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Salt Ecology Short Report 048. Prepared by Keryn Roberts for Marlborough District Council, June 2024

OVERVIEW

In 2001, Marlborough District  Council (MDC)
commenced State of the Environment monitoring in
Havelock Estuary (~800ha; hereafter Havelock) to
establish a broad-scale baseline record of intertidal
substrate and vegetation (Robertson et al. 2002). A
review of the MDC estuary monitoring programme in
2022, designated Havelock a Tier 1 monitoring site
requiring ~5-yearly broad-scale monitoring. The March
2024 survey represents a repeat broad-scale survey,
with outputs limited to provision of data, and a short
report (presented here) summarising broad-scale
results and any key changes since previous surveys in
2001, 2014 and 2019.
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Fig. 1. Havelock Estuary, Marlborough.

METHODS

Broad scale mapping of dominant intertidal substrates
(subjectively classified) and vegetation types (e.g.
seagrass, salt marsh, macroalgae) was undertaken on
11-12 March 2024 using National Estuary Monitoring
Protocol (NEMP) methods (Robertson et al. 2002), and
refinements by Salt Ecology (Stevens et al. 2023).
Temporal changes in the spatial extent and location of
features are used to track changes in estuary condition.

The approach combined the use of imagery, detailed
field ground-truthing, and post-field digital mapping
using GIS technology. Three imagery sources were
used: December 2018 (30cm/pixel) and January 2024
(7.5cm/pixel) colour aerial imagery sourced from LINZ
Data Service, and January 2023 (50cm/pixel) satellite
imagery sourced from Apollo Mapping. QA/QC
procedures applied through the phases of field data
collection, digitising, and GIS data processing are
described in Stevens et al. (2023).

For vegetation, dominant species and, where
applicable, percent cover were recorded. In addition, for
macroalgae, field data collection included wet-weighing
macroalgal biomass to enable calculation of
Opportunistic  Macroalgal Blooming Tool (OMBT)
scores. Results are assessed against established or
developing estuarine health metrics (Table 1).

GIS layers for 2001, 2014 and 2019 were also QA/QC
checked. Previous surveys did not map some features
(i.e., margin or substrate underneath salt marsh in 2002
and 2014) and, in 2019, digitising errors, incomplete or
missing data, and inconsistencies with validation results
have prevented its use in any temporal comparisons.

Table 1. Indicators used to assess results in the current report.

Indicator Unit Very good Good Fair _
Mapped indicators

200m terrestrial margin' % densely vegetated > 80 to 100 > 5010 80 > 251050 <25
Mud-elevated substrate® % AIH of 25-100% mud <1 1105 > 51015 > 15
Macroalgae (OMBT)%* Ecological Quality Rating >08t010  =06t0<08 >04t0<06 00to<04
Seagrass' % decrease from baseline <5 >51t010 >10to 20 > 20

Salt marsh extent (current)’ % of intertidal area > 20 > 10 to 20 >51t010 0to5
Historical salt marsh extent"> % historical remaining > 80 to 100 > 60 to 80 > 40 to 60 < 40

High Enrichment Conditions’®  ha <05 >05t05 > 51020 > 20

High Enrichment Conditions’® % AIH < >1t05 > 51010 > 10

'General guidance as used in SOE reports for council(s) since 2007; ?Ratings derived from Estuary Trophic Index (see references in Stevens et al.
2023); *Mud-elevated substrate modified from Estuary Trophic Index to apply to the intertidal area excluding salt marsh, not the whole estuary
area; “OMBT = Opportunistic Macroalgal Blooming Tool (see method references in Stevens et al. 2023); *Estimated from historic aerial
imagery; ¢The final condition rating is based on the worst of the two High Enrichment Condition (HEC) scores.
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BACKGROUND

The estuary catchment is dominated in the middle and
upper reaches by indigenous forest (65.8%), while the
lower catchment is predominantly exotic forestry (13.1%)
and pasture (12.3%). The small settlement of Havelock
represents the gateway to the Pelorus Sound and is
located on the estuary margin, with a large marina built
following reclamation of part of the estuary (see images
below). Low gradient land toward the heads of the
Pelorus and Kaituna Arms support extensive salt marsh
that is significant in a regional context. Elsewhere, much
of the southern margin, and the southwest margin of
Kaituna Arm, is hardened for infrastructure and roading
protection, or is naturally steep.

