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Mihimihi

Ko Aoraki te mauka teitei
Aoraki the lofty mountain
Ko Tarahaoa te Mauka
Tarahaoa is the Mountain
Ko Orari te Awa
Orari is the River
Ko Huirapa te Takata
Huirapa is the Ancestor
Ko Te Hawea, Rapuwai, Waitaha, Kāti Mamoe me Kāi Tahu te iwi
These are my tribal affiliations
Ko Te Waiateruati te Pā Tawhito
Te Waiateruati is the Ancient Fort
Ko Arowhenua me Waihao taku tupuna marae
Arowhenua and Waihao are my marae
Ko Te Hapa o Niu Tireni te Whare nō Arowhenua
Te Hapa o Niu Tireni is the name of my meeting house at Arowhenua
Ko Arowhenua te Whenua
Arowhenua is the Land
No Te Umu Kaha ahau
I am from Temuka
Ko Francese Irihapeti Mandy Waaka-Home taku ikoa
Francese Irihapeti Mandy Waaka-Home is my name
Tēnei te mihi mahana ki a koutou
Warm greetings to you all
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1.

INTRODUCTION – KAITIAITANGA
1.1

My name is Mandy Waaka-Home and I whakapapa to numerous Ngāi Tahu
hapū.

Today I speak on behalf of Kāti Huirapa with the unconditional support

of Te Rūnanga o Arowhenua, Te Rūnanga o Waihao, Te Rūnanga o Moeraki
and Te Rūnanga o Ngāi Tahu.
1.2

My taua (great-grandmother) Tautau was born at the Te Ao Mārama
settlement during the heke led by Te Maiharoa into the high country.

Taua

Tautau married Teone Te Kahu, the son of Taare Wetere Te Kahu and
Pirihera Kuku.

My taua (grandmother) Lavinia married Tupae Reihana and

they lived at Te Umu Kaha (Temuka).

My mum was brought up by Taua

Tautau at Glenavy when her mother passed away.
1.3

Like my mother, her mother and her mother’s mother before her, I have
inherited the role of kaitiaki of the Waitaki catchment. Being a kaitiaki is a
significant responsibility; it is much more than being merely a passive
guardian of natural resources. It requires a hands on and proactive approach to
ensure our mahika kai is safeguarded and restored.
responsibilities extremely seriously.
something that can be disregarded.

I take my kaitiaki

As an inherited responsibility it is not
I am passionate to ensure that our

taonga and other natural resources are passed on in as good a state, if not
better, to the generations that follow, and that our care and endeavours today
respect the beliefs, practices and the intentions of our Tīpuna.

1.4

Traditionally, kaitiakitanga incorporated guardian spirits who communicated
with the living world to warn of the danger to the mauri and the mātauraka
(training and knowledge) and also herald the times and limits of harvest
seasons. Sometimes kaitiaki were manifested through guardian animals, birds,
fish or Taniwha. Kaitiaki were people with the mātauraka to interpret signs
in the environment, such as environmental indicator species or natural events
that were utilised to understand the changing ecology. They were monitors of
resource health and wellbeing.

1.5

While the same principles still apply today, it has been necessary for the role
of kaitiaki to evolve in order to cope with the intense demands that are being
placed upon our natural resources. In modern times, and particularly under the
Resource Management Act, the duties associated with kaitiakitanga include:

(a)

Restoring and rehabilitating our degraded mahika kai sites;

(b)

Assessing

the

cultural

implications

of

proposed

developments,

including preparing cultural impact assessments;
(c)

Lodging submissions and presenting evidence on resource consent
applications and plan development processes; and

(d)

Forming constructive relationships with environmental agencies such
as councils, the Department of Conservation (DoC), power companies and
Fish and Game.

1.6

It is important to re-emphasise that while the role of kaitiaki has evolved to
accommodate contemporary resource management processes, we are still
guided

and remain true to our cultural foundations based on mauri and

matauranga.

Fortunately for those of us mandated as kaitiaki we are more

empowered now to express our cultural beliefs, values, activities and
associations as it is our relationship that is important under the RMA and
not simply more easily identifiable tangible aspects.
1.7

My involvement in providing evidence on Plan Change 5 to the Land and Water
Regional Plan (PC5) is an example of my kaitiaki responsibilities.

Other

examples of kaitiaki initiatives I have been involved with include:

(a)

Since 1994 I have been involved with the numerous resource
consent applications affecting the Waitaki catchment, including Project
Aqua, the North Bank Tunnel Concept and the Hunter Downs Irrigation
Scheme;

(b)

From 2000 to 2012 I have been a member of the Aoraki Canterbury
Conservation Board;

(c)

I am the present chair of the Manuhaea Land Trust, which involves the
management of our ancestral lands at Lake Hawea that were
returned to the descendants of the original Manuhaea Native Reserve
landowners, and a committee member of the Wanaka-Hawea land trust;

(d)

From 2002 to today I have been a member of the Waitaki Native Fish
Trap and Transfer Committee;

(e)

Since the early 1990s, I have been a member of the Roopū
Kaitiaki DoC Rūnanga working party;

(f)

From its inception in 2004 I have been a past chair and current
member of the Ngāi Tahu Māori Rock Art Trust;

(g)

From 2007 to today I have been a member of the Arowhenua
Mātaitai Committee;

(h)

In 2007 I was appointed by the Minister of Fisheries to be a
tangata tiaki (customary fisheries officer) from the Rakaia to the Waitaki;

(i)

Since 2000, I have been the report writer for the Ngāi Tahu Land
Tenure team for the pastoral leases between the Rakaia and the
Waitaki;

(j)

From 2007 until 2010, I was employed as the Marae manager for
Arowhenua Marae; and

(k)

Since 2010 I am the Maori Development Manager for NIWA based in our
Christchurch office, working all over New Zealand as well as oversea.

1.8

Ever since I was a little girl, I have spent many years in the hinterland of the
Upper Waitaki and Te Manahuna (the Mackenzie Basin).

Every year my

whānau and I go on numerous trips up and down the Waitaki to enjoy the
landscape, look at Rock Art, see if we can score a feed from favourite places and
spend time with one another.

1.9

During our hikoi, I always keep an eye on the cultural health of the catchment
and it is my responsibility to pass on my knowledge to my whānau so that
they will one day take over my kaitiaki responsibilities.

1.10

I am extremely proud of our history with the Waitaki and Te Manahuna. In the
same vain as my Tīpuna, I enjoy a relationship with the catchment based on
regular visits to the river.
160 kaika.

Historically, the Waitaki Catchment sustained over

While the permanent settlements were mainly found at the river

mouth, the majority of sites were used on a seasonal and temporary basis by
whānau and hapū. We gathered food and resources at different locations in
the valley and at different times of year so as to relieve harvesting pressure at
particular locations.

We continue to maintain this pattern of cultural use. The

Waitaki continues to be a place where my family feel especially empowered
and connected. It is our place in the world, our home, Te Ao Mārama.
1.11

I am also particularly proud of our efforts to restore mahika kai in the
Waitaki. As I will explain shortly, many Ngāi Tahu people, especially my late
cousin Kelly Davis, have spent many tireless years working towards restoring
our mahika kai.

Despite the enormous impacts that have resulted from the

hydro development, we feel we are making some genuine progress towards
restoring our mahika kai. I do not want to see our efforts undone by a short
sighted and unsustainable quest to intensify the area’s productive capacity.
2.

SCOPE OF EVIDENCE

2.1

My evidence will address the following:

(a)

Our aspirations for the Waitaki catchment; by "our" I mean Te Runaka o
Arowhenua, Waihao and Moeraki. Iwi katoa will benefit from this mahi
also.

(b)

The significance of Longfin Eel (tuna) to Ngāi Tahu, their unique
lifecycle, the decline in the tuna population and the urgent need for
restoration; and

(c)

2.2

The impacts of intensive farming.

I have provided with my evidence the following attachments:

(a)

Appendix 1: Kai seasons - Restoring mahinga kai – an integral part of
the Waitaki Cultural landscape;

(b)

Appendix 2: Mahinga kai sites on the lower Waitaki; and

(c)

Appendix 3: Elver Survey of the Lower Waitaki River report prepared for
Meridian Energy Limited dated June 2014.

3.

ASPIRATIONS FOR THE WAITAKI CATCHMENT
3.1

Our aspiration for the Waitaki is to continue to preserve and grow our
relationship with our ancestral river – Ko Waitaki te awa - and to enhance our
use of the catchment, including its many rivers, lakes and wetlands.
Engagement and interaction is central to realising this aspiration and more
importantly continuing the generation and use of our mātauraka while sharing it
with our moko and whanau katoa.

3.2

Engagement will be encouraged by:

(a)

Protecting the cultural health of rivers, lakes, streams and taonga
valued by Ngāi Tahu Whānui. An essential ingredient of this aspiration
is the protection of the high water quality of the Waitaki catchment,
which is most visibly represented by different water bodies in the
catchment having distinctive vibrant blue colours;

(b)

Facilitating the restoration of a network of mahika kai sites from the
mountains to the sea.

While in the past, we have been forced to

watch as rivers such as the Pukaki, Upper Takapo, Lower Ohau and
a myriad of wetlands have been drained, we have never before faced

a serious threat to the water quality of the catchment. Without clean
water, our aspirations will be unachievable;
(c)

Continuing the protection of rock art which requires us to avoid the
risk of creating microclimates that could undermine our restoration
initiatives;

(d)

Continuing to record and make available to whānau information
about the Waitaki;

(e)

continuing to promote the protection of the Ahuriri as a relatively
unmodified braided river habitat and "remnant" of the old Waitaki
headwater streams (Takapo, Pukaki, Ohau) that were dewatered or
modified by development; and

(f)

Continuing to develop positive relationships with communities in the
catchment and with river users to more effectively balance the
use, development and protection of Waitaki catchment resources. We
believe that inequalities in the past meant that our cultural associations
were marginalised or at worst ignored.

