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Executive Summary

This Te Wai Miori-funded research will assist the Lake Omapermgelet Management Group to
achieve it's overarching vision and successful aume of Waiora, by providing the Lake Omapere
Trust and Ngapuhi Fisheries Limited with the bamelhformation required to monitor and adaptively
manage the long term well-being of the Lake Omagpana fishery. To our knowledge this is the first
formal study of the tuna and freshwater fish popoies undertaken in this catchment. This survey was
undertaken by the Lake Omapere Trust, Ngapuhi Resheimited and NIWA.

A total of 929 (271 kg) tuna were captured during present survey, the majority (73%) from Lake

Omapere. Although both shortfin and longfin tunaeveaptured at 83% of the sites sampled during
this survey, overall the numbers of longfin tunareviow. While shortfins dominated the catch from

Lake Omapere, longfins were more common in tribesaof the Utakura River.

Length-weight relationships for Lake Omapere and Wiakura River catchment indicated that
longfins were heavier for their length than shadfiHowever, the median length of the shortfing (52
mm) captured was greater than that of longfins {@#%). In general much smaller eels were captured
in the Utakura River and the tributaries of theelaeing largely a reflection of the greater effimy

of electric fishing at capturing small eels.

The age distribution of both shortfin and longfielein Lake Omapere and the Utakura River was

similar the majority ranging between 4 and 14 yedimge. The median age (8 years) was the same for
both species. For both tuna species, the lowestageeannual length increments were generally

recorded below the falls in the Utakura River cateht. Observations indicate that shortfin tuna

growth in Lake Omapere is amongst the highest dezbin New Zealand to date.

In Lake Omapere the occurrence of prey items indie¢ of both shortfin and longfin tuna was
dominated by chironomids and goldfish eggs. Lorgfiom the Lake Omapere and Utakura River
catchment ate a larger variety of food items thzortéins of equivalent size, which is likely to bett

the variety of habitats the longfins were takemfré-uture studies are required to quantify thetirada
importance of prey items to the overall growth avell-being of tuna in Lake Omapere. This should
be designed to identify seasonal changes in foagletisas changes in the main prey species that are
associated with eel size.

The commercial fishery for shortfin eels is typigdbased on the harvest of immature females, as
males are generally known to mature and emigrdt@abhe commercial size. In Lake Omapere this
situation may not be as clear cut as observatiérikeogonads in the field identified a number of
shortfin males between 520-705 mm (260-610 g).tfhanales longer than 598 mm have not been
observed in previous research and although itssipte that inaccurate assessments were made in the

Tuna population survey of Lake Omapere and the taRiver iv



—NIWA_—

Taihoro Nukurangi

field, the characteristics and sex ratio of matonigrant tuna heke (katua) exiting Lake Omapere
requires further investigation.

The time needed for longfin females to reach th&mmim reproductive size in the Lake Omapere and
Utakura River catchment is estimated to take ab8utears. It appears that there are very few eéls |
(both longfin and shortfin) in the Lake Omapere &tdkura River catchment which are of the large
size preferred for customary take. But perhaps afenconcern is that these records also indicate tha
very few large females are supported by the catohmed (contribute to the spawning stock. These
results emphasise not only the vulnerability of pogulation to fishing pressure but also indicated
management measures taken nationwide could taleeldgedo show results.

In order to better understand the effect of haregstthe size and species composition of the eel
population over time, robust information on harvésbmmercial, recreational and customary)
activities within the Lake Omapere and Utakura Rigatchment is required. As a precautionary
measure, to ensure future recruitment, it is recermdad that fishing pressure (including customary
and recreational take) on large female tuna becemjluan action that may benefit future eel
recruitment into New Zealand waters.

To optimise the survival and success of tuna duoiottp their upstream and downstream migration a
better understanding of the potential passage sputeluding the possibility of a second lake autle
during floods or otherwise is required. Furtherédstigation is also required into the survival of
migrant eels (katua) exiting the catchment. ltigacthat some elvers surmount the waterfalls achre
Lake Omapere, and there is some history of fatiligeelver passage in the past at the largestesieth
falls. We recommend re-implementation of a low cogtrhanging elver rope(s) or trawl net-like
structure to help facilitate as much elver passatge the lake while a more permanent solution is
being investigated.

The information collected in this survey will foranvaluable baseline of information upon which to
monitor long term trends in tuna abundance. To enghat comparable data are collected in any
future tuna population surveys of Lake OmaperethadJtakura River catchment, the same sites (or a
selection of) should be used and standardised wuieahniques (notably mesh size and deployment
method) maintained. Any additional sites and meshdchplemented should be considered
supplementary to those used in the present study.

While this research has greatly increased our wtaleding of the tuna population in the Lake
Omapere and Utakura River catchment, very littteatpopulation studies have been undertaken in the
greater Ngpuhi rohe. In November 2007 workshop attendeediftemha number of other Taitokerau
catchments that were significant to them, and whleeg would like more tuna population baseline
information. After Lake Omapere, the Mangakahia @aatleke Rivers were identified by the group as
the next priorities.

Tuna population survey of Lake Omapere and the taRiver v
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1. Background

1.1 Te Wai Maori Trust

In July 2007 Ngpuhi Fisheries Ltd (NFL) was successful in secufimgds from Te
Wai Maori Trust fttp://waimaori.maori.n3/to investigate the species, age structure,
growth rate and sex composition of tuna (freshwatel) populations in Te Tai
Tokerau to provide a reference point for any futomenitoring and research of the
tuna population of this area. The outcomes of thsearch will assist Niguhi to
better manage, protect and enhance their commeantlcustomary tuna fisheries.
The National Institute of Water & Atmospheric Resba(NIWA) was subcontracted
by NFL to assist with the delivery of these reskanatcomes.

1.1.1  Contracted objectives

Overall objective:

1. The aim of this research is to build a framewarkunderstand the status of
tuna stocks in Te Tai Tokerau rohe. The reseantis &b enable Ngpuhi to
manage, protect and enhance their eel fishery.iffoemation gained will
assist Ngpuhi to develop their commercial and customary rgan&ent
strategies for eels.

Specific objectives:

1. Design: Consult with Ngpuhi to prioritise sampling sites of importance to
Ngapuhi and refine a workplan. The workplan which d#itail the methodology
and outcomes of the hui held with aggihi will be provided to Wai l&bri by 31
July 2007.

2. Training courseTraining course conducted by NIWA scientists fagapuhi
members in tuna biology and recruitment, sexingr@piate sampling methods
and otolith preparation for aging. A report on tlutcomes of the training course
is to be provided to Wai Bbri no later than 30 September 2007.

3. Field work:Field work will include tuna sampling to be contietduring March
2008. Sampling will include fyke netting of mairestim river sites and electric
fishing of selected tributaries. Modelling estinsatgill be used for other Tai
Tokerau catchments based on the field work. A tefmobe provided to Wai

Tuna population survey of Lake Omapere and the wtaRiver 1
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Maori that demonstrates that the field work was cetepl and methodology
used no later than 31 March 2008. (Deadline ametwdail March 2009).

4. Final reportThe final report must include in-depth data analgad monitoring
framework development. Furthermore, the final repoust be presented to
Ngapuhi and provide an overview of how this projectl wontribute to the
planning for future research in Tai Tokerau. Tlisart will be provided no later
than 30 April 2008. (Deadline amended to 30 ADDR).

1.1.2  Tunatraining course

This project commenced with a two-day “Tuna tragniworkshop” held at Te
Rinanga a Ilwi o Ngpuhi office in Kaikohe on the 29-30 November 200his
workshop was attended by approximately 25 partidgpaver the two days (majority
of participants listed iAppendix 1). The workshop was an opportunity for tangata
whenua to hear about where ‘western’ science iseplan terms of tuna research,
including an overview of general tuna biology (epecies identification, distribution,
characteristics of life stages, aging, sex idesdtion, recruitment, migration, and
threats to the fishery), principles of researchdgtudesign, data analysis and
interpretation.

The workshop also encompassed a field trip to tlag®@pa Stream (Kerikeri) in order
to demonstrate the practical aspects of sampling populations (e.g. deployment of
fyke nets, g-minnow traps, electric fishing, cattdta recording and otolith removal
techniques). The survey results and a short disnuss this field demonstration are
presented id\ppendix 2.

Each attendee was supplied with a “tuna trainingua# (Williamset al. 2007), and
copies of the presentations given during the wargsivere made available through
the inanga office (Boubéet al. 2007). A CD with a copy of each of these resources
and photos taken during the field surveys is seplpliith this report.

1.1.3 Site selection and discussion

On the second day of the tuna training workshopflib& was opened for general
discussion for tangata whenua to discuss relatesiess and identify key
catchments/waterways within Te Tai Tokerau of tightomary importance to the iwi
for undertaking the field component of this reshafithe workshop and the associated
discussions were reported to Te Wakdvl in September 2007Appendix 3). The
study locations identified during this discussiocliided Hikurangi Swamp, Wairoa

Tuna population survey of Lake Omapere and the wtaRiver 2
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River, Puhipuhi (headwaters), Waima River, TahekeeR Lake Manuwai, Lake
Omapere and the Utakura River. It was concludetheygroup and project leader that
the fieldwork location of first choice would be theke Omapere and Utakura River
catchment. The Mangakahia and Taheke Rivers wertified as the second priority.
Permission was then sought from the Lake Omapeustdes to progress this work,
the results of which form the basis of the majooityhis report.

2. Introduction

2.1

Ngapuhi oral history speaks of Lakemapere as originally being swampland, which
was covered in kauri forest. However, it is belgwbat in the early 1300s a fire
destroyed the forest, clearing some 1,200 hectafredl cover and resulting in the
formation of LakeDmapere as we now know it. Pakiwaitara fromalghi also speak
of Takauere, a Tohunga who once resided in the forakauere transformed himself
into a Taniwha when fire engulfed the area and stamds as the kaitiaki of Lake
Omapere and the underground systems which link it he surrounding areas,
including Ngiwha, Waimate and Hokianga. Lakemapere sits mid-way between the
Hokianga harbour and Pewhairangi (Bay of Islandshe heart of the Ngpuhi rohe.

Ron Wihongi a kumatua from the hapTe Uri O Hua relays thedkero tawhito
regarding the name of Lake Omapere and the impmetdoehind it, in the 2007
documentary ‘Restoring the Mauri of Lake Omapetr’.his korero Mr Wihongi
spoke of ‘pere’ as the puku or belly of the taniwhakauere and ‘O’ meaning kai or
food; thus Omapere meaning food for the belly ef thniwha, Tkauere (Brownest
al. 2007). This Krero tawhito illustrates the way in which tangathewua have
always regarded Lake Omapere as a significant soafcfood which should be
respected. The lake continues to be acknowledgedhaghly significant taonga and
mahinga kai site for the hapand iwi which surround it, “The primary hapu with
manawhenua around LaKemapere are Te Uri-o-Hua, Nj Korohue, Te Popoto, Te
lhutai, Honehone, and 1§t Kuri” (Lake Omapere Project Management Group 2006).
Nevertheless, with the main outflow of the lakengeihe Utakura River which flows
out to the Hokianga harbour, the lake catchmenb aspports many hap
communities who reside along the river and withia harbour.

Physical and biological characteristics of Lake Omgere

Lake Omapere is the largest lake in theapighi rohe and, like Lake Owhareiti to the
south, the lake basin appears to have been olligiftamed by lava flows (from Te

Ahuahu volcano) damming the valley (Viner 1987).tib@ of sediment cores has
indicated that the ‘modern’ Lake Omapere is c.19&érs old and, in the form that we

Tuna population survey of Lake Omapere and the wtaRiver 3
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basically know it now, possibly originated througjhiation of drainage in response to
erosion induced by deforestation (McGlone 1983)isltalmost circular in shape,
occupying an area of 11.6 km? (c. 1,200 hectare$lgs a small catchment of 32.7
km? which is predominantly vegetated by pasturevifigston et al 1986). It is
shallow with a maximum depth of ~2.6 m and an ahtal® height fluctuation of
approximately 1 m (Champion & Burns 2001, Newnhanmale2004). Several small
streams flow into the southern half of the lake, ldrgest being the Pararataio Stream.
The lake is located 238 m above sea level and titftow (24 km inland) from the
south west of Lake Omapere forms the Utakura Riwgrich flows in a westerly
direction to the Hokianga Harbour.

Wells & Champion (2008) present a summary of treaggcal status of 80 Northland
lakes, including Lake Omapere (NRC Lake No. 173)jcW they report as being
extremely nutrient enriched. In 2001 the submergegdetation of Lake Omapere
collapsed and the lake remained in a de-vegetastel dominated by cyanobacterial
(blue-green algae) blooms. Wells & Champion (20@8)k the status of this lake as
“low” a ranking attributed to lakes that were eitlae-vegetated with poor water
quality, or severely impacted by exotic pest speciche genetically distindsoetes
kirkii var. flabellata (quillwort) was last collected from this lake i@98 and may be
extinct outside of cultivated plants held by NIWFhis plant has been classified as
‘nationally critical’ due to it only being found dhis location (Hitchmougtet al.
2007).

Champion & Burns (2001) report that the westerrnreshad Lake Omapere supports
dense bands (>75% cover) of the emergent pl@@amea articulate(jointed
twigrush), Schoenoplectus tabernaemontakipiingawha, lake clubrushand Typha
orientalis faum, bullrush to a water depth of 1.2 to 1.3 m. The rudincus
gregiflorus(wiwi, leafless rush) is common near the waters edgadrthe remainder
of the shoreline. The exotic pest weegeria densgcommonly known as egeria or
common waterweed) completely covered Lake Omaperegl 1984. These surface-
reaching stands &. densahen collapsed in 1985 and the lake remained detated
until 1994. Over the next 6 yeaEs densare-colonised the lake until 2000 when it
reached maximum biomass, with surface-reaching bedsring the lake. These beds
disappeared in 2001 following the introduction lné tweed eating grass carp and the
lake has remained de-vegetated since then. Theiwevaquatic planttricularia
gibba (bladderwort) was noted in the eastern basinefdke during 2000, but has not
been seen since. Champion & Burns (2001) concludatEgeria densacould re-
establish and the cycle of vegetation collapse a$y to continue if unmanaged. It
is probable thaEgeria has now been eradicated from this lake by thesgcasp,
however, several more years monitoring are requoeenfirm this.

Tuna population survey of Lake Omapere and the wtaRiver 4
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Black swan Cygnus atratus numbers appear to fluctuate with submerged plant
biomass. Past surveys by the Ornithological So@étyew Zealand (OSNZ) reported
the presence of the nationally rare bitteBotaurus poiciloptilus and regionally
significant fernbird Bowdleria punctata vealeadrom this lake. Champion & Burns
(2001) mention that Torewai or freshwater mussgls/gHyridella menzie3j
kéwai/koura Paranephrops planifror)s Potamopyrgus antipodarunfwater snail,
pointed end)Austropepleaomentosasnail species)Hygraula nitens(pond moth),
dragonfly larvae, planarians (flatworms), freshwateponges, bryozoans and
chironomids (bloodworms, midges) have been recomiédke Omapere.

Torewai were once ‘plentiful in thousands, in amytf the lake’ (Hemi Wi Hongi,
Native Land Court, 1929in White 1998) but the population has since reduced
markedly. Since January 2001 the Northland Regi@mlncil (NRC) and the Lake
Omapere Trustees have been undertaking regular sliveeys to monitor the
population and results indicate that there is atilelatively high mussel density at the
northern end of the lake. The overall mussel dgnsithe lake in October 2007 was
22 mussel/m?, and although the population now agpeabe reasonably stable their
distribution remains patchy s€e http://www.nrc.govt.nz/Your-Council/Council-
Projects/Lake-Omapere-Restoration-Project/Freshwatissel-research/

An overview of the freshwater fish species found_ake Omapere is presented in
Sections 2.2 and 2.4.

2.2 Anthropogenic activities and the well-being of LakeDmapere

Legal and illegal activities to lower the water ééwf Lake Omapere have occurred
over the last 100 years. Around the turn of thetwgnthe water level of Lake
Omapere would rise and the adjacent farm land wbeldlooded during the winter
months. The farmer that owned the land (‘Omapetiaes} abutting the south shore of
the lake exerted pressure on the Crown to permbnienter the lake’'s water level
(White 1998). A long and drawn out legislative @sg with the Mori owners of the
lake ensued, over which time Crown representatvetertook activities to lower the
water level of the lake at various points in tirfialgle 1).

The main land uses in the Lake Omapere catchmehtd@ a mix of dairy and dry
stock farming and lifestyle blocks. In 1986, Liveign et al (1986) estimated the
dominant cover in the catchment area to compri€é pasture. Currently there is no
formal public access to the lake, but in the palsas been used for boating and rafting
races (Lake Omapere Project Management Group 2006).

