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Executive Summary

NIWA was contracted to:

« Delimit and describe the current status of invasigeatic pest species in the area of the upper
Whanganui River.

« Assess the risk of dispersal of pest plants frokekaRotoaira, Otamangakau, and Te Whaiau,
(particularly to the Whanganui River) and assegsmi@l impacts.

* Advise on a strategy to limit chances of disperselding monitoring requirements for early
detection and control methodologies for current pmigntial infestations.

This work was requested by Horizons Regional Cdwara funded from an Envirolink grant through
the Foundation for Science, Research and Technoldge area in the vicinity of the upper
Whanganui River was delimited for invasive submdrgquatic weeds on the 1and 18 January
2008. Horizons Regional Pest Plant Management eglyafRPPMS) categorises lagarosiphon and
hornwort as pest plant species with a managemgecttole of ‘containment’. These species are also
listed on the National Plant Pest Accord (NPPA)nag them from sale and distribution. Elodea is
invasive, but is so widespread, it is not subjecarty management under RPPMS or NPPA and is a
lesser problem than lagarosiphon or hornwort. LBRk¢oaira had extensive areas of hornwort and
lagarosiphon with some elodea. Lakes OtamangakeduTanwWhaiau had mostly lagarosiphon with
elodea present but no hornwort. The upper WhangRiugr and other headwater streams had no
aquatic weeds.

Lagarosiphon and elodea have regularly been digeHainto the Whanganui River catchment for
years with discharges from Lakes Te Whaiau and @tgakau. Although the Whanganui River has a
highly valued status, the upper river and headwstierams are not considered to be at risk from
invasive submerged aquatic pests, as the rivevdrgdimited habitat suitable for these specieg tiu
irregular high flows and rocky substrates. Elodess wresent over <1,008mat the Piriaka hydro
impoundment on the Whanganui River near Taumaruting, Ongarue River near the Ongarue
township, in the Ongarue / Whanganui River confugeri<5 mi) where substrate and velocities
permit. At Piriaka further weed growth is possikded other species such as hornwort and
lagarosiphon could establish there but would nobbgreater nuisance than elodea. Elodea may be
enhancing habitat for trout in this area. The dsthe river is not suitable habitat for submerged
aquatic weeds, except possibly the lower Whang&iner within 10 km of Wanganui, where the
river widens and flows are less. In this area hamivand egeria would be more competitive than
lagarosiphon or elodea as the water is very tungyever, it so turbid in fact that in combination
with water level fluctuations weeds are most urijike grow.

Hornwort is ranked as New Zealand’'s worst aquateedvand was widespread in Lake Rotoaira,
where it has proven to be a major problem. Thimtpleould easily be transferred to Lakes
Otamangakau and Te Whaiau. The most likely mearnsaotfer would be by introducing a small
fragment with a boat / trailer moved from Lake Rwota or other source (such as Lake Taupo,

Containment of aquatic plants in the upper WhangandiWaikato catchments iv
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Waikato River or Rotorua Lakes). Hornwort pose®asaerable risk to Lakes Otamangakau and Te
Whaiau as it could potentially become surface riegchver much of these shallow lakes, interfering
with boating and fishing and it could cause bloa&sao Wairehu Canal at the rotating screen.

With high boat usage on Lake Otamangakau it isitable hornwort will be introduced to this lake in
the near future unless effective controls are puplace. Options for preventing introduction of
hornwort are discussed. The recommended optionrionise the risk of transfer is farevent trailer
access to the lake; ban the use of anchors and discharge of bilge water within the lakesand place
signage warning of the consequences of hornwort introductind how it can be avoided. Use of a
containment boom (with netting to the lake floongaa gate for boat passage from the boat ramp(s),
and closing off any other area that might othenbseised for boat access, could still allow mogatis
boat access and provide a high chance of containapeam introduction. It would also offer a higher
likelihood of early detection when combined witloposed surveillance.

Genesis Energy already has adequate protocolsw@e pb prevent their activities causing aquati¢ pes
transfers in the area.

A regular surveillance programme (snorkel inspexiof boat ramp areas December and April) could
detect a hornwort invasion at an early stage. Hewedtis has merit only if an effective responsanpl

is pre-prepared and able to be implemented immelgiand only if there is a realistic chance of
success. An effective response would require ragtimitation of the infestation, followed by
treatment of the whole infested area with eithguat (treating the total water column to 2 rifyjlor
endothall (treating the total water column to 5 MgLAIl necessary approvals (consents, possibly
ERMA permission, and wider community consultatisuld need to be obtained and in place prior
to detecting hornwort to enable an early responskaveany chance of success. Preventing the
introduction of hornwort is far easier than atteimgptto control it once introduced as eradication
would probably be an impractical option.

If hornwort became widespread in Lakes OtamanagakaliTe Whaiau the only practical way to
control it would be to use the aquatic herbicidgudi. A December application annually targeting
areas of nuisance would prevent surface reachiogitgs. Details of diquat and endothall (the two
herbicides registered in NZ) are provided.