Opportunities to address this

imbalance and develop constructive collaborative relationships are being
explored and forged now.
3.3

We want Kāi Tahu Whānui to know their awa (river) and to be proud to say
"Ko Aoraki te mauka, Ko Waitaki te awa, Ko Kāi Tahu te iwi".

4.

THE SIGNIFICANCE OF LONGFIN EEL (TUNA) TO NGĀI TAHU

The unique lifestyle of Tuna

4.1

Tuna are of immense spiritual significance to us and are recorded in many
Ngāi

Tahu traditions and tribal whakapapa.

(proverb) is well known amongst Ngāi Tahu:
Kia hiwa rā, Kia hiwa rā
Moe araara ki te matahi tuna
Moe araara ki te matahi taua
Kia hiwa rā, Kia hiwa rā
Be watchful, be watchful
Lest you sleep and miss the eels
Lest you sleep and miss the war party
Be watchful, be watchful

The following whakataukī

4.2

Tuna, more so than any other mahika kai, played a vital role in our traditional,
social and economic relationships.

Tuna provided my Tīpuna with the rich

dietary sustenance required to move around the island.

My Tīpuna

harvested different types of tuna at specific points along the Waitaki and Ahuriri
Rivers on their inland hikoi, we have 15 different names for the longfin and shortfinned eel, depending on their habitat. For example the name Tuna Rakau came
about because of the thick skin they have through living in the cold glacial waters
of our snow fed rivers and Waihao marae is named after the small silver bellied
short-finned eel called Waihao, that Rakaihautu wahine loved eating.
4.3

Tuna are harvested from rivers, lakes and streams mainly by use of Hinaki
(eel trap/net). Nowadays a lot of us use a spear because it is easier getting
around the Willows planted along the rivers edges. Once tuna are caught they
are processed using the pawhara method of splitting, hanging and drying.
Tuna are bled from their tails, before removing the head, back-bone and internal
organs for final preparation.

Once dried, they are ready for consumption or

storage.
4.4

The different maraes of Ngāi Tahu are known for their unique mahika kai, such
as the Titi (mutton-birds) of Murihiku (Southland), the tuaki (cockles) of Ōtākou
and the kai moana (seafood) of Kaikoura. Huirapa is renowned for our tikouka
and tuna, and in particular those from the Waitaki catchment. Tuna from the
Waitaki catchment provide a valuable, reliable and sought after food source for
us, as well as those who come to visit. Over the generations manuhiri (visitors)
have come to expect a feed of tuna, and this is important for our mana as tangata
whenua.

4.5

When my husband and I moved to Oamaru in 1990 with our four children we
struggled to pay a mortgage with an interest rate of 18% and rising each month.
New Zealand went into a recession, money was tight, the freezing works were
only working 4 day weeks, wages were slashed and what we once paid in tax a
week became our weekly take home pay. My husband and I used the river to
supplement our kai.

We taught our older children how to spear eels, catch

Whitebait, shoot ducks and geese and gather Watercress. Until the two youngest
children were big enough they were tied to a tree with a rope long enough to
reach the water’s edge but not fall into the water. The same thing happened
when we took the moko out as well. So I am not recounting history from our
tupuna; I used the Waitaki as my tupuna did before and am speaking from
experience and love of this mighty river. In fact we went down to the Waitaki last

white baiting season because the Opihi/Temuka river mouth was blocked more
times than it was open, and the Orari had more people than water.
4.6

The unique lifecycle of tuna makes it particularly susceptible to human
induced threats such as commercial fishing, hydro-electricity dams, habitat
loss and degradation. For numerous decades, tuna live in rivers, lakes and
wetlands before beginning their whaka heke (migration) to the tropical Pacific to
spawn and die. It is vital to appreciate that tuna breed only once in their life,
thereby making the whaka heke critical to the sustainability of the species.

4.7

Before tuna begin their 5000 kilometre whaka heke, they change their shape
and become more streamlined. Their eyes enlarge, probably in order to see
better in the dim light of the ocean depths. Sex organs grow and fat reserves
diminish. It is believed tuna do not feed during their whaka heke to the Pacific
trenches.

4.8

Once tuna reach their destination, the wahine tuna lay millions of eggs and die.
The larvae look nothing like an eel – they are transparent, flat and leafshaped.

The larvae reach New Zealand by drifting on ocean currents.

Before entering freshwater, the larvae change into a more familiar eel shape.
These tiny glass eels enter freshwater between July and November each year.
It is believed that glass eels select their river based on scent. Therefore the
mauri of the Waitaki is critical to the ongoing recruitment of tuna.

The

reduction of flow and the degradation of water quality will have a significant
impact upon tuna recruitment.
4.9

The Waitaki catchment was a particularly significant area for the seasonal
harvesting of mahika kai.

There are numerous traditional mahika kai sites

dotted throughout the Waitaki. The beauty of the Waitaki was that it provided a
network of backwaters, streams and wetlands where the slow moving nature of
the water made it an ideal habitat for tuna, Kanakana Waikakahi and Koura as
well as the many different types of water fowl.

It was also much safer to

gather kai in the backwaters than the deeper and swifter waters of the main stem.
I have included a diagram illustration the mahinga kai cycle and our restoration
plan for the river in Appendix 1.

4.10

Prior to hydro development and commercial eeling, the Waitaki catchment
sustained an abundant and productive freshwater fishery.

I am aware, for

example, that in the 1940s a large number of whānau from Waihao and

Arowhenua travelled by horse and cart, walking and biking up to Lake Takapo,
th

Pukaki and Ohau to harvest tuna to send over to the 28

Māori Battalion in

Europe, returning with 140 tonne for their efforts. Unfortunately, nowadays with
our trap and transfer project, over a period of 6 months we only trap a small
number of migrating tuna to bring down below the dams for their whaka heke to
breed.
4.11

The importance of the Waitaki tuna fishery is recorded in the Statutory
Acknowledgements for both Te Ao Mārama (Lake Benmore) and Lake Ohau. The
Statutory Acknowledgement for Te Ao Mārama (Lake Benmore) states:
An important and productive fishery exists in the lake, with the Haldon
and Ahuriri arms once rich in long finned eels, although in more recent
times the fishery has been depleted.

4.12

The South Canterbury/Waitaki Eel Management Plan states that the Upper Waitaki
catchment was:1
Traditionally a good fishery but in severe decline through lack of
recruitment.

and that:
Lakes in the upper catchment have huge enhancement potential.

The decline in tuna population
4.13

Not only are there far fewer tuna in the Waitaki catchment, but the size of those
still there is considerably smaller than they used to be. Commercial catch records
show that tuna being caught are getting smaller, and most are in the lowest size
category (220 – 500 grams). Very few large tuna are now seen anywhere.

4.14

In addition to the reduction in size, there are also considerably fewer wahine tuna
than tāne tuna. Regularly fished rivers show that there are up to 100 male Longfin
eels for every 1 – 2 females.2

4.15

1

The main causes for the decline of tuna in the Waitaki are:

At page 87.
2

Refer to the recent article in the Forest & Bird magazine, Issue 334, November 2009, page 50 – 52.

(a)

The construction of the hydro dams and lakes, which prevent migration
and recruitment. Although tuna are capable climbers, the hydro dams
are generally too large for Elver to climb. The power turbines are also
responsible for the death of many mature tuna during their whaka heke;

(b)

Commercial eeling began in the 1960s and peaked in the mid-1970s
(approximately 2,500 tonnes). The subsequent decline in tuna prompted
the Ministry of Fisheries to introduce measures to attempt to ensure that
commercial eeling was sustainable. A quota management system for
both longfin and short-finned eel was introduced in the South Island in
2000 and 2005 respectively. Some rivers were declared off limits to
commercial eelers. Unfortunately, these measures have been too little
too late.

4.16

A further threat for tuna in the Waitaki is the loss and degradation of their
preferred habitat. Wetland drainage, water abstractions and declining water quality
are all contributing to an overall reduction in suitable tuna habitat. In 2015 Gail
Tipa, Myra Tipa, Kyle Nelson and myself did a survey of all the known wetlands
from the 2002 Project Aqua survey to see how many were left and were gutted to
find that 53% of the wetlands were either ploughed under or so degraded you
would not call them a wetland.

4.17

On a broader scale, it is important to be aware that the New Zealand Threat
Classification System (2005)3 lists longfin eels as being in "gradual decline (human
induced)".

I am also aware that there is a mounting call for a complete

ban/moratorium on commercial fishing of longfin eel until stock numbers begin to
replenish.

The urgent need for restoration
4.18

We are committed to restoring tuna throughout the Upper Waitaki catchment.
Over the years we have worked closely with key agencies such as Meridian, DoC,
the National Institute of Water and Atmospheric Research (NIWA), the regional council
and commercial eel fishers to promote restoration. Examples include:

(a)

The Meridian Trap and Transfer programme and the closure to
commercial fishing of areas identified as significant longfin eel habitat;
and

3

Hitchmough, R., Bull, L. and Cromarty, P. (Compilers) (2007). New Zealand Threat Classification System lists
2005.Department of Conservation, Wellington, New Zealand.

