes have limited 

capacity to store nitrogen (Jackson, 1977; Gerard, 1982; Dayton, 1985; Edgar, 2001). The 

stratification of nitrate in the water column is also important to canopy forming kelps such as M. 

pyrifera, and studies have shown responses such as deteriorating canopy occurs when surface 

nitrates are reduced (Jackson, 1977; Dayton, 1985). A lack of other trace elements such as 

phosphorus and iron may also restrict growth of giant kelp (Edgar, 2001). 

 

Occurrences of the ecological community are associated with nutrient rich sites such as 

upwellings and intermittently where land based nutrient sources enter the ocean. For example, the 

deep water patches in South Australia are associated with the Bonney upwelling, and the 

development of patches of the ecological community near Warrnambool in Victoria in the late 

twentieth century and early twenty first century are thought to be in response to increased nutrient 

run off from land. However, land based sources of increased sedimentation and changed nutrient 

loads from runoff can also be a threat to the ecological community (see Section 8, Threats). 

 

Key Diagnostic Characteristics for the Giant Kelp Marine Forests of South East Australia 

ecological community 

 

 Macrocystis pyrifera plants that form a marine forest with a canopy forming at or below the 

water surface; 

 Macrocystis pyrifera plants growing at a depth typically greater than eight metres below sea 

level; 

 A rocky substratum for Macrocystis pyrifera plants to attach to; 

 A diversity of marine species on the seafloor, in the understorey and throughout the water 

column. For example, other marine flora such as seaweeds and marine fauna including fish, 

molluscs (sea snails), bryozoans (lace corals), polychaetes (worms), crustaceans (crabs, 

isopods, amphipods), echinoderms (sea urchins, seastars) and sponges; 

 Cold water with mean sea surface temperature currently known to be between 5 °C and 20 °C; 

 Locations that receive moderate wave exposure; and 

 Distribution restricted to waters off the coast of Tasmania particularly in the Bruny, Freycinet 

and Davey bioregions, but also the Boags and, Flinders, Otway and Franklin bioregions, the 

coast of South Australia in the Otway, and Coorong bioregions as far west as Margaret Bock 

Reef, and the coast of Victoria in the Otway, Flinders, Central Victoria and Twofold Shelf 

bioregions as far east as Gabo Island. 
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Figure 1: Diagram of the features for the Giant Kelp Marine Forests of South East Australia 

 

 
Key to Figure 1: 

 

1. Giant Kelp (Macrocystis pyrifera),), 2. Weedy sea dragon (Phyllopteryx taeniolatus 3. Six-

spined leather jacket (Mesuchenia freycineti), 4. Feather star (Cenolia trichoptera), 5. Brittle star 

(Ophiuroid sp), 6. Urchins, 7. Anemone 8. Sponge, 9. Biscuit stars (Tosia spp), 10. Blacklip 

abalone (Haliotis rubra) 11. Lace coral (Membranipora membranacea) 12. Cup coral 13. 

Southern rock lobster (Jasus edwardsii). 

 

5. Condition Thresholds 

 

Condition thresholds have not been adopted for this ecological community. Although there is 

some evidence to show what constitutes good condition and poor condition for the ecological 

community, the community is difficult to survey and sample in order to determine condition 

throughout its range. In addition, due to the lack of historical data on the ecological community, 

there is often no way to determine what is a relatively ‘natural’ condition and what has occurred 

due to natural or anthropogenic disturbance. Another consideration is the boom-bust growth 

responses of kelp, which mean that timing of a survey may determine the presence or absence of a 

patch in a particular area or the condition of a patch. If all of the key diagnostic criteria are met it 

is likely that a patch of giant kelp is part of the listed ecological community. 
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6. National and International Context 

 

International Distribution 

 

The giant kelp M. pyrifera is the world’s largest benthic organism and most widely distributed 

kelp taxon (Graham et al., 2007). It is found in the northern hemisphere along the west coast of 

the North American continent from southern Alaska to northern Mexico. In the southern 

hemisphere, M. pyrifera has a circumpolar distribution between the latitudes 35-60 degrees south. 

This includes populations on the coasts of South America, south-eastern Australia, the south 

island of New Zealand, the southern tip of Africa and various sub-Antarctic Islands (Cribb, 1954; 

Ricker, 1987; Graham et al., 2007). Within this international distribution M. pyrifera is likely to 

form marine forests similar to those that are the basis for the Giant Kelp Marine Forests of South 

East Australia ecological community but with regionally variable species compositions. 

 

National Distribution 

 

Within Australia, the giant kelp M. pyrifera contributes significant vertical structure to parts of the 

mainland coastal marine environment in Victoria and South Australia, and in Tasmania. The 

ecological community forms the most substantial marine forests along the eastern and southern 

Tasmanian coasts (Sanderson, 1987; Edyvane, 2003). The most detailed and species-specific 

conservation assessment of the Giant Kelp Marine Forests of South East Australia ecological 

community to date was conducted on its distribution along the east coast of Tasmania (Edyvane, 

2003). This study included spatial and temporal mapping of the current and historical distribution 

of the ecological community. The most recent assessment of giant kelp forest decline was 

undertaken by Johnson et al. (2011). Mapping of giant kelp marine forests has been undertaken in 

other parts of the ecological community’s range as part of broader subtidal benthic habitat 

mapping surveys (Edyvane and Baker 1999; Barrett et al., 2001; Ball et al., 2010). 

 

Historically, Macrocystis found on the coasts of Victoria and South Australia was referred to as 

Macrocystis angustifolia (See Taxonomy in Section 4 Overview). Observations of M. pyrifera in 

South Australia and Victoria indicate that its growth is patchy over space and time and that it 

grows predominantly between the low tide mark and less than 10 metres bsl (Shepherd and Edgar, 

2012). Small isolated patches of the ecological community have been recorded as occurring 

intermittently in deeper water off the coasts of Cape Jaffa, South Australia and Warrnambool, 

Victoria in favourable conditions (Edyvane and Baker, 1999; Crozier et al., 2007; Shepherd and 

Edgar, 2012).  

 

Tasmania 

Historically, the east coast of Tasmania supported many more occurrences of the ecological 

community but these have been disappearing since the mid to late 1900s, with the greatest 

declines over the last 20-30 years (Edyvane, 2003; Johnson et al., 2011). In Tasmania, patches of 

the ecological community are predominantly found in sheltered embayments associated with 

rocky reefs on the south and east coasts. Certain patches of the ecological community are rare on 

Tasmania’s west and north coasts but do occur in sheltered areas when and where substrata and 

water conditions are favourable for growth. Patches of M. pyrifera that may have met the 

description for the ecological community have been recorded on the north coast of Tasmania in 

the past (Edyvane, 2003) but are no likely to occur.  
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Victoria 

Macrocystis pyrifera was once present in relatively high abundance in the Port Phillip Heads 

region in Victoria, particularly off Lonsdale Point and in Lonsdale Bight, where it covered most of 

Kelp Reef (Gilmour et al., 2007). It is not clear whether these occurrences historically allowed for 

development of the ecological community; however it is no longer present at these sites. Giant 

kelp may form a forest with a semi-closed canopy at depths of approximately 12 metres bsl off the 

coast of Warrnambool, Victoria. Macrocystis occurs only as far east and north on mainland 

Australia as Gabo Island in Bass Strait off the coast of Cape Howe in Victoria (Millar pers. 

comm., 2011)  

 

South Australia 

In the south east of South Australia (east of Robe), wave exposed nearshore reefs are dominated 

by species of large brown algae including M. pyrifera (Edyvane and Baker, 1999). Occasionally 

patches of the ecological community form in deep water (up to 35m bsl), off the coast of Cape 

Jaffa, South Australia (Edyvane and Baker, 1999; Shepherd and Edgar, 2012) due to minor 

upwelling currents that bring lower temperature, nutrient rich water (Sanderson, 1997). However, 

it is likely that these patches may be intermittent, occurring on average during only one out of 

every four to five years, possibly as a result of strong upwellings associated with El Niño events 

(Shepherd and Edgar, 2012).  

 

In exposed areas (13-22 metres depth) in the Canunda biounit in South Australia, significant 

forests of Macrocystis occur in the lee of nearshore reefs, and just offshore, at Cape Dombey 

(southern Guichen Bay), Cape Buffon (southern Rivolvi Bay), and Cape Banks, but are largely 

absent along Canunda Beach. Macrocystis occurs down to 35 m bsl in this biounit but is generally 

sparse at depths greater than 25 m (Edyvane, 1998; Edyvane and Baker, 1999). Green Point reef 

in the Nene and Picanninie biounits has a large M. pyrifera forest occurring down to 35 m bsl, 

however the precise depth of occurrence and patch size have not been recorded (Edyvane, 1998; 

Edyvane and Baker, 1999)  

 

Margret Bock reef near Robe is the western geographical limit of M. pyrifera along the southern 

temperate coastline of Australia, as well as the western limit of a number of other magroalgal taxa 

that characterise the colder waters of Victoria and Tasmania (Edyvane and Baker, 1999).  

 

 

Bioregional Distribution 

There are various bioregional classifications of the Australian marine environment from the 

national to local scale based on analysis of the distribution of plant and/or animal distributions that 

correspond with particular environmental discontinuities. Each classification system divides the 

Australian coastline and internal waters into provinces or bioregions for biological identification 

and management purposes. 