Recommendation: minimise the risk of transferring hornwort to L akes Otamangakau and
TeWhaiau by preventing trailer accessto the lakes (or restricting it to netted areas with boat gate);
banning the use of anchors and discharge of bilge water; placing signage explaining the
consequences of hornwort introduction to the fishery and boating, and outlining how this could
be avoided.

Containment of aquatic plants in the upper WhangandiWaikato catchments \
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1. Introduction

The aquatic pest plant species lagarosiphiosagdarosiphon major) and hornwort
(Ceratophyllum demersum) (Fig. 1), are known to be present in water bodiesr the
headwaters of the Whanganui River. Horizons Redidtest Plant Management
Strategy (RPPMS) (Horizons, 2007) categorises tmgainon and hornwort as pest
plant species with a management objective of ‘domant’. The Strategy aims to
prevent spread from current sites of infestatioith & particular focus on protecting
waterways of Regional Significance such as the \Waaui River.

NIWA was contracted to:

« Delimit and describe the current status of invasigaatic pest species in the
area of the upper Whanganui River.

« Assess the risk of dispersal of pest plants frolkkekeRotoaira, Otamangakau,
and Te Whaiau, (particularly to the Whanganui Rivemd assess potential
impacts.

« Advise on a strategy to limit chances of dispernsaluding monitoring
requirements for early detection and control metihmgies for current and
potential infestations.

This work was requested by Horizons Regional Cduacd funded from an
Envirolink grant through the Foundation for Sciené®esearch and Technology,
Contract 444-HZL.CA48.

Containment of aquatic plants in the upper WhangandiWaikato catchments 1
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Figurel: Hornwort (Ceratophyllum demersum) top, leaves in whorls of 7-12 forked with
toothed margins and lagarosiphobagarosiphon major) bottom, leaves arranged
spirally and recurved.

Containment of aquatic plants in the upper WhangandiWaikato catchments 2
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2. Sitedescription

The Tongariro Power Scheme is located on the deWwkanic Plateau south of
Lake Taupo. Water is diverted from the west and #de Lake Rotoaira to tap a
catchment area of more than 2600 sq km. The Wedderarsion begins at the
Whakapapa River and intercepts water from four rotieeams and the Whanganui
River into Lake Te Whaiau. From Lake Te Whaiau watlews into Lake
Otamangakau and then into Lake Rotoaira via theéfaiCanal (Fig. 2) which has a
rotating screen to prevent transfer of larger bsateh as lamprey. From Lake Rotoaira
water is passed through the Tokaanu power sta?é@MW total capacity) into Lake
Taupo and ultimately through eight further Waik&iwer hydro-electric dams below
Lake Taupo.

Water is sometimes returned to the Whanganui Riaéchment, either to maintain
minimum base flows in the Whanganui River (throughvalve from Lake
Otamangakau into a small creek feeding the heaérsvaif the Whanganui River
Fig.3), or spilt from Lake Te Whaiau over the wgiover photo).

Lakes Te Whaiau, Otamangakau, and Rotoaira, aralgowith recreational users,

and boats move between the lakes. Access to Lat@Rais limited to three sites; a

public boat ramp access via the Poutu Canal (ewbtoéthe lake), through private

land through a motor camp on the southern sideefake, and from a side road near
the Tokaanu power station intake (Fig. 4). Readibable public boat ramps are
available at Lakes Te Whaiau and Otamangakau (Fi§s3).

Containment of aquatic plants in the upper WhangandiWaikato catchments 3
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4

O T
| Lake Oramangakau
s

Part of the upper Whanganui and Waikato catchsnshowing: 1. Tokaanu Power

7 N SN 7

Figure2:
Station intake; 2. Lake Rotoaira; 3. Wairehu Cgoialing Lake Otamangakau to Lake
Rotoaira; 4. Lake Otamangakau; 5. Otamangakau Bainake Te Whaiau; 7. Lake
Te Whaiau weir that occasionally spills to the Waamgg Catchment. The Whanganui
River passes immediately to the west of Lake Teidtha
Figure3: Lake Otamangakau discharges to the Whanganui Riamhment only occasionally.

Containment of aquatic plants in the upper WhangandiWaikato catchments
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3. Methods

The area in the vicinity of the upper WhanganuieRiyFig. 2) was delimited for
invasive aquatic plants on the™and 16' January 2008. We included Lake Rotoaira
(SCUBA), Lake Otamanagakau (SCUBA) and Lake Te \Alhafsnorkel). The
Whanganui River was accessed via the stream ch#nonelthe Te Whaiau weir and
locations checked at road access points in the \dseally from the surface. Also
included were some earlier observations from prevgurveys where relevant.

