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New Zealand Science Review provides a forum for the discussion 
of science policy. It also covers science education, science plan-
ning, and freedom of information. It is aimed at scientists, decision 
makers, and the interested public. Readability and absence of 
jargon are essential.
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emailed to the editor (editor@scientists.org.nz).
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developments and conferences, and reviews of books, all in the 
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  Full manuscripts (with author’s name removed) will be sent 
for peer review, and authors will be sent copies of the reviewer’s 
comments and a decision on publication. Manuscripts should not 
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Diagrams and photographs will be printed in black and white, so 
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colour may be used if the author or the author’s institute is willing 
to pay for the added cost.

  References should preferably be cited by the author–date 
(Harvard) system as described in the Lincoln University Press 
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This system entails citing each author’s surname and the year of 
publication in the text and an alphabetical listing of all authors cited 
at the end. Alternative systems may be acceptable provided that 
they are used accurately and consistently.
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In this issue
In late May, the New Zealand Environmental Protection 
Authority (EPA) called for information on the use of the 
weed killer glyphosate in New Zealand1. This request for 
information was the first step in deciding whether to change 
the rules around its use. Currently its use is regarded as safe, 
as long the instructions on the labels of products containing 
glyphosate are followed.

EPA’s position on glyphosate is similar to that in Australia, 
Canada, the US and the EU. It is used in weed killers, such as 
Roundup®, by gardeners, farmers and councils.

In his article, Is it time to round up Roundup®? The chang-
ing science of glyphosate, Ian Shaw, Professor of Toxicology 
at the University of Canterbury, provides a comprehensive 
review of the product. Ian’s paper covers its impacts on 
human health, livestock, and ecosystems. This is must-read 
paper and one that EPA must take note of.

Brian Gill’s article, Science and managerialism in New 
Zealand might be regarded by some as ‘old wine in new 
bottles’. But given the current manoeuvering in relation to 
science faculty staff at Massey University and the apparent 
government indifference to doctoral student stipends and 
post PhD career development, Brian’s paper is a timely 
reminder of the neo-liberal economic theories that have 
underpinned much of the institutional change that has gone 
on in New Zealand since the 1980s.

Brian, a former Curator of Land Vertebrates at the Auck-
land War Memorial Museum, succinctly reminds us of the 
disruption to New Zealand science caused by the manage-
rial manifestation of these theories, in this case – Museum 
Science. And while Brian is hopeful that the current COV-
ID-related body-blow to international economies will be the 
tipping-point that forces reform and ushers in a simpler and 
more productive administrative environment for science. He 
does say, however, ‘[b]ut don’t bet on it’.

Further to Brian Gill’s comment on the body blow to 
country economies caused by the current pandemic, Kris-
tiann Allen’s item, Lessons learned from Covid-19 for the 
Science–Policy–Society Interface explores what has been 
learned during the COVID-19 pandemic.

In October last year the New Zealand Law Commission 
submitted their report NZLC R144 – The Use of DNA in Crimi-
nal Investigations Te Whakamahi i te Ira Tangata i ngā Mātai 
Taihara to the Hon Andrew Little, Minister Responsible for 
the Law Commission. 

The Commission noted that New Zealand was the second 
country to create a legislative regime for DNA sample col-
lection and profiling for criminal justice purposes. The Crim-
inal Investigations (Bodily Samples) Act 1995 (CIBS (1995)) 
focuses on the use of a DNA profile to identify an individual 
offender – either by offering an investigative lead in relation 
to unsolved criminal offending or by providing evidence in 
the prosecution of an offence. For that reason, a DNA profile 
has sometimes been referred to as the ‘modern fingerprint’ 
in terms of the function it performs in the criminal justice 
context. But while fingerprints are literally unique, DNA by 
its very nature is shared with ancestors, siblings and children, 
and the science has now surpassed that concept of individual 
identification that underpinned the legislation. 

In his paper, A critical review of the New Zealand Law 
Commission Report 144: The Use of DNA in Criminal Inves-
tigations, Geoff Chambers has selected a number of topics 
raised in the 579-page report and explores the report’s 
recommendations and emergent issues with use of DNA in 
criminal investigations. 

He concludes that the report represents the cumulation 
of a lot of hard work and detailed thinking and is to be com-
mended for recognising the deficiencies in CIBS (1995) and 
calling for reform. 

Equally, it performs very well in sticking to its central 
agenda by focussing on Human Rights issues and insisting 
on greater recognition of Māori cultural values and requir-
ing greater Māori participation in redrafting legislation and 
involvement in the management of DNA Profiling. 

Geoff notes that on 24 May 2021 the Minister of Justice 
responded on behalf of the New Zealand Government. 
The Minister’s response notes the valuable work done by 
the Law Commission and has accepted that the CIBS Act 
(1995) ‘should be repealed and replaced with a new, com-
prehensive and modern Act’. The Government also agrees 
that governance and oversight of the DNA regime would be 
strengthened by setting up an independent oversight body, 
but holds that it would be prudent to delay decisions on the 
structure and responsibilities of such a body until later in 
the drafting process. It is also clear that this will be a major 
legislative exercise requiring multi-agency input and active 
Māori involvement.

In Forensics and ship logs solve a 200-year mystery about 
where the first kiwi specimen was collected,

Paul Scofield and Vanesa De Pietri indicate that their 
research using digitised ship logs and modern forensic 
techniques shows there is little doubt the first bird seen by 
European scientists came from Rakiura/Stewart Island. This 
discovery could have repercussions for kiwi conservation 
and Paul and Vanessa are working in consultation with Ngāi 
Tahu, the Māori guardians of this area, to develop a scientific 
framework to describe the genetic diversity of the South 
Island brown kiwi and its conservation.

In addition to the articles carried in this issue of the 
Review we report on the World Health Organization’s In-
dependent Panel for Pandemic Preparedness & Response’s 
review of the international health response to COVID-19. The 
Panel, which was chaired the Rt Hon. Helen Clark, former 
Prime Minister of New Zealand, and Her Excellency Ellen 
Johnson Sirleaf, former President of Liberia, found that the 
system as it stands now is unfit to prevent the emergence of 
another novel and highly infectious pathogen, which could 
lead to a further pandemic and demonstrated that the cur-
rent system – at both national and international levels – was 
not adequate to protect people from COVID-19.

The Panel makes two sets of recommendations. The first 
includes immediate actions aimed at ending the COVID-19 
pandemic. The second set comprises seven actions directed 
at preparedness to ensure that a future outbreak does not 
become a pandemic.

Finally, and on a happier note, in this issue we cover and 
congratulate the winners of NZAS Scientists Awards for 2020 
and the Prime Minister’s Science Prizes for 2020.

Allen Petrey
      Editor1https://www.epa.govt.nz/public-consultations/open-consultations/

glyphosate-call-for-information/background-to-the-call-for-information/
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President’s column 
This year continues to see science, technology and wider 
research on disinformation play a prominent role in the 
successful, ongoing response to Covid-19. Accordingly, 
the New Zealander of the Year is Siouxsie Wiles, who 
may soon deserve a preemptive nomination for Science 
Communicator of the decade or century? And the Prime 
Minister’s science prizes have recognised multiple efforts, 
mostly notably the Te Pūnaha Matatini team’s impressive 
response to Covid-19 led by former NZAS President 
Shaun Hendy. 

The fabulous and well-recognised successes hide 
the difficulty science and many scientists are facing in 
Aotearoa. Despite the sense that scientists stood up to 
combat Covid-19, the Government’s Budget 2021 was 
disappointing for New Zealand’s scientists. First and fore-
most, this was because there is no new funding visible, 
and there are slight post-stimulus declines in many areas. 
In nations like the United States where the post-truth pol-
icies allowed the pandemic to spin out of control, science 
is generating hope – starting with vaccine development 
– and financial recovery packages include big increases 
in science funding.

For our future science workforce, the least hopeful 
news has been the lack of support in the Government’s 
2021 Budget to continue the one-off Whitinga early career 
fellowships. This one-off package will help 30 researchers 
bridge from PhDs into careers, but will leave behind over 
200 unsuccessful applicants. Certainly, there is no return 
to normal allowing full international travel for young sci-
entists to be expected to work overseas post-PhD, and 
it appears we lack the data to track the severity of this 
problem and its long-term impacts.

In normal times we would likely laud the Budget’s Ant-
arctic investment in a Scott Base rebuild as a significant 
win for underpinning science infrastructure. The reality is 
that we are living through a time of considerable strain in 
universities, and there was no release from the Beehive 
about Research, Science and Innovation associated 
with the Budget or in the month preceding it. Meanwhile, 
the Association continues raise concerns following our 
detailed investigations of Massey University’s plans to 
cut one-third of science staffing. And our most recent 
discovery, led by Councillor Lucy Stewart, has been that 
PhD student stipends have dropped well below minimum 
wage, so much so that students appear to be eligible for 
a considerable housing benefit.

We should ask why our sectors, particularly univer-
sities, haven’t successfully argued for increases to their 
major research funds: Marsden, Performance Based 

Research Fund, and Centres of Research Excellence, 
or even just for more funding for fellowships. Let’s make 
the collective effort to do better in Budget 2022, beginning 
now. Otherwise, we’ll likely lament the lack of a science-led 
effort to build back better in years to come, if we continue 
to struggle to respond as fast as competitor nations to the 
need for investment and action on emerging needs such 
as climate change, water and health. 

Given the situation, what’s a scientist to do to find future 
purpose? I look to the more action-oriented appropriations 
for climate change and emissions research. Looking at 
detailed data that comes out with each budget, appro-
priations with ‘climate change’ or ‘greenhous’” in the title 
are set to reach $60m this year, and those with ‘climate 
change’ in their scope are headed to $144m. Unusually, 
both have grown ahead of last year’s Budgeted amount.

Keeping climate change responses on track may 
provide a role for scientists developing innovation and 
technology, but it seems important to note that innovation 
may need to proceed largely outside traditional science 
institutions. A fraction of the total is tagged as research, 
with $27m for agriculture and forestry, our main sources 
of emissions and sinks. That’s down slightly from $36m 
being spent this year, an amount equal to nearly half the 
Marsden fund.

Looking ahead, the real money is for action: the Climate 
Change Minister announced another $20m to support 
policy, $300m to accelerate investment in low-carbon tech-
nology, and an estimate of $3b over five years recycling 
revenue from the Emissions Trading Scheme. Thus, there 
may be reasons to believe that Research and Develop-
ment spending will increase. The question, after many 
years without a national scheme to support careers after 
PhDs, is whether we are building the science workforce 
needed to lead action and innovation.

It seems apparent that to justify further investment, 
given several reviews that appeared early last year, New 
Zealand needs to consider a major renewal of our science 
system as we promoted in the last issue of this publication 
and have recently pushed out publicly. Let’s imagine the 
drive toward the actions and innovation that New Zealand 
and its politicians want to invest in. What does this look 
like? We call for open discussion that engages through 
and beyond our status quo institutions, comparison to 
international examples, and a vision for stability, equity, 
diversity, and manaakitanga in a future for the creative 
science that New Zealand deserves.

Troy Baisden
President
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Article

Is it time to round up Roundup®? 
The changing science of glyphosate

Ian C Shaw*
University of Canterbury, Private Bag 4800, Christchurch 8140, New Zealand

Background – glyphosates discovery, 
toxicity, and approval for marketing in 1974
Glyphosate (Fig. 1) is the active ingredient of the world’s most 
commonly used herbicide (e.g., Roundup®). It was re-discov-
ered by John Franz of Monsanto in the early-1970s (Dill et al., 
2010). Franz was investigating organophosphorus compounds 
and noted the plant toxicity of N-(phosphonomethyl)glycine 
which was later named ‘glyphosate’ by contraction of its chemical 
name. Franz’s discovery was not the first time glyphosate had 
been studied; Henry Martin, a Swiss chemist, first synthesised 
glyphosate in 1950 and its synthesis was patented fourteen years 
later (USA Patent, 1964). The patent notes glyphosate’s metal 
chelating properties. Strangely, Martin never published his work 
in the scientific literature, but his observations that glyphosate is 
a metal ion chelator (Fig. 2), including Ca2+, Mg2+, Cu2+, Mn2+ and 
Zn2+ is the basis of one of our more recent environmental impact 
concerns (Mertens et al., 2018) about glyphosate’s extensive use 
in agriculture; this will be discussed later.

cause of its structural analogy with phosphoenolpyruvate, a sub-
strate for the key enzyme, 5-enolpyruvylshikimate-3-phosphate 
(EPSP) synthase (Fig. 4). Without the shikimate pathway, plants 
cannot biosynthesise aromatic amino acids and therefore die.

*Correspondence: ian.shaw@canterbury.ac.nz

Ian Shaw is Professor of Toxicology at the University of Canterbury. Professor Shaw is an interna-
tional expert on the impact of environmental contaminants on human health, particularly in a food 
safety context, and is a passionate communicator of science. He has had over 40 years’ experience 
in academia, industry and government, both in the UK and New Zealand, which includes chairing 
the UK Pesticide Residues Committee and working as the National Food Safety Programme Manager 
at the Institute of Environmental Science and Research (ESR), based in Christchurch. He won the NZ 
Association of Scientists’ Science Communicator’s Award in 2009, and was awarded a DSc by the 
University of Bath for his work in toxicology and food safety in 2019.
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Figure 1. Glyphosate (N-(phosphonomethyl)glycine) 
showing its charges at biological pH.

Figure 2 Possible structure of a Cu2+-glyphosate chelate. 
Other divalent metals (e.g., Zn2+, Mn2+) might react similarly.
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Studies on glyphosate’s mechanism of herbicidal activity 
showed that it inhibits the shikimate pathway (Fig. 3; Steinrück-
en & Amrhein, 1980), a facet of biochemistry unique to plants. 
This was very encouraging because it suggested minimal, if any,  
animal toxicity. Glyphosate inhibits the shikimate pathway be-

Figure 3. The shikimate pathway showing 5-enolpyruvylshikimate-3-
phosphate (EPSP) synthase which is inhibited by glyphosate.

Figure 4. Phosphoenolpyruvate (top) 
and glyphosate (bottom) aligned to 
show their structural analogies, which 
is the basis of glyphosate’s inhibition of 
EPSP synthase. 
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There was pressure in the 1970s to support the growth of 
large-scale agriculture with the development of pesticides. 
The ideal was to introduce pesticides with minimal impact on 
non-target species (as, of course, it still is). Glyphosate fitted this 
goal perfectly because of its plant enzyme-based mechanism of 
action. In this respect it was, indeed, the Holy Grail of herbicides 
vis-à-vis its mechanism of action.

Further studies on glyphosate enhanced its Holy Grail status. 
Studies on its environmental fate and behaviour suggested that it 
was rapidly broken down in environmental systems (e.g., soil) to 
form a non-toxic degradation product, aminomethylphosphinic 
acid (AMPA; Fig. 5), which degraded further to form ammonia, 
carbon dioxide and water (Fig. 5). Its rate of disappearance (half-
life, t½) from terrestrial systems (e.g., soil) was shown to be very 
variable – from less than a week to years (Carlisle & Trevors, 
1988); this disappearance was interpreted as degradation in the 
early days of glyphosate. However, it soon became clear that 
glyphosate’s soil kinetics are biphasic. Studies with [14C]-glypho-
sate in soils showed biphasic evolution of 14CO2; this reflects a 
rapid initial degradation of free glyphosate, followed by slow 
degradation of soil-bound glyphosate. The time of the second 
degradation phase is dependent on soil type (i.e., is adsorption 
capacity) (Nomura & Hilton, 1977).

the time of Reding’s calculations, glyphosate’s acceptable daily 
intake (ADI) was 0.3 mg/kg bw, which means that the total 
theoretical glyphosate intake was approx. 3.2% of the ADI. This 
means that the health risk to consumers was deemed negligible. 

Using current New Zealand data would give a much more 
favourable total glyphosate intake because the glyphosate MRL 
is currently (2021) set at a default value of 0.1 mg/kg, whereas 
Reding used MRLs ranging from 20 mg/kg for soybeans to 0.1 
mg/kg for rice for her calculations. The current (2021) ADI for 
glyphosate is 1.0 mg/kg bw (FAO/WHO, 2006), which is higher 
than that used for Reding’s calculations – this gives a glypho-
sate intake of 0.96% of the current ADI. If the default MRL of 
0.1 mg/kg bw is used to estimate glyphosate intake, this would 
give a total theoretical intake of approx. 0.195 mg (= 0.00325 
mg/kg bw for a 60 kg human) based on Reding’s consumption 
data, which equates to approx. 0.33% of the current ADI. These 
calculations make the clear point that, based on conventional 
toxicological parameters, glyphosate intake as residues in food 
results in a negligible health risk.

Therefore, when glyphosate was approved for use in 1974 
it appeared to be safe. This meant that the risk aspect of the 
risk-benefit equation was arguably negligible in both human 
and environmental contexts. The benefit side of the equation 
was considerable because glyphosate was and is a very effective 
herbicide. Thus, from an approvals-for-marketing perspective, 
glyphosate was close to ideal.

Use of glyphosate
When glyphosate was approved in the 1970s, it was indicated 
for general herbicide use. It was used by farmers to prepare land 
for crop planting without the necessity for tilling, which mini-
mised soil erosion. Its use changed significantly after 1995 with 
the introduction of Roundup Ready® crops (Benbrook, 2016). 
Roundup Ready® crops (e.g., canola) are genetically modified 
to express a form of EPSP synthase from Agrobacterium strain 
CP4 that is resistant to glyphosate inhibition. This allows the 
herbicide to be used to kill weeds in a field of the Roundup 
Ready® growing crop. This has no direct relevance to New Zea-
land because genetically modified crops are not permitted in 
New Zealand. However, it might contribute to glyphosate food 
residues in imported products.

