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Executive Summary

Waituna Lagoon is one of the few remaining coastal lagoons in New Zealand that exhibits relatively
natural flora and fauna and retains outstanding cultural values. The significance of the lagoon and its
margins were recognised internationally in 1976 when it was designated a Ramsar Site and nationally by
gaining Scientific Reserve status in 1983. The cultural significance to the local Ngai Tahu people was
recognised under a Statutory Acknowledgement in the Ngai Tahu Claims Settlement Act 1998.

The lagoon’s ecology and water quality have been strongly influenced by a history of increased frequency
of mechanical opening and closing of the lagoon to the sea, reduction in extent of associated wetlands, and
increasing nutrient and sediment inputs from its catchment. The two main risks to the ecological health of
the lagoon are continued nutrient and fine sediment inputs and a hydrological regime that has been
artificially altered to facilitate farming and land drainage in proximity to the lagoon.

This report provides technical information to support the development of resource consent conditions for
opening Waituna Lagoon to the sea. It presents the rationale for specific thresholds for managing lagoon
water levels to align more closely with restoring the ecological and cultural health of the lagoon ecosystem.

Prior to 2017, the water level threshold at which the lagoon was able to be opened to the sea was ~2.0m ASL.
A short-term (5 year) consent for lagoon opening came into effect in February 2017 that retained a primary
focus on land drainage but included provisions to open the lagoon to manage for poor water quality and
established a higher opening threshold (2.2m ASL) during spring-summer months in an effort to avoid too
frequent opening events. The short-term consent was a positive step forward although the changes to the
water level thresholds for lagoon opening were not sufficient to affect the frequency of opening events.
Poor water quality and the potential for algal blooms remain critical issues for Waituna Lagoon as was
highlighted by a recent severe cyanobacterial bloom in the lagoon in January of 2024.

The technical review identified five key issues to address when developing conditions for the long-term
ecological and cultural management of Waituna Lagoon. These five issues are:

e Incorporating conditions to reduce the frequency of spring/summer opening events. The previous
2.0m and 2.2m water level thresholds were not sufficient to prevent such openings

e Reviewing mechanisms to address poor water quality and lagoon ecosystem health
e Providing lagoon openings to facilitate fish migration

e Ensuring the proposed lagoon opening regime considers the benefits/risks to ecological and cultural
values, including recreational values and the risks to surrounding wetlands

e Ensuring the lagoon opening regime considers the potential impacts on land drainage.

Given the long-term objective for opening Waituna Lagoon to the sea is to maintain and restore the
ecological health and cultural values of the lagoon ecosystem, the technical review proposed the following
amendments to consent conditions:

e Anincrease in the maximum lagoon opening threshold level to 2.5m (above msl) to restore ecological
health and support cultural values

e Inclusion of new conditions to facilitate fish passage at least every 2 years

e Refinement of the conditions for emergency lagoon opening to mitigate risks of algal blooms on
ecosystem health.



1.

Purpose

This report provides technical information to support the development of resource consent
conditions for opening Waituna Lagoon to the sea. It presents the rationale for specific lagoon
opening thresholds aimed at maintaining and restoring the ecological and cultural health of the
lagoon ecosystem.

The authors acknowledge that the management of lagoon water levels has impacts beyond the
immediate lagoon ecosystem and have gone someway to assess the impact of an ecologically-
based opening regime on land drainage and recreational uses.

A technical report was initially completed in 2021. This revised report provides further information
on lagoon health and response to water levels for the period 2021-2023, including monitoring of
aquatic vegetation, fish populations and water quality, as well as a geospatial assessment of land
affected by proposed conditions.



2.1

Introduction

Waituna Lagoon

Waituna Lagoon is one of the few remaining coastal lagoons in New Zealand that exhibits a
relatively natural flora and fauna. The significance of the lagoon and its margins were recognised
internationally in 1976 when it was designated a Ramsar Site and nationally by gaining Scientific
Reserve status in 1983. The cultural significance to the local Ngai Tahu people was recognised
under a Statutory Acknowledgement in the Ngai Tahu Claims Settlement Act 1998.

The lagoon and associated wetlands are identified by the Department of Conservation (DOC) as a
priority ecosystem for the conservation of New Zealand’s natural heritage, it is a focus catchment
in the DOC/Fonterra Living Water programme and one of three wetland systems in DOC’s
Arawai Kakariki wetland restoration programme. It is also highly valued for its aesthetic appeal,
rich native biodiversity, waterfowl hunting, fishing, boating, bird watching, walking and
opportunities for scientific study.

The lagoon covers an area of approximately 1350 hectares and is Southland’s largest coastal lake.
It is shallow, (water depth is usually <2m) and is usually isolated from the sea by a gravel bar. Prior
to human management of the lagoon opening, the bar was breached and an opening to the sea
was temporarily established when high lagoon water levels overtopped the barrier bar. This
overtopping would cut a gap in the barrier bar, effectively draining much of the lagoon. In a
natural state the coastal lake would have had prolonged freshwater periods due to closed
conditions with water levels >2.0m above sea level much more frequently than under current
management which was designed to maintain lowered water levels (LTG 2013). When the lagoon
was open to the sea it became estuarine and tidal for a time until certain conditions, likely related
to neap tides, low freshwater inflows and calm wind and sea conditions would close the mouth.

With the advent of farming and land development, the lagoon has been mechanically opened to
the sea, typically with excavators, to facilitate land drainage. For the last 100 or so years the lagoon
has been opened on average about once a year, usually when the lagoon water level exceeded
2.0m above sea level.

The lagoon’s ecology and water quality have been strongly influenced by both the history of
opening and closing of the lagoon to the sea, and the high nutrient and sediment inputs from the
contributing catchment. The fluctuations in water level and salinity have created a highly variable
environment with associated high variability in species dominance and ecological community
structure. Species alter their distribution and abundance in response to changes in water level,
salinity, other environmental factors, and species interactions, creating an ecologically diverse and
productive ecosystem, but one that is also at risk of being degraded by anthropogenic stressors, as
has occurred in other South Island lagoons (e.g., LakeEllesmere/Te Waihora, Lake
Forsyth/Wairewa, Wainono Lagoon).

In 2010, concerns surrounding the state of Waituna Lagoon led to the publication of ecological
guidelines to improve the management of the lagoon. These guidelines, which were developed by
a Lagoon Technical Group (LTG 2013) identified key attributes of the lagoon’s ecosystem health
such as macrophytes, slime/benthic algae, phytoplankton, sediment anoxia, water clarity,
hydrology and nutrients.

The ecosystem health of Waituna Lagoon is supported by submerged native aquatic plants known
as Ruppia (two species: R. megacarpa and R. polycarpa), which are considered foundation or
keystone species due to their function as ecosystem engineers and for regulating water quality.
However, the Ruppia-dominated plant community is vulnerable to a range of stressors including
nutrient enrichment, decreased water clarity, prolonged high salinity and frequent lagoon opening
events.
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Approach

The Whakamana Te Waituna Trust initiated a workstream during 2020-21 to develop an
ecologically based opening regime for Waituna Lagoon. This involved assessment of the short-
term consent conditions for opening Waituna Lagoon to the sea and the water level requirements
of a range of ecological and cultural values associated with the lagoon.

An expert workshop was held in March 2021, involving representatives from NIWA, Cawthron
Institute, Kitson Consulting (on behalf of Awarua Rinanga), Environment Southland, University
of Otago, DOC and Ryder Consulting. This group confirmed that the lagoon’s water level,
open/closed status and water quality remain key factors affecting many of its values. Many
attributes of the lagoon and surrounding wetland ecosystem benefit from a closed lagoon (i.e., a
freshwater state) while some attributes benefit from an open lagoon.