Containment of aquatic plants in the upper WhangandiWaikato catchments 5
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4. Weed distribution

4.1

Figure4:

Lake Rotoaira

The aquatic vegetation of Lake Rotoaira was filsvasyed in 1966, again in the late
1960s, 1970s, 1999, and more recently in 2007 (Ravaé 2007). Hornwort was first
observed in 1998 in Lake Rotoaira. It invaded glicknd in 1999 hornwort was
recorded in 24 of the 25 sites surveyed, greww@tzr depth of 10.4 m, had high area
coverage and was the tallest weed in the lake hgtbhts of up to 7 m. Hornwort and
lagarosiphon (also in Lake Rotoaira) have had aomappact on the aquatic
vegetation in the lake. Cover of elodddofea canadensis), an introduced ‘oxygen
weed’, was substantially reduced as a consequehweddespread displacement by
hornwort and lagarosiphon and significant areasnafive vegetation have been
markedly reduced. Egerigderia densa) was not found in the lake (or the study area),
but is present in marinas in Lake Taupo.

Hornwort was present in the vicinity of both boatps in the lake in 2008 but not in
the vicinity of the Poutu Canal boat ramp (Fig. Mprnwort has been recorded up to
7 m tall (Dugdale and Wells 2001) with large arefsurface reaching weed (Fig. 5)
proving problematic for operating the Tokaanu powstation (Fig. 6). This
necessitated installation of a multi-million dollsystem in 2007 (Fig. 6) to intercept
the large quantities of weed arriving at the intake

£

Lake Rotoaira boat ramps located as shown byvarro

Containment of aquatic plants in the upper WhangandiWaikato catchments 6
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Figure5: Lake Rotoaira with surface reaching hornworthia foreground and Tokaanu power
station intakes in background.

Figure6: Tokaanu power station screens (left) intercemdaguantities of hornwort removed
via conveyor (right).

4.2 L ake Otamangakau

Lake Otamangakau (Fig. 7) was mostly vegetateddantinated by lagarosiphon (to
4 m deep) with some elodea but no hornwort. Natiraracean (nitella and chara
species) vegetation occupied the deeper partseolatke. Lake Otamangakau is a
shallow lake (12 m maximum depth) and was formedl&yming the Otamangakau
and Te Whaiau streams.

Containment of aquatic plants in the upper WhangandiWaikato catchments 7
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Figure7: Lake Otamangakau, showing boat ramp access.

4.3 Lake TeWhaiau

Lake Te Whaiau (Fig. 8) was formed by damming teéMhaiau stream and received
water from the Western Diversion. It was vegetaiglot across with lagarosiphon and
elodea but no hornwort. The lake is shallow with teeper parts little more than 3 m
deep being where the old stream channel was. Tke i& connected to Lake

Otamangakau via a canal.

Containment of aquatic plants in the upper WhangandiWaikato catchments 8
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Figure8: Lake Te Whaiau with lagarosiphon in the foregroand easy boat access (where the
vehicle is) in the background.

4.4 Whanganui River

The Whanganui River and its upper tributaries (rtbase lakes) were not suitable
habitats for aquatic weeds (Fig. 9). However, aaka (near Taumarunui about 30km
downstream) there is an impounded area at thedstak the Piriaka power station
where elodea grew (Fig. 10) sheltered from the higlbcities that regularly occur in
the main river channel. This was the only site whsnbmerged weeds were found,
despite many years of irregular discharges fromekake Whaiau and Otamangakau
that would have transported lagarosiphon and eldadedhe Whanganui River
catchment. | also canoed the river from Whakahawrdas far as Pipiriki 145 km
downstream of Taumarunui and followed the riverdré@a Wanganui. Likely areas
were searched on SCUBA and with a grapnel but fmnsuged plants were found.
The river from within about 10 km of Wanganui hadtable base flows for weed
growth (<0.5 m seb but the water clarity (even after a long dry spelate February
2008) was still quite turbid (0.5 m secchi) andhadtuch a limited photic zone and
significant water level fluctuations in the rivérethabitat was almost certainly limited
by light availability.

Containment of aquatic plants in the upper WhangandiWaikato catchments 9



e N‘I-WA -

Taihoro Nukurangi

The Ongarue River joins the Whanganui River at Gh@rove, Taumarunui, and had
areas of elodea where substrate and velocitiesifpednsuch as at the confluence with
the Whanganui River and upriver near Ongarue toipngfig. 11). This would also
be another source of weed inoculum to the Whandaiveir.

Figure9: The upper Whanganui River (top) at Highway 47 ¢uttom) below Lake
Te Whaiau had no submerged aquatic plants.

Containment of aquatic plants in the upper WhangandiWaikato catchments 10
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Figure 10: The upper Whanganui River at the Piriaka impounttingear Taumarunui, had some
elodea growing on the left bank only where prigt@drom high flows by excess water
being discharged over three weirs.

Figure11: The Ongarue River, a tributary of the WhanganweRishowing a bed of elodea
near Ongarue township.

