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OVERVIEW
Macrocystis pyrifera (which
forms a floating surface canopy)
and other sub-canopy forming
marine macroalgal species
from the orders Laminarials
and Fucales are often prevalent
on shallow, temperate, rocky
coastlines and reefs (Dayton
1985, Steneck et al. 2002).

Collectively these configurations
of species create ecosystems
known as kelp-forests. Kelpforests have been likened to
terrestrial forests in both their
structure and their ability to
support a myriad of other species
(Steneck et al. 2002), they form
the largest biogenic structure

within temperate benthic marine
systems (Dayton 1985, Steneck et
al. 2002) and are considered one
of the most productive habitat
types worldwide (Mann 1973).

DISTRIBUTION
Macroalgae form a complex,
multi-layer structure that can
range from the benthos to
the sea surface. Subsurface
canopy-forming brown algae
(including Carpophyllum,
Cystophora, Ecklonia, Lessonia
and Marginariella genera) are
distributed across the entire
latitude of New Zealand’s North
and South Islands and some
are also prevalent on major
offshore islands such as Chatham
Island, Stewart Island and New
Zealand’s Subantarctic island
groups (Fig. 1, black bracket).
The distribution of M. pyrifera
specifically is more restricted (Fig.
1, red brackets). M. pyrifera is a
perennial species which grows in
water up to 20 m deep, it often
forms a floating surface canopy
which can comprise 33 – 50% of
the total biomass (Geange 2014).
It has a biphasic life cycle: Adult
sporophytes produce zoospores
into the water column at a 1:1
sex ratio, if habitat is suitable
zoospores settle and germinate
into microscopic male and female
gametophytes.
After maturation, gametophytes
extrude eggs and sperm which
fertilise, creating microscopic
sporophytes that ultimately give
rise to another adult sporophyte
(Graham et al. 2007). Vast M.
pyrifera forests are present
along the coast of the East
Otago region, which stretch from
the shore line to 10’s of metres
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Figure 1. Map of New Zealand and associated islands. Black bracket (left)
indicates latitudinal extent of macroalgal species across New Zealand.
Red brackets indicate distribution of M. pyrifera (dotted lines represent
intermittent distribution and uncertain ranges). Blue line indicates the
coastal extent of the South-East Marine Protection Planning Forum Area
which extends 12 nautical miles off shore. (Kain (Jones) 1982, Schiel 1990, Hay
1990, Schiel et al. 1995, Brown et al. 1997, Fyfe et al. 1999, Shears and Babcock
2007, Graham et al. 2007, Hepburn et al. 2007, 2011, Win 2010, Stephens and
Hepburn 2014, Desmond et al. 2015)

offshore. Isolated offshore M.
pyrifera forests also occur and are
considered globally significant
as they form some of the last
remaining offshore kelp-forest
habitat world-wide (Perissinotto
and McQuaid 1992, Fyfe et al.
1999, Edgar et al. 2005, Graham
et al. 2007). Other large habitat
forming species prevalent around
the south-east coast (Fig. 1, blue

line) include Carpophyllum spp.,
Cystophora spp., Durvillaea spp.,
Ecklonia radiata (north of Otago
Peninsula pers. obs M Desmond)
Marginariella spp. and Sargassum
sinclairii (Shears and Babcock
2007, Win 2010, Hepburn et al.
2011, Desmond et al. 2015).

The main factors controlling the
distribution of macroalgal species
include sea temperature (Hay
1990, Graham et al. 2007), hard
substrate availability (Hay 1990,
Steneck et al. 2002, Graham et
al. 2007), light (Harrer et al. 2013,
Desmond et al. 2015) and nutrient
availability (Brzezinski et al. 2013,
Harrer et al. 2013, Stephens and
Hepburn 2014).

ECOLOGICAL FUNCTION / VALUE
Kelp forest ecosystems provide a
number of functions and services
which can be split generally
into four types: Habitat and
supporting services, Regulating
services, Provisioning services
and Recreational and cultural
services.

HABITAT AND
SUPPORTING SERVICES
Kelp-forest ecosystems provide
critical three dimensional habitat
for a suite of fish and invertebrate
species (DeMartini and Roberts
1990, Duggins et al. 1990, Win
2010, Geange 2014). Many species
are permanent residents within
these ecosystems while others
utilise this habitat during crucial
periods of their development e.g.
reduced water flow within kelpforests allows larval settlement
and deposition of eggs from
species such as kina (Evechinus
chloroticus) (Rowley 1989), and
blackfoot and yellowfoot paua
(Haliotis iris and H. australis).
Protection provided from
predators means kelp forests are
excellent nursery habitats for
species such as butterfish (Odax
pullas), blue moki (Latridopsis
ciliaris) blue cod (Parapercis colias)
and leather jacket (Parika scaber)
among many others (Levin and
Hay 1996, Win 2010).
Kelp-forests form the base
of complex food webs which
provide for both coastal and
pelagic species. It has been