Glyphosate is also used as a crop desiccant to speed up the 
drying of near harvest crops (e.g., wheat) and facilitating an 
evenly dry, storable product (e.g., in Canada; Darwent et al., 
1994). This is common practice in New Zealand (FAR, 2017) 
and will lead to crop (and likely food) residues.

In recent years, glyphosate has been used to kill off pastures 
to facilitate their re-seeding or for follow-on planting with forage 
crops (e.g., brassicas). In order not to waste the dying pasture, 
stock are often grazed on the glyphosate-treated pasture (this 
will be discussed later). This might also lead to food residues.

Mammalian metabolism of glyphosate
The main human exposure route to glyphosate is via food. Farm 
workers might also be exposed dermally and via inhalation 
during mixing and applying sprays in an agricultural setting. 
Similarly, council workers and contractors might be exposed 
during spraying to control, for example, roadside weeds. In-
deed, in a study of 48 farm families in the USA, glyphosate was 
detected (<1-233 ng/mL) in 60% of the urine samples analysed 
(Acquavella et al., 2004). 

Figure 5. The environmental degradation of glyphosate showing 
its major degradation product, AMPA and its eventual complete 
degradation to ammonium, carbon dioxide, water and phosphate 
(based on Carlisle & Trevors, 1987).
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Glyphosate, therefore, was hailed as a non-target non-toxic 
herbicide with a very short environmental residence time - ideal.

Food residues studies were carried out in a rather unconven-
tional, but pragmatic way (Reding, no date). Instead of measur-
ing glyphosate residues in crops to which the herbicide had been 
applied, the maximum residue levels (MRLs) for glyphosate in 
a large number of food crops were used as the worst-case con-
sumption scenario. MRLs in conjunction with dietary intake 
data were used to calculate MRL-based worst case glyphosate 
intakes for each crop. Adding all of the individual crop glypho-
sate intakes together gives a total theoretical glyphosate intake 
of approx. 0.57 mg/person, which corresponds to a glyphosate 
dose of 0.0096 mg/kg body weight (bw) for a 60 kg human. At 
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Oral exposure leads to the ingested glyphosate being exposed 
to the gut microbiome, and this is very likely to lead to significant 
breakdown by a pathway akin to that for soil bacteria (Fig. 5). 
Based on animal studies, which appear to be reflected in humans, 
only approx. 30% of an oral glyphosate dose is absorbed from 
the gastrointestinal tract (GIT), peak plasma concentration is 
at approx. 1-2 h, and blood levels decline quickly due to urinary 
excretion rather than metabolism (Brewster et al., 1991; Brad-
berry et al., 2004). AMPA has been found in the blood of human 
glyphosate poisoning cases; this likely arose from gut microbial 
rather than human metabolism (Bradberry et al., 2004). 

A study in glyphosate-exposed farm workers in the USA (Ac-
quavella et al., 2004) clearly showed the presence of glyphosate 
in their urine. Urinary glyphosate in the exposed farm workers 
might be due to oral, dermal and/or inhalation absorption. 
Oral absorption is unlikely to result in significant blood con-
centrations (and thus urinary concentrations) of glyphosate (as 
discussed above). Studies in in vitro human skin preparations 
showed that <2% is absorbed, and dermal absorption studies in 
rhesus monkeys was approx. 0.8% of the applied dose (Wester 
et al., 1991). A study to assess the individual contributions of 
inhalation and dermal absorption following glyphosate exposure 
in humans showed that dermal absorption is greater than inha-
lation absorption (Pierce et al., 2020) and thus likely contributes 
more to blood (and urine) glyphosate concentration following 
workplace or bystander exposure (i.e., via sprays). It is, there-
fore, likely that the urinary glyphosate in the farmworker study 
was predominantly from dermal absorption of either aerosols 
(e.g., from spray) or direct skin contact (e.g., when diluting 
concentrate). 

Glyphosate’s t½ in humans (using urinary excretion data) is in 
the range 5.5-10 h depending on the calculation method (Con-
nolly et al., 2019). This means that, if a worker is repeat spraying 
over several days, there might be a build-up of glyphosate body 
burden because with a t½ of 10 h only approx. two half-lives (i.e., 
25% of body burden remaining) would have lapsed between 
exposures. However, as soon as exposure stops, it would take 6 
half-lives (180 h, 7.5 d) to reduce the glyphosate body burden to 
approx. 1.2% of its peak value (likely of little or no toxicological 
significance for ‘normal’ agricultural exposures). 

Glyphosate’s human toxicity profile
Acute toxicity
The acute toxicity (i.e., following a single dose) of glyphosate 
is likely negligible in humans because it is not well absorbed 
(particularly from the GIT) and relatively quickly cleared (t½ 
= 5.5-10 h). Use of appropriate personal protective equipped 
(PPE) will reduce the risk of acute effects significantly – particu-
larly wearing impervious gloves to minimise dermal absorption 
(Acquavella et al., 2004). Cases of acute human poisoning have 
been recorded, but the doses involved are very large. In addition, 
commercial formulations of herbicides (e.g., Roundup®) con-
taining glyphosate also contain excipients, including surfactants 
(e.g., polyethoxylated tallow amine - POEA) to aid absorption 
by plants and therefore it is often difficult to separate excipient 
toxicity from glyphosate toxicity per se (Bradberry et al., 2004) or 
to take account of the excipient’s effects on glyphosate’s toxicity 
(e.g., POEA might increase human absorption of glyphosate 
from the GIT or dermally). Also, the glyphosate salt used differs 
between glyphosate-containing commercial herbicides (e.g., 

in Roundup® glyphosate isopropylamine salt is used). All of 
these factors affect toxicity of the product. However, it has been 
shown that following suicide attempts, oral ingestion of 85 mL 
of Roundup® concentrate causes significant toxicity (but not 
necessarily death) in adults (Bradberry et al., 2004). Roundup® 
concentrate contains 41% w/v glyphosate isopropylamine salt 
(Fig. 6; molar mass = 346.4 g/mol), which means that 85 mL of 
Roundup® concentrate contains approx. 35 g glyphosate isopro-
pylamine salt, which equates to approx. 17 g glyphosate (molar 
mass = 169.1 g/mol); therefore, a glyphosate oral dose of approx. 
300 mg/kg body weight (using standard human weight = 60 kg) 
is near fatal in humans. The estimated lethal dose of aspirin in 
humans is 5-15 g (Clarke, 1978; ~ 83-250 mg/kg body weight), 
which means that glyphosate is of the same order of acute oral 
toxicity as aspirin.

Figure 6. Depiction of glyphosate isopropylamine salt
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The symptoms of acute Roundup® toxicity in humans are 
increased saliva production, burns in the mouth and throat, 
nausea, vomiting and/or diarrhoea. It is difficult to assign these 
signs of toxicity to glyphosate per se because some (e.g., burns in 
the mouth and throat) might be caused by POEA. The salivation 
response is, however, interesting because it is associated with 
organophosphate (OP) intoxication due to OPs inhibition of 
acetylcholinesterase (AChE). Glyphosate is also a simple OP and 
thus might exhibit AChE inhibitory properties – in this context, 
it is interesting that glyphosate has been shown to inhibit AChE 
in carp (Cyprinus carpio) (Gholami-Seyedkolaei et al., 2013).

Chronic toxicity
On 20 March 2014, the World Health Organization’s Internation-
al Agency for Research on Cancer (IARC) classified glyphosate 
as Carcinogen 2A (probably carcinogenic to humans). This led 
to action by several countries (e.g., The Netherlands banned 
glyphosate in 2015; In Habitat, 2014) and a recent partial ban 
by France (Euro Coop, 2021). There followed significant inter-
national debate and conjecture at government level about the 
validity of the IARC’s carcinogen classification, and whether 
the significant economic benefit of glyphosate outweighed its 
risks (especially as some jurisdictions disputed the IARC’s 
deliberations and conclusion). The New Zealand Government 
commissioned a report to assess the IARC’s findings (Temple, 
2016) which dismissed the IARC’s carcinogenicity data as 
inconsistent and showing a lack of association, in part due 
to the possibility that subjects in the studies might have been 
exposed to other pesticides. Temple (2016), however, missed a 
key mechanistic possibility in his report: that glyphosate might 
be a non-genotoxic carcinogen; this is relevant in the context of 
glyphosate’s estrogen mimicry (see later).

The evidence that the IARC presented in support of their 
categorisation of glyphosate as Carcinogen 2A included three key 
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studies: (1) A study in farmworkers which showed an association 
between farmworkers’ glyphosate exposure and non-Hodgkin’s 
lymphoma and multiple myeloma (Acquavella et al., 2004); (2) 
A chronic exposure study in mice which showed a dose-related 
relationship with skin cancers (George et al., 2010); (3) A study 
in cultured human estrogen receptor (ER)-expressing breast 
cancer cells which showed a glyphosate dose-related increase 
in proliferation that was inhibited by the potent ER antagonist, 
fulvestrant (Thongprakaisang et al., 2013). The last-named study 
is particularly important because it initiated the thinking that 
glyphosate might be an estrogen mimic (see later). 

A later expert panel review of the carcinogenicity data 
used in support of the IARC’s ruling pointed out limitations in 
some of the studies used by the IARC. In particular, they found 
that the association between non-Hodgkin’s lymphoma and 
glyphosate exposure might have been confounded by multiple 
pesticide exposures (as pointed out by Temple (2016)) and so was 
unreliable (Acquavella et al., 2016). Several years’ later, a meta- 
analysis of glyphosate exposure-linked non-Hodgkin’s lympho-
ma concluded confidently that there is indeed a link (Zhang et 
al., 2019). Further to this, a recent and extensive meta-analysis of 
human (occupational) exposure to glyphosate and the incidence 
of non-Hodgkin’s lymphoma and multiple myeloma showed no 
increased risk except possibly at very high glyphosate exposure 
(Donato et al., 2020). This conjecture makes it difficult to con-
clude whether or not glyphosate is carcinogenic.

The molecular structure of glyphosate (Fig. 1) has no features 
that would point to genotoxic carcinogenicity (e.g., reactive 
moieties that might alkylate DNA leading to mutations) and 
therefore Temple’s (2016) conclusion that it is not a genotoxic 
carcinogen is justified on structure activity grounds alone. How-
ever, mounting evidence that glyphosate interacts agonistically 
with ERs is good evidence for a non-genotoxic mechanism of 
carcinogenesis. Non-genotoxic carcinogens affect cells in such 
a way that they induce proliferation (e.g., an inflammatory 
response) that increases the chance of a transcriptional defect 
which leads to a carcinogenic event (Shaw & Jones, 1994). In 
addition, receptor-mediated tumours (e.g., ER+ breast cancer) 
proliferate in response to their receptor (e.g., ER) agonist (e.g., 
the estrogen, 17β-estradiol (E2)) and therefore natural recep-
tor ligand mimics (e.g., estrogen mimics) might act as non- 
genotoxic carcinogens via this mechanism (Ye et al., 2018). It 
is interesting to note that in animal models, administration of 
E2 causes proliferation of ER-expressing lymphoid and myeloid 
lineage bone marrow cells (Issa et al., 1996) – this has a possible 
link to non-Hodgkin’s lymphoma via a non-genotoxic hormone- 
mediated mechanism. If glyphosate is an estrogen mimic it might 
initiate this response.

Is glyphosate estrogenic?
There has been considerable conjecture about whether or not 
glyphosate is estrogenic, since the first experiments in MCF-7 
cells showed that proliferation stimulated in a dose-dependent 
manner by glyphosate was inhibited by the potent ER antagonist, 
fulvestrant (Thongprakaisang et al., 2013). This conjecture was 
largely because the molecular structure of glyphosate has no ap-
parent structural relationship to ER’s natural ligand, E2, whereas 
most estrogen mimics have significant molecular analogies with 
E2 that allow them to interact with key amino acid residues in 
the ER and thus initiate an estrogen-like response (Fig. 7).

To initiate an estrogen response a ligand must ideally possess 
two hydroxyl groups – one aromatic and one aliphatic – separat-
ed by approximately 10 Å of hydrophobicity. The hydroxyls form 
hydrogen bonds with the Arg394/Glu353/water triumvirate at 
one end of the ligand binding cleft (LBC) and with His524 at the 
other (in ERα, for ERβ the amino acid residue interactions are 
the same, but because of differences in the amino acid sequence 
the residue numbers are different; i.e., Glu306/Arg346/water 
and His475 (Pike et al., 1999)). There are a significant number 
of hydrophobic interactions with a cluster of hydrophobic ami-
no acid residues aligned with the steroid skeleton of E2 in situ. 
Estrogen mimics (e.g., genistein – an isoflavone from soybeans) 
have the appropriate structural attributes, albeit often not ideal 
(e.g., genistein has two aromatic hydroxyl groups) to interact 
with the amino acid residues in the LBC. These interactions lead 
to a receptor conformational change, which in turn leads to the 
formation of a receptor/ligand dimer with increased affinity for 
an estrogen responsive element (ERE) on DNA. When bound 
to the ERE the ER-ligand dimer upregulates key genes which 
result in the biological response (Ye et al., 2018). The fact that 
glyphosate does not have the key ER-binding molecular attrib-
utes makes it unlikely on structure activity relationship (SAR) 
grounds to be estrogenic by a ‘conventional’ estrogen mimicry 
mechanism.

Figure 7. Top: Schematic representation of ERα with E2 in situ showing 
its key interactions with amino acid residues that lead to biological 
activity. 
Bottom: E2 (A), the known estrogen mimic, genistein (B), and 
glyphosate (C), are also shown to illustrate glyphosate’s lack of 
molecular analogy with E2. 
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Despite the controversy following Thongprakaisang et al. 
(2013)’s findings, Mesnage et al. (2017) showed that glyphosate 
was indeed estrogenic, but by a ligand-independent activation 
mechanism leading to ERE-luc expression via protein kinase A 
(PKA) signalling. This brought the spotlight back onto glypho-
sate and the importance of its estrogenicity in both a human 
exposure and environmental context. Further work in ERα-ex-
pressing cholangiocarcinoma cells showed that a non-genomic 
ER pathway via extracellular signal-regulated kinases (ERK) 1 
and 2 might explain glyphosate’s estrogenic response (Sritana 
et al., 2018). Interestingly, ERK1 and ERK2 stimulate cell pro-
liferation which might also link glyphosate to a non-genotoxic 
mechanism of carcinogenesis as speculated above. It is therefore 
likely that glyphosate is estrogenic, perhaps by a non-genomic 
mechanism that does not rely on E2/glyphosate SARs and ER 
interactions.

Environmental toxicology
Glyphosate has an apparently short (<1 week) to long (years) 
soil t½, which is due to an interplay between its binding to soil 
particles (sequestration) and its conversion (e.g., by soil bacteria) 
to AMPA (then CO2, NH3 and H20) (Carlisle & Trevors, 1987). 
Sequestration is possibly reversible when environmental condi-
tions change, and it is possible that, while bound to soil particles, 
glyphosate is still bioavailable in some circumstances. Glass 
(1987) reported that glyphosate binds to clay soils, possibly by an 
ion exchange mechanism. He noted that binding was ‘stronger’ 
in the presence of divalent metal ions (M2+; e.g., Mg2+, Ca2+) 
which supports an ion exchange mechanism involving binding 
of M2+ to the negatively charged clay particles giving an overall 
+1 charge to which negatively charged glyphosate (Fig. 1) can 
bind. An increase in soil pH (i.e., greater OH- concentration) 
could displace glyphosate from its clay-bound complex because 
OH- would likely compete with glyphosate for positively charged 
regions of the clay-M2+ complex. These possibilities are rarely 
discussed in a regulatory context (Mertens et al., 2018). It is, 
however, clear that a short soil t½ that was originally interpreted 
as short-lived environmental impact is not necessarily the case. 
Interestingly, as far back as 1976, it was noted that the soil t½ 
of glyphosate was composed of two phases; an initial rapid soil 
bacteria-mediated biotransformation of free glyphosate and a 
slower biodegradation of soil-bound glyphosate (Hance, 1976).

Studies in the planktonic crustacean, Daphnia magna have 
shown that exposure to glyphosate-Cu2+ complexes alter the 
Daphnia’s behaviour, indicating that glyphosate might mediate 
metal toxicity in ecosystems (Hansen & Roslev, 2016) – this 
introduces a new mechanism of glyphosate’s impact on ecosys-
tems that does not rely on its direct toxicity, but rather mediated 
toxicity. This could extend beyond Cu2+ to other divalent metal 
ions (e.g., Pb2+). Similarly, glyphosate’s chelating properties can 
affect metal sorption to soils: Morillo et al. (2002) studied Cu2+ 
adsorption in three soil types and found that sorption differed 
with soil type due to the equilibrium between soil-Cu2+ and 
glyphosate-Cu2+. This means that the presence of glyphosate 
in terrestrial (and perhaps aquatic silt) systems might alter the 
balance between adsorbed and aqueous metals, and change the 
bioavailability of these metals to organisms in the ecosystem. The 
bioavailability of toxic metals and ‘nutrient’ metals is important 
in ecosystem health. If glyphosate upsets this balance it will 
perturb ecosystem health (Mertens et al., 2018).