The technical review of the conditions for opening Waituna Lagoon (described in this report)
involved four key steps. These were:

1. Identify ecological and cultural values (section 4):

Reconfirm the suite of key ecological and cultural values that are affected by lagoon opening
and, therefore, need to be considered in relation to any change in opening regime.

2. Review the previous consent conditions (section 5):

Review the impact of the previous consent conditions and monitoring information on key
ecological and cultural values of the lagoon.

3. Propose new consent conditions (section 6):

Conduct an integrated assessment of ecological and cultural values and identify conditions
that will maintain or enhance the values identified.

4. Assess the impact of proposed consent conditions on other values (section 7):

Assess the impact of the proposed consent conditions on other key values for the Waituna
Community including on land drainage, trout fishing, bird populations and duck hunting.

In December 2023, the expert group reconvened to review and update technical information. This
revised report includes recent monitoring of aquatic vegetation, fish populations and water
quality, an analysis of the impacts of opening the lagoon at different locations, a geospatial
assessment of the area of land affected by proposed conditions and feedback on the proposed
transition regime for lagoon opening.



4. Ecological and cultural values

A clear understanding of the ecological and cultural values of Waituna Lagoon is fundamental to
reviewing the conditions for lagoon opening to the sea. Previously, the ecological guidelines for
Waituna Lagoon (LTG 2013), cultural mapping project (Kitson, pers. comm) and other forums and
literature have described the lagoon’s values.

To develop new consent conditions, a summary of ecological and cultural values for Waituna
Lagoon was established through an iterative process based on both existing reports and
discussions with experts knowledgeable of the lagoon’s biodiversity and its relationship with local
Ngai Tahu people including whanau members from Awarua Riinanga. These values were also
assessed in relation to Environment Southland’s draft Murihiku Southland Freshwater Objectives
(2020).

The ecological and cultural values defined in Table 1 relate to water quality, submerged
macrophytes, fish and aquatic invertebrate populations, bird populations, indigenous flora and
fauna community, fringing wetlands, taonga species and cultural significance.

Once the values were defined, it was possible to identify how the different values are likely to be
affected by anthropogenic pressures, particularly the lagoon opening regime, and what a more

ecologically favourable opening regime would aim to achieve with respect to specific values
(Table 1).

The expert group confirmed that the Ruppia-dominated plant community is an important
ecosystem engineer that promotes ecosystem health. Ruppia megacarpa and R. polycarpa are
sensitive to water level, salinity, and algal blooms. The status of Ruppia provides an indication of
the lagoon condition, which relates to the health of many taonga species. Similarly, other
ecological and cultural values such as the lagoon and catchment’s fish community were identified
as being sensitive to lagoon open/closed status. The open status allows for the migration of
diadromous species (which require access to both the sea and freshwater to complete their life
cycle) such as inanga and kanakana/lamprey. In contrast, the closed status allows for more
successful rearing of giant kokopu in the lagoon (David et al. 2004, Hicks pers. comm.) and the
provision of productive rearing habitat for tuna/eel. Sections 5-7 of this report provide further
assessment of the benefits and risks of lagoon opening on the key values of the lagoon.

Aerial photograph of Waituna Lagoon at Walkers Bay opening site. The lagoon was closed at the time.
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Table 1. Ecological and cultural values of Waituna Lagoon and surrounding wetland.
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Taonga
species

Cultural
significance

Water quality

Submerged
macrophytes

Value

Iwi recognise a range of
taonga species present in the
Waituna wetland system,
including (but not limited to);
tuna (longfin and shortfin
eel), kanakana (lamprey),
inanga (whitebait), koura
(freshwater crayfish), patiki
(flounder), smelt, kokopu
(whitebait), kakahi
(freshwater mussel). Around
and within the fringes of the
lagoon, taonga include swan,
water fowl, pukeko, cabbage
trees, flax, manuka and other
plant species. Maori use local
black mud (paru) for dyeing
textiles.

Cultural values of the lagoon
include (but are not limited
to): aesthetic appeal,
mahinga kai, safety of access,
identity, landscape and
connection to landscape and
human health.

Water quality of the lagoon
supports a desirable aquatic
ecosystem without algal
blooms and anoxic “dead
zones”.

Toxicants and detrimental
contaminants don’t detract
from a state of Hauora

Sustain and enhance the
population of submerged
macrophytes including the
keystone taxa, Ruppia spp.
The macrophyte community
also supports at-risk Ruppia
megacarpa.

Impacted by

a closed lagoon prevents fish
species migrations to and from
the sea, including several
taonga species

opening the lagoon for long
periods may increase the
presence of exotic weed
species in fringing wetlands to
the detriment of native
species, and reduce food and
habitat for taonga freshwater
species

high salinity favours estuarine
species over freshwater
species

prolonged opening may alter
the identity, aesthetic appeal
and connection to the lagoon
ecosystem

also refer to impacts on taonga
species above

high nutrients (concentrations
in the water column and in
lagoon bed sediments)

elevated water temperature

high inflows (increasing
nutrient & sediment delivery)

fine sediments (in the water
column and in lagoon bed
sediments)

Faecal contamination (E. coli
and Enterococci, affecting
human contact, food gathering
& cultural values)

Lagoon flushing (openings
and closings)

water levels

contaminant loads from
farming activities in the
catchment

extent and status of fringing
wetlands

changes in biomass of
macrophyte communities or
other photosynthetic
organisms may contribute to
nutrient release or reduce
dissolved oxygen

poor water clarity which may
be exacerbated under high
water levels >2.5m (light
limitation of macrophyte
growth) or low water levels
(enhanced sediment
resuspension)

Aims of an opening regime

enhance taonga species

maintain the lagoon as close
to natural (unmanipulated)
state as possible without
compromising overall
lagoon health

move towards a natural
opening regime (if it can be
done without compromising
lagoon health)

provide a mechanism for
excessive nutrients ,
sediment and algae to be
flushed to the ocean

provide a mechanism to
disrupt prolonged algal
blooms

manage algae proliferations
including cyanobacteria
blooms and macroalgae

reduce levels of faecal
contamination

improve or maintain the
health of fringing wetlands,
which buffer against
contaminants in overland
flow

maintain Ruppia within
optimal >30-60% cover
abundance

mechanism to address
contaminant or toxin issues

re-oxygenation of lagoon
waters

protect against events that
cause large-scale
macrophyte decline and
lagoon to shift to algal-
dominated state

prevent frequent
spring/summer opening to
enable macrophyte
regeneration (benefit from
low salinity during
germination)

at least two consecutive
years of closed lagoon over
the main vegetation growth



Fish and
aquatic
invertebrate
populations

Indigenous
species
dominance of
coastal lake

Bird

populations

Fringing
wetlands

Value

A diverse population of
freshwater fish is present in
the lagoon system, including
a number of migratory
species (refer above to
taonga species) as well as
marine wanderers such as
kahawai.

Aquatic invertebrates in the
lagoon include benthic and
pelagic species which likely
play important roles in the
lagoon’s food web. Large
invertebrates such as koura
(freshwater crayfish) and
kakahi (freshwater mussel)
are also present in low
numbers near the tributary
inflows.

The flora and fauna of
Waituna Lagoon is
dominated by native species
that are characteristic of
coastal lake ecosystems.

The lagoon and associated
wetlands provides habitat for
a broad range of bird species
including many native and
threatened species,
migratory waterbirds, and
waterfowl.

A diverse native plant
community is present within
the fringing wetlands
surrounding the lagoon.
These wetlands provide
habitat to support
indigenous fauns, including
threatened species.