 

The Flindersian province as defined by Bennett and Pope (1953) is based on the distribution of 

intertidal and sub-tidal organisms, including macroalgae. The Flindersian province extends from 

Geraldton in Western Australia along the South Australian and Victorian coastlines to the border 

of New South Wales (Bennett and Pope, 1953; Butler et al., 2002). The Giant Kelp Marine 

Forests of South East Australia ecological community can be found within the Maugean sub-

province of the Flindersian province (Bennett and Pope, 1953). Temperate waters can be divided 

into warm and cold components. Cold-temperate waters are defined as those that are typically 5-
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10°C, with an annual variation of 8-10°C (Womersley, 1990; Sanderson, 1997). The Flindersian 

province is differentiated from the surrounding marine environment by biota with distinct cold-

temperate water affinities (Womersley and Edmonds, 1957; Womersley, 1959, 1990). Within the 

Flindersian Province, the Maugean sub-province, which includes Tasmania and the southeast 

Australian coast from Eyre Peninsula to the NSW-Victoria border is characterised by the presence 

of M. pyrifera in the sub-littoral zone (Butler et al., 2002). The waters of Bass Strait (which 

extend from Cape Jaffa in South Australia to the border of Victoria and NSW, including the 

northern coast of Tasmania) and the Tasmanian Coast are classified as cold-temperate (Sanderson, 

1997).  

 

The Interim Marine and Coastal Regionalisation for Australia (IMCRA 4) provides 

bioregionalisation based on fish distribution and sea floor topography (Commonwealth of 

Australia, 2006). IMCRA 4 has meso-scale bioregions contained within larger Provinces (IMCRA 

Technical Group, 1998; Butler et al., 2002).  

 

Tasmania 

Nationally, IMCRA 4 classifies the west, south and east coasts of Tasmania where the ecological 

community occurs into the Tasmanian (36) provincial bioregion. The northern coast of Tasmania, 

the coasts of Victoria and south eastern South Australia are divided into three provinces; the 

Western Bass Straight Transition (34), Bass Straight (35) and the South East Transition (36) 

(Commonwealth of Australia, 2006). 

 

Tasmania’s inshore waters have been further divided at the state level into eight IMCRA meso-

scale bioregions (DPIWE, 2001; Commonwealth of Australia, 2006). The Giant Kelp Marine 

Forests of South East Australia ecological community can be found in the Freycinet (FRT), Bruny 

(BRU), Davey (DAV), Franklin (FRA), Boags (BGS), Flinders (FLI) and Otway (OTW) IMCRA 

meso-scale bioregions within Tasmania.  

 

Victoria 

Victoria’s marine environment has been classified into five IMCRA meso-scale bioregions. These 

bioregions reflect differences in physical processes such as ocean currents and geology, which in 

turn influence the distribution of ecosystems and diversity over scales of 100-1000 km (Williams 

et al., 2007). The Giant Kelp Marine Forests of South East Australia ecological community may 

be found in the Otway (OTW), Central Victoria (CV), Flinders (FLI) and Twofold Shelf (TWO) 

IMCRA 4 meso-scale bioregions in Victoria. Marine Habitat Classes (MHCs) which are based on 

qualitative descriptions of the physical structure and dominant biota that characterise benthic 

habitats are also used in Victoria (Edmunds et al., 2000). Macrocystis pyrifera may be found on 

rocky reefs in the following classes: Group HI: south and east Bunurong, Group E: east Pyramid 

Rock, Phillip Island, Group F: Phillip Island, Group B: Popes Eye, Group S: Flinders to Cape 

Schanck (Edmunds et al., 2000). 

South Australia 

In South Australia the ecological community occurs predominantly within the IMCRA Otway 

bioregion (OTW) but may be found at the western limit of its extent on the eastern boundary of 

the Coorong bioregion (COR). At the state level, in South Australia 35 biounits (inshore marine 

regionalisations) based on major habitat types at the scale of 100s of kilometres have been 

described (Edyvane, 1998). The Coorong, Canunda, Nene and Picaninnie biounits can all be 

defined in part by the presence of M. pyrifera on the deeper margins of limestone reefs.  
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Exclusions from the Ecological Community 

 

The presence of forest-forming M. pyrifera plants is a key diagnostic characteristic for defining 

the ecological community. However, it is important to note that this species also occurs in other 

parts of coastal south eastern Australia but does not have a forest growth form, and therefore 

certain areas where M. pyrifera plants occur are not included in the Giant Kelp Marine Forests of 

South East Australia ecological community. These are explained below.  

 

Giant kelp in shallow water 

 

Due to its highly variable physiology and life history, M. pyrifera occupies a wide variety of 

environments and its adult plants can take on a variety of morphological forms. For this reason, 

until 2010, Macrocystis in Australia was classified as two separate species; M. angustifolia and M. 

pyrifera. Edgar (1987) considered M. pyrifera to be the marine ‘forest’ forming species and it was 

described as growing between from eight to 22 metres below sea level in south eastern Tasmania, 

whereas M. angustifolia was considered to grow at shallower depths (down to 5 to 8 metres bsl) 

along the coasts of western and northern Tasmania and the coasts of Victoria and in South 

Australia (Womersley, 1987). (See Taxonomy section, for more information on the taxonomic 

revision of Macrocystis).  

 

As there is opportunity for the ecological community to intergrade with shorter M. pyrifera plants 

growing at depths between five to eight metres bsl, patches of M. pyrifera (which were previously 

classified as M. angustifolia) found in water shallower than eight metres bsl may be considered 

part of the ecological community if they meet all of the other key diagnostic criteria. The Giant 

Kelp Marine Forests of South East Australia ecological community only includes patches of M. 

pyrifera that create the marine forest with a canopy that creates a vertical structure within the 

water column that supports an increase in local diversity by changing the local hydrological 

conditions where it is present. 

 

Occurrences of M. pyrifera (previously classified as M. angustifolia) five metres below sea level 

and above are typically excluded from the definition of the ecological community if they do not 

form a forest-like structure with a canopy (although these occurrences may still contribute to the 

gene flow, survival and future restoration of the ecological community).  

 

 

Drifting Kelp and Beach Wrack  

 

Macrocystis pyrifera plants that have been detached from the substratum can drift freely on 

prevailing currents and winds forming floating rafts. These rafts export productivity from the kelp 

forests and add to the complexity of nearby coastal and pelagic ecosystems (Edyvane, 2003). 

Dispersal by detached sporophytes is also a key element in the recovery of populations that have 

been locally destroyed by disturbance (Reed et al., 1997). Drift rafts of kelp fronds can carry 

active reproductive material that can assist with dispersal, but the longer distances the kelp rafts 

travel, the lower their reproductive potential becomes. The drifting kelp rafts also act as transport 

for numerous organisms living on the stipes, holdfasts or in the canopy such as small invertebrates 

and fishes (Edyvane, 2003). Despite their contribution to the coastal ecosystem and roles in 

dispersal and nutrient cycling etc. drifting rafts of M. pyrifera are excluded from the ecological 

community. 
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Drifting kelp rafts may either be exported to offshore, setting eventually in benthic communities, 

or end up onshore in the supra-littoral zone where it is referred to as wrack. After severe storms, 

large masses of M. pyrifera can be found along beaches (Cribb, 1954). Accumulation of wrack is 

not predictable and fluctuates, but due to its large biomass M. pyrifera can form a major 

component of onshore wrack deposits (Edyvane, 2003). Although an important coastal resource, 

wrack is not included as part of the listed ecological community. 

 

Macquarie Island and other sub-Antarctic island populations of M. pyrifera 

 

M. pyrifera has a circumpolar distribution and is a common feature of many sub-Antarctic islands 

(Ricker, 1987). M. pyrifera is known to be distributed along the coasts of sub-Antarctic islands 

which are part of the Australian Exclusive Economic Zone, including Macquarie and Heard 

Islands (Ricker, 1987; Steneck et al., 2002; Graham et al., 2007). These patches are at the 

southernmost occurrences of M. pyrifera within the Australian jurisdiction.  

 

West Wind Drift currents are considered to propel M. pyrifera plants in an eastward direction 

between different southern ocean landmasses (Edgar, 1987). Due to the prevailing easterly 

direction of currents, it is unlikely that there is any biological connection between the Heard and 

Macquarie Island populations of Macrocystis pyrifera and the Giant Kelp Marine Forests of South 

East Australia ecological community. Ricker (1987) also notes that in Macquarie Island waters 

there is a lack of articulated members of the Corallinaceae (Rhodophyta) that are typically found 

on coasts of most other regions of the world providing a further distinction between the ecological 

community and the sub-Antarctic occurrences of M. pyrifera forests.  

 

The biogeographic definition of the Southern Ocean around Macquarie Island recognises that the 

region is a biologically and physically distinct zone separating the Cold Temperate region to the 

north and the Antarctic waters to the south (Ricker, 1987; IMCRA Technical Group, 1998). The 

sub-Antarctic location of the islands influences the species composition of the surrounding 

environment, resulting in a different set of understorey and affiliated plant and animal species to 

that of the Giant Kelp Marine Forests of South East Australia ecological community. In addition, 

Edgar (1987) recorded that the species richness of epifauna found on holdfasts of M. pyrifera 

from sites near Bruny Island in Tasmania was 35% greater than from holdfast samples taken from 

Macquarie Island. There was no overlap in epifaunal species identified from the two sites 

indicating that the epifaunal communities in Macquarie Island are different to those in Tasmania. 

Occurrences of M. pyrifera forests on the coasts of sub-Antarctic islands within the Australian 

Exclusive Economic Zone are therefore excluded from the definition of the ecological 

community. 