Containment of aquatic plants in the upper WhangandiWaikato catchments 11
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5. Potential impacts

51 Hornwort

Hornwort (Fig. 1) is rated as New Zealand's worgtiatic weed (Champion et al.
2002) and is already widespread in Lake Rotoaifsrer it has proven to be a major
problem both for recreation and hydro power gemmmatHornwort poses a
considerable risk to Lakes Otamangakau and Te WHhzgéaause it could potentially
become surface-reaching over much of these shdiédws (12 m & 3 m deep
respectively). The deepest parts of both lakeswvatkin its c. 15 m maximum
recorded depth range and hornwort was recordediggowo 10 m tall in Lake
Whakamaru on the Waikato River, and to 7 m tallake Rotoaira, where it grew to
10.5 m deep. Hornwort has a seasonal peak abundandate summer with
fragmentation and drift marked through late sumarad winter in Lake Rotoaira, so
could potentially clog the Wairehu canal rotatimgegn and accumulate \ rot against
lee shores of the lakes in autumn and winter. imédion about hornwort and potential
impacts in New Zealand were covered in detail bysHa (2002). It has a potentially
high nuisance value for the trout fishing in Lakeeamangakau and Te Whaiau if
large areas of surface reaching weed form makingsacto the lake difficult for boats
and with drifting weed fouls hooks and would degrdbde currently high aesthetic
values in the area. It will also reduce native bietsity displacing the native plant
communities not currently impacted by lagarosiphehich is restricted in it depth
range.

Weed transfer to the Whanganui River is not comseidiéo have a significant potential
impact, as the river has very little suitable hatbfor submerged aquatic plants. Also
hornwort does not pose much risk in strong flowirager as evidenced in the Waikato
River where it dominates in the hydro impoundmdntsnot in the riverine sections.
It is unlikely but possible the lower c. 10 km dfet Whanganui River could be
susceptible to hornwort and / or egeria invasiootniort and egeriaEgeria densa)
are the two dominant species in lower reaches ofymew Zealand Rivers, however
the lower Whanganui River is very turbid and wagésels fluctuate well beyond the
range of the photic zone.

52 Lagarosiphon

Lagarosiphon (Fig. 1) is present throughout Lakeso&ra, Otamangakau and Te
Whaiau and has been present long enough to beahadsiturated and reached its
maximum potential impact. However, it would havewkmited potential habitat, if
any, in the Whanganui River due to high flows.dslbeen dispersed into the river for
years with irregular discharges from Lakes Te Wihaiad Otamangakau and there is
no evidence of it having established to date. ft gaow in flowing water but in cool
water at higher flows, elodea is usually more caitige. Its potential impact in the
upper Whanganui River is therefore likely to beslésan that of elodea (see Section

Containment of aquatic plants in the upper WhangandiWaikato catchments 12
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5.3). It is mostly a clear water plant and less petitive than hornwort or egeria in
nutrient rich, turbid water.

53 Elodea

Elodea (Fig. 12) was once very abundant throughakes Rotoaira, Otamangakau
and Te Whaiau. It has been almost totally displdnetiornwort and lagarosiphon in
Lake Rotoaira and to a great extent by lagarosighdnake Otamangakau, and Te
Whaiau. Elodea is a very rapid primary coloniseflowing water (< 1 m séb and is
present in the Whanganui River at Piriaka. It wdikdly dominate at Piriaka even if
lagarosiphon or hornwort were to naturalise theegause of the influence of flowing
water. Elodea has been at Piriaka for at least years and probably much longer
nearby in the Ongarue River so has likely reacheabiential impact in the river
already. It would not be competitive in the turhicters of the lower Whanganui
River. Overall for both the lakes and the Whanga®iver elodea is unlikely to have
any further potential impact than that already seen

Figurel12: Elodea Elodea canadenss) is characterised by leaves in whorls of three.

Containment of aquatic plants in the upper WhangandiWaikato catchments 13
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6. Vectorsfor transfer of hornwort to Lakes Otamangakau \ Te Whaiau

The key consideration is how to prevent hornwamsfer to Lakes Otamangakau and
Te Whaiau. The two are essentially one water Bodyhis consideration as they are
connected.

In New Zealand hornwort flowers but there is nadewice that viable seed is formed
(Coffey and Clayton 1988), possibly due to a latKawourable conditions (Mason

1975). Vegetative reproduction and dispersal dflérstem material is the primary

method of propagation and spread both within artdidxen water bodies (Coffey and

Clayton 1988). Fragmentation of stems is a highigcessful means of propagation
(Les 1991), and in areas with cold winters, thenfglgoroduce thickened lateral tips
that are darker green in colour and contain areas®d amount of starch (Best 1979,
Best 1982). Water movement (drift) within a watedp is the primary means of

dispersal but inter-lake transfer requires humaivificto carry vegetative fragments

between water bodies. Birds have not been implicatigh inter-lake transfer even

though large numbers frequently move from lakeate! Eel fishermen have often

spread aquatic weed by not cleaning fragments fyd® nets when moving between

waterways. It is understood that there is no eliffig in these lakes. If there is, then
this is a significant pathway for transfer of adguaweed that would need to be

considered.

Genesis already have protocols in place to pretreit activities and subcontractors
causing weed to be transferred (they issue a cbplyozal Standing Instruction for
Managing the Risk of Aquatic Weed or Algae Invasioto Waterways” to all
subcontractors).