Impacted by

low water levels resulting in
loss of habitat

elevated salinity when the
lagoon is opened

wave action and sediment
resuspension when the lagoon
is shallow

macroalgae and
phytoplankton proliferation
caused by high nutrient
concentrations

a closed lagoon limits fish
migration

low water levels may reduce or
degrade spawning habitat

an open lagoon reduces food
and habitat for freshwater
species, while providing
habitat for brackish/estuarine
species

poor water quality (including
high nutrients, high turbidity,
low dissolved oxygen and
elevated water temperatures)
negatively impact fish and
invertebrates

extended freshwater phase
may permit invasion by non-
native freshwater pests
(weeds, fish, invertebrates).

extended estuarine phase may
permit invasion by non-native
saltwater pests (weeds, fish,
invertebrates)

an open lagoon reduces
habitat for wetland bird
species and waterfowl in that it
affects optimal feeding depths,
but increases habitat for
waders

a closed lagoon reduces
habitat for migratory wading
birds, while recognising
estuarine habitat for waders is
nearby

persistent low water levels and
very high-water levels can
alter native plant
communities, with some
species/community-types
benefiting at the expense of
others

high water levels may protect
wetland vegetation from
exotic plant invasion

Aims of an opening regime

period to enable Ruppia
development/flowering

e ensure maximum water
levels do not exceed 2.5m
(may cause negative effects
on aquatic/wetland plants
due to light limitation)

e provide a mechanism for
excessive nutrients to be
flushed to the ocean

e reduce the risk of high
salinity during key Ruppia
growing period

e allow for the timing of
opening events to benefit
fish spawning and migration
where possible

e ensure that closures are
sufficient in duration to
provide food and habitat for
multiple species, including
for spawning

e managing openings for
water quality and
macrophytes (incl. Ruppic)
to support
migration/movement of fish
and invertebrate populations

e Allow for openings to disrupt
freshwater pest invasions
that are a significant
biosecurity risk to the
ecological health of Waituna
Lagoon

e provide for water levels that
support wetland birds,
although it is recognised that
differing water levels will
favour different bird species
over others (e.g, waders vs
swimmers, i.e,, different
functional groups)

e provision of habitat for
migratory wading birds

e manage a fluctuating water
regime to support fringing
wetlands, e.g,, oioi, turf
plants

e avoid prolonged periods of
low water levels that de-
water the fringing wetlands

13
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Review of short-term resource consent

In February 2017, a 5-year consent for opening Waituna Lagoon to the sea came into effect
(Appendix A). The consent retained a primary focus on land drainage but included provisions to

open the lagoon to manage for poor water quality (e.g., algal blooms). The consent also established

a higher water level opening threshold during spring-summer months in an effort to avoid
frequent opening events that impact on aquatic macrophytes.

Water level variation

The short term (5-year) consent had specific conditions providing for:

A higher opening threshold in spring-summer (2.2m) in effort to reduce the frequency of
opening events and decrease negative effects on aquatic plants

The ability to open lagoon in spring-summer at 2.0m (not 2.2m) if there had been strong
macrophyte growth in previous 3 years

A lagoon opening threshold of 2.0m in winter (May-September)
A lagoon opening threshold of 1.8m in winter, if it had not been open for 12 months

Emergency opening at >1.5m in the event of prolonged algal blooms or poor water quality.

Water levels in Waituna Lagoon are continuously monitored by Environment Southland at the
Waghorns Road/Bridge site. This is where the water height for lagoon opening threshold is
measured.

Review of the water level variation between September 2015 and February 2022 (Figure 3)
indicates there were six opening events of the lagoon during this period, including five opening
events since the commencement of the 5-year consent (in February 2017).

*

Figure 3. Water levels in Waituna Lagoon for the period September 2015 to February 2022. Asterisks (*)

indicate lagoon openings. Hash (#) indicates where the 2.0m winter opening threshold was
reached, however water levels naturally receded, and the lagoon was not opened.

Between February 2017 and February 2022, where the spring/summer threshold of 2.2m was in
place, only one opening event above 2.0m was avoided and water levels naturally receded (Figure



3). In this instance, the water levels were above 2.0m for several days during the months of July
and August 2017 (Figure 4) so the consent holder was able to open the lagoon in respect of the
consent conditions for winter opening but chose not to.

Figure 4. Water levels in Waituna Lagoon for the period September 2015 to September 2017. Asterisks (*)
indicate lagoon openings. Hash (#) indicates where the 2.0m winter opening threshold was
reached, however water levels naturally receded, and the lagoon was not opened.

Between February 2017 and February 2022, 60% of the opening events (3 of 5) resulted in the
lagoon being opened during the spring/summer period (October 2019, September 2020 and
briefly for four weeks August-September 2021) (Figures 3 and 5). That is, the 2017 changes to the
water level thresholds for lagoon opening were not sufficient to prevent the consent conditions
being triggered and opening events from occurring.

Figure 5. Water levels in Waituna Lagoon for the period September 2019 to January 2022. Green bars ()

indicate when the lagoon was open during spring/summer months.

15
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Since the short-term consent expired in February 2022, the lagoon remained in a closed freshwater
phase, exhibiting only seasonal variation in water levels (Figure 6).

Based on the (expired) short-term consent conditions, the lagoon met the 2.0m winter threshold
for opening in September 2022, July 2023 and September 2023. However, as the consent had
expired, there was no authorisation to open the lagoon and it remained closed for two consecutive
seasons. This prolonged period of closed conditions and ongoing accumulation of nutrients
contributed a sustained phytoplankton growth in 2023 that resulted in a significant algal bloom
during December 2023-January 2024. This algal bloom triggered an emergency opening on 31
January 2024 to disrupt the bloom (Figure 6).

Figure 6. Water levels in Waituna Lagoon for the period February 2022 to February 2024, when the short-
term consent for opening had expired. Circumflex (*) indicates when the winter threshold for
lagoon opening from the expired consent was met. Exclamation mark () indicates emergency
lagoon opening.

Response of lagoon ecosystem

Monitoring of lagoon water quality, the submerged macrophyte population, macroalgae and fish
populations in tributary streams has been undertaken since the early 2000’s. The monitoring data
have been used to evaluate the response of the lagoon ecosystem to open/closed conditions.

Water quality

Waituna Lagoon is affected by high catchment nutrient and fine sediment loads that may lead to
an increase in phytoplankton (measured as chlorophyll-a), increased light attenuation through the
water column and increased deposited fine sediments or benthic mud. High nutrient loads may
also stimulate macroalgae blooms. The 2013 ecological guidelines included lagoon health targets
for total nitrogen (TN), total phosphorus (TP) and chlorophyll-a (chl-a) concentrations within the
water column. These targets were reviewed as part of this technical report.

The Trophic Level Index (TLI) provides an overall measure of water quality based on a combined
assessment of TN, TP, water clarity and chl-a concentrations in Waituna Lagoon. Higher values of
TLI represent a more eutrophic (nutrient enriched) ecosystem. Between 2001 and 2023 the lagoon-
wide trophic status (TLI) has remained fairly stable during both open and closed conditions on an
annual basis (Figure 7), however short-term fluctuations in TLI are known to occur.
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Figure 7. Lagoon-wide trophic status (TLI3) from 2001 to 2023 (annual median) for when the lagoon is open
(top) and closed (bottom). TLI3 is an index that provides an overall measure of water quality
based on a combined assessment of chlorophyll-a, water clarity, total nitrogen and total
phosphorus concentrations.

The shorter-term (monthly) response of TN, TP and chl-a to lagoon opening between 2001 and
2020 is shown in Figure 8a. TN concentrations are typically lower when the lagoon is opened to
the sea. The amount of time TP concentrations exceed critical TP levels is similar for open and
closed conditions. Previous assessment of long-term water quality trends indicate dissolved
reactive phosphorus (DRP), chl-a and turbidity are decreasing over time (when the lagoon is
closed), suggesting an improvement of lagoon water quality (Appendix B, Environment Southland
monitoring 2001-2020). However, this does not necessarily equate to an improvement in
ecosystem health as other nutrient pools (e.g.,, sediment, macroalgae, epiphytes) are not measured.