 

7. Relevant Biology and Ecology 

 

This section refers predominantly to the biology and ecology of the foundation species of the 

ecological community, M. pyrifera, as it is the dominant and structurally important species of the 

ecological community. Although the biology and reproduction of M. pyrifera has been well 

studied, its ecology is still poorly understood (Reed, 1990). It is known that the ecological 

community supports high trophic levels such as pelagic and demersal fishes, sea birds, turtles and 

marine mammals in addition to invertebrate organisms that inhabit the sea floor (Hobday et al., 

2006). The roles of other component species of the ecological community are not well understood 

or documented. Many fish species can play an ecological role in the functioning and shaping of 

the broader ecosystem that the ecological community is a part of. For example, the feeding 

activities of fishes such as Parma victoriae (scalyfin) and Cheilodactylus nigripes (magpie perch) 
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promote the formation of open algal turf areas, free of larger canopy-forming seaweeds (Edmunds 

et al., 2010), and Jasus edwardsii (southern rock lobster) is thought to prey upon the invasive 

Centrostephanus rodgersii (long-spined sea urchin) thereby contributing to controlling its spread.  

 

The Giant Marine Kelp Marine Forests of South East Australia ecological community contributes 

to the productivity and health of the surrounding marine and coastal ecosystem. The presence of 

giant kelp plants alters the nature of reefs by creating a vertical structure above the reef in the 

water column. Macrocystis pyrifera acts as the foundation species for diverse energy-rich habitats 

that are of high ecological importance (Coyer et al., 2001; Edyvane, 2003; Okey et al., 2006; 

Graham et al., 2007; Demes et al., 2009). The production rates of dense kelp beds are similar to 

those of the most productive terrestrial grasslands or seagrass beds, with about 2 kg of plant 

material produced per square metre per year (Edgar, 2001). Compared to terrestrial forests, kelp 

forests are more productive and diverse (at the phyla level), but the average lifespan and structural 

height of kelp is less (Stenek et al., 2002).  

 

Giant Kelp Reproduction and Recruitment 

 

Unlike many perennial temperate macroalgae, reproduction in giant kelp is not seasonal and is 

more closely linked to nutrient supply levels, particularly high nitrogen levels in the water, and 

environmental conditions such as cool water temperatures. This reproduction strategy means M. 

pyrifera can respond readily to unpredictable fluctuations in resource availability and 

environmental conditions (RPDC, 2003). 

 

For giant kelp, the process of recruitment is quite complex and requires successful completion of a 

microscopic free-living sexual stage, the microscopic gametophyte stage (Reed, 1990), and a fixed 

sporophyte adult plant stage (see Figure 2). The life cycle of all kelps consists of an alternation of 

generations between microscopic haploid gametophytes and large diploid sporophytes that 

produce reproductive sori, often in specialised sporophylls (Dayton, 1985). Reduction division 

occurs in the sporangium, producing microscopic zoospores that are released and after finding a 

suitable substratum to settle on, these develop into male and female gametophytes (Dayton, 1985). 

Gametophytes produce male and female gametes; fertilisation results in zygote formation and the 

growth of sporophytes (Dayton, 1985). 
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Figure 2 

 
Figure from Reed, 1990. 

 

Growth Characteristics of Giant Kelp 

 

Giant kelp is a short-lived, perennial temperate macroalgae. Macrocystis pyrifera growth is by 

intercalary meristems that are primarily active at the base of the blades; as each strand of kelp 

grows, new blades are added by splitting of the blade at the very tip of the strand (Edyvane, 2003). 

The most rapid growth takes place near the apex, and a stipe may increase in length at a rate of 3.4 

cm per day (Cribb, 1954). The life of a stipe is estimated at between 7 and 10 months (Cribb, 

1954). The diameter of the stipe varies between 6 and 10 mm, being narrower in the lower than in 

the mid-parts (Cribb, 1954).  

 

M. pyrifera is able to form a surface floating canopy due to gas filled floats called pneumatocysts 

that hold the plant erect in the water (Edyvane, 2003). The pneumatocysts (air bladders) develop 

at the base of each of lateral blades so that the whole stipe is buoyed up and the upper parts float 

along the surface (Cribb, 1954).  

Dispersal  

The dispersal of propagules is fundamental in maintaining giant kelp distribution, promoting 

genetic diversity and restoring populations (Reed et al., 1992). The dispersal of giant kelp plants is 

the most important phenomenon in integrating population dynamics, life history biology and patch 

dynamics of the Giant Kelp Marine Forests of South East Australia ecological community.  

 

As kelps are attached to the substrate, the successful fertilisation of the oogonia requires a high 

density of gametophytes which depends on the proximity of male and female gametophytes as 

male gametes have limited dispersal ability (Dayton, 1985). Once the spores are released, their 

dispersal is influenced by physical processes such as oceanic currents, local water movements, 

survivorship of spores in the water column and the availability of suitable rocky substrata for 

settlement and attachment (Dayton, 1985). Spores can stay competent in the water column for 

several days or dormant on the substratum for months until physical conditions are favourable for 

growth (Reed et al., 1992; Coyer et al., 2001). These dispersal techniques make Macrocystis a 

good coloniser. Float-bearing fronds emerge from the holdfast of the sporophyte, and both 
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detached fronds and entire individuals can release spores while drifting. Drifting adult M. pyrifera 

can live and disperse spores over a scale of hundreds of metres (Dayton, 1985). Due to this 

reproductive strategy, recruitment can be influenced by post-settlement events that can affect 

either of the life stages (microscopic or macroscopic) (Reed, 1990).  

 

Although the recolonisation of small disturbed patches within the ecological community may 

occur via vegetative in-growth of neighbouring individuals, the recovery of larger or more 

isolated patches is dependent on propagule immigration, especially if dormant stages are absent or 

removed by disturbance (Reed, 1990). Therefore large storms and ENSO can be important in 

promoting recovery of severely disturbed patches of the ecological community by allowing 

transportation of sporophytes which can release viable spores to settle on and colonise newly 

suitable or recently denuded areas (Reed, 1990). However, prolonged El Niño events are also a 

threat as outlined in Section 8 Threats. 

 

Patch dynamics 

On a small spatial scale, kelp recruitment tends to be patchy due to sporophylls settling at the 

edges of existing patches (Dayton, 1985). Aggregation of animals occurs at the edges of giant kelp 

forest patches where individuals can forage and take refuge from predators, just as occurs in a 

terrestrial forest or coral reef system (Dayton, 1985). There may also be a concentration of 

predators at the periphery of patches of the ecological community because it facilitates filtration 

of food from the environment (Dayton, 1985). Small scale patchiness of the ecological community 

can also occur from disturbances such as individual plant detachment, areas being grazed and 

other small disturbances (Dayton, 1985).  

Large patches of the ecological community also contribute to changes in the physical nutrient 

concentration and hydrodynamic regimes in their vicinity, supporting local productivity and 

providing ecosystem services by serving as a nutrient sink. For example, the seaward edge of 

large patches of the ecological community represents an abrupt transition from the open water 

pelagic zone. The reduced current and turbulence, increased shade and nutrients may cause 

chemical and physical cues that initiate settling behaviour in competent larvae of species such as 

Jasus edwardii (southern rock lobster) (Dayton, 1985). The physical drag of the kelp plants in 

large patches can have the effect of reducing the velocity of waves on the other edge of the forest 

and creating relatively stagnant water at the centre of large patches. This reduces the availability 

of light and circulation of nutrients for other organisms underneath the giant kelp canopy (Dayton, 

1985), which can create changes in the understorey composition of the ecological community. 

Larger scale patches of kelp are vulnerable to large scale removal by strong wave conditions. 

After large scale removal from storm events, anecdotal reports from fishermen indicate that kelp 

beds may occasionally fail to reappear for a number of years (Cribb, 1954; Edyvane, 2003). This 

is further considered in Section 8, Description of Threats. 

Temporal variability in the presence of patches of the ecological community, including episodic 

recruitment events, is characteristic of giant kelp. This is because recruitment and growth of giant 

kelp is dependent on favourable physical environmental conditions including light availability, 

water temperature and nutrient availability (Dayton, 1985). These parameters can be linked to 

seasonal changes in kelp canopy cover, variations in suspended sediment levels and in particular 

with dissolved nutrient concentrations (often related to large scale oceanic current patterns), which 

tend to be lower in the warmer months (Dayton, 1985).  
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The most abundant growth of kelp is generally in the cooler months between May and September 

when water temperatures are lower and dissolved nutrient levels are at their maximum (Cribb, 

1954). Giant kelp plants have the ability to store dissolved nitrogen for a period of a few weeks 

and by utilising stored carbon reserves giant kelp plants can grow rapidly when the concentration 

of dissolved nitrate in seawater increases (Dayton, 1985).  

Persistence of patches  

Kelps show aggregated distributions on a wide range of temporal and spatial scales. Some kelp 

forests in California show Macrocystis persistence at the same site for almost a century (Dayton, 

1985) and some patches in Tasmania have been recorded to exist since the 1800s (Edyvane, 

2003). However, documented climatological shifts over recent decades are now noted as having 

negative effects on the distribution and persistence of patches of the ecological community, 

particularly within its Tasmanian distribution (Edyvane, 2003; Johnson et al., 2011).  

8. Description of Threats 

The modern context for threats to marine ecosystems involves changing climate, overfishing, 

habitat loss, invasive species and pollutants entering the ecosystem (Ling et. al., 2009). 

Interactions between human induced stressors can also combine to create non-linear responses in 

the ecosystem, in turn limiting the adaptive capacity of marine ecological communities (Ling et 

al., 2009; Johnson et al., 2011).  

 

The primary threats affecting the Giant Kelp Marine Forests of South East Australia ecological 

community are an increase in sea surface temperature associated with the southward penetration 

of the East Australian Current (EAC) due to climate change induced large-scale oceanographic 

changes and a corresponding range expansion of kelp-grazing sea urchins. Other threats to the 

ecological community include land-use changes that contribute to changing sedimentation and 

runoff characteristics that may decrease the quality and availability of kelp habitat. Specific 

activities associated with such impacts can include: deforestation, agricultural development, urban 

development and marine activities such as aquaculture. Past threats to the ecological community 

include direct harvesting operations and scallop dredging activities. The ecological community is 

also susceptible to large scale removal by catastrophic storm events.  

