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Abstract

The first wave of debate about the Ice Age in New Zealand occurred between
1860 and 1880, involving the New Zealand geologists Julius Haast, James
Hector, Frederick Hutton and William Travers. Haast’s reports on his extensive
fieldwork in the South Island were focal points in the discourse that played out
on the pages of the Transactions and Proceedings of the New Zealand Institute,
the journal of record of New Zealand science at that time. The causative role of
climate change in the New Zealand Ice Age was a contentious issue within the
broader geological debate. The scientific consensus ultimately went against
a colder climate as the driver of past glaciation, with an elevation of the land
instead being the favoured explanation; New Zealand geologists’ interpretation
of Charles Lyell’s uniformitarianism was the primary reason for this outcome.
However, during the debate alternative ideas were mooted, including James
Croll'sastronomical theory of climate change. The debate was often acrimonious,
even after the fundamental questions were ‘settled’. The persistent bitterness
is partly explained by the importation of ongoing international geological
controversies, such as the debate over Andrew Ramsay’s rock basin hypothesis.
At the same time, New Zealand science was criss-crossed by intense personal
and provincial rivalries, and these tensions were the source of much of the
acrimony of the Ice Age debate.
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Introduction

‘New Zealand glaciers have become a poster child for global climate change’ during
the Quaternary, the geologist James Shulmeister has noted, with the ‘mountain glacier
records [comprising] one of the finest archives of climate (and tectonic) change on
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the planet.”! Consisting of the Pleistocene and Holocene epochs, the Quaternary
is the most recent period in the geological record, and its onset is dated to around
2.6 million years ago. The Quaternary was characterised by cold periods during which
the continents developed ice sheets and the mountain glaciers expanded (glacials),
and warm episodes when the temperature in the mid and high latitudes occasionally
exceeded current temperatures (interglacials). Hence, this period is often referred to as
the ‘Ice Age’ or ‘Glacial Epoch.’ This article examines the climate change dimension
of the first wave of debate about the Ice Age in New Zealand from 1860 to 1880.

There is a small but growing body of literature on New Zealand glaciers and
glaciology from a historical perspective. In the early 1970s, the historian of geology
David Oldroyd published what appears to have been the first history of science study
of Julius Haast’s pioneering contributions to knowledge of the Ice Age in the South
Island.* About 20 years ago, the Quaternary scientist-cum-historian Colin Burrows
published Julius Haast in the Southern Alps.* Although Burrows” work encompasses
all of Haast’s scientific contributions, much of the book is dedicated to examining his
glacial work, as glaciology was one of Haast’s main interests. In 2022, the science writer
Lynley Hargreaves published a popular science book on New Zealand’s glaciers which
has a strong historical focus on the contributions of Haast and his contemporaries.®
In another 2022 study, the art historian George Hook examined the veracity of
Haast’s field sketches and paintings of glaciated landscapes in the South Island.® Most
recently, Hook investigated Haast’s claim that in 1862 he independently reached
the same conclusion as the Scottish geologist Andrew Ramsay that lake basins were
formed by glaciers.”

Much of the New Zealand Ice Age debate has been traversed in the works mentioned
above, including the fieldwork that provided the empirical basis for the debate, the
geological theorising, and the international scientific literature and correspondence
networks within which the antipodean debate was situated. However, two important
aspects have until now been relatively neglected. Although Oldroyd, Burrows and
Hargreaves acknowledged that the possible involvement of climate in the causation
of the Ice Age formed a part of the debate, they did not provide a full account of the

1 James Shulmeister, ‘Blowing on the West Wind. The Most Recent Quaternary Glaciation of New Zealand’,
in Landscape and Quaternary Environmental Change in New Zealand, ed. James Shulmeister (Paris: Atlantis Press, 2017),
171, 197, doi.org/10.2991/978-94-6239-237-3_5.

2 J. John Lowe and Michael ]. C. Walker, Reconstructing Quaternary Environments (Abingdon: Routledge, 2013),
1-3, doi.org/10.4324/9781315844312. For a review of the New Zealand evidence, see Shulmeister, Landscape and
Quaternary Environmental Change.

3 David R. Oldroyd, ‘Haast’s Glacial Theories and the Opinions of his European Contemporaries’, Journal of the
Royal Society of New Zealand 3, no. 1 (1973): 5-14, doi.org/10.1080/03036758.1973.10416098.

4 Colin ]. Burrows, Julius Haast in the Southern Alps (Christchurch: Canterbury University Press, 2005).

5  Lynley Hargreaves, Vanishing Ice: Stories of New Zealand's Glaciers (Nelson: Potton & Burton, 2022).

6 George Hook, ‘How True to Nature are Julius Haast’s Field Sketches and Paintings of Glaciers in the Southern
Alps of New Zealand?’, Canterbury Museum Bulletin 11 (2022): 61-96.

7 George Hook, ‘Julius Haast and the Discovery of the Origin of Alpine Lakes’, Annals of Science 82, no. 1 (2025):
13373, doi.org/10.1080/00033790.2024.2304332.
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range of views, nor did they recognise the relative prominence the climate issue had
within the wider geological debate. Furthermore, Oldroyd, Burrows and Hargreaves
alluded to, but did not elaborate upon, the subtext of tension between the New
Zealand scientists. These rivalries were an important contributing factor to the
acrimony of the debate.

As this article will show, a consensus ultimately formed among leading New Zealand
scientists on the fundamental questions of the Ice Age debate. All came to accept that
the New Zealand Ice Age had been a time of extensive terrestrial glaciation; all agreed
that the cause of the Ice Age was uplift and that the fossil record did not support
the alternative causal hypothesis of climate change. Where disagreement persisted, it
centred on secondary questions such as the chronology of events, the role of glacial
erosion, and the formation of the Canterbury Plains (for the provinces and main
locations mentioned in this study, see Map 1). Yet, even as the scope of disagreement
progressively narrowed, bitterness persisted. The influence of ongoing European
controversies, such as the dispute over the origin of rock basins, partly explains the
persistence of heated disagreement among New Zealand scientists.® In this article,
I argue that much of the acrimony—especially towards the end—is traceable to
the personal and provincial rivalries that criss-crossed New Zealand science in the
mid-nineteenth century; this subtext has been largely neglected by previous studies.’
For instance, as Haast’s biographer put it, Frederick Hutton had the ‘motto ... “If you
see Haast’s head, hit it”.” Haast had only to propound a theory for Hutton to oppose
it, if geologically possible.’*

That said, this study does seek to offer insights into the nature of colonial science.
A simple model of dependency of the periphery (New Zealand) on the metropole
(Vienna or London) does not capture the complexity of the New Zealand Ice Age
debate."! Although New Zealand geologists were clearly influenced by the ideas of
European scientists—whether through exposure to the international literature or

8  As Hargreaves noted, “With the general acceptance of previously larger glaciers and an ice age, the debate didn
exactly end, though—it merely shifted ground’ to the debate over the power of ice to excavate rock basins. ‘[TThe
glacial erosion argument went on far longer, albeit with less of a bang.” Hargreaves, Vanishing Ice, 73-4.

9 'The sociologist of science Bruno Latour, inter alios, has observed that scientists often believe the outcome of
scientific disputes is decided by ‘just the facts’. Pace this commonplace conception of science, Latour has argued that
such beliefs are an ¢ffect of the settlement of a dispute. As scientific ideas pass from a state of controversy to wide
acceptance, the social context in which the ideas were born, and which in turn influenced their path to collective
acceptance, is eliminated. See, for example, Bruno Latour and Steve Woolgar, Laboratory Life: The Construction of
Scientific Facrs (Princeton: Princeton University Press, 1986), doi.org/10.1515/9781400820412.

10 Heinrich Ferdinand von Haast, 7he Life and Times of Sir Julius von Haast, K.C.M.G., Ph.D., D.Sc., ER.S.:
Explorer, Geologist, Museum Builder (Wellington: The author, 1948), 667.

11 For a traditional centre—periphery model, see George Basalla, “The Spread of Western Science: A Three-Stage
Model Describes the Introduction of Modern Science into Any Non-European Nation’, Science 156, no. 3775 (1967):
611-22, doi.org/10.1126/science.156.3775.611. For a general critique of this model, see Roy MacLeod, ‘On Visiting
the “Moving Metropolis™: Reflections on the Architecture of Imperial Science’, Historical Records of Australian Science
5, no. 3 (1980): 1-16, doi.org/10.1071/HR9820530001. For a recent exploration of how European geological
thought was translated into a peripheral context, see Alison Bashford, Emily M. Kern and Adam Bobbette, eds, New
Earth Histories: Geo-Cosmologies and the Making of the Modern World (Chicago: University of Chicago Press, 2023),
doi.org/10.7208/chicago/9780226828596.001.0001.
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direct correspondence—much of the debate about the Ice Age took place in the
pages of the Transactions and Proceedings of the New Zealand Institute and between
New Zealand rather than European scientists. The New Zealand geologists were
not mere ‘fact collectors’. They proved themselves eminently capable of integrating
the data at hand into their own theoretical accounts. They did this without needing
constant guidance from European savants, and they were willing to dissent from the
views of their metropolitan peers where necessary. Indeed, the New Zealand evidence
and theorising was of considerable interest to European geologists and appears to
have been decisive in shifting viewpoints. Haast occupied a privileged position as
Canterbury provincial geologist vis-a-vis both his New Zealand and European peers:
he had ample resources for fieldwork and direct access to the landscapes that were
at the centre of the discussion. New Zealand was the ‘centre of calculation” of the
country’s Ice Age data.'? Finally, the personal and provincial tensions within New
Zealand science arguably contributed as much to the bitterness of the debate as did
the influence of ongoing European controversies.