A more recent assessment of lagoon water quality (Figure 8b, 8c) was reported by de Winton et al.
(2023). The 12-month period January 2022 - January 2023 coincided with a period of prolonged
closed conditions, during this time:

e Chl-a concentrations were low (<0.01 mg/]) without some of the higher peaks (>0.2 mg/1)
observed in 2009, 2012, 2015 and 2018 to 2021.

e TN levels showed similar patterns to previous years with winter peaks.

17
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e TP concentrations were in a lower range <0.05 g/m?.

The lower range of TP may be in response to reduced catchment inflows during 2022 and 2023.
Well-developed aquatic vegetation in 2023 may have also reduced TP (de Winton et a. 2023). An
upward trend of TP was observed over time during closed conditions (Figure 8b) that may be due
to accumulation of riverine inputs, groundwater inputs or internal recycling from lagoon
sediments.

During the summer period December 2023 - January 2024, an algal bloom occurred in the lagoon
that resulted in very high concentrations of phytoplankton (chl-a 0.06 to 0.3 mg/L) dominated by a
potentially toxin producing cyanobacteria (>100 mm?/cm). The algal bloom appeared to be in
response to the high nutrient levels in Waituna Lagoon that had increased steadily during 2023
and warm summer conditions. Water quality monitoring on 10 January 2024 indicated TN was »2
mg/L and TP was >0.150 mg/L. Due to the risk to the ecological health of Waituna Lagoon, an
emergency opening to disrupt the algal bloom was recommended, consistent with the water
quality conditions of the previous short-term consent. Monitoring also showed the increase in
nutrients during the 2021 closure (Appendix C), highlighting the caution needed during
prolonged closed periods.

The closed freshwater phase for 2 consecutive years supported a lagoon-wide recovery of
macrophytes (see macrophyte section below) and phytoplankton levels initially remained
relatively low. However, Figure 8d shows that as the lagoon remained closed for more than two
years phytoplankton levels (chl-a) increased in mid-late 2023 leading to the algal bloom observed
in December 2023. These data indicate prolonged closure (e.g. >2 years) increases the risk of
eutrophication, given the ongoing catchment inputs and nutrient recycling.

The critical water quality thresholds previously defined (LTG 2013) for the lagoon were TP (=
0.045 mg/L), TN (= 1.0 mg/L) and chl-a (= 0.012 mg/L). These thresholds are generally consistent
with the national bottom lines for polymictic lakes and lagoons specified in the National Policy
Statement for Freshwater Management 2020 (MfE 2023) and apply to the closed lagoon state.

Based on recent monitoring and guidance, updated ‘warning’ and ‘critical’ levels for Waituna
Lagoon are suggested (refer Section 6). The levels do not represent the long-term water quality
objectives for the Waituna Freshwater Management Unit, these are addressed as part of the draft
Murihiku Southland Freshwater objectives and upcoming Plan Change Tuatahi. Their purpose is
to provide important guidelines to inform management of opening and closing events.

Overall, the TN, TP and chl-a monitoring indicates Waituna Lagoon remains under threat from
eutrophication and catchment mitigation remains essential to reduce nutrient loads to the lagoon
and to improve its condition.

It is recommended that a future consent would enable the lagoon to be opened should water
quality and ecosystem indicators reach levels of concern, while supporting closed conditions that
promote a restoration gradually towards a more natural hydrological regime for Waituna Lagoon,
within the constraint of contemporary catchment inputs.



Figure 8a.Total nitrogen (TN), total phosphorus (TP) and chlorophyll-a concentrations in Waituna Lagoon
for the period 2001 to 2020.
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Figure 8b. Total nitrogen (TN), total phosphorus (TP) and chlorophyll-a (chl a) concentrations in Waituna
Lagoon between 2009 and 2023. NB data is from the central monitoring site only. Source: de
Winton et al. (2023).

Figure 8c. Total suspended solids (TSS) and turbidity in Waituna Lagoon between 2009 and 2023. NB data is
from the central monitoring site only. Source: de Winton et al. (2023).



Figure 8d.Chlorophyll-a (phytoplankton) concentration in Waituna Lagoon for period September 2019 to
January 2024. Source: Environment Southland.

Submerged macrophytes and macroalgae

Annual monitoring of the status of submerged macrophytes and macroalgae in Waituna Lagoon
is undertaken by NIWA, on behalf of the Department of Conservation (de Winton & Elcock 2021,
de Winton et al. 2023a, 2023b). The monitoring examines whether the lagoon ecosystem is
meeting its objectives in terms of lagoon closure, macrophyte abundance and macroalgae
abundance. Overall, six ecological targets are evaluated for the report (Table 2), including
achieving a lagoon-wide cover of 30-60% for aquatic macrophytes, primarily Ruppia species.

As summarised by NIWA (de Winton & Elcock 2021), the lagoon ecosystem was in a poor state in
2021 following two consecutive years of opening, specifically:

e In 2021, none of the six ecological targets for macrophytes and macroalgae were achieved for
Waituna Lagoon:

- The lagoon was open to the sea over the critical spring-summer period for Ruppia growth
(for >3 months before monitoring) for the second consecutive year and this is likely
responsible for the poor performance of submerged plants in 2021.

- There was a further large reduction in the distribution and abundance (biomass) of
submerged plants (mainly Ruppia species) since reductions were recorded in the 2020
survey.

- Ruppia (and other submerged plants) were not observed in the south-western sector
(approximately half the lagoon area).

- In 2021, results measuring lagoon-wide Ruppia cover, biomass index and Ruppia
reproductive success were only 1/10th of the ecological target.

- Ruppia megacarpa was limited to only three sites, which was one third of the ecological
target.

- Macroalgae development exceeded the maximum acceptable threshold of <10% cover.
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e Based on all six ecological targets:

- 2021 was the third monitoring year the lagoon failed to achieve any targets, with 2013 and
2017 also not meeting any ecological targets.

- Years that achieved only one or no targets were when the target for lagoon closure (closed
>3months before survey) was not met.

- The evidence indicated that having a closed lagoon for at least two consecutive growing
seasons was important for maintaining macrophyte communities.

The implementation of the 5-year consent in 2017 to limit spring-summer openings was only
partly successful. Five of the six ecological targets were achieved in 2018 and 2019 following a
period of closure, however the status of the macrophytes declined again in 2020 and 2021 (de
Winton & Elcock 2021) in response to prolonged opening events. The abundance of macroalgae
remained relatively high in 2020 and 2021 (target was not met), suggesting drivers other than
mouth status (e.g., temperature, sediment and nutrients) are also important.

The increase of the lagoon opening threshold in 2017 to 2.2m during spring/summer, did not
prevent lagoon openings from occurring during the early growing season. Furthermore, the
spring/summer openings in consecutive years (2020 and 2021) negatively impacted Ruppia
populations.

Table 2. Summary of results for macrophyte/macroalgae targets since 2009 (de Winton et al. 2023). A tick
indicates the target has been met, a cross indicates the target has not been met.

Ruppia Ruppia Status of
Lagoon  Ruppia  biomass Macroalgae reproductive  Ruppia Target
Year closure cover index cover success megacarpa met
2009 v X X v X X 2
2010 v X X v X v 3
2011 X X N X X 1
2012 v X X v v X 3
2013 X X X X X X o
2014 X X X v X X 1
2015 v X J X v X 3
e v X X
2017 X X X X X X 0
2020 X X X X X v 1
2021 X X X X X X 0
2022 v X X X X v 2
2023 v v v v v v 6

In contrast, a significant recovery of submerged aquatic plants (Ruppia spp.) occurred in 2022 and
2023, as the lagoon remained in a closed, freshwater state for two consecutive growing seasons (de
Winton et al. 2023).