 

In Tasmania a number of factors, all of which have a strong correlation with El Niño episodes, 

have combined to reduce reproductive success in giant kelp. These include a rise in minimum 

water temperatures; declining influence of sub-Antarctic waters; increasing influence of 

subtropical EAC waters; and reduction in seasonal and inter-annual variability in sea temperatures 

on the east coast (RPDC, 2003). In addition, M. pyrifera abundance has declined dramatically in 

Port Phillip Heads and numerous other locations in Victoria, with few plants observed within the 

depth range of the ecological community since 2005 (Edmunds et al., 2010). This is part of a more 

widespread decline threatening this species and the ecological community. There is currently no 

published literature on the threats to the ecological community or its component species in South 

Australia. However, some of the current threats impacting the ecological community in Victoria 

and Tasmania are likely to be applicable to the South Australian occurrences to some extent 

(Edyvane, 2010, pers. comm.) 

 

Climate change and related oceanographic changes  

 

Climate change is contributing to a period of relative instability in coastal environments (DCC, 

2009). However, climate impacts on particular species or groups do not occur in isolation and can 
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result in extensive cascading effects and complex interactions. There is a lack of knowledge in 

many cases as to how these coastal environments may respond to predicted changes and thus 

affect the ecological community (DCC, 2009). Climate change poses one of the greatest 

challenges to the structure and functioning of marine ecosystems such as the Giant Kelp Marine 

Forests of South East Australia ecological community (Ling et al. 2009).  

 

Temperate rocky reefs are vulnerable to the direct and indirect impacts of climate change even 

though they are naturally highly dynamic environments (Wernberg et al., 2009). Due to their 

central role in a range of ecological processes on temperate reefs and adjacent habitats, loss of 

canopy-forming algae such as M. pyrifera is likely to be associated with significant loss of 

associated species and ecological function (Steneck et al., 2002; Wernberg et al., 2009). Giant 

kelp marine forests are vulnerable to potential climate change because they are sensitive to 

increased temperatures and associated decreases in nutrients (Okey et al., 2006). In addition, the 

severity and frequency of El Niño – Southern Oscillation (ENSO) events can impact the extent of 

giant kelp by increasing the extent of warm, nutrient-poor surface water during El Niño events 

(Coyer et al., 2001; Holbrook et al., 2009) and increasing run off and sediment to coastal 

environments during La Niña periods due to higher rainfall (Holbrook et al., 2009). The impacts 

of ENSO are discussed in detail below. 

 

The combined effects of climate change and non-climate stresses (e.g. pollution, reduced water 

quality) will reduce the resilience of temperate reef communities including the Giant Kelp Marine 

Forests of South East Australia to major perturbations (e.g. storms, diseases, invasive species), 

many of which may also increase in frequency and/or severity in response to climate change. 

These changes are expected to lead to loss of, or greatly altered, algal habitats and associated 

ecological function and directly affect the occurrence and quality of patches of the ecological 

community. These changes are likely to happen progressively through 2030 when temperatures 

are predicted to be 1-3 C warmer to 2100, when the rise is predicted to be 3-4 C warmer 

(Lough, 2009; Wernberg et al., 2009). The greatest warming in the Australian coastal environment 

is predicted to be in the waters of south eastern Australia (Lough, 2009). 

 

Given the lack of landmasses to the south of Australia, most species have limited opportunity to 

shift further pole-ward (Wernberg et al., 2009). Possible adaptation measures include reducing the 

impacts of regional and local stressors (improve water quality, reduce fishing of predators) and 

restoration of degraded habitats, for example by re-seeding reefs with habitat-forming algae where 

these have been lost (Wernberg et al., 2009).  

 

The impacts of anthropogenic climate change on the marine environment cannot easily be traced 

as a number of other mechanisms can also explain observed patterns of change in marine 

ecosystems over time. However, it appears that global warming (i.e. increasing sea temperatures) 

is the primary climate factor to which algae and rocky reef species are responding, and recorded 

responses are largely consistent with increasing ocean temperature (Wernberg et al., 2009). 

 

Increase in sea surface temperature (SST) 

 

The projected temperature increase for temperate Australian marine waters is in the order of 1-

3°C by 2030 and 3-4°C by 2100 (Lough, 2009). In eastern Tasmania the increase may be greater 

as temperate coastal waters are warming at approximately four times the global ocean warming 

average, representing the fastest rate of warming in the Southern Hemisphere (Ling et al., 2009). 

Among the species most at risk from this rapid rate of change are the coastal species endemic to 

southeast Tasmania as this area has the highest localised level of endemism in Tasmania and 
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possibly in Australia (Hobday et al., 2006). The Giant Kelp Marine Forests of South East 

Australia ecological community is therefore at significant risk of major detrimental impacts by 

increasing SST, particularly within its major distribution in Tasmania where it has already 

undergone at least a 64% decrease in its geographic distribution (Edyvane, 2003). 

 

Increasing water temperatures result in decreased cover and competitive ability of cool-water 

canopy forming algae such as M. pyrifera, and allows the brown (and red) foliose algae to 

dominate sub-tidal reefs. Such changes in macroalgal assemblage structure would have major 

implications for ecosystem structure and coastal biodiversity (Wernberg et al., 2009). For 

communities at the edge of their ranges (such as the Giant Kelp Marine Forests of South East 

Australia ecological community), impacts from increasing ocean temperatures are most likely to 

be direct, as well as causing indirect impacts through suppressing the resilience of species to other 

perturbations, such as increasing growth and activity of competitors and invasive species or by 

shifting the window for reproductive and recruitment success (Wernberg et al., 2009). The range 

expansion of the sea urchin Centrostephanus rodgersii (discussed in detail below) is one example 

of an indirect detrimental impact increasing SST is having on the ecological community.  

 

Anecdotal evidence suggests that M. pyrifera was once present in relatively high abundance along 

the Victorian coast, forming large forests in some locations. Abundances of M. pyrifera have been 

reduced considerably for much of the past two decades (Gilmour et al., 2007). Possible causes of 

this decline include a rapid succession of El Niño events in the late 1980s and early 1990s 

(affecting water temperature and nutrient levels), a long-term increase in average sea temperature 

(1°C over the last 40 years) and changes to coastal nutrient and sediment inputs (Gilmour et al., 

2007; Stewart et al., 2007). Seasonal variability also decreased in the period 1990-2001 due to an 

increase in the annual minimum temperatures and a decrease in the maximum SST (Edyvane, 

2003). This pattern of warming correlates with significant losses of M. pyrifera in north east 

Tasmania during the same period (Edyvane, 2003).  

 

Changes to the East Australian Current (EAC) 

 

An important predicted consequence of global warming is change in large scale patterns of ocean 

circulation (Meehl et al., 2007; Johnson et. al., 2011). The EAC is a southward flowing current 

normally located near the surface. This current follows Australia’s east coast between 

approximately 18° south and 32 - 34° south where it flows away from the continental shelf 

(Holbrook et al., 2009). The EAC flow varies seasonally and is strongest in summer (Ridgeway 

and Hill, 2009).  

 

With the projected continued intensification and southward extension of the EAC, Australia’s 

southeast SSTs are expected to increase by approximately 2°C by 2030 and 3° to 4°C by 2100 

(Holbrook et al., 2009). Increased incursions of the EAC in eastern Tasmania not only influence 

temperature, but can also influence the transport of larvae and nutrient loading in the region 

(Johnson et al., 2011). The south Tasman Sea region has become both warmer and saltier, with 

mean increases of 2.28°C per century and 0.34 practical salinity units per century over the 1944-

2002 period (Ridgeway and Hill, 2009). The EAC is nutrient poor compared to the cooler sub-

Antarctic influenced waters that until recently dominated the oceanographic conditions of 

Tasmania’s east coast (Ridgeway and Hill 2009; Johnson et al., 2011).  

 

Water temperature and salinity observations from a long-term coastal station off the east coast of 

Tasmania (Maria Island Station) show that the EAC has strengthened and extended further 

southward by about 350 km over the past 60 years (Ridgeway and Hill, 2009). Past impacts of this 
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change have resulted in patches of the ecological community that were previously sufficiently 

abundant to be harvested commercially to have been diminished in area or completely disappeared 

(Edyvane, 2003).  

 

The increase in warm, nutrient poor water associated with the southward penetration of the EAC 

along the eastern coast as far south as Marion Island in Tasmania has impacted on the integrity of 

the Giant Kelp Marine Forests of South East Australia ecological community as the warmer, 

nutrient poor water does not support growth and regeneration of the foundation species M. 

pyrifera. Macrocystis pyrifera requires cool, nutrient rich water for optimal growth and elevated 

water temperatures stress this species, which is already near the upper limits of its optimal 

temperature range, by slowing growth and reducing reproductive capacity (Poloczanska et al., 

2007). 

Other indirect evidence for EAC changes comes from biological changes. Centrostephanus 

rodgersii (long-spined sea urchin) was previously only found off mainland Australia, but has 

steadily increased its distribution range further southward over recent decades (Johnson et al., 

2011). These changes have been attributed to enhanced EAC flow (Edyvane, 2003). The impacts 

of C. rodgersii on the ecological community are discussed in detail below. 

 

Results from global climate models strongly suggest that changes in the EAC system will 

continue the observed trends of the last half of the 20
th

 century (Meehl et al., 2007; Ridgeway and 

Hill 2009). The projected strengthening of the EAC and continued warming of the south Tasman 

Sea is predicted to have a detrimental effect on cold temperate species in south-eastern Australia, 

including the Giant Kelp Marine Forests of South East Australia ecological community 

(Ridgeway and Hill, 2009; Johnson et al., 2011).  