Hornwort could easily be transferred to Lakes Otagakau and Te Whaiau as it
would only take one inadvertent transfer of a sretdim fragment. The most likely

means of transfer would be either on an anchopé,rm the bilge of a boat, on a boat
trailer, or boat motor brought from Lake Rotoaivdith boats moving from Lakes

Rotoaira (or other infested water bodies such agpdaor Waikato or Rotorua lakes)
to Otamangakau \ Te Whaiau it is inevitable hornwal be introduced in the near

future unless effective controls are in place.

Containment of aquatic plants in the upper WhangandiWaikato catchments 14
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Options for preventing transfer of hornwort to Lakes Otamangakau \

TeWhaiau

Options to prevent introduction of hornwort include

1.

Prevent all boat access to Lakes Otamangakau / Te Whaiau: This would give
the highest protection to lakes but the lakes &rkigh recreational fishing
value and this option would largely prevent trashing in these lakes.

Prevent motorised boat access: This option has merit and has kept a number
of lakes weed free for a relatively long time. LaB@amangakau is relatively
large and a small motor allows access to morerdigarts of the lake. Even
without motors there is still the issue of trailebdlge water, anchors and
anchor ropes potentially transferring fragments.

Close boat ramps to prevent trailer access, ban any form of anchoring; and

ban discharge of bilge water. If these actions were supported by educational
signage and accepted by all users then the risbmifwort introduction would
be minimised with the least impact on users. Priawvgrirailer access would
limit boats and motors to those that could be edrtd the waters edge only. It
would make boat fishing Lake Otamangakau less ddityea but will greatly
increase the chances of preserving the qualitisbirfg indefinitely.

Entry after close inspection by an inspector only: This option is enforced in
privately owned and some busy lakes overseas. Utdveost the boat owners
each time they launched and not be a practicaboptr this relatively remote
part of New Zealand. It would be unlikely to gaimnumunity support though
it could be an option for shorter periods of tharysupplementing Option 3
when high use is expected.

Early detection surveillance monitoring and a contingency plan for
eradication: A programme of regular surveillance may detedhoanwort
invasion at an early stage. However, this has nanly if an effective
eradication response plan is prepared and able €o irbplemented
immediately. An effective response aimed at erdainavould require rapid
delimitation of the infestation followed by treatnmteof the whole infested
area with either diquat (treating the total watetumn to 2 mgl) or
endothall (treating the total water column to 5 MglEndothall treatment can
be much more expensive. All necessary approvaldduoeed to be obtained
and in place prior to detecting hornwort to enadoleearly response to have
any chance of successful eradication. It would bestly exercise and have a
low chance of success. Preventing an introductionldv be far easier to

Containment of aquatic plants in the upper WhangandiWaikato catchments 15
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achieve than eradicating the plant once introdutted, option is more of a
back-up option to other measures taken to prevansfer.

6. Use of a containment boom (with netting to lake floor) and with a gate for
boat passage through the boom from the boat rantkgr areas that might
otherwise be used for boat access would need tiobe off. This option will
still allow motorised boat access and provide & higance of containment
upon introduction with much more likelihood of eartletection when
combined with proposed surveillance. Bilge and ancastrictions would still
be needed.

7. Educate the public on the risks, and on how to avoid introducing hornwort:
this is a useful option particularly for frequersteus of the lake, but not one
that can be relied on solely. Even with all thecadional coverage devoted to
didymo in the South Island, didymo continues toeagrthere. It only takes
one person to be less than diligent to introdugewort.

8. Satus quo, use signage and allow free movement. Hornwort must at some
time soon be transferred under the status quociitrent signage (Fig. 13). is
aimed at encouraging removal of weed as you leather than specifically
checking for hornwort before entering. This isimelwith current legislation
for containment of pest plants. The lake user nmeyeHeft a lake in another
region without such good signage. There is no aighake Te Whaiau. The
status quo will lead to hornwort introduction andituation where annual
weed control using an aquatic herbicide is necgdsamaintain the current
popularity of the fishery.

The question that managers and the community neeaddress is what level of
compromise is warranted from lake users for whatllef protection from hornwort
invasion.

Containment of aquatic plants in the upper WhangandiWaikato catchments 16
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Figure1l3: Signage at the Lake Otamangakau boat ramp. Gapthge but note elodea is
pictured above the egeria caption; elodea is at plahcovered by the National Pest
Plant Accord (NPPA) and is available for sale aistrithution.

The recommended option, to minimise the risk of transfer, is to prevent trailer
access to the lakes (or restricting it to netted areas with boat gate); ban anchoring
and bilge water discharge within the lakes backed up with signage warning of the
consequences of hornwort introduction and how it can be avoided.

Containment of aquatic plants in the upper WhangandiWaikato catchments 17
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Survelllance\ monitoring

A regular surveillance programme such as a snakdl SCUBA inspection of boat
ramp areas once or twice a year could detect anwotrinvasion at an early stage.
However, this has merit only if an effective resgpomlan is able to be implemented
immediately and only if there is a realistic chamfesuccess. An effective response
would require rapid delimitation of the infestatidallowed by treatment of the whole
infested area with either diquat (treating the ltatater column to 2 mgt) or
endothall (treating the total water column to 5 mMgLAIl necessary approvals
(consents, possibly ERMA permission, and wider comity consultation) would
need to be obtained and in place prior to detectioghwort to enable an early
response to havany chance of success. Preventing the introductidmafiwort is far
easier than attempting to control it once introduas eradication would probably be
an impractical option.