Tuna population survey of Lake Omapere and the wtaRiver 5
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Over the last quarter of the 20century, the water quality of Lake Omapere
deteriorated. The lake which is now classified gsehtrophic, is nutrient rich and has
shifted from a lake dominated by aquatic plantsotee which is dominated by
planktonic algae. In the summer months, the lake exgerience severe toxic algal
blooms making it unsafe for human and stock usel€Ta). Trends in Lake Omapere
water quality indicators are summarised and digmliss detail in reports such as
Champion & Burns (2001), Gray (2006), Hamill (2006)nhgoing monitoring results
are available on the NRC website€http://www.nrc.govt.nz/Your-Council/Council-
Projects/Lake-Omapere-Restoration-Project/\Wateligyiin

Around 1988-89 large numbers of juvenile silvepdgtypophthalmichthys molitr)x
were released into the lake in an attempt to atevphytoplankton blooms (D Rowe,
NIWA, pers. comm.). These fish were too small tthatand predation by shags and
such like, and most will have died. Another alipeaes was introduced to the lake in
August and December 2000 when the Lake Omaperet g the Northland
Regional Council released 40,643 White Amur (alsovkn as Chinese grass carp,
Ctenopharyngodon ideljainto the lake in an attempt to eradicdigeria and so
prevent the lake flipping between completely vegetaand wholly planktonic states
(seeChampion & Burns 2001). In 2002 a further 20,00fpoaere released into the
lake (Pullan 2002). Grass carp have been usednonger of waterways for the
control of excessive macrophyte growth (e.g., Mth980, Wells 1999, Wellst al.
2003).

Some of these grass carp were removed at a lateadd8aker & Smith (2006) report
“The fish supplied by Gray Jamieson was releastlthre natural environment at an
unknown age and had spent the last two years ie Gakapere in Northland before
being returned to the holding ponds at WarkworthTh& Northland Regional Coucil
reports “it is known that 401 grass carp were remdvetween October 2004 and May
2005, and grass carp removal will continuesed http://www.nrc.govt.nz/Your-
Council/Council-Projects/Lake-Omapere-Restoratioojdet/Fish-weed-
management/). The Ministry of Fisheries also repiuat between 2004—-06 a total of
2,078 grass carp, 3,830 goldfish and 5 silver ceepe removed from the lake (S.
Pullan, MFish, pers. comm.).

Tuna population survey of Lake Omapere and the wtaRiver 6
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Timeline of selected activities and events undenak the Lake Omapere catchment

(references include White 1998, Champion & Burn120Lake Omapere Project
Management Group 2006, Browaeal. 2007, Wells & Champion 2008).

Period

Activities/events

~1300

Fire destroys kauri forest — Formation of Lake Omapere.

1895-1934

Mercury mining in Ngawha.

1903

Native Minister, James Carroll, visited Kaikohe and met with local “Mr Carroll said that the lake
belonged to the Natives, and that they should lodge an application for investigation of title”.

Oct 1903

Bay of Islands County Council passed a resolution that Crown lands abutting Lake Omapere be made
a county endowment, and that the council had no objections to Austrians being allowed to dig for gum
on the Crown lands on the northwestern shore of the lake. The council considered that ‘if draining
were carried out upon a satisfactory system the surrounding land now inundated by water would be
improved.

1905

An owner of land adjoining the lake assumed the right to lower the level of the lake by interfering with
the outlet at the western end of the lake which lay on Maori-owned land.

1910

Michie wrote to the Member for the Bay of Islands informing him that persons were again
endeavouring to lower the lake, this time using dynamite to deepen the outlet. Michie asked that the
Government intervene and halt the work. Appears that this petition resulted in the Under-Secretary of
Justice ordering the Auckland Inspector of Police to investigate the matter.

1913

Maori first applied to the Native Land Court to get the title to Lake Omapere determined. However, it
was not until 1929 — 16 years later — that the matter finally came before the court. To a large extent it
appears that this delay was effected by various agents of the Crown conspiring to prevent the
application being heard.

1913-1916

The owner of the Omapere estate, George Pitcaithly, around this time began to incessantly petition
Parliament, seeking the Government’s assistance in lowering Lake Omapere in order to bring more of
his land into production.

1914

Trout and carp introduced to the lake prior to 1914, an inspector of forests reported local Maori having
told him that numbers of crayfish in and around Lake Omapere had been greatly reduced through
being eaten by introduced species of fish.

1914

The area’s reserve status was revoked on account of all the gum that was easily retrieved having
been recovered.

~1916

Construction of the Okaihau branch of railway, running between Okaihau and Kaikohe, and which
traversed the western margin of the lake, crossing the Utakura stream immediately below the outlet.

1916

Thompson, Chief Drainage Engineer, informed the Under-Secretary of Lands that in the past, the
outlet had been widened and deepened by the owners of the Omapere estate, and that also a certain
amount of straightening and blasting had been undertaken. It was held that all these works had been
unauthorised. In the report, the opinion was expressed that the outlet could be further widened and
deepened in order to cope with the winter rains.

~1916-1919

Government agree to purchase the parts of the Omapere estate that were prone to flooding and used
these lands to settle returned First World War servicemen upon.

1920

North Auckland Commissioner of Crown Lands wrote to the Under-Secretary of Lands and noted that
since the ballot allocating the land, those now affected by the flooding ‘have several times spoken to
me about it and are now agitating the matter through the Returned Soldiers Association.’ The
commissioner expressed the view that he thought ‘it necessary that something be done in the matter’.

1920

Campbell (succeeded Thompson as Chief Drainage Engineer) reported to the Under-Secretary of
Lands on the feasibility of lowering Lake Omapere. Campbell recommended that the lake just be
lowered rather than completely drained. Subsequent to the Under-Secretary of Lands receiving this
report, he ordered that the work to lower the lake be undertaken.

1922

Crown lowers Lake Omapere. Coates, the Native Minister, ordered that the Survey Department
prepare a plan to enable the Native Land Court to investigate title to Lake Omapere.

Tuna population survey of Lake Omapere and the wtaRiver 7
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Table 1. Timeline of selected activities and evenmtundertaken in the Lake Omapere
catchment (continued).
Period Activities/events

1929 At Kaikohe (March) & Auckland (June) hearings witnesses present evidence before the Native Land
Court in the investigation of title articulating the nature and extent of the rights of the various hapd who
had interests in the lake. In August Judge Acheson’s decision issued, ruling that Maori use and
occupation of the lake had been continuous and uninterrupted since 1840, and that the lake was
incontrovertibly Maori customary land. In Sept 1929 the Crown appealed the Native Land Court's
decision as to the title of Lake Omapere. However, just as the Crown had obstructed the initial inquiry,
it deliberately delayed proceedings subsequent to the lodging of the appeal. It would be a further 24
years before the Crown'’s appeal was disposed of, i.e., it was never prosecuted.

Aug 1935  An application by the Public Works Department for approval to clear out the outlets of Lake Omapere
was heard by the Native Land Court. The court agreed ‘on the spot to the outlets being clear[ed] but
not deepened or widened.’

Jul 1940  An application that the lake be made a tribal reserve is before the Maori Land Court.

1944 Proposed hydro-electric scheme for Lake Omapere.

Oct 1953 Crown announced that it had abandoned it's appeal for practical reasons — specifically that it was by

then ‘not considered that the ownership of the soil under Lake Omapere has any value to the Crown.’

1953 The Maori Affairs Act was passed. The lake was made a tribal reserve. The court appointed two
panels of trustees — one being patrons, the other executives. The trustees were instructed by the court
to complete the title to the lake by having a survey undertaken.

1956 Reference was made to the fact that an order of the Maori Land Court had vested in the trustees’ both
the lake’s bed and its waters.

1964 Deep bores drilled in Lake Omapere for geothermal exploration.

1970 Speed boat races on Lake Omapere.

~1973 Kaikohe Borough Council applied to the Northland Catchment Commission for a permit to enable it to

extract water for domestic supply from Lake Omapere.

1982 Commercial eeling activities commences.

1984 The exotic invasive Egeria densa completely covered the lake.

1984-85 Surface-reaching stands of E. densa collapse and the lake remains de-vegetated until 1994. Thick
algal bloom (chlorophyll a measurements, indicative of algal numbers, 179 mg m'3) reported on the
lake reducing water clarity from > 2m (recorded in 1992) to 0.25 m. Rapid decline in black swan
numbers from ¢.8000 to ¢.1000 birds.

Dec 1985 Northland Area Health Board prohibited taking of water from Lake Omapere on the grounds that it was
polluted and a health danger. Also recommended against bodily contact with the polluted water as far
as Horeke, Hokianga Harbour. Marae in the Utakura Valley were unable to conduct functions.

1988-1989 Attempt to introduce silver carp in lake to control algal blooms.

1992 Resuspension events in the lake impact on water quality.
1998 Single resuspension event impacts water quality.

Tuna population survey of Lake Omapere and the wtaRiver 8
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Table 1. Timeline of selected activities and evenmtundertaken in the Lake Omapere
catchment (continued).
Period Activities/events
2000 E. densa re-colonised the lake until 2000 when it reached maximum biomass, with surface-reaching
beds covering the lake. 40,643 grass carp released (August and December) into Lake Omapere
1999-2001 Approximately 60 tonnes of eels removed from Lake Omapere to reduce predator numbers in
preparation for stocking with grass carp.
2001 From 2001 onwards weed beds again collapsed and the lake has remained de-vegetated from 2002
until present (2008). Torewai populations decline.
Apr 2001  Adult brown bullhead catfish captured in fyke nets (possibly indicating an illegal liberation).
2002 20,000 grass carp released (January and February).
2004-2006 Removal of grass carp (2,078 grass carp, 3,830 goldfish and 5 silver carp removed).
Sept 2006 Lake Omapere Trust and Northland Regional Council’'s Chairman formally signed the ‘Restoration and
Management Strategy for Lake Omapere’ Mark Farnsworth (NRC Chairman) & Mike Kelleher
(Chairman of the Trust).
2008 Two planting day’s organised for volunteers to plant native trees along the shore of Lake Omapere (28
June & 3 August 2008).
Nov 2008 Te Wai Maori funded tuna population survey of Lake Omapere undertaken by Ngapuhi fisheries
limited, Lake Omapere Trust and NIWA.
2.3 The Restoration and Management Strategy for Lake Ompere

Tiakina a Ranginui raua ko Papatuanuku kia a orate  mauri o0 nga taonga

tuku iho
If you look after the lake, it will look after you

On 29 September 2006 the Chairman of the Lake Oradfrest and the Chairman of
the Northland Regional Council formally signed tRestoration and Management
Strategy for Lake Omapere. Lake Omapere Projectagament Group prepared a
management strategy for Lake Omapere and its wedéshment. This voluntary

strategy aims to improve the health of Lake Omapgrsetrengthening the trustees to
exercise kaitiakitanga (Lake Omapere Project Mamage Group 2006).

The strategy outlines a number of actions and &ssacoutcomes that are grouped
under four elements - Ki uta ki tai,athuranga, Rangatiratanga, and Kotahitanga - to
achieve the overarching vision and successful amgcof Waiora. In the achievement
of this vision the following outcomes will be resdd:

Tuna population survey of Lake Omapere and the wtaRiver 9
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* A healthy lake that sustains peopldincluding ability to use the water from
the lake for drinking and recreational activitiabjlity to harvest shellfish and
other food sources from the lake; ability to hatviemd sources from the
wider catchment and Hokianga Harbour; use of tke far economic gain by
the Lake Omapere Trust; reduced impacts of landndbe lake).

A return of native species of plants and animals toLake Omapere
(including the return of raudp harakeke, torewai and tuna to the lake and it's
margins; restoration of plants surrounding the jakatrol of pest species).

e The protection of the Mauri of Takauere and Lake Omapere.

e Increased knowledge and understanding of the Maurof Lake Omapere
and everything within (including access and sharing of information on the
lake; increased knowledge of the effects of theewidatchment on Lake
Omapere and vice versa).

« Everybody working together to protect and enhance ke Omapere.

e Sustained long-term management for Lake Omapere andhe wider
catchment (including an informed decision on the long-terakd water
level).

There have been several successful planting datfzeitake catchment over the last
thee years, with over 15,000 plants being plantedof 30 June 2007, 85% of the
margins of Lake Omapere are fenced with more pldrinethe near future (NRC

2007). The Trustees and Council are continuingddckwogether with landowners, the
community and other stakeholders to restore Lakeafigme and work towards the
targets outlined in the strategy.

24 Tuna in the Lake Omapere catchment

Past

Lake Omapere was described by the trader Joel IP&888) as “celebrated for large
conger [sic] eels, which are a food of much repatgong the natives...Large eel
abound in this lake, which are honoured by theveatwith the appellation of atuas
(gods).” The Utakura River at the outlet of Lake &pere was traditionally such a
prominent site for ptuna that it was eventually divided into threeasafe channels.

Tuna population survey of Lake Omapere and the wtaRiver 10
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Each channel was allocated to differentihaporder to settle disputes which occurred
during the tuna heke (downstream migration). Thedhchannels were a way of
sharing the tuna heke between the differentihas the lake had the capacity to
provide more than enough kai for everyone. Whi®@98) recounts a letter of protest
written by W E Bedggood in regards to the loweririghe lake, “At certain times of
the year the eels leave the lake by the thousamdseir way to the deep sea to breed.
The Maoris became acquainted with this fact, andfngading a funnel-shaped net
across the outlet, with an eel pot at the end, vesrabled to catch them by the
hundred. One man stood in the water and when theva® full handed it to his mate
on the bank, who handed him another to be fastémebe net, the full one being
emptied into a pit with upright sides dug for thegose”.

The water level of Lake Omapere was lowered nunwetoues between 1903 and
1929 with many of the tangata whenua attestingnécaidverse affects this had on the
lakes katua (migrating/elder eel) fishery. As wadl the lowering of the lake, the

“introduction of trout and carp also appear to ha¥ected the lake’s ecology. In

1914, an inspector of forests reported local Mdaring told him that numbers of

crayfish in and around Lake Omapere had been greadluced through being eaten
by introduced species of fish” (White 1998).

Evidence given by Hemi and Ripi Wihongi before thative Land Court in 1929
stated that “Katua — eels that went out to sea gaahin order to breed — were caught
in weirs at various outlets of the lake over ae¢hneonth period each year. Hemi Wi
Hongi stated that Waitanumia and Te Kuaha wergtheipal outlets at which katua
were caught. At each of these weirs two to threeghnd eels would be caught each
season. Ripi Wi Hongi corroborated his father's demce and added that
Ngaruawahia, Te Ahipara and Te Harakeke were otlrains at each similar
quantities of eels were caught” (White 1998).

In addition to the migrating adult tuna, a variefyeel known as tautokeere caught
over the whole lake. White (1998) states “Ripi Wirtdi stated before the Land Court
that he estimated ‘more than 10,000 tautoke eeglsgeson were caught by spearing
or with lines or baskets’. Traditionally adri had used baskets dinaki to procure the
tautoke eel from Lake Omapere. However, by the B92@ppears that a method had
been developed whereby they were caught from cansieg spears and torches.”
Evidence given by one witness before the NativedL@ourt attested that more eels
were able to be caught when using the torch anar spethod.

Evidence of a migrant tuna trap, constructed ok raad cement, immediately above
one of the waterfalls (most downstream located satef the three between the lake

Tuna population survey of Lake Omapere and the wtaRiver 11
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outlet and Imms Road, Photo 1) on the Utakura Risestill visible (location map
series NZMS260 E2579025, N6648294) (Photo 2).

In additional to the tuna, torewai, raygkuta and harakeke were also harvested from
the lake (Lake Omapere Project Management Grouf)200

Waterfall on the Utakura River (coordinates NZMSEZ579025, N6648294) (Photo:
Erica Williams).

Present

A review of the ecological condition of Lake Omapamdertaken by Champion &
Burns (2001) for the Ministry of the Environmenatsts that no formal surveys on the
fish populations had been undertaken in Lake Oneagiethe time of their report.

Only 23 records have been submitted to date toNwe Zealand Freshwater Fish
Database (NZFFD) for the Utakura River and Lake f@n@ catchment. These
records date between 1965 (undertaken by NIWA) 20@7 (undertaken by the
Department of Conservation). The majority (52%)tloése records are surveys of
wetlands and tributaries immediately surrounding slouthern and western side of
Lake Omapere. There are three records at locatiorise northern side of the lake, in
the upper waters of the Waiharakeke Stream (jdiadutakura River below the three
waterfalls that are present downstream of the pofld.ake Omapere). There are a
further five records within the lake itself anddhrlocated along the Utakura River
itself.

Tuna population survey of Lake Omapere and the wtaRiver 12
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Rock and cement migrant tuna trap on the UtakuvariR{A) Small side channel that
diverts water from the Utakura River during floddeards the trap; (B) Side channel;

(C) Upstream view of approach to migrant tuna ti@); Migrant tuna trap. Arrows
indicate flow pathway and direction. (Photos: ENg#dliams).