estimated that in some nearshore ecosystems macroalgae
may be responsible for 90% or
more of the total carbon fixation
(Duggins et al. 1989, Gattuso et
al. 2006). Grazing by numerous
organisms occur on live kelp and
after kelp dies or is torn from the
reef by storms it is utilised by
drift feeding organisms (Kirkman
and Kendrick 1997, Day and
Branch 2002, Suárez Jiménez
2014) and often ends up offshore
or in estuarine, intertidal or sandy
beach environments where it
provides both habitat and a food
source to numerous aquatic and
terrestrial species (Inglis 1989,
Marsden 1991, Kingsford 1995,
Suárez Jiménez 2014).

REGULATING SERVICES
Kelp forests have the ability
to take up excess land derived
nutrients that make their
way into coastal seas via
river outflow and which may
otherwise be harmful to
organisms through the initiation
of algal blooms (Vitousek et
al. 1997, Hepburn et al. 2006,
Gordillo et al. 2006). They play
a role in sediment trapping
and retention, which has the
effect of forming new habitat,
reducing sediment erosion and
limiting the resuspension of
sediments, these services are
however compromised if excess
sediment is present (Madsen et
al. 2001). Kelp-forests, in some

cases, offer protection against
coastal erosion by dampening
wave energy in high exposure
sites, this dampening has only
been quantified in northern
hemisphere populations (Stevens
et al. 2001, Steneck et al. 2002,
Gaylord et al. 2009).

PROVISIONING SERVICES
The value of kelp-forests is
multifaceted. From an economic
perspective, these systems form
the base of food webs of, and
provide habitat for, numerous
commercially harvested fish and
invertebrate species (Geange
2014). The Fisheries Management
Area 3 (FMA 3, South-East
Coast), which encompasses
the proposed area of marine
protection includes commercial
fisheries for a number of kelpforest inhabiting species, such
as rock lobster (Jasus edwardsii),
paua, kina, blue cod, red cod
(Pseudophycis bachus), blue
moki and butterfish, as well
as M. pyrifera itself (Win 2010,
fs.fish.govt.nz). Direct harvest
of macroalgae for human
consumption, animal feed,
fertilisers, and pharmaceuticals
is fairly limited in New Zealand in
relation to the rest of the world,
however these industries are
growing and in 2010 M. pyrifera
was introduced into the quota
management system (Ministry
for Primary Industries 2014).
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RECREATIONAL AND
CULTURAL SERVICES
The attraction of kelp-forests for
recreational pursuits and tourism
activities such as fishing, scubadiving and snorkelling make these
habitats valuable from both a
monetary and social perspective
(Geange 2014). Culturally
these habitats are considered
extremely valuable (Geange
2014) as they support a number
of taonga (treasured) species
that are customarily gathered
for kai for both whānau (family)
and manuhiri (guests) (Miller and
Ormond 2007, Aotearoa Fisheries
Limited 2014).

Seasonally, the composition of
macroalgal species within kelpforests may change drastically
as some species are annuals
while others perennial (Schiel
1990, Pirker 2002, Tait and Schiel
2011, Desmond et al. 2015). This
changing composition directly
alters macroalgal biomass
production, contribution of
resources to the coastal food web
and the associated ecosystem
services kelp forests provide that
are outlined above.

Source: Kyle Swann
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THREATS / PRESSURES
Numerous pressures threaten
the presence, productivity and
diversity of kelp-forest habitats.
These threats can be classified
as either regional (within New
Zealand and specifically the
south-eastern South Island) and/
or global.
Sedimentation from land run-off,
wastewater discharge and dredge
spoil dumping can smother
microscopic gametophytes,
juvenile sporophytes and prevent
the settlement of spores (refer
above for life cycle details) by
covering the rocky substrate,
needed for attachment, with
sand and fine silt (Airoldi and
Cinelli 1997, Schiel et al. 2006,
Morrison et al. 2009, Foster and
Schiel 2010, Geange et al. 2014).
Suspended sediment in the
water column also reduces the
amount of light energy reaching
kelp communities, which can
drastically reduce productivity
(Dean 1985, Aumack et al. 2007,
Morrison et al. 2009, Hepburn
et al. 2011, Pritchard et al. 2013,
Desmond et al. 2015). This threat
is relevant at the regional scale
with moderate agriculture,
coastal erosion and dredge
spoil dumping contributing to
sediment input along the southeast coast.
Invasive species such as Undaria
pinnatifida have been shown to
out-compete native kelp and
macroalgal species, reducing
species diversity (Casas et al.
2004, Stuart 2004, Dean and
Hurd 2007, Russell et al. 2008,
Richards et al. 2011) and altering
food-web dynamics (Suárez
Jiménez 2014). The threat of
invasive species is globally
relevant however the continued
expansion of U. pinnatifida along
the south-east coast is also of
regional concern (Russell et al.
2008).

