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Qualifications and experience

1.

My full name is Kathryn (Kate) Jane McArthur. | am an independent
freshwater ecologist and water quality scientist based in Kahuterawa near
Palmerston North. My qualifications and experience are set out in my
evidence in chief dated 8 October 2025.

Code of conduct for expert witnesses

2.

I confirm | have read the Code of Conduct for expert withesses contained
in the Environment Court of New Zealand Practice Note 2023 and that |
have complied with it when preparing my evidence. Other than when | state
| am relying on the advice of another person; this evidence is within my area
of expertise. | have not omitted to consider material facts known to me that
might alter or detract from the opinions that | express.

As a member of the New Zealand Freshwater Sciences Society, a
constituent organisation of the Royal Society of New Zealand - Te Aparangi,
| am also bound by the Royal Society of New Zealand Code of Professional
Standards and Ethics in Science, Technology, and the Humanities.!

Scope of evidence

4.

I have been asked by the Royal Forest and Bird Protection Society of New
Zealand (Forest and Bird) to prepare a brief supplementary statement
responding to the rebuttal evidence of Mr Norton. | have attached two
publications referenced in this statement;

(@) Attachment 1 — Stark JD, Maxted JR 2007. A user guide for the
Macroinvertebrate Community Index. Prepared for the Ministry for the
Environment. Cawthron Report N0.1166. 58 p. Herein referred to as
‘Stark and Maxted (2007)’.

(b) Attachment 2 — Burdon FJ, Mcintosh AR, Harding JS 2013. Habitat
loss drives threshold response of benthic invertebrate communities to
deposited sediment in agricultural streams. Ecological Applications,
23, 1036-1047. Herein referred to as ‘Burden et al. (2013)’.

! https://royalsociety.org.nz/assets/Uploads/Code-of-Prof-Stds-and-Ethics-1-Jan-2019-web. pdf
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Response to rebuttal evidence of Mr Norton

5. Mr Norton’s rebuttal evidence? considers that adverse effects on aquatic
life decline and improve on a continuum. Whilst | agree that a continuum
is not necessarily linear, the word continuum means a gradual change over
time, which is not always the case for ecological responses, and particularly
not with respect to macroinvertebrate communities. And whilst there are
stressor-response gradients that influence aquatic life that are well
documented in the literature, these do not necessarily occur on a
continuum.

6. | agree that in the abstract, a reduction does not require achievement of a
particular outcome or threshold. However, in the context of aquatic
ecology, being satisfied of a reduction in significant adverse effects is not
the same as being satisfied of (any) reduction in contaminant inputs.

7. Mr Norton’s rebuttal evidence misunderstands my use of the national
bottom lines (NBLs)/minimum acceptable thresholds to indicate with
confidence a reduction in significant adverse effects on aquatic life.

8. | have not referred to a ‘step-change’ in my evidence in chief, and | agree
with Mr Norton that there is not necessarily a ‘step-change’ in state at the
point of reaching an NBL. However, this is not completely the case with
respect to the MCI attribute as there is a threshold change in the vicinity of
the NBL of <90.2 Below this point, degraded macroinvertebrate
communities are comparable, being comprised only of pollution tolerant
animals and absent sensitive taxa.* Nor is it the case for ecological
responses to deposited fine sediment, as | describe further below.

9. In response to Mr Norton’s evidence at paragraph 19, | have considered
‘just two’ attributes in my section ‘defining a reduction in significant adverse
effects’ (periphyton and MCI) because these are the two compulsory
‘aquatic life’ attributes for rivers in the NPS FM (2020) that were also used
to denote degradation in the context of the SWLP. In other words, |
consider it appropriate in understanding and applying the term “aquatic life”
in the phrase “significant adverse effects on aquatic life” to be informed by
the compulsory NPS FM aquatic life attributes.

2 Rebuttal evidence of Edward Norton, 16 October 2025, paragraphs 11(b) and 13.
8 EIC Kathryn McArthur 8 October 2025, paragraph 27.
4 See also the Topic A evidence of Professor Death paragraphs 10.7 to 10.9 and Table 3.



10.

11.

12.

13.

14.

Mr Norton’s paragraph 19 goes on to identify three documents that
‘underpinned’ these attributes and their national bottom lines, two of which
are incorporated by reference in the NPS FM (2020), as evidence of
multiple stressor-response gradients. | disagree that this was the purpose
of the NPS FM referencing these two documents (Stark and Maxted 2007
and Clapcott et al. 2017).°

Stark and Maxted (2007) does not provide research findings or evidence of
multiple stressor-response gradients, the report’s purpose was to provide a
user guide for the MCI to encourage national consistency in its use.

Clapcott et al (2017) use catchment land use and periphyton as proxies in
combination with macroinvertebrate metrics. This does not provide us with
evidence of stressor-response gradients specific to contaminant reductions
and the purpose of the report was to build and compare new and existing
macroinvertebrate metrics.