If hornwort became widespread in Lakes Otamanagakal Te Whaiau the only
practical way to control it would be to use the aigiherbicide diquat. A December
application annually targeting areas of nuisancaulevqorevent surface reaching
growths. Details of diquat and endothall (the tweoldicides registered in NZ) follow.
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9. Control options

9.1

9.2

Control options that have been investigated in Mealand and overseas for hornwort
are many and broadly cover the categories of halitanipulation, mechanical

harvesting, biological control and chemical cont®bme of these methods have
subsequently been considered to be of little bersefd other methods are only
appropriate for particular water bodies. Few hdnepotential to eradicate hornwort.
Grasscarp and chemicals are both controversiabmgptbut largely through public

mis-information. Chemicals are the only practioption for weed control in these
lakes, so a wider consideration of the alternatypéions and more detail on the
chemical option is provided to enable a betterrimied choice to be made.

Habitat manipulation

Habitat manipulation is a broad term covering aenidnge of scenarios where some
aspect of the habitat is manipulated (i.e., wadead light,) to reduce plant growth.
There are many alternatives in theory but not acpece. Lake drawdowns have been
implemented both in the USA and New Zealand for twamtrol of hornwort.
Consecutive lake drawdowns have been advocatedchigeve good control of
hornwort in the USA (Wade 1990). In New Zealandthie 1960s and 1970s lake
drawdown was frequently used as a means of cantdfiornwort and the growth of
other nuisance submerged species in hydroelectiosd(Johnstone 1987). Lake
lowerings in summer or winter were used to deseceaed masses and to freeze-kill
weed masses, respectively in the 1 to 4m depth gdoward-Williams 1993). In
some instances weed beds did not die and remntofitgsasimply became the foci for
renewed growth (Coffey 1975). Hornwort is capatfiémmediate regeneration after
lake lowering events, regaining its former biomasdive months (Hughes 1976).
Since 1976 lake lowering for weed control has resrbcarried out for several reasons
including the cost of lost power generation, thersterm effect of lowering a lake
which needed to be repeated at least annually teffleetive, and the unfavourable
impacts on biota (Johnstone 1981). Ultimately thestncost effective method of
controlling weeds by generating authorities hasmbsethe station rather than at the
source in the lake. This has been achieved threwggd booms to protect the inflow
to the penstocks and screen cleaners protectintutbmes (Johnstone 1981). Other
methods such as shading with trees or bottom liamggnot relevant for the lakes in
question.

M echanical

Mechanical diggers, weed harvester, suction dredgimd even hand weeding on a
small scale can be used to reduce weed biomas&és,|drains and other waterways
(www.niwa.co.nz/rc/prog/aquaticplants/weedman).ti@gt harvesting, and mulching
of weed occurs in the Waikato River hydro lakes utaround 10 times more
expensive than the use of chemicals and only resmased in the top metre or so of
water. Disposal of the harvested weed is also ab@swxpensive as cutting it. These
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methods are not suitable for large areas of weeatdbk ie be controlled unless
considerable funding is available long term.

9.3 Biological

Potential biological control agents investigated fise on hornwort include snails,
nematodesndfish.

The nematodeHirschmanniella caudacrena) has been found in high populations in
the tissues of hornwort in the USA (Gerber and $1@87). Hornwort is considered
a substantial problem in Connecticut, Indiana, lowénnesota, Ohio, Virginia,
Wisconsin and Alabama. In controlled experimditsaudacrena was pathogenic to
hornwort, causing chlorotic tissue, deformed stamt finally plant death. However it
was concluded that due to the high innoculum lemebded it was not practical to use
H.caudacrena alone as a biocontrol agent (Gerber and Smart)1987

In Florida and Puerto Rico the freshwater sddrisa cornuarieties L reportedly
eradicated a large variety of submerged aquatintplancluding hornwort (Gerber
1985). This snail Marisa cornuarietis) was introduced into New Zealand for
evaluation as a potential biocontrol agent. Howetdsequent studies showed that
the snail was also carnivorous, and was a heathas it could convey cercariae
larvae of the liver fluke parasite, and weed cdntrauld require very high population
densities (Chapman et al. 1974). At that time g Ctenopharyngodon idella)
were showing greater potential to control aquakdms, including hornwort. Studies
in New Zealand and overseas have shown that geapseat hornwort (Wells et al.
2003) and can potentially eradicate it and othésance submerged weeds. They are
however not suited to feeding at low temperatunas are prevalent in trout fisheries
such as in the lakes in question, otherwise it Wit a suitable option.

94 Chemical

The ideal herbicide would:

« Kill target species and be cost effective.

* Be only toxic to the target species and non-toxiother life.

* Be of no risk to Human health.