Overall, the majority of this sampling appears tvén been focussed on wetland
habitats to ascertain the distribution and abunelant the Burgundy mudfish
(Neochanna heleids(summarised in O’Brien & Dunn 2007). In additishortfin
(Anguilla australi3 and longfin eels A. dieffenbach)i banded &kopu Galaxias
fasciatu3, common smeltRetropinna retropinng koura/léwai (Paranephrops spp
and the introduced species goldfishaassius auratys mosquitofish Gambusia
affinis) and silver carp Hypophthalmichthys molitr)xhave been observed in the
Utakura River and Lake Omapere catchment.

Wells & Champion (2008) extracted fish records fibre Northland Region
(comprising 295 records since 1980) from the NIWadhwater Biodata Information
System $eeFBIS, fbis.niwa.co.n2. In addition to the species recorded in the N2FF
the FBIS has records of common bullobiomorphus cotidiandisand brown
bullhead catfish Amieurus nebulosdsin 2001, 15 large catfish were caught in the
lake with fyke nets, but they have not been seecesjlan Mitchell, pers. comm.). As
mentioned previously, two introduced carp specigmgs and silver) have been
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deliberately released into Lake Omapere for algdlaeed control, but these species
are unable to breed in lakes and most New Zealgacsr

It is estimated that 60 tonnes of tuna were remdvewh the lake after a period of
intensive fishing between 1999-2001, prior to stogkvith grass carp (G Jamieson,
pers. commin Champion & Burns 2001). Commercial eel fishingi®wn to have
occurred in Lake Omapere in recent times and #iig i$ summarised in Section 2.6.

2.5 Commercial eel fishing

History

In export terms, the commercial eel fishery in Négaland began in earnest in the
1960s and expanded rapidly until the early 197@skimg at slightly over 2000 t in
1972 (MFish 2008). The commercial catch fluctuatgdr the following years and it
was not until the 1980s that management constramete introduced. A minimum
size of 150 g was introduced in 1981 (this wasaased in 220 g in 1992), with part-
time fishers being excluded from the industry irf84%nd a moratorium on the issue
of new fishing permits in 1988. In the followingars, on a voluntary basis, the eel
fishing industry agreed not to increase commerfcsaling effort beyond the level of
the late 1980s in a further attempt to reduce pressn stocks. Regional management
plans were created for the regions of the Souintsin the 1990s. In October 2000,
South Island eel stocks were introduced into tr@amanagement system (QMS).

Under the QMS, commercial fishers are limited total allowable commercial catch
(TACC) for each eel stock management area and tiaéoh in an area is monitored
against these limits. The overall total allowakdéct (TAC) (which includes the catch
of both commercial and non-commercial interestseisto ensure that the current use
of the eel fishery is more conservative than thelcgreviously taken from the
fishery. This approach aims to protect eel stogkpdrmitting some fishing activity
but reducing fishing pressure overall.

In October 2003 the Chatham Islands shortfin amjfio eels stocks entered the
QMS, with the North Island also entering the quonagement system in October
2004. For the North Island, quota decisions for the eel species were made
separately, with a longfin quota set at 18% bel@went commercial catches in
recognition of the fact that longfin were being Vested at a rate considered
unsustainable by many fisheries managers.
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Current management

Currently, the North Island commercial eel fishagy divided into four quota
management areas (QMA) for eels, with both shordfimd longfin stocks in each
QMA sharing common boundaries with the other mamege areas. The QMAs for
shortfin eel also include the Australian longfinl é&nguilla reinhardti) despite
comparatively few individuals of this species belagded each year, and despite this
species not being found in the South Island. FerGhatham Islands, both eel species
are considered under one QMA. In the South Islahdre are six QMAs for
freshwater eels (Figure 1).

SFE23
O LFE2S
o~

ANG11

ANG13 \\
ANG14 ™ ANG12 P SLFFEE1177 % /
l/
Figure 1. Map of stock quota management areas (QMAS) for ceraially fished freshwater

eels. LFE denotes longfin eels, SFE denotes baittfsheels and Australian longfin
eels. ANG is a combined code for longfin and shoetls (MFish 2008).

In 2007-2008, the TACC for longfin eels in all ased the North Island and Chatham
Island was 82 t under the QMS. For the same dneal ACC shortfin eel was 347 t.

For freshwater eels in the South Island, the TAGSS get at 420.1 t. All TACCs were
reduced significantly from those set in 2007, wvtitbse for shortfin eels reducing from
10 to 30% depending upon the management area asd for longfin eels reducing

by 35 to 48%. Since 2004-05, the actual catch detbin New Zealand and Chatham
Island as a whole has not reached the TACC. Thisbaalue to reductions in fishing

effort through the QMS and the effects of insu#fidi market demand. In 2007, a 4 kg
maximum limit for freshwater eels that protects tlaege female longfins was

introduced to all commercial fisheries in New Zeala The sustainability of the

fishery under current levels of harvest is unkngifrish 2008).
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Structure of the commercial catch

Commercial catch data between 1984 and the prasdioates that the North Island
provides 65% of the total New Zealand commercidl caéch; 66% of which are
shortfin eels (Beentjes 2008a). Data from Northrldl processing factories in 2005—
06 and 2006-07 (which cover 88 to 99% of all lagdirin each fishing season
respectively) indicated that around 23% of theltatere longfin, with the remainder
being shortfin eels. Data from the South Islandessing factories in 2006—07 (which
cover all landings in the fishing season) indicateat 78.5% of landings were longfin
eels (Beentjes 2008a). This contrasts with datiecteld in the 1970s and early 1980s
which indicated that around 90% of the eels praadss the South Island were
longfin (Beentjes 2008b). Data from the North Islatisplays a similar picture, with
an estimated decrease of 10-20% in current cawhkmgfin eels when compared
with historical catches (Beentjes 2008b). This olese decrease in the proportion of
longfin landed has been further supported by ctimatyses (Beentjes & Dunn 2003a,
2003b). In summary, it appears that on the bastheasfe recent figures, that a greater
proportion of the freshwater eel catch processdtienNorth Island are shortfin, with
longfin eels being processed in greater numbershé South Island. However,
proportionally, less longfin eels are being cawmhiresent than historically.

Data collected from processing factories between1®70s and 1990s, in both the
North and South Islands, indicated that there le@® la general decrease in the size of
eels being landed (Beentjes & Chisnall 1997, Besr2005). The current population
structure of longfin eels caught in the main steiSouth Island rivers indicates that
the mean length is now c¢. 540 mm (and mostly mateshpared to lengths of ¢c. 600—
900 mm in the 1930s and 1940s (Beentjes et al.)200fis may indicate that adult
female longfins have been overfished. For the Ndsland, records from both
processing companies (New Zealand Eel Processing.i@ited (New Zealand Eel,
Te Kauwhata) and Aotearoa Fisheries Limited (Wheai)a indicate an increase in
the size of longfins captured between 2003 and 2006 records from both North
Island processing factories also show that in 2083nd 2004—-05 over one third of
the longfin eels captured were female (Beentje88BD0rhese data demonstrates how
vulnerable large female longfin eels are to beiagtered and removed from the
fishery. This may have implications for future rgtment.

Market

The fishery has both a domestic and export mahkddew Zealand, processed as well
as live eels are available from markets and sugpligith eel presented in restaurants
all around the country. The New Zealand eel fishexry an estimated value of $6.1 m
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for export (MFish 2009), which equates to aroun@,830 kg. In Belgium, Germany,

Hong Kong (Special Administrative District), ItaliRepublic of Korea, Netherlands,
Taiwan, United States of America and the Unitedgdimm there is demand for New
Zealand eels, which may be processed into variouss, frozen or sold as live eels.
In Japan, freshwater eels are considered a deliaadyimporting eels has become
increasingly important in light of declines in Jajgadomestic eel catch (Statistics
New Zealand 2005).

2.6 Commercial eel fishing in the Northland Region

The quota management areas for the Northland coonehesel fishery is LFE 20 and
SFE 20 (Figure 1). These areas range from approgiyndukekohe northwards
(excluding the Coromandel). To provide more detdibut how much (including
species and size ranges) is being landed fromréifteregion within each reporting
area the QMAs are broken down into Eel Statisthralas (ESA) and finer scale Eel
Statistical Area sub-areas (broadly equivalentatocliments). The ESA relevant to Tai
Tokerau is coded AA Northland, and ranges in areenfapproximately Wellsford
northwards. The Northland ESA has then been dividexfive subareas, coded 1A-
1E. The ESA sub-area which encompasses Lake Omamerehe Utakura River
catchment is coded 1B Hokianga Harbour. In addittaib-area 1B also contains the
Mangamuka, Orira, Waihou, Waipapa, Whakanekenekamamaku and Waipoua
Rivers. Lake Omapere is the largest lake withinNbethland ESA.

The total weights landed and species compositiom fESA sub-area 1B Hokianga
Harbour, ESA AA Northland and the contribution bfst region to New Zealand’s
overall commercial eel landings between 2003—-0420@6—-07 are shown in Table 2
(taken from Beentjes 2008a).

Commercial catches from the Hokianga Harbour sabpeaked in 2004—05 when it
contributed more than 30% of the overall commerca&th from Northland for both

shortfin and longfin eels. A significant declinethme contribution of longfin tuna to

the commercial eel catch landed from the Hokiangabbur sub-area has been
observed between 2003 and 2007. This decline isvidént in the composition of the
overall catch from Northland.

Over the four years examined by Beentjes (2008&aNtrthland Region contributed
between 13.5-21.2% and 17.6-26.0% of the commédatigfin and shortfin eel catch
landed respectively.

Tuna population survey of Lake Omapere and the wtaRiver 17



Table 3.

—NIWA_—

Taihoro Nukurangi

Lake Omapere

Commercial eel fishing is undertaken in Lake Omaerd we are very grateful to Mr
lan Mitchell for providing his records for inclusidn this report (lan Mitchell, pers
comm.) (Table 3).

Total weights (kg) of freshwater eels landed froaké Omapere between 2000 and
2008 (I. Mitchell, pers comm.).

Year Total weight (kg)

2000 52,272
2001 19,916
2002 Data missing
2003 No data, estimate of 13,000
2004 7,270
2005 8,646
2006 19,162
2007 16,479
2008 8,666

Mr Mitchell typically deploys about 60 fyke netsatime, and in 2000 he fished for
almost the whole year with the exception of thetenimonths. Since this time, he has
fished the lake for about one month per year.

Mr Mitchell articulates that in the first year défiing the lake he caught “quite a few”
large longfin eels in the inlet drain. However, abh99% of the catch now consists of
shortfins. In 2000 the catch consisted of mostigdaeels, but they were not in good
condition and were ‘skinny’. In his opinion the tjtyaof the eels in the lake has

improved since 2000.
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Total weights (kg) of freshwater eels landed arecis composition from ESA sub-area 1B Hokiangabbiar, ESA AA Northland and the
contribution of this region to New Zealand’'s ovec@mmercial eel landings between 2003—-04 and 200&aken from Beentjes 2008a).

Eel statistical sub-area
Hokianga Harbour (1B)

Eel statistical area
Northland (AA) °

a

Aotearoa-wide °
All sub-areas (AA-AY)

Year Longfin Shortfin % longfin Longfin Shortfin % longfin Longfin Shortfin % longfin
2003-04 3,912 7,871 33.2 22,353 77,868 22.3 105,281 299,386 26.0
(17.5%) (10.1%) (21.2%) (26.0%)
2004-05 6,677 18,338 26.7 19,166 54,326 26.1 120,240 265,883 31.1
(34.8%) (33.8%) (15.9%) (20.4%)
2005-06 634 13,921 4.4 13,847 58,362 19.2 102,651 334,578 235
(4.6%) (23.9%) (13.5%) 17.4%)
2006-07 171 18,555 0.9 17,560 72,143 24.3 99,788 338,770 22.8
(1.0%) (25.7%) (17.6%) (21.3%)
TOTAL 11,394 58,685 19.4 72,929 262,699 21.7 427,960 1,238,617 25.7
(2003-07) (15.6%) (22.3%) (17.0%) (21.2%)

# Values in brackets represent contribution of ESA subarea 1B Hokianga Harbour to totals obtained for the Northland ESA (i.e., 1A-1E).
® Values in brackets represent contribution of Northland ESA (i.e., AA) to totals obtained for Aotearoa (i.e., AA-AY).
¢, Northland ESA is broken up into the following subareas: 1A = Kaitaia; 1B = Hokianga Harbour; 1C = Bay of Islands; 1D = Dargaville; 1E = Bream Bay.
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All of the field work conducted in this survey wasdertaken by NIWA staff and
members of the Lake Omapere Trust. While Lake Omeaypas the core focus of this
survey, the opportunity was also taken to samplectsd sites downstream in the
Utakura River catchment. Field sampling was undéeriabetween the 10-14
November 2008 (Full Moon, 13 November). Locatiofighe 19 sites sampled are
shown in Figure 2 with details provided in Table 4.

Table 4 Location of sites sampled within the Lake Omapee Etakura River catchment.
Site  Location * Date sampled NZMS Fishing
No. (access) (2008) coordinates methods *
1 Lake Omapere 10 Nov E2584877, N6650915 5 CFYN, 5 FYN, 5 GMT

© 00 ~NO Ul WN
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12

13

14

15

16

17

18

19

(State Highway 1)
Lake Omapere

Lake Omapere

Lake Omapere

Lake Omapere

Lake Omapere

Lake Omapere

Lake Omapere

Lake Omapere
Waikirikiri Stream
(Waikerikeri Road)
Waikirikiri Stream
(Waikerikeri Road)
Waikirikiri Stream
(Mangataraire Road)
Waihoanga Stream
(Imms Road)
Utakura River
(Imms Road)
Utakura River
(Horeke Road)
Unnamed tributary
(Te Pua Road)
Unnamed tributary (farm drain)
(Te Pua Road)
Unnamed tributary (farm drain)
(Te Pua Road)
Pararataio Stream
(Te Pua Road)

10, 11 & 12 Nov
10 Nov

10 Nov

10 & 11 Nov
11 & 12 Nov
11 Nov

12 Nov

12 Nov

10 Nov

10 Nov

10 Nov

12 Nov

12 Nov

11 Nov

13 Nov

13 Nov

13 Nov

13 Nov

E2584071, N6651444
E2585431, N6650110
E2584245, N6650352
E2584840, N6650748
E2581945, N6651617
E2582452, N6648265
E2581054, N6649069
E2583021, N6650916
E2571590, N6648971
E2571561, N6648957
E2572217, N6649532
E2578362, N6648641
E2578358, N6648658
E2574359, N6650484
E2584550, N6648240
E2584780, N6648656

E2585328, N6648980

E2585678, N6649355

5 CFYN, 5 FFYN, 5 GMT
5 CFYN, 5 FFYN, 5 GMT
4 CFYN, 4 FFYN,
30 m Gill net

5 CFYN, 5 FFYN
5 CFYN, 5 FFYN
5 CFYN, 5 GMT
5 CFYN, 5 FFYN
EFM (48.6 m?)
EFM (56 m?)
EFM (30 m?
EFM (30 m?
EFM (36 m?)
EFM (60 m?)
EFM (16 m?
EFM (16 m?

EFM (9 m?)

EFM (75 m?)

! Names of locations as known locally may be different from that on NZMS 260 series topomaps.
2 Fishing methods: CFYN = Coarse mesh fyke net; FFYN = Fine mesh fyke net; GMT = Gee-minnow trap; EFM = Electric

fishing.
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Figure 2. Approximate locations of sites sampled within tteké Omapere and Utakura River catchment, Noven(@s.2
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3.1 Sampling methods

A combination of sampling methods, primarily taiggttuna, were utilised during the
present survey including (Photo 3):

» Coarse mesh fyke nets (single leader, 15 mm medsted);
« Fine mesh fyke nets (single leader, 6 mm meshedtgit
» Electric fishing (EFM300, battery powered backpack)

* Gee-minnow traps (3 mm mesh, baited);

e Gill net (with three 10 m panels of 25, 45 and @8 mesh respectively).

Photo 3. Sampling methods utilised during the survey of L&kaapere and the Utakura River
catchment. (A) Coarse mesh (black) and fine meké fets; (B) Electric fishing; (C)
Gill net; (D) Gee-minnow traps. (Photos - A & D: idma Cooper; B & C: Wakaiti
Dalton).
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Fleets comprised of 8-10 fine and coarse mesheal rigks per site. Eight locations
were fished within Lake Omapere representing agarigepresentative habitats (e.g.,
close to shore alongside different land uses, n@itery. At Sites 4 and 9 an even
mixture of coarse and fine-meshed fykes were wggther in a ‘train’ and set in mid
water. At other locations, every fyke net was seduat each end near the shore line
using wooden stakes and weights. Gee-minnow trapse v8et alongside coarse
meshed fykes on the first night of fishing and oaly Sites 1, 2 and 3 (i.e., 10
November 2008). The single 30 m gill net was setd@ nights perpendicular to the
shore at Site 5.