(b)

The Ahuriri Delta.

The Ahuriri Delta
4.19

In this section of my evidence I will explain our efforts to restore tuna at the Ahuriri
Delta.

4.20

During the development of the South Canterbury/Waitaki Eel Management Plan,
we identified the Ahuriri Delta as an area that we wanted to restore as a mahika
kai. The Eel Management Plan identifies the Ahuriri Arm of Lake Benmore as a
"potential exclusive customary fishing area".4.

4.21

The reasons we identified the Ahuriri Delta as an area to restore tuna and as an
exclusive customary fishing area were:

(a)

The Ahuriri River is a traditional mahika kai famous for its tuna;

(b)

It was used by our Tīpuna on their inland journeys and on their seasonal
mahika kai expeditions;

(c)

In particular, the Ahuriri River was an important mahika kai for the
settlement established by Te Maiharoa and occupied in protest of the

4

At page 24.

Crown asserting ownership of the Canterbury and Otago high country,
Te Ao Mārama.
4.22

We want to restore this traditional mahika kai site because:

(a)

ecologically speaking, the Delta is an ideal site to restore tuna because of
its diverse network of habitat ideal for both juvenile and adult tuna,
including slow moving meandering riffles, wetlands and pools;

(b)

It is in close proximity to the Omarama Stream, which is considered an
ideal nursery for Elver and into which Elver are released as a part of the
trap and transfer programme;

(c)

there is potential to enhance the area by undertaking removal of crack
willows and the replanting of appropriate native riparian species such as
raupō (bulrush), harakeke (flax) and podocarp;

(d)

The Ahuriri River has a Water Conservation Order, which provides
safeguards in respect of both water quality and quantity;

(e)

The Ahuriri Delta is an ideal location to harvest tuna before they enter Te
Ao Mārama (Lake Benmore); and

(f)

There is the ability to obtain exclusive Ngāi Tahu access via Ben Omar
Station.

4.23

We have undertaken many measures to restore the Ahuriri Delta for mahika kai.
Amongst these, we knew we had to close the area to commercial eeling. Initially,
we worked with the commercial eelers to implement a voluntary closure of
commercial eeling in the Ahuriri Arm of Lake Benmore.

Unfortunately, this

approach proved to be unsuccessful. In 2004, we successfully applied to the
Minister of Fisheries to stop commercial eeling in the Ahuriri Arm of Lake
Benmore.
4.24

The Minister accepted that the proposal to prohibit commercial eeling in the Ahuriri
Arm of Lake Benmore will:
…give effect to recognising and providing for the use and management
practices of tangata whenua in the exercise of their non-commercial
fishing rights as required by s10 of the Settlement Act.54

5

Ministry of Fisheries, Review of Sustainability Measures and Other Management Controls for the 2004-05 (01 October) Fishing Year, Final
Advice Paper, 3 September 2004.

4.25

The Minister amended section 11Q of the Fisheries (South-East Area Commercial
Fishing) Regulations 1986 to read:
No commercial fisher may—
(a) Take eels from—.
(i) the waters of the Ahururi Arm of Lake Benmore, extending westward
of a line drawn northeast from Turnagain Point to the south-westernmost
part of the Peninsula lying to the north and east of Turnagain Island,
including any river or stream or their tributaries that flow into that Arm.

4.26

This was a significant achievement for us as restoration of the Ahuriri Delta would
not have been possible whilst commercial eeling was taking place.

4.27

The next significant measure to restore tuna in the Ahuriri Delta was to reseed the
tributaries of the Ahuriri River with Elver, many of which will eventually make their
way to the Delta. For example, between November 2008 and March 2009, 75 kg
of Elver, both longfin and short-finned eel, were released into the Omarama,
Quailburn, Henburn and Willowburn Steams, which are kōhanga (nurseries). This
amounts to the release of approximately 16,000 Elver into the Ahuriri River
catchment. This exercise takes place annually.

4.28

We have also established a good working relationship with Ginger Anderson, the
owner of Ben Omar Station. We now have physical access to the Delta through
his farm. Ginger’s family has farmed in the area for many generations and, as a
child, he can recall huge eels being taken out of the Ahuriri River. He is very
supportive of our aspirations to restore tuna in the Ahuriri Delta and as a result
Ginger has declined commercial eelers' access through his property.

4.29

We feel that, although restoration of the tuna population in the Upper Waitaki
catchment, in particular the Ahuriri Delta, is a long term goal, we have already
achieved a great deal in a relatively short time. Having said this, it is important to
emphasise that the cultural health of the Ahuriri Delta is already under significant
strain.

In her ecological assessment, Di Robertson stated that the recent

establishment of lagarosiphon and didymo have affected the aquatic habitat of the
Ahuriri Delta and that these species are likely to increase in biomass as a result of
increasing nutrient levels. Di Robertson also states that nutrient levels at the Delta
already appear to be increasing as a result of existing irrigation in the catchment.
Siltation is also identified as a factor that is reducing the habitat values of the
Delta.

4.30

From our point of view, the Ahuriri Delta is at a tipping point. If there were to be an
increase in nutrients entering the Delta above existing levels, then the cultural
health of this significant site will decline dramatically. This will result in the area
becoming useless for mahika kai restoration. For us, this means that all of our
hard work will amount to nothing.

4.31

The Waitaki Governance group are looking at using the Ahuriri experience to
enhance the Waitaki river tuna below the Waitaki Dam to build up numbers again
an eel survey in February 2014 showed very low numbers of tuna from the dam to
the mouth. Our NIWA team fished all the old sites listed as well as new sites that
we could access. The results are not good. That same year we only had 20
Elver caught in the traps on the Waitaki Dam.

This year the figures have

improved but it is a sad indictment for the river, and tuna.
4.32

Between October and April, a small group of us spent a week in the upper
catchment, including the Haldon Arm, trapping tuna as a part of the Meridian Trap
and Transfer programme. We have done this for the past 8 years. During the
course of a week, up to 30 tuna are trapped, not all of which are sexually mature.
To do this, we use fyke nets, which are large hoop nets with funnels to catch
swimming fish. Eels are measured and weighed and identified as to whether or
not they are sexually mature. They are then put into holding tanks until they are
released below the Waitaki Dam.

This is the only way that we are able to ensure

that mature tuna can leave the Waitaki River hydro scheme area to breed.
4.33

Unfortunately, in recent times the number of tuna trapped in the catchment has
reduced. Sometimes, over the course of the week, we only trap 10 or less tuna.
This is likely due to the significant decline in recruitment that resulted from the
construction of the Waitaki hydro scheme and the impact of commercial eeling.

4.34

It is extremely important for us and the future of the Trap and Transfer programme
that the catchment remains in a healthy condition. Our ability to successfully trap
tuna and the reproductive capacity of those tuna that are caught and released
down below the Waitaki dam will be significantly affected by any decline in water
quality that may result from these proposals.

4.35

As part of our Lower Waitaki mahinga kai restoration we intend to look at restoring
wetlands and side braids for tuna and other fishes. We are also looking at aquaculture of tuna to increase tuna numbers, as well as a Mataitai on the river.

5.

IMPACTS OF INTENSIVE FARMING

5.1

This section of my evidence describes some of the effects upon our values that will
be likely to occur if the large scale intensive farming continues without boundaries.
Intense farming will increase nutrient runoff into the Waitaki River affecting the
quality of the water and our mahinga kai.

5.2

A study by NIWA in 2013 looked at Toxins in Mahinga kai at Arowhenua and
showed alarming amounts of nitrates in Tuna and watercress as well as heavy
metals like Lead, Arsenic and DDT. Members were asked to change their eating
habits from weekly to monthly or every third month until the source was found and
contained. This is a work in progress.

5.3

For the last 140 years we have been shut out of the Waitaki catchment. All of our
reserves are now land locked, de-watered or in private ownership and access to a
lot of these reserves is at the discretion of the farmer.

Not all farmers are

amicable to us crossing their farms.
5.4

My observation over many years is that tuna chase good water quality and
habitats rich in suitable food resources such as insect larvae, worms and water
snails. A decline in water quality, with the potential for toxic algal blooms, will
make it an undesirable tuna habitat. It is my opinion that there are already so
many human induced obstacles facing the survival

of tuna in the Waitaki

catchment that we cannot afford to impose any more.
5.5

Degraded water quality in the Waitaki will destroy our aspirations to restore tuna
there. While tuna may still be able to survive and grow, harvesting them will be
out of the question. From our point of view, water should be clean enough to
eat from and it is offensive to gather food from areas in a polluted or degraded
state, particularly one degraded by effluent.

We know from past experiences

that tuna living in nutrient rich habitats become unfit for harvesting because they
smell and taste like tutae (effluent). I would be embarrassed to serve manuhiri
(guests) at my marae tuna that smells and tastes like cow shit. This is nothing
but offensive.
5.6

Finally, many of our whānau have been forced to "get up to speed" with the issue
of non-point source pollution. Given the lag time between commencing an activity
and causing the effect, observing an effect, and then experiencing the full brunt of
that effect, we have no confidence in the ability of monitoring to be effective in
enabling meaningful changes to be implemented. We have been told of examples

where today we are experiencing the effects of land use and management actions
from decades ago.

If this is the case, how can we be asked to sacrifice or put at

risk our relationship with our ancestral waters when we know that we are all
working to different time scales? In other words we do not have confidence in
mechanisms such as farms plans, monitoring programs and consent reviews to
address the issues that we raise and more importantly protect our cultural
relationship with our ancestral waters and taonga.
6.