The global trend of rising sea
temperatures, as a result of
climate warming, may modify
the distribution of kelp forest
communities (Hay 1990,
Wernberg et al. 2011). Increased
temperatures in areas where kelp
are already living at the higher
end of their thermal tolerance
e.g. Marlborough Sounds, could
mean a total loss of those species
within the area. If temperatures
increase past the threshold for
M. pyrifera these populations
may be lost first, increasing the
regional importance of southern
populations. No information is
available as to how temperature
increases may influence the
distribution of macroalgae along
the south-east coast.
Harvest of kelp for fertilisers, fish
food and human consumption
has the ability to significantly
reduce kelp biomass, altering
food-web dynamics (Kimura
and Foster 1984, Miller et al.
2011, Geange 2014). The harvest
method is to remove the surface
tissue down to a depth of
1.2m; Geange (2014) found this
process reduced the generation
of reproductive blades by an
average of 86% within New
Zealand populations. Currently
the total allowable commercial
catch (TACC) for M. pyrifera along
the south-east coast (KBB3G)
is set at 1,236 tonne. Between
2008-9 and 2013-14 an average of
51 tonnes of attached M. pyrifera
have been harvested per year in
KBB3G, with the majority of this
from the Banks Peninsula area,
with a peak of 93 tonne in 2013-14
(fs.fish.govt.nz).

Anecdotal evidence from local
commercial fishers in Otago
indicate that the extent of kelpforests has reduced compared to
twenty years ago, and attribute
the decline to the negative
impacts of sedimentation on
juvenile kelp. In areas where
M. pyrifera has disappeared
completely (e.g. Taieri Mouth)
fishers report a downturn of
local fisheries for crayfish and
finfish. Similar stories detail the
decline of Pāua fisheries within
the Marlborough Sounds region,
attributing this to decreased M.
pyrifera communities as a result
of sedimentation from adjacent
deforestation (Aotearoa Fisheries
Limited 2014). Although the
loss of M. pyrifera habitat likely
impacts fisheries reliant upon
them the degree to which this
occurs is unknown. Also it must
be noted that sedimentation
is probably one of a number of
cumulative factors affecting
these coastal habitats and more
research is needed to support
anecdotal accounts linking
habitat loss to fisheries decline.
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MANAGEMENT CONSIDERATIONS / EXISTING
MANAGEMENT
Effective management of kelpforest ecosystems is essential in
order to maintain and improve
the productivity and function
of our coastal ecosystems. By
preserving these ecosystems,
fisheries and higher trophic
level organisms are indirectly
supported. It is crucial that
the scale of management is
ecologically applicable. By
understanding how the spatial
positioning of management
measures may influence adjacent
systems through “spillover” of
species and dispersal of larvae
and spores by ocean currents the
effectiveness of management
can be optimised (Halpern 2003,
Shanks et al. 2003, Cowen and
Sponaugle 2009, Halpern et al.
2010, Babcock et al. 2010). Little
is known of the connectivity of
south-east marine communities,
especially kelp-forests, however
an understanding of the general
hydrodynamics of this coastline
are well understood and should
be taken into account when
protection is implemented
(Brodie 1960, Heath 1981, 2010,
Chiswell 1996, Sutton 2003,
Pickrill and Mitchell 2010).

Currently the only management
measure in place, within the
proposed south-east region that
preserves kelp forest habitat,
is a TACC limit (as previously
stated) for M. pyrifera that is
implemented under the quota
management system. Evidence
suggests however any harvesting
of M. pyrifera (to a depth of 1.2m)
may have negative effects on
reproduction (Geange 2014),
although knowing the impact
of this for long-term stability
of M. pyrifera beds requires
further research. An example
of kelp and other macroalgal
species protection exists in south
Australia, when in 2012, under
the Environment Protection
and Biodiversity Conservation
Act 1999 (EPBC Act), “Giant Kelp
Marine Forests” were listed
as endangered (www.comlaw.
gov.au/Details/F2012L01781).
In a comprehensive review of
macroalgal protection by Brodie
et al. (2009) it was concluded
that legislation is the best
method by which algae can
be given protection. This type
of legislative protection only
safeguards against the threat of

harvest and direct human effects,
it does not protect from indirect
anthropogenic effects such as
sedimentation and invasive
species, nor global effects such
as sea temperature increases.
In conclusion the management
of kelp-forest communities
along the south-east coast
should prioritise the protection
of; representative macroalgal
communities that support
high levels of both primary and
secondary biodiversity, those
that are particularly vulnerable
to anthropogenic effects and
those that are partially protected
through their association with
other management e.g. land
management that minimises
anthropogenic effects (National
parks and conservation reserves).
Matt Desmond

Source: Matt Desmond
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