 

Climate modelling also indicates that oceanic changes are influenced by trends in the Southern 

Annular Mode, the dominant mode of variability of the Southern Hemisphere atmospheric 

circulation operating on all time scales (Meehl et al., 2007; Ridgeway and Hill, 2009), and that 

decadal variations in the EAC are related to decadal ENSO patterns (Ridgeway and Hill, 2009). 

 

El Niño – Southern Oscillation and changed storm tracks and severity 

The ENSO is the dominant global mode of inter-annual climate variability. The ENSO is a major 

contributor to Australia’s climate and influences Australia’s marine waters to varying degrees 

around the coast (Holbrook et al., 2009). The two phases of ENSO, El Niño and La Niña, produce 

distinct and different changes to the climate, though both phases are associated with reasonably 

well-documented levels of disturbance to the physical marine environment and marine biota 

(Holbrook et al., 2009). Responses to ENSO may be direct physiological responses to unusual 

climatic conditions or indirect responses as a result of changes in habitat and food availability 

(Holbrook et al., 2009). 

 

El Niño events depress the thermocline, thereby increasing the extent of warm and nutrient poor 

surface water, and subsequently reducing or eliminating M. pyrifera populations thereby reducing 

the extent of the ecological community (Coyer et al., 2001). La Niña events are essentially the 

reverse of El Niño, with nutrient rich water flows potentially creating optimal growth conditions 

and rapid recolonisation of M. pyrifera (Coyer et al., 2001). Between El Nino and La Niña events, 

intermediate oceanographic conditions exist for variable periods of time (Coyer et al., 2001).  
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Growth and reproduction in M. pyrifera are strongly linked to nutrient availability because adult 

plants have a limited capacity to store nitrates (Edyvane, 2003). Peaks in annual mean and 

maximum nitrate levels correspond to strong La Niña years, and strong El Niño events have been 

associated with loss of giant kelp and patches of the ecological community off the east and south 

coasts of Tasmania (Edyvane, 2003).  

 

Although normally associated with cooler and more nutrient rich water, La Niña events can also 

produce biotic responses to increased freshwater flows and physical disturbances associated with 

increased rainfall, freshwater run-off and reduced salinity, and increased sediment flow and 

turbidity in coastal environments (Holbrook et al., 2009). Increased sediment in the water column 

may inhibit kelp growth due to a reduction in light available for giant kelp plants and understorey 

species, and can also smother suitable settlement habitat.  

 

El Niño episodes typically result in an increase in the frequency and severity of storms. Storm 

events are also a major cause of kelp forest mortality on the east and south coast of Tasmania. In 

the 20
th

 century, 23 El Nino events have been recorded, and two recent events have been notably 

severe – 1982-83 and 1997-98 (Coyer et al., 2001). Major loss episodes of the ecological 

community coincided with the 1972 El Niño, the 1982-83 El Niño and the 1987 El Niño (all of 

which were strong events) for all regions. The extent of recovery of the ecological community 

after these events varied. In all regions, kelp forests have been unable to fully recover to historical 

levels (RPDC, 2003). 

 

According to Edyvane (2003), the greatest losses of the Giant Kelp Marine Forests of the South 

East Australia ecological community have occurred in the eastern region of the distribution range 

in Tasmania from Freycinet and Maria Island, while the smaller losses have occurred in areas 

under the influence of colder waters, such as Bruny Island, Port Arthur, Southport and Recherche 

(RPDC, 2003; Johnson et al., 2011). An alternative interpretation is that M. pyrifera is fluctuating 

dramatically in abundance, rather than declining, in response to the current extraordinary 

environmental conditions (RPDC, 2003). Nevertheless, there are other threats also causing a 

decline in distribution and integrity, and these are exacerbated by the changes in environmental 

conditions. 

 

Range expansion of Centrostephanus rodgersii  

Invasive species are one of the great contemporary threats to global biodiversity (Wernberg et al., 

2009). While the threat from invasive species is not directly climate related, climate has often 

been proposed as facilitating the establishment, further spread and impact of invasive species on 

temperate reef ecosystems such as the ecological community (Wernberg et al., 2009).  

 

The strengthening of the EAC and warming ocean temperatures, resulting in ocean temperatures 

now exceeding the 12°C threshold for successful C. rodgersii reproduction, has facilitated the 

poleward population expansion of the urchin (Ling et al., 2008). The herbivorous C. rodgersii 

feed on macro algae and have the capacity to overgraze giant kelp plants as their numbers 

increase, which triggers a shift from dense and diverse giant kelp beds to sea urchin ‘barrens’ 

devoid of macroalgae (Johnson et al., 2005). On the east coast of Tasmania, subtidal reefs that 

formerly supported dense stands of macroalgae such as M. pyrifera have been intensively grazed 

and transformed into urchin barrens, with considerable loss of biological diversity (Ling et al., 

2008; Ling et al., 2009). It is also proposed that historical fishing pressure has exacerbated urchin 

barren formation, as populations of top predators such as Jasus edwardsii (southern rock lobster) 
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remaining in the ecosystem have been insufficient to curb the population expansion of C. 

rodgersii in Tasmania (Wernberg et al., 2009).  

 

In Tasmania the extent of C. rodgersii has been increasing since this sea urchin was first recorded 

in the 1970s (Johnson et al., 2005). Notably in Tasmania, extensive C. rodgersii barrens form 

between 10-15m depth but the greatest extent of barrens is between 20-30m depth (Johnson et al., 

2005), which covers the depth range within which the ecological community is found.  

 

Centrostephanus rodgersii larvae remain in the planktonic phase for up to 8 weeks, and it is likely 

that larvae were originally transported from Australian mainland populations by the south flowing 

EAC (Johnson et al., 2005). Now that populations are established, it is highly likely that self 

recruitment is occurring (Johnson et al., 2005) to further disperse the species. The impact of this 

species on the ecological community is therefore likely to increase as the species becomes more 

established. 

 

The mechanisms for the transition from macroalgal bed to barrens habitat and the dynamics of the 

boundary between macroalgal bed and barrens is poorly understood, although it is clear that there 

is a threshold density to initiate destructive grazing of macroalgae which is higher than that 

needed to maintain barrens habitat (Johnson et al., 2005). 

 

Barrens habitat caused by C. rodgersii is now a common feature of subtidal reefs on the eastern 

coast from New South Wales to Tasmania (Williams et al., 2007). On the Victorian coast, urchin 

barrens are restricted to far eastern locations in the Twofold Shelf bioregion. At one site on Gabo 

Island, there was no algal canopy or understorey of erect algal species, with only encrusting 

coralline algae present (Williams et al., 2007). Smaller patches of urchin barren habitat also 

occurred at two other sites at Cape Howe. These habitats occur because of the influence of the sea 

urchin C. rodgersii, which removes fleshy species of algae and helps to maintain a high cover of 

encrusting corallines. The occurrence of urchin barren habitat at this location reflects the influence 

of the EAC on the Twofold Shelf bioregion. The number and influence of C. rodgersii has 

historically declined rapidly further west towards Wilsons Promontory where urchin barrens have 

not been known to occur and the EAC does not penetrate (Williams et al., 2007). 

Historic Fishing Pressure 

Haliotis rubra (blacklip abalone) and Jasus edwardsii (southern rock lobster) are the two most 

valuable commercially fished species associated with shallow rocky reefs in Tasmanian waters 

(Johnson et al., 2005). Fishing has removed large predatory lobsters, thereby reducing the 

resilience of the ecological community against the climate-driven threat of the sea urchin C. 

rodgersii leading to widespread sea urchin barrens (Ling et al., 2009). Research by Ling et al. 

(2009), found that Centrostephanus rodgersii has much longer spines than native Tasmanian sea 

urchin species, therefore fully developed mature individuals may only be preyed upon by very 

large specimens of J. edwardsii, with a carapace length approximately 140 mm (which was above 

the legal catch limit size at the time of the study). However, it has also been proposed that smaller 

J. edwardsii could prey upon C. rodgersii that have not yet fully developed to their adult size. 

 

No-take Marine Protected Areas (MPAs) have been shown to allow an increase in size of J. 

edwardsii to that large enough to successfully prey on the long spined C. rodgersii within their 

newly extended Tasmanian range (Okey et al., 2006; Ling et al., 2009). Former lobster fishing 

practices which targeted large individuals have shifted the size distribution of lobsters towards 

smaller sizes, thereby reducing the number of large lobsters available to act as functional 
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predators to naturally keep numbers of mature sea urchins in check which could prevent 

overgrazing on kelp beds and the development of urchin barrens (Ling et. al., 2009).  

 

The Tasmanian native Heliocidaris erythrogamma (purple sea urchin) can also form seasonal 

barrens and it has been concluded that fishing of natural sea urchin predators, such as large 

specimens of the Jasus edwardsii (southern rock lobster), can create conditions where these native 

species become overabundant and overgraze macroalgae including M. pyrifera (Johnson et al., 

2005). 

 

Interpreting long term changes in species trends can be complicated by fishing pressure. For many 

component species of the Giant Kelp Marine Forests of South East Australia such as the rock 

lobster J. edwardsii, it is difficult to separate how much of the population change has been caused 

by fishing and how much could be attributable to changes in climate and oceanographic 

conditions (Edyvane, 2003).  

 

Other invasive species 

In Tasmania, the Japanese seaweed Undaria pinnatifida was first identified in 1988 in the Orford-

Triabunna area. Since then it has expanded its range and is now found on Tasmania's east coast 

from Bicheno to Conningham (Johnson et al., 2005). It has also been found in Port Phillip Bay, 

Victoria. In many areas this alga forms very dense stands to the exclusion of other marine biota. 