There has been a great deal of work exploring the ecotoxicity 
of glyphosate and its formulations (including Roundup®) that 
shows a plethora of impacts on individual test species (Carlisle 
& Trevors, 1988). It is important to note that it is often difficult 
to separate the effects of glyphosate per se and other constituents 
(e.g., surfactants) of glyphosate herbicide formulations (Carlisle 
& Trevors, 1988) and that in some cases the excipients are more 
toxic than glyphosate per se (Peréz et al., 2011). Obviously, 
glyphosate is very toxic to plants (approx. 18μM (approx. 3 mg/L) 
glyphosate inhibits growth of the green microalga, Chlorella 
sorokiniana, by 50% (Christy et al., 1981)). Similarly, growth of 
the single-celled alga, Euglena gracilis, a mixotroph (capable of 
living photosynthetically or by phagocytosis), is impacted by 1.3 
mM (approx. 219 mg/L) glyphosate (Richardson et al., 1979). 
From this very cursory foray into the literature, it is clear that low 
environmental concentrations of glyphosate have been known 
to impact non-target plants from the time that glyphosate was 
first introduced to the market in the 1970s, but this is hardly 
surprising for a herbicide!

Glyphosate’s impact on animals is quite a different matter. 
Since glyphosate was thought to be ostensibly non-toxic to an-
imals because of its plant-focused mechanism of toxicity, little 
work appears to have been conducted on animals in an ecological 
context until the 1980s. An early study of Roundup® in D. magna 
gave an EC50 (48 h, immobilisation) of 3.0 mg/L and EC50 (48 h, 
mortality) in the amphipod crustacean, Gammarus pseudolim-
naeus of 62.0 mg/L (Folmar et al., 1979). Since these studies 
used glyphosate in its Roundup® formulation, it is important to 
consider the toxicity of its major surfactant constituent, POEA. 
A study of the toxicity of POEA in D. pulex gave an EC50 (96 h, 
immobilisation) of 2.0 mg/L, while Roundup® gave an EC50 (96 
h, immobilisation) of 8.5 mg/L (Servizi et al., 1987). This suggests 
that POEA is largely responsible for Roundup®’s toxicity in this 
Daphnia study. This is a very important consideration when 
assessing the environmental toxicity of Roundup®. However, 
it is equally important to consider the fate and behaviour of 
POEA in environmental systems and the differential exposures 
of creatures to glyphosate and/or POEA following the use of 
Roundup® in an agricultural setting, but this is beyond the 
scope of this paper.

Pérez et al. (2011) extensively reviewed the invertebrate 
toxicity of glyphosate-containing commercial formulations (in-
cluding Roundup®). They collated EC50s for variable endpoints 
(e.g., immobilisation, mortality) and exposure times (48 h or 
96 h) and found EC50s in the range 3.0 mg/L (D. magna, 48 h, 
immobilisation) – 415.0 mg/L (Ceriodaphnia dubia, 48 h, mor-
tality). This gives an idea of the level of environmental toxicity 
of commercial glyphosate products, but of course, includes the 
toxicity of excipients such as POEA. It is also important to note 
that invertebrates do not express ERs (Brennan et al., 2006) and 
therefore are not susceptible to glyphosate’s estrogenicity.

In general, the toxicity of glyphosate per se to higher animals 
(e.g., fish) is not greater than its toxicity to invertebrates (Table 1) 
which suggests that its estrogenicity is not a major determinant 
of toxicity in the short term (96 h). Interestingly, glyphosate 
commercial formulations (mean 96 h LC50 = 15.9 mg/L) are often 
very much more toxic than glyphosate per se (mean 96 h LC50 = 
246.8 mg/L) (Table 1); this makes the point that the formulation 
excipients are a major determinant of toxicity. Indeed, fish POEA 
toxicity studies show this clearly (e.g., O. mykiss 96 h LC50 for 
POEA = 2.0 mg/L (Folmar et al., 1979)).
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Therefore, even in fish, glyphosate is less toxic than at least 
one of its excipients (POEA).

Glyphosate’s chronic toxicity is less well documented in 
fish. However, Salbego et al. (2010) reported decreased weight 
and AChE activity in Leporinus obtusidens exposed to 1 mg/L 
Roundup® for 90 d. In addition, a study in which Platichthys 
flesus was exposed to Roundup® + AMPA for 62 d showed liver 
damage at a glyphosate exposure concentration of 0.16 μg/L 
(Evrard et al., 2010). These studies suffer from the problem of 
excipient toxicity, but since glyphosate is an OP, it likely caused 
the decreased AChE activity.

Studies in amphibians show similar, if not more extreme, 
toxicity differentials between Roundup® and glyphosate per se 
(Pérez et al., 2011). For example, the 48 h LC50 for glyphosate in 
Lymnodynastes dorsalis is >400 mg/L, while the corresponding 
value for Roundup® is 3.0 mg/L, and for Heleioporus eyrie the 
corresponding values are >373 mg/L and 6.3 mg/L respectively 
(Mann & Bidwell, 1999). Clearly, not only are Roundup®’s 
excipients more toxic than glyphosate per se, they might even 
ameliorate glyphosate’s toxicity. A single long-term (42 d) study 
in Rana cascadae shows the first inkling of a possible hormone 
effect – earlier metamorphosis at an exposure concentration 
of 1.94 mg/L (Cauble & Wagner, 2005), but this is far from 
conclusive.

Therefore, glyphosate per se is far less toxic to vertebrates 
than Roundup®. This is likely due to POEA as evidenced by its 
96 h LC50 in Xenopus laevis of 2.7 mg/L (Perkins et al., 2000).

A long-term study in Carassius auratus exposed to 0.2 
mmol/L glyphosate as a commercial formulation (Nongteshi®) 
for 90 d showed significant metabolomic changes, including 
raised aspartate aminotransferase (AST) – a marker of liver 
and muscle damage, lactate dehydrogenase (LDH) – a marker 
of general cell damage, and alanine aminotransferase (ALT) – a 
marker of liver damage (Li et al., 2017). This study indicates a 
wide-ranging generalised impact on the fish biochemistry. Un-
fortunately, no hormone-related parameters were measured. As 
with so many commercial formulation studies, it is impossible to 
determine whether the effects were due to glyphosate or excipi-
ents; indeed, POEA could be responsible for all of the observed 
effects. These naïve study designs give very little information of 
values when attempting to assess environmental impact because, 
even though commercial formulations are used in agriculture, 
it is impossible to determine the fate, behaviour and impact of 
the individual components, especially when (in the laboratory) 

the formulation is applied to a closed environment test system 
which does not allow for differential distribution of the formu-
lation’s components.

In order to fully assess the environmental impact of glypho-
sate, we need good, reliable long-term studies because it is clear 
that from an acute toxicity standpoint, glyphosate is of little 
concern (i.e., the risk is low). It has been noted that there is 
a dearth of long-term glyphosate environmental toxicity data 
(Howe et al., 2004); this situation remains unchanged today 
(2021). The need for long-term toxicity data is because our 
knowledge of glyphosate’s effects or potential effects in animals 
points firmly to long-term impact. For example, glyphosate’s 
estrogenicity would not manifest in the short term, but pos-
sibly in a multigenerational growth and development context. 
Interestingly, one of the few long-term studies (in frogs) shows 
a multitude of effects, most of which might be attributable to 
POEA. However, there is one very interesting finding: glyphosate 
causes an increase in the female:male ratio and this effect is not 
seen for POEA alone. The sex ratio change was also seen follow-
ing Transorb® exposure. Transorb® is a commercial glyphosate 
formulation containing POEA and glyphosate as its potassium 
salt (Roundup® contains glyphosate isopropylamine salt; Fig. 
6). This needs further scrutiny because exposure to estrogenic 
compounds suppresses male development in some species (e.g., 
fish; Jobling et al., 1998).

Glyphosate concentration in the 
environment
In order to assess the potential environmental impact of 
glyphosate’s use, environmental glyphosate concentrations are 
compared with toxicological effect parameters (e.g., EC50, LC50). 
I could find no published data on glyphosate concentrations in 
New Zealand soils or waterways. However, studies in Argentina 
found 35 – 1502 μg/kg soil (mean of samples with measurable 
concentrations = 340 μg/kg); the low value in the range was 
in a soil sample taken 40 d after spraying, and the high value 
1 d after spraying – the difference reflects glyphosate’s soil t½; 
they also found silt-bound glyphosate in approx. 15% of water 
samples analysed, with ‘free’ water concentrations in the range 
0.4 – 7.6 μg/L (mean of samples with measurable concentrations 
= 2 μg/L) (Aparicio et al., 2013). It is interesting that silt-bound 
glyphosate was found in waterways because this suggests that 
transfer from land can be via silt (Aparicio et al., 2013). Envi-
ronmental concentrations in New Zealand would be expected 
to be lower than in Argentina because Roundup Ready® crops 
are not permitted here, but are used extensively in Argentina. 

Using the mean values for soil and water glyphosate con-
centrations from the Argentinian study, the mean water con-
centration of 2 μg/L is far below all of the Daphnia short-term 
(48 – 96 h) exposure, immobilisation endpoint EC50 values 
collated by Pérez et al. (2011): range 3.0 – 66.2 mg/L; even the 
top value of 7.6 μg/L is only approx. 0.25% of the most sensi-
tive test result. This suggests that, in conventional toxicological 
terms, the agricultural use of glyphosate would have little or no 
short-term environmental impact, even following intensive use 
in a Roundup Ready® agricultural setting. Assessing the impact 
of terrestrial animal exposure via soil is difficult because I could 
find only one published study on terrestrial invertebrate toxicity. 
This study was carried out in earthworms (Eisenia foetida) at very 
high exposure concentrations (10 - 1,000 mg/kg soil) (Correia & 
Moreira, 2010) and so is irrelevant to predicted glyphosate soil 

Table 1. Toxicity (96 h) of glyphosate and Roundup® to fish.

Species LC50 Reference  
 mg/L 
Glyphosate per se
Rainbow trout (Oncorhynchus mykiss) 140.0 Folmar et al., 1979
Fathead minnow (Pimpehales promelas)  97.0 Folmar et al., 1979
Channel catfish (Ictalurus punctatus) 130.0 Folmar et al., 1979
Common carp (Cyprinus carpio) 620.0 Neškovic et al., 1996
Mean 246.8

Roundup®
Oncorhynchus mykiss   8.3 Folmar et al., 1979
  52.0 Hildebrand et al., 1982
   8.5 Servizi et al., 1987
Pimpehales promelas   2.3 Folmar et al., 1979
Ictalurus punctatus  13.0 Folmar et al., 1979
  14.5 Abdelghani et al., 1997
Bluegill sunfish (Lepomis macrochirus)  13.0 Abdelghani et al., 1997
Mean             15.9
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concentrations following glyphosate-con-
taining herbicide use. LD50 studies in 
terrestrial vertebrates show extremely 
low oral toxicity; e.g., LD50 in deer mouse 
(Peromyscus maniculatus) >6,000 mg/kg 
body weight. The corresponding value for 
the rough-skinned newt (Taricha granu-
losa) is >2,600 mg/kg body weight (Mc-
Comb et al. 2008). It is difficult to equate 
gavage LD50 study doses with terrestrial 
environmental exposure; therefore, I have 
used data from two silt-living aquatic/
marshland species, the black worm (Lum-
briculus variegatus) and the buzzer midge 
(Chironomus plumosus) larva in lieu of 
bona fide terrestrial invertebrates for this 
assessment. The 48 h EC50 for glyphosate per se in C. plumosus 
(immobilisation endpoint) is 55 mg/L and the corresponding 
value for L. variegatus (glutathione S-transferase activity (GST)) 
is 0.05 mg/L (Pérez et al. 2011). These values are both far below 
the equivalent terrestrial glyphosate concentrations from the 
Argentinian study, even with the very sensitive GST toxicity 
endpoint in the L. variegatus study. Thus, the likely short-term 
impact of glyphosate on the terrestrial environment is negligible.

This clean bill of health for glyphosate following its agri-
cultural use is, however, misleading because it reflects only 
short-term impact. There are no data on long-term effects – 
glyphosate’s estrogenicity will only manifest after long-term, 
multigenerational exposure.

Glyphosate residues in food
There is growing interest in residues of glyphosate in food (per-
haps following the IARC’s categorisation of glyphosate as Carcin-
ogen 2A). The widespread use of glyphosate in agriculture means 
that residues in food are inevitable. In New Zealand, genetically 
modified crops are not permitted and therefore direct applica-
tion of glyphosate to growing crops does not occur, except for 
its use as a desiccant to aid the even ripening and drying of, for 
example, wheat – this reduces the risk of widespread high crop 
residue levels that might occur overseas. However, glyphosate 
is used extensively in non-till regimes to prepare land for new 
crops, including livestock forage and grass. In New Zealand it 
is common to see livestock grazing recently sprayed pastures 
to maximise the efficient use of ‘carbon’ (Fig. 8). There is no 
Roundup® withholding period for stock grazing in New Zealand 
(unless Roundup® is being used to kill toxic plants; e.g., ragwort 
(Jacobaea vulgaris)); therefore, there is no safeguard to reduce 
residues in meat and milk following livestock’s consumption of 
glyphosate-treated pasture. Since glyphosate is rapidly metabo-
lised and excreted in mammals, meat residues are unlikely to be 
a problem; however, if glyphosate is secreted into milk there are 
no metabolic enzymes present, and so the residues might remain. 

The New Zealand Ministry of Primary Industries (MPI) car-
ried out surveys on glyphosate residues in honey in 2017/2018 
and 2018/2019 and released a report bringing together the results 
in response to industry concerns in January 2020 (MPI, 2020a). 

In the 2017/2018 survey, 1.7% were above the default maximum 
residues limit (MRL) of 0.1 mg/kg, and 20.7% had measurable 
(i.e., above the limit of determination of the analytical method) 
glyphosate residues. In the 2018/2019 survey, 18.3% of samples 
had measurable glyphosate, but none exceeded the default MRL 
(MPI, 2020b). From a food safety perspective, the glyphosate 
residues found in New Zealand honey are of little concern, 
even considering glyphosate’s estrogenicity because honey is 
not a ‘major’ food and so the glyphosate dietary intake from 
honey would be low. The question is, where did the glyphosate 
come from? Clover, pasture and multifloral honeys had the 
greatest proportion of residues in both surveys. This suggests 
that bees were accessing glyphosate-sprayed pastures prior to 
the flowers dying. A related problem occurred in the UK in the 
1990s where treatment of rape with insecticides was associated 
with bee deaths – advising farmers not to spray flowering rape 
solved the problem (personal information; the author was chair-
man of the UK Pesticide Residues Committee 1992–2000). An 
additional possible source of New Zealand’s honey glyphosate 
contamination might be the use of Roundup® to kill herbage 
around beehives.

Glyphosate residues in honey have been found in many 
other countries, with concentrations as high as 160 mg/kg in 
USA honey (Rubio et al., 2014) – this might reflect the use of 
Roundup Ready® flowering crops which, even though highly 
contaminated with glyphosate, are not killed and so continue 
to attract and contaminate bees. 

In addition, glyphosate residues in other foods have been 
reported from around the world. For example, residues in 9/28 
(32%) samples of soy sauce in a USA survey had glyphosate 
residues >100 mg/L (one sample exceeded 500 mg/L) (Rubio et 
al., 2014). The health risks associated with this are likely to be 
minimal via western diets, but would be greater for some Asian 
communities. A Swiss study found that glyphosate residues were 
very often found in fruits, wine and honey, but that pasta was the 
most important source of glyphosate residues in a dietary intake 
context, but they found no MRL exceedances (Zoller et al., 2017). 

It is clear that the extensive use of glyphosate in agriculture 
is reflected in its food residues spectrum. While the health risk 
from glyphosate intake from individual commodities might 

Figure 8. A glyphosate-treated field with 
grazing cattle in the Canterbury region.

(Photograph by the author.)
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be low, since residues are widely distributed it is important to 
consider total dietary intakes. Zoller et al. (2017) assessed dietary 
intake and found that neither the ADI nor the acute reference 
dose (ARfD) for glyphosate were exceeded. They concluded 
that glyphosate residues are of no concern from a human health 
perspective.

It is important to note that all of the toxicological end-
points used to determine the ADI and ARfD are unlikely to 
have included endpoints (e.g., testicular atrophy, endometrial 
thickening) that would have indicated estrogenicity. They were 
almost certainly based on acute toxicology. This is important 
because glyphosate has a ‘clean’ acute toxicity profile which 
might be misleading in the context of new evidence regarding 
its estrogenicity and long-term risk. 

In the context of food residues, Low et al. (2005) demonstrat-
ed that Saccharomyces cerevisiae (the yeast used in breadmaking) 
can metabolise glyphosate, thus reducing potential residues in 
fermented food products (e.g., bread) made from, for example, 
flour with glyphosate residues. This is less important in New 
Zealand where Roundup Ready® wheat is not grown, but is an 
interesting concept that should be borne in mind when predict-
ing food residues and their health risks.

Continuing the idea that glyphosate is estrogenic and that 
this might have implications in a long-term risk context, it is 
important to consider multigenerational effects, in particular 
growth and development effects on the embryo and fetus 
(Shaw et al., 2009). Aris & Leblanc (2011) measured glypho-
sate in serum from, non-pregnant and pregnant women and 
their fetuses (fetal cord blood). They did not find glyphosate or 
AMPA in serum from pregnant women (n = 30) or fetal cord 
blood (n = 30), but did find glyphosate in serum (mean ± SD = 
73.6 ± 28.2 ng/mL) of 2/39 (5%) of the non-pregnant women 
(n = 39) studied. Surprisingly, AMPA was not found in the two 
glyphosate-positive non-pregnant women’s samples; the authors 
suggest that this might be for technical reasons or because AMPA 
is rapidly cleared.