* Not be bio-concentrated, but be metabolised / ¢éadrié ingested.

* Biodegrade to innocuous elements.

e Be short lived.
In overseas studies, a wide range of chemical ptsdhave been evaluated and
advocated for the control of hornwort includingd-B, paraquat, acrolein, fluridone,
simazine, dichlobenil, diquat, endothall and coppesterdahl and Getsinger 1988,

Helsel et al. 1996, Kay et al. 1983, Murphy andr8r1990, Best and Wittenboer
1978, Clayton 1986).
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In New Zealand diquat and endothall are the twartbals registered for the control
of submerged plants. Diquat is a short-lived canltecbicide that can be used safely
in lakes, drains and other waterways on a numbptlamit species, including hornwort.
Diquat is used to control hornwort in Rotorua lgkas well as Lakes Karapiro,
Whakamaru and Atiamuri. Costs for diquat treatmetsst from about $1,200 per ha.

Endothall has recently been registered for aquasie in New Zealand and was
evaluated in a field trial in drainage channelskatbwith hornwort in the Wairarapa.

Hornwort was effectively controlled with endothd&fofstra and Champion 2001).

Costs for endothall treatments start from aboud@3to $15,000 per ha depending on
concentrations and formulation of endothall used.

9.4.1  About diquat

In New Zealand, diquat is a registered herbicideue in natural water bodies. The
active ingredient is available as two formulatioas:aqueous solution, and a gel that
sinks.

NATURE AND MODE OF ACTION OF DIQUAT

Diquat is a quick acting contact herbicide, whidms minimal translocation within
plants. Its mode of action is by interruption oé thlectron transport system in plant
photosynthesis, resulting in the formation of hypno peroxide, which then desiccates
green plant tissue. Submerged aquatic plants sagidsorb diquat and it is also
strongly adsorbed and inactivated by both inorgamd organic compounds within
the water and bottom sediments of aquatic ecosgstenthis way the performance of
diquat is reduced in turbid water or where plamésavered in deposits of silt, which
rapidly bind up the diquat. Diquat is a selectiegtlicide and this is usually a strong
point in its favour. It has been demonstrated totrad most target nuisance weed
species (elodea, egeria, lagarosiphon and hornwbite leaving many of the native
plant species unaffected.

TOXICITY

All agricultural chemicals are classified as toitluegree of hazard. Those classified
as poisons range from Class 1 (deadly poisong)lass 2 (dangerous poisons) and to
Class 3 (poisons). Diquat in its concentrated fiwra Class 3 poison and is therefore a
hazardous substance. When diluted 100,000 times nfore) to allowable
concentrations in water for control of water weé2lppm or less, diquat dibromide
salt), it is relatively safe to the extent thathe U.S.A. the swimming restriction has
been lifted for diquat treated water (i.e., swimsnare not prevented from water
contact immediately after diquat application foe ttontrol of weeds). Following the
application of diquat to water, the concentratidractive ingredient rapidly declines
as a result of dispersion, plant uptake and adsorpib organic and inorganic
(negatively charged) particles. This is also cdastswith other field studies in New
Zealand and most of the overseas work (except wthereshole of a static water body
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is treated). A range of studies has shown thatadigpunon-mutagenic up to levels that
would otherwise cause cellular damage. It is alse-carcinogenic. Adsorbed diquat
has no residual toxicity, is not biologically agtiand is degraded slowly by microbial
organisms within sediments. A comparison of diquath other well known
substances in everyday use shows caffeine anayarty nicotine to be considerably
more toxic:

diquat cation LD50 (lethal dose) = 600 - 800 mg kg

caffeine LD50 = 192 mg kY

nicotine LD50 = 50 mg kg

In other words, a much higher amount of diquaedired to achieve a toxic effect on
test organisms compared to caffeine or nicotingo@h (long-term) toxicity studies
on dogs and mice show the no observable effect lorbhe between 0.5 and 4.5 mg/kg
/day. This would be the equivalent intake of a g0plerson consuming between 35
and 315 litres of diquat treated water (shortheatipplication). To be protective of
adverse human health affects the USEPA set a gnadlasory concentration of 0.2
ppm (diquat cation) for drinking water, based otOakg child receiving it for up to 5
consecutive days. The tolerance level for shellfesh food is 20 ppm. Diquat
concentrations of 30 ppm are considered safe foramuskin contact. Based on the
information above it is evident that the 24-houstpmeatment prohibition period for
swimming and drinking in New Zealand is a very comative safety precaution,
which is designed to prevent any possible mishap,ab the same time it has the
disadvantage of unduly heightening the public patioa of hazard. In the U.S.A.
there is no withholding period for swimming and thinking water life time exposure
concentration is 0.08 mg"I(diquat cation), which would normally occur witham
hour or so of application.