The fyke nets were all baited with catfood heldpunctured pouches (primarily
pilchard flavoured) and set overnight. The Gee-mimriraps were baited with fish
food pellets held in punctured plastic bottles.

According to Jellyman & Graynoth (2005), depletioretting (nets set over
consecutive nights in the same location) can pe\ad estimate of a population
within the area fished and an estimate of the pitapoof the population caught on
one night only. The application of this technignesiatic waters such as lakes has not
been determined previously. Therefore in this stundys at Site 2 were reset for three
consecutive nights, and nets at Site 6 were resévb consecutive nights.

A combination of multiple pass (exhaustive, quatitie) and single pass (semi-
quantitative) electric fishing sampling was alsalemaken in the Utakura River and
selected tributaries. The 10 sites sampled usiegtrat fishing were: Waikirikiri
Stream (N = 3 sites), Utakura River and Waihoangeas (N = 3 sites), tributaries
on the south eastern flank of Lake Omapere (N i#e3)sand Pararataio Stream (N = 1
site).

All nets and other equipment used had been prelyisasitised and dried to minimise
the risk of spreading unwanted species. All ofgbkilfish (C. auratu3 and grass carp
(C. idellg) captured during the survey were removed fronstteeat the request of the
Lake Omapere Trust members (Photo 4). Apart froenttma retained for ageing
purposes and dkopu species that were preserved to confirm ideatibn, the
remaining fish caught were returned live at thenpof capture.

The sites sampled were referenced by GPS, andcit €& we recorded date,
catchment name, time, observer, length of waterfisdned, tidal influence, presence
of downstream barriers, average stream width, geestream depth, habitat type (e.g.,
% pool, run, riffle), substrate type (e.g., % mwand, gravel, boulder), riparian
vegetation (e.g., % native, exotic, shrub, willowyrrounding land use type (e.g.,
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native, farming, urban) on standard New Zealandhfnater fish database forms
(which can be downloaded from
http://neptune.niwa.cri.nz/fwdb/NZ%20FRESHWATER%2BIH%20DATABASE%

20FORM.do¢ (seeAppendix 4 for summary of habitat characteristics).

Catch processing

All of the eels caught were anaesthetised (usiolpwe oil based mixture), identified
by species, measured (to the nearest 1 mm), argheeti(to the nearest 1 g). Where
possible, the sex and stomach (diet) contents vdergtified for each tuna that was
sacrificed for ageing purposes. The swim bladdes alao examined for the presence
of any parasites. By-catch information (speciesnimers captured and fork length)
was also recorded.

Goldfish (top) and grass carp (middle and bottoemaved from Lake Omapere,
November 2008 (Photo: Tracey Dalton).

Otolith removal and processing

For ageing purposes, saggital otoliths were remdvech a selection of the eels
captured. These eels were sedated in clove oileaidanased by severing of the
notochord at the base of the head followed by lheedall processed eels were
retained for consumption by the Lake Omapere Tr@b)liths were removed (Photo
5) and prepared following the methods of Hu & T¢#i8181). Essentially this method
consists of breaking the otolith in half transvérsiey placing them, convex side
uppermost, between the folds of a piece of thiearcplastic and pressing across the
centre with a scalpel blade. The otolith halveseatben burnt by placing them on a
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scalpel blade over a bunsen flame until they tuilresvn. Following the burning, the

otoliths were embedded in clear silastic 732 RTVhvihe broken edge uppermost.
Mounted otoliths were viewed using a compound nsicope and annual hyaline rings
counted across the largest axis.

Photo 5. Some of the steps in the otolith removal proces3. Tuna after they have been
identified by species, measured & weighed read¥y Wbelled paper envelopes for
otolith removal; (B) Cutting through tuna skull teeveal otolith cavities; (C)
Removing two otoliths from each side of the turtegmd; (D) Otoliths placed on the
back of the hand to help remove the transparentbreme sac material surrounding
each otolith, before placing into paper envelofehotos - A & B: Tracey Dalton; C:
Wakaiti Dalton; D: Bruce Davison).

Age was expressed in terms of years in freshwaggoring the first ring that
surrounds the core because this represents marived browth. Some of the otoliths
processed from Lake Omapere were found to be diffto read with large numbers
of multiple rings (possibly false rings — severialgs are produced within one year)
present. For the purpose of this study a conseevatpproach was taken and most
multiple rings were ignored. For quality assurapogposes a subset of the otoliths
were examined by three fisheries biologists expegd in reading eel otoliths.
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3.2.2  Sex composition

The sex composition was determined using a comibimatf two methods. The first
involved field observations of gonads from eelg there sacrificed for ageing (Photos
6 & 7). In this assessment the gonad descriptiérBeentjes & Chisnall (1998) and
the field key developed by Jellyma al. (2006) were used. The second criteria for
assigning sex was based upon Jellyman & Todd's 21%3udy of the length
distributions of migratory eels which indicated ttlshortfin eels larger than 55 cm,
and longfin eels larger than 75 cm were mostly femaAll eels were inspected for
the presence of migratory eel features (i.e., gelheyes, darkened pectoral fin, flatter
and slender head, silver (for shortfins) or brofiaelongfins) colour).

Photo 6. Example of a shortfin female eel from Lake Omapbieyember 2008 (Photo: Tracey
Dalton).
3.2.3 Diet

A qualitative visual assessment of the stomachertstof eels sacrificed for ageing
was undertaken in the field, to identify the mameypspecies forming the food base
for eels in this catchment. After making an inaisedong the length of the underside
of the tuna with a sharp knife, the stomach waatkxt and cut open lengthways. The
contents were removed with tweezers onto a cledac®) visually examined and the
items assigned into categories (e.g., aguaiderrestrial items) where identifiable

(Photo 8). If no contents were found, the stomaahk mcorded as empty.
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Photo 7. Example of a shortfin male eel from Lake Omaperayd¥nber 2008 (Photo: Jacques
Boubée).
3.3 Data analysis

The catch per unit effort (CPUE) for fyke net caslis expressed as number/net/night
and kg/net/night for each species (where infornmadizailable).

The length and weight data were examined for natynaking histograms and the
Shapiro-Wilks W test in STATISTICA 7.1 (Statsofficl, 2005). Data that did not
satisfy the conditions of normality were transfodnét sites where some eels were
not weighed on-site, derived weights were calcdlatsing length-weight regression
equations. These estimated weights as well as lastight (where available) were
then used to obtain estimates of total biomassétgind g/if) for each site. A two-
sample Student'’sTest (two-tailed) assuming unequal variances veasl o observe
any differences in the overall CPUE values by peet(i.e., coarse mesis.fine mesh
fyke nets).

Growth rates of eels were calculated from lengthemt data obtained from the
reading of otoliths that were extracted during #dtady. Linear regressions are
considered to best describe the growth of eelseoiigan 250-300 mm, but it is
recognised that growth immediately following riveatry can be more rapid (Jellyman
1997). Growth rates at 15 and 20 years were cadmilfom length-at-age linear
regressions for tuna from the Lake Omapere catchniBms indication of the
estimated linear growth between 15 and 20 yearaq@tose as possible to these ages)
was then compared to published figures as sumndainsiellyman (1997).
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Photo 8. Example of a shortfin tuna’s stomach contents bexamined on the shores of Lake
Omapere, November 2008 (Photo: Tracey Dalton).

For comparison of growth rates between the sitésimihe Lake Omapere catchment,
a length of 60 mm was subtracted from the totajtlerof shortfins, being the average
length of glass eels on entry to river mouths;gbeivalent length for longfins was 63
mm. The resulting length was then divided by the afjthe eel to provide an average
annual length increment (mm/y). To obtain an histdrindex of recruitment from age
frequency distributions, the ages of eels greai@n 800 mm were estimated using the
derived age-length regressions.

4. Results

4.1 Species composition

A total of 929 tuna (271 kg) were captured during survey with 73% of this catch
obtained from Lake Omapere. Overall 11% of thelcatere longfin eels. The highest
proportion of longfins (67%) occurring in the Wastrga Stream, a tributary of the
Utakura River. The next highest proportion of landB5%) in the catch was obtained
in the Waikirikiri Stream. In comparison, longfingade up only 5% of the total catch
from the mainstem of the Utakura River (2 sites @ed). Overall longfin tuna
comprised 9% of the total catch from Lake Omaperkieis south-western tributaries,
and 17% of tuna from the Utakura River and asseditiibutaries (Table 5).
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Table 5. Species composition of tuna sampled from the Lakaere and Utakura catchment.
Location Site Site Total number Total weight % longfin
No. (kg)

Lake Omapere 1 Lake Omapere 42 13.0 29

2 Lake Omapere (reset, 3 nights) 40 18.2 15

3 Lake Omapere 51 20.3 10

4 Lake Omapere (train, deep set) 52 26.9 0

5 Lake Omapere (reset, 2 nights) - - -

6 Lake Omapere (reset, 2 nights) 121 57.0 8

7 Lake Omapere 40 13.7 18

8 Lake Omapere 317 105.9 5

9 Lake Omapere (train, deep set) 12 0.9 8

16 Unnamed tributary 2 1.0 0

17 Unnamed tributary 10 0.8 0

18 Unnamed tributary 8 3.7 38

19 Pararataio Stream 3 1.2 33

OVERALL 698 263 9

Utakura River 10 Waikirikiri Stream 16 0.9 63

11 Waikirikiri Stream 14 1.3 64

12 Waikirikiri Stream 35 2.4 11

13 Waihoanga Stream 12 2.0 67

14 Utakura River 17 1.4 12

15 Utakura River 137 0.6 4

OVERALL 231 9 17

TOTAL 929 271.2 11

4.2 Catch per unit effort (CPUE)

Catch per unit effort data (by number and biomdgara) are summarised in Tables 6
(electric fishing) and Table 7 (fyke nets). In termf both numbers and biomass
captured over a single night of fyke netting, tihghkst number of both shortfins and
longfins were caught at Site 8 (close to shorensat the lake outlet) (Figure 3). No
longfins were captured at Site 4 (set in ‘open’ water), and low numbers observed
at Site 9 (also a mid-water set). The lowest nusbésshortfin tuna were observed at
Sites 2 (close to shore set, Mawe Pa) and 9 (seidrwater) (Table 7, Figure 3). No
significant difference in the catches (CPUE by namilof either longfin or shortfin
tuna between the fine mesh and coarse mesh fylsewset observed in this survey
(Student’s two-tait-Test,P > 0.05,N = 11).
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Table 6. Relative density (no./fand biomass (kg/fpof tuna from sites in the Lake Omapere
and Utakura river catchment surveyed by electsiaifig.

Relative density

Relative biomass

(no./m?) (kg/m?)
Location Site No. Area Longfin Shortfin Longfin Shortfin
No. passes fished (m ?)
Utakura River 10 2 49 0.21 0.12 0.017 0.000%
11 2 56 0.16 0.09 0.026 0.000%
12 2 30 0.13 1.03 0.026 0.054
13 2 30 0.27 0.13 0.066 0.000%
14 3 36 0.06 0.42 0.039 0.001
15 2 60 0.10 2.18 0.004 0.006
Lake Omapere 16 1 16 0.00 0.13 0.000 0.017
tributaries 17 1 16 0.00 0.63 0.000 0.013
18 1 9 0.33 0.56 0.201 0.209
19 1 75 0.01 0.03 0.003 0.014
&, Shortfin elvers present.
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Figure 3. Catch per unit effort (CPUE) by number and biomasdongfin (left) and shortfin
(right) tuna captured in fyke nets set Lake Omapdoge different scales on graphs.
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Table 7. Catch per unit effort (CPUE, no./neight and kg/net/night) for tuna captured from e€aRmapere using fyke nets (CFYN = Coarse mesh;
FFYN = Fine mesh; ALL = fyke net types combined).
CPUE (no. net ™ night ™) CPUE (kg net ™ night ™)
Longfin Shortfin Longfin Shortfin
Site No.  Lift FFYN CFYN ALL FFYN CFYN ALL FFYN CFYN ALL FFYN CFYN ALL

1 1.0 14 12 24 34 29 012 034 0.23 0.89 123 1.06

2 1 0.0 02 01 0.8 12 10 0.00 0.03 0.02 045 074 0.60

2 0.0 00 00 1.6 1.0 13 0.00  0.00 0.00 092 050 0.62

3 0.6 04 05 1.2 1.0 11 015 0.09 0.12 072 038 048

ALL 0.2 02 02 1.2 11 11 0.05 0.04 0.05 059 054 0.56

3 0.2 08 05 4.8 44 46 0.05 019 0.12 213 168 191

4 0.0 0.0 00 4.8 83 65 0.00  0.00 0.00 244 429 336

6 1 0.4 04 04 50 100 75 012 022 017 220 486 3.53

2 0.4 08 06 24 48 3.6 0.28 040 0.34 0.89 243 1.66

ALL 0.4 06 05 37 74 56 020 031 0.26 155  3.64 259

7 0.4 1.0 07 2.8 38 33 011 023 0.17 0.96 144 120

8 0.0 34 17 306 294 300 0.00 113 0.56 9.52 10.53 10.03

9 0.2 00 01 1.4 08 11 0.07  0.00 0.03 040 054 047
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Both longfin and shortfin eels were captured &ssgurveyed by electric fishing in the
Utakura River and associated tributaries (i.eesSk0-15). The highest number and
biomass (per A of longfin eels were observed at Site 13 (WailyaaStream). The
highest number of shortfin eels (pef)rwas observed at Site 15 (Utakura River), and
the highest biomass was observed at Site 12 (Vikaikistream) (Table 6, Figure 4).

Although longfin eels were not recorded from eitl&tes 16 and 17, the highest
numbers and biomass of longfin were observed at It (total area of 9 Tfished).
While the highest numbers of shortfin eels wereeoked at Sites 17 and 18, the
highest biomass was obtained at Site 18 (Tablegby& 4).
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Figure 4. Catch per unit effort (CPUE) by number (no. % mnd biomass (kg / tfor longfin

(left) and shortfin (right) tuna captured by elecfrshing.
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Fyke nets at sites 2 and 6 were reset in the saca¢idns over 2-3 consecutive nights.
No significant reduction in the numbers of eelstoega over the consecutive nights
fished was observed at either site, for either igge@lthough all of the records are
not shown in the present report, the analysis did indicate any significant
differences IP>0.05) in the species composition or the lengthadé being caught over
consecutive nights (Figure 5).
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of Site 2, Lake Omapere. Dotted line indicates appnate median length.
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The overall average length (£ SD) of shortfin emsasured during this survey was
457 + 218 mm (range 62—-850 mm, median 525 mm) &0d+4137 mm (range 82—

775 mm, median 445 mm) for longfin eels (Figure®)e overall average weight (+

SD) of longfin and shortfin eels measured duririg furvey was 286 + 203 g (range
30-1,220 g) and 396 * 214 g (40-1,290 g) respdygtifesummary of the length and

weight characteristics of tuna measured duringgtisey are presented in Table 8.
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Table 8. Length and weight characteristics of tuna meastioed the Lake Omapere and Utakura River catchment.
Length (mm) Weight (g)
Longfin Shortfin Longfin Shortfin
Site location * N Average Range N Average Range N Average Range N Average Range
+SD +SD +SD +SD

Lake Omapere 57 472 £ 74 277-623 617 566 + 101 268-843 57 307 + 164 40-780 601 398 +213 40-1,290
Lake Omapere tributaries 4 530 + 165 430-775 15 497 £170 155-700 - -

Utakura River 8 304+215 82-745 146 94 +34 62-302 2 710+721  200-1,220 -

Waikirikiri Stream 22  313+146 100-555 42 142 + 136 69-850 16 178 + 139 30-480 3 107 + 61 40-160
Waihoanga Stream 8 405 + 124 270-635 4 85+4 80-90 8 246 + 266 40-840 -

Overall 99  420+137 82-775 824 457 +218 62-850 83 286 + 203 30-1,220 604 396 + 213 40-1,290

! Sites were grouped as follows:

Sites 1-9 = ‘Lake Omapere’, Sites16—19 = ‘Lake Omapere tributaries’, Sites 14-15 = ‘Utakura River’, Sites 10-12 = ‘Waikirikiri River’, Site 13 = ‘Waihoanga Stream’.
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The length frequency of shortfin tuna was similathe eight sites surveyed within
Lake Omapere (Figure 7). In comparison, much smadlels were captured in
tributaries of the lake, being largely a reflectiointhe greater efficiency of electric
fishing at capturing small eels. As expected, émgth frequency of shortfins from the
Utakura River catchment showed a predominance alflseels with approximately
75% of the total catch being elvers between 50+a00(Figure 8).

The length frequency of longfin tuna from Lake Omagpwas also similar across the
sites, with the majority of tuna being between BAEB-mm (Figure 9). Similar sized

longfins were observed in the tributaries surrongdhe lake. The largest longfin tuna
captured during this survey was observed at SiteTh&re were more smaller eels
captured in the Utakura River compared to the &iabit’s tributaries (Figure 10).