A very misleading study in rats showed that glyphosate 
is teratogenic at huge maternal doses (500 – 1,000 mg/kg/d) 
(Dallegrave et al., 2003); this is likely to be due to maternal tox-
icity causing retardation of fetal growth, and so has little or no 
relevance to potential effects of low-level glyphosate exposure 
to pregnant women. A follow-on rat study by Dallegrave et al. 
(2007) using lower (but still irrelevant to human exposure) 
maternal oral glyphosate doses showed that at doses ≥50 mg/kg 
body weight there was a dose-related reduction in sperm number 
in offspring 65 d post-partum, but that the values returned to 
normal by 140 days post-partum. In addition, serum testosterone 
decreased in a dose-dependent manner at glyphosate doses ≥50 
mg/kg body weight on day 65 post-partum, but this had only 
partly recovered on day 140 post-partum. Even though the doses 
used are irrelevant to human exposure, the effects on sperm 
number and serum testosterone point to an estrogenic response. 
Unfortunately, Dallegrave and her colleagues used Roundup® 
throughout their studies (Dallegrave et al., 2003; Dallegrave et 
al., 2007) and so POEA was co-administered to the rats. How-
ever, Mesnage et al. (2017) convincingly proved that POEA is 
not estrogenic and so the Dallegrave et al. (2007) findings are 
very likely due to glyphosate.

Current use of Roundup® in New Zealand 
and its impacts on human health, livestock, 
and ecosystems
Our knowledge about the chemistry and toxicology of glypho-
sate has increased considerably since it was licensed 47-years 
ago. We now know that its short soil t½ might be partly due to 
its binding to charged soil components and that it might be 
released at a later time. In addition, there is mounting evidence 
that glyphosate is estrogenic, albeit with low relative (to E2) 
estrogenicity. The implications of this to environmental impact 
and human health have hardly been discussed because of the 
conjecture about the initial studies indicating estrogenicity. One 
thing is certain, glyphosate as an environmental estrogen will 
have effects at exposure concentrations far below those associ-
ated with its conventional toxicology.

Our understanding of glyphosate’s short-term toxicity to 
humans, animals and ecosystems has not changed; glyphosate 
remains of little toxicological concern following acute exposure, 
except at very high doses. It is rapidly broken down by soil bacte-
ria and metabolised and excreted in animals (including humans), 
which means that short-term environmental contamination or 
human exposure is unlikely to lead to long-term adverse effects. 

Glyphosate’s long-term impact is very much less well un-
derstood. Its estrogenic effects are likely only to be manifest 
following long-term exposure. As its use patterns have changed 
over the years, and its use has increased considerably on account 
of its importance in agriculture, it is appearing as residues in 
crops and food. In most cases, residue levels are low, but the 
effects of multiple exposures to multiple residues in multiple 
foods on human health have not been adequately assessed. This 
has particular resonance in the context of estrogenicity, which 
can cause subtle changes in growth and development following 
very long-term, very low-level exposures.

An issue that appears not to have been considered is the effect 
of stock grazing glyphosate-sprayed paddocks. It is possible that 
this route of exposure results in high glyphosate doses because 
there is no statutory grazing withdrawal time. High doses of 
estrogenic compounds can have effects on reproductive health, 
which might affect ovulation, sperm health and thus fecundity. 
This could have economic impacts in an agricultural setting. 
Similarly wild animals (e.g., birds) foraging in recently glypho-
sate sprayed will be exposed to high levels of the chemical which 
could affect their ovulation cycles and thus fecundity.

It is important that we do not simply accept the longstanding 
dogma that glyphosate is safe; we must question this, consider 
our increasing understanding of glyphosate’s interactions with 
biological systems, explore its long-term effects, and modify our 
use of this vitally important agrochemical accordingly. As Jacob 
Bronowski noted in the Ascent of Man, They [We] are here not to 
worship what is known, but to question it… (Bronowski, 1973).
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Scientists and science organisations operate within their current 
social settings and must cope with society-related difficulties 
that may impinge on the science enterprise. One such current 
‘brake’ to the easy and efficient pursuit of science is excessive 
bureaucracy, or ‘managerialism’, in science organisations. This 
style of administration arises from the ideology of neoliberalism, 
imposed on institutional administrations since the 1980s in many 
Western countries and copied in New Zealand. These policies 
have had many negative impacts on the New Zealand public 
sector, including education and science. Decades of manageri-
alism have had the effect of largely removing scientists from top 
or high positions in many New Zealand science organisations 
(e.g. Crown research institutes and natural history museums), 
replacing them with generalised unspecialised senior managers 
many of whom lack scientific qualifications, experience and 
commitment. With scientists no longer at top tables to keep 
science at the forefront in the organisations, there can be a 
tendency for science to under-achieve. Science institutions might 
be better-run with small, efficient bureaucracies led by people 
with science knowledge and passion. Yet, current managerialist 
systems are too entrenched, and too self-perpetuating, to be 
easily overturned. The economic body-blow, following in the 
wake of the 2020 coronavirus pandemic, may give an opportunity 
for change to a better system of organisational management.
Keywords: science administration, neoliberalism, managerial-
ism, natural history museums, CRIs, universities 

Introduction
Scientists and science organisations operate as part of a larger 
society, with its varied and ever-changing social settings, some 
of which may pose difficulties for the science enterprise. There 
is some evidence that excessive bureaucracy is a current dif-
ficulty for science, as for many other endeavours. The strong 
business-orientation of many science organisations was one of 
several problems identified in the New Zealand Association of 
Scientists’ recent comments on the fitness-for-purpose of the 
local science system (Anon. 2020).

By the late 1980s, the prevailing politics and economic phi-
losophies in Western countries had changed to neoliberalism. 
From small beginnings as ‘Reaganomics’ and ‘Thatcherism’, in 
the USA and UK respectively, parroting of the new and fashion-
able ideas by all Western regimes caused a sort of mass-hysterical 

swing. Wholesale attitudinal and social changes, that seemed 
to be the equal and opposite of the post-war nationalisation 
of strategic industries and implementation of the welfare state, 
took place in most Western countries. The New Zealand version 
was ‘Rogernomics’, unleashed by Labour after it won the 1984 
election (Kelsey 1997, King et al. 2015). Government agencies 
were changed structurally to become corporate in style (Schick 
1996) with no regard for social consequences. The favourite 
government buzz-words were ‘economic efficiency’ and ‘ac-
countability’. At the national level, neoliberalism favours small 
government, privatisation of public assets, international free 
trade and movement of capital, and the freedom to bypass local 
workers to engage low-wage labour in foreign factories. 

At the institutional level, as those of us with long work experi-
ence know, neoliberalism meant that management systems were 
changed, old wisdoms derided and common sense down-played. 
A state of institutional amnesia was encouraged (Jesson 1999), 
with corporate memory for how things were done, and why, 
considered unhelpful – even a threat. Previous mechanisms for 
fiscal and professional responsibility were deemed inadequate; 
trust in staff has been progressively reduced (Shore & Wright 
1999) and many activities micro-managed to demonstrate, or 
create a pretence of, managerial control. Length-of-service is 
discredited in salary progression, and under the new ideology, 
‘performance’ is the only consideration. This is assessed by com-
plex and time-consuming systems of performance-assessment, 
despite uncertainty that benefits outweigh costs (Seddon 2002, 
Bowman 2010). There are handsome salary packages for top 
managers (Bertram 2018), with austerity more likely for the 
wages of the lower ranks. There are numerous external consult-
ants: ‘we came, we saw, we invoiced’. Organisations must have 
strategic plans, mission and values statements, and key perfor-
mance indicators (Shore & Wright 1999, Easton 2003). Every 
aspect of the running of the organisation is spelled out in policy 
and procedure documents. Box-ticking is a major imperative, 
which often forces initiatives through without exceptions or 
nuances based on specialised knowledge. A new philosophy is 
that ‘what cannot be measured is of little value’ (Shore & Wright 
1999). Process has sometimes become more important than re-
sults. From small beginnings around 1990, new-style managers 
created self-perpetuating and self-reinforcing structures that are 
now deeply entrenched.
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For a generation now, New Zealand’s universities, govern-
ment research agencies and public knowledge-based organisa-
tions (art galleries, museums, public libraries, etc.)—including 
most of the country’s science institutions—have been run in a 
corporate-mimicking style. This has never been entirely appro-
priate, for many reasons, not least because the value of the tangi-
ble assets of these institutions is not in parcels of privately-owned 
shares whose price rises and falls on any stock-exchange. How-
ever, the ideology is that ‘market forces provide the best model 
of accountability and, where they are absent, it is the duty of 
government agencies to introduce them through pseudo-market 
mechanisms’ (Shore & Wright 1999). This business-thinking 
has given rise to styles of management called ‘managerialism’ 
or the ‘audit culture’ (e.g. Shore & Wright 1999). It is a ‘new 
form of coercive and authoritarian governmentality’ that in-
volves ‘the re-invention of professionals themselves as units of 
resource whose performance and productivity must constantly 
be audited so that it can be enhanced’ (Shore & Wright 1999). 
The way in which some organisational administrations have 
now implemented top-down control of money, resources and 
opportunities, with the organisation’s specialists (e.g. scientists, 
hospital physicians) regarded as money-generating technicians 
for the benefit of management, has been called ‘managerial im-
perialism’ (Ginsberg and Buchwald, quoted by Otto 2016: 421).

Running New Zealand’s science institutions in ways that copy 
the structures, attitudes and language of the capitalist business 
world creates problems (Edmeades 2004). At the University of 
Auckland, for example, this style of management has been at 
odds with the scholarly community in which ‘trust and engage-
ment are the keys to high performance and creativity’ (Haworth 
2011). Problems with corporate-style behaviour in non-profit, 
public agencies have included recurrent organisational restruc-
turing, increased and excessive bureaucracy and the marginali-
sation of science from organisational decision-making.

In this essay I give a personal interpretation of these devel-
opments, with supporting comments taken from the writings of 
many commentators. My own work experience has been mostly 
with large encyclopaedic public museums that are devoted in 
part to the natural sciences (botany, zoology, geology). Some of 
the detail covered here is particular to museums, but many of 
the issues apply generally to diverse science agencies including 
university science departments. I highlight the general prob-
lem others have noted, that neoliberalism has shifted control 
of science organisations from practising scientists to generic 
managers with little science knowledge. I believe that this in 
turn has weakened and diminished the science project, denying 
science some of its rightful voice within science organisations 
and by extension its proper place in society. I take an admittedly 
one-sided view of what I see as the negative impact of the audit 
culture on science. If there are benefits to science from mana-
gerialism, beyond the faint praise of providing systems that at 
least function day-to-day, then they are not particularly evident 
to me, and others can argue for them.

Endless disruption
Part of the corporate-mimicking pretence in the non-corporate 
public educational and research organisations has been the new 
freedom of directors and senior managers to make sudden, 
radical organisational changes. Though largely free from the 
pressures of the real private sector (Anon. 2020), managers act 
out cycles of change as if they are locked in fierce commercial 

competition. Individual staff roles, and organisational assets 
like laboratories, libraries and museum collections, become 
play-things to be favoured or dropped as managers pursue in-
termittent restructurings (Sadleir 2003, Bertram 2018, Chapple 
2018). They can even ‘re-invent’ the purpose and scope of the 
organisation, conveniently bypassing decades of established 
past practices. The result has been endless transformation and 
radical change (Spencer 2018), unrestrained by the tradition and 
precedent that used to keep things on the rails. Universities in 
Australia, New Zealand and the UK, for example, have morphed 
from providers of free education to local students who met high 
entry standards, to sellers of education to almost anyone from 
home or abroad who will pay (Daylight 2017).

In recent decades, New Zealand’s four main museums (in 
Auckland, Wellington, Christchurch and Dunedin) have been 
managed by corporate-style leaders. Many directors have been 
charismatic, imaginative and level-headed, and during this 
period much has been achieved, particularly in big-ticket items 
like building additions and renovations, exhibition development, 
and implementation of new technology. However, we cannot 
ignore that the neoliberal period brought repeated ugly and 
unnecessary disruption to our museums, in stark contrast to 
the preceding century of calmness and stability in museum 
administration. Since 1997, five museum CEO-style directors 
have caused five major upheavals at three of the four museums: 
Auckland Museum (around 1997 and 2008), Museum of New 
Zealand Te Papa Tongarewa (around 2012 and 2018), and 
Otago Museum in Dunedin (more gradually, with a culmina-
tion around 2012). The ensuing staff layoffs and institutional 
demoralisation produced unfavourable newspaper headlines 
(Gill 2018). Organisational reputations were damaged and we 
usually saw, soon afterwards, the departure of the offending 
director. Our museums still perform similar tasks to what was 
done 40 years ago, with people in much the same roles. So we 
can now see that the organisational convulsions were gratuitous, 
with no end-goal or long-term purpose or outcome, and this dis-
credits generally the managerial style of museum management.

After several restructurings you might think a public service 
organisation would need a period of calm and stability. But under 
the corporate-parroting model, no top managers want ‘quiet 
consolidation’ on their CVs. Regular change is perhaps also 
needed to make out that the diversion of resources to fund so 
many managers is actually achieving something. And so there is 
an endless search for novelty and reconfiguration – ‘permanent 
revolution’. Restructuring of New Zealand science organisations 
continues, with current proposals to reduce science capacity 
at Massey University (Morton 2020) and Waikato University 
(Morton 2021).

Increased bureaucracy
The neoliberal revolution was supposed to put an end to gov-
ernment departments under the welfare state that were seen as 
over-staffed and inefficient. Instead, managerialism and corpo-
rate mimicry in our public organisations have often delivered an 
ever-increasing bureaucratic quagmire many times bigger than 
before (Monbiot 2016). In the decade 1994–2004, the number 
of people employed in scientific research and development in 
New Zealand increased by around 5% per annum, but, mean-
while, those employed in policy, administration, management 
and audit of science and technology increased by about 15% 
per annum (Burns 2007). Watson (2008) felt that for many New 
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Zealand researchers ‘the current administrative overburden is 
simply crushing’.

Academics at the University of Auckland have been con-
cerned at the ‘massive growth in the superstructure of ‘managers’ 
and their flotillas of PR, HR, ‘Advancement’, Information, De-
velopment etc officials’ and ‘poor leadership from that bloated 
bureaucracy’ (Hazledine & Kelsey 2018). In that university’s 
Faculty of Commerce, ‘the ratio of managers and their ilk to 
front-line teaching, research and support workers has increased 
from two managers to every 40 lecturers to about two to five over 
the past 30 years’ and ‘our work has not been made easier or more 
effective as a result’ (Hazledine 2016). Increased bureaucracy 
has also brought meddling in science communications in New 
Zealand, with managerial curbs on the freedom of scientists to 
communicate directly and publicly about their specialist subjects 
(Anon. 2009, Hendy 2016). 

When I started at Auckland Museum in 1982, it was run—
reasonably successfully—by an administration of seven staff: a 
director, his secretary, an accountant, three administrative clerks 
and a receptionist-telephonist. Precise details of staffing for 
2013–14 (when I retired) are not publicly available, but the di-
rector had an ‘executive team’ of six assistant directors, there were 
some 20 other highly-paid managers and dozens of lower-level 
managers1. As the numbers of managers steadily increased over 
these three decades, I found that most administrative tasks and 
activities were made more difficult and complicated, and that 
the regime was prepared to devote much time and staffing to 
gratuitous micro-management2. 

We need detailed comparisons of organisational achieve-
ments before and after the managerial take-over and the 
obsession with audit and control. Lowe (1994) provided an 
early comparison, stating that by the early 1990s New Zealand’s 
Department of Scientific and Industrial Research (DSIR) was 
publishing about 1200 scientific papers per year, but that fell 
to 350 in the Crown research institutes (CRIs), created in 1992 
from the abolition of the DSIR. Instead, the average CRI was 
generating about 5000 pages of grant applications per year and 
there were new research managers, not to pursue research but to 
draw generous salaries to administer the CRI system. Edmeades 
(2004) concluded that the commercial CRI model had been 
unsuccessful, increasing the transaction costs of otherwise good 
services and showing an overall net decrease in productivity 
and efficiency. 

In museums, the strength of the temporary, changing ex-
hibition programme (additional to the ‘permanent’ exhibits), 
points to the organisation’s vitality and public engagement. To 
get a quick indicator of achievement I tallied the number of 
temporary exhibitions, large and small, reported in Auckland 
Museum’s annual report for the start and end of my working 
career. In the years 1982–83 and 1983–84, with a small display 
team, and little bureaucracy to curb trust and freedom of action, 
the museum mounted 14 or 15 temporary exhibitions each year. 
In 2012–13 and 2013–14, with vastly increased staffing and 
funding, only four or five temporary exhibitions are mentioned 
in each annual report.

The suspicion is that our current over-bureaucratised or-
ganisations are tending to achieve less with more. Increased 
bureaucracy in public-service organisations slows their agility 
and responsiveness, wastes resources and drains the energy 
and productivity of staff. This is bad for science and scientists 

(and of course for all other scholars, researchers and teachers 
in these institutions).

Science no longer at top tables
One principle of the neoliberal approach to institutional man-
agement, which has damaged scientific research organisations, 
is that you do not need knowledge of the institution’s intellectual 
specialties to manage them. This is the ‘myth of the generic man-
ager—the notion that anyone with the basic set of management 
skills can manage any government body, whether it is an envi-
ronmental agency, an economic agency, a museum or a hospital’ 
(Chapple 2018). Chapple pointed out that: ‘These managers have 
no expertise in the fields they are empowered to oversee. They 
lack institutional knowledge. They get no respect from their staff 
for their earned specialist competence because they have none.’ 
In many science organisations the recruitment of large numbers 
of generic managers to top positions has diluted the number 
of staff with science-knowledge and pushed scientists to lower 
positions in the hierarchy. Frequently, scientists now have little 
influence on organisational direction and decision-making. New 
Zealand science policy ‘has resulted in a gradual disempower-
ment of science and scientists’ (Watson 2008). 