Undaria invasion is likely to impact upon the ecological community in a number of ways. Its 

ability to form very dense stands results in competition with other marine macro algae species for 

nutrients and attachment space, potentially excluding M. pyrifera and thereby affecting the 

structural and functional integrity of the ecological community. Loss or reduced density of giant 

kelp beds also affects the species composition of the ecological community as the forest structure 

and the habitats it provides are diminished. 

 

Altered land use leading to increased sedimentation 

Increased runoff and the associated sedimentation and other forms of pollution affect Australia’s 

marine ecosystems both locally and regionally. Point-source pollution is associated with industries 

and municipal outfalls such as those for sewage. Non-point source pollution is usually associated 

with freshwater runoff from urban and agricultural areas and is strongly associated with habitat 

disruption and degradation. For example, the structure and function of coastal watersheds can be 

modified considerably by agriculture, urban development, and deforestation leading to 

dramatically increased erosion and nutrient runoff in addition to the non-point source pollutants 

from other human activities (Hobday et al., 2006). 

 

While increased nutrient loads that promote giant kelp growth can promote development of 

patches of the ecological community occurring intermittently, increased sedimentation in the 

water column associated with point source pollution can also negatively affect the growth of giant 

kelp and the health of the ecological community. Increased sedimentation alters the ability of light 

to penetrate the water column and therefore the amount of light available for kelp photosynthetic 

processes, and impairs settlement and recruitment. Consequently, altered land-use leading to 

increased sedimentation has the ability to affect the structural and functional integrity of the 

ecological community. 
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9. How judged by the Committee in relation to the EPBC Act Criteria 

 

The committee judges that this ecological community is eligible for listing as endangered under 

the EBPC Act. The assessment against the criteria is as follows: 

 

Criterion 1 – Decline in geographic distribution  

Detailed conservation assessment of the ecological community including spatial and temporal 

mapping of current and historic distribution and assessment of population declines has only been 

conducted for the east and south coasts of Tasmania (Edyvane, 2003; Johnson et al., 2011). While 

limited mapping of subtidal benthic habitats has been conducted in other parts of the ecological 

community’s range (Edyvane and Baker, 1999; Barrett et al., 2001; Crozier et al., 2007; Ball et al, 

2010), these studies have generally been part of broader marine mapping or conservation 

assessment projects and as such do not generally include a historical distribution for giant kelps or 

a species specific conservation assessment.  

The decline of giant kelp beds in eastern Tasmania calculated by Edyvane (2003) was 

complicated by overestimates of giant kelp forest extent on the east coast of Tasmania in the 

1950s and by challenges of comparing different types of data (e.g. aerial photography, land 

surveys, boat surveys and direct observation). Despite this, Edyvane (2003) estimated that there 

had been a 64% loss of M. pyrifera canopy area along the east and south coasts of Tasmania over 

60 years (1940 to 2000) with some patches losing between 90 to 96% canopy area (Bruny, 

Schouten and Recherche). Over the 20 years from 1980 to 2000 Edyvane (2003) estimated that 

there had been a 45% loss of M. pyrifera canopy area along the east and south coasts of Tasmania. 

Despite limitations in the data used in the Edyvane (2003) study, the calculations of decline in the 

ecological community are supported by the most recent calculations of decline in geographic 

distribution (Johnson et al., 2011). Johnson et al. (2011) present a case for a large decline of giant 

kelp marine forests in Tasmania since the 1980s using Tasmanian Department of Primary 

Industries aerial photographs from 1946 through to 2007 across seven selected sites on the east 

and south coast of Tasmania. This study showed that the average decline in visible kelp canopy 

was ~91% since the 1940’s. Two sites, Freycinet Bay and Maria Island showed a 95% decline and 

the site near Bruny Island declined by 98%.  

 

Johnson et al. (2011) note that the decline of M. pyrifera surface canopy is less pronounced in the 

southern regions of Tasmania than it is in the east and that there has been recovery of kelp canopy 

in some sites, in particular at the southernmost surveyed site (Southport, Tasmania) from 

previously low estimates of canopy cover.  

 

There are no data currently available on the historical or current extent of the isolated occurrences 

of the ecological community in South Australian and Victorian waters. While quantitative data for 

these areas are not available, expert opinion concludes that patches of the ecological community 

have disappeared at the mouth of Port Phillip and Westernport Bays and at sites along the eastern 

coastline of Victoria including Wilson’s Promontory (Edmunds et al., 2010). It is not certain why 

these patches on the east coast of Victoria have disappeared, but they may have declined due to 

similar reasons to those on the east coast of Tasmania, i.e. the southward movement of the EAC 

and its warming of sea surface temperatures.  

 

Experts are also of the opinion that what remains of the ecological community in Tasmanian 

waters apart from along the outside of the eastern and southern coasts, is minimal. There is no 
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evidence of decline on the western coast of Tasmania because no records exist, as no surveys have 

been undertaken in this part of the range. However, conditions are generally not favourable for the 

development of the ecological community on the west coast of Tasmania so the ecological 

community only occurs in very small and isolated patches and the overall extent is considered to 

be negligible (Edyvane pers. comm., 2010).  

 

On balance, the Committee considers that the ecological community has undergone a substantial 

decline in geographic distribution. Therefore, the ecological community has been demonstrated to 

have met the relevant elements of Criterion 1 to make it eligible for listing as vulnerable. 

 

Criterion 2 – Small geographic distribution coupled with demonstrable threat 

This criterion aims to identify ecological communities that are geographically restricted to some 

extent. Three indicative measures apply: 1) extent of occurrence (i.e. the total geographic range of 

the ecological community); 2) area of occupancy (i.e. the area actually occupied by the ecological 

community within its natural range); and 3) patch size distribution (an indicator of the degree of 

fragmentation). It is recognised that an ecological community with a distribution that is small, 

either naturally or that has become so through modification, has an inherently higher risk of 

extinction if it continues to be subject to ongoing threats that may cause it to be lost in the future. 

The demonstrable and ongoing threats to the ecological community have been detailed previously, 

in Section 8: Description of Threats. 

The Giant Kelp Marine Forests of South East Australia ecological community was formerly 

extensively distributed along the east and south coasts of Tasmania (Edyvane, 2003; Johnson, 

2011). Patches of the ecological community were also found scattered along the coastline of 

Victoria from Gabo Island in Bass Strait and in South Australian waters west to Margaret Bock 

Reef in areas where ideal conditions prevailed. The overall range of the ecological community is 

extensive encompassing the entire coastline of Tasmania and Victoria and part of the South 

Australian coast. Its extent of occurrence therefore is considerable such that it cannot be 

considered to have a small geographic distribution on this basis. However, if the extent of 

occurrence is calculated based solely on the area in which the ecological community may occur 

(by using the surrogates of rocky substrata and suitable water depth), the ecological community’s 

likely extent of occurrence is estimated to be 460,000 hectares, which is within thresholds for a 

limited extent of occurrence. 

 

The calculated remaining area of occupancy for the ecological community is approximately 525 

hectares within Tasmania (Edyvane, 2003), which is indicative of a very restricted distribution 

(Table 1). It is unlikely that the combined patches of the ecological community outside of the east 

and south coasts of Tasmania would significantly increase this figure as known occurrences of the 

ecological community in these areas are rare and patches are small and isolated.  

 

An analysis of patch sizes based on Edyvane (2003) indicates that there are approximately 62 

patches of the ecological community remaining on the east and south coasts of Tasmania. Of these 

remaining patches, the majority (66%) are less than 10 ha in size (Table 1), with an average patch 

size of eight hectares. Although there are no quantitative data available on patch sizes for the 

ecological community in Victoria or South Australia, the available patch size data indicate a very 

high degree of fragmentation across the range of the ecological community that is consistent with 

a very restricted geographic distribution (i.e. patch size is typically less than 10 ha).  
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Table 1 Size and area covered by patches of the Giant Kelp Marine Forests of South East 

Australia Ecological community in Tasmania (Edyvane, 2003). 

 

Patch size Number of Patches Area (ha) % of total area 

Less than 1ha 4 2.3 6.4 

1 – 5 ha 20 63.4 32.2 

5 – 10 ha 17 116.7 27.4 

Greater than 10 ha 21 342.2 33.8 

Total 62 524.58  

 

The ecological community is subject to a range of demonstrable threats, as outlined in Section 8, 

Description of Threats. Many of these threats will continue to operate, or even intensify and 

compound each other, rather than diminish, particularly without further coordinated recovery and 

management effort. An example of a significant continuing and intensified threat to the ecological 

community is the southward penetration of the East Australian Current leading to a change in sea 

surface temperature and the spread of invasive sea urchins that form barrens. These threats are 

likely to continue to decrease the geographic distribution of the ecological community in the 

future.  

 

The Committee considers that the ecological community has a very restricted geographic 

distribution, based on both a small area of occupancy and the generally small and fragmented 

distribution of patches. If threats intensify they could cause the ecological community to be lost in 

the immediate future, in which case the ecological community could be eligible for listing as 

critically endangered. However, the Committee considers that the nature of the demonstrable 

ongoing threats detailed previously (Description of Threats) is more likely to cause the ecological 

community to be lost in the medium term future (50-100 years). Therefore, the Committee 

considers that the ecological community has been demonstrated to have met the relevant elements 

of Criterion 2 to make it eligible for listing as vulnerable under this criterion. 

 

Criterion 3 - Loss or decline of functionally important species  

As previously discussed, Macrocystis pyrifera is the functionally important foundation species in 

the Giant Kelp Marine Forests of South East Australia ecological community. Intact giant kelp 

marine forests create a vertical structure in the water column that increases local faunal diversity 

of rocky reef ecosystems. Intact giant kelp marine forests also alter the local hydrological 

environment by changing the amount of light available to the substratum which can create an 

increase in the diversity of understorey algal species. Thus, the presence of M. pyrifera is critical 

to the survival of the ecological community. No other species can provide the habitat structure 

required to support the other component species and ecosystem services. When the ecological 

community is degraded or lost, reef biodiversity declines and monospecific colonies of invasive 

species can overtake the reef system, completely denuding the algal habitat and inhibiting 

regrowth of native species.  