The relationships between length and weight foglionand shortfin eels caught from
Lake Omapere and the Utakura River was:

e Longfin: In weight = 3.1052*(In length) — 13.488fareN = 83,r = 0.98,P <
0.001).

e Shortfin: In weight = 2.9567*(In length) — 12.86&HereN = 604,r = 0.98,P
< 0.001).

The length distribution of tuna captured in thigvey using the various sampling
methods is presented (Figure 11, Table 9) to Hieigtiate some of the differences in
the results observed above. For example, a laksusea stream, will influence the
range of species and size classes present, assvile ability to deploy the various
sampling methods. Only one shortfin eel was captiurehe Gee-minnow traps set on
the first night in Lake Omapere (360 mm total léngCoarse and fine mesh fyke nets
generally captured tuna > 250 mm, while electrshifig was successful at sampling

the smaller tuna size classes (60—200 mm) that n@revident using nets and traps
(Figure 11, Table 9).
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Length characteristics (mm) of tuna captured by waeious sampling methods

deployed during survey of the Lake Omapere and wtakRiver catchment,
November 2008.

Longfin Shortfin
Method N Average + SD Range N Average + SD Range
Gee-minnow trap - - - 1 360 -
Coarse mesh fyke net 42 477 £70 303-623 331 576 £ 101 268-843
Fine mesh fyke net 15 457 + 86 277-606 285 556 + 98 300-795
Electric fishing 42 349 + 168 82-775 207 133 +£131 62-850
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Length distributions (no.) of tuna captured by seamesh fyke nets, fine mesh fyke
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4.4 How old is that tuna?
Length at age
The age of the 64 shortfin eels (7% of total shmsttaptured) whose otoliths were
examined ranged from 3-13 years. In general, thefsts obtained from the Utakura
River (all from Site 12, Waikirikiri Stream) appetar be slower growing than those
sampled from Lake Omapere (Table 10, Figure 12)wvéder, the number of eels
examined from the Waikirikiri is very small so magt truly reflect growth within this
habitat.
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Figure 12. Agevs.length for tuna from the Lake Omapere and UtaRiv&r catchment.
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Table 10. Age and mean annual length increments (i.e., figar entry to time of capture) of longfin and slioreels aged from Lake Omapere and the
Utakura River catchment, November 2008.

Length (mm) Age (years)
Species Location N Average Range Average Range Average annual Iength
+SD" +SD* increment + 95% CL © (mm)

Shortfin ~ Site 1 29 546 + 115 344-764 7520 5-11 66.1 +4.5
Site 3 1 344 5 56.8
Site 4 15 611 +85 458-751 8.3+28 4-13 715+ 105
Site 7 2 682 + 109 605—759 100+14 9-11 63.6 £ 27.6
Site 8 12 568 + 211 268-843 75+33 3-13 68.6 £8.0
Lake Omapere 59 568 + 137 268-843 7.7+£25 3-13 67.8£3.9
Site 12 5 287 +122 170-440 6.6+2.1 4-9 32638
Utakura River 5 287 +122 170-440 6.6+2.1 4-9 32.6+3.8

Longfin  Site 1 11 417 £ 87 277-623 6.0+1.6 4-8 60.8 +8.3
Site 2 1 407 11 31.3
Site 3 5 405 +21 432-475 7.8+0.8 7-9 49.9+3.0
Site 6 4 527 + 74 427-606 6.8+15 5-8 69.8+9.3
Site 7 5 432 +51 351-480 6.4+15 4-8 59.2+8.3
Site 8 9 490 + 84 303-575 9.6+1.7 7-12 449+ 4.5
Lake Omapere 35 455 + 79 277-623 75121 4-12 55.1+4.4
Site 12 3 425 + 118 325-555 7731 5-11 495 +17.1
Site 13 8 406 + 124 270-635 9.4+33 6-16 36.8 £4.2
Site 14 1 440 10 37.7
Utakura River 9 37387 270-555 8.0x22 5-11 40.1+7.3

! SD = standard deviation, CL = confidence limit.
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The 47 longfin eels examined (47% of total longftaptured) ranged in age from 4—
16 years. No marked differences in agdength between tuna in Lake Omapere and
the Utakura River were apparent (Table 10, Figite The oldest longfin eel (16
years) caught during this survey was from Site Waifoanga Stream). No otoliths
were obtained from tuna captured in the tributagsiegind Lake Omapere.

Average annual length increment

For longfin eels, the average annual length (grpwitrement ranged from 31 mm/y
(N = 1, Site 2, Lake Omapere) and 70 miMy= 4, Site 6, Lake Omapere). For
shortfin eels, the smallest average annual lengtfement of 33 mm/y was recorded
in the Waikirikiri Stream (Site 12, N = 5) a trilauy of the Utakura River, with the
greatest average annual length increment (72 mmegdrded at Site 4 in Lake
Omapere (N = 15) (Table 10, Figure 13).

For both species, the average annual length inerewes significantly higher in Lake
Omapere compared to that observed in the UtakwarRiatchment (Student’s two-
tail t-Test, P < 0.001). In Lake Omapere, shortfins are growiigmificantly faster
than longfins P < 0.001), but no significant difference betweee #pecies was
observed in the Utakura River catchmdnt=(0.07).

Tuna age frequency distributions

As the average annual growth increment figuresgmtesl above include the faster
growth rate that is known to occur from river entigy to about 300 mm in length, the
following linear age-length relationships for eleisger than 300 mm were derived:

e Shortfin age = 0.0139*length — 0.0609 (N = B9 0.56,P<0.001)
« Longfin age = 0.0175*length — 0.0112 (N = 4% 0.33,P<0.001)

From these age-length relationships, the approeinzae distributions of all the
longfin and shortfin eels greater than 300 mm wkeved (Figure 14). The median
age (8 years) was the same for both species. Dtleettow numbers of tuna aged
from the Utakura River catchment, all of the daterevgrouped together for this
comparison. As expected, the derived age distobugilots (not shown) were very
similar to the length distribution plots with noigence of intermittent recruitment.
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The linear age-length regressions were also usedettict the average age of a 300
mm eel, and thus obtain an estimate of the aveyemsth rates between freshwater
entry and 300 mm. For shortfin eels in the Lake @ana catchment, the age-length
regression predicts that a 300 mm length woulddaehed at an age of 4.1 years.
Mean freshwater growth within those 4.1 years istéstimated at around 73 mm per
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year. For longdfins, the age-length regression ptedhat a length of 300 mm would
be attained by age 5.2. During this early periottéshwater, mean annual growth for
longfins is thus estimated at 57.3 mm.

Using these age to length relationships, it is ipesto compare the growth of eels
obtained in the present study to those of othefonsg(Figures 15 & 16). This
comparison indicates that the growth rate for dimoreels in Lake Omapere is
amongst the highest recorded in New Zealand, vilwleof longfin eels is comparable
to figures from Lakes Karapiro, Matahina and Pounui
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Sex composition and maturity

Sex composition was determined through the fielseokation of eel gonads (Table
11). Initially we had presumed that based on tiseasch of Jellyman & Todd (1982)
it was possible to assign sex based on size ghertfin > 55 cm and longfin eels > 75
cm were all be females). However, although one fianpat was more than 75 mm
was confirmed as a female, seven shortfin eelsimgng length between 520-705
mm were found to be males (Table 11). Thereforeldtigman & Todd (1982) length
criteria used to separate male from females irfisdeé may not be applicable in this
catchment.

Until this issue is resolved and assuming our Visbsaervation is correct the female
to male ratio of mature shortfin eels was approxéya5:1, and 1:4 for longfin eels
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(Table 11). However, as only one shortfin femalé3(8hm in length, 13 years old)
captured in Lake Omapere had begun to exhibit feattypical of migratory tuna (i.e.,
enlarged eyes and pectoral fin, flatter and sler=ad) it would be important to
examine more migrating eels in future to confirns gex ratio.
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Table 11. Sex composition of tuna examined from the Lake QGemapand Utakura River
catchment, November 2008.

Shortfin ? (length, mm) Longfin ?(length, mm)
Total Average Range Total Average Range
examined (%) length + SD examined (%) length + SD
All tuna 47 594 + 134 268-843 36 465 £ 101 270-745
Immature 6 (13%) 342+75  268-458 21 (58%) 406 +72  270-523
Male 7 (15%) 601 +£66  520-705 12 (33%) 531+43  455-606
Female 34 (72%) 637 £99  430-843 3 (8%) 609 +144  459-745

&, Shortfin examined from Lake Omapere only; Longfin examined from Lake Omapere (N = 30), Waikirikiri Stream (N = 1),
Waihoanga Stream (N = 3) and Utakura River (N = 2).
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examined from the Lake Omapere and Utakura Riviehozent.
4.6 Diet composition

A qualitative visual assessment of tuna stomaclecds was undertaken on a selected
number of tuna captured from the Lake Omapere aa@uda River catchment. Diet
items of aquatic origin observed included ‘fish’.e(j mosquitofish, goldfish,
unidentified fish and goldfish eggs), ‘insectse(j.juvenile and adult chironomids,
dragonfly larvae, mayfly, caddisfly) and ‘mollusc§.e., snails). Diet items of
terrestrial origin observed included ‘insects’ (i.enidentified beetles, honey bee) and
‘vegetation/debris’.
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Forty-five shortfin eel stomachs from Lake Omapeere examined, 60% of which
were empty (Table 12). The stomachs of 35 longfiratcaptured from Lake Omapere
(N = 29), Waikirikiri Stream (N = 1), Waihoanga &m (N = 3) and the Utakura
River (N = 2) were examined, 20% of which were gm@@iable 13). There was no
obvious relationship between the incidence of ersfiiynachs and eel size.

The most commonly observed prey item in shortfineren chironomid larvae
(bloodworms) and adults (midges) which were presan61% of the stomachs
examined that contained some food. Goldfish egg%osfdand snails (33%) were the
next most prevalent items. With the exception ob tef the largest eels which
contained goldfish in their stomachs, no cleargoa#t of size related piscivory (i.e.,
eating fish) was observed.

As was observed for shortfins, the most commonlgeobed prey item in longfins
were chironomid larvae and adults (present in 54%estomach examined with food
present) and goldfish eggs (36%). Compared withitBhe a wider variety of prey
items were observed in the stomachs of longfinswéi@r, this is somewhat a
reflection of the two overarching habitat typed tie eels were examined from where
the stomachs from the Utakura River catchment doediasnails (N = 1), caddisfly
larvae (N = 3), mayfly (N = 1) and a terrestriaklle (N = 1). Terrestrial insects were
observed in three longfin stomachs overall. No rclggtterns of size related prey
consumption was observed, but the sample size emsmall to successfully assess
this.

4.7 Parasites

The internal organs of tuna examined for sex aetl@mposition were also checked
for the presence of any parasites (e.g., commomsp@ nematodeHedruris
spinigerd. Nematodes were observed in only two longfin esdptured in the
Waihoanga Stream (355 mm length, 10 years old)thedUtakura River (440 mm
length, 10 years old).
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Table 12. Dietary items observed in shortfin eel stomachsured in Lake Omapere, November
2008.
No. of shortfin tuna (length range, mm)
Diet item 200- 300- 400- 500- 600— 700—- 800- Total
299 399 499 599 699 799 899
No. stomachs examined 2 4 3 14 9 12 1 45
No. empty stomachs 1 2 2 9 6 6 1 27
AQUATIC
Mosquitofish 0
Goldfish 2 2
Goldfish eggs 1 5 2 8
Unidentified fish 0
Chironomid larvae & adults 1 2 1 2 2 2 11
Dragonfly larvae 0
Snails (e.g., Potamopyrgus) 1 1 1 3 6
Caddisfly larvae 1 1
Mayfly 0
TERRESTRIAL
Vegetation/debris 1 1
Unidentified beetle 0
Honey bee 0
Table 13. Dietary items observed in longfin eel stomachs wagot in Lake Omapere and the

Utakura River catchment, November 2008.

No. of longfin tuna (length range, mm)

Diet item 200- 300- 400- 500- 600— 700- 800- Total
299 399 499 599 699 799 899
No. stomachs examined 2 4 19 8 1 1 0 35
No. empty stomachs 0 1 4 1 1 0 0 7
AQUATIC
Mosquitofish 1 1
Goldfish 0
Goldfish eggs 1 7 2 10
Unidentified fish 2 1 3
Chironomid larvae & adults 10 5 15
Dragonfly larvae 3 3
Snails (e.g., Potamopyrgus) 3 2 1 6
Caddisfly larvae 1 1 1 3
Mayfly 1 1
TERRESTRIAL
Vegetation/debris 2 4 2 8
Beetle 1 1 2
Honey bee 1 1
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Other freshwater fish species

In Lake Omapere (i.e., above the Utakura River fats) the bycatch captured in the
fyke nets were all introduced fish species. GoldffS. auratu$ were by far the most
dominant species, followed by mosquitofigh. @ffinig and grass cargC( idellg). A
diverse native freshwater fish assemblage was sahgwnstream of the waterfalls
on the Utakura River, which included redfin buly.(hutton), inanga G. maculatuk
banded kkopu G. fasciatuy koaro G. brevipinnig, torrentfish Cheimarrichthys
foster), common smeltK. retropinng, and shortjaw &kopu G. postvectis (Table
14, Photo 9). No common bullies were observed dutirs survey.

A
————

so 90 |00 1022
o

Selection of freshwater fish species caught frorkeL®mapere and Utakura River.
(A) Shortfin eel, (B) Torrentfish, (C) Shortjawskopu, (D) Grass carp. (Photos - A:
Jacques Boubée; B & C: Bruce Davison; D: Wakaitit@g.

The gill net was by far the most successful metibbdcatching goldfish (22.5
goldfish/gill net/night) followed by fine mesh fykaets (average CPUE of 5.8
goldfish/fine mesh fyke/night). Coarse mesh fykésnaere relatively ineffectual at
catching goldfish (average CPUE of 0.3 goldfishfseamesh fyke/night). At the
request of Lake Omapere Trust members, all of tteduced fish species (i.e.,
goldfish, grass carp and mosquitofish) capturedewemoved from Lake Omapere.
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This tally included a minimum of 389 goldfish (Frgul8) and 5 mosquitofish. Only 3
grass carp were captured and removed from theitaddevember 2008.

The commercial eel fisherman who periodically fishtbe lake also removes the
goldfish that he catches. From time to time thelfysth population has been observed
to significantly increase (e.g., 2004) and, in sqgraet years, it was common for this
fisherman to catch 30 kg in one net at a time {Migichell, pers. comm.).
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Figure 18. Length distribution of 27% of the goldfish removiedm Lake Omapere.
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Table 14. By-catch species composition from the Lake Omapatehment.
Number of fish captured

Site location * Goldfish Mosquitofish Grass Smelt Inanga Banded Shortjaw Koaro Torrentfish Redfin

carp kokopu kokopu bully
Lake Omapere 389 5 3 - - - - - - -
Lake Omapere tributaries - - - - - - - - - -
Utakura River - - - 2 13 - - - 7 8
Waikirikiri Stream - - - 4 10 18 2 3 - 17
Waihoanga Stream - - - - - - - - - 2
TOTAL 389 5 3 6 23 18 2 3 7 27
Average length 173 +114 35+9 555 + 99 805 535 42+1 152 +73 58 £ 19 115+19 61+14

+ SD (mm)

Range 12-320 26-47 485-625 75-90 45-65 40-44 100-203 47-80 105-130 39-87

!, Sites were grouped as follows: Sites 1-9 = ‘Lake Omapere’, Sites16—19 = ‘Lake Omapere tributaries’, Sites 14—15 = ‘Utakura River’, Sites 10-12 = ‘Waikirikiri River, Site 13 = ‘Waihoanga Stream’.
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5. Discussion & Recommendations

Limitation of the methods

Fyke nets were the main sampling method used isuheey of Lake Omapere. These
nets are known to be size selective, with eelslsmidlan 400 mm tending to be under
represented in the catch (Jellyman & Graynoth 2008&iticularly when using coarse
mesh fykes (Jellyman & Sykes 1998). Smaller eatshmacaptured by electric fishing
and the data collected in the survey of the UtakRiger supports this, with the
average length and weight of eels captured byraeitshing being less than that of
the eels captured by fyke netting. Unfortunateligcteic fishing for eels is only
effective in clear shallow reaches and at deptbs/§ m, and is not suitable for large
rivers and lakes, especially if water clarity isopolt is therefore accepted that the
survey methods used in this study cannot equahypkaall sizes of eel across the
entire catchment. Jellyman & Chisnall (1999) hakeven that it is possible to use
brush collectors to sample small eels in lakesitn@hy be interesting to further test
this technique in future studies.

According to Jellyman & Graynoth (2005), depletetting (as utilised at Sites 2 and
6) can provide an estimation of a population withimiverine area and provide an

estimate of the proportion of the population tisataught by setting nets on one night
only. No significant reduction in the numbers ofsemaptured over consecutive nights
was observed in Lake Omapere, and no further asdliys., population and biomass

estimates) was undertaken. Therefore we confirmitha not possible to undertake

accurate low effort depletion netting in lakes (@adsibly in tidal reaches) as factors
such as immigration from areas outside the sampéiagh is likely to be occurring.