Between 1926 and 1992, the divisions of the DSIR evolved 
into organisations headed and run by active scientists, without 
control of research priorities and spending of allocated funds by 
lay bureaucrats (Robinson 2015, Galbreath 2017). This ceased in 
the CRIs, in which the current scarcity of scientists at top levels 
of governance and management has tended to stifle science and 
creativity (Campbell 2019). The trend in the government-linked 
agencies became for active scientists to be excluded from policy, 
advisory and governing committees, while managers with in-
creasing control of science had little understanding of it (Gregory 
2016: 49). In 2018, senior ministry staff implementing New 
Zealand’s biosecurity needs, including response to the cattle 
disease caused by Mycoplasma bovis, notably lacked science or 
agricultural credentials (Fox 2018).

In 1987, various smaller ecological and land management 
and research units, some with scientists at the helm (e.g. Wildlife 
Service), were amalgamated into a monolithic, managerialised 
Department of Conservation. The department has suffered 
repeated restructurings since then and recent critics believe it 
has lost its way, through such factors as its embrace of corpo-
rate management methods (Williams 2018). At least some of 
the problems are said to involve the interface between science 
and operations, suggesting a degree to which the department’s 
scientific work may be suffering.

From their origins around the 1860s until the 1980s, New 
Zealand’s four largest museums were led by scientists or an-
thropologists who had risen through the ranks. From having 
been curators themselves, they understood the detail and com-
plexities of the many subject disciplines and collections of the 
encyclopaedic museum. Before 1990, curators to a certain extent 
assisted directors with the running of museums. By the 1990s, 
governing boards had put museums in the hands of directors 
and top managers who mostly had no specific experience of 
encyclopaedic science/humanities museums but instead came 
from the ‘cultural sector’ generally or unrelated fields. When 
I started at Auckland Museum in 1982, science curators were 
level 2 in the organisational structure. When I retired, in 2013, 
they had sunk to about level 4.5, as new layers of management 
had been imposed above them. It marked a transition from 



New Zealand Science Review Vol 77 (1–2) 202116

a museum with knowledge of collections (including science 
knowledge) at its heart, to one with bureaucratic process as a 
principal driving force.

Business-style grant-funding
The corporatisation of grant-funding systems in the new man-
agerial environment is a major area with adverse impacts on 
science. Phillips (1999) had early concerns with proposals for 
funding reforms whereby scientists ‘can only get money to work 
on things that the Ministry [of Research, Science and Tech-
nology] (a) can comprehend and (b) considers important for 
political reasons’. Edmeades (2004) discussed how the principles 
of contestability and contract theory are inappropriate to science 
funding. Watson (2008) urged lower transaction and compliance 
costs, and increased bulk funding to provide stability for long-
term programmes. More recently, Chambers (2017) discussed 
the Marsden Fund, questioning changes that now allow chunks 
of money to go to overheads and salaries of permanent staff. 
While the Royal Society of New Zealand manages the Marsden 
Fund competently, it is doubtful that it adds much value to the 
process in return for its take (Chambers 2017).

Poor support for museum science
Our four large encyclopaedic museums are uneasy partnerships 
between natural history and human history (anthropology and 
applied arts), with the addition of fine art (from the former 
national art gallery) at Te Papa. New Zealand seems to be too 
small (or too meagre in ambition) to support separate special-
ist museums in the main cities. The museums play a big role 
in science, housing large natural science collections that are 
a major part of the country’s permanent and verifiable record 
of its biodiversity (e.g. Gill & Coory 1999, Gill 2006, Nelson 
2015). For a century and a half, museum scientists have helped 
to formulate the taxonomy and nomenclature essential to a full 
understanding of New Zealand plants and animals. Since science 
covers roughly half of the museum’s purpose and collections (or 
a third at Te Papa), there is an argument for science receiving 
that proportion of the available funding and staffing. However, 
museum science, particularly at Auckland Museum and Te Papa, 
has tended to struggle since the 1990s under managerialist ad-
ministrations, many of whose leaders and decision-makers have 
had little enthusiasm for science or knowledge of it.3

Of course, in recent decades some of the wider social, polit-
ical and technological contexts, and public expectations, have 
changed for New Zealand museums. However, public interest 
in the natural sciences remains high, and the public appetite 
has continued as strong as ever for the museums’ long-term and 
temporary natural science exhibitions. I also argue that natural 
history curators have shown considerable adaptation. For ex-
ample, digitisation of collection records at Auckland Museum 
(a prelude to having such records available publicly on-line) was 
introduced and led by its natural sciences staff4.  

Museum of New Zealand Te Papa Tongarewa
When the new Te Papa building opened in Wellington in 1998 
(Dutton 1998, Dalrymple 1999), the place of science in the or-
ganisation seemed small. By the time of a restructuring around 
2012, scientists at Te Papa were feeling even more excluded, their 
role ‘steadily diminished under a succession of chief executives 
who have shown little interest in, or commitment to, the institu-
tion’s crucial work in ... taxonomy’ (du Fresne 2013). Nobody on 
the government-appointed Te Papa board had a scientific back-

ground, and scientists were absent from the top tier of Te Papa’s 
management (du Fresne 2013). The cycle repeated in 2018, with 
a new regime proposing further cuts to staff managing natural 
history collections: a cut to a new low of 4.2 full-time equivalents 
(FTEs), down from 10 staff before 2012 (Carter & Rudge 2019). 
The head of Te Papa at that time had never before worked in 
a museum (he previously ran a district health board; Chapple 
2018) and there were still no natural scientists, with hands-on 
experience of the museum’s natural history role, in top-tier 
management or on the governing board. Rawlence & Worthy 
(2019) considered that the senior management was destroying 
Te Papa’s credibility as a national scientific research institute.

Auckland Museum
Auckland Museum appointed its first specialist curators in the 
early 1930s with what amounted to 3½ natural history curators 
(and 1½ in human history). When I joined the organisation in 
1982 I was one of five science curators. Two of these positions 
were made redundant in 1997, the year after new governance 
arrangements brought in a trust board headed by someone from 
the corporate world (Corbett 1997, Johns 1998). Critics noted 
that the current director had ‘a double degree in fine arts and 
no sympathy for science’ and detected ‘a rising head-count of 
administrators versus a decreasing number of curators’ (Corbett 
1997). One of the science curator roles was re-established in 1999 
(Anon. 1999), so that when I departed in 2013 there were four 
natural history curatorial positions, or 4½ to include a manager 
who also did a curatorial role.

By tallying FTEs for 1983 and 2013, I estimate that Auckland 
Museum’s total staff numbers increased by about 370% during 
my tenure5. Despite this massive increase in resourcing, suc-
cessive administrations kept the number of science curators at 
1980s levels, thus preventing science from benefiting from the 
largesse. Meanwhile, the lack of a geology curator, and the need 
for additional botany and invertebrate zoology curators, were 
obvious problems for science at the museum. Auckland Muse-
um created new positions for collection managers, exhibition 
developers and label writers to take over many curatorial tasks. 
This is itself part of a troubling trend in museums, whereby the 
new-style administrations employ yet more generalists, not 
understanding, or not caring, that they are thereby undermining 
specialist knowledge and curation (Knell 1995)6. 

In 1982, Auckland Museum’s curators (natural history and 
human history) were the biggest single group of back-of-house 
staff, reflecting the museum’s emphasis on knowledge of its col-
lections, and in line with public expectations of how a museum 
is staffed. By 2013, curators had become a small outpost at the 
edge of an ocean of administrators. While there was minimalism 
and austerity in the 4½ science curators, in 2013 the museum 
was employing about 22 FTEs across commercial development, 
commercial events, communications, marketing, ‘masterplan 
delivery’, HR, sponsorship, tourism and market research. In my 
view the museum’s staffing priorities were upside down. 

Otago Museum
Otago Museum had two natural history curators in the 1980s and 
1990s (Otago Museum annual reports), but after new leadership 
around 2000 these experienced staff departed and the collections 
were run by a succession of mostly recent graduates with little 
or no museum experience. Specialised knowledge seemed to be 
replaced by inappropriately strict risk-aversion. I visited Otago 
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Museum in 2008 to measure bird study-skins, and had the 
experience (unique in my world-wide visits to bird collections) 
of being watched continuously by a staff member, presumably 
to ensure I did no wrong7. Entomologists regularly send and 
receive insect specimens by mail or courier so that specialist 
colleagues can identify them, and borrowing insect specimens 
from public museums is common. In 2010 Otago Museum 
suddenly required insurance cover of over $7,000 on a single 
entomology loan making loans impossible8. The signs were that 
Otago Museum, with uninformed, corporate-style leadership, 
ceased to function as a proper natural science organisation for 
several years. Circumstances have improved since 2012, but 
unnecessary damage was done.

Discussion
Despite repeated detailed and eloquent complaints about man-
agerialism and excessive bureaucracy in government agencies 
and academia (e.g. Shore & Wright 1999, Easton 2003, Haworth 
2011, Hazledine 2016, Bertram 2018, Chapple 2018), nothing 
changes. The present systems are too self-supporting, self-per-
petuating and self-serving to change. A new generation of 
scientists works under the ‘crushing administrative overburden’, 
perhaps not realising that it has not always been this way and 
does not need to be.

The most serious problem is that managerialism prevents 
scientists from controlling and directing their own discipline. 
‘Science for and by scientists will deliver the most benefit to the 
New Zealand government, to the people of New Zealand and to 
science itself ’ (Robinson 2015). Edmeades (2004) concluded that 
‘science should be managed by those who embrace the values 
and beliefs of science’. With bureaucrats in government agencies 
directing research towards commercial innovation supporting 
economic growth, scientists cannot bring to due prominence 
their critical analyses on major questions of the time, such as the 
dire forecasts of global damage and disruption (Robinson 2015).

Arguing for scientists to be at top tables in science organisa-
tions is not to suggest that scientists make superior managers. 
Some do not. But neither do too many of the current generic 
managerialist managers. Scientists would make the management 
no better—or no worse—but they would ensure better decisions 
for science, and surer promotion of science, within and beyond 
organisations.

The neoliberal experiment has been a spectacular failure 
(Stiglitz 2019). Market-driven ideologies and the commerciali-
sation of universities and other research and scholarly academies 
are ‘hampering creativity and undermining collegiality’ (Clem-
ents & Matheson 2019). Public science organisations should not 
try to be businesses, yet that is currently how they are set up to 
behave. Science might be better served by administrations that 
favour organisational stability, small bureaucracy and trust in 
staff, and that are led, not by generic managers, but by leaders 
with a passion for science based on first-hand knowledge and 
experience. Fiscal prudence is essential, but the drive should be 
for scientific productivity and excellence, not corporate-style 
emulation and spin.

The pressure for change continues. In July 2020, 600 Aus-
tralian university academics signed an open letter calling for 
‘a return to a more democratic, cost-effective and functional 
structure for Australia’s universities’ (Pelizzon et al. 2020). The 
universities used to be administered by a collegium of distin-
guished academics with specialised knowledge. Now there is an 

executive cadre of ‘astonishingly well-paid, institution-hopping, 
administrators without ‘long-term institutional knowledge and 
memory’. The petitioners want senior and middle executives se-
lected through internal processes (thereby ensuring background 
institutional knowledge) rather than by a commercial corporate 
recruitment strategy.

But we are up against ‘a hegemonic force—a neo-liberal 
revolution—that has shaped political attitudes in western de-
mocracies across the globe for more than a generation and that 
now represents a norm so powerful that it is not even recognised 
as such by those who might be expected to oppose it’ (Gould 
2016). Only a ‘paradigm shift’ will dislodge neoliberalism, yet 
even the global financial crisis of 2007–2008 brought little or 
no reform to managerial excesses. Now the 2020 coronavirus 
pandemic has illuminated, once again—and even more stark-
ly—the failings of three decades of neoliberal economics. We 
were helped through the initial stages of the pandemic by public 
health systems, government agencies, low-paid supermarket 
workers and totalitarian-style lock-downs—not by multinational 
corporations, CEOs with high salaries, or by free markets and 
‘user-pays’. Perhaps the body-blow to Western economies, now 
working its way through the system, will be the tipping-point 
that forces reform of excessive and wasteful managerialism 
and ushers in a simpler and more productive administrative 
environment for science in New Zealand. (But don’t bet on it!) 
Meanwhile, we can at least describe and review aspects of the 
problem, as I have tried to do here.
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Endnotes
1.  Auckland Museum annual reports after 2006–07 no longer include a 

staff list. In 2013–14, leaving aside the director, Auckland Museum 
reported 30 managers earning $100,000–200,000 per annum (Anon. 
2014). These were only the higher earners, with many lower-level 
managers besides.

2.  My personal experience of excessive bureaucracy at Auckland 
Museum included a memo to all staff in 1997 from the accounts 
department announcing an end to ‘petty cash’, a decision all subse-
quent regimes continued. After 1997 I needed to seek a manager’s 
signature for every purchase, even a box of pencils. Gratuitous 
micro-auditing of people who could be trusted, adds up across 
the many staff and many activities, year after year, to a big cost in 
time and resources. In 2010, I travelled to another city to attend an 
annual national conference in my subject specialty (at a total cost 
of $1260). The request and justification form took six weeks to be 
approved and needed the signatures of five top managers, including 
the director.

3.  For 20 years I co-edited and/or produced the scholarly journal Re-
cords of the Auckland Museum, published annually since 1930. The 
task was made harder by having to seek funds for typesetting and 
printing from a succession of managers for most of whom ‘scholarly 
journal’ was an unknown concept. Funding was twice declined with 
no volume produced those years. In the end, I had a two-page list 
of FAQs that I could hand to each new manager to help explain the 
importance of the Records. This should not be needed in a major 
museum. It was not needed at Auckland Museum before the 1990s 
when senior staff understood scholarship and indeed had initiated 
the Records in the first place.

4.  Computer databases for collection records at Auckland Museum 
were introduced in 1989 in an initiative from the botany department 
that was copied by other natural history sections. Computerisation 
of records was led by science curators and their technicians; it was 
2002 before the management implemented a museum-wide sys-
tem. By 1990, I, for example, had records digitised for 1,000 land 
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vertebrates specimens, and by 2001 for about 13,000 specimens. 
By 2006 I had over 1,000 records with attached images.

5.  In the 1983–84 financial year, the total paid staff of Auckland Museum 
(listed in the annual report) was about 57 FTEs (including security 
and shop staff, but excluding coffee lounge staff). In 2013–14, the 
total staff was about 213 FTEs (based on an internal staff directory 
I had at the time), a 370% increase. Vodanovich (2012) reported 
the museum’s total FTEs as about 170; if that is the correct number 
it makes a 300% increase.

6.  Undermining of specialist curation is illustrated by the recent blanket 
imposition of shelf-numbering (as used for human-history collec-
tions) in natural history collection stores at Te Papa and Auckland 
Museum after responsibility for collections was transferred from 
science curators to more generalist collection managers. Showing 
object locations by shelf-numbers recorded in computer databases 
is redundant in situations where natural history specimens are ar-
ranged following the Linnaean classification sequences laid out in 
published taxonomic directories. But shelf-numbering conveniently 
bypasses the need for specialist scientific knowledge and permits 
“robotic” retrieval of specimens by uninformed staff. However, it later 
becomes an impediment to curation. When natural science collec-
tions expand, or taxonomic sequences get revised, rearrangement 
of specimens on shelves—previously a simple matter—now needs 
extensive updating of shelf-numbers in computer databases.

7.  No museums have the staff resourcing to keep research visitors un-
der individual scrutiny, and nor is it necessary or desirable. Museums 
employ curators for their knowledge of, and involvement in, specialist 
disciplines. By this they can recognise bona fide researchers who 
can be trusted with unsupervised access to research collections. 

8.  The researchers concerned declined to borrow the insects, to the 
detriment of their own research and to Otago Museum, which would 
have had their insects sorted and identified at no cost (R. Palma, 
pers. comm. to BJG, Oct. 2010). 
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In May 2020, the World Health Assembly requested the 
Director-General of the World Health Organization to 
initiate an impartial, independent, and comprehensive 
review of the international health response to COVID-19 
and of experiences gained and lessons learned from that, 
and to make recommendations to improve capacities for 
the future. 

The Director General asked the Rt Hon. Helen Clark, 
former Prime Minister of New Zealand, and Her Excel-
lency Ellen Johnson Sirleaf, former President of Liberia, 
to convene an independent panel for this purpose and to 
report to the World Health Assembly in May 2021. The 
Panel spent eight months reviewing the evidence on how 
a disease outbreak became a pandemic, and on global and 
national responses.

The Panel found that the system as it stands now is 
clearly unfit to prevent another novel and highly infectious 
pathogen, which could emerge at any time, from devel-
oping into a pandemic and demonstrated that the current 
system – at both national and international levels – was 
not adequate to protect people from COVID-19. 

The time it took from the reporting of a cluster of cases 
of pneumonia of unknown origin in mid–late December 
2019 to a Public Health Emergency of International Con-
cern being declared was too long. February 2020 was also 
a lost month when many more countries could have taken 
steps to contain the spread of SARS-CoV-2 and forestall 
the global health, social, and economic catastrophe that 
continues its grip. 

The report makes two sets of recommendations. The 
first set includes immediate actions aimed at ending the 
COVID-19 pandemic, with a particular emphasis on 
addressing global inequities.  A major focus is a push 
for greater commitment from high-income countries to 
increase global access to vaccines, diagnostics and thera-
peutics, and to help strengthen health systems. 

The second set of recommendations comprises seven 
actions directed at preparedness to ensure that a future 
outbreak does not become a pandemic:
•  Pandemic preparedness and response must be elevated 

to the highest level of political leadership in all coun-
tries and globally, with the establishment of a Global 
Health Threats Council. 

•  WHO should have more independence, authority, and 
funding. 