All ecological targets were met in 2023, the first time this has been achieved since monitoring
began 15 years ago (Table 3). The 2023 monitoring report concluded that:

e Ecological targets for Waituna Lagoon are not met when lagoon openings occur or extend
over late spring to summer.

e Two or more consecutive years of openings during the main vegetation growth period should
be avoided to ensure Ruppia can regenerate successfully.

e At least two consecutive years of a favourable closed lagoon over the main vegetation growth
period enable higher Ruppia development.

e There may be trade-offs between a stable closed lagoon for good Ruppia development and
risk of nutrient build-up fuelling macroalgae and phytoplankton blooms.

e Ecological targets for lagoon-wide Ruppia cover and biomass index are likely to be met when
Ruppia megacarpa is more prevalent, due to its ability to form tall, dense beds.

Table 3. Summary of 2023 results for all ecological targets. Source: de Winton et al. 2023.

Targets
Ecological target met? Comment
Lagoon closure V4 Lagoon had been closed for two consecutive Ruppia growing
g seasons prior to monitoring.
Ruppia cover V4 Lagoon-wide Ruppia cover exceeded the target (>30% cover)
PP and was the highest cover yet monitored.
Ruppia biomass index V4 Ruppia a biomass index exceeded the target (>1000) and was
the highest value yet monitored.
Macroalqae cover v Macroalgae development was within the acceptable threshold
g v of 10% cover.
v The target for reproductive success (=40% of samples
Ruppia reproductive success flowered) was exceeded with reproductive Ruppia at almost
all sites.
v Ruppia megacarpa contributed significantly to lagoon

Status of Ruppia megacarpa vegetation.

The response of aquatic plants following two consecutive years of closed conditions illustrates the
ability of the lagoon ecosystem to recover, as plants re-establish from the seed bank and
vegetative propagules. The ecological guidelines for Waituna Lagoon (LTG 2013) recommended a
minimum target of 30-60% cover-abundance for Ruppia and other macrophytes. Although the
benefits from an abundant macrophyte community are sought, we recognise a potential risk to
lagoon health if adverse conditions (e.g., turbidity event/phytoplankton bloom, sustained high
water level) trigger a rapid, wide-spread macrophyte decline. Impacts on water quality may occur
due to plant decay decreasing dissolved oxygen levels and/or resulting in nutrient release. A
decline in the aquatic plant community was observed in late 2023, prior to the development of the
significant cyanobacterial bloom of early 2024, although the reason for this decline is unknown.
This information highlights the need for a balance between closed lagoon status to promote
periods of freshwater and higher water levels and the need to regularly flush algae and nutrients
out of the system via lagoon openings. The cyanobacterial bloom that occurred in early 2024
suggests that prolonged closures of greater than c. 2.5 years may be detrimental, given the current
nutrient loads to the system.

Fish populations

Waituna Lagoon and its catchment has relatively abundant populations of indigenous and taonga
fish species, including giant kékopu, Tnaka, kanakana, common bullies, shortfin eel, longfin eel,
and flounder. Twelve freshwater fish species (excluding marine wanderers) have been recorded in
the Waituna Lagoon catchment tributaries and within Waituna Lagoon itself. The catchment has
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no known introduced pest fish, with brown trout being the only introduced fish present that
supports a local trout fishery.

Prior to human arrival, Waituna Lagoon experienced periods of prolonged closure that naturally
influenced the composition of the fish community. However, efforts to maintain the ecological
values ought to consider the response of fish populations to the opening regime.

Many of the species found within the Waituna Lagoon catchment are migratory (e.g.,
kanakana/lamprey, Tnanga), meaning that at least one aspect of their life stage requires movement
to and from the sea or brackish water. As such, the timing of lagoon opening to the sea has
substantial impacts on fish populations and the fish community, particularly for at-risk species
(Meijer et al. 2024). On the one hand, fish such as giant kokopu are thought to benefit from some
of the conditions associated with prolonged lagoon closures (especially during summer). On the
other hand, migratory species such as kanakana/lamprey could potentially (temporarily)
disappear from the catchment if the lagoon stayed closed for more than four years. This is because
three to four years is thought to be the period that juvenile kanakana/lamprey typically spend in
freshwater before they must migrate to the sea for spawning.

Stable isotope analysis provides insight into the food resources relied on by Tnanga, giant kokopu,
and tuna (shortfin and longfin eel) at Waituna Lagoon. A very high biomass of large predatory
fishes (e.g., longfin eel) are maintained in Waituna Creek through its connectivity to Waituna
Lagoon. Inanga migrating upstream from the lagoon supported 60-80% of longfin eel and 40-90%
of brown trout biomass over the two years sampled (Stewart et al. 2022). These migratory fish
species often rely on the lagoon for >50% of their food resource and larger fish are particularly
reliant on the lagoon for their diet (Stewart & Holmes 2023). Holmes (2019) examined the
influence of recent (2014-2023) lagoon open and closed periods on the abundance of fish species
in Waituna Creek, observing that:

e both Inanga and kanakana/lamprey abundance in Waituna Creek tends to increase with the
number of days that the lagoon is open to the sea - either during the preceding spring for
inanga or the winter-spring period (three years previous) for lamprey/kanakana.

e Giant bullies also showed a positive (but weaker) correlation with increasing open days
during summer (two years previous).

e No patterns were observed between eel density or biomass and lagoon opening duration.

Recent data from fish monitoring (2020-2023) were consistent with earlier surveys and indicated
that the lagoon opening regime influences the recruitment of inanga and kanakana/lamprey
(Figure 9). The intermittent barrier will influence fish passage, although inanga populations
naturally vary between years in normal river systems and coastal lagoons based on coastal and
river conditions.

Since February 2017, there were regular periods when the lagoon was open during the winter-
spring period, a critical migration period for most ocean migratory species in the Waituna
catchment (Table 4). Although the lagoon was not opened for the specific purpose of facilitating
fish migration, opening events for other reasons will support ocean migratory fish populations,
depending on timing.



Figure 9. Average Inanga and lamprey/kankana density (fish/m?) from all sites during the annual March
fish population sampling in Waituna creek (2014-2023) correlated against the number of days
Waituna Lagoon was open to the sea. From Holmes (2019) and ongoing fish population
monitoring 2020-2023.
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Table 4. Months open per annum (2017-2023) supporting fish migration.

Year Lagoon # Months Supported fish
(July-June) open open Season/s migration
2017-2018 Yes 1 Winter 2018 Yes
2018-2019 Yes 3 Winter-Spring 2018 Yes
2019-2020 Yes 8 Spring-Winter 2019-20 Yes
2020-2021 Yes 6 Spring-Autumn 2020-21 Yes
2021-2022 Yes 2 Winter-Spring 2021 Yes
2022-2023 No o) Closed phase No

It is important to consider the frequency of lagoon openings required to support a healthy and
persistent population of Tnanga in the catchment. When Tnanga migrate into the lagoon and
catchment, they provide an abundant food supply for other species such as giant kékopu, trout
and tuna (Stewart & Holmes 2023), enabling the latter populations to flourish. The life cycle of
inanga is annual (with a very small proportion of fish spawning twice). However, considering other
ecological and cultural values, we recommend that the lagoon is opened during August to October
at least every two years. This would allow a two-yearly pulse of inanga to migrate into the lagoon
and catchment and supply predators, such as longfin eel, with high numbers of forage fish. The
August to October period also coincides with the upstream migration of adult kanakana/lamprey.
Juvenile kanakana/lamprey rear in fresh water for up to four years, and so a limit of a two-year
closed period during the August to October ought to maintain continuous populations of lamprey
within the catchment.

Issues for consideration

Considering the information presented above, and the technical review of the existing consent,
there are five key ecological issues that are considered most important to address in developing
conditions for the long-term management of Waituna Lagoon.