 

There is evidence of severe decline of giant kelp marine forests along the east coast of Tasmania 

of up to 98% loss at some locations (at Bruny Island), and an average loss of visible canopy cover 

of 91% across seven fixed test sites on the east and south coasts of Tasmania (Johnson et al., 

2011). Some evidence also exists of giant kelp forest losses off the east coast of Victoria 

(Edmunds et al., 2000, 2010). With loss of the giant kelp plants, the vertical structure above the 

reef is lost and component species from the water column of the ecological community are no 

longer able to find habitat to feed and shelter from predators (Edyvane, 2003; 2004; Hobday et al., 
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2006). Coastal fish and invertebrates no longer have the variety of microhabitats, refugia, 

attachment opportunities and food the giant kelp plants provide (Okey et al., 2006). This leads to a 

loss of other component species which make up the ecological community.  

 

Giant kelp plants can grow up to 2 metres a year with short generation lengths (10 years) and have 

the ability to quickly recolonise areas of suitable substratum when particular environmental 

conditions are conducive to their growth. However, with increasing sea surface temperatures due 

to the southern penetration of the EAC, physical conditions in many sites within the historical 

extent of the ecological community are unlikely to be suitable for giant kelp regrowth because the 

water temperature is warmer than the giant kelp’s temperature limit for survival. The warmer 

waters of the EAC are also lower in nutrients required by the plants for optimal growth.  

 

The EAC now flows as far south as Maria Island and while it is unlikely that the waters along the 

south to south west coasts of Tasmania will be affected by this warm water current, the functional 

species giant kelp, and therefore the ecological community, is unlikely to recover within its range 

along the east coast of Tasmania and Victoria in the near future due to the long term nature of 

climate change induced sea temperature warming and related oceanographic current changes 

(Ridgeway and Hill, 2009). In addition, the range expansion of the barren-forming urchin 

Centrostephanus rodgersii, related to warming water, prevents recolonisation of kelp plants and 

therefore re-establishment of the ecological community by excessive grazing on the surface of 

reefs, inhibiting or preventing the attachment and growth of new sporophytes. There are currently 

no known methods to fully eradicate Centrostephanus rodgersii.  

 

Although some patches of the ecological community have been noted to have increased in surface 

canopy area in the recent past (Johnson et al., 2011) possibly due to La Niña conditions 

favourable to kelp growth, climate change modelling data suggests that sea surface temperature 

warming and southern penetration of warm currents such as the EAC will continue (IPCC, 2001; 

Poloczanska, 2007; Holbrook et al., 2009). This will lead to an increased likelihood that the giant 

kelp plants and therefore the ecological community will be unable to survive along the entire 

eastern coasts of Victoria and Tasmania.  

 

Despite limited data on giant kelp loss from the isolated patches off South Australia and Victoria 

there is considerable evidence of severe loss of giant kelp and therefore the ecological community, 

from the core area on the east coast of Tasmania. Patches of the ecological community across its 

range are also susceptible to giant kelp loss from strong storm events linked to climate change and 

fluctuations in ENSO that may cause a catastrophic destruction of giant kelp marine forests. Such 

events could lead to loss or decline in function in other parts of the ecological community’s range 

that are not currently at risk of loss or decline due to changes in ocean circulation and temperature 

patterns. 

 

The Committee considers the decline of functionally important species in this ecological 

community is severe and that the restoration of the community across much of its range, to an 

intact or near-intact state, is not likely to be possible in the near future. Therefore, the ecological 

community is eligible for listing as endangered under this criterion.  
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Criterion 4 – Reduction in community integrity  

The integrity of the Giant Kelp Marine Forests of South East Australia ecological community is 

reduced when giant kelp plants are damaged or removed from the system as they are the 

foundation species for this ecological community. Both their complete removal and reduction in 

their density or ability to form canopies can cause a reduction in integrity of the ecological 

community.  

 

There are a range of threats impacting on the ecological community outlined Section 8, 

Description of Threats. These threats are unlikely to diminish in the foreseeable future, and will 

continue to have a long-term impact on both the functional integrity of the community and its 

capacity to recover following extensive damage. These threats have resulted in a decline in extent 

of the ecological community and a reduction in integrity through changes in structure, 

composition and function.  

 

As noted in Criterion 3, the critical role that M. pyrifera plays in the ecological community cannot 

be filled by any other species and loss of M. pyrifera has severe impacts on the integrity of the 

ecological community. For example, without the giant kelp plants to create shelter, attachment 

opportunities and provide a food source, fauna associated with the ecological community such as 

fish and invertebrates, are no longer able to inhabit the area where the kelp plants have been lost 

(Okey et al., 2006). The composition of the lower canopy layers of algae are also altered by the 

loss of the towering giant kelp plants which alter the light and local hydrological conditions to 

enable a variety of marine algae to grow on the rocky reef surface underneath their canopy.  

 

In Tasmania, the decline in integrity (and also in some instances complete removal) of patches of 

the ecological community has been caused in part by the climate-change induced southward range 

expansion of Centrostephanus rodgersii (long spined sea urchin) (Johnson et al., 2005, 2011). 

Centrostephanus rodgersii grazes so prolifically on the macroalgae on reefs they inhabit, 

including M. pyrifera, that they form ‘barrens’ where all macroalgae are denuded from the reef 

and only some encrusting coralline red algae remain. This ability to overgraze productive 

macroalgal habitat represents a critical threat to the integrity of near shore subtidal reef systems, 

including the Giant Kelp Marine Forests of South East Australia ecological community (Johnson 

et al., 2011).  

 

Sea urchin barrens are usually characterised by the virtual absence of macroalgae (Johnson et al., 

2005, 2011). This overgrazing and removal of giant kelp removes the foundation species of the 

ecological community therefore reducing the habitat, feeding and shelter opportunities for other 

component species of the ecological community, indicating an overall reduction in integrity of the 

ecological community. The nature of barrens forming a monospecific colony also indicates a loss 

of community integrity by transforming a diverse multi species faunal and algal community to a 

monospecific colony of invasive species. In addition, urchin barrens prevent regeneration of the 

Giant Kelp Marine Forests of South East Australia ecological community. Once established, 

urchin barrens prevent recolonisation of native algal species such as M. pyrifera because young 

sporophytes that settle on the reef are consumed before they have a chance to establish and begin 

to grow.  

 

Extensive sea urchin barrens occur along the northern half of the Tasmanian east coast, but 

decline with latitude and do not yet occur south of the Tasman peninsula (Johnson et al., 2011). 

There is evidence of severe decline of giant kelp marine forests along the east coast of Tasmania 

(Johnson et al., 2011). 
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The Tasmanian native purple sea urchin Heliocidaris erythrogamma can also form seasonal 

barrens and it has been concluded that fishing of natural sea urchin predators, such as large 

specimens of the Jasus edwardsii (southern rock lobster), can create conditions where these native 

species become overabundant and overgraze macroalgae including M. pyrifera (Johnson et al., 

2005). The strengthening of the EAC which is the ultimate cause of the range expansion of C. 

rodgersii does not in itself create the conditions necessary for destructive grazing and subsequent 

barrens formation (Johnson et al., 2011). Again it is the removal of large specimens of the 

urchin’s only predator J. edwardsii through fishing that allows the urchin to proliferate to high 

enough densities that overgrazing occurs (Johnson et al., 2011). These combined conditions and 

pressures have reduced community integrity in the past and prevent the ability of the ecological 

community to regenerate in the near future. 

 

The increase in warm, nutrient poor water associated with the southward penetration of the EAC 

to Tasmania has impacted on the integrity of the Giant Kelp Marine Forests of South East 

Australia ecological community as the warmer, nutrient poor water does not support growth and 

regeneration of the foundation species M. pyrifera. M. pyrifera requires cool, nutrient rich water 

for optimal growth and elevated water temperatures stress this species which is already near the 

upper limits of its optimal temperature range, by slowing growth and reducing reproductive 

capacity (Poloczanska et al., 2007). Attempts to reafforest patches of the ecological community in 

Tasmania in the early 2000s had limited success and have since been abandoned (Sanderson, 

2007). Therefore, regeneration of the ecological community is unlikely within the near future, 

even with positive human intervention, due to the long term nature of large scale oceanographic 

changes.  

 

In addition to invasive species and the cascading effects of climate change induced stressors on 

the ecological community, anthropogenic impacts from fishing, marine and land based pollution 

and coastal development all have the potential to reduce the integrity and resilience of inshore 

marine ecosystems such as the Giant Kelp Marine Forests of South East Australia ecological 

community. Although these impacts cannot currently be quantified or their future impact directly 

predicted, human activities can have both direct and indirect impacts on the integrity of the 

ecological community and its ability to recover (Poloczanska et al., 2007). There is the possibility 

to alter these human induced stressors through policy and management practices at regional and 

national scales (Poloczanska et al., 2007).  

 

The effects of the range of current and future threats impacting on the integrity of the Giant Kelp 

Marine Forests of South East Australia ecological community are complex, long lasting and have 

serious implications for its survival in specific locations. Although there is limited evidence of 

reduced integrity in some regions where the ecological community occurs in isolated patches, 

such as South Australia, there is considerable evidence that key threats have caused a very severe 

reduction in integrity in the core area of the ecological community on the east coast of Tasmania. 

Where degradation has occurred, the recovery of structure and function is unlikely even with 

human intervention in the near future.  