Species composition and catch per unit effort (CPUE

Although both shortfin and longfin tuna were captuiat 83% of the sites sampled
during this survey, overall the numbers of longfima were low. While shortfins
dominated the catch from Lake Omapere, in comparsiarge proportion (> 50%) of
the eels captured in the Waikirikiri and Waihoai@jeeams (Sites 10, 11 & 13) were
longfins. While the distributions of both these @pe extensively overlaps throughout
New Zealand some generalisations can be made dbeutypes of habitats each
species prefer. Shortfin tuna appear to preferdbasled, slow-moving waters such as
estuaries and the lower reaches of rivers thatckrger to the sea, while longfins
generally dominate at greater distances inlanéstef flowing rivers and in sites that
are forested (e.g., Burnet 1952, McDowall 1990, Retval. 1999, Chisnall & Kemp
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2000, McDowall & Taylor 2000). Therefore the predoamce of longfins in parts of
the Utakura River may be due to the increased edtissh cover, tree roots and other
woody debris which Burnet (1952) established asdawng longfins. This may also be
the reason why very few longfin tuna were captue@y from the lake margins, in
‘mid-water’ (Sites 4 & 9), where the cover was extpd to be less. However, an
alternate possibility to consider regarding thetyasf longfin in Lake Omapere may
be due to the impacts of fishing pressure becausen@ll & Kemp (2000) and
Chisnallet al.(2003) report that longfins are more vulnerableverfishing compared
to shortfins. The commercial fishing data and okesons supplied by lan Mitchell,
in addition to the information presented in Beent{@008a), also indicate that a
decline in the proportion of longfin eels has ocedrin the lake between 2000 and
2007.

A total of 271 kg of tuna was captured during thespnt survey, a large proportion of
which (39%) was from the site set closest to the lautlet. Catch per unit effort
(CPUE) is utilised as an index of the abundancéishf, and is commonly used to
compare changes (trends) over time. The informatiolfected in this survey will
form a valuable baseline of information upon whiohmonitor long term trends in
tuna abundance. Unfortunately there have beenewqus studies of this nature with
which to compare the results obtained in this sudieectly.

In the Lake Omapere and Utakura River catchmentémsity of longfins obtained at
sites that were electric fished was relatively I&or example, in their recent study of
what they considered to be relatively high eel dgrsdreams, Graynotht al. (2008)
report densities ranging from 0.28 to 0.61 longdfifsand 30.5-58.0 g/m In
comparison, densities obtained in Utakura River smathwestern tributaries of Lake
Omapere ranged from 0.00 to 0.33 longfirfsindicating that longfin densities in this
catchment could be considered low. Very few lorgfiwere captured in the
southwestern tributaries, with the exception o Si8 where 0.20 kg/hwas found
predominately because of the presence of a siagte| longfin female (775 mm,
estimated weight 1.3 kg).

For shortfin eels, Graynotkt al (2008) report densities between 0.48 and 0.93
shortfins/m. In comparison, densities of 0.09-2.18 shortfifsiere observed in the
Utakura River and 0.03-0.63 were captured in thithseestern tributaries of the lake.
Elvers dominated the catch from the flowing 100%n‘habitat’ sites (Sites 12 & 15)
where large CPUE'’s of shortfin eels were observed.
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Size and sex distribution

As expected, the length-weight relationships thatenderived for Lake Omapere and
the Utakura River catchment indicated that longfirese heavier for their length than
shortfins. However, the median length of the shwsttaptured was greater than that
of longfins. It is possible that longfins, being maasily caught by fishers, tend to be
removed from the population first. This is becalas®fins are known to respond well
to baited nets in comparison to shortfins (JellyndarGraynoth 2005). They also
become piscivorous at a smaller size than shorifiebyman 1989) which could mean
that they are more sensitive to bait. Certainlpglins inhabiting less accessible areas
tend to be larger than those from more accesséaehes due to increased fishing
pressure (Broadkt al 2002, Beentjeegt al 2006). A second possibility is that
longfins being of greater diameter are retained emeasily than shortfins by the
mandatory escape tubes on commercial fyke nets.

Of the close to 923 eels measured during this stundly five shortfins (0.6%) were >
800 mm, and only two longfins (2%) were between @%@ 800 mm in length.
Reproductive maturity oAnguilla species is considered to be related to lengthcfTes
1977). Females of both species grow to a large lstfere reaching maturity which
can take a long time in the wild with consequenglexposure to the fishery. The age
and size of the migrating adults varies dependinghe species, sex, and location.
Shortfins generally migrate at a younger age thangfins, and are smaller than
longfins when they migrate. Males are smaller andrate at an earlier age than
females. Within New Zealand, shortfin males migtatsea at between 34-59 cm (6—
24 years), and females 48-120 cm (10-35 years)gflromales migrate to sea at
between 48-74 cm (12-35 years) and females 74—+h5@%-98 years) (Todd 1980,
Jellyman & Todd 1982, Beentjes & Chisnall 1998, Beeet al. 2001, Boubee &
Williams 2006).

Jellyman & Todd’s (1982) study of the length distitions of migratory eels indicated
that in general shortfin eels larger than 55 cmd, langfin eels larger than 75 cm were
mostly females. The commercial fishery for shortfiels is typically based on the
harvest of immature females, as males are gendmliyn to mature and emigrate
below the commercial size (e.g., Todd 1980, Chiskakemp 2000). However, in
Lake Omapere this situation may not be as cleansutbservations of the gonads in
the field identified seven shortfin males betwe@0-505 mm (260—610 g). Shortfin
males longer than 598 mm have not been observekinous research (Burnet 1952,
Todd 1980, D. Jellyman pers. comm.). Although it psssible that inaccurate
assessments may have been made during the fieldisgnand may have benefited
from microscopic examination, the characteristi€ssexually mature migrant tuna
heke (katua) exiting the lake requires further stigation.
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In order to better understand the effect of hareesthe size and species composition
of the eel population over time, robust informatiam harvest (commercial,
recreational and customary) activities within theké Omapere and Utakura River
catchment is required. This information shoulduidlel the number of nets and number
of nights fished and preferably a size structure a€presentative proportion of the
catch. This dataset will assist the Lake OmapeustTio monitor long term trends in
tuna abundance. As a precautionary measure, toresrigture recruitment, it is
recommended that fishing pressure (including cuatgnand recreational take) be
reduced on large female tuna, an action that magfliefuture eel recruitment into
New Zealand waters.

In addition, further investigation is required irttte survival of migrant eels exiting
the catchment (e.g., do they survive the drop t¢iverwaterfalls?). There have been
reports of dead and live grass carp, both in theklwit River and in other rivers off
the Hokianga Harbour (National Aquatic Pest Awassn&roup 2005, G. Jamieson,
pers. comm.). This implies that there may be sorogatity for fish associated with
the trip downstream over the waterfalls, but nas clear if this will affect large eels.

Juvenile recruitment

In this study, 25% of longfins and 24% of shortfimere < 300 mm in length. In Lake
Omapere, only 4% of longfins and 1% of shortfinghe catch were < 300 mm in
length. The low number of juvenile eels capturedidde a reflection of the sampling
methods (i.e., largely fyke netting) employed ahd habitats fished rather than an
indication of poor recruitment into the lake. Tidecause some of these smaller size
classes were found when electric fishing the soetit@rn tributaries (Sites 16-19)
where 20% were < 300 mm in length. The size seiégtof the sampling methods
becomes obvious when we compare the figures foe L@knapere to the Utakura
River catchment where only electric fishing wastahle and we observed 61% of
longfins and 98% of shortfins in the catch fromeSit0-15 were < 300 mm in length.

Freshwater eels are catadromous, meaning that fishsepecies invade rivers from
the sea as juveniles (i.e., glass eels), spend ofosteir lives in fresh water and
returning to the sea as adults (McDowall 1998) hBitortfin and longfin eels are well
known as skilled climbers and can reach locatioradessible to other migratory
species, although climbing ability declines witkhfisize (Jellyman 1977). It is clear
that some elvers surmount the waterfalls to reaakelOmapere, and there is some
history of facilitating elver passage at the latgdgshese falls (NZMS260 E2579025,
N6648294), by placing an old trawl net over thepdftan Mitchell, pers. comm.).
This net has since been removed, or was damagéagdurflood and no means of
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facilitating elver passage was visible when thie gias visited in November 2008. As
the bottom of the large waterfall appears veryidlitf to access it would probably be
difficult to implement an elver trap and transfeogramme or an elver ladder such as
those that have been trialled at other sites (pnewEntly hydro dams) (e.g., Martet

al. 2007). Consequently we recommend re-implementatianlow cost overhanging
elver rope(s) or trawl net-like structure to hedgifitate as much elver passage into the
lake while a more permanent solution is being itigaged.

There is some dero about another outlet via the Waiharakeke S8trem the
northeastern side of the lake through which elgetsin and migrant eels and other
fish species can exit the lake when lake levelshagle and surface water connectivity
occurs. Therefore there could well be other patlsnviayo the lake for migrating
elvers. A better understanding of the potentialtngasn and downstream passage
routes, including the possibility of a second lakélet during floods is required.

Diet, age, and growth

The stomachs of 60% of shortfins and 20% of lorgyfilroughout the size range
examined during this study, were found to be emptigh incidences of empty
stomachs have been recorded in other tuna dietestid.g., Cairns 1942, Burnet
1952, Cadwallader 1975, Sagar & Eldon 1983, Jeltyt@89). It has been proposed
that eels intermittently feed on large amountsoofdfand then rest while it is digested
(digestion rates of wild eels range between 24-3&airns 1942, Burnet 1952)). Eels
therefore do not feed every night (Cairns 1942|ydein 1989). Burnet (1952)
reported that there is a tendency for the numbesngbty stomachs to increase with
increase in size of eels suggesting that large melsably feed less frequently than
small eels, but there was no obvious relationslgfween the incidence of empty
stomachs and eel size in this study.

Prior to becoming piscivorous (i.e., eating fiskgls are generally opportunistic
feeders, where their diet is reflective of the lality of food (e.g., Jellyman 1989).
In this study, fish were more prevalent items ie thwverall diet of longfins, and
supported observations made by Jellyman (1989) evloergfins (in this study 400—
600 mm) become piscivorous at a smaller size thantfans (in this study 700-800
mm). Longfins from the Lake Omapere and UtakuraeRivatchment ate a larger
variety of food items than shortfins of equivalesite. The variety of prey items
observed in the stomachs of longfins is somewhatlaction of samples being taken
from both the Utakura River (N = 6) and Lake Omap@ = 29) where the benthic
communities would be expected to be different. Simsr were only sampled from
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Lake Omapere. As observed in Hicks (1997) ter@sprey items had a lower
percentage occurrence in the guts of shortfinthels in longfin eels.

In Lake Omapere the occurrence of prey items irdibeof both shortfin and longfin
tuna was dominated by chironomids and goldfish e@gnthic invertebrates are
important in the diets of eels from throughout toeintry (e.g., Cairns 1942, Burnet
1952, Cadawaller 1975, Jellyman 1989). Ryan (1988%) McCarter (1986) have
shown that the energy content of chironomidae @aligy592—22,152 J'yis higher
than other benthic organisms such as snhdlistamopyrgusand Physasp.) and
isopods. Sagar & Glova (1998) observed that whertfsh eels have a range of
species available to them that they appear to ehsof$ bodied prey such as ostracods
and larval chironomids, as opposed to those witl baternal cases such as snails.

Goldfish, ranging in size between 12-320 mm (maxmmwueight recorded 960 g),
were commonly encountered in Lake Omapere. Goldfiature around the ages of 1-
2 years, and they produce several hundred thougglialv eggs (1-2 mm) that are
laid amongst the aquatic vegetation (McDowall 200®ere have been few published
studies on these exotic fish populations in Newlateh lakes, so life history and
habitat requirements are generally inferred froraregas studies (Rowe & Graynoth
2002). Rudd spawn several times a year (in spgaogymer and autumn) producing
three distinct size groups in each year class (Rov&aynoth 2002), so other similar
species (like goldfish and tench) may also do thise eggs hatch after about one
week when the young initially attach to aquaticnpdawhile they are absorbing the
yolk sac, after which they become free swimming Ddwall 2000). Pest species such
as goldfish, rudd and tench may deposit eggs ordwsieells and rocks when plant
material is scarce, and therefore will continuéreed in lakes where macrophytes are
absent (Rowe & Champion 1994, Rowe & Graynoth 2002)

Goldfish eggs are rich in lipid reserves and cantassential fatty acids that are
required in the diet of tuna. The contribution afidiish eggs as a source of high
energy food, that contains essential fatty acida nelatively accessible form, to the
seasonal and temporal growth of tuna in Lake Onsapety be important. The impact
of food availability on the growth rates of New Zal eels has not been studied,
although most authors have assumed it to be impoftellyman 1997). Future
studies (e.qg., fatty acid profiles, diet studied atable isotope techniques to identify
food web structure) are required to quantify tHatiree importance of such prey items
to the overall growth of tuna (and other speciegwmay be competing with eels for
food) in this lake, as this will provide informatido inform the management of pest
fish populations in Lake Omapere.
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Eel growth is dependent upon density, interspeaitieractions, food availability and
water temperature. Eel catches show a strong atioel with average water
temperature, where cooler waters inhibit eel agtiand therefore the ability of eels to
be captured (e.g., Jellyman 1991 & 1997). Mean alneel catches (1983-1990) for
Northland were significantly higher than for otidew Zealand regions during the
winter period (Jellyman 1997). The Northland wistere warmer than other New
Zealand regions and therefore growth rates maybeoas limited here as in other
cooler regions (Jellyman 1997). This may cause sproblems when assessing the
age of Northland eels as the normal annual wirtteck rings may not apply here and
these eels may be a lot younger than thought. Wabtack hyaline rings which are
considered to be winter rings may in fact be periofislow growth and many false
checks may well have been present in the otolilas were examined. Chisnall &
Kemp (2000) processed otoliths from commercial kdings which included
landings from the Northland Region (e.g., Kaipararbtur, Wairoa River, Lake
Tomarata, Maungaturoto), but they do not mentiomirita issues reading otolith
annual winter checks.

For both tuna species, the lowest average annogthencrements were generally
recorded below the falls in the Utakura River cateht. Chisnall & Kemp (2000)

observed that eels in lowland lakes generally giaster than in rivers. It is intuitive

that growth rates will be higher in the lake if ttemd they are eating (i.e., fish and
goldfish eggs) are more abundant and of higherggrnawntent than the prey available
in the Utakura River. Water temperature (generalyrmer in lakes compared to
streams/rivers) is also known to affect foragingl deeding activity and has been
suggested as the most important factor influenbatgjtat-specific growth differences
in longfin eels (Chisnall & Hayes 1993, Jellymar91p

The average annual length increments for longfis &em the Lake Omapere and
Utakura River catchment were comparable to thggerted from North Island hydro-
electric lakes, and higher than those reportecorasted streams and most pastoral
streams studied by Chisnall & Hicks (1993). Forr#imo eels, the average annual
length increments obtained in the Lake Omaperenoaat were also higher than for
all shortfins examined by Chisnall & Hayes (199Dnf the Whangamarino wetland,
a Hakarimata Range stream, Lake Waahi and Lake Wépen They were also higher
than those recorded in the neighbouring WaitangeRtatchment (27 mm per year in
Waiaruhe River, and 20 mm per year in Manaia Stre@awe & Chisnall 1997).
However, the average annual length increments rddairom Lake Waikare by
Chisnall & Hayes (1991) and Lake Arapuni by Chibiia993) were slightly higher
than those from Lake Omapere. These observatiaisate that shortfin tuna growth
in Lake Omapere is amongst the highest recordeNew Zealand. This may be
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related to the reduced density of eels in Lake Gareajiollowing the large harvests
that occurred between 1999-2001.

The minimum commercial weight limit for freshwatls is 220 g with a maximum
landing weight of 4 kg. For shortfins in Lake Omiagehe minimum weight would be
equivalent to 484 mm (6.7 years) and 437 mm (7a8syeld) for longfins. Using these
lengths and relating them to the length frequenatad it is apparent that
approximately 55% of the longfins captured in thtady could legally be landed
compared to 61% of the shortfins. Comparative figuior the Waikato River, where
there is substantial commercial exploitation, a&®03for longfins and 21% for

shortfins (NIWA unpublished data). These figure$ ooly provide an indication of

the value of the stock that currently exists in Lia&ke Omapere and Utakura River
catchment but also further emphasises the semgitfi the population to fishing

pressure and particularly highlights the vulneiigbdf longfins.