CONCLUSION

6.1

In my evidence today, I have focused on our aspirations to restore tuna in the
Waitaki catchment. This is a tangible and realistic goal for us. Restoring tuna
habitat will encourage other kai to return such as Kanakana, watercress and other
native fish.

6.2

Many of our other mahika kai species have already been lost or access restricted.
We still have access to the tuna resource.

6.3

Tuna are a key part of our relationship with this catchment.

We want to protect

our relationship with this taonga, which enables us to continue to generate
matauranga which only comes from our "hands on relationship" working with our
taonga.

6.4

We need to maintain our ability to visit, to restore this resource, to retain and
generate matauranga, and, when it is sustainable and healthy, to gather and use
it as our Tīpuna did.

6.5

Hopefully by focusing on tuna, we have given an example of how a species forms
a fundamental component of our relationship, and in turn how this relationship
reinforces identity and connections that are fundamental to the cultural wellbeing of
our whānau, hapū and iwi.

6.6

The cultural implications of these proposals cannot be overstated. We have an
intergenerational relationship with the Waitaki that endures. We have aspirations
to restore a network of our mahika kai sites in the Waitaki catchment, from the
mountains to the sea - ki uta ki tai. To achieve our aspirations, we have spent an
enormous amount of time, energy and resources, over many years, on restoration
initiatives. A prime example of this is the efforts that we have made to protect and
restore tuna at the Ahuriri Delta.

6.7

An underlying prerequisite to achieve our aspirations is to ensure the water quality
of the Waitaki catchment is maintained in a healthy cultural condition. Clean
water is essential for the maintenance of the mauri and the life supporting capacity
of the rivers, lakes, wetlands and lagoons.

It is also essential in terms of

providing for the health and safety of our people while gathering kai and carrying
out restoration initiatives such as the Trap and Transfer programme.
6.8

We do not believe we should have to suffer the indignity of gathering and eating
food from an environment that is knowingly polluted, ND more so, to have to pass
this on to our manuhiri (visitors) and mokopuna (grandchildren). There is no mana
in that. This is our opportunity to correct and plan to ensure this does not happen.

6.9

Although we have focused our evidence on the Lower Waitaki, the health and
vitality of the Upper Catchment is also essential to sustaining the health of the
downstream reaches.

6.10

Ngāi Tahu is not satisfied that the proposed changes in Plan Change 5 will be
able to operate in a benign manner. To the contrary, we believe that, if granted,
the changes to the plan will result in an accelerated process of degradation of the
cultural health of the Waitaki catchment.

6.11

I started my evidence by stating that I am a kaitiaki for the Waitaki system.

While

many of our Tīpuna experienced losses in the Waitaki, as a Kaitiaki, with guidance
from our kaumatua, we have been gradually restoring and reaffirming fundamental
components of our relationship with the catchment. We have lost many of the
people that started this journey and were the teachers for my generation but we
have three generations represented here today. To repeat, we have an enduring
intergenerational relationship with the Waitaki that we want to see protected.

Ko au te wai
Ko wai te au
I am the river
And the river is me.

Mandy Waaka-Home
22 July 2016
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Restoring mahinga kai – an integral part of the Waitaki cultural landscape
Ngai Tahu have fished, hunted for birds, gathered and cultivated plants, and thrived living in the Waitaki for hundreds of years. Ngai Tahu made resource use decisions
in a changing environmental, using the skills and tools they had to play the game, and on the innovative cultural ideas they brought to the table. While fish were a
mainstay in their diet, other species were also important. Herbs and plants grew along the river and within the wetlands and birds were found in the surrounding
forests. Today, mahinga kai – the procurement of foods and resources - remains central to the culture and identity of Ngai Tahu. Atholl Anderson (1997) prepared a
calendar showing what was gathered from the different parts of the catchment according to the seasons of the year. This calendar also provides a basis from which
restoration initiatives can be developed. Using manuscripts, of the thirty plus foods taken from the Waitaki, we can identify the species most commonly gathered
(Taiaroa, 1880).

A variety of birds were taken from
the catchment including ducks,
and forest birds.

Eels were taken from more than
70% of the sites used by whanau in
the Waitaki.

Weka sites were predominately in
the upper catchment. Weka were
the second most gathered species
in the catchment, behind eel.
Weka could be preserved for

Raupo (above left) was a commonly used resource. The roots were used to make koarare (a
flour for porridge or bread). The stalks were also used. Aruhe, or bracken fern (above centre)

Kakapo were taken from some of
the vegetated mountains valleys

consumption later in the year.

provided a root vegetable that could be cultivated. Kauru (a sugary compound) was extracted
from Ti Kouka (above right).

of the upper catchment.

Restoration of nga mahinga kai o Waitaki
Access to enhanced populations of taonga species
Create and restore accessible habitats that
sustain taonga species
 Implement restoration projects at culturally
significant sites
 Support restoration projects which
enhance or create habitats for taonga
species
 Advocate for water quality and quantities
standards that support mahinga kai

What will I see in the Waitaki?
Matauranga use &
generation
Improved
access

 Negotiate access to key sites directly with
landowners
Healthy
 Negotiate access to reserves and
habitats
national parks
 Remove barriers to economic
development opportunities

 Implement trap & transfer
programmes for upstream and
downstream migration of eels.
 Support corridors of native vegetation
 Advocate for flows that enable
movement through the catchment

Healthy
populations
ss

Local, regional,
national support
for enhancement

Restore populations of taonga species
 Survey eel populations
 Reintroduce weka
 Enhance harakeke resources
 Restore raupo resources across
historic range and improve access
 Plant Ti Kouka within restored areas

Cultural Use
Healthy
living

Presence

Matauranga Maori

 Support name changes or dual place
names promoted by runanga
 Amend the Ahuriri Water Conservation
Order to recognise cultural interests.
 Ensure greater recognition in brochures,
signage
Ensure cultural outcomes are included in
restoration projects.

 Undertake hikoi
 Support whanau through Capability
NZ
Cultural presence and strength,
economic development,
environmental sustainability

Contribution of mahinga kai to whanau health and wellbeing

Retention of traditional practices

Engagement of whanau in management

Increase access of whanau to mahinga kai

On the ground
change

Restore interconnected corridors that
enable movement of species
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Executive summary
Meridian Energy Ltd (hereafter Meridian) aim to better understand the distribution and habitat
requirements of juvenile shortfin (Anguilla australis) and longfin (A. dieffenbachii) eels
(elvers) in the lower Waitaki River (i.e., length of river below the Waitaki Dam). Meridian
commissioned NIWA to complete an elver survey in the lower Waitaki River. The survey
focused on understanding the habitat use and distribution of longfin and shortfin elvers (<
200 mm in length), but also the distributions of any lamprey or mudfish found in the by-catch.
On request from Meridian, the present report also includes the findings of an otolith aging
study that aimed to calculate the ages of longfin and shortfin elvers from the Waitaki Dam
and from the lower Waitaki River.
For the elver survey, single pass electric-fishing was used to sample fishes from wadeable
areas at each of 28 sites in the lower Waitaki River and three sites from the Waihao River
(for comparison purposes). A habitat survey was completed at each site to characterise basic
water chemistry parameters and available fish habitat. Otolith aging was also completed from
90 eels (45 shortfins and 45 longfins) collected from the Waitaki Dam trap-and-transfer
scheme and the lower Waitaki River.
A total of 16 species were found across all of the sites sampled. While no mudfish were
found, a single juvenile lamprey (ammocoete) was found at the mouth of the Maerewhenua
River. A total of 41 longfins and 43 shortfins were caught among all sites. Mean (± standard
error) density of longfin and shortfin eels (all sizes) caught in the Waihao River were 0.15 (±
0.06) and 0.11 (± 0.05) fish/m2, respectively. Mean (± standard error) density of eels (all
sizes) in the Waitaki River were approximately 10x lower, with densities of longfin and
shortfin eels averaging 0.012 (± 0.005) and 0.013 (± 0.005) fish/m2 respectively. Total elver
and longfin elver densities in the lower Waitaki River both increased with % boulder
coverage, but no other significant habitat-density correlations were observed. Ages of
longfins varied between 2 and 11 years and ages for any given length were highly variable.
Ages of shortfins varied between 1 and 21 years and age-at-length was also highly variable.
Mean (±SE) growth in fresh water for longfins and shortfins was 33 (±1.4) and 36 (±2.2)
mm/year respectively. Compared to recent age data in the Waihao River, the mean growth
rates of longfins and shortfins in the Waitaki were 8 mm and 7 mm higher respectively.
On average, the density of elvers (both size classes and species) was higher in the Waihao
River than the Waitaki River. The lower mean densities of eels in the Waitaki was
predominantly driven by a majority of the sites in the Waitaki River containing no eels, rather
than low densities being observed from all sites. At sites where elvers were present in the
Waitaki, the densities did appear to be comparable to those found at the lowest density sites
in the Waihao River (Waihao@Upper). The 70 mm lamprey ammocoete found at the mouth
of the Maerewhenua River was the first record for this juvenile stage of development. Habitat
correlations suggest that elvers may use larger substrates more than smaller substrates in
the lower Waitaki River. There was a large overlap in the range of shortfin and longfin
lengths between age classes. For example, a longfin elver with a total length of 200-230 mm
could be between 3-8 years of age. Similarly, a shortfin elver with a total length around 100130 mm could be between 1-4 years of age. Mean growth rate in fresh water of longfins aged
from the Waitaki (33 ±1.4 mm/year) was 8 mm/year higher than that recently observed in the
Waihao River. Similarly, mean growth rate in fresh water of shortfins aged from the Waitaki
(36±2.2 mm/year) was 7 mm/year higher than that observed in the Waihao River.
Elver survey
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1