EFFECTSON ECOLOGY

Diquat is in most cases at least ten fold morectéxiaquatic plants than to aquatic
animals. It does not kill fish at rates requiredkilb aquatic weeds. Tests on diquat
show the active ingredient (the diquat cation) miisthigher than 10 mgifor
lengthy periods for mortality in most fish. Trouteaone of the most sensitive fish
species known, with an LC50 (96 hrs) of 6.1 — 1@ I* (that is the lethal
concentration at which 50% of test organisms dfest a 96-hour exposure). For early
life stage toxicity, the chronic (21- day) LC50 wdetermined to be 2.9 ppm (diquat
cation) Other fish species such as eels are considerabig taberant. The most
sensitive aquatic organisms to the diquat catienaanphipods (minute crustaceans),
which have an LC50 (96 hrs) of 0.05 mg Dverseas studies have shown that even
juvenile freshwater crayfish (which are consideyaibre vulnerable than adults and
also more sensitive to paraquat than to diquat),amalLC50 for paraquat of over 5 mg
1t diquat cation. In view of the rapid dispersion, @g$ion and resulting exponential
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loss of diquat that occurs following applicatiomdesirable toxic impacts would not
be expected.

There is no evidence of food chain accumulatiomfrepeated use of diquat. Field
studies on lakes that have been treated with dicugatlarly for over 40 years in New
Zealand have not recorded any detrimental chamgtgiresident fisheries or benthic
organisms that are attributable to diquat toxicity.

EFFECTS OF DE-OXYGENATION ON AQUATIC ECOLOGY

By far the greatest hazard to aquatic life comemfde-oxygenation rather than from
diquat toxicity. All aquatic organisms require oeygfor life. Decomposition of
weeds treated with diquat uses oxygen from the wdieng the decay process. The
most important factors affecting dissolved oxygegpldtion are the amount of
biomass of decaying weed and re-aeration rate.seThee affected by the amount of
open water, the degree of water movement and temper In warm temperatures,
the saturation capacity of water is less and deasas are more rapid causing greater
de-oxygenation than when water temperatures aré dao minimise deleterious
Impacts associated with de-oxygenation it is pedfker to treat weeds during spring or
autumn months if large quantities of weed are ebgukto decay in small volumes of
water. Summer treatment is acceptable where apiplits are small relative to water
volume. De-oxygenation need not be a threat toawguwrganisms if standard
precautions are taken with respect to timing ohttreent, application rates used and
area to be treated at any one time. No weed dantaeowater way can often lead to
excessive weed cover that can also detrimentalpaghon oxygen levels overnight
(plants respire) and kill aquatic fauna. In theesilze of any control many nuisance
introduced species are capable of covering therveatdace and severely impeding
flow in many situations, thereby presenting manag@nand user problems as well as
impacting on aesthetic values. As opposed to tbeigus statement, total removal of
aquatic plant growth may also undesirable ecoldigicas it impairs the habitat for
aquatic fauna. Targeting of nuisance levels of wegsgties can be an acceptable and
even desirable practice that can have both use@raystem benefits.

EFFECTS OF DIQUAT TREATED WATER ON IRRIGATION

Ground irrigation of crops using water treated wdilquat for weed control is not
problematic, however over-head irrigation could daan effect. The standard
withholding period in New Zealand for overheadgation is 10 days for static water
and 24-hours for flowing water (label recommendatioThis is exceptionally
conservativeDiquat has been used as an aquatic herbicidevéor4®) years without a
single case of phytotoxicity being reported du¢hi effects of irrigation water. Most
crops irrigated at up to 0.5 ppm (diquat catiom) ot likely to be damaged. Irrigation
studies with water containing 0.01 ppm have showrevidence of phytotoxicity or
residues higher than the U.S. FDA tolerance. Athmhigher exposure rates (>0.45
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ppm) no evidence of damage or residues higher tih@rallowable tolerance of the
USEPA was seen in potatoes, sorghum, soybeansts;dattuce, or onions.

Endothall compared with diquat

Endothall

Diquat

Active ingredient dipotassium endothall;
endothall acid 36%

Application rate is 3-5 ppm calculated as

volume of weed bed

Targets hydrilla, hornwort and lagarosiphon

Little effect on tall natives, elodea, egeria

vallisneria and charophytes

Acceptable human daily intake 0.028 mg/kg/d
(USEPA)

ERMANZ tolerable environmental limit TEL
0.28 ppm

3 day fishing restriction, though has now been
lifted in the US*

24h swimming in NZ; none in the US*

Withholding periods: domestic use or livestock
and irrigation = 14 days below 4.25 ppm; 25
days up to 5 ppm; or until below 0.28 ppm.

Diquat dibromide; diquat cation 20%

Up to 30L per ha = 1-2 ppm for 0.3m depth of

water

Targets hornwort, lagarosiphon, elodea,

egeria, and vallisneria

Little effect on tall natives, hydrilla and

charophytes

Acceptable human daily intake 0.005 mg/kg/d
(USEPA)

TEL not set for NZ; in the US* it is 0.04 ppm;

0.01 ppm allowable in drinking water

No fishing restriction in NZ

24h swimming in NZ; none in the US*

Withholding periods: domestic use or livestock
= 24h, for irrigation (static) 10 days or until
below 0.01 ppm.

*US labels are updated frequently. NZ labels arelyachanged so are often outdated.
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