The age distribution of the eels captured during $tudy indicated that shortfins were
between 3 and 13 years of age while longfins waevéen 4 and 16 years. The
minimum length at which female longfins can matarel emigrate is about 75 cm
(Jellyman & Todd 1982), which is also the minimureferred size for customary take
(MFish 2008). Of eels sampled during this studyly @bout 2% of the longfin eels
captured during the survey exceeded this size tinteeneeded for longfin females to
reach the minimum reproductive size in Lake Omapamd the Utakura River
catchment is estimated to take about 13 years.dgomesitly it appears that there are
very few eels left in Lake Omapere and the Utalinger catchment which are of a
size preferred for customary take. But perhaps ofentoncern is that these records
also indicate that there are very few female larggbeing supported by the catchment
that could contribute to the spawning stock. Thessilts emphasise not only the
vulnerability of the population to fishing pressuret also indicate that management
measures taken nationwide could take decades o I=zults.

This Te Wai Miori-funded research will assist the Lake Omapeogelet Management
Group to achieve it's overarching vision and thecessful outcome of Waiora, by
providing the Lake Omapere Trust and Ngapuhi Fiskerimited with the baseline
information required to monitor and adaptively mgmahe long term well-being of
the Lake Omapere tuna fishery. While this resednels greatly increased our
understanding of the tuna population in the LakeaPene and Utakura River
catchment, very little tuna population studies hé#een undertaken in the greater
Ngapuhi rohe. In November 2007 workshop attendeedifikzha number of other Tai
Tokerau catchments that were significant to themg shere they require tuna
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population baseline information. After Lake Omapdle Mangakahia and Taheke
Rivers were identified by the group as the nextries.

6. Summary of Recommendations

Future surveys- Factors that influence the mobility of eels (esgason, moon phase,
prey behaviour, and weather patterns etc) willcfgeirvey results. Capture efficiency
can also be affected by various factors such asplgagn method employed,
immigration or emigration, net avoidance, and m&szh selectivity. The collection of
comparable long-term datasets for the sustainalapteve management of this fishery
relies on controlling for these factors as muclp@ssible. To ensure that comparable
data are collected in any future tuna populatiorvess of Lake Omapere and the
Utakura River catchment, the same sites (or a theteof) should be used and
standardised survey techniques (notably mesh siz@ deployment method)
maintained. Any additional sites and methods implet®d should be considered
supplementary to those used in the present study.

Catch history— In order to better understand the effect of ésinon the size and
species composition of the eel population over tinobust information on harvest
(commercial, recreational and customary) activitigghin Lake Omapere and the
Utakura River catchment is required. The informatmllected should include the
number of nets and number of nights fished andepabfy the size structure of a
representative proportion of the catch.

Sex and size composition of the tuna heke (katudplike the observations made in
Lake Omapere, shortfin migrant males longer tharigh have not been observed in
previous research. Although it is possible thattumate assessments may have been
made during the field sampling, and may have b#gdfi from microscopic
examination, the characteristics of sexually matargrant tuna heke (katua) exiting
the lake requires further investigation.

Spawning escapementlt appears that there are very few eels leftdke Omapere

and the Utakura River catchment which are of a piaderred for customary take.
Perhaps of more concern is that there are verydavale longfins being supported by
the catchment that could contribute to the spawrstack. As a precautionary
measure, to ensure future recruitment, it is recenmdad that fishing pressure
(including customary and recreational take) ondafgmale longfins be reduced to
benefit future eel recruitment to New Zealand watétowever, further investigation
is required into the survival of large migrant eelsting the catchment (e.g., do they
survive the drop over the waterfalls). Confirmatitrat there is another lake outlet
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through which juvenile and migrant eels can safatyer and exit the lake is also
required.

Recruitment- Based on our observations we recommend re-ingsi&ation of a low
cost overhanging elver rope(s) or trawl net-likeistiure over the waterfall to facilitate
elver passage into the lake while a more effecid@tion is being investigated. As
mentioned above, alternate pathways for eel renauti into Lake Omapere have been
suggested and also require further investigation.

Diet and growth- The impact of food availability on the growtheasof New Zealand
eels has not been studied. Future studies (eity, daid profiles, diet studies and
stable isotope techniques to identify food webcddtme) are required to quantify the
relative importance of prey items to the overatiwth and well-being of tuna in Lake
Omapere. This should be designed to identify sedstmanges in food as well as
changes in the main prey species that are assoeidgte eel size.
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Appendix 1: List of workshop participants and sadedocontact details (TetRanga A
Iwi O Ngapuhi has the full list of contact details).

Name

Affliation
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Geraldine Baker
Te Raa Nehua
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Remana Henwood

Allan Halliday
Victor Holloway
Haki Herewini
Harata Toms Paul
Agnes Roderich
Rebecca Reihana

Te Aroha Mclintyre
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Jim Taituha
Pake Taituha
Sinori Loza
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Te Rilnanga a Iwi o0 Ngapubhi
Mangakahia, Whangarei
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Ngati Hau

Ngati Kahu

Ngati Kura, Whangarei
Ngati Kura, Whangarei
Ngati Kura, Whangarei
Ngati Tautahi, Ngati Hine
Te Roroa

Ngapuhi

Ngapubhi

Parengarenga

Te Atiawa ki Poneke, Te Wai
Maori Trust

Ngati Kura

Ngati Kuri

Ngapuhi

Ngati Kawa

Ngati Kawa

Ngapuhi

Ngapuhi

Te Runanga o Te Rarawa, Te
Rarawa ki Hokianga
Ngapuhi Hokianga ki te Raki
NIWA

NIWA

NIWA

NIWA

g.j.baker@xtra.co.nz
teraa.nehua@xtra.co.nz
charlesnathan@msn.com
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a.skipper@niwa.co.nz
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8.2 Appendix 2: Results of freshwater fish sampling dewnstration at Waipapa
Stream, 29-30 November 2007.

Introduction

In November 2007, a variety of scientific samplmgthodologies were deployed at a
location on the Waipapa Stream (Kerikeri), wheregghmary aim was to demonstrate
a variety of methods that can be used to sample papulations. In addition, nets
were set above and below a natural waterfall and steicture present at this site to
determine whether or not this posed a barriersto fiassage. This appendix presents a
brief summary of the information that was collecbgdTe Runanga A lwi O Ngapuhi
members and NIWA during the field trip to Waipapgee&m.

The location on the Waipapa Stream was chosencastained a variety of habitats in
close proximity where both electric fishing of dbal (< 0.3 m depth) and deployment
of nets in deep pool (> 1.0 m depth) habitats.dditeon, this site had a large bank
alongside from which people could more easily obsemnd participate in activities.
The Waipapa Stream flows from Lake Manuwai, a matenarigation dam which
was constructed in the 1980'’s for irrigation pugmd serve the Kerikeri horticultural
belt. This lake is stocked annually with 400-50hlaw trout fingerlings (Fish &
Game New Zealand, n.d) and supports a tuna fisk@orkshop attendees, pers
comm.).

Methods

Historical freshwater fish records

The New Zealand Freshwater Fish Database (NZFF&) iaternet based tool that we
can use to get an idea of what people have prdyiémsnd when they have sampled
our streams, rivers and lakes for freshwater fighcies. This can be accessed via
http://neptune.niwa.cri.nz/fwdb/The NZFFD (established in 1977, maintained by
NIWA) records the occurrence of fish in fresh watef New Zealand, including
major offshore islands. Data stored include the Isitation, the species present, their
abundance and size, as well as information sucthedishing method used and a
physical description of the site. The latter inésdan assessment of the habitat type,
substrate type, available fish cover, catchmenetapn, riparian vegetation, water
widths and depths, and some water quality measures.
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Data, which are recorded in the field on pre-pdntlorms are contributed
voluntarily by organisations such as NIWA, Fish and Game Gtsytbe Department
of Conservation, regional councils, consultants,ivensities, and interested
individuals. Access to the data is fre@and only requires registration (although users
are encouraged to contribute data in return).

Site description

Three sites on the Waipapa Stream were samplelaeod November 2007. All three

sites were located within approx. 200 m of eacleiotAccess to the site was gained
by travelling north from Waipapa along SH10, tumifieft) onto Pungaere Rd and

then (right) onto Ironbark Rd (Figure Al).

Location of site sampled on the Waipapa Streamikkgr(Map number: NZMS260
PO5).

Two sites were located below a natural waterfatl eir structure (Photo Al), and
one was located above. A diagram (not to scalestithting the approximate location
of each site and the methodologies used at eapregented in Figure A2. A brief
description of each site is as follows:

» Site 1: (NZMS260 PO5 2591900E, 6667200N). Furthietesnstream of the
three sites. Downstream of waterfall and weir dtmee Flowing stream
section, immediately below Site two (Photo 1).

e Site 2: (NZMS260 PO5 2591850E, 6667140N). ‘Middéite. Large pool,
immediately below waterfall and weir structure (Rh®).
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* Site 3: (NZMS260 PO5 2591770E, 6667100N). Immetliatestream of
waterfall and weir structure. Slow moving river/pgection.
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Figure A2. Diagram illustrating approximate location of sitegestigated on the Waipapa Stream
and the sampling methods used (not drawn to scale).

Photo Al. Looking upstream at the natural waterfall and ve#iucture on the Waipapa Stream.
Site 2, immediately in the foreground (Photo: JasgBoubée).
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Photo A2. Electric fishing Site 1 on the Waipapa Stream (Bhdaoho Patuawa).

Photo A3. Site 2 on the Waipapa Stream, where the pool doesst of waterfall and weir
structure was sampled using fyke nets and Gee mitwraps (Photo: Taoho Patuawa).

Tuna population survey of Lake Omapere and the wtaRiver 76



——NHWA_—

Taihoro Nukurangi

Photo A4. Site 3 on the Waipapa Stream, upstream of wateafall weir structure, which was
sampled using fyke nets and Gee-minnow traps (Pfiaimho Patuawa).

The in-stream cover, habitat type, and substrat@position of each site was
subjectively classified according to categoriediogdt! in the New Zealand Freshwater
Fish Database (NZFFD). Stream width and maximumthdeyas recorded, where
possible, for each reach. Site elevation and distam the sea (i.e. inland penetration)
was estimated using NZMS 260 1:50 000 topograplaigan

Sampling methods

A combination of sampling methods, primarily targgtfreshwater eels, were utilised
during the present survey including coarse mesbk figts (15 mm mesh), fine mesh
fyke nets (6 mm mesh), electric fishing (Kainga E30d, battery powered backpack)
and Gee-minnow traps (3 mm mesh).

A 15 m length of stream was electric fished (singgess) at Site 1 with a back-pack
EFM300 on the 29 November 2007. Baited fyke nets @ae-minnow traps were set
at Site 2 (2 fine-mesh fykes, 2 coarse-mesh fykeks2aGee-minnows) and 3 (3 Gee-
minnows, 1 fine-mesh fyke and 1 coarse-mesh fyke)he early afternoon on 29
November 2007 and left to fish overnight. Theseewited the next morning between
9 and 10 am.

Catch processing

The fish captured were identified, counted andlémgth measured (to the nearest
mm). Tuna were also weighed (to the nearest g). Asiple signs of malformation or
parasitism in the fish (i.e., colour of liver anillgy presence of nematodes on swim
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bladder and skin lesions) were noted. Three eete w&crificed to show people how
to remove the otoliths for aging. All remainingHfigere returned to Waipapa Stream.

Data analysis

Catch per unit effort (CPUE) is a measure of reéafish abundance. For nets and
traps, CPUE is defined as the mean number of @slylat per net per overnight set.
When analysing electric fishing data, the CPUE rssented on an area basis, i.e.,
number of fish per Afished.

Results

Species composition

Four indigenous fish species were recorded durlig study. Common bullies
(Gobiomorphus cotidianfis(total number, N = 135) and shortfin eelsnuilla
australig (N = 21) were the most common fish species captuLongfin eels A.
dieffenbachii (N = 5), banded &opu Galaxias fasciatus(N = 1) and the freshwater
shrimp Paratya curvirostri$ were also present (Figures A3, A4 and A5; Tahlg A

Summary of fish (species, number and length ramggtured from the Waipapa
Stream, 29-30 November 2007. Note: All samplinghnds combined.

Site Species Number Length range (mm)

One Common bully 5 32-47
Longfin eel 3 95-310
Shortfin eel 9 85-385
Unidentified eel 5 Not recorded
Banded kdkopu 1 42
Freshwater shrimp present

Two Common bully 112 21-86
Unidentified bully (likely to be common 17 Not recorded
bullies, eaten by tuna)
Longfin eel 2 540, 740
Shortfin eel 11 346-665
Freshwater shrimp present

Three Common bully 1 42
Shortfin eel 1 430
Freshwater shrimp present
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NZ FRESHWATER PLEASE RETURN TO: FRESHWATER FISH DATABASE
FISH DATABASE NIWA
FORM . PO BOX 11-115, HAMILTON
Date 2 I l\{oq- Catchmentsystem Oz 4 » OO | S:;:ggent
Time {©:00 =) | Samplinglocalty WA o P Stream (Sie | \
Observer Ty T B | Access notes [(‘O(\ Bﬂ(\l roq@‘ Altitude (m)
Organisation N [y | NeMs260map PO | coodinates 25 NIASS € and o
monos ET M| Nierorrtumeg > ™ =0T fiing passea || Tl yostjnknown
HABITAT DATA X &S mowdTh = 52 Sm™
Wat Colour bluelgreen/teother: Clarity milky/dirty Temp. | pH
- Mo 35 |k 03 |hemm o4 Gonductiviy (msim)
Habitat ; : .
" —‘S\ngs‘;/; ze Still Backwater :;c;l (R;::rsleo o Riffle . Rapid Cascade
| type (%) Mud Sand aravel aavel V= Cobble™ O | Boulder 2.<> Bedrock
| Geon | Nese V| amrer N pma N | ek ion N .
e |1 19 [\ o [rammg [V oo o |57 |awdo
voastaton (%) | foreat forest Tisod | oog o AS| Wiew Pt S | oer

Type of river/stream/iake

Water level

lowlgh/unknown

Downstream blockage

yes/no/ |

Pollution  nilgGwlnoderate/high

Large invertebrate fauna

Koura abundant/common/occasionallrare/nil@ or numbers observed

Paratya shrim
abundant/gefmonloccasional/rare/nillunknown

Small benthic invertebrate fauna
low/moderate/high/y

Freshwater mussels (nil/present/unknown

Predominantspecies

mavyflies/caddis/snails/combination/other

Permanent water no/unknown

Purpose of work
FISH DATA
({ Species and life stage Abundance* Length data Habitat/comments
gebcoy 5 32-47F
galfas i 42
angali e 3 a5~ 3\
ANHAAS 9 85~ 385
Y
A0y | S
v

Comments

*Use numbers observed or abundant/common/occasional/rare

Raw data collected from Site 1 on the Waipapa 8treacorded in a New Zealand
Freshwater Fish Database (NZFFD) form.
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NZ FRESHWATER PLEASE RETURN TO: FRESHWATER FISH DATABASE
FISH DATABASE NIWA
FORM - PO BOX 11-115, HAMILTON
. Catchment
Date 2.4 | iy lc F | Catchmentsystem O F4-- oo | Cethm,
Tme [©.00 | sampinglocally (N 00 Stre=m ( Site 2.)
Al
Observer TR T | Accessnotes  {ron (™ \/\ = Altitude (m)
. - ) 2S5BSO Inland

Organisation N\NP( NZMS260 map PO 5 | Coordinates bbFl 4D N distance (km)
Fishing N Area fished (m®) or Number of electric __ N o
method f\TC. Number of nets used 6 fishing passes Tidal yeunknown
HABITAT DATA

Colour blue/greenitealuncolouredfother: Clarity  clear/milky/dirty Temp. | pH
Water Average Average 2 Maximum =3

width (m)__© depth (m) 7 depth (m) ¢ Conducivty (ms/m)
Habitat N " .
type (%) Still Backwater Pool lO O | Run Riffle Rapid Cascade

i Substrate Fine Coarse

type (%) unk | Mud Sand gravel aravel Cobble Boulder Bedrock
Fish cover Weed Instream Undercut Bank
(ves/no) Algae \1 debris banks vegetation
Catchment Native Exotic " Urban o Swamp :t'o
vegetation (%) | forest | forest 1= | Faming area Serb | land Other
Riparian Native Exotic Grass Exposeg Scrub Raupo
vegetation (%) | forest forest Tussockl < bed 9 Willow Flax 5 = Other

Type of river/stream/lake

Water level lo@ /high/unknown

Downstream blockage

yeslnol |Pollution niifow)noderaterhigh

Large invertebrate fauna

Koura  abundant/common/occasional/rare/nills

nowd or numbers observed

Predominahtspécies

Paratya shrim
abundant{commob/occasional/rare/nil/unknown

Freshwater mussels ni!/presan

Small benthic invertebrate fauna
Iowlmoderate/highl@ﬁnown ) mayflies/caddis/snails/combination/other Permanent water  (jeg/no/unknown
Purpose of work
FISH DATA
Species and life stage Abundance* Length data Habitat/comments
debeot 12 21-86
anadie 2 S4o-F40
A40\AqAU4 S i 34 b— LLS
ey
Comments

Pool belew wetter{all anal {low MeASing wei

*Use numbers observed or abundant/common/occasional/rare

Raw data collected from Site 2 on the Waipapa S8treacorded in a New Zealand
Freshwater Fish Database (NZFFD) form.
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Riparian Native Exotic Grass > | Exposed - Scrub ¢ Raupo i
vegetation (%) | forest forest [ o Tussock \ bed 56 Willow \O Flax 40 Other

Type of river/stream/lake

Water level

Downstream blockage

Iowhigh/unknown

yesyno/unknown |

Pollution  niffowjmoderate/high

Large invertebrate fauna

Koura abundant/common/occasional/rarefnil

nknown or numbers observed

Paratya shrimp—.. . r.|
abundant/gémmotyoceasional/rare/nil/unknown Freshwater mussels ml/pre{se @
Small benthic invertebrate fauna Predominantspecies
low/moderate/high/unknown mayflies/caddis/snails/combination/other Permanent water sjnofunknown
Purpose of work
FISH DATA
(i Species and life stage Abundance* Length data Habitat/comments
gobcot | 42
ANFAUD | 4230
7

Comments

foove weter (=l 2 {ew MES 0T e

*Use numbers observed or abundant/common/occasional/rare

Raw data collected from Site 3 on the Waipapa 8treacorded in a New Zealand
Freshwater Fish Database (NZFFD) form.
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Although the methodology that we used was not aspcehensive as a full scientific
survey (i.e., would have been better to have usmahaistent set of net types deployed
at each location, and electric fished upstreanheftaterfall/weir also) we can start to
see how we can use CPUE to compare the distribofifish between sites, above and
below the waterfall/weir (Table A2).