These five issues are:

e Incorporating conditions that aim to reduce the frequency of spring/summer opening events.
Previous 2.0m and 2.2m water level thresholds were not sufficient to prevent such openings.

e Reviewing the mechanisms for lagoon openings to address poor water quality and ecosystem
health concerns.

e Providing lagoon openings to facilitate fish passage, during key migration periods,
particularly if there are prolonged periods when the lagoon is closed.

e Ensuring the proposed lagoon opening regime considers the benefits/risks to all ecological
and cultural values, including recreational values and risk to surrounding wetlands.

e Consideration of the potential impacts of the opening regime on land drainage.
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Table 5. Summary of threshold level considerations

Maximum
level
Value/Driver (mASL) Details
Preventing spring/summer openings 2.5 Summer openings stress macrophytes and favour
during ‘years of concern’ to enable macroalgae. Ruppia benefits from closure and low
macrophyte regeneration. salinity during key growth stage (spring/summer).
Allowing the timing of opening events to na Issues for fish include timing of events and the
benefit fish spawning and migration where maximum water level.
possible.
Managing a fluctuating water regime to 2.5 LiDAR elevation models indicate that most wetland
support fringing wetlands - e.g., Oioj, turf vegetation will be inundated when lagoon levels are
plants. ~2.3m. Irregular inundation at higher levels is
positive for these systems.
Providing a mechanism for excessive >1.8* Flushing of nutrients can occur when there is
nutrients to be flushed to the ocean. sufficient hydraulic gradient. The higher the water
level, the better the flushing when opened.
Providing a mechanism to disrupt a >1.5 Ecological guidelines suggested that if needed an
prolonged algal bloom. opening could occur at 1.5m to disrupt a prolonged
algal bloom. A minimum height is needed for a
mechanically effective opening, not a maximum.
Ensuring maximum water levels do not 2.0** Light limitation is likely to have an impact on
cause negative effects on aquatic/wetland submerged vegetation in deeper parts of the
plants (e.g,, light limitation). lagoon. Prolonged inundation (>20 days per annum)
at higher water levels (e.g,, >2.3m) may limit
productivity.
Recommendation 2.5 mASL

Notes: * Flushing of nutrients may be feasible at lower levels if there is sufficient hydraulic gradient. **Because the gravel
barrier is leaky, prolonged events (e.g. ~ 2.3m) may be unlikely. Unknown potential positive effect of raised water
level on sediment resuspension/turbidity and light penetration.

The proposed 2.5m opening threshold is based on the following assumptions:

e that increasing the opening threshold level to 2.5m will reduce the frequency of opening
events,

e the duration of high-water levels will be limited (e.g., less than 20 days above 2.3m), and
therefore periods of light limitation on submerged plants and inundation of ex-farmed soils
will be minimal

e that opening events will still occur to support fish passage and ecological and cultural values
that benefit from open lagoon conditions

To test these assumptions, the hydrological model of Waituna Lagoon developed by Chris
Jenkins (Team Leader Hydrological Response, Environment Southland) was applied. This model
uses a ~50 year hydrological record to predict the number and duration of water level events
exceeding specified levels.

A series of opening scenarios were examined by the model, including a base scenario (short-term
consent conditions), lagoon opening at 2.5m and other permutations to provide for fish passage.
The specific scenarios assessed were:

e Previous consent: open when level is at 2.0 m for the period May - 19 September, and open
when level is at 2.2 m for the period 20 September - 30 April

e Scenario 1: open when level is at 2.2 m or above for 7 consecutive days
e Scenario A: open when level is at 2.5 m or above for 7 consecutive days

e Scenario B: open when level is 2.5 m or above for 7 consecutive days or, if no opening
occurred in the previous year, open if the level exceeds 1.5 m (for fish passage)



e Scenario C: open when level is 2.5 m or above for 7 consecutive days or, if no opening
occurred in the previous 2 years, open if the level exceeds 1.5 m (for fish passage)

e Scenario D: open when level is 2.5m for 1 day for the period 1 September to 30 April, and open
when level is 2.3m for 7 consecutive days for the period of 1 May to 30 August or, if no
opening occurred in the previous 2 years, open if the level exceeds 2 m (for fish passage)

A summary of the model results is presented in Table 6. In broad terms, the analysis indicates that
under the short-term (5-year) consent conditions (2.0m/2.2m) lagoon openings are likely to occur
about once every year (1.07 openings/year). If the opening threshold were raised to 2.2m (Scenario
1) for the entire year, opening events would occur with a slightly lower frequency (0.85
openings/year). Whereas, if a threshold level of 2.5m were applied (Scenario A), this would result
in lagoon openings decreasing substantially in frequency (0.42 openings/year).

The less frequent openings under Scenario A will support the Ruppia-dominated plant community
and the ecological function of the coastal lake ecosystem, as it has been previously shown that
macrophyte species are adversely affected when the lagoon is open over spring/summer. Scenario
A provides for closed lagoon conditions for two consecutive years which is important for Ruppia
growth, reproduction and development. Under Scenario A, spring/summer openings are likely to
occur almost half as frequently as they did under the short-term consent (0.14 vs 0.24
openings/year).

Scenario A would result in approximately 45 more days per year when water level is above 2.0 m
relative to the current situation. Scenario A would result in 5.8 days above 2.4m per year, compared
to 0.4 days for the current consent, indicating that the duration of high-water levels will remain
limited. This indicates that periods of prolonged light limitation on submerged aquatic plants and
macroalgae would not be expected to occur if the opening threshold level were raised to 2.5m.

Table 6. Opening scenarios and probabilities of the lagoon opening and for how long based on historic
data (modified table supplied by Chris Jenkins, Environment Southland, December 2023).

Scenario
Short term
Summary statistics Consent 1 A B C D
Average Openings per Year 1.07 0.85 0.42 0.79 0.55 0.67
A . i
verage Num Openings 1 Sep 024 033 014 025 017 0.5

to 30 April
Annual average days above 101 232 5548 3642 4916 36.23
2.0m
Annual average total events of

1.31 179 2.11 1.59 1.93 1.93
2.0m
Average duration of events

8.9 21.41 53.37 34.84 47.23 18.75
above 2.0m (days)
Annual average days above

2.01 4.61 24.18 15.11 21.24 1172
2.2m
Annual average total events of

0.62 0.95 1.59 1.04 1.37 1.23
2.2m
Average duration of events

1. .66 22.6 14.06 19.88 .
above 2.2m (days) 39 3 4 9 9-54
A 1 d b

nnual average days above 038 069 578 403 498 166

2.4m
Annual average total events of

0.1 0.18 0.78 0.54 0.67 0.44
2.4m
Average duration of events

0.28 0.51 5 3.49 4.3 375

above 2.4m (days)
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Based on this, it is recommended that the general conditions for lagoon opening be amended to:
Lagoon Opening - general opening for ecological health and cultural values.

4.(a)  Regardless of the time of the year, the lagoon may be opened to the sea when the water level
in the lagoon reaches 2.5 metres, as measured on the Waghorn’s Road bridge gauge board,
and remains at or above that level for 7 days continuously.

Note: the proposed transitional regime for lagoon opening is described in section 6.7.

Lagoon opening to promote fish passage

Setting a single threshold level of 2.5m may not appropriately provide for all key ecological and
cultural values of Waituna Lagoon. In particular, while Scenario A (2.5m) supports the long-term
management of the macrophyte community and the natural functioning of the coastal lake
ecosystem, it may not adequately support the migration of indigenous and taonga fish species.
Consequently, further details around the opening conditions (triggers) are recommended.

Based on knowledge of lifecycles of indigenous and taonga fish species in Waituna Lagoon, the
key months for upstream and downstream migration were identified to show when lagoon
openings would benefit multiple fish species and life-stages (Table 7). There are key times of the
year, such as August-October, when an open lagoon would support the migration and recruitment
of several fish species. Enabling opening events to promote upstream migration of threatened and
at-risk fish species, particularly kanakana/lamprey (which is Nationally Vulnerable) and inanga
(as a primary food resource) is particularly important.