There are two main freshwater inputs into Havelock, the
Pelorus River (flow ~38 m?/s) and Kaituna River (~6
m?3/s; CLUES 10.8). Previous studies have documented
the transport of large volumes of sediment from these
rivers during high flow events (Urlich and Handley 2020;
Swales et al. 2021). Land uses that are known sources of
sediment (i.e, pasture and exotic forestry), steep
topography and highly erodible clay soils lead to high
catchment sediment loads (Urlich and Handley 2020).
Further historic land clearance and modification of river
channels have also resulted in excess sediments (e.qg.,
bank erosion). These factors have led to a significant
increase in fine sediment deposition in the estuary with
pre-human sedimentation rates estimated to be 0.2 to
0.3mm/y an order of magnitude lower than
contemporary estimates of 2.2 to 3.6mm/y (Swales et al.
2021), which exceed the ANZECC default guideline
value of 2mm/y.

While the historical extent of the salt marsh has not been
formally determined, imagery from 1957 shows the

marina resulted in significant reclamation in the Kaituna
Arm (see photos below). Paradoxically, there was an
increase in salt marsh extent between 1957 and 2004
following the introduction of the invasive weed Spartina
sp. (see 2002 photo; Table 2). However, after a
successful eradication programme by the Department
of Conservation and MDC in the early 2000s, only a few
remnant root beds of dead Spartina sp. plants remain.

KEY FINDINGS

A summary of the 2024 results is provided below and in
Fig. 2 and Table 2. Supporting GIS files, spreadsheet
summaries, and maps have been supplied to MDC,
along with QA/QC checked data from 2002, 2014 and
2019.

In 2024, 189ha of salt marsh was recorded in Havelock,
a condition rating of ‘very good’ (Table 2). Rushland
Uuncus kraussii and  Apodasmia similis) was the
dominant salt marsh class with smaller areas of herbfield
(Samolus  repens), estuarine shrub  (Plagianthus

divaricatus) and reedland (raupd). Mud-elevated (>25%
mud) sediments comprised 97% of salt marsh substrate,
consistent with salt marsh’s ability to trap fine sediments.

Aerial imagery from Kaituna Arm in 1957 (left) showing rushland extent prior to the marina reclamation; in 2002 (middle) showing the marina
reclamation and extensive beds of Spartina sp. on the seward edge of rushland; 2024 (right) showing present day reclamation, eradication of
Spartina sp. and remaining rushland. Imagery sourced from MDC Smart Maps — Historic Aerial Photos.
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The effects of elevated sediment inputs are also evident
on the tidal flats with mud-elevated (>25% mud)
sediments present over ~71% of the available intertidal
area (i.e., AlH; area outside of salt marsh; Table 2), a
condition rating of ‘poor’.

Mud-elevated (>25% mud) sediments in the Kaituna Arm (left) and
central flats of the Pelorus Arm (right).

Pacific oysters, an invasive species, have been observed
in all three broad-scale surveys between 2002 and 2024.
In some areas they have a patchy distribution, however
the main beds on the central flats have remained
relatively stable over time. A decrease recorded in
spatial extent between 2014 and 2024 (from 20ha to
14ha) likely reflects improvement in mapping resolution
with higher resolution photos available in 2024.

Pacific oyster beds growing in mud-elevated (>25% mud) sediments
on the central flats looking toward Havelock township.

Concerningly, in March 2024, seagrass habitat had
significantly declined in both spatial extent and cover
(density), representing a condition rating of ‘poor’
(Table 2). Since 2014, ~21 hectares of seagrass have
been lost, with only 1.1 hectares remaining in 2024 (Fig.
2). Of this, 97% had less than 50% cover. The most
significant losses were near the estuary entrance, where
previously dense beds were now sparse and
fragmented, showing signs of stress from sediment
deposition, epiphytic growth, and smothering by
macroalgae (see photos). Sediment stress on seagrass
beds was noted in 2014 (Stevens & Robertson 2014).
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Direct smothering by sediment or macroalgae appears
to be the most likely cause of seagrass loss in Havelock,
with poor water clarity and scouring following flood
events likely contributing to further losses.