Catch per unit effort (CPUE) for fyke nets and Gaenow traps set overnight in
Waipapa Stream.

CPUE
(mean number of fish caught per net set overnight)
Species Method Downstream of waterfall Upstream of waterfall
(Site 2) (Site 3)
Common bully Coarse-mesh fyke 0 0
Fine mesh-fyke 455 1
Gee-minnow trap 19 0
Shortfin eel Coarse-mesh fyke 3.5 1
Fine mesh-fyke 2 0
Gee-minnow trap 0 0
Longfin eel Coarse-mesh fyke 1 0
Fine mesh-fyke 0 0
Gee-minnow trap 0 0

The majority of the common bullies were caught e fine-mesh fyke nets set
downstream (i.e., Site 2) of the natural wateidalll weir structure. Gee-minnow traps
were also successful at catching common bulliesii@sh size of the coarse fyke nets
was too big to catch these smaller fish speciesesstully. Although the number of
eels captured was fairly low, the majority were gl#uin the coarse-mesh fyke nets.
No eels were caught in the Gee-minnow traps.

Common bullies and both tuna species were more @mmlow the waterfall and
weir structure when compared to the results obthungstream. Shortfin tuna were
more common than longfin tuna (Tables 2 and 3).

Although we can not directly compare the CPUE ttsdilat we got from the electric-
fishing to those observed in the nets and trapsvé@svould be comparing different
units - number per net per night versus numbeisbfdaught per square metre fished),
this method gives us some different types of intion (Table A3 and Figure AB).
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Table A3. Catch per unit effort (CPUE) for electric fishing.

Site Species CPUE
(number of fish perm ?)
One Common bully 0.10
Longfin eel 0.06
Shortfin eel 0.17
Unidentified eel 0.10
Banded kdkopu 0.02

Length distribution

The length distribution of the two most common s$gedi.e., common bullies and

shortfin eels) are presented in the following grdplgure A6). The most obvious

feature is that both common bullies and shortfimatwere very rare upstream of the
waterfall. The large pool below the waterfall suggp@ fairly healthy common bully

and shortfin tuna population, where a large rarfggze classes were present.

We can see that the electric fishing (Site 1) wass nhost successful method for
capturing smaller size classes of fish, like elMgr400 mm) (Figure A6). However,
we can't rule out the possibility of elvers occaogiat Sites 2 and 3 because it may be
due to the methods that we used (i.e., traps aty] tlext we didn’t capture them at
these sites. In deeper waters there are very fieabl® methods available for sampling
elvers and glass eels at present.

Age distribution

The otoliths of two tuna captured during the wodgst{from below the waterfalls)

were taken back to the laboratory to determineatie of these eels (Table A4). The
eels ranged between 13 and 16 years of age. Althewgyonly have a very small

sample of tuna, we can use these measurementgkmuohow fast they are growing

in a year (i.e., annual growth increment), and @ gse this information to compare
growth between populations living in different pmac To work out the annual growth
increment, a length of 63 mm was subtracted froenttital length of the longfins,

being the average length of glass eels at arfiak is then divided by the age (i.e.,
((length — 63) / age)). As a comparison, Rowe &d@hll (1997) recorded mean
annual growth rates of between 24 mm/yr and 32 mim/yhe Waiaruhe River and

Manaia Stream (Waitangi River catchment) respelgtive
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Figure A6. Length distribution of common bullies and shortfima caught from Waipapa Stream
both downstream (Site 1 & 2) and upstream (Siteof3the waterfall and weir
structure.

Table A4. Age of longfin tuna captured from the Waipapa Strea

No. Species Length (mm) Weight (g) Age (yr) Annual  growth
increment (mm / yr)

1 Longfin 530 460 13 35.9

2 Longfin 665 780 16 37.6
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Historical records

The NZFFD was searched for any records pertairontpe Waipapa Stream and the
neighbouring Kerikeri River to provide a referenpaint (from a western science
perspective) regarding the status of freshwatbefiges information.

Only one other record exists in the NZFFD for thaipépa Stream itself. A site
downstream of where we fished during the worksh@s wampled in 2002 by the
Department of Conservation using a mixture of ppes. They observed abundant
numbers of common bullies and the introduced pesties, mosquitofish.

Sixty-seven records (between 1962 and 2007) exishé NZFFD for the Kerikeri
River catchment (predominantly sampled by DoC af/A). In the Kerikeri River
catchment there are a variety of both indigeno@84)7and introduced species (21%)
present. Banded okopu, Burgundy mudfish, and the introduced pestcisge
mosquitofish were the ones most frequently encoadtén the Kerikeri catchment.
No fish species were recorded at 21% of the sié@spked in this catchment. The
relatively high number of sites where no fish spegiand Burgundy mudfish) were
observed may be due to the fairly recent “discovérg., 1993) of the Burgundy
mudfish in the vicinity of the Kerikeri airport amgtar Ngwha — and their attempts to
establish the extent of their distribution (Tablé)A

For the Kerikeri River catchment, the abundancshoirtfin tuna is recorded as 0.6
0.10 eels/ Gee-minnow traps (N = 10) for, 0.4 &glskll bait trap (N = 1); and 0.01
eels/n using electric fishing (N = 1). The abundanceaufgfin tuna was estimated to
be 0.16+ 0.12 eels/G-minnow trap (N = 2) and 0.05 eefsiring electric fishing (N =
1).

Discussion

Below the waterfall and weir structure we obseraefdur types of native freshwater
fish species (both eel species, bandeibgu and common bullies) the majority, over
a range of size classes (with the exception of édhekopu where we only caught 1).
Using the NZFFD records from the neighbouring KerikRiver we might have also
expected to see mosquitofistauka, redfin bully, inanga and possibly smelt betbe
waterfall/weir structure considering the habitizsttwe sampled.

Below the waterfall/weir we observed a wide ranfsipes classes for the two most
abundant species, shortfin eels and common buliesve the waterfall/weir we
observed only one common bully and shortfin eelwssall expected, these results
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indicate that the waterfall-weir structure is atg@durbarrier, restricting the upstream
movement of freshwater fish species in the Waiggjpaam. Tuna and some type of
whitebait species are likely to surmount the wateand weir structure when they are
very small using the wetted margins.

Summary of NZFFD information for records from thesrikeri River catchment
Introduced species are shown in italics.

T

Species Occurrence / total Relative abundance Min—max length
67 records (%) (mm)

Grey mullet 1 rare -
Unidentified salmonid 1 rare -
Bluegill bully 1 rare -
Smelt 3 occasional 87-93
Torrentfish 3 common 52-98
Crans bully 3 occasional-common 53-58
Goldfish 3 rare—common 235-250
Koi carp 3 rare 700-752
Koura 4 rare -
Estuarine cockabully 6 occasional-abundant 44-60S
Common bully 7 rare-abundant

Giant bully 7 rare-occasional 75-124
Unidentified eels 7 rare-common -
Inanga 9 occasional 73-115
Redfin bully 9 rare-abundant 39-95
Longfin eel 12 rare-abundant 320-1000
Shortfin eel 19 occasional 250-600
Burgundy mudfish 21 rare-common 20-113
No species present 21 - -
Mosquitofish 21 occasional-abundant 21-45
Banded kokopu 31 rare—abundant 37-198

1, where numbers of each species are not measured, “abundance” is assigned as
either: rare (r), occasional (0), common (c) or abundant (a).

If the overall goal of our research was, for exampbd assess the recruitment of eels
into Lake Manuwai, then the focus and methodologi@s should use would be
different to that demonstrated during our worksHeqr. example, we would be able to
increase the accuracy of our observations by isargathe number of sites both
upstream and downstream of the waterfall/weir stmgc that were sampled. We
would also sample the lake itself to get an idezuathe numbers of tuna reaching the
lake, the age and growth rate of these fish. Itld/@so be useful to walk the length
of the stream to locate and describe any othetrgas barriers to fish passage so as
to identify structures that may require retrofigtito better facilitate passage. If you
remember, there was a kind of fish passage steidorthe weir when we visited,
however no water was running through it. These Wdé some of the things you
might do in order to help you understand, in thiaraple, tuna recruitment into the
lake, as well as identifying potential solutionsriorease lake tuna populations should
that be the goal.
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8.3 Appendix 3: Report provided to Te Wai Maori September 2007 following the
completion of the training workshop (Objective 2).

- Contract for Services agreement between Te Wai Maori Trust and Ngapuhi Fisheries

Limited

Outcome 2 - TRAINING COURSE

Training course conducted by the National Institute of Water and Atmospheric |
(NIWA) Research scientists for Ngapuhi members in tuna biology and recruitment, !
sexing, appropriate sampling methods and otolith preparation for aging. ‘

A report on the outcomes of the training course are to be provided to Wai Maori no
later than 31 December 2007.

Please find attached the following documentation relating to of the workshop held at the offices of
Te Runanga A Iwi O Ngapuhi, 16 Mangakahia Rd, Kaikohe, 29 & 30 November 2007

What actually happened - workshop

Day 1
L]

Day 2

NGAPUHI Ph: +64 09 401 0084 Fax: +64 09.401 0410

www.ngapuhi.iwi.nz

2 email panui and workshop agenda, distributed to all Tai Tokerau lwi organizations and
networks 30 August and 16 November 2007

A copy of the NIWA power point presentations

A Manual which was collated by NIWA and distributed to all attendees at the workshop.
Included in the manual were the agenda, details of the NIWA team involved in facilitation
and training for the 2 day session and general information on tuna, other freshwater
species with more specific information on data that has been gathered in Te Tai tokerau.
A copy of the attendance list. Approximately 25 people in attendance over both days

Mihimihi and Karakia followed by introductions — NIWA, NFL and attendees.

Dr Jacques Boubee, Scientist, NIWA. Gave an overview on tuna biology

Geraldine Baker, NFL, gave a very brief overview on the purpose of the project, the
workplan and acknowledgement to Te Wai Maori for their financial support of it.

A part of the Waipapa Stream, Kerikeri, was chosen as the demonstration site for electric
eel fishing — we collected some elver and recorded data — and fyke net setting (which we
left overnight). Great location as this site had a natural barrier and a man made barrier
with an inoperable fish pass, so it worked in well with our discussions around barriers to
migration and upstream passage in day 2. Even with inclement weather, the day was
thoroughly enjoyed by all.

%

We drove out to the demonstration site at the Waipapa Stream — fyke nets were retrieved
to reveal their catch — bully, smelt and tuna were species we caught that day. We were
shown how to anaesthetise, categorise by species, weigh and measure everything that
was caught as well as how to define between a long finned and a short finned eel. We
also looked at the gut and gills of an eel to determine general health and sex. The head
was spilt to enable access to the otolith — to determine age. Everything was put back in
the stream except the 2 tuna we cut open (both males — we think). Again, this day was
enjoyed and participated fully by all.

16 Mangakahia Rd, PO Box 263, Kaikohe, Aotearoa New Zealand
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o Back to the Runanga for more discussion and information on data collection and
analysis, consistency in sampling methodology, barriers to migration and passage
upstream, site selection and defining of research questions

e A Discussion then took place:

o on the accepted inclusion and participation of other Te Tai tokerau Iwi in the
research

o the interest of other Iwi to use this project as a model to duplicate freshwater
research in their rohe.

o the desire to utilise this project to encourage wider interest and build basic
research capabilities both within Ngapuhi and in the broader context.

o the selection of site(s) for the next phase of the project and the more intensive
research undertaking to be completed by April 2008.

o There were as many issues identified as locations
> lIssues:

Flood stations/Power stations

Consolidation of information

Baseline monitoring of key catchments

The development of a co-ordinated approach

Training and capability training

Access to catchment areas

Definition of research questons

Access of $ for future research

ocations:

Hikurangi swamp

Wairoa river

Puhipuhi (headwaters)

Lake Omapere & Utakura River

Waima

Taheke

Lake Manuwai

e There was a suggestion to hold a wananga to hui about tuna matauranga, stories,
history, ask the question — what does tuna mean to Ngapuhi? and the suitability of
location(s) for the next phase of research for the project. s

« In conclusion, because of time and financial constraints, it was decided that the first
choice would be Lake Omapere and it's tributary which is.the Utakura River for the
following reasons:

o There would be the added bonus of researching a lake and a river
o Lake Omapere is where the highest proportion of commercial tuna is extracted in
i Te Tai tokerau
o Although the lake has Trustees to oversee the management of it, the ownership
of it is vested in the people of Ngapuhi.

 Failing approval of the Trustees for the lake — our second choice would be the

Mangakahia or Taheke Rivers.

"YVVVVYVYYVYY

YVYVVVYY

The next step is for me to consult with the Trustees of the Lake and then the hapu associated
with the Utakura River.

I will be sending out a copy of this report to all participants and will also correspond with them and
other interested parties, after confirming details with our research providers, about when the next
phase will be and how it will be implemented.

Page 2
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8.4 Appendix 4: Habitat descriptions of sites surveyeth the Lake Omapere and Utakura River catchment, Neember 2008.

Site Location Average Average Clarity Temp Conductivity Habitat Substrate Riparian
No. depth (m) width (m) (°C) (ms/m) type (%) type (%) vegetation
1-9 Lake Omapere 1.4 - Dirty 16.3— 58.2-58.9 100% still 10% boulder, 20% 60% farming, 20%
(1.8 max) 17.7 cobble, 70% mud scrub/willow, 10%
exotic forest, 10%
raupo/flax
10 Waikirikiri 0.2 2.43 Clear 16 98 55% run, 90% boulder, 100% native forest
Stream (0.5 max) 40% riffle, 5% pool 10% cobble
11 Waikirikiri 0.4 2.8 Clear 15.5 97.4 60% run, 80% boulder, 15% 100% native forest
Stream 30% riffle, 10% cobble, 5% sand
pool
12 Waikirikiri 0.2 15 Clear 15.7 106.1 100% run  30% fine gravel, 30% 80% farming, 20%
Stream (0.4 max) sand, 10% coarse scrub/willow
gravel, 30% mud,
13 Waihoanga 0.4 1.5 Clear 18.4 106.3 70% pool, 15%  90% boulder, 5% fine 40% Native bush,
Stream run, 15% riffle gravel, 5% sand 35% scrub, 25%
farming
14 Utakura River 0.4 15 Dirty 19 61 70% riffle, 30% 95% boulder, 100% native forest
torrent/rapids 5% sand
15 Utakura River 15 2.0 Dirty 18.6 70.2 100% run 30% coarse & fine 80% farming, 20%
gravel, 10% mud, scrub
20% bedrock, 20%
boulder, 20% cobble,
16 Lake Omapere 0.1 0.8 Clear 15.1 16.1 50% pool, 50% run  40% mud, 20% sand, 80% farming, 20%
tributary (0.2 max) 80% cobble scrub
17 Lake Omapere 0.3 0.8 Clear — — 20% pool, 80% run 80% mud, 20% sand 90% farming, 10%
tributary scrub
18 Lake Omapere 0.1 0.6 Clear 18.6 150 20% pool, 80% run 100% mud 100% farming
tributary (0.4 max)
19 Pararataio Stream 0.4 15 Clear 16.6 95.2 10% riffle, 10% 100% bedrock 100% farming
(0.6 max) pool, 80% run,

Tuna population survey of Lake Omapere and the WRiver

90