Table 7. Downstream and upstream migration periods for native fish in the Waituna Catchment (from

Smith 2014).

Common name

Shortfin eel (glass eel)
Longfin eel (glass eel)
Giant kokopu

Banded kokopu
Inanga
Kanakana/lamprey
Common bully

Giant bully

Redfin bully

Common smelt

Black flounder

Upstream migration

period

July-December
August-January
October-January
August-January

May-December

May-December
December-April
December-April
November-April

August-December

September-December

Peak upstream
migration period

August-November
September-December
November
September-November
August
August-October
December-April
December-April
November-April
September-November

December-December

Downstream migration
period

March-September
February-July
?
March-July
March-September
March-September
September-January
September-December
September-December
November-May

November-May

To examine whether it would be possible to reduce the frequency of spring/summer openings and
provide for fish passage, two scenarios were examined through hydrological modelling. These
scenarios considered an opening threshold of 2.5 m together with an option to open for fish
passage if no opening had occurred in the previous 12 (Scenario B) or 24 months (Scenario C):

e Scenario B: open when level is 2.5 m or above for 7 consecutive days or, if no opening
occurred in the previous year, open if the level exceeds 1.5 m (for fish passage).
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e Scenario C: Open when level is 2.5 m or above for 7 consecutive days or, if no opening
occurred in the previous 2 years, open if the level exceeds 1.5 m (for fish passage).

As would be anticipated, Scenario B (open for fish passage after 12 months) results in a greater
average number of spring/summer openings per year (0.25 openings/year) relative to Scenario A
(0.14 spring/summer openings per year). Therefore, Scenario B would favour fish migration but
would likely have detrimental effects on the macrophyte community and natural lake ecosystem
function due to the higher frequency of spring/summer lagoon opening.

Under Scenario C (open for fish passage after 24 months) there would be 0.17 spring/summer
opening events per year - about the same frequency as Scenario A (0.14). Note that the average
number of days when water levels are above 2.0m and average duration of events are broadly
similar for Scenario A (2.5m only) and Scenario C (2.5m and fish passage).

The preferred opening regime to benefit the migration of fish species and the overall health of the
coastal lake ecosystem is Scenario C (2.5m; open for fish passage after 24 months).

It is recommended to include specific conditions for fish passage as follows:

Lagoon Opening for the purpose of providing fish passage

Z.  (a) Thelagoon may be opened to the sea to provide for passage for diadromous fish species
when the water level in the lagoon is able to facilitate an opening, during the period 1
April to 30 November, provided that:

The lagoon has not been opened in the previous 24 months, or

If the lagoon was opened during the past 24 months, where the timing of the open period
did not support upstream migration of threatened or at-risk fish species, and

The Technical Advisory Group has considered the lagoon water quality and ecosystem
health indicators listed in Appendix 1A and Appendix 24, and any other relevant
scientific information, and has advised the consent holder and Consent Authority (in
writing) that opening the lagoon to the sea is recommended to enable fish passage.

While lagoon opening every three years would have the least potential for spring/summer
openings that adversely affect the Ruppia-dominated macrophyte community, the 2-yearly cycle is
proposed to ensure life-cycles of important migratory fish and taonga species are protected,
including Tnanga and kanakana/lamprey, while minimising openings in spring/summer. In
addition, a provision has been included if lagoon opening events for other reasons (e.g. water
quality) do not adequately support upstream migration for threatened and at-risk fish species. The
2-yearly opening frequency is also anticipated to mitigate poor water quality (see Section 5.2).

Ongoing monitoring of the status of fish populations, macrophytes, cyanobacteria, and
macroalgae will be critical. If monitoring indicates fish populations decline substantially, or if fish
populations are doing better than expected under prolonged lagoon closures, then the conditions
regarding opening for fish passage can be reviewed accordingly.

Lagoon opening to manage water quality or biosecurity risk

Environment Southland water quality monitoring and NIWA macrophyte monitoring (de Winton
2019, de Winton and Elcock 2021, de Winton et.al. 2023) show the lagoon can be subject to periodic
algal blooms.

Revised warning and critical water quality levels for Waituna Lagoon are presented in Appendix 1
and Appendix 2 below. Water quality monitoring indicates that chlorophyll-a concentrations
exceeded the warning trigger level (0.012 mg/L) and critical trigger level (0.06 mg/L) when the
lagoon was closed as well as during open conditions, although less frequently. For persistent algal
blooms, opening the lagoon to the sea provides a valuable mechanism to disrupt the bloom and
reduce chlorophyll-a concentrations.
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Retaining conditions for emergency opening of the lagoon to disrupt phytoplankton and
cyanobacteria blooms remains important, as highlighted by the January 2024 cyanobacterial
bloom, and considering the complex nature of water quality and algal interactions. The previous
consent did not specifically include ‘cyanobacteria’ as a primary trigger for water quality and it is
recommended this is amended in Appendix 1A because of the threat to human and ecological
health as well as to wildlife, directly.

In addition to water quality, opening events may be a useful mechanism to address significant
biosecurity risks, such as the incursion of a new unwanted organism that is requiring a regionally
or nationally coordinated biosecurity response (e.g. Gold Clam). Opening events may alter salinity
or available habitat and, as such, provide a tool to protect the lagoon ecosystem. It is therefore
proposed to include an option for lagoon opening to mitigate a significant biosecurity risk.

It is recommended to amend the conditions for water quality or biosecurity risk as follows:

Lagoon Opening in the case of poor water quality or biosecurity
events

6. (a) Thelagoon may be opened to the sea at any time of the year when water level in the
lagoon is able to facilitate an opening, provided that:

(i) One or both primary water quality and ecosystem health indicators set out in
Appendix 1A has reached its Critical Indicator Level, and

(i) A Technical Advisory Group has considered the Primary Indicators in Appendix
1A, and any other relevant scientific information, including additional indicators of
Ecosystem Health set out in Appendix 2A, and has recommended in writing that
opening the lagoon to the sea is necessary to disrupt an actual or probable algal
bloom, or biosecurity risk, in order to avoid a significant adverse ecological effect
on the lagoon.



Appendix 1A: Primary and Secondary Indicators Levels for Waituna Lagoon

PRIMARY
indicators

Interpretation

Appendix 2A:

SECONDARY
indicators

Water quality, biosecurity or ecosystem
health indicator

Chlorophyll-a (a sustained visible algal bloom*
over a period of 14 days or longer)

Cyanobacteria

Bottom water dissolved oxygen concentration

Incursion of a new non-native species that is a
significant biosecurity risk

* A “visible algal bloom” shall be identified by:

Warning indicator level

0.012 - 0.06 mg/L

Biovolume great than 5mm?/L (and more than

50% of phytoplankton biovolume present as toxic

or potentially toxic cyanobacteria
<2and = 0.5 mg/L

Incursion of worrisome species but low risk of
proliferation

Critical indicator level

= 0.06 mg/L

Biovolume greater than 10mm?/L (and more than 80% of
phytoplankton biovolume present as toxic or potentially
toxic cyanobacteria)

<0.5mg/L

High risk species incursion (eDNA or positive sighting or
capture of new non-native species)

(1) A chlorophyll-a concentration and/or (ii) An observations by an appropriately qualified and experienced person. These observations shall include the location
and approximate extent and intensity of the visible algal bloom on each day of observation.