In the first two sections of this article the Ice Age debate in European geology
through the first two-thirds of the nineteenth century is surveyed, with a focus on the
theories of climate, and Haast’s exposure to the international geological literature and
integration into imperial and other transnational scientific networks is examined. The
third section examines the personal and provincial rivalries of New Zealand science
during the period of the Ice Age debate. The next two sections explore Haast’s changing
theoretical positions on the New Zealand Ice Age and the New Zealand reaction to
his ideas, with an emphasis on the climate change dimension and demonstrating how
personal and provincial rivalries bled through to the scientific debate. The following
section examines ideas about the climate during the New Zealand Ice Age that fell
outside the mainstream consensus. The final section summarises Haast’s reply to
his critics.

The Ice Age controversy in nineteenth-century
European geology

Early-nineteenth-century geologists had been generally successful in charting the
history of stratified sedimentary rocks. Less successful, however, were their attempts
to explain the most recent part of the geological record. Often these recent deposits
were a chaotic, unstratified mix of boulders (‘erratics’), gravel, shingle, sand or
clay. Geologists were also puzzled that some of the hardest rocks on earth appeared

12 Similarly, the historian Ruth Barton has argued that Haast leveraged his access to large quantities of moa bones
and his proximity to the sites from which they were recovered to ‘reverse the tyranny of distance’ and dethrone the
British palacontologist Richard Owen as world moa expert. Ruth Barton, ‘Haast and the Moa: Reversing the Tyranny
of Distance’, Pacific Science 54, no. 3 (2000): 251-63. On the notion of ‘centres of calculation’, see Bruno Latour,
Science in Action: How to Follow Scientists and Engineers Through Society (Cambridge: Harvard University Press, 1987).
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polished and scratched (‘striation’), that large erratics had somehow been transported
from northern Europe to Britain, and that terraces of Arctic marine molluscs existed
as much as 1400 ft (430 m) above sea level."?

An early attempt to explain these observations was the ‘diluvial’ theory. This framework
sought to account for the recent deposits, which were labelled ‘diluviuny’, in terms
of catastrophic deluges or ‘waves of translation’ that swept the globe redistributing
unconsolidated sediments (e.g., erratics).'

Following this came the Scottish geologist Charles Lyell’s classic Principles of Geology
(first edition in three volumes, 1830-33) which, in the historian of geology Martin
Rudwick’s estimation, forms ‘one of the most significant works in the history
of the earth sciences.”” Principles had a singular, overarching purpose: to advance
a (strict) formulation of the principle of uniformity. Lyell argued polemically that
most geologists before him had failed to adhere to uniformity in their arguments.
His contemporary the Victorian polymath William Whewell coined the terms
‘uniformitarianism’ and ‘catastrophism’ to characterise Lyell’s camp and his opponents.
Rudwick has argued that the influence of Lyell’s persuasive oratory on subsequent
generations of geologists (and historians) has distorted the history of geology.
In Principles, Lyell subtly amalgamated several meanings of uniformity that were
circulating. At the most basic level, the uniformity principle holds that the ‘laws of
nature’ have been everywhere and always the same. As Rudwick noted, all geologists
contemporary with Lyell accepted uniformity in this basic sense. Another meaning of
uniformity was the notion of ‘actualism’. This methodology instructed investigators
to employ ‘actual’ causes, i.e., processes observable in the present day, to account
for past geological changes. Again, virtually all geologists adhered to this version of
uniformity. But Lyell went further, insisting that the (gentle) intensity and (slow)
rate of present-day processes were representative of past change; he called this system
‘absolute uniformity’. Lyell’s uniformitarianism thus made him a vociferous opponent
of any form of catastrophe (e.g., the deluge). Lyell’s critics shared his commitment to
actualism as the best research approach, but they did not agree that one could assume
a priori that actual causes were completely sufficient to reconstruct the past.'®

13 Christopher Hamlin, James Geikie, James Croll, and the Eventful Ice Age’, Annals of Science 39, no. 6 (1982):
567, doi.org/lO.1080/00033798200200401.

14 Initially this theory was entangled with efforts by theological literalists to reconcile the short biblical chronology
of the earth and the story of the Flood with evidence from the geological record. During the 1820s the theory evolved
as it became clear that there had been more than one ‘diluvial’ episode and that the catastrophic events had been
local rather than universal. The link with the biblical Flood was thus weakened, but the popularity of the theory
persisted. Martin J. S. Rudwick, ‘Essay Review: The Glacial Theory’, History of Science 8, no. 1 (1969): 13841, doi.
0rg/10.1177/007327536900800107; Hamlin, ‘Eventful Ice Age’, 568.

15 Martin J. S. Rudwick, ‘Lyell and the Principles of Geology', in Lyell and Darwin, Geologists: Studies in the Earth
Sciences in the Age of Reform, ed. Martin J. S. Rudwick (Aldershot: Ashgate, 2005), 1.

16 Ibid., 8; Martin J. S. Rudwick, ‘Uniformity and Progression: Reflections on the Structure of Geological Theory
in the age of Lyell’, in Lyell and Darwin, Geologists: Studies in the Earth Sciences in the Age of Reform, ed. Martin
J. S. Rudwick (Aldershot: Ashgate, 2005), 210-13, 222-5; Martin J. S. Rudwick, Earths Deep History: How It
Was Discovered and Why It Matters (Chicago: University of Chicago Press, 2014), 166, doi.org/10.7208/chicago/
9780226204093.001.0001.
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Rudwick has argued that the fundamental disagreement between Lyell and his
critics was at the level of the underlying model of geohistory rather than a simple
uniformitarianism-versus-catastrophism ~ dichotomy. The pre-Lyell paradigm
in geology was undergirded by a commitment to what Rudwick has termed
‘directionalism’. According to this model of earth history, the earth cooled from an
initial hot, molten state, with geological processes correspondingly becoming slower
and less intense. Initially heat flow from the earth’s interior had dominated the earth’s
surface temperature, which was then more uniform across the globe. Over time,
heat in the earth’s interior diminished to the point where further heat loss was small
compared to the effects of heating by solar radiation. Thus, the earth’s current climate
regime took over, with the earth becoming divided into progressively colder regions
from the equator to the poles. In this view, the earth’s surface temperature over time
could be approximated by an exponential curve. The directionalist view appeared to
resolve several controversies. For instance, scientists could now explain how fossils of
organic life that today can only survive in the tropics had been found in temperate
or even polar regions."”

In contrast, Lyell was attempting to advance a steady-state, or at most cyclic, account
of geohistory. He did, however, concede that the evidence for significant past climate
change was compelling. To maintain his steady-state hypothesis in the face of
apparent evidence for a cooling earth, he proposed an alternative theory of climate
change. In the first edition of Principles, Lyell put forward the thesis that geography
determined the climate. He postulated that rearrangements of the oceans and
continents, taking place over vast geological time periods, would lead to modifications
of the winds and ocean currents—i.e., climate change. Lyell’s model enabled him to
maintain that the earth’s average surface temperature had been more or less constant
throughout the earth’s history, while any given region could have experienced widely
different climatic conditions at different periods of time.'® Lyell's commitment to
strict actualism had less to do with a concern for methodological rigour than with
a need to maintain his steady-state model."”

In the first edition of Principles, Lyell reinterpreted diluvium as the result of drifting
icebergs; hence, through Lyell, diluvium became ‘drift’.?® Drift emerged, Lyell argued,
from icebergs laden with rock debris that had floated across a largely submerged
world, slowly melting and depositing their cargo on the ocean floor. Their great

17 Rudwick, ‘Uniformity and Progression’, 214-17, 222-5.

18 Rudwick, ‘Lyell and the Principles, 9-10; James Rodger Fleming, ‘Charles Lyell and Climatic Change: Speculation
and Certainty’, in Lyell: The Past is the Key to the Present, ed. D. J. Blundell and A. C. Scott, Special Publications
143 (London: Geological Society, 1998), 162-5, doi.org/10.1144/GSL.SP.1998.143.01.14; Colin P. Summerhayes,
Earth’s Climate Evolution (Chichester: Wiley Blackwell, 2015), 13-15, doi.org/10.1002/9781118897362.

19 Rudwick, ‘Uniformity and Progression’, 224-5.

20  ‘Drift should not be confused here with ‘continental drift’, a decidedly twentieth-century term. Drift was a
collective term which divided into two subcategories. In the first was the chaotic, unstratified mix of erratics, shingle,
clay, etc., that Lyell called ‘dll’, a term he had adopted from Scottish farmers; today this is called ‘boulder clay’. In the
second were sorted, stratified deposits (e.g., outwash gravel fans). Summerhayes, Earths Climate Evolution, 20.
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inertia as they floated across shallow seas could account for striation of bedrock,
and the assumption of submergence explained the presence of marine fossils above
the present-day sea level. Another perceived advantage of the drift theory was that
it demanded minimal climate change. Icebergs carrying debris had been spotted
by observers in now-temperate regions as far south as 40° N, far equatorward of
the glaciated regions of Europe and near the southernmost extension of the North
American drift.”!