Mr Norton provides a copy of Figure 2 from Stark and Maxted (2007) in his
rebuttal attachment 1, noting the report illustrates ‘measurements
deteriorating to below the national bottom line and then recovering’. The
text describing Fig. 2 of Stark and Maxted (2007) within the original report
reads:

“‘When trend testing is undertaken at a number of sites, it is
probable that some significant results will be obtained by chance.
The FDR [false discovery rate] analysis is undertaken when
multiple comparisons are made in order to eliminate significant
positive or negative trends that may have arisen by chance. The
positive trend in MCI shown on Figure 2 had a probability of 0.011,
which would normally be considered significant, but since it was
one of a batch of 60 trends tests, the FDR cut-off value of P was
0.0065, so this significant result was deemed nonsignificant (i.e. it
could have occurred by chance).”

In other words, Stark and Maxted (2007) illustrate the importance of
statistically interrogating macroinvertebrate data to understand changes

5 Stark and Maxted (2007) are referenced in the NPS FM (2020; Table 14 footnote) for the purposes of
standardising the assessment methods for macroinvertebrates across councils. This means the

sensitivity/tolerance scores for each taxa, the taxonomic resolution (whether you identify an animal to genus or

species level to determine its sensitivity), and the method by which the MCI score is calculated are to be

assessed in hard-bottomed rivers as per the methods of Stark and Maxted (2007). The footnotes also reference

Clapcott et al (2017) for the same reasons with respect to assessment of sites in soft-bottomed rivers and the

relevant sensitivity scores and taxonomic resolution for these types of environments.



over time rather than simply looking at the fitted trend line. Stark and
Maxted (2007) recommend two steps: 1) visualising the data (where they
reference Fig. 2 as an example of this) and then 2) undertaking statistical
analyses to ensure that the data is actually showing what it appears to be
showing.® In the scenario shown in Figure 2, it does not.

Responses of macroinvertebrates to deposited sediment

15. An important example of the responses of aquatic life to degraded
conditions is that of the relationship between deposited fine sediment and
macroinvertebrate communities. Burdon et al. (2013) studied the
responses of macroinvertebrate communities to deposited sediment in
agricultural streams. This research paper has been repeatedly referenced
throughout the bundles of evidence for both the Topic A and B hearings by
Professor Death and others and was the basis (along with Clapcott et al.
2011) for the deposited sediment threshold agreed by the experts as an
attribute to identify degraded rivers.’

16. Burdon et al. (2013) investigated 30 streams along gradients of sediment,
dissolved nutrients and riparian condition. Gradient change of sensitive
taxa in response to deposited fine sediment show strong non-linear
responses to sediment, with marked declines (what the authors call a
change-point) beyond 20%. Non-linear responses are likely to be further
strengthened by the common combined stressor effects (e.g., nutrients,
sediment and habitat) in agricultural streams.

17. Burdon et al. (2013) concluded that “Overall, our results indicate a strong
threshold effect of deposited sediment, as the invertebrate community shifts
from a community dominated by mayflies and caddisflies to one
characterized by non-insect invertebrates including micro-crustaceans,
molluscs, and worms.” The concepts of a “threshold” and “community shift”
identified by Burdon et al (2013) reinforce my opinion that effects on aquatic
life are not linear (or on a continuum) in response to contaminant inputs (in
this case, sediment).

18. They also found that poor riparian condition contributed to increased levels
of deposited sediment, consistent with evidence on Topic B. Burdon et al.
(2013) also support the assumption in my evidence in chief that hysteresis

5 Pages 37 — 39; Stark and Maxted also recommend applying the best professional judgement of an experienced
freshwater macroinvertebrate ecologist.
7 Joint Witness Statement rivers, lakes and, estuaries 22 November 2019 — Appendix 4, Table 1.



is likely,® implying that deposited sediment may require a greater reduction
below impact thresholds for effective stream rehabilitation, and that this can
cause lags in rehabilitation. In conclusion they caution “ Managers need to
be aware that human actions can result in rapid changes leading to
potentially undesirable alternative stable states, with recovery demanding
far more resources and time than those required by prevention (Dodds et

al. 2010).”
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Figure 1. Reproduced from Burdon et al. (2013) Fig. 2(c) Relationship between
sediment percent cover (reach scale, 30 m) and %EPT fitted as a four-
parameter sigmoidal curve.

Kathryn McArthur

21 October 2025

8 Hysteresis in freshwater restoration is a challenge where removing stressors doesn't fully reverse ecosystem
degradation because of feedback loops that lock the system into a degraded state, preventing a return to a
healthier, pre-disturbance condition. Barrett et al. (2021) have found this to be the case in Aotearoa New
Zealand macroinvertebrate communities subject to degradation, as described in EIC Kathryn McArthur 8
October 2025, paragraph 81, 83, and 87.
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