 

The Committee considers that the change in integrity experienced by the ecological community 

across its range is severe and that regeneration is unlikely within the near future, even with 

positive human intervention. Therefore, the ecological community is eligible for listing as 

endangered under this criterion. 
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Criterion 5 – Rate of continuing detrimental change 

As discussed in Section 7, Relevant Biology and Ecology, the foundation species of the ecological 

community, M. pyrifera (giant kelp) displays a natural tendency to fluctuate in its density and 

extent in response to local physical water conditions and availability of suitable substrata for 

attachment. Despite this natural tendency to exploit favourable conditions, it is clear that the Giant 

Kelp Marine Forests of South East Australia ecological community has undergone severe decline 

in the recent past and continues to be subject to ongoing threatening processes. These threatening 

processes are likely to cause gradual detrimental change in integrity of remaining patches of the 

ecological community across much of its range. In addition, threats such as changed storm 

conditions and strong storm events linked to climate change and fluctuations in ENSO may cause 

catastrophic removal of patches of the ecological community, leading to loss in parts of its range 

that are not currently influenced by changing patterns of ocean circulation. 

 

Some patches of the ecological community are thought to have increased in surface canopy area in 

the recent past (Johnson et al., 2011) possibly due to favourable La Niña conditions. However, 

climate change modelling data suggest that warming and southern penetration of warm currents 

such as the EAC will continue (Poloczanska et al., 2007; Holbrook et al., 2009), leading to an 

increased likelihood that the species – and therefore the ecological community – will be 

completely removed from the entire east coasts of Victoria and Tasmania. In addition, although 

strong La Niña conditions currently persist (BOM, 2012), there is a documented tendency for 

strong and prolonged El Niño events to follow these La Niña episodes (IPCC, 2001; Edyvane, 

2003) indicating that in the near future further detrimental change or complete removal of patches 

of the ecological community could occur during these expected strong El Niño climate patterns. In 

addition, CSIRO modelling predictions indicate that ocean temperatures around Australia are 

projected to warm by 1-2°C by the 2030s and 2-3°C by the 2070s, with the greatest warming 

along Australia’s east coast (Poloczanska et al., 2007). This level of warming could cause further 

detrimental change to remaining patches of the ecological community on the east coast of 

Tasmania. Continued ocean warming along Australia’s east coast will also prevent any possibility 

of the ecological community being able to re-establish on the east coast of Tasmania as giant kelp 

plants will not survive in warm, nutrient poor waters.  

 

Patches of the ecological community in southern waters, which are driven by different, cooler 

currents, are not predicted to alter significantly with climate change and may not undergo as much 

detrimental change from warming water temperature. However, increased storm activity due to 

strong El Niño events that are predicted to increase in future, could be a factor in the direct 

removal and loss of the ecological community. Examples of significant loss of patches of the 

ecological community due to storm events linked to El Niño occurred in 1972 where both 

northeastern and southern patches of the ecological community in Tasmania were completely 

decimated by heavy storms (Edyvane, 2003). Edyvane (2003) also noted that regeneration is slow 

for patches of the ecological community which had total removal of giant kelp plants from their 

holdfasts, or removal of the most productive upper layers of the canopy of the giant kelp marine 

forests.  

 

The continuing southward penetration of the invasive urchin Centrostephanus rodgersii, also 

related to shifting climate patterns, is likely to cause ongoing detrimental change to the quality 

and integrity of the ecological community throughout its range in Tasmania. The range of C. 

rodgersii has shifted southward from New South Wales to Tasmania over the past 40 years 

(Johnson et al., 2011). Extensive barrens of C. rodgersii occur along the northern half of the 

Tasmanian coast (Johnson et al., 2011). Although barrens have not yet been detected south of the 
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Tasman peninsula, the species is present there (Johnson et al., 2011) indicating that if conditions 

became more suitable for their growth, they may be able to form barrens. The limiting factor for 

urchin expansion is the presence of large predators, in this case Jasus edwardsii, the southern rock 

lobster. Overfishing of large specimens was a historical threat to the ecological community. If 

future fisheries are not managed responsibly, this could allow for densities of urchins to build to a 

point where barrens formation may also occur on the south coast of Tasmania.  

 

There has been a severe loss in the extent and integrity of the ecological community and the 

threats are likely to continue to cause detrimental change in the future. However, there are 

insufficient data available to the Committee to indicate the exact rate of change to demonstrate 

that the required elements of Criterion 5 have been met. Therefore, the ecological community is 

not eligible for listing as under this criterion. 

 

Criterion 6 - Quantitative analysis showing probability of extinction  
There are no quantitative data available to assess this ecological community under this criterion. 

Therefore, it is not eligible for listing under this criterion. 

 

10. Conclusions  

Conservation status 

 

This advice follows the assessment of information to include the Giant Kelp Marine Forests of 

South East Australia in the list of threatened ecological communities referred to in Section 181 of 

the EPBC Act. The Giant Kelp Marine Forests of South East Australia ecological community 

meets: 

 

 Criterion 1 to make it eligible for listing as vulnerable  

 Criterion 2 to make it eligible for listing as vulnerable 

 Criterion 3 to make it eligible for listing as endangered  

 Criterion 4 to make it eligible for listing as endangered  

 

The highest category for which the ecological community is eligible to be listed is endangered. 

 

Recovery Plan 

The committee considers that there should be a recovery plan for this ecological community.  

 

The Committee recognises the ecological community to be endangered and that threats to the 

community are ongoing and complex in nature. Considerable work is needed to ensure continued 

protection for this ecological community. It is expected that all existing management plans and 

conservation initiatives would be taken into account for future plans. 
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11. Recommendation 
 

(i) The Committee recommends that the list referred to in section 181 of the EPBC Act be amended 

by including in the list the endangered category: 

 

Giant Kelp Marine Forests of South East Australia 

 

(ii) The Committee recommends that the Minister decide to have a recovery plan for this ecological 

community 

 

(iii) The Committee recommends that the Minister provide the following reason for his recovery 

plan decision: It is unlikely that the major threat – climate change, which is driving many of the 

other threatening processes - can be ameliorated through the development of a recovery plan. 

However, there are some areas within the ecological community’s distribution where the 

impacts of climate change are more moderate. In addition, some of the secondary threats caused 

by climate change need to be managed and there are other potential threats such as increasing 

sedimentation into coastal waters and removal of urchin predators through fishing operating 

across its range. A recovery plan would increase knowledge of the ecological community across 

its range (as the current data are predominantly from Tasmania), which could help in 

understanding the connectivity of the ecological community across its range and its ability to 

regenerate from source populations when damaged or lost from one location. A recovery plan 

would also encourage further research and efforts to reafforest areas of the ecological 

community and gain a greater understanding of its role in the inshore marine rocky reef 

environment. 
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Glossary 

 

Alternation of generations - Sexual reproduction involves the two alternating processes of meiosis 

and fertilization 

Antheridia – Male gametes 

Benthic – Referring to the sea floor habitat. Benthos are organisms that live on the sea floor e.g. 

sponges, macroalgae. 

Diploid – Containing two sets of homologous chromosomes (one from each parent). 

Foundation species – Species that form essential habitat structure for other species, such as kelp. 

Gamete – Haploid reproductive cell produced by sexually reproducing organisms which fuses 

with another gamete of the opposite sex to produce a zygote. 

Gametophyte – A gametophyte is the haploid, multicellular phase of plants and algae that undergo 

alternation of generations, with each of its cells containing only a single set of chromosomes. The 

gametophyte produces male or female gametes (or both), by a process of cell division called 

mitosis. The fusion of male and female gametes produces a diploid zygote, which develops by 

repeated mitotic cell divisions into a multicellular sporophyte. 

Guild – A group of species having similar requirements (and/or foraging habits) and so having 

similar roles in the community. 

Haploid – Containing only a single set of chromosomes (male or female). 

Intercalary meristem – A meristem is the tissue in most plants consisting of undifferentiated cells 

(meristematic cells), found in zones of the plant where growth can take place. Intercalary 

meristems occur at the base of nodes and leaf blade. The primary function of an intercalary 

meristem is to facilitate longitudinal growth of a plant organ. 

Keystone species – A species that has a disproportionately large effect on its environment relative 

to its abundance. 

Macroalgae – Multicellular algae. 

Oogonia – Female gametes. 

Pneumatocysts - a large float containing gas found in brown algae. An organism may have more 

than one. They provide buoyancy to lift the blades toward the surface, allowing them to receive 

more sunlight for photosynthesis. 

Propagule – A spore. 

Sori – A cluster of sporangia (structures producing and containing spores). 

Sporangia – An enclosure in which spores are formed. 

Spores – Small, often unicellular reproductive body from which a new organism arises. 



Page 41 of 41 

Listing advice for the Giant Kelp Marine Forests of South East Australia ecological community 

Sporophyll – A leaf that bears sporangia. 

Sporophyte – The sporophyte is the product of the fusion of two haploid gametes. Its cells are 

diploid, containing two sets of chromosomes. The mature sporophyte produces spores by a 

process called meiosis, sometimes referred to as reduction division because the chromosome pairs 

are separated once again to form single sets. The spores are therefore once again haploid and 

develop into a haploid gametophyte. 

Stipe – The stem-like part of a seaweed, common among brown algae such as kelp. The stipe of 

kelp often contains a central region of cells that, like the phloem of vascular plants, serves to 

transport nutrients within the alga. 

Thermocline – The transition layer between the mixed layer of water at the surface and the deeper 

water. A thin but distinct layer in which water temperature changes more rapidly with depth than 

it does in the layers above or below. 

Wrack – Detached kelp plants washed ashore. 

Zoospores – A motile asexual spore that uses a flagellum for locomotion. 

Zygote – The initial cell formed when two gamete cells are joined by means of sexual 

reproduction.  

  

 