In 1837, the Swiss scientist Louis Agassiz attempted to account for the same
evidence by controversially positing widespread terrestrial glaciation. Agassiz had
been influenced by the studies of the Swiss glaciologists Ignaz Venetz and Jean de
Charpentier, who claimed that the glaciers of the European Alps had been more
extensive in the past. Charpentier believed the past extension of the glaciers was the
result of an elevation of the Alps.*

But Agassiz went much further than Charpentier. Whereas Charpentier had tried to
avoid postulating a colder past climate to explain glacial extension, Agassiz argued
there had been a severe collapse in global temperatures, resulting in an Fiszeit
(Ice Age). In this view, the northern hemisphere as far south as the Mediterranean
would have been covered in a vast (static) ice sheet. He followed Charpentier in
explaining the erratics in the valleys of the Alps as the result of glacier transport.
But for the erratics of the lowlands he put forward a very different theory: he argued
there had been an elevation of the Alps which had tilted the ice sheet in the vicinity
of the mountains, causing the erratics to slide down the icy slope until they reached
the lowlands. The modern interpretation of the Ice Age evidence envisages moving
ice sheets transporting debris and scratching and polishing bedrock, but this is
substantially different from Agassizs original formulation. That said, Agassiz was
correct in his essential notion of widespread terrestrial glaciation induced by global
climate change.”

However, it was several decades before the notion of an Ice Age was widely accepted.
Agassiz’s theory was widely viewed as non-actualistic—larger mountain glaciers could
be accepted on actualistic grounds, vast ice sheets not so much—and this was as
impermissible to Lyell’s opponents as it was to the man himself. At a deeper level
again, Agassiz’s account of a severe deterioration of the climate in the recent past
conflicted with both the directionalist notion of a cooling earth and Lyell’s steady-
state climate. On the other hand, a minor fluctuation could be accommodated within
either framework.?

21 Ibid., 16-17; Hamlin, ‘Eventful Ice Age’, 568-70.

22 Charpentier justified this hypothesis by invoking Léonce Elie de Beaumont’s épogue de soulévement (era of uplift).
Elie de Beaumont, who worked in the directionalist paradigm, envisaged the earth shrinking as it cooled, with the
resulting compressional strains in the crust occasionally giving rise to mountains. Rudwick, ‘The Glacial Theory’, 142-7.
23 1Ibid., 145-7.

24 1Ibid., 152-3.
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By the middle of the nineteenth century, geological opinion had converged on
a hybrid of these theories. A moderate ‘glacial’ theory, involving larger alpine glaciers,
was combined with Lyell’s drift theory. Most geologists accepted that the earth, or at
least the northern hemisphere, had recently gone through a significant cold period,
though they viewed this ‘Ice Age’ as much less severe than what Agassiz had proposed.
Yet it was a fragile consensus: as Rudwick noted, ‘[e]ven this much of an Ice Age
looked unnervingly like what [Lyell’s] critics called a catastrophe.’”

As the century wore on, geologists started to integrate new evidence on the effects
of ice. Expeditions into the northern polar regions had discovered that Greenland
was covered in an ice sheet. Similarly, in the south, Antarctica had been sighted and
revealed to be covered in an even greater ice sheet than Greenland. These observations
provided the actualist analogues for Ice Age ice sheets, increasing the credibility of the
glacial theory over the drift account.?

In the mid-1860s, the Lyellian view of climate change met with a significant challenge.
A major perceived weakness in Agassiz’s account was that he had not proposed a
mechanism for severe global cooling. In an 1864 paper, the Scottish scientist James
Croll provided the missing theoretical justification for Agassizs Ice Age. He proposed
that the Ice Age(s) were caused by feedback mechanisms set in train by changes in the
earth’s orbit around the sun. Specifically, he argued that changes in the eccentricity of
the earth’s orbit combined with precession of the equinoxes could lead to especially
cold periods in one hemisphere. Croll maintained that during periods of high
eccentricity the northern and southern hemispheres would experience alternating
glacial periods, with conditions changing from one hemisphere to the other as the
solstices followed their 22,000-year cycle around the earth’s orbit.”

Both Lyell and Croll believed there had been past climate variability, but their
conceptions of the mechanisms and temporal and spatial scales of change differed
significantly. Lyell’s theory envisaged local or regional climate change occurring
due to processes operating over vast geological timescales, while Croll’s account
suggested universal change occurring over tens of thousands of years.”® Lyell
broadly accepted Croll’s thesis, but insisted it was of secondary importance to his
geographical explanation.”

25 Rudwick, Earths Deep History, 179—80; Hamlin, ‘Eventful Ice Age’, 568-9.

26 Rudwick, Earths Deep History, 181-2.

27 Ibid., 184-5; Hamlin, ‘Eventful Ice Age’, 573—4.

28 Hamlin, ‘Eventful Ice Age’, 580.

29  James Rodger Fleming, James Croll in Context: The Encounter between Climate Dynamics and Geology in the
Second Half of the Nineteenth Century’, History of Meteorology 3 (2006): 49-50.
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Although Croll’s ideas were not widely accepted during his lifetime, his theory was
further developed by the Serbian scientist Milutin Milankovi¢ during the 1920s and
1930s, and has been recognised in recent decades as the primary driver of the climate
variability observed during the Quaternary.*

An empire of rocks: Antipodean nodesina
global geological network

The New Zealand Ice Age debate had important transnational and imperial
dimensions. As Haast® (see Figure 1) was the pacesetter in the New Zealand
debate, his intellectual influences and connections are a crucial reference point for
understanding how the antipodean back-and-forth was entangled with discussions
and rivalries abroad. Haast arrived in Auckland in December 1858 with the purpose
of reporting on the prospects for German emigration to New Zealand, but he quickly
shifted gears to become a pioneering geologist.

Before leaving Europe, Haast had attended lectures by the geologists Heinrich von
Dechen and Jakob Néggerath in Bonn. He had seen glaciers in Switzerland and
read avidly on the subject. Haast also knew Agassiz before the latter left Europe
permanently in 1846; Haast may have heard him speak on his ideas and they possibly
interacted after a lecture.’

Haast’s most important early career influence was the eminent Austrian geologist
Ferdinand von Hochstetter, who had arrived in Auckland with an Austrian scientific
expedition the day after Haast. The two promptly met and Hochstetter decided to
employ Haast as an assistant. Together they carried out surveys of the North Island
and the Nelson region; from Hochstetter Haast learnt the ropes of topographical
and geological surveying. Hochstetter returned to Europe in early 1860, but the two
maintained a lifelong friendship, corresponding regularly.?® Unlike his mostly British
colleagues in New Zealand, Rhineland-born Haast’s connections to scientific societies
in Austria and Germany were as strong as his ties to British organisations. For Haast,
there was not one European metropole but several

30 Lowe and Walker, Reconstructing Quaternary Environments, 13-16.

31 For biographies of Haast, see: Peter B. Maling and Simon Nathan, ‘Haast, Julius von’, Dictionary of New
Zealand Biography, Te Ara—the Encyclopedia of New Zealand, teara.govt.nz/en/biographies/6h17/haast-julius-von,
accessed 14 December 2023; Haast, Life and Times; Simon Nathan, ‘A short biography of Sir Julius von Haast',
Canterbury Museum Bulletin 11 (2022): 11-14; Sascha Nolden, ‘“The Life and Legacy of Sir Julius von Haast: Exploring
Archival Documentary Heritage Collections’, Records of the Canterbury Museum 30 (2016): 67-82.

32 Burrows, Haast in the Southern Alps, 120-3.

33 Mike Johnston and Sascha Nolden, Travels of Hochstetter and Haast in New Zealand, 1858—1860 (Nelson: Nikau
Press, 2011).

34 Johannes Mattes, ‘“Working from Overseas: The New Zealand Naturalist and Collector Julius von Haast and
European Scientific Societies on the Other Side of the Globe’, Canterbury Museum Bulletin 11 (2022): 137-53.
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Figure 1: Julius Haast with his second wife Mary, c. 1865.
Source: Alexander Turnbull Library, Wellington, 1/2-031387-F.
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Haast’s library in New Zealand was stocked with many of the important journals
of Europe and North America, and included books by such luminaries as William
Buckland, Henry De la Beche, James Forbes, Archibald Geikie, Roderick Murchison,
George Scrope, Joseph Hooker, Alexander von Humboldt, John Tyndall and James
Croll; his copies of Lyell’s Principles and The Geological Evidences of the Antiquity of
Man (1863) were probably heavily dog-eared. It is not known whether Haast owned
or had read Agassiz’s books or papers, but there is no doubt that by 1860 he was aware
of Agassiz’s theory and would have understood that Lyell’s drift theory was threatened
by it.

Haast was appointed the Canterbury provincial geologist in February 1861 and he
set about making pioneering surveys of the region. As he wrestled with his findings,
Haast drew upon his contacts in New Zealand and abroad. He apparently sought
Hochstetter’s opinion on applying drift or glacial theories to the Southern Alps
as Hochstetter replied in February 1862, advising: ‘I know the English geologists
are very fond of the Ice Age and glacial action, but one is not allowed to go too far
with this.” Later in the year Hochstetter was more emphatic: ‘No Ice Age! That is
rubbish!”” A reply to Haast in April 1864 from the Scottish geologist Murchison,
a vociferous opponent of the glacial theory, indicated that Haast was then favouring
the glacial theory; Murchison underscored to Haast that the drift theory could
account for phenomena such as striations. Haast had written to Agassiz reporting
signs of widespread past glaciation in the South Island; Agassiz replied in 1864
thanking Haast for remembering him ‘after so many years.”® Haast sent his 1864
survey report,” in which he abandoned his earlier drift position® for a glacial account
of the South Island deposits, to Hochstetter (these two main theories Haast put
forward will be discussed in detail in the fourth section below). Hochstetter replied
in March 1865, finding ‘it so convincing, that I soon decided to give up my previous
position on this ... a real geological problem has been more successfully solved than
in any previous works. This report will bring you much honour.” Consequently,
Hochstetter reworked the Southern Alps chapter for the English-language edition of
his book New Zealand: Its Physical Geography, Geology, and Natural History (1867).4!
“The pupil, Haast, had become the teacher’, Burrows concluded.*

35 Burrows, Haast in the Southern Alps, 122-3.

36  Hochstetter to Haast, 21 February 1862, in Sascha Nolden, 7he Letters of Ferdinand von Hochstetter to Julius von
Haast, 1859-1887, Miscellaneous Publication 133K ([Wellington]: Geoscience Society of New Zealand, 2013), 68-9.