Fragmented seagrass bed with sparse cover and fine sediment
deposition on the surface, footprints represent bed margin.

Fragmented seagrass bed growing in firm muddy sand in the lower
estuary, toward the entrance.

Macroalgae is a natural feature of estuaries, however if
it reaches nuisance levels, usually as a consequence of
elevated nutrient inputs, it can lead to deterioration of
the underlying sediments. Macroalgae was scarce in
2002 but widespread (24% of the AlH) in 2014. Between
2014 and 2024 there was a reduction in macroalgal
extent from 24% to 10% of the AIH, and a resultant
improvement in the OMBT score (Table 2). The most
significant reductions have occurred in the Kaituna Arm,
where in 2014 macroalgal growths were concentrated
among decaying Spartina beds. Spartina root beds and
associated macroalgal growth were almost completely
absent in 2024.
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While macroalgae was not extensive in 2024, small
areas of High Enrichment Conditions (HEC; i.e., poor
sediment condition associated with macroalgal decay)
were recorded on the seaward edge of salt marsh on
the central flats and toward the estuary entrance. These
areas appear to be where Ulva sp., Gracilaria sp. and
other organic debris had been deposited and was
decomposing.

Area of HEC caused by decomposing macroalgae.

The low expression of nutrient-driven macroalgal
problems in Havelock contradicts the modelled
nitrogen load of 149mg-TN/m?/d, which exceeds the
~100mg-TN/m?/d  threshold at which nuisance
macroalgae problems are predicted to occur in
intertidally-dominated estuaries (Robertson et al. 2017).
This may be because catchment nutrients are diluted by
the hydrodynamics within the wider Pelorus Sound. It is
also possible that, like seagrass, macroalgal growth is
limited by reduced light availability due to resuspension
of fine sediments leading to poor water clarity, sediment
smothering, and flood scouring.

Table 2. Summary of broad scale indicator condition ratings.

SUMMARY

Havelock retains a large area of high-value salt marsh
habitat that is significant in a regional context. The large
extent of mud-elevated (>25%) sediments and ongoing
fine sediment deposition are the most significant issues
in Havelock and the likely the cause of recent seagrass
losses. While catchment nutrient loads could support
macroalgal growth, it is possible that dilution and/or
light limitation (i.e., poor water clarity) limit growth.
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Broadscale Indicators Unit 2002 2014 2024
Estuary areas

Total estuary area Ha 783.6 798.4 804.8
Available Intertidal Habitat (AIH)'  Ha 320.6 360.9 350.5
Subtidal Area Ha 2249 236.0 265.2

Mapped indicators
200m terrestrial margin
Mud-elevated substrate

% densely vegetated
% AIH" of 25-100% mud

Macroalgae (OMBT?) Ecological Quality Rating (EQR) 0.561
Seagrass (1-100%) % AlH' nd* 6.0 0.3
Seagrass (>50% cover) % AlH' nd* 4.2 0.01

Seagrass (>50% cover)

Salt marsh extent (current)
Historical salt marsh extent®
High Enrichment Conditions ha

High Enrichment Conditions % of AlH'

% of intertidal area

% decrease from baseline

% of historical remaining

baseline

TAIH = intertidal area excluding salt marsh; °OMBT = Opportunistic Macroalgal Blooming Tool; *Estimated from historic aerial imagery and
modification observed during field visits; “Estimated 120ha of salt marsh loss from the Kaituna Arm (Stevens & Robertson 2014).

*Aerial imagery from 2002 shows large areas of seagrass that were not captured in the 2002 mapping, hence for clarity in this report it has been
presented as no data (nd) and 2014 used as the baseline. The original 2002 data can be viewed in the electronic output.
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