•  Pandemic preparedness needs investment from now 
to prevent the next crisis by creating fully functional 
capabilities at national, regional, and global levels.

•  A new agile and rapid surveillance information and 
alert system is needed. 

•  A global platform should be built for equitable devel-
opment and distribution of vaccines, therapeutics, 
diagnostics, and essential supplies.

•  A new mechanism for international financing for pan-
demic preparedness and response should be created.

•  Finally, national pandemic coordinators with a direct 
line to heads of state or government should be estab-
lished

To read more, see:
1.  The main report presenting the Panel’s findings and 

recommendations COVID-19: Make it the Last Pan-
demic (theindependentpanel.org)

2.  Summary of the report COVID-19: Make it the Last 
Pandemic — A Summary (theindependentpanel.org)

3.  The companion evidence-based narrative (This de-
scribes 13 defining moments which have shaped the 
course of the pandemic How an outbreak became a 
pandemic (theindependentpanel.org)

There are also Background Documents representing 
the Panel’s in-depth research, including an authoritative 
chronology of the early response at Main Report & ac-
companying work - The Independent Panel for Pandemic 
Preparedness and Response
Readers may also wish to read:
David R Murdoch, Sue Crengle, Bob Frame, Nigel P French, 

Patricia C Priest. We have been warned –  preparing now to 
prevent the next pandemic. New Zealand Medical Journal 
4 June 2021, Vol. 134, No. 1536. www.nzma.org.nz/journal 

David Skegg, Peter Gluckman, Geoffrey Boulton, Heide 
Hackmann, Salim S Abdool Karim, Peter Piot, Christiane 
Woopen. Future scenarios for the COVID-19 pandemic. The 
Lancet 27 February 2021, Vol. 397, No. 10276, pp. 777–778. 
www.thelancet.com 

Report

COVID-19: Make it the Last Pandemic 
The Independent Panel for Pandemic Preparedness & Response
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News

Lessons learned from Covid-19 for the  
Science–Policy–Society Interface
The collective global experience of the Covid-19 pandemic has provided an unprecedented opportunity to exam-
ine the relationship between science, policy and wider society in what is often called the science–policy–society 
interface(s).
Kristiann Allen, University of Auckland, New Zealand and the International Network for Government Science Ad-
vice (INGSA) explore the lessons learned during the pandemic and provide six recommendations moving forward.
Navigating a novel pathogen and its ensuing pandemic has dispelled some of the most common misperceptions 
about science policy interfaces (SPIs) and revealed some relevant truths.  At least four lessons can be drawn:

1. SPIs require a more sophisticated understanding of their functioning,

2. Certain key roles are highlighted by the pandemic,

3. SPI approaches must be dynamic to respond to different policy stages and conditions of the evolving issue 
or set of interrelated issues,

4. It is important that SPIs connect nationally, internationally and globally.  These lessons are all the more 
important for future preparedness as a pandemic such as COVID-19 and the associated health responses 
intersect with climate and other environmental-related pressures and underlying socio-economic dispar-
ities within and across countries.

Recommendations
The 2019 Global Sustainable Development Report may have issued advice for pre-pandemic world, but its recom-
mendations for Science–Policy–(and society) interfaces not only hold true, but take on added importance in light 
of the pandemic’s lessons.  Some of the key recommendations are recalled and reframed below:

•	 Knowledge sharing platforms with data interoperability and accessibility,

•	 Permanent national expert panels in key areas of sustainable development,

•	 Science-Society collaboration and co-design mechanisms, 

•	 Investment in sustainability science which brings together scientific, practical and indigenous worldviews, 

•	 Investment in quality science journalism,

•	 Investment in science diplomacy to encourage global research cooperation, especially South-South and 
South-North relationships.

These recommendations can be enacted at both national and multi-lateral (global) levels by a mix of issue-specific 
and generalized SPI structures and processes.  The complexity of these interacting sociotechnical and socio-polit-
ical impacts of the pandemic have thrown into deep relief the importance of well-structured, well-integrated and 
well-connected SPIs.
Read more at: https://council.science/current/blog/science-policy-society-lessons-covid/
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Overview
The NZ Law Commission Report 144 The use of DNA in 
criminal Investigations (NZLC R144) proposes a frame-
work for improved regulation of DNA profiling practice 
in New Zealand (see Box 1 for a timeline of actions). Their 
central claim is that the existing legislation, Criminal 
Investigations (Bodily Samples) Act 1995, is no longer fit 
for purpose. Specifically, it has not kept pace with tech-
nology and, further, needs to be brought into line with 
contemporary thinking on Privacy, Human Rights and 
Treaty of Waitangi obligations (regarding Te Ao Māori 
and Tikanga). 

Reform is a tricky balancing act. All would probably 
agree that it is high time to review policy and practice in 
this area. Nothing can be expected to stay adequately up 
to date on all developments in molecular biology and bi-
oinformatics: e.g., analysis methods for trace and ancient 
materials or familial searching of DNA profile databases, 
aka DNA databanks. Equally, all would probably agree that 
it is the very hallmark of a civilised society that it should 
pay all due regard to matters of Human Rights and Priva-
cy. However, a social contract exists that sacrifices some 
of these rights for the sake of justice and in the interest of 
public safety.

DNA profiling is now well understood and widely ac-
cepted by the New Zealand public at large. It features in just 
about every detective story on TV and has an outstanding 
record of success in the hands of New Zealand Police 
investigators and the Institute of Environmental Science 
and Research Ltd (ESR) analysts. Hence it is important 
to make rules that do not hinder this work (a point well 

taken by NZLC). Also, it is essential not to create novel 
and unwarranted concerns in people’s minds.

The result is a monumental work, 579 pages, with no 
less than 193 recommendations. This article addresses each 
of the key areas above as presented in the report from a 
strictly ‘If it ain’t broke ….’ perspective. It also examines 
the central proposal to establish a new DNA Oversight 
Committee to supervise DNA profiling, casework and 
databanking [Ch. 5]. This body would have five to seven 
variously skilled members, at least three of whom should 
be Māori, plus one person from the Independent Police 
Conduct Authority (IPCA).

Structure of the Report
Overall, the text of NZLC R144 is comprehensive, scholarly 
and inclusive. It provides a full overview of DNA profiling 
practice in New Zealand in comparison with what is done 
overseas. It has a strong foundation on The Criminal Inves-

Box 1. A brief history of NZLC R144
1. In Oct 2017, NZLC set up a website on DNA Profiling. 
2. In Dec 2018, NZLC published their Issues Paper on DNA 

Profiling (NZLC IP43, 2018).
3. On 20 Oct 2020, NZLC presented NZLC R144 to the Hon. 

Andrew Little in his role as Minister Responsible for 
the Law Commission.

4. On 27 Nov 2020, the Hon. Kris Faafoi, Minister for Jus-
tice, tabled NZLC R144 before the house.

5. As required, no more than 120 working days later, on 24 
May 2021, the New Zealand Labour Government pre-
sented their response to the House of Representatives.
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tigations (Bodily Samples) Act and its later amendments; 
hereafter CIBS (1995). Respect for Human Rights issues 
(particularly Privacy) and the Treaty of Waitangi is evident 
throughout; see NZLC R144 2.30 – 2.51 for an explanation 
of Māori cultural values in this regard. Key points are a 
call to update CIBS (1995) with detailed requirements for 
new integrated data and legal frameworks managed by a 
DNA Profiling Oversight Committee (OC).

Each section of NZLC R144 reviews the existing 
situation and identifies areas where the NZLC Advisory 
Group saw the need for improvement. Options for reform 
are presented alongside the results of consultations with 
interested parties and a survey of comparable jurisdic-
tions. They conclude each chapter by making a set of 
recommendations and explaining their rationale for each 
one. This consistent structure throughout aids reader 
comprehension and makes it easy to locate particular 
pieces of information.

It is difficult to do full justice to such a large document in a 
single review. Thus, the author has chosen to select a number 
of individual topics of particular significance and explore the 
NZLC R144 recommendations and emergent issues.

Problems with the existing legislation
The NZLC R144 view on this matter is clearly laid out in Ch. 
3, where they raise six areas of particular concern with CIBS 
(1995). Their original claims are that existing legislation lacks 
a clear purpose, is not comprehensive, and is rather complex 
and confusing. These shortcomings alone should be enough to 
merit a thorough revision of the law. Much can be attributed to 
the passage of time during which experiences of DNA profiling 
in action have revealed these deficiencies. For instance, many 
concerns expressed by NZLC here and elsewhere relate to the 
increasing use of DNA profiling to solve high-volume property 
crime. This application has been made possible by new tech-
nologies to analyse trace (aka ‘low copy number’ or LCN) DNA 
evidence. This is found by human contact with objects causing 
the transfer of skin cells or saliva.

Omissions from CIBS (1995) relating to two central issues, 
a general failure to accommodate Human Rights and Te Ao 
Māori1, are particularly important to NZLC. At the outset NZLC 
does recognise that there is significant overlap between these two 
considerations as they entail largely congruent values. However, 
it may seem clear that the former can be taken care of by closer 
regulation of DNA profiling and DNA DataBank management. 
Catering effectively for the latter may be more difficult but is seen 
by NZLC to be of particular concern because Māori are said to 
be overrepresented in the DNA testing regime (NZLC R144 3.18 
– 3.23). The importance of cultural differences is highlighted in 
Box 2 and NZLC R144 15.27 shows how tikanga obligations2 

may come into conflict with police operations. For instance, 
by identifying DNA with whakapapa creates responsibilities at 

all levels of Māori society to exercise kaitiakitanga3 because by 
providing DNA information one person could bring others to 
the attention of the police.

Contrary to NZLC, the method of DNA profiling per se is 
not itself the issue here because it is only a tool and neutral to 
ethnicity. Answers must be sought in wider societal understand-
ing. However, one must agree with NZLC that DNA is of special 
significance to Māori in many aspects (NZLC R144 3.16). For 
these reasons, and state obligations under the Treaty of Waitangi, 
it is plain that fullest Māori input should be sought in drafting 
any future legislation and also extend to any and all future 
discussions regarding kaitiakitanga partnership over Māori 
DNA profiles in databanks. This a topic of direct concern to the 
Māori Data Sovereignty Network | Te Mana Raraunga (NZLC 
R144 2.32). It is also elaborated on in works on guidelines for 
biobanking and genomic research from Māori and Indigenous 
Governance Centre | Te Mata Hautū Taketake, albeit with am-
biguous authority. The further matters about Human Rights in 
general and Human Privacy in particular as seen by NZLC are 
outlined in Boxes 3 and 4 respectively.

Finally, I note that CIBS (1995) does not make any provision 
for a DNA profiling oversight committee. This important new 
proposal in NZLCR R144 is considered in full later.

1 The Māori world, see: Te Ao Māori / The Māori world, Māori ki Te Whare 
Wānanga o Ōtākou, University of Otago, New Zealand
2 Customary system of values and practices, see: tikanga – Māori Dictionary 
(maoridictionary.co.nz)
3 Guardianship, see: kaitiakitanga - Māori Dictionary (maoridictionary.co.nz)

Box 2. Treaty of Waitangi issues
DNA Profiling is not mentioned in the Treaty of Waitangi 
because it did not exist at the time, but Treaty of Waitangi 
principles (NZLC 2.17 – 2.29) can be applied. These include 
partnership, active protection and equity. In this context 
for NZLC R144 the issues come down to encouraging 
greater Māori participation in all aspects of DNA profiling 
and the wider recognition of Māori cultural values (NZLC 
2.30 – 2.48). The report contains a valuable explanation of 
tikanga and its principles of whakapapa4, whanaungatanga5, 
personal tapu and mana and kaitiakitanga in relation to 
forensic examination. Any revision of CIBS (1995) would 
be well advised to pay close attention to this source (after 
NZLC 2.50). There is not space enough in this short review 
to cover all of these in the detail that they merit, except to 
point out that many of them overlap extensively with the 
personal rights issues discussed in the text.
The concept of Tikanga Māori deserves special mention 
as serious misunderstandings may occur because, as NZLC 
2.50 states, there are “some important differences be-
tween tikanga Māori and Pākehā values and concepts” in 
how they provide sets of guiding ethics for “doing things 
right” (NZLC 2.31 and references). Tikanga principles apply 
because personal bodily samples and genetic data are 
considered tapu by Māori because they are taonga and 
reflect on mana and whakapapa. There are also significant 
whanaungatanga responsibilities connected with being a 
relative. Manāakitanga, all due care and respect, must be 
shown in handling Māori data etc. with respect given to 
kaitiakitanga, guardianship over all such matters.

4 To recite in proper order, see: whakapapa – Māori Dictionary (maoridictionary.
co.nz)
5 Relationship, kinship, sense of family connection, see: whanaungatanga – 
Māori Dictionary (maoridictionary.co.nz)
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Obtaining casework samples
These processes are the subject of NZLC R144 Ch. 11-13. 
Samples may be taken directly either from suspects, or from 
volunteers (for elimination purposes) or as part of a mass 
screening exercise. They may also be obtained indirectly from 
crime scenes or discarded items, e.g., cigarette ends. Sampling 
methods include via buccal swab or fingerprick. These methods 
are certainly less intrusive than drawing venous blood but are still 
worrying when they must be taken by force under a court order. 
Either way it is recognised as important that all those persons 
providing their biological material should do so with informed 
consent and have a reasonable opportunity to consult with a 
lawyer. It would seem prudent that, during the informed consent 
process, the New Zealand Police should provide the individual 
concerned with a written notice explaining what will happen 
to their sample, what information will be obtained from it (i.e., 
only a DNA profile), and what will (and can) be done with the 
data obtained (see later). In this regard the principles of DNA 
databanking may be helpful. These are not discussed explicitly 
in NZLC R144 but they would seem to be much in line with 
their thinking. In short, all biological material taken by New 
Zealand Police would remain the property of the individual from 
which it came. Owners should be able to request the return or 
destruction of all such material once it is no longer needed. Such 
issues may be particularly important for some Māori individuals 
as all bodily material is considered tapu6. Once again, this signals 
the need for Māori input into formulating any new legislation.

These considerations apply not only to material such as blood 
samples and swabs, but also to any DNA extracts and the profile 
data obtained from them. Interestingly, NZLC Recommenda-
tion 93 comes out against taking DNA samples from relatives 
of suspects. This could potentially be a valuable detection tool 
in some instances. NZLC R144 cites reliability and whakapapa7 

issues as grounds for this recommendation. This author is not 

fully convinced by their arguments here and, in any case, it would 
be valuable to have some direct statement(s) on this matter from 
Māori themselves.

DNA databanking
The chain of custody between New Zealand Police and ESR Ltd 
scientists for biological samples and DNA extracts is complex be-
cause these samples come from various sources including crime 
scenes, suspects, elimination testing, missing persons, and par-
ticipants in mass screening exercises. Also, one should not forget 
those from investigative staff and the analysts themselves (two 
categories not considered by NZLC R144). They pass through 
many stages, starting from crimes scene examination, through 
pre-trial retention, to archival (including post-conviction). As 
NZLC R144 clearly points out, a range of concerns apply to each 
type at each stage. Equally, data obtained from analyses of all 
such materials may be classified in the same way and stored in 
a searchable set of electronic files known as a DNA databank. 
Here, NZLC R144 suggests that all such data should be held in a 
common data management environment. This makes excellent 
sense from a quality assurance and best practice point of view. 
Under this scheme, each different group of profiles would be 
classified into a partition called ‘an index’ – viz casework 99/21 
for a particular sequential investigation (#99 in date order) 
carried out in 2021, etc. This can be achieved by tagging each 
record with an individual code and index identifier in a mas-
ter hierarchic relational database aka the DNA DataBank. As 
records move through the system, their identifier tags can be 
updated, but not their code tags.

The main analytical tools used by ESR are called GlobalFiler 
(for known persons) and Identifier (for crime scenes): see NZLC 

Box 3. Some notes on Human Rights values
These are laid out as regards DNA profiling in NZLC R144 
2.52 – 2.83 which recognises that the practice raises some 
“important constitutional values and principles”. These list 
four of these in 2.53 and two further ones in 2.73 – 2.77 
and 2.78 – 2.82. these are given below with some brief 
observations:
(a) Protection of privacy – this is covered extensively in the 

text and Box 4
(b)  Protection of bodily integrity – minor intrusion is nec-

essary to obtain samples
(c) Freedom from discrimination – the technology is not 

useful for ethnic profiling
(d) The rule of law – NZLC R144 points out many areas 

where CIBS (1995) could be improved.
(e) The right against unreasonable search and seizure – this 

is strictly an operational concern for NZ Police and IPCA
(f) The right to hold property – see section on DNA Banking 

protocols

6 Sacred, see: tapu – Māori Dictionary (maoridictionary.co.nz)
7 Genealogy, see: https://maoridictionary.co.nz/search?idiom=&phrase=& 
proverb=&loan=&histLoanWords=&keywords=whakapapa

Box 4. Privacy issues surrounding  
DNA profiling data

When any organisation holds personal information about 
an individual it raises privacy issues. These are generally 
straightforward:
1. The individual should know what information is held.
2. They should be able to examine it.
3. They should be to challenge the holder if they feel it is 

incorrect in any way.
4. They should have a reasonable expectation that incor-

rect data should be changed.
5. They should be informed why it is held and with whom 

it might be shared.
6. They should know what it might be used for.
7. They should have a reasonable expectation that the 

data will be removed or destroyed once its retention 
no longer serves the original purpose.