37 Hochstetter to Haast, undated, c. 17 June 1862, in Nolden, Letters of Hochstetter to Haast, 78.

38 Burrows, Haast in the Southern Alps, 124-5.

39  Julius Haast, Report on the Formation of the Canterbury Plains, With a Geological Sketch Map, and Five Geological
Sections, Proceedings of the Provincial Council, Canterbury, Session 22 (Christchurch: The Press, 1864).

40 Julius Haast, ‘Notes on the Geology of the Province of Canterbury’, New Zealand Government Gazette, Province
of Canterbury 9, no. 18 (1862): 121-31.

41  Hochstetter to Haast, 20 March 1865, in Nolden, Letters of Hochstetter to Haast, 113-14; Ferdinand von
Hochstetter, New Zealand: Its Physical Geography, Geology, and Natural History, trans. Edward Sauter (Stuttgart:
J. G. Cotta, 1867). The original edition was published in German: Ferdinand von Hochstetter, New-Seeland
(Stuttgart: Cotta, 1863).

42 Burrows, Haast in the Southern Alps, 127.
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A related debate in which Haast was involved was the controversy over the origin
of rock basins. Ramsay argued in 1862 and 1864 that glaciers could excavate deep
valleys and lake basins. Geikie, Hooker and Tyndall lined up in support of Ramsay’s
hypothesis. Murchison and Lyell were opposed. They argued that while glaciers might
have modified pre-existing valleys by steepening valley walls and smoothing ridges,
they were not the primary erosive agents; weaknesses like fault lines or soft, weathered
rock could account for valleys and lakes. Both sides of the debate agreed that moraines
could dam valleys to form lakes.* In 1864, Haast claimed that in March 1862 he
had independently come to the same conclusion as Ramsay that lake basins had been
formed by the action of ancient glaciers. Hook has shown that Haast’s claim is true,
but only in the limited sense that lakes ‘were formed by the action of glaciers’: in 1862
Haast had concluded that the South Island lakes were the result of moraine damming,
not excavation by glaciers.* Haast's communications with the Irish physicist Tyndall,
who had done important work on glacier processes in the European Alps, probably
contributed to the evolution of Haasts thinking. In a letter to the New Zealand
geologist Hector in June 1862, Haast reported:

Prof Tyndall has been so much interested by my glacier descriptions that he
would like very much to come out and as he says in his letter to me, ‘to make
an excursion among those never trodden peaks’ (see Figures 2 and 3).%

In a September 1862 letter, Tyndall told Haast that he believed glaciers alone could
have eroded valleys.* After reading Ramsay’s paper in 1864, Haast published a paper
in 7he Quarterly Journal of the Geological Society in which he advanced a hybrid of the
two competing theories.” When Murchison read Haast’s paper before the Geological
Society in December 1864, he used his introduction to again inveigh against Ramsay’s
theory. Privately, however, Murchison ‘heartily’ commended Haast ‘for transmitting
to one who has hitherto opposed the theory of the scooping out of rock basins by
glaciers by far the best effort I have seen to lead me to modify my views.”*® The man
himself was impressed: Ramsay wrote to Haast in October 1865 saying that ‘with
great pleasure I saw your application of it [i.e., Ramsay’s theory] to New Zealand.™”

As will be shown in the fifth section, the acrimonious reaction in New Zealand to
Haast’s Ice Age theories is partly attributable to the importation of the rock basin
controversy into the local geological context.

43 Ibid.

44 Hook, ‘Julius Haast and the Discovery of the Origin of Alpine Lakes’.

45 Letter from Haast to Hector, 21 June 1862, in Sascha Nolden, Rowan Burns and Simon Nathan, 7%e Correspondence
of Julius Haast and James Hector, 1862—1887, Miscellaneous Publication 133D ([Wellington]: Geoscience Society of
New Zealand, 2012), 10.

46 Burrows, Haast in the Southern Alps, 127.

47 Hook, ‘Julius Haast and the Discovery of the Origin of Alpine Lakes’, 141-2. Haast imagined a massive, water-
impermeable moraine forming at the outlet of a valley, causing the glacier behind to thicken and then begin to erode
a lake basin; once the glacier retreated, a lake would accumulate. Julius Haast, ‘Notes on the Causes Which Have Led
to the Excavation of Deep Lake-Basins in Hard Rocks in the Southern Alps of New Zealand’, Quarterly Journal of the
Geological Society 21, no. 1-2 (1865): 1302, doi.org/10.1144/GSL.JGS.1865.021.01-02.19.

48 Hook, ‘Julius Haast and the Discovery of the Origin of Alpine Lakes’, 134-6.

49 Ibid., 138.
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Figure 3: Haast’s watercolours of glaciated landscapes in the South Island, 1866.

Notes: View from the junction of the Harper and Avoca Rivers, looking south-east. Roche
moutonnée (rounded hills shaped by glacial erosion) are visible in the foreground; the Craigieburn
Range appears in the background.

Source: Alexander Turnbull Library, A-149-010.5°

Spheres of influence: Personal and provincial
competition in New Zealand science

As the historian John Stenhouse has shown, the relatively flat hierarchy of the New
Zealand scientific world in the nineteenth century provided wide opportunities for
ambitious young scientists like Hutton, Haast and Hector to ‘dominate the institutes,
establish their professional autonomy, and gain prestige and recognition pretty much
as they liked.” Though they did not have to wrestle with a clerical and aristocratic
scientific establishment as did some of their peers in Britain, they showed plenty of
appetite for combat with each other.”!

50 Based on his own fieldwork, the Quaternary scientist Burrows concluded that Haast’s sketches and watercolours
were largely accurate depictions of the environment. The art historian Hook used site photographs and Google
Earth Pro virtual views to assess the veracity of Haast’s field sketches and watercolours and concurred with Burrows’
assessment. Hook, ‘Haast’s Field Sketches and Paintings’.

51 John Stenhouse, ‘Darwin’s Captain: E W. Hutton and the Nineteenth-Century Darwinian Debates’, Journal of
the History of Biology 23, no. 3 (1990): 428-9, doi.org/10.1007/BF00136377.
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Map 1: Provinces of New Zealand (1870-76).
Note: The main locations mentioned in this article are also indicated.

Source: Adapted from Malcolm McKinnon, ‘Colonial and provincial government — Colony and
provinces, 1853 to 1863, Te Ara—the Encyclopedia of New Zealand, www.TeAra.govt.nz/en/
interactive/35476/new-zealands-provinces-1853-1876, accessed 26 January 2024.

47


http://www.TeAra.govt.nz/en/interactive/35476/new-zealands-provinces-1853-1876
http://www.TeAra.govt.nz/en/interactive/35476/new-zealands-provinces-1853-1876

48

International Review of Environmental History - Volume 11, Issue 1, 2025

Figure 4: Frederick Fuller, Haast’s taxidermist, standing among moa skeletons
at the Canterbury Museum, 1867.

Source: Auckland Libraries Heritage Collections, 589-0076.

In addition to his work as a geological surveyor, Haast founded the Canterbury
Museum in Christchurch in 1867 and became its first director. In 1866, he had
excavated numerous well-preserved moa bones that had been discovered at Glenmark
station, north Canterbury, during the draining of a swamp. As moa bones were in
high demand on the international market, he leveraged this fossil capital to build the
Canterbury Museum’s collection into one of the finest in the southern hemisphere
(see Figure 4).>

The British Army officer turned geologist Hutton™ (see Figure 5) arrived in New
Zealand in 1866 and took up work as a geological surveyor. In 1873, he became
director of the Otago Museum in Dunedin. His relationship with Haast while they
were museum directors was ambivalent: periods of co-operation and amicability were
interspersed with episodes of competitiveness and jealousy.

52 ‘Museum History’, Canterbury Museum, www.canterburymuseum.com/about-us/museum-history, accessed
21 August 2024; Susan Sheets-Pyenson, ‘Cathedrals of Science: The Development of Colonial Natural History
Museums during the Late Nineteenth Century’, History of Science 25, no. 3 (1987): 279-300, doi.org/10.1177/
007327538702500303.

53 For biographies of Hutton, sce: H. N. Parton, ‘Hutton, Frederick Wollaston’, Dictionary of New Zealand
Biography, Te Ara—the Encyclopedia of New Zealand, teara.govt.nz/en/biographies/2h59/hutton-frederick-wollaston,
accessed 14 December 2023; Stenhouse, ‘Darwin’s Captain’.
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Figure 5: Frederick W. Hutton, c. 1884.
Source: Alexander Turnbull Library, MNZ-0474-1/4-F.
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Hutton copied Haast’s strategy of using moa bones as currency to expand the Otago
Museum’s collection after he acquired a large number of skeletons from a miner’s
diggings near Eweburn (now Ranfurly) in the Otago goldfields in 1874. Hutton also
successfully leveraged the moa find to garner support within the Otago Provincial
Council for a new museum by electing to ‘play the card of interprovincial rivalry’
with Canterbury.™

The historian Rosi Crane characterised Hutton as egotistical, pedantic and lacking
in patience for those who did not share his dogged work ethic.”> And Stenhouse
noted that although Hutton could be a ‘warm friend, his abhorrence of “sham and
humbug” made him a pungent and outspoken critic.”>® Later, Hutton’s run-ins with
Haast in the Philosophical Institute of Canterbury caused the latter to withdraw: ‘as
long as Hutton is President’, wrote Haast, ‘I will not have anything to do with it, as

I want peace.”’