Background

Meridian Energy Ltd (hereafter Meridian) aim to better understand the distribution and habitat
requirements of juvenile shortfin (Anguilla australis) and longfin (A. dieffenbachii) eels
(elvers) in the lower Waitaki River (i.e., length of river below the Waitaki Dam). Specifically,
Meridian are interested in collecting more information on distribution of elvers in the main
river, tributaries and backwaters, especially given that recent projects have failed to find any
elvers in the wetland areas in the lower Waitaki River (Crow et al. 2013; Jellyman et al.
2013). These recent wetland surveys also failed to collect any Canterbury mudfish
(Neochanna burrowsius), which is a knowledge gap to be addressed. Meridian also wish to
identify distribution limits and abundance of lamprey (Geotria australis) which has only been
recorded in the lower Waitaki River on three occasions (Bonnett et al. 2013). Moreover, the
threat status of longfin eels (Declining), Canterbury mudfish (Nationally Critical) and lamprey
(Nationally Vulnerable) (Goodman et al. 2014), make information on these species
particularly valuable for environmental management decisions regarding the lower Waitaki
River.
Meridian commissioned NIWA to complete an elver survey in the lower Waitaki River. The
survey focussed on understanding the habitat use and distribution of longfin and shortfin
elvers, but also of any lamprey or mudfish if they were present. The present report outlines the
sampling methodology and findings of the elver survey and also compares the findings to a
recent study in a similar area (Jellyman 2012) and with the findings previously completed for
Project Aqua in 2002 (Jellyman et al. 2002). In an additional request from Meridian, NIWA was
asked to incorporate the results of an otolith aging study into the present report. The otolith
aging study aimed to calculate the ages of longfin and shortfin elvers captured from the Waitaki
Dam (see also Boubée and Blair 2014) and from the lower Waitaki River.

Elver survey
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2

Methods

2.1

Site selection

Initially, the NIWA study aimed to sample sites along the length of the mainstem via jet boat,
and then access sites via vehicle to three major tributaries and some smaller tributaries and
backwaters in the lower reaches. This sampling plan was revised following discussions with
Meridian, Ngāi Tahu and NIWA staff that had been involved with the Project Aqua surveys.
The discussions concluded that very few elvers would be found by electrofishing areas of the
mainstem and that more effort should be spent surveying the tributaries and irrigation
scheme intakes in the lower Waitaki catchment. Moreover, it was determined that some sites
from the nearby Waihao River should be used for comparative purposes. The rationale for
changing the sampling design (away from a focus on mainstem sites), along with a proposed
site list, was discussed with and approved by Meridian. The altered sampling design allowed
NIWA sample more sites than initially proposed and the final site list included three sites in
the Waihao River (Sites 1-3) and 28 sites from the lower Waitaki River (Sites 4-31) (Table
2-1). The Waitaki River sites were spread throughout the lower river, but more sites were
sampled in the vicinity of SH1/Waitaki River mouth and around the Waitaki Dam because
these were considered to be the most likely areas to contain elvers (Figure 2-1). Sites 12-17
were clustered closely together below the dam (Figure 2-1), but these were the only foot
access points available in this area.

2.2

Elver survey methods

2.2.1 Survey timing
The elver survey was conducted from the 24-28 February 2014 because elver catches
usually occur at the Waitaki Dam during this time (Martin et al. 2009). Some of the largest
catches for the 2013-2014 elver recruitment season to date were also observed during the
week the elver survey was being completed (Graham Hughes, pers. comm.). This suggests
that the timing of the survey was optimal to observe the presence/abundance of elvers at
sites around the Waitaki Dam, and it was also likely that elvers were present at the same
time further down the river.

2.2.2 Electric-fishing
Single pass electric-fishing was used to sample fishes from wadeable areas at each site, up
to a depth of 1.2 m. At each site, a GPS location was taken at the upstream and downstream
end of the site and each site was photographed. For sampling consistency, the voltage
setting on the electric-fishing machine was adjusted depending on the water conductivity, so
that the amount of current in the circuit always measured 0.3 amps. To further ensure
sampling consistency, all electric-fishing was completed by the same electrofishing operator.
Electrofishing was conducted using a NIWA Kainga EFM300 electric-fishing machine and the
operator used a hand-held scoop net and fished downstream towards a second person
holding a 1 m wide push net. Fishing at each site into the push net was always conducted
over a 3 m length x 1 m area of river, then the catch was cleared before another adjacent
area was sampled. At sites where there was no flow (e.g., backwaters), fishing was done
systematically in adjacent 3 m x 1 m areas in any direction starting from the river margin and
working out towards deeper water. In areas where flow was present, fishing was done in a
downstream-upstream direction. Beginning at the downstream end of the wadeable area, the
Elver survey
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entire width of the river was fished where possible; this was possible at all sites except the
Waitaki River mainstem sites and Black Point intake. Electrofishing was done across all
available habitat types present at each site. Total area fished ranged from 30 to 200 m2
depending on the area of wadeable water, with an average of 79.8 m2 sampled at each site.
The presence of all fish species in the catch was recorded but only eels were anaesthetized
and measured for total length. If eels escaped capture, their length was independently
estimated by two field staff, then the two estimates were averaged and recorded. These
estimates only occurred on three occasions and related to larger eels (>600 mm), which
have no influence on the elver results presented below.
Table 2-1:

The list of sites that were sampled as part of the elver survey.
GPS (NZMG)

Site number

Site name

Date

Time

Easting

Northing

1

Waihao@Bradshaws

24/02/2014

1430h

2364164

5601541

2

Waihao@Ford

24/02/2014

1615h

2362356

5599546

3

Waihao@above Ford

24/02/2014

1715h

2361392

5599645

4

Black point intake - south

25/02/2014

1030h

2335228

5590248

5

Black point intake - north

25/02/2014

1130h

2335142

5590316

6

Black point pond overflow

25/02/2014

1300h

2336190

5589742

7

Waitaki braid@Black point

25/02/2014

1345h

2337116

5589510

8

Maerewhenua mouth

25/02/2014

1515h

2328187

5592474

9

Waitaki braid@Otekaieke

25/02/2014

1645h

2318807

5596331

10

Hakataramea mouth

25/02/2014

1810h

2310720

5605303

11

Waitaki@Hakataramea mouth

25/02/2014

1845h

2310629

5605389

12

Waitaki dam - mid

26/02/2014

1020h

2306209

5609907

13

Waitaki dam - upper

26/02/2014

1105h

2306138

5610010

14

Waitaki dam - lower

26/02/2014

1000h

2306347

5609829

15

Little Awakino mouth

26/02/2014

1245h

2306756

5609251

16

Little Awakino crossing

26/02/2014

1345h

2306562

5609153

17

Awakino mouth

26/02/2014

1515h

2307153

5609076

18

Waitaki spring braid

26/02/2014

1755h

2350597

5586224

19

Stonewall intake

27/02/2014

1045h

2336108

5590725

20

Waitaki braid@Stonewall

27/02/2014

1115h

2336175

5590663

21

Bells pond overflow

27/02/2014

1300h

2348236

5587789

22

Bells pond

27/02/2014

1345h

2348229

5587832

23

Waitaki@Ross Rd

27/02/2014

1420h

2352492

5586681

24

Waikakahi upper

27/02/2014

1525h

2358007

5586779

25

Waikakahi mouth

27/02/2014

1615h

2359901

5585506

26

Waitaki@SH1 rest area

27/02/2014

1700h

2359956

5585344

27

Taina gully

27/02/2014

1805h

2363848

5584658

28

Waitaki spring (lower)

27/02/2014

1905h

2362342

5584581

29

Korotuahika

28/02/2014

1020h

2363105

5582876

30

Welcome creek mouth

28/02/2014

1120h

2359774

5584508

31

Waitaki@bridge (south)

28/02/2014

1220h

2359964

5584552

8
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Figure 2-1: The distribution of survey sites throughout the Waihao (Sites 1-3) and lower Waitaki (Sites 4-31) catchments. The Waitaki Dam is located in the
upper left corner. Sites 14 and 16 are obscured by other sites but were located in the vicinity of the cluster of sites around 12 to 17.
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2.2.3 Habitat surveys
A habitat survey was completed at each site to characterise basic water chemistry
parameters and available fish habitat. Water temperature (°C), pH and conductivity (µS cm-1
@ 25°C) were measured using a handheld meter. The percentage coverage of run, riffle,
pool and backwater was then visually estimated for each site. The percentage of different
substrate classes (e.g., gravel, boulder, etc.) was also estimated at each site using a 30 cm
wide glass-bottomed viewer (bathyscope; produced by Nuova Rade, Italy). Substrate views
were taken from five random points throughout the site to estimate substrate composition.
Five depth and velocity measures were taken at each site with the deepest and swiftest
points always measured within each reach.
Water chemistry parameters are strongly influenced by a range of variables so it is important
to understand what they measure and how they can be affected. Water temperature exerts a
major influence on biological activity and growth, and governs the kinds of stream biota that
can live at a site. The pH scale ranges from 0 to 14 with 7 considered neutral, values less
than 7 acidic and those greater than 7 basic. The pH of water determines the solubility and
biological availability of chemical constituents such as nutrients (phosphorus, nitrogen, and
carbon) and heavy metals (lead, copper, cadmium, etc.). Catchment geology and the original
source of the water determines the initial pH but seasonal and daily variation in processes
that use hydrogen ions (e.g., photosynthesis) can alter pH. Conductivity increases nearly
linearly with increasing ion concentration in solutions and is generally higher when higher
concentrations of dissolved substances such as nitrate, sulfate, magnesium, calcium, iron,
etc. are present in stream water. Thus, conductivity measurements can be an indicator of a
range of natural and anthropogenic influences on water chemistry. It should be stated that
conductivity can be strongly influenced by factors such as geology, land use and
groundwater inflows.