All of these considerations are easily met by DNA Profiling 
procedures via the informed consent and DNA Banking 
protocols described here.
There is one important caveat. Genetic information is not 
strictly private information because we hold it in common 
with our relatives. Hence, there is a sense in which they also 
hold interests in one’s DNA profile because reference to it 
may serve to identify them via a familial search (see text).
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R144 Ch. 6 for a description. These methods return data from 
21 and 15 short tandem repeat sequence (STR) DNA targets, 
respectively. The resultant profiles are simply lists of the vari-
ant forms (alleles) found at target site, i.e., 15 and 10 repeats at 
target sites 1 and 7, 16 at target site 2, etc. These can be found 
in Ch. 6.11-6.16 with an informative diagram in Ch. 6.9. A 
special form of this analysis called Y-STR (Ch. 6.24 – 6.26) is 
based on male sex chromosome STR markers. It is valuable in 
sexual assault cases where the conventional methodology might 
return a mixed signal from offender and victim. Other methods, 
including MiniSTR (6.28) and mitochondrial (mtDNA) analysis, 
(Ch. 6.29) are also available. Of special note is the LCN method 
used for investigation of contact evidence (Ch. 6.30 – 6.34). New 
techniques are also on the horizon (Ch. 6.38 – 6.46), and their 
potential future introduction into casework is accommodated 
by the proposed management scheme.

It is important to have a clear picture of this process and 
the data structure because the DNA DataBank records can be 
searched. New casework profiles are entered as ‘enquiries’ in a 
system that is much like that used by the global DNA sequence 
repository known as GenBank (www.ncbi.nlm.nih.gov/gen-
bank/). The search enquiry is then run across the appropriate 
index or indices with the software looking for full or partial 
matches. A perfect match is strong evidence of identity between 
the sample (e.g., a blood stain on a broken window) and the 
person whose record is in the index (e.g., someone suspected 
of home invasion). A partial match may indicate a first degree 
relative of a person known or unknown to the New Zealand 
Police. The New Zealand public will be familiar with this process 
through the services of commercial DNA testing companies 
like Ancestry® (www.ancestry.com.) or TV programmes like 
‘The DNA Detectives’ (www.tvnz.co.nz/shows/dna-detectives).

The DNA profiles themselves are innocent enough, being 
just a set of allelic character states at a series of otherwise 
anonymous genetic loci. In short, a person’s DNA profile infor-
mation is seemingly not of use either to the person themselves 
or to anybody else. This is except for use in identification and 
for revealing relationships. So, although the information itself 
may not be of interest or concern, its use(s) certainly are of both 
interest and concern. These issues extend to first degree relatives 
since they have a majority of stored DNA profile information 
in common with the person whose record is on file. This raises 
special concerns when one considers traditional Māori views 
on whakapapa and tikanga (see Box 2).

In Ch. 20 of NZLC R144 consideration is given to the storage 
and retention of DNA DataBank records and would require 
the removal of some existing records from various indices in 
the present DNA databank. For instance, it may be deemed 
‘culturally inappropriate to leave samples and records from living 
and dead people in the same system’ (Ch. 20.42). Their scheme 
would seem to be a retrograde step. This is, at least, because 
considerable resources have already been expended to collect 
them and a great deal more would be required to remove them. 
The key question is: What is the risk posed by leaving them in 
situ? This would seem to be that they may be picked up later 
as full or partial matches in future casework investigations or 
re-examination of evidence from ‘cold cases’.  Such events might 
serve to incriminate some people or their relatives or, more im-
portantly, to exonerate them. In short, by retaining such profiles 

the state is asking some individuals (and/or their close relatives) 
to give up their chance of being easier to find in relation to future 
crimes that they may be involved with or commit. In any case, 
individuals whose records are presently on the DNA DataBank 
can, in some circumstances, apply to the New Zealand Policeto 
have them removed.

The proposed DNA Profiling Oversight 
Committee
In Ch. 5 NZLC R144 lays out what it sees as the shortcomings 
of management under the present system of distributed respon-
sibilities; via New Zealand Police, ESR Ltd etc. (Ch. 5.6 – 5.18). 
After all the usual NZLC procedures and considerations, they 
conclude by prescribing a DNA Profiling Oversight Committee 
(Recommendation 8). This would have a panel of experts from 
various areas (Recommendations 9 – 12) with a number of 
advisory roles, some management (approval) functions, and 
responsibility for engagement activities (Recommendation 
13 – 15). In support of these recommendations they describe 
similar systems operating elsewhere (Ch. 5.68 – 5.79), includ-
ing UK, Ireland, and Canada, while noting that both Australia 
and New Zealand stand apart from the others by not having an 
independent body with exclusive oversight.

A wide range of skills and experience is required among those 
who would sit on NZLC’s new body. These are fully laid out in 
Recommendation 9 for the seven constituent members and one 
extra member who must belong to the Independent Police Con-
duct Authority (IPCA). They conclude (Recommendation 10) 
with the entirely unsupported assertion that no less than three 
of the eight must be Māori; see below for further discussion. 
There is no doubt that the basic concept of a DNA Profiling 
Oversight Committee has merit as judged from widespread 
practice overseas. However, there are many reasons for think-
ing that the idea as presented should be extensively revisited. 
First, it seems fundamentally unwise to have a body with a mix 
of advisory and regulatory roles. Second, DNA Profiling is a 
complex technology, and operational decisions are best left in 
the hands of the practitioners themselves, e.g., regarding DNA 
analysis methods (Recommendation 14 a.) or using the DNA 
DataBank for research purposes (Recommendation 14 d.). The 
review of complaints (whether general or specific is not made 
clear) would seem best left to the IPCA or the judiciary. Third, 
engagement functions (Recommendation 14 i.) should be del-
egated to specialised technical communications staff recruited 
for the purpose.

Finally, the matter of Māori participation requires evaluation. 
This seems to be catered for in part by Recommendation 9 iv. 
as a person with expertise in ‘te ao Māori and tikanga Māori’. 
It is unclear if the ‘no less than three members … must be Māori 
members’ include this person. This requirement is not neces-
sarily a bad thing per se but must be justified beyond the vague 
sentiments expressed about ‘The Māori caucus’ in (Ch. 5.90 – 
5.92). Also, these persons need to be more closely defined, given 
the various definitions of ethnicity used by the New Zealand 
Government and its agencies (see Box 5). Presumably, selecting 
persons who are both well-known and well-respected would 
satisfy the criteria.
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Conclusions
NZLC R144 represents the cumulation of a lot of hard work 
and detailed thinking. Its approach and layout are exemplary, as 
outlined in the Introduction. Nonetheless, such a wide-ranging 
survey cannot hope to get everything right and NZLCR R144 
does have some significant problems. Equally, in a short review 
like this, one cannot expect to cover everything in such a large 
body of work. Rather, it is better to allow some omissions in 
an attempt to gain more general coverage and to give special 
attention to a few detailed areas where comment seems essential.

The new NZLC report is to be commended for recognising 
the deficiencies in CIBS (1995) and calling for reform. Equally, it 
performs very well in sticking to its central agenda by focussing 
on Human Rights issues and insisting on greater recognition of 
Māori cultural values and requiring greater Māori participation 
in redrafting legislation and involvement in the management of 
DNA Profiling. The report is right to give emphasis to Human 
Privacy issues, but one might fairly think that NZLC R144 is 
overcautious. In fact, DNA Profiling represents very little in 
the way of threat to the liberty of the individual New Zealand 

citizen. It is a tool for identification, much like fingerprints and 
photographs. This author agrees with NZLC R33 that utmost 
caution should be exercised in judicial trials where the pros-
ecution depends largely or exclusively on DNA evidence. Its 
application is now predominantly used for the investigation 
of high-volume crime rather than murder and other crimes 
of violence. It will always be necessary to store a lot of DNA 
profiles because there is, by definition, a lot of high-volume 
crime. The fact that someone’s DNA profile is in our national 
DNA DataBank can provide their best defence if they later come 
under suspicion for a crime they did not commit. Retention of 
DNA profiles may serve as deterrent to those planning future 
crimes. DNA profile records may prove especially valuable in 
cases where those earlier convicted of simple home invasion go 
on to commit more serious offences. The rare use of DNA profile 
databank entries to track down relatives or to answer enquiries 
from overseas merits wider public consultation.

A particularly significant proposal in NZLC R144 is to set 
up an overview body, more or less in line with overseas prac-
tices – noting that these can be quite variable (Ch. 5.69 – 5.76). 
Establishment of such a review body seems particularly valuable, 
provided that it remains strictly advisory and strictly confined 
to areas that it is best equipped to handle.

In closing, I note that on 24 May 2021 the Minister of Justice 
responded on behalf of the New Zealand Government. The re-
sponse noted the valuable work done by the New Zealand Law 
Commission and have accepted that the CIBS Act (1995) ‘should 
be repealed and replaced with a new, comprehensive and modern 
Act’. They also agree that governance and oversight of the DNA 
regime would be strengthened by setting up an independent 
oversight body, but hold that it would be prudent to delay deci-
sions on the structure and responsibilities of such a body until 
later in the drafting process. It is also clear to all parties that this 
will be a major legislative exercise requiring multi-agency input 
and active Māori involvement. The new legislation that will 
eventually be drafted will have to go through a Select Committee 
stage as it passes through the House to become law. This process 
will allow extended time for public submissions and debate.
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Box 5. Difficulties around the definition of 
ethnicity in New Zealand

In several places NZLC R144 expresses reservations about 
the potential inclusion of ethnicity information in the 
DNA DataBank (pp. 186 – 191). These are raised by NZLC 
despite the fact the NZ Police and ESR have advised that 
population-based information is necessary for the unbiased 
calculation of exclusion statistics. In part these reservations 
arise from a misleading notion of ‘ethnicity’ taken from 
Statistics NZ (14.22). Here, the term ethnicity has a social 
science definition of ‘cultural affiliation’ (self-determined). 
In contrast, ethnicity is much better seen as the interface 
between ancestry and culture. Genetic analysis returns 
strictly ancestry-based information.
There is little doubt that sets of ancestry informative fo-
rensic markers could be obtained to distinguish say those 
of European and those of Polynesian (including Māori) 
descent. This is because their gene pools have diverged 
during thousands of years of geographic isolation. Con-
trasting population histories means that the latter gene 
pool contains a more restricted set of genetic information 
than the former. This information is of crucial medical sig-
nificance, but it is not the forensic question. This is: Does 
the DNA DataBank contain an adequate representation 
of contemporary NZ ethnic groups to provide properly 
structured statistics?
The author notes in passing that those Māori individuals 
with whom he has consulted over the years have con-
sistently explained that iwi membership is most often 
decided on an ancestry basis involving a blood quantum, 
whakapapa information and in-group approval. This is 
altogether different from the gold standard Statistics NZ 
definition (above) which is the one that courtroom evi-
dence requires8.

8 See: (PDF) ‘Marrying’ demographic and genetic measures? New tools 
for understanding New Zealand population sub-groups (researchgate.
net)
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Podcasts

Cambridge University’s Centre for Science and Policy 
podcast mini-series
This Centre for Science and Policy (CSaP) series explores the policy and governance questions being raised by 
new genetic technologies1.

Published in February 2021, this four-part miniseries explores the science and policy questions, opportunities 
and challenges posed by advances in genetic technologies. Throughout the series, Dr Rob Doubleday, CSaP’s 
Executive Director interviews guests from areas including crop sciences, policy, agriculture, bioethics, geogra-
phy, and the history of science.

Episode 1 - Agriculture
5 February 2021
This episode explores some of the pressing policy questions in genetic technology with University of Cam-
bridge crop scientist Professor Giles Oldroyd, Royal Society Senior Policy Advisor Jonny Hazell, and University 
of Cambridge Lecturer in History of Modern Science and Technology Dr Helen Anne Curry.

You can read the accompanying news article at: Science, Policy and Genetic Technologies - Networks of evi-
dence and expertise for public policy (cam.ac.uk)

Episode 2 - Agriculture
12 February 2021
This second episode explores some of the questions facing the plant scientist community and the agriculture 
sector in the UK wih Dr Tina Barsby, plant geneticist and Director of NIAB, and Dr Jack Stilgoe, a Senior Lecturer 
at UCL’s Department of Science & Technology Studies.

You can read the accompanying news article at: Agriculture and Genetic Technologies - Networks of evidence 
and expertise for public policy (cam.ac.uk)

Episode 3 - Gene Editing, Nature, and Biological Risks
19 February 2021
In this episode Dr Doubleday is joined by Professor Bill Adams, Emeritus Moran Professor of Conservation, and 
Dr Catherine Rhodes, the Executive Director of the Centre for the Study of Existential Risk, University of Cam-
bridge. They discuss gene drives, the implications of genetic technologies for conservation, biological conven-
tions, and biological risks.

You can read the accompanying news article at: Science, Policy & Genetic Technologies: Gene Editing, Nature, 
and Biological Risks - Networks of evidence and expertise for public policy (cam.ac.uk)

Episode 4 - Medicine
26 February 2021

In the final episode of CSaP’s  four-part mini series Dr Rob Doubleday sat down with Dr Jonathan Roberts, re-
searcher in the Society and Ethics Research Group at the Wellcome Campus and a NHS Genetic Counsellor  
at Addenbrooke’s Hospital, the PHG Foundation’s Alison Hall, and University of Cambridge sociologist  
Professor Sarah Franklin to explore some of the regulatory, ethical and societal implications of genetic  
technologies for the field of medicine.

You can read the accompanying news article at: Science, Policy & Genetic Technologies: Medicine - Networks 
of evidence and expertise for public policy (cam.ac.uk)

1 Science, Policy & Genetic Technologies – Networks of evidence and expertise for public policy (cam.ac.uk)
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The following article is republished from The Conversation, dated 14 April 2021 (https://theconversation.com/forensics-and-ship-logs-solve-a-
200-year-mystery-about-where-the-first-kiwi-specimen-was-collected-158410). As required in this journal’s republishing guidelines, the article 
has not been edited, but we have attributed the authors and their institute.

The flightless kiwi is an iconic bird for New Zealanders, but 
all five species are threatened by habitat loss and introduced 
predators.

Recent genomic analysis focused on one species, the South 
Island brown kiwi or tokoeka1, suggests several as yet unde-
scribed lineages. Before these can be fully described and treated 
as genetically distinct, it is necessary to determine where the first 
tokoeka specimen was collected.

Any plant or animal specimen used for the first scientific de-
scription is called a holotype. Until now, it was a mystery where 
the kiwi holotype was collected, but our research (Scofield et al. 
2021) using digitised ship logs and modern forensic techniques, 
shows there is little doubt the first bird seen by European scien-
tists came from Rakiura/Stewart Island.

This discovery could have repercussions for 
kiwi conservation.

There are four distinct populations of the South 
Island brown kiwi today: one in the mountains 
behind Haast, two in Fiordland and one on Raki-
ura/Stewart Island. In the past, separate tokoeka 
populations were found in other parts of the coun-
try, but have become extinct since human arrival.

Māori treasure the kiwi and its feathers are valued in weaving 
kahukiwi (kiwi feather cloak) for people of high rank. But the 
bird’s first description by European scientists is relatively recent, 
based on a specimen that made its way to London in 1812.

Following the strict conventions of taxonomy, this first 
kiwi was named Apteryx australis — belonging to a group of 
birds “with no wing” (Apteryx) and representing a southern 
(australis) branch.

What we knew about the original kiwi
In 1813, George Shaw, the zoology keeper at the British Museum, 
published a description of the kiwi in his series of encyclopaedias 
called Vivarium naturae, or the Naturalist’s Miscellany.

Forensics and ship logs solve a 200-year mystery about 
where the first kiwi specimen was collected

Paul Scofield and Vanesa De Pietri
University of Canterbury, Private Bag 4800, Christchurch 8140, New Zealand

Vanesa De Pietri has a background in evolutionary biology and palaeontology. Her 
current work investigating the influence of environmental and climatic changes 
on the ecological diversity of shorebirds over the last 47 million years is funded 
by a Marsden Grant. Having worked on European fossil sites, she has spent the 
last five years describing the c.19 million year old fauna from St Bathans, Central 
Otago, and more recently from the Waipara Region in North Canterbury.

Paul Scofield is the Senior Curator of Natural History and Adjunct Professor in Palaeontology in the Ge-
ology Department at the University of Canterbury. He has published over 150 scientific papers and is the 
author of two best selling books The Albatross, Petrels and Shearwaters of the world and Birds of New 
Zealand: A Photographic Guide.

The holotype specimen of a kiwi, Apteryx australis, held at World 
Museum Liverpool, came from Rakiura/ Stewart Island. National 
Museums Liverpool, CC BY-ND

* Correspondence: paul.scofield@canterbury.ac.nz
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Drawings by Richard and Elizabeth Nodder were made from 
the original specimen skin and suggest a penguin was used as 
a model.

Shaw mentioned he received the kiwi skin from his friend, 
Mr W. Evans (possibly a William Evans, a draughtsman and 
engraver of natural history plates active 1797–1856) who had 
passed it on from ‘captain Barclay’.

We know this was captain Andrew Barclay, of the convict 
transport ship and privateer Providence. He had obtained the 
specimen during the austral winter of 1811 on a visit to Port 
Jackson.

New Zealand’s European history is considerable shorter than 
Australia’s. Even in the early 19th century, Europeans had not 

visited large parts of Te Wai Pounamu (South Island) and the 
southernmost island Rakiura was virtually unknown.

It was even uncertain to many cartographers whether Raki-
ura was actually an island or part of the South Island, as Captain 
James Cook had believed2.

Sealing brought Europeans to southern parts of New Zealand 
from the 1790s. Most of the early sealing voyages were made out 
of Port Jackson (Sydney). Between 1792 and 1803, most sealing 
activity was confined to Fiordland, but seal numbers were so low 
by 1810 that sealing gangs turned their attention to subantarctic 
islands and Rakiura.