On the other hand, Haast was hardly a dove himself. He was an ‘extrovert, energetic
and enthusiastic in his many interests’, the geologist and historian Simon Nathan
noted. But his sharper side often came out in ‘impetuosity and outspokenness [which]
led to public and scientific arguments that could have been avoided.”® Furthermore,
the historian Sascha Nolden described Haast as a relentlessly self-promoting and
calculating man who ‘was prepared to change both his identity and allegiances
whenever it seemed to serve his purposes—to leave behind his past and build a better
future for himself.’”

The best-known New Zealand controversy Haast became embroiled in occurred
during the 1870s after he hypothesised in 1871 that the moa had been hunted
to extinction by a race that predated Maori settlement of New Zealand.®® Nathan
characterised the heated debate that ensued as ‘one of New Zealand’s most bitter
scientific arguments.”®

54 Rosi Crane, ‘Rivalry and Cooperation: Julius von Haast’s Influence on the Otago Museumy’, Canterbury Museum
Bulletin 11 (2022): 47-52.

55 Ibid., 48, 52.

56  Stenhouse, ‘Darwin’s Captain’, 442.

57 Crane, ‘Rivalry and Cooperation’, 52.

58 Nathan, ‘A Short Biography of Haast’, 14.

59 Nolden, ‘Life and Legacy of Haast’, 79.

60  Simon Thode, ‘Bones and Words in 1870s New Zealand: The Moa-Hunter Debate Through Actor Networks’,
British Journal for the History of Science 42, no. 2 (2009): 225-44, doi.org/10.1017/S0007087408001544; Francis
Reid, “The Sumner Cave Controversy Reconsidered: Provincialism, Identity and “Colonial” Science’, New Zealand
Journal of History 43, no. 1 (2009): 18-38; Simon Nathan, James Hector: Explorer, Scientist, Leader, Miscellaneous
Publication 140 (Lower Hutt: Geoscience Society of New Zealand, 2015), 132-5.

61 Nathan, Hector, 133.
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Figure 6: A caricature of James Hector, 1903.
Note: The book titles represent his many scientific interests and administrative responsibilities.
Source: Alexander Turnbull Library, B-094-015.
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Figure 7: Hector (seated second from right) with his staff and a Neobalaena
marginata whale skeleton in the grounds of the Colonial Museum.

Source: Alexander Turnbull Library, 1/2-004109-F.

Hector® (see Figure 6) was a Scottish-born physician who arrived in New Zealand
in 1861. The Joseph Banks of nineteenth-century New Zealand science, his
multitudinous responsibilities included directing the national Geological Survey and
Colonial Museum in Wellington, managing the New Zealand Institute and editing its
journal Transactions and Proceedings. Hector rejected Haast’s moa-hunter hypothesis,
maintaining instead that moa had been hunted by Maori and were only recently
extinct. Haast vociferously dug in and refused to abandon his hypothesis.®®

Haast and Hector had little contact following the climax of the moa-hunter
controversy in 1874. After re-establishing ties in 1879, their relations were generally
civil and professional, although occasionally Haast reverted to type.*

Hector’s personality contrasted sharply with Haast’s and Hutton’s. Known for being
‘pleasant and courteous to deal with,” Hector was a man who ‘thought carefully about
his words and actions and was never confrontational, although not afraid to express

62 For biographies of Hector, see: R. K. Dell, ‘Hector, James’, Dictionary of New Zealand Biography, Te Ara—
the Encyclopedia of New Zealand, teara.govt.nz/en/biographies/1h15/hector-james, accessed 14 December 2023;
Nathan, Hector.

63 Thode, ‘Bones and Words’; Reid, “The Sumner Cave’; Nathan, Hector, 132-5.

64 Nathan, Hector, 164—6.
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his opinion.” These qualities no doubt aided his ascendancy in New Zealand science.
Haast had greater knowledge and experience of New Zealand geology, which ought
to have made him the first pick to lead the new national Geological Survey, yet the
government offered the role to Hector in 1865.%° Regarding his run-ins with Haast,
Hector had apparently ‘come to accept Haast as a colleague prone to emotional
outbursts—which he saw as the mark of a foreigner—and carried on as if little

had happened.”®

In the wake of the moa-hunter dispute and his breach with Hector, Haast was keen
to strengthen his ties with Hutton. This probably suited Hutton because he was also
hostile to Hector at that time. In 1872 Hutton, who was then employed by Hector
at the Geological Survey, wrote to Haast complaining that Hector ‘has been giving
out in Nelson that I am very insubordinate and ungrateful to him for getting me my
present appointment’ because ‘I differed from him in some professional points’, and
asked Haast to ‘confer a favour on me by contradicting it.” Hutton then suggested
that were he to leave the Geological Survey and Haast refuse to contribute to it, the
Survey would ‘die a natural death, for [Hector] could not write reports himself, only
sketches.®” In 1876, Hutton continued in his intriguing vein, proposing that they try
to get the New Zealand Institute to meet in places other than Wellington. That way
‘we should have a much greater hold upon it. If this were done Hector’s power as
manager would soon decline.”®

Travers®” (see Figure 8) was an Irish-born lawyer, magistrate and politician who also
had interests in natural history; he arrived in New Zealand in 1849. Haast met
him in Nelson in the late 1850s, where the latter was a district judge. Initially, they
were on friendly terms and they conducted survey work together in Nelson. Haasts
biographer described Travers as ‘a character, versatile, ambitious, opportunist, well
read’, with a range of scientific interests, and ‘chameleon-like in his [political] views.””
Their relationship continued when they were both living in Christchurch in the
1860s. ‘[Bleing of a speculative nature’, Travers sold Haast a house in a subdivision
he owned.”" However, a dispute in 1867 over a question of scientific priority led to a
breakdown in their relationship (this dispute is discussed in the fifth section below).

65 1bid., 73-4, 231-2.

66 1Ibid., 166.

67  Letter from Hutton to Haast, 20 July 1872, in Esme Mildenhall, Rowan Burns and Simon Nathan, Transcriptions
of Selected Letters from Frederick Wollaston Hutton to James Hector and Julius Haast, Miscellaneous Publication 133F
([Wellington]: Geoscience Society of New Zealand, 2013), 136-7.

68  Letter from Hutton to Haast, 19 May 1876, in Mildenhall et al., Selected Letters from Hutton, 157.

69  For a biography of Travers, see R. Winsome Shepherd, “Travers, William Thomas Locke’, Dictionary of New
Zealand Biography, Te Ara—the Encyclopedia of New Zealand, teara.govt.nz/en/biographies/1t105/travers-william-
thomas-locke, accessed 14 December 2023.

70 Haast, Life and Times, 43, emphasis in the original; Johnston and Nolden, Travels of Hochstetter and Haast.

71 Haast, Life and Times, 323.
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Figure 8: William T. L. Travers, c. 1879.
Source: Alexander Turnbull Library, PAColl-6388-47.
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Smarting from the dispute, Travers was on the lookout for opportunities to
undermine Haast. Beginning in early 1867, the future of the Canterbury Geological
Survey, along with Haast’s position as provincial geologist, came into question. His
opponents in the Provincial Council claimed he had used the Survey to advance his
scientific reputation in Europe without providing the province much in economic
return. One of his antagonists was Travers, who, as Haast’s biographer noted, ‘got his
knife into him and took every opportunity of worrying him by a series of motions.”

Haast’s theories of the Ice Age

Haast’s theoretical position developed across two key reports, which were based
on his extensive fieldwork in the South Island. In his 1862 report he followed the
drift theory of Lyell, but in his 1864 report he adopted a hypothesis of widespread
terrestrial glaciation. Although Haast subsequently finessed his views, the shift from
his 1862 to his 1864 position was his most significant.

In his 1862 report, Haast related that during his fieldwork in Canterbury he had
found a series of beds that appeared to his eye like the boulder clays of Europe. He also
discovered horizontal terraces, as well as terraces that sloped gently in the direction
of the coast. The horizontal terraces he took to be of marine origin (i.e., raised sea
beaches), while the sloping terraces he interpreted as lateral moraine terraces. Thus,
Haast postulated there had been a submergence of the land in the Pleistocene to at
least 5200 ft (1600 m), followed by a chilling of the climate, leading to glaciation
of the land remaining above sea level. Glaciers extended into the ocean and icebergs
were calved. The icebergs floated away carrying debris, before eventually depositing
their material on the ocean floor—Haast believed the Canterbury Plains were formed
partly through this process. Then an elevation of the land occurred, as well as a
moderation of the climate. The glaciers retreated and moraines were deposited in
the process, with the terminal moraines damming valleys to form the Alpine lakes.
This account was Lyell’s drift theory applied to New Zealand conditions.”

In 1864, Haast revised his argument dramatically. Further fieldwork had revealed to
him that the ‘horizontal’ terraces, which he had attributed to marine action, in fact
exhibited a slope towards the ocean when examined with a spirit level. Secondly, he
could find no evidence of drift deposits on Banks Peninsula or in the Timaru dolerites,
both areas that were likely to have had stranded icebergs. Thus, he abandoned the drift
theory, positing instead extensive terrestrial glaciation, a core element of Agassiz’s Ice

Age thesis.