2.2.4 Eel aging
Otoliths were used to age 90 eels collected from the Waitaki River. This included 45 shortfins
and 45 longfins. Eighty-two eels were randomly collected from weekly sub-samples taken
from the catch at the Waitaki Dam trap and transfer scheme, between the 22 January and 28
February 2014. Eight larger fish [3 shortfins (300-550 mm) and 5 longfins (170-304 mm)]
were collected during the present elver survey to increase the size ranges of the aged fish.
All eels were anaesthetized, identified to species level, measured for total length and then
the otoliths were extracted. Extracted otoliths were prepared and aged using a modified
crack and burn technique (Graynoth 1999). Ages from the otoliths were estimated
independently by two readers and results were cross-validated.

2.3

Data analysis

The density (number/m²) of eels (both species) at each site was calculated for three size
categories: all sizes, elvers <200 mm and elvers <150 mm. These densities were also
calculated separately for longfins and shortfins. An upper size limit of 200 mm is often used
to classify an eel as an elver in the Waitaki catchment (J. Boubée, pers. comm.) although this
is a larger size than is used in other catchments so some data are also presented using an
upper size limit of 150 mm. This two size categories should make inter-catchment
comparisons easier in the future.
10
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The relationship between elvers <200 mm and habitat survey variables was evaluated for
data from the Waitaki catchment (i.e., did not include Waihao catchment sites). There were
16 survey variables included in the analysis (e.g., water chemistry, habitat, substrate, max
depth and velocity) and relationships were initially investigated using a correlation matrix in
the R software package (Version 3.0.2). Pearson’s correlation coefficient was used to
examine each relationship and the data were fitted with a LOWESS (locally weighted
scatterplot smoothing) function to identify any trends in the correlations. Relationships were
not explored for eels smaller than 150 mm because there was insufficient numbers of eels to
develop any reliable trends. To minimise the effects of any outliers in the correlation, all data
were Log(x+1) transformed. A Bonferonni adjusted significance level of P=0.013 was used
for all correlations.
Eel densities in the present study were compared to other recently completed studies in the
Waitaki and Waihao River. Unfortunately, no eel-length data were available from the Project
Aqua fish survey (Jellyman et al. 2002), preventing any comparisons of elver densities with
the present study. The Project Aqua fish survey sampled 29 sites (10 main-stem Waitaki
River sites and 19 tributary sites), but fish data collected only included information on fish
species and abundance (Jellyman et al 2002). The original data were checked for any length
information that may have been recorded and not reported by Jellyman et al. (2002), but no
information on fish sizes was found. Discussions were then held with the original authors
who confirmed that no size information was recorded during the survey. Subsequently,
length data from a recent electrofishing survey in the Waihao and Waitaki catchments were
used to compare with catches from the present study (see Jellyman 2012). The Waihao
study was also completed at the same time of year as the present elver study, increasing the
comparability to the present results.
A regression analysis was used to examine the relationship between otolith estimated age
and length. Ages for eels were pooled together by species and a single length-age
relationship was developed for each species using all data. There was insufficient numbers
of eels to allow growth rates and ages of eels to be compared between different areas of the
Waitaki River. Annual growth increments of individual fish (mm/year) were determined by
dividing their length by their age. These growth rates were then averaged and calculated for
each species. Mean length upon arrival in fresh water (60 mm for shortfins and 62 mm for
longfins) was first subtracted from the measured length to provide growth in fresh water only
(Jellyman 2012).
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3

Results

3.1

Species abundance

A total of 16 fish species were found across all of the sites sampled (Table 3-1). Common
bullies were the most commonly encountered species, followed by brown trout and upland
bullies. Shortfin eels were found at 14 of the sites while longfins were found at 10 of the sites
sampled. No mudfish were captured when electrofishing, but one lamprey was caught at the
mouth of the Maerewhenua River. This lamprey was approximately 70 mm long and was a
juvenile in the ammocoete stage of development (first stage after hatching).
A total of 41 longfins and 43 shortfins were caught among all sites (Table 3-2). Of the 41
longfins caught, nine were smaller than 200 mm and four were smaller than 150 mm. Of the
43 shortfins captured, eight were smaller than 200 mm and three were smaller than 150 mm.
Although vastly different numbers of sites were fished in the two catchments, similar shortfin
numbers were caught from the Waihao and Waitaki rivers for the <200 mm group (five and
four fish, respectively). Two shortfins <150 mm were caught from both catchments. Four
longfins <200 mm were caught from each catchment, while two longfins <150 mm were
caught from the Waihao and one longfin in this size class was caught from Waitaki
catchment

3.2

Eel density

3.2.1 All size classes of eels
A total area of 125 m2 was fished from the three sites located in the Waihao River with a total
electric-fishing machine on-time of 38 minutes (Table A-1). A total area of 2350 m2 was
fished from the 28 sites in the Waitaki River with a total electric-fishing machine on-time of
373 minutes. Mean (± standard error) density of longfin and shortfin eels (all sizes) caught in
the Waihao River were 0.15 (± 0.06) and 0.11(± 0.05) fish/m2, respectively (Table 3-3). Mean
(± standard error) density of eels (all sizes) in the Waitaki River were approximately 10x
lower, with densities of longfin and shortfin eels averaging 0.012 (± 0.005) and 0.013 (±
0.005) fish/m2 respectively. Mean density of elvers <200 mm were much higher in the
Waihao River than in the Waitaki River, with densities being 16-38x higher in the Waihao
River depending on the species. Similarly, elver densities <150 mm were 18x higher in the
Waihao River for both species, with total elver density being 36x higher in the Waihao River.
The two highest total eel densities were observed at the Waihao@Bradshaws and
Waihao@Ford sites in the Waihao River, but the third highest total eel density value was
observed at both the Waitaki Spring and Little Awakino@Crossing sites (Figure 3-1). This
was followed by the Waitaki Braid below Black Point site and the Waihao@Upper site. The
highest shortfin density was observed at the Waihao@Ford, followed by the Waitaki Spring
and Waihao@Bradshaws. The highest shortfin densities in the Waitaki were found around
the Little Awakino sites. The two highest longfin densities were found in the Waihao River
(Waihao@Bradshaws and Waihao@Ford), followed by the Waitaki Braid below Black Point
site and then sites around the Little Awakino.
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3.2.2 Eels <200 mm
The two highest densities of total elvers <200 mm were seen in the Waihao River
(Waihao@Bradshaws and Waihao@Ford), followed by the Waitaki River Braid below Black
Point (Figure 3-2). Other low density catches were also found at sites around the Waitaki
Dam, Little Awakino, Waitaki@Ross Road and Waitaki@State Highway 1 Bridge. The two
highest shortfin elver densities <200 mm were also in the Waihao River
(Waihao@Bradshaws and Waihao@Ford) followed by Black Point intake North. Longfin elver
densities <200 mm were highest at the Waihao@Ford site, followed closely by the Waitaki
Braid below Black Point site and then the Waihao@Bradshaws site.

3.2.3 Eels <150 mm
The two highest densities of total elvers <150 mm were seen at two sites in the Waihao River
(Waihao@Bradshaws and Waihao@Ford), followed by the Waitaki River Braid below Black
Point (Figure 3-3). Highest shortfin elver densities <150 mm were seen at two sites in the
Waihao River (Waihao@Bradshaws and Waihao@Ford) followed by two sites below the
Waitaki Dam. Highest longfin elver densities <150 mm were seen at two sites in the Waihao
River (Waihao@Bradshaws and Waihao@Ford), with the Waitaki Braid below Black Point
site being the only site in the Waitaki Catchment containing a longfin in this size category.
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Table 3-1:

Presence (1) and absence (blank) of the species found at each site.
Lamprey

Name
Waihao@Bradshaws
Waihao@Ford
Waihao@Upper
Black Point intake south
Black Point intake north
Black Point pond overflow
Waitaki braid below Black
Point
Maerewhenua
Waitaki braid@Otekaieke
Hakataramea
Waitaki@Hakataramea
mouth
Waitaki dam-mid
Waitaki dam-upper
Waitaki dam-lower
Little Awakino@mouth
Little Awakino@crossing
Main Awakino@mouth
Waitaki spring
Stonewall intake
Waitaki braid@stonewall
Bells pond overflow
Bells pond
Waitaki@Ross Rd
Waikakahi Stream upper

Longfin

Shortfin

Common

eel

eel

smelt

1
1
1

1
1
1

1

1

Koaro

Canterbury

Inanga

Torrentfish

galaxias
1
1
1
1

1
1

1
1

1
1

1
1
1

Common

Giant

Bluegill

Upland

Brown

Chinook

Black

bully

bully

bully

bully

bully

trout

salmon

flounder

1

1
1
1
1
1
1

1
1

1
1

1
1

1
1

1

1

1

1

1

1
1
1

1
1

1

1

1

1
1
1
1
1

1

1
1
1

1
1
1
1
1
1
1
1
1
1

1
1

1

1

1

1

1

1

1

1

1

1
1
1
1

1

1

1

Waikakahi Stream mouth

1

1

1

1

Waitaki@rest area

1

1

1

1

Taina gully
Waitaki coastal spring
Korotuahika
Welcome Creek@mouth
Waitaki@SH bridge