Records show the Providence moored at Port Jackson 
throughout the winter of 1811, before departing for China and 
England on October 20 18113. The ship carried a cargo of seal 
pelts bound for the Chinese market, and we now know the kiwi 
specimen was probably sold to Barclay by a sealer who had 
recently returned from southern New Zealand.

Enter modern forensics
After Shaw’s death in 1813, his collections were sold at auction. 
Much of his collection, including this skin, made its way to 
Edward Smith-Stanley, styled Lord Stanley. It was bequeathed 
along with his entire collection to the City of Liverpool in 1851 
and is now deposited in the World Museum Liverpool.

In 2019, we visited the museum and were given permission 
to take a tiny sample of skin for DNA analysis to determine once 
and for all where European science’s first kiwi was collected.

We used DNA amplification techniques developed for 
modern police forensics and sequenced both the complete 

The original illustration 
of the kiwi, taken from 
the skin of the specimen, 
suggests the artist didn’t 
know the bird’s posture. 
Biodiversity Heritage 
Library, CC BY-SA 

The Providence in full sail. Thomas Whitcombe painted the ship during the period Barclay was captain. 
National Maritime Museum, CC BY-SA 

2 See: James Cook sights Banks ‘Island’ | NZHistory, New Zealand history online
3 See: 06 Jul 1811 - SYDNEY. - Trove (nla.gov.au)
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An illustration by Elizabeth Nodder, published in The Naturalist’s Miscellany. 
Biodiversity Heritage Library, CC BY-SA

mitochondrial genome and part of the nucleic genome. We 
then compared our results with data from a study by Weir, J.T., 
Haddrath, O. et al. (2016).

There is little doubt this kiwi came from Rakiura, and we may 
be able to pinpoint who collected it. Official records for New 
South Wales indicate two ships arrived in Port Jackson from 
the sealing grounds of Foveaux Strait in 1811: the Boyd and the 
Sydney Cove. Either could be the source of the holotype, but the 
Sydney Cove was sealing close to the South Cape on Rakiura, 
which seems the most likely type of location.

Why this matters
In order to get money and public attention for endangered spe-
cies, it is necessary to show that when two populations exist and 
one is under threat, the threatened one is truly unique. Distinct 
populations are generally given scientific names.

Recent genetic work shows each separate living kiwi popu-
lation in southern New Zealand is indeed distinct and belongs 
to one of four distinct lineages.

As a consequence of our conclusion that the first kiwi col-
lected by Europeans and named Apteryx australis came from 
Rakiura, we suggest a revision to call the Rakiura tokoeka 
Apteryx australis australis.

This also has implications for the naming of other southern 
brown kiwi populations. We are working in consultation with 
Ngāi Tahu, the Māori guardians of this area, to develop a sci-
entific framework to describe the genetic diversity of the South 
Island brown kiwi they call tokoeka.
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Due to COVID-19 restrictions this year’s medallists were pre-
sented with their awards at their respective institutions and 
generally in company with internal celebrations at the particular 
institute.  The Shorland medal was announced via a video link 
with the recipient now at the Nord University, Norway

The Marsden Medal
The Marsden Medal is awarded for a lifetime of outstanding 
service to science.  It recognises service rendered to the cause 
or profession of science in the widest connotation of the phrase.

Professor Martha Savage has been awarded the 2020 
Marsden Medal for her path-breaking research in the fields 
of seismology, plate tectonics and volcanology, as well as her 
distinguished record of service to New Zealand and the global 
scientific community.

In her pioneering work, Prof 
Savage used remotely sensed 
texture—seismic anisotropy—of 
rocks deep below Earth’s surface 
to fundamentally change how 
plate-boundary processes are 
studied and understood. The ob-
servations at the heart of her work, 
separation of seismic waves into 
components that travel at slightly 
different speeds, are due to rock 
textures and, once detected, those 
textures reveal how tectonic plates move and respond to stresses 
built up within them. She has conducted comparative studies of 
deep crustal properties and processes in New Zealand and the 
western states of the USA, investigated the relationship between 
time-varying anisotropy and volcanic eruption sequences, and 
developed new observational approaches and new computa-
tional methods to interpret seismic data. Her work showcases 
New Zealand as a rich natural laboratory in which to develop 
understanding of globally relevant geophysical methods and 
processes.

Prof Savage was also a pathbreaker as the second woman 
to winter-over in Antarctica. Her Antarctic work was focused 
on cosmic-ray observations at Amundsen-Scott South Pole 
Station, but she credits it to have also allowed her to learn about 
the importance of personal character and positive, supportive 
relationships in science. Professor Savage has a distinguished 
record of service, to New Zealand and the global scientific 
community, through review panels, advisory boards, editorial 
boards and mentorship. She is a Fellow of the Royal Society of 
New Zealand and is the first New Zealand woman to have been 
elected Fellow of the American Geophysical Union. 

The Shorland Medal
The Shorland Medal is awarded in recognition of major and 
continued contribution to basic or applied research that has 
added significantly to scientific understanding or resulted in 
significant benefits to society.  The 2020 recipient of the Shorland 
Medal is Professor Mark Costello from the 

Faculty of Biosciences and Aquaculture at the Nord Uni-
versity, Norway.

Prof Mark Costello pioneered 
the field of ‘ocean biodiversity in-
formatics’ by leading the formation 
of two worldwide databases that 
are now core resources in marine 
biology. The World Register of 
Marine Species (https://www.ma-
rinespecies.org/) includes names 
and information on over 240,000 
marine species, while the Ocean 
Biogeographic Information System 
(https://obis.org/) contains over 
50 million field records of marine 
species. Both databases are continuously updated and edited by 
experts, and offer free online access to unprecedented amounts 
of data, enabling a significantly better understanding of our 
global marine environment. Analyses of these databases have 
led to notable advances in biological and marine sciences and 
a rethinking of established viewpoints, including: improved 
predictions of how many species may exist; documenting the 
increasing numbers of people describing species new to science; 
the creation of new data-driven maps of ocean biodiversity; 
helping pin-point where Marine Reserves are best located; and 
the discovery of a dip in marine diversity at the equator that is 
due to climate warming. Moreover, Mark has championed open 
data and led conceptual thinking that has guided change in the 
transformation of scientific practice to be more international 
and collaborative. Alongside this outstanding service to science, 
Mark Costello’s own research is internationally recognised and 
very highly cited.  

The Hill Tinsley Medal
The Hill Tinsley Medal is awarded for outstanding fundamental 
or applied research in the physical, natural or social sciences 
published by a scientist or scientists within 15 years of their PhD.  
In 2016, the NZAS awarded the first Beatrice Hill Tinsley Medal, 
which replaced the Association’s Research Medal for early-ca-
reer researchers.  The recipient for 2020 is Associate Professor 
Frederique Vanholsbeeck from the University of Auckland, 
a physicist whose primary field of research is biophotonics, 
which focuses on the use of optical and laser technologies for 
biomedical studies. 

Prof Vanholsbeeck’s research on 
monitoring bacteria using quan-
titative fluorescence spectroscopy 
– very accurate measurement of 
the spectral density of the fluores-
cence signal – has created a better 
understanding of how to monitor 
bacterial viability and antibiotic 
efficiency. She has developed a 
near-real time, cost-effective and 
portable fluorometer, the optrode, 
for quantifying fluorescence signals 
leading to better food safety and 

The New Zealand Association of Scientists Awards for 2020 
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antibiotic sensitivity testing.  She leads a biophotonics lab un-
dertaking both fundamental and applied research, with diverse 
and varied interdisciplinary collaboration. A further notable 
aspect of her research has been the extent to which she mentors 
a vibrant group of early-career researchers and postgraduate 
research students. 

The Cranwell Medal
The Cranwell Medal is awarded to a practising scientist for ex-
cellence in communicating science to the general public in any 
area of science or technology. In 2017 this medal was renamed 
from the Science Communicator Medal to honour the botanist 
Dr Lucy Cranwell.  The recipient for 2020 is 

Dr Dianne Sika-Paotonu who is the Scientific Lead for New 
Zealand’s Rheumatic Fever and Penicillin Research Programme 
and the Associate Dean (Pacific) at the University of Otago, 
Wellington. 

Since completing her PhD at the Malaghan Institute in 
2015, Dr Sika-Paotonu has maintained a strong record of 
public engagement with community groups and with students, 
at secondary, tertiary undergraduate and postgraduate levels. 
She regularly presents science to non-scientific audiences and 

News

2020 Prime Minister’s Science Prizes
The Prizes recognise the impact of science on New Zealanders’ lives, celebrate the achievements of current 
scientists, and encourage scientists of the future. 

has received local and international 
recognition for her research and 
science communication efforts. Her 
awards include the MacDiarmid 
New Zealand Young Scientist of the 
Year (Advancing Human Health & 
Wellbeing category), Colmar Brun-
ton Research Excellence award, and 
the Australasian Society of Immu-
nology BD Science Communication 
Award. 

Dr Sika-Paotonu is of Pacific 
heritage and is actively involved in 
mentoring young Pacific people in the Wellington region. She 
also holds numerous service and leadership responsibilities 
within the Pacific community, and is an HRC Pacific Emerging 
Research Fellow, as well as a recent recipient of the Sir Thomas 
Davis Te Patu Kite Rangi Ariki Health Research Fellowship from 
HRC. She is also a member of the Royal Society Te Apārangi 
Council, the National Science Challenge Healthier Lives Science 
Leadership Team and the HRC New Zealand Pacific Health 
Research Committee. 

The 2020 Prime Minister’s Science 
Prize
The premier award has been awarded to Te Pūnaha Matatini 
for its COVID-19 response. Te Pūnaha Matatini, hosted at Uni-
versity of Auckland, is a multidisciplinary Centre of Research 
Excellence; set up to apply complexity science to ‘critical issues 
of our time’. Centre Director Professor Shaun Hendy MNZM 
FRSNZ, University of Auckland, quickly saw in early 2020 that 
there was a gap in providing the New Zealand Government with 
the data science it needed to make informed decisions about 
responding to the pandemic. He quickly assembled a team who 
has worked tirelessly to fill this need. The team’s response has 
been multifaceted. Throughout the pandemic, they have devel-
oped a series of new mathematical models and ran a multitude 
of different scenarios to inform the unique situation that New 
Zealand found itself in. 

They have done modelling work and analysis on a wide 
number of areas including hospital capability, contagion rates 
and likely disease spread, virus genomic tracing, contact tracing 
and vaccination. The results of this work were translated for use 

by the Government policymakers and front-line operators and 
helped inform the Government’s response to the COVID-19 
pandemic. Among other actions, this led to the Government’s 
‘Go Hard and Go Early’ mantra that resulted in stringent lock-
downs - both the country-wide lockdown beginning in March 
2020 and the tailored Auckland lockdown beginning in August 
2020.  Diane Abad-Vergara from the World Health Organization 
said that the work of Te Pūnaha Matatini on the COVID-19 re-
sponse has had significant health and social impacts for Aotearoa 
New Zealand and internationally ‘contributing to New Zealand’s 
internationally coveted status as one of only a limited number 
of nation-states which have eliminated and contained the virus 
. Right from the beginning, data modelling and experience 
from previous pandemics made it clear that Māori and Pasifika 
peoples would be more badly affected if the COVID-19 virus 
got established in Aotearoa. For this reason, Te Pūnaha Matatini 
decided to apply an equity lens to all their COVID-19 work. Te 
Pūnaha Matatini modelling work, together with other scientists’ 
research from around the globe, was actively communicated 
to the public throughout 2020 – with several of the center’s 
researchers emerging as the nation’s most prominent science 
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communicators during the crisis. This included Associate Pro-
fessor Siouxsie Wiles who produced a number of graphics with 
cartoonist Toby Morris for The Spinoff, many of which have ‘gone 
viral’ internationally and are being used by governments and the 
World Health Organisation. Siouxsie was recently named 2020 
New Zealander of the Year for this work. 

The other prize winners 
The Prime Minister’s 2020 
MacDiarmid Emerging Scientist Prize 
Won by Dr Christopher Cornwall, a Rutherford Discovery Fel-
low at Te Herenga Waka – Victoria University of Wellington, 
for his cutting-edge research on how marine organisms will fare 
under climate change. 

Chris studies how warmer and more acidic ocean water 
affects the ability of calcifying marine organisms to lay down 
calcium carbonate to grow and make their skeletons. This in-
cludes the foundation marine organisms called coralline algae, 
calcifying seaweeds, which cement reefs together, both in tem-
perate and tropical waters, but also signal to and provide a home 
for many other species, such as pāua and kina. His cutting-edge 
research using boron isotopes showed for the first time the pH 
levels inside the organisms where they lay down this calcium 
carbonate. This allowed him to identify those species with a 
greater ability to keep their internal pH constant under ocean 
acidification. He has followed up with studies to see if these 
traits to resist ocean acidification can be gained in a lifetime or 
over many generations. Next, he has led a team to assess and 
model how 233 tropical reefs will be able to grow and survive 
at varying levels of carbon dioxide in the atmosphere. Sounding 
an urgent warning, he says ‘these reefs will be badly impacted 
by both ocean acidification and warming. Our ability to keep 
CO2 emissions down is really the best way we can protect these 
reefs for the future.’

The Prime Minister’s 2020 Science 
Communication Prize 
Professor Michael Baker MNZM, an epidemiologist with 
the University of Otago, Wellington has won the 2020 Prime 
Minister’s Science Communication Prize.  He is a Professor of 
Public Health, Director of the Health Environment Infection 
Research Unit, and Leader of Co-Search, a Health Research 
Council funded group conducting multi-disciplinary research 
to support the Covid-19 response

Michael has been New Zealand’s go-to science expert since 
the start of the pandemic. He has done more than 2,000 inter-
views since January 2020, contributing over 30% of the total 
science outputs recorded for the 70 commentators tracked by 
the Science Media Centre.  Michael describes the period at the 
start of March 2020 just before New Zealand went into lockdown 
as the ‘the most intense period of my working life’. Michael says 

he developed a concept of Covid-19 elimination and concluded 
that it was the optimal response strategy. He also concluded that 
New Zealand needed an intense lockdown to stamp out the 
virus and give the country time to build the capacity to manage 
the pandemic. Michael promoted these ideas actively through 
multiple forms of science communication in early March and 
was hugely relieved when they were adopted by the Government.

The Prime Minister’s 2020 Science 
Teacher Prize 
Queenstown teacher Sarah Washbrooke is the first technology 
teacher to win the Prime Minister’s Science Teacher Prize. Her 
hands-on approach to teaching technology is so engaging for 
her students that they often remain unaware of the depth and 
range of learning they are doing. Sarah ensures her students 
remain engaged by making sure to offer them real life authentic 
projects and also involves the wider Wakatipu community in 
setting challenges. 

She hopes that by following the design-thinking process, her 
students develop empathy and that ‘they can learn to learn for 
themselves and they can learn to solve problems and go back 
again and be prepared to try again, then those skills are going to 
set them up for life in the future’. The selection panel was most 
impressed with the way that Sarah’s work is increasing student 
participation and engagement in technology at her school and 
also within the community, and also by how she develops and 
shares resources to the wider New Zealand technology teaching 
community. 

The Prime Minister’s 2020 Future 
Scientist Prize 
James Zingel, a former student of Bethlehem College in Tauran-
ga, has been selected as the 2020 Prime Minister’s Future Science 
Prize Winner.  James’ research project used a breast cancer 
dataset run through both a classical computer and a quantum 
computer in an effort to see which is superior in analysing the 
data and determining the type of breast cancer present. James 
has spent hundreds of hours delving into this project and has 
learnt so much in terms of quantum physics and machine learn-
ing.  Being able to go from a general understanding of quantum 
physics theory, to describing it in maths, and finally coding it in 
a language that generates coherent results has been a fantastic 
progression that he has loved completing. His findings showed 
that, at the moment, the classical method worked better than 
the quantum one, but excited about the possibilities of quan-
tum computing, he said ‘I think the quantum algorithm will 
much outperform the classical one in the very near future’.  The 
selection panel was impressed with the way he applied himself 
wholeheartedly to this complex project and his enthusiasm for 
quantum computing.



High-Value Nutrition Ko Ngā Kai Whai Painga 

28-29 September 2021, The Cordis, Auckland.
Foodomics 2021 will bring together experts, researchers, and businesses across New Zea-
land’s Food & Beverage (F&B) industry. The conference will showcase multiple F&B research 
projects underway and highlight future opportunities for industry to benefit from cutting-edge 
research. Industry experts and researchers will be in attendance to present how high-value 
nutrition (HVN)-funded projects can pave the way to higher value and a competitive edge in 
international markets.
There is also a poster competition, which will give attendees an opportunity to showcase the 
incredible research that is taking place across the HVN Challenge. 

CONFERENCE PROGRAMME OUTLINE
Day One – Tuesday 28 September 2021
Keynote Speaker  Professor Lisa Wood, Head of School of Biomedical Science and  
  Pharmacy, University of Newcastle, Australia
Session 1:       Translating Research to Market 
Session 2:       Research and Innovation 
Day Two – Wednesday 29 September 2021  
Keynote Speaker Aroha Te Pareake Mead, Chair Emeritus, IUCN Commission on   
   Environmental, Economic and Social Policy
Session 3:  Development Grants (to focus on business story) 
Session 4:  Novel Foods and Food Ingredients 
Keynote Speaker Shay Wright, Co-Founder, Te Whare Hukahuka & Nuku Ltd

Register on, or before, Thursday 1 July 2021 to take advantage of  
early-bird registration rates

Full details at: https://www.highvaluenutrition.co.nz/news-and-events/5316-2/



Full membership $70
Joint family membership $80
Retired/associates/unwaged $45
Undergraduate/postgraduate students $20
Corporate membership $150
   (receive 2 copies of NZ Science Review)