72 1Ibid., 517-25.

73  Haast, ‘Geology of the Province of Canterbury’. In this report Haast did not explicitly say that his theory
involved an assumption of a colder climate. However, in his 1864 report he gave an account of the genesis of his
1862 theory in which he stated he had then believed ‘the climate had changed by some physical causes and assumed
an antarctic character’: Haast, Formation of the Canterbury Plains, 6.
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Map 2: Haast’s geological map of Canterbury and Westland.

Note: The old moraine material (yellow hatched) and glacial outwash (yellow) are the remnants
of the Ice Age. Haast believed the Canterbury Plains were built up from the outwash fans of the
Ice Age glaciers.

Source: Julius Haast, Geology of the Provinces of Canterbury and Westland, New Zealand
(Christchurch: The Times, 1879).

Haast’s new position is summarised as follows. During the Tertiary period, the
South Island was repeatedly submerged. The land then emerged above the ocean
in a plateau-like form, the currents and waves having smoothed off ridges and filled
valleys with debris when the country was under water. Once the land had risen above
the snowline, the plateau provided an optimal surface area for the accumulation of
névé and the formation of glaciers. With limited pre-existing valleys for the glaciers
to advance down, they assumed an enormous scale before they could overcome the
forces preventing their descent. When the glaciers finally did begin their descent, they
eroded the plateau into a network of ridges, with the rock scooped out furnishing
material for the formation of moraines (see Figure 9). The glaciers then retreated
and the moraines were partially destroyed by rivers issuing from the glaciers. The
outwash debris raised the seabed and laid the foundations for the Canterbury Plains
(see Map 2). Haast believed that a combination of slow subsidence and extensive
scouring of the plateau into ridges, which reduced the surface area available for the
accumulation of snow, was responsible for the glacial retreat.
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Figure 9: Cross-sections of various South Island geological features.

Notes: (Top) An idealised section illustrating what the South Island would have looked like after
emerging from the Tertiary ocean as compared to its present profile; (Bottom) The key to the
cross-sections. The Pleistocene deposits are 6a and 6b (‘Post Pliocene Formation’).

Source: Julius Haast, Geology of the Provinces of Canterbury and Westland, New Zealand
(Christchurch: The Times, 1879).
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Haast was somewhat vague about when he believed all these events had occurred, but
he repeatedly referred to the ‘Pleistocene glaciation’, which makes it clear when he
thought the main event had taken place.”

The New Zealand reception of Haast’s ideas:
The problem of climate change

Haast’s 1864 report, announcing his substantially revised theoretical position, was
ambiguous on the question of the past climate. In this report, he gave an account of the
genesis of his earlier 1862 theory. At that time he had believed ‘the climate had changed
by some physical causes and assumed an antarctic character.” He detailed the evidence
that led him to this conclusion: northern hemisphere observations of drift ‘deposited by
icebergs on the bottom of the sea [which are] of great thickness’ as far south as 41° N, as
well as Charles Darwin’s observations of glaciers in Patagonia reaching the sea at around
46° S. The latitude of the Patagonian glaciers, Haast noted, corresponds to Invercargill,
in the far south of New Zealand. Do not these facts, he asked, ‘suggest the conjecture,
that slight changes in oceanic or atmospheric currents, as in the configuration of the
land, will cause very great difference in the temperature’?”

Haast’s 1864 theory emphasised uplift over a colder climate as the cause of the
glaciation. However, his description of the environment during the glacial period
suggested an ambiguous climate picture. He wrote of the ‘desolate aspect of the
country in those pleistocene times’, with the landscape resembling Greenland,
Antarctica or the inner Tibetan glacial regions (see Map 3).7

In early 1864, Haast sent a note to the Natural History Review that was less ambiguous
on the relationship between glaciation and the climate. At that time, he had not
yet had the opportunity to survey the Canterbury province west of the main alpine
divide (Westland Province from 1873),” but Arthur Dobson, his brother-in-law
and former assistant, had recently returned from a survey there. He told Haast of a
glacier, which he took to be the largest on the coast and of similar size to the Tasman
Glacier,”® that descended as low as 500 ft (150 m) above sea level and terminated only
8 miles (13 km) from the ocean. Dobson reported that the glacier was surrounded
by ‘luxuriant forests’ composed of tropical and subtropical plant life. Haast thought
it probable that Areca palms would also grow in the vicinity of the glacier as they
are found on the east coast at a similar latitude. These facts suggested to him that

74 Haast, Formation of the Canterbury Plains, 5-25.

75 Ibid., 6-7.

76 1Ibid., 11.

77 Ibid., 61-5.

78  'The Tasman Glacier is the largest in the country, located east of the main divide. Dobson observed the Franz
Josef Glacier. Haast erroneously stated that this glacier gives rise to the “Wairau’ river; it is the Waiho River which
issues from the terminal face of the Franz Josef.
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kiwi, kakapo and large Helix snails were likely to be found in the moraine deposits
close to the sea. Haast also reported he had found large numbers of moa bones in a
moraine, which further reinforced to him that similar vegetation to that now growing
alongside the glaciers of the west coast of Canterbury would also have been present
alongside glaciers elsewhere in the past. ‘{W]hat would be the conclusions of the
Geologist of the future respecting such an association’? Haast asked. “Would it not be
that these animals and plants inhabited New Zealand during a glacial epoch?” Given
how low the glaciers were found on the west coast as compared to the east, Haast
concluded that the west—east distribution of moisture across the Alps (i.e., moist in
the west, dry in the east) was responsible for the difference in glacial extent, rather
than temperature. Haast concluded: ‘the extensive glacial phenomena of postpliocene
times may have been due to a rise of the land, or to a more humid atmosphere, and
not to a lower temperature.”

Map 3: The maximum extension of the glaciers according to Haast.
Note: Shaded blue-green.

Source: Julius Haast, Geology of the Provinces of Canterbury and Westland, New Zealand
(Christchurch: The Times, 1879).8°

79  Julius Haast, ‘Glacial Deposits in New Zealand’, Natural History Review: A Quarterly Journal of Biological
Science 4, no. 13 (1864): 475-6.

80 According to Burrows, the glaciers ‘extend much too far to the east, but not far enough in the west.” Also,
‘In Canterbury some very old, fragmentary alluvial deposits were mistaken by Haast for till. Some of them probably
represent ancient glacio-fluvial outwash. Others probably have non-glacial origins.” Burrows, Haast in the Southern

Alps, 127, 130.
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The following year Haast finalised his view on the past climate in a note published
in the Quarterly Journal of the Geological Society. Here, on the question of climate
change Haast was emphatic in the negative: ‘no sensible change in the climatal [sic]
conditions had taken place’ since the period of glaciation.®

Burrows has accurately noted that the debate that ensued over Haast’s views was
characterised by ‘mutual suspicions and jealousies’. Of Haast’s interlocuters discussed
here, only two carried out extensive fieldwork in the South Island during Haast’s
lifetime (Hector and Dobson).

Hector’s views on the glacial period were similar to Haast’s 1864 position. In 1863
Hector had examined glaciers and formerly glaciated areas in western Otago,
concluding that glaciers had excavated the deep valleys, and in 1869 he published
maps of moraines in that area. His descriptions of the Otago glacial deposits were
very similar to those of Haast in Canterbury.** In fact, Hector claimed in a letter to
Haast in October 1864 that it was he, not Haast, who had first put forward the uplift
theory of terrestrial glaciation, in 1863:

With regard to the causes which led to the previous extensive development of
glaciers I must tell you frankly that I consider the views you have adopted to be
fully indicated in my West Coast Report when describing the character of the
Milford sound [sic] Valley.

Probably anticipating a fiery response from Haast, Hector added: ‘I am sure you will
take these remarks in good part as I make them in a spirit of fair criticism.”®*> Haast
replied a week later that he ‘felt very grieved to observe that you seem to accuse
me of plagiarism in having adopted your theories, as given in your Westcoast [sic]
report.” He explained that he had largely written the report during his honeymoon
in July 1863 and had in fact begun to doubt his earlier drift theory in December
1862, as recorded in his journals; Hector’s report was published in early November
1863. He added that Hector’s report had reassured him that he was right to abandon
his earlier theory. Haast concluded by turning the tables on Hector: “Would it not
be unjust if I would accuse you of adopting my theories if as it is natural you have
independently of my labours come to the same conclusions?’® Hector replied:

81  Julius Haast, Appendix: Note on the Climate of the Pleistocene Epoch of New Zealand’, Quarterly Journal of
the Geological Society of London 21 (1865): 135, doi.org/10.1144/GSL.JGS.1865.021.01-02.20.
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83  Letter from Hector to Haast, 22 October 1864, in Nolden et al., Correspondence of Haast and Hector, 63.