1
1

Elver survey

1
1

1

1
1

1

1
1
1
1

Redfin

1
1

1

1

1

1

1
1

1
1

14

1
1

1
1

1
1

1
1

1

Table 3-2: Abundance of longfin and shortfin eels captured. Data are displayed repeatedly for
each of the three size categories.
All sizes
Site

Name

elvers <200 mm

elvers <150 mm

shortfin

longfin

shortfin

longfin

shortfin

longfin

1

Waihao@Bradshaws

3

4

1

1

1

1

2

Waihao@Ford

10

13

4

2

1

1

3

Waihao@Upper

1

2

4

Black Point intake south

5

Black Point intake north

3

2

6

Black Point pond overflow

7

Waitaki braid below Black Point

8

Maerewhenua

9

Waitaki braid@Otekaieke

10

Hakataramea

11

Waitaki@Hakataramea mouth

12

Waitaki dam - mid

13

Waitaki dam - upper

14

1

1

6

2

1

1

1

1

Waitaki dam- lower

1

1

1

15

Little Awakino@mouth

4

16

Little Awakino@crossing

2

17

Main Awakino@mouth

18

Waitaki spring

19

Stonewall intake

20

Waitaki braid@stonewall

21

Bells pond overflow

22

Bells pond

23

Waitaki@Ross Rd

24

Waikakahi Stream upper

25

Waikakahi Stream mouth

1

26

Waitaki@rest area

3

27

Taina gully

1

28

Waitaki coastal spring

29

Korotuahika

30

Welcome Creek@mouth

31

Waitaki@SH bridge
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12

1

2

1

1

4
1

1
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Table 3-3: Mean and standard error of eel densities in the Waitaki and Waihao Rivers. SE =
standard error.
All sizes
River

Waihao River

Waitaki River

Measure

longfin

shortfin

Mean

0.146

SE

elvers <200 mm
total

longfin

shortfin

0.107

0.253

0.032

0.063

0.051

0.114

Mean

0.012

0.013

SE

0.005

0.005

elvers <150 mm
total

longfin

shortfin

0.038

0.070

0.018

0.018

0.036

0.005

0.023

0.028

0.010

0.010

0.019

0.025

0.002

0.001

0.004

0.001

0.001

0.001

0.008

0.001

0.001

0.002

0.001

0.000

0.001

Figure 3-1: The density (no./m²) of eels (all sizes) caught at each sampling site.
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total

Figure 3-2: The density (no./m²) of elvers smaller than 200 mm.
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Figure 3-3: The density (no./m²) of elvers smaller than 150 mm.

3.2.4 Comparisons to previous studies
The lack of elvers <200 mm caught at the Waikakahi upper and the Waitaki@Rest area,
were consistent with findings from Jellyman (2012) who also sampled these sites (Figure
3-4). The total elver densities <200 mm found by Jellyman (2012) were higher than the
present study for the Waihao@Ford site, but lower than the present study for the
Waihao@Bradshaws site.
18
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Figure 3-4: Elver (<200 mm) density at four sites in 2010 compared to 2014. No bar = no elvers
were recorded.

3.3

Elver habitat correlations

Only two significant correlations were observed for elvers smaller than 200 mm (Table 3-4).
The strongest correlation was between total elver density and the amount of boulder
coverage at the site. The other significant relationship was between longfin density and the
amount of boulder coverage at the site. Total elver and longfin elver densities both increased
with % boulder coverage (Figure 3-5, Figure 3-6). It should be noted measures of total elver
and longfin density are not independent of each other because longfins make up a proportion
of the total elver density.
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Table 3-4: Correlation results between all survey variables and densities of elvers smaller
than 200 mm. Significant correlations are shown in bold (comparisons used a Bonferroni adjusted
significance level of P=0.013).
Total elvers

Shortfin elvers

Longfin elvers

r

P-value

r

P-value

r

P-value

0.15
0.03
0.15
0.04
0.07
0.2
0.05
0.56
0.23
0.23
0.16
0.06
0.09
0.28
0.09
0.13

0.44
0.88
0.45
0.842
0.72
0.3
0.802
0.002
0.241
0.247
15
0.77
0.65
0.15
0.64
0.51

0.09
0.05
0.1
0.18
0.2
0.15
0.3
0.27
0.29
0.16
0.08
0.02
0.23
0.22
0.07
0.22

0.67
0.81
0.61
0.35
0.31
0.46
0.13
0.17
0.14
0.42
0.68
0.93
0.25
0.26
0.71
0.27

0.12
0.006
0.11
0.05
0.18
0.29
0.2
0.47
0.1
0.16
0.13
0.07
0.02
0.19
0.14
0.25

0.5
0.97
0.59
0.8
0.37
0.13
0.3
0.013
0.63
0.42
0.51
0.72
0.93
0.34
0.49
0.2

Total elver density (Log Transformed)

Survey variable
Temperature
Conductivity
pH
Run (%)
Riffle (%)
Pool (%)
Backwater (%)
Boulder (%)
Large cobble (%)
Small cobble (%)
Gravel (%)
Small gravel (%)
Sand (%)
Silt (%)
Max depth
Max velocity

0.006

0.004

0.002

0.000
0.0

0.1

0.2

0.3

Boulder coverage (Log transformed)
Figure 3-5: Relationship between density of total elvers (both species) smaller than 200 mm
and the amount of boulder coverage at the site. Data are fitted with a linear regression to display
any trends. The equivalent raw values of boulder coverage (not Log transformed) were 0-10 %.
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Longfin density (Log Transformed)

0.006

0.004

0.002

0.000
0.0

0.1

0.2

0.3

Boulder coverage (Log transformed)
Figure 3-6: Relationship between density of longfin elvers smaller than 200 mm and the
amount of boulder coverage at the site. Data are fitted with a linear regression to display any
trends. The equivalent raw values of boulder coverage (not Log transformed) were 0-10 %.

3.4

Eel age-length relationships

Mean (SE) age of the 45 longfins used in the otolith aging analysis was 4.9 (0.3) years and
the ages of individual fish varied between 2 and 11 years (data for individual fish available in
Table A-2). There was a large overlap in the range of longfin lengths between age classes,
especially for fish aged 3-8 years old (Figure 3-7). This overlap suggests that a longfin
around 200-230 mm in total length could be aged between 3-8 years. This large degree of
variability in length for each age class is reflected by the low R2 value.
Mean (SE) age of the 45 shortfins used in the otolith aging analysis was 2.6 (0.4) years and
the ages of individual fish varied between 1 and 21 years. There was also an overlap in the
range of fish lengths between age classes, but this was not as large as seen in longfins. The
overlap in length suggests that a shortfin around 100-130 mm could be between 1-4 years
old.
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300

Length (mm)

250
200
y = 13.671x + 149.82
R² = 0.4547

150
100
50
0
0

2

4

6

8

10

12

Age

600

Length (mm)

500
400
300

y = 21.692x + 84.362
R² = 0.8785

200
100
0
0

5

10

15

20

25

Age
Figure 3-7: Length-age relationships for longfin (top) and shortfin (bottom) eels caught in the
lower Waitaki River.
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Summary and Discussion

The 70 mm lamprey ammocoete found at the mouth of the Maerewhenua River was one of
the few records of this species from the Waitaki River. This ammocoete was caught under a
small bank in some fine substrate (Figure 4-1). Inspection of the available NZFFD records
suggests that this will be the first ammocoete recorded from the Waitaki River if these data
are submitted to the database. The smallest lamprey previously captured was 100 mm,
which was likely to have been in the next stage of juvenile development (Macropthalmia). A
recent NIWA study has identified that lamprey spawning occurs under large rocks (NIWA
unpubl. data), so spawning in the Maerewhenua River is likely to occur in a bouldery area
further upstream from the site sampled in the present study.

Figure 4-1: Site in the Maerewhenua River where a lamprey ammocoete was caught (centre of
the electric fishing wand).