Water quality or
ecosystem health indicator

Total phosphorus concentration
Total nitrogen concentration

Water clarity (Secchi disc depth)
Nuisance epiphytes or benthic algae**
Macrophytes**

Ruppia megacarpa™

Diadromous fish (inanga, lamprey/kanakana,
eel/tuna) density (Waituna Creek)

Toxins/pathogens

** Based on the results from annual surveys undertaken in late summer.
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= 0.05 and < 0.1 mg/L

= 0.75 and < 1.5 mg/L

=Zo05mand<1lm

>10% cover

<30% lagoon wide cover abundance
Present at <20% of lagoon monitoring sites

Declines in diadromous fish populations
(density and/or biomass)

Cyanotoxin producing genes in cyanobacteria
present, but no cyanotoxins detected.
Prolonged level of E. coli >260 cfu/100ml and
not human source

Critical indicator level

= 0.1 mg/L
= 1.5mg/L

<0.5m

>30% cover

<20% lagoon wide cover abundance

Present at <10% of lagoon monitoring sites
Substantial declines in diadromous fish populations

(density and/or biomass)

Cyanotoxins detected across lagoon
E. coli prolonged level above 1200 cfu/100ml
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Integrated assessment of ecological and cultural values

The development of proposed conditions for lagoon opening was based on a subset of the
ecological and cultural values of Waituna Lagoon, specifically: submerged macrophytes,
fish/taonga species populations and water quality.

There may be concerns that the proposed regime will have negative consequences on other values
at Waituna Lagoon, such as the fringing wetlands and bird populations. An integrated assessment
of the predicted impact of the proposed changes to lagoon opening on all key values is
summarised in Table 8. Overall, the proposed conditions (Scenario C) will have a beneficial
impact, although for some values the proposed conditions will likely be neutral (bird populations,
water quality). It is not predicted that significant negative effects on the coastal ecosystem will
occur due to dilution. For further information on bird populations refer to section 7.3.

Table 8.

Value

Taonga species

Cultural
significance

Water quality

Submerged

macrophytes

Fish and
invertebrate
populations

Bird

populations
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Impact of previous
consent conditions

Does not specifically
provide for fish passage for
taonga species.

Opening events may or
may not align with key
migratory periods

Frequent opening events
(>1x/year) not aligned with
restoring ecosystem to
more natural regime

Included provision for
emergency opening to
disrupt phytoplankton
bloom

Spring/summer openings
led to regular decline in
abundance of submerged
macrophytes

Does not specifically
provide for fish passage.
Opening events may or
may not align with key
migratory periods. Kdura
and kakahi habitat maybe
limited with lower lagoon
levels and more frequent
saline conditions.

Conditions provide for both
open and closed lagoon
conditions that support
broad range of bird species.

Predicted impact of
recommended conditions

(Scenario C)

Specific provisions for fish
migration.

Increased focus on monitoring

Conditions specifically target a
transition to a more natural state
(longer freshwater phase)

Conditions for emergency opening
retained in case of poor water
quality. Lagoon flushing will still
occur (given conditions for fish
passage)

Conditions specifically target
improved management of
macrophytes due to higher (2.5m)
opening threshold

Specific provisions for fish
migration.

Increased focus on monitoring

Koura and kakahi may benefit from
increased habitat from higher
lagoon levels and less frequent
openings and lower salinity

Conditions provide for both open
and closed lagoon conditions that
support broad range of bird
species. Longer freshwater phase
will benefit threatened species
(bittern) and waterfowl (incl.

ducks). A reduction in the estuarine

phase is not considered to have a
significant impact on the bird
species that favour an open lagoon
due to the availability of other
estuarine habitats in the area (e.g,

Multi-value assessment of the predicted impact of recommended conditions

Predicted change
in value due to
proposed conditions

Improvement/Neutral

Improvement

Neutral

Improvement

Improvement

Neutral
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Predicted impact of Predicted change
Impact of previous recommended conditions in value due to
Value consent conditions (Scenario C) proposed conditions

New River estuary, Awarua Bay,
Fortrose estuary)

Fringing Lack of high (>2.2m) water Conditions provide for greater Improvement
Wetlands levels promoted more water level fluctuation to support
exotic weed species. fringing native plant communities,
Frequent draining of e.g. oioi, turf plants. Avoids
fringing wetlands. prolonged periods of lower water
levels that dewaters fringing
wetlands. .

In terms of the cultural significance of Waituna Lagoon (which incorporates the aesthetic appeal,
mahinga kai, safety of access, identity, naturalness, and connection to landscape and human
health), the overall purpose of proposed new conditions (Scenario C) is to return the lagoon to as
natural a state as possible within the constraints of elevated catchment nutrient and sediment
loads. The predicted impact on the lagoon’s cultural values is, therefore, also expected to be
positive, while taking a holistic approach that considers the opportunities to enhance fish
passage/mahinga kai and to improve water quality.

Proposed transition regime: technical feedback

Consultation with stakeholders occurred during 2022 and 2023. The focal point of discussions was
the proposed maximum water level (2.5 m ASL), the duration of time above the water level
threshold prior to lagoon opening and allowing for a transition period to the proposed opening
regime. The consultation resulted in a transitional regime for lagoon opening that was agreed in
principle. Specifically,

Lagoon Opening - transitional regime
(a) for the first five years from the grant of consent (years 1-5), being to [day month year]:

(i) summer openings (1 September to 30 April) may occur if water levels are at or above
2.5m for 24 consecutive hours; and

(ii) winter openings (1 May to 30 August) may occur if water levels are at or above 2.3m
for seven consecutive days;

(b) for the next ten years of the consent (years 6-15), being from [day month year] to [day
month year], openings may occur if water levels are at or above 2.5m for three consecutive
days; and

(c) forthe final five years of the consent (years 16-20), being from [day month year] to [day
month year] openings may occur if water levels are at or above 2.5m for seven days.

The long-term objective for Waituna Lagoon is for opening events to maintain and enhance
multiple ecological and cultural outcomes, by enabling more natural functioning of the lagoon.
The transitional regime, initially provides a lower winter opening threshold (2.3m) and a shorter
time period prior to opening (between 1-3 days) that we understand will allow residual areas of
agricultural land to transition, while recognising the vulnerability of the lagoon ecosystem.

Managing the lagoon at higher levels over time (2.5m) will support ecosystem recovery by
promoting two consecutive growing seasons for submerged aquatic plants, enabling inundation of
fringing wetlands and providing a diversity of habitats for water birds and fish.

The implications of applying the transition regime were examined in Scenario D of the
hydrological model for Waituna Lagoon (Table 6). The transition regime is anticipated to result in
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more frequent openings per year (0.66) compared to the proposed regime (0.55; )

that the transition provides a positive step
to enhancing the ecosystem health of Waituna Lagoon. It was noted that ecological and cultural
values remain at risk and would benefit from immediate application of the long-term regime
(Scenario C). Maintaining water quality and fish passage provisions remain important during the
transition period.

Proposed location for opening events

The location of opening events is an important consideration, taking into account the potential
positive or adverse effects on ecological and cultural values, water quality management and fish
passage. Logistical, cost and hydrological feasibility of an opening may also be considered;
however, this technical assessment is focused on implications for lagoon health.

The previous short-term consent for lagoon opening provided the following conditions:

1. This consent authorises the opening of the Waituna Lagoon to the sea through the gravel barrier
at either:

(a) Walker’s Bay between NZTM 1,262,340F 4,831,360 N and 1,261,460F 4,831,000N; or
(b) Hansen’s Bay, between NZTM 1,265,305E 4,832,570N and 1,265,405E 4,832,605N

2. Except as specified in Condition 6, the openings authorised by this resource consent shall be at
the Walker’s Bay site specified in Condition 1(a).

(i) Openings under Condition 6 may be at either the Walker’s Bay or the Hansen’s Bay sites,
dependent upon the recommendation of the technical advisory group as described in Condition

6(b).

The commonly used site for lagoon opening for at least the past 20 years has been Walker’s Bay,
except for one opening that occurred at Hansen’s Bay and the opening in the summer of 2024 at
‘the Fence’ near the eastern end of the Lagoon.

The environmental factors that should be considered when determining opening location are:
- I