84  Letter from Haast to Hector, 31 October 1864, in Nolden et al., Correspondence of Haast and Hector, 64-5; James
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Gazette 6, no. 274 (Dunedin: Otago Provincial Government, 1863).
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[I] feel that I quite deserve the ‘wigging’ you give me. However I only meant
to point out that I was bound by my own words to agree with certain parts of
your Theory but not with others. Your explanation of how you arrived at your
views is quite satisfactory.®

Nevertheless, Hector appears to have persisted with his claim to priority, restating
his position in a note published in the Geological Magazine in 1870. In addition,
he complained that Hochstetter’s description of the ‘modern view’ of glaciation
was in ‘the essential points being given in my own words” but without appropriate
acknowledgement—instead Hochstetter had cited Haast’s work.%

Hector also spelt out his reasons for rejecting Haast’s 1862 theory. Beyond “fifteen to
twenty-five feet [4.6—7.6 m] above the present sea level, no marine deposits are found
of later date than the Pleiocene. The Pleistocene deposits in New Zealand are sub-
aérial’, i.e., on the land surface, rather than underwater. Furthermore, he pointed out
that many northern hemisphere scientists assumed

that in the Southern Hemisphere signs are found of a Cold Period, analogous
to the Glacial Period of the North, and any difference of opinion on the subject
is only as to whether the extreme cold affected both hemispheres at the same
time, or alternately.’

However, Hector claimed in an 1876 article that the ‘remains of the past fauna afford
no evidence’ of a colder climate. He continued to insist upon the land elevation
explanation. He considered the possibility of a general elevation, perhaps as much
as 4000 ft (1200 m) above the current level, but concluded ‘the evidence afforded
by the shore line is unfavourable to this view.” He instead offered a variation on the
elevation theory, suggesting the uplift had been non-uniform. This, combined with
glacial erosion, best explained the observational evidence. He posited that the south-
west of the South Island had been elevated first and had since subsided, as evidenced
by the ‘extraordinary depth of the sub-marine valleys.” He also suggested the Nelson
region may have been elevated even earlier. Hector’s position on the climate question
was clear: ‘there had been no general change of climate.’®

In fact, it appears Hector flirted at times with a theory of regional climate change. In a
letter to Hooker in July 1864, he suggested that if Australia had been submerged in
the past then the New Zealand glaciers would have been more voluminous, as the
hot north-west winds that often blow in the eastern South Island would have been
moderated. Hector attributed the heat of the winds to their supposed origin over the

85  Letter from Hector to Haast, 5 November 1864, in Nolden et al., Correspondence of Haast and Hector, 65.
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Australian interior. Thus, if the hot interior was replaced by ocean there would be no
hot winds. Lyell included this commentary in the first volume of the tenth edition of

Principles of Geology.”

In fact, the hot, arid character of the north-westerlies is primarily the result of the
fohn effect from air flow across the Southern Alps. However, Hector’s view was
popular: several other New Zealand scientists at this time believed the properties of
the north-westerlies were attributable to the Australian origin of the winds. Charles
Knight, president of the Wellington Philosophical Society and former director of the
government meteorological stations, was the first to account for these north-westerly
winds in terms of the fohn effect in 1874.”° Hector had raised his theory again during
a Wellington Philosophical Society debate in 1873, but by 1876 he, like Haast, was
emphatic that there had been no past climate change.”

Hutton expressed his disagreement with parts of Haast’s theory in papers published in
the Transactionsin 1872 and 1875.%% Rejecting Haast’s view that the Canterbury Plains
had been formed by outflow debris, Hutton maintained the plains were of marine
origin. He argued that if they had been formed through alluvial processes, they would
not be of similar elevation from north to south but would instead be higher where
the larger rivers had coursed through, because these would have deposited a greater
amount of material than their smaller counterparts.”

Hutton believed there were only two explanations of the past glaciation: elevation of
the land or a colder climate. He proceeded to assess the arguments for both causes.
He was careful in his choice of words: he used the term ‘Glacier Period’ to refer to
the problem under discussion, underscoring that the term had ‘no relation to, and
implies no contemporaneity with, the ‘Glacier Epoch’ of the North Hemisphere.”*

Based on an estimate of 8000 ft (2400 m) for the present-day snowline, Hutton
concluded an elevation of the land to 3,500 ft (1070 m) above its current level would
be necessary to bring about Haast’s glaciation. Using mean annual temperature
statistics he showed this was equivalent to reducing the temperature of Mangdnui
(in the far north of New Zealand) to that of Invercargill—i.e., a reduction of more
than 10° F (5.5° C). Adducing marine fossil evidence, Hutton argued:
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As none of the shells in these lists can now live on the Otago coasts, we have
every reason to suppose that if the sea at Monganui [sic] had ever been reduced
to the present temperature of that at Dunedin, they could not have lived there
either, and consequently they would have become extinct in New Zealand.

Now, as 27 of these 36 shells are littoral species found only in New Zealand,
we would have to suppose ... that during the cold period they crossed the
deep sea to Australia or Polynesia, and that on the return of a warmer climate
they all returned again to New Zealand without leaving any behind, which
is incredible.”

Hutton believed there had been an elevation of the land, and that this was sufficient
to account for the extension of the glaciers. However, he felt that Haast and Hector’s
belief in glacial erosion reducing the area available for snow accumulation, ultimately
contributing to glacial retreat, was ‘unnecessary’ and ‘exaggerated ... the rapidity of
glacial erosion.” Here Hutton evidently had in mind the controversy over the origin of
rock basins and was positioning himself alongside the more conservative Murchison
and Lyell. Furthermore, Hutton pushed the timing of the glaciation further back
than Haast, into ‘older-pliocene times’. He argued there had been uplift of the land
during the early Pliocene which caused the glaciers to expand. That was followed by a
period of subsidence in the late Pliocene, and then elevation again in the Pleistocene,
which was probably ongoing. This explained why ‘[w]e have no marine deposits in
New Zealand of older-pliocene date’, as the land would then have stood much higher
than it does at present. He noted that if the theory of Pleistocene elevation was correct
‘we shall have to find some reason for the newer-pliocene deposits not being more
denuded than they are; for according to this theory, they once stood at a much higher
level than they have at present.” He also pointed to the fact that several bird and insect
species are endemic to only one of the two main islands of New Zealand. For Hutton,
and ‘nearly all naturalists’, this was ‘good proof that these islands have been separated
longer than Great Britain from Europe, that is to say, previous to the pleistocene
period.” As an ‘elevation of 500 feet [150 m] would obliterate Cook Strait and join
the two islands together ... New Zealand cannot have stood at an elevation 500 or
600 feet [150-180 m] higher than at present since the pliocene period.” ‘[TThe
evidence seems to be in favour of there never having been a glacial epoch in New
Zealand, and consequently none in the Southern Hemisphere,” Hutton concluded.”

In 1872, Haast complained to Hutton that Hector was trying to claim for himself the
honour of having first called attention to the former extension of the New Zealand
glaciers, and he attached a copy of his 1864 report. Hutton read and annotated
Haast’s report, writing acidly in the margin at one point: ‘It shows clearly that a muff
is apt to make great mistakes.”® Yet Hutton replied courteously to Haast: ‘Many
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thanks for your paper. You will certainly be able to prove that you made out the
greater extension of the glaciers before Hector wrote anything about it.”” Although
Hutton strongly disagreed with elements of Haast’s glacial theories, he was then at
loggerheads with Hector at the Geological Survey, so he likely thought it was in his
interests to align himself with Haast on at least a few issues.

In two papers published in the Zransactions in 1873 and 1874, Travers also rebuked
Haast’s arguments.'” Oldroyd and Burrows have rightly characterised Travers’ articles
as, respectively, ‘acrimonious’ and ‘a diatribe’.!”" Clearly, Travers personal hostility
towards Haast was bleeding through to his scientific work.

Their relationship apparently broke down because of a dispute over priority. In his
Report on the Headwaters of the River Rakaia (1866),""* Haast again theorised lakes
could be formed through moraine damming. Shortly after the report was published,
Travers claimed that it was he who in fact had originated this theory. He claimed
he had written to Lyell in 1864 rebutting Haast’s views on the formation of lake
basins, which were then influenced by Ramsay’s ice excavation theory, instead arguing
that lakes were the result of moraine-damming of valleys. He further claimed that
Lyell had read a paper before the Geological Society in 1864 incorporating his views.
This elicited a rebuke in a Christchurch newspaper, the Lyttelton Times, from an
anonymous reader who pointed out that Lyell’s/Travers’ paper was in fact read before
the Geological Society in February 1866 and published in August 1866 and thus
could not have reached New Zealand before October of that year. Haast’s report
was published in June 1866, so he could not possibly have taken Travers’ view into
account. In the opinion of the letter writer, ‘the views expressed in the paper of
Mr Travers are not analogous to those expressed by Dr Haast, nor are they new
or clear. I am astonished at the vanity of Mr Travers, and his extraordinary craving
after homage.'*

Travers’ critique in the Z7ansactions focused on Haast’s 1864 report. He could not
accept Haast’s claim that there had been a complete submergence of the country
during the Tertiary period. He also pounced upon the ambiguous position that
Haast had taken on the climate in his 1864 report, quoting incredulously Haast’s
description of a ‘desolate’ Pleistocene environment resembling Greenland or the
Arctic/Antarctic. Evidently Travers’ interpretation was that Haast believed the climate
had been much colder. Such a series of events, Travers caustically observed, would
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have led to ‘complete extinction of all the then existing forms of terrestrial life, unless,
par hazard [sic], some New Zealand anti-type of Noah had amply provided for the
emergency.” ‘Perhaps, indeed’, Travers went on,

the learned doctor believes that our present fauna was evolved ‘in those
pleistocene times' out of the moral consciousness of some mollusc or
crustacean resting and pondering, after the long winter, on the shores of the
pleistocene sea.!*

Travers’ view was that at the close of the Miocene, the South Island began to rise,
ultimately reaching a level 4000 to 5000 ft (1200—-1500 m) greater than its current
elevation. During that period of maximum elevation all the main valleys were filled
with glaciers. Then subsidence began, probably exceeding the magnitude of the
former elevation, and consequently the glaciers disappeared in the parts of the Alps
that had not attained an altitude of 13,000 to 14,000 ft (4000—4300 m) above sea
level during the period of maximum elevation. Although in ‘postpliocene times’
there was a re-elevation of the land, during which the glaciers existing in the valleys
around Mount Cook again advanced, this re-elevation was not sufficient to cause the
formation of new glaciers in any parts of the Alps where they do not currently exist.'®

Finally, in papers published in the 7ransactions in 1873 and 1874, Dobson concurred
with the consensus that land elevation alone was responsible for the former extension
of the glaciers.'®

Climate change: Geographical or astronomical?