In the lower Waitaki River, the sites that contained the highest density of shortfin eels and
elvers were usually different from the sites with the highest density of longfin eels and elvers.
The highest density of shortfin (and total) eels, for all sizes, was found at the Waitaki Spring
site, while the site in the Waitaki Braid below Black Point had the highest longfin eel density.
The Waitaki Braid below Black Point site also had the highest densities of longfin (and total)
eels for both elver size categories of <200 mm and <150 mm. The highest density of
shortfins <200 mm was found at the Black Point Intake North site while the highest density of
shortfin eels <150 mm was found at two sites just below the Waitaki Dam. Generally, across
all size classes three general areas contained most of the eels. These were Black Point, the
Elver survey
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area just below the Waitaki Dam and the area around the Little Awakino River. The area
around the Little Awakino River includes the adjacent Main Awakino and the Waitaki Spring
site.
On average, the density of elvers (both size classes and species) was higher in the Waihao
River than the Waitaki River. Mean eel density observed in the Waihao was 10-38x higher
depending on the species and size category. Jellyman et al. (2003) recorded an average
density of longfins between 100-200 mm long of 0.10 fish/m2 from three streams located
throughout New Zealand. This longfin density is approximately 3x higher than the mean
longfin <200 mm density in the Waihao (0.032 fish/m2), and 50 x higher than the mean
longfin <200 mm density in the lower Waitaki River (0.002 fish/m2). Similarly, mean shortfin
density for eels 100-200 mm observed by Jellyman et al. (2003) was 0.23 fish/m2, which was
6x higher than the density of shortfins <200 mm observed from the Waihao (0.038 fish/m2)
and 380x higher than the mean density of shortfins <200 mm observed from the Waitaki
(0.001 fish/m2).
The lower mean densities of eels in the Waitaki was predominantly driven by a majority of
the sites in the Waitaki River containing no eels. At sites where elvers were present in the
Waitaki, the densities did appear to be comparable to those found at the lowest density sites
in the Waihao River (Waihao@Upper). This suggests that elver densities in areas of the
Waitaki where they are present, may be similar to the lowest density areas in the Waihao
River. The large number of absences seen at the sites sampled also suggests that the elver
distribution is ‘patchy’ in the lower Waitaki River.
Catches were likely to be comparable between the two rivers given that all sites were
electric-fished by the same operator and that all sites were sampled within four days or each
other. During this four day period, the weather conditions differed very little and were unlikely
to have influenced catches. Similarly, we adjusted the voltage in the electric-fishing circuit to
ensure the same amount of current (ampere) was being used at each site to immobilise
fishes. The consistency in the amount of current being used would have helped minimise any
differences in capture efficiency between sites or rivers.
It should be noted that the Waitaki River was flowing slightly high, which may have resulted
in lower estimates of eel densities. Average flow in the Waitaki River during the sampling
period was 450 m³/s, which was c. 50 m³/s higher than the normal February flows. This may
have prevented access to some areas that contained elvers because it was too deep to
sample. This problem was minimised by sampling up to the maximum wadeable depth (c. 1m
deep) at each site if these depths were available, but the possibility of higher elver density
areas being present beyond this depth cannot be ruled out. Similarly, the higher river level
may have resulted in sampling occurring in recently re-wetted areas that did not contain fish.
The present study attempted to minimise this problem by ensuring that the sampling at each
site occurred in areas where substrates contained live periphyton and algal coverage, which
suggested the substrate was permanently wetted.
It was surprising that only two elvers were caught from the three sites sampled immediately
below the dam. Although both of these shortfins were <150 mm in length and were likely to
have recruited into the Waitaki River this season, the areas sampled were likely to be the last
resting areas before elvers attempt to negotiate the Waitaki Dam. Subsequently, it was
anticipated that there would have been higher numbers of elvers in this area, especially
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given that approximately 30 elvers were observed around the Waitaki Dam the previous
evening (Shannan Crow, pers. obs.). Our sampling sites at the Waitaki Dam were located on
the northern side of the river where there are shallow riffles and backwater habitat because
this is considered far more suitable habitat for elvers compared to the deep, swift southern
side where the flow is discharged into the river. It is possible, however, that the resting areas
below the dam for elvers are in other areas that were not sampled in this survey because
they were too deep or inaccessible at the time of the survey.
Habitat correlations suggest that elvers may use larger substrates more than smaller
substrates in the lower Waitaki River. Specifically, the results suggests that there may be
slightly higher densities in areas that had between 8-10% boulder coverage. These observed
relationships, however, should be interpreted with caution as there was a high level of scatter
in the data and only a few data points because elvers were only caught at a few sites.
Nevertheless, the higher use of larger substrates is consistent with findings from Jellyman et
al. (2003) who found a strong positive correlation between density of 100-200 mm longfins
and substrate size. This association with larger substrates is commonly seen in juvenile eels
as they appear to live amongst the substrate interstices (Jellyman et al. 2003).
The lengths of fish for each age category were highly variable for both longfin and shortfin
eels. For example, a longfin elver with a total length of 200-230 mm could be between 3-8
years of age. Similarly, a shortfin elver with a total length around 100-130 mm could be
between 1-4 years of age. Mean growth rate in fresh water of longfins aged from the Waitaki
(33 ±1.4 mm/year), which was 8 mm/year higher than that recently observed in the Waihao
River (25 mm/year) (Jellyman 2012). Similarly, mean growth rate in fresh water of shortfins
aged from the Waitaki (36±2.2 mm/year) was 7 mm/year higher than that observed in the
Waihao River (29 mm/year) by Jellyman (2012).
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Appendix A Summary of fishing effort at each survey site
Table A-1: A summary of fishing effort at each survey site.
Electrofishing
Site

28

Name

Minutes

Area (m²)

1

Waihao@Bradshaws

16

30

2

Waihao@Ford

11

50

3

Waihao@Upper

11

45

4

Black Point intake south

14

75

5

Black Point intake north

18

70

6

Black Point pond overflow

11

80

7

Waitaki braid below Black Point

15

60

8

Maerewhenua

16

55

9

Waitaki braid@Otekaieke

12

50

10

Hakataramea

10

75

11

Waitaki@Hakataramea mouth

8

100

12

Waitaki dam - mid

20

100

13

Waitaki dam - upper

4

40

14

Waitaki dam- lower

30

200

15

Little Awakino@mouth

10

50

16

Little Awakino@crossing

6

35

17

Main Awakino@mouth

11

70

18

Waitaki spring

25

100

19

Stonewall intake

10

50

20

Waitaki braid@stonewall

11

60

21

Bells pond overflow

20

120

22

Bells pond

6

60

23

Waitaki@Ross Rd

10

50

24

Waikakahi Stream upper

11

50

25

Waikakahi Stream mouth

10

100

26

Waitaki@rest area

14

90

27

Taina gully

13

200

28

Waitaki coastal spring

10

120

29

Korotuahika

7

50

30

Welcome Creek @mouth

27

150

31

Waitaki@SH bridge

14

90
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Table A-2: Ages and lengths for the 45 longfins and 45 shortfins aged from the lower Waitaki
River.
Date

Species

Length
(mm)

Age
(years)

22/01/2014

Longfin

118

2

22/01/2014

Longfin

147

3

22/01/2014

Longfin

135

2

22/01/2014

Longfin

165

3

22/01/2014

Longfin

192

3

22/01/2014

Longfin

217

5

22/01/2014

Longfin

248

6

22/01/2014

Longfin

235

5

22/01/2014

Longfin

232

4

28/01/2014

Longfin

234

5

28/01/2014

Longfin

277

8

28/01/2014

Longfin

226

5

28/01/2014

Longfin

151

3

28/01/2014

Longfin

265

8

28/01/2014

Longfin

230

7

28/01/2014

Longfin

215

7

28/01/2014

Longfin

215

5

28/01/2014

Longfin

175

3

28/01/2014

Longfin

260

6

28/01/2014

Longfin

315

6

28/01/2014

Longfin

280

11

28/01/2014

Longfin

231

6

28/01/2014

Longfin

249

7

28/01/2014

Longfin

228

10

28/01/2014

Longfin

204

4

28/01/2014

Longfin

203

4

11/02/2014

Longfin

230

6

11/02/2014

Longfin

240

6

11/02/2014

Longfin

195

4

11/02/2014

Longfin

200

5

11/02/2014

Longfin

190

4

11/02/2014

Longfin

190

3

11/02/2014

Longfin

171

3

11/02/2014

Longfin

210

3

11/02/2014

Longfin

230

3

11/02/2014

Longfin

210

4

11/02/2014

Longfin

220

4
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29

30

Date

Species

Length
(mm)

Age
(years)

27/02/2014

Longfin

170

2

28/02/2014

Longfin

227

8

28/02/2014

Longfin

265

6

28/02/2014

Longfin

304

4

28/02/2014

Longfin

223

5

11/02/2014

Longfin

230

4

11/02/2014

Longfin

230

6

11/02/2014

Longfin

195

4

22/01/2014

Shortfin

122

2

22/01/2014

Shortfin

125

2

22/01/2014

Shortfin

122

3

22/01/2014

Shortfin

111

2

22/01/2014

Shortfin

134

2

22/01/2014

Shortfin

140

3

22/01/2014

Shortfin

150

2

22/01/2014

Shortfin

128

3

22/01/2014

Shortfin

102

1

22/01/2014

Shortfin

168

2

28/01/2014

Shortfin

141

2

28/01/2014

Shortfin

136

2

28/01/2014

Shortfin

134

2

28/01/2014

Shortfin

129

2

28/01/2014

Shortfin

146

2

28/01/2014

Shortfin

115

2

28/01/2014

Shortfin

122

2

28/01/2014

Shortfin

127

4

28/01/2014

Shortfin

114

2

28/01/2014

Shortfin

116

4

28/01/2014

Shortfin

129

2

28/01/2014

Shortfin

125

1

28/01/2014

Shortfin

117

2

28/01/2014

Shortfin

139

3

28/01/2014

Shortfin

112

3

28/01/2014

Shortfin

130

2

28/01/2014

Shortfin

154

2

28/01/2014

Shortfin

145

2

28/01/2014

Shortfin

134

4

28/01/2014

Shortfin

127

1

11/02/2014

Shortfin

132

2
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Date

Species

Length
(mm)

Age
(years)

11/02/2014

Shortfin

115

2

11/02/2014

Shortfin

120

3

11/02/2014

Shortfin

132

1

11/02/2014

Shortfin

120

1

11/02/2014

Shortfin

122

3

11/02/2014

Shortfin

126

2

11/02/2014

Shortfin

115

1

11/02/2014

Shortfin

132

2

11/02/2014

Shortfin

102

1

26/02/2014

Shortfin

300

6

26/02/2014

Shortfin

550

28/02/2014

Shortfin

158

3

11/02/2014

Shortfin

112

1

11/02/2014

Shortfin

126

1
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31