Despite this apparent consensus that the Ice Age was caused by an elevation of the
land and not climate change, other ideas were mooted.'” A popular alternative
viewpoint was Croll’s orbital theory of climate change.

In July 1874, Knight delivered a presidential address to the Wellington Philosophical
Society in which he gave a sympathetic account of Croll’s theory. Knight assessed the
arguments of Haast, Hutton and Travers. While he acknowledged that land elevation
was a plausible driver of past glaciation, he thought that Hutton and Travers had been
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too hasty in dismissing a colder climate as a possible cause. If Travers and Hutton
thought the climate change hypothesis stood on shaky empirical ground, their
land elevation theory was no less speculative: ‘Mr. Travers’ theory’, Knight teased,
‘has an elasticity about it, for, if we object to an elevation of 5000 feet [1500 m] as
insufficient, we might double the elevation without being unreasonable.” Agassiz’s
expedition in South America had uncovered evidence of past glaciation as extensive
as the northern hemisphere, and as far equatorwards as the northern end of Chiloé
Island, Chile. These observations suggested a colder past climate could not be ruled
out in the southern hemisphere, Knight argued.'*®

As to what caused this cold period, Knight suggested it may have been due to orbital
variations, as described by Croll in his ‘very plausible theory.” Knight proceeded
to give a thorough account of Croll’s theory. That Darwin had used it to explain
certain observations of the distribution of plants and animals spoke to the credibility
of Croll’s ideas, Knight argued. He also noted that because Croll’s theory implied
alternating glacial periods in the northern and southern hemispheres, it could be said
to be consistent with Hutton’s position that the glaciation in New Zealand was much
earlier than the northern hemisphere cold period (i.e., prior to the Pleistocene).'”
The reception of Knight's arguments was mixed. For instance, J. S. Webb in his
presidential address to the Otago Institute in February 1876 concurred with Hutton’s
arguments about the cause of the past glaciation; noting Knight’s recent address,
Webb made it clear he rejected Croll’s arguments.''”

In 1877, Travers published a paper that represented a major shift in his perspective.
He had been studying Croll’s ‘great work’ and apparently found his argument
persuasive.''! Furthermore, in a short note, Thomas Mackay, honorary secretary of
the Nelson Association for the Promotion of Science and Industry, also declared his
support for Croll’s theory.'?

Haast’s reply to his critics

In an 1879 report that summarised the results of his various expeditions in Canterbury
and Westland, Haast reiterated his position on the past glaciation, emphasising that
his theory employed ‘physical causes still now in operation, although on a much
smaller scale’ and did not require ‘the aid of cosmical causes, which might or might
not have existed.” Clearly, he was not persuaded by Croll’s arguments—Haast was a
committed uniformitarian. He reiterated his earlier view that ‘the climatic conditions
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of that period must have been nearly the same as they are now,” and cited Hutton’s
fossil evidence in support of this. Further, he clarified that his conception of land
elevation involved an uplift of approximately 2000 ft (600 m) above the current level,
before subsidence and glacial erosion brought the Alps down to their current height.'"?

Haast reported he had found moa remains in silt and loess beds, in the alluvial
deposits from the glacial outwash, and in moraines. Thus, he concluded the moa
‘existed and flourished during the whole of the Great Glacier Period.” The survival of
the moa and other plant and animal life he explained in part by adopting the eustatic
theory—during cold periods part of the ocean’s volume was locked up in ice, causing
the sea level to fall. With the sea level lower than the present day, Cook and Foveaux
Straits would have formed land bridges uniting the three islands of New Zealand
into one contiguous land mass, permitting migration to the less rigorous conditions
of the north.

Moreover, peculiar climatological conditions then reigning would soon slightly
differentiate the species, to become still more decided when through the rising
of the ocean the valley of Cook’s Straits [sic] would again become an arm of
the sea. Such a submergence would, if the theory in question is correct, have
occurred at different times, judging from the fact disclosed to us, that the
glaciers repeatedly advanced and retreated.'

Thus, Haast answered Hutton’s and Travers’ critiques as to the survivability of the
glaciation he described. The 1879 report would be his last major work on the question
of past glaciation.

Conclusion

The climate question was an important dimension of the New Zealand Ice Age debate
from 1860 to 1880. The consensus—Haast, Hector, Hutton, Dobson—ultimately
went against a colder past climate as a cause of the Ice Age. I contend that their
resistance to the notion of climate change stemmed primarily from their commitment
to Lyell’s uniformitarianism. It was readily apparent to early European settlers that
New Zealand was a seismically and volcanically active country and was bisected by
precipitous mountain ranges. This clear association between major features of the
country’s landscape and significant land movement—today attributed to its location
along a tectonic plate boundary—most likely encouraged New Zealand geologists to
adopt a land elevation thesis, especially since the country appeared to be more actively
shaped by these forces than Britain and much of continental Europe. In other words,
as they saw it, they had all the ‘actual’ causes they needed; it was not necessary to
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invoke a further, potentially ‘catastrophic’, climate fluctuation for which they had
no present-day evidence.'” It is also possible, though less likely, that they were trying
to support Lyell’s underlying steady-state theory of geohistory, which permitted
minimal past climatic variation.''®

That said, it is curious that the protagonists in the debate were so uniformly hostile
to the idea of any climate change whatsoever. As noted above, by the mid-nineteenth
century it was widely accepted, including by Lyell, that a significant cold period, albeit
one less severe than Agassiz’s Ice Age, had occurred in the recent past, affecting at least
the northern hemisphere. If it was indeed the case that the antipodean Lyellians were
trying to stay true to the Scottish savant, then on this count they proved themselves
more Lyellian than even the man himself.

On the other hand, New Zealand geologists wasted little time disputing the reality
of widespread terrestrial glaciation, a key element of Agassiz’s thesis. In 1862 Haast
had invoked Lyell’s drift theory to account for the South Island evidence, but in 1864
he abandoned it; no other New Zealand scientist argued for the drift theory, not
even for a hybrid account combining mountain glaciers and drifting icebergs. Lyell
never abandoned his drift theory, so on this point the New Zealanders were willing
to disagree with him.

It might be objected here that the New Zealand geologists were attempting to avoid
one catastrophe (severe climate change) only to introduce another by the back
door (major uplift). Yet, here too, Lyell gave them reasons to rest easy. The 1855
earthquake in the Wairarapa region of the southern North Island had furnished Lyell
with a crucial actualist example of uplift (and subsidence) that helped him to avoid
accusations of catastrophism. Over long time periods, mountains could be built one
earthquake at a time. On this view, the uplift account of the South Island glaciation
was perfectly compatible with strict uniformitarianism."”

In addition, other geographical differences between New Zealand and Europe may
have contributed to the consensus against climate change. Firstly, the Pleistocene
fossil records of New Zealand’s isolated islands in the mid-latitudes of the Pacific
Ocean would have shown much less variability than their European counterparts
that could be attributed to climate change adaptation and migration.'"® Secondly, the
country’s mid-latitude location, maritime climate and lack of a land mass to the south
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might reasonably have led scientists to conclude that the extremes of any hypothetical
broad-scale climate change would be moderated for New Zealand—i.e., there was no
continental ice cap creeping equatorwards as in Europe.'"”

Some scientists on the periphery of the main debate were willing to entertain the
idea of a variable climate. Knight and Travers suggested these changes were explicable
in terms of Croll’s theory. Though he was clearly aware of Croll’s work, Haast was
agnostic at best. Hector’s attitude towards Croll’s theories is uncertain—‘always an
admirer of Lyell’, it is doubtful he was any less of a sceptic than Haast—but he clearly
respected Croll’s standing as a scientist, as he supported his candidacy as a Fellow of
the Royal Society of London.'*

The New Zealand geologists were not mere ‘fact collectors’. They accumulated their
data and attempted to make sense of it without constant counsel from their European
scientific peers. The ‘centre of calculation’ of New Zealand’s Ice Age data arguably
started in Vienna (with Hochstetter) but quickly shifted to New Zealand; it was never
in London. On the other hand, the antipodean evidence and theories did prove of
considerable interest to European science, and in some instances significantly shifted
perspectives. Although the controversies of European geology were imported ‘down
under’, the personal and provincial tensions that criss-crossed New Zealand science
contributed as much to the acrimony of the debate as did the influence of these
ongoing international disputes.

The New Zealand Ice Age debate during 1860—80 must be read in the context of its
time. While the decision to dismiss a colder past climate may seem like a significant
error given what is known today, or indeed what was increasingly known to European
geologists in the mid-nineteenth century, it followed from New Zealand geologists’
interpretation of the dominant theoretical school in British geology in that period,
and possibly too from a consideration of the geographic specificity of New Zealand.
Nevertheless, before ruling out a colder climate, the question was robustly scrutinised
using the evidence then at hand. Haast and his contemporaries therefore should be
credited as pioneers among New Zealand climate scientists. As society grapples today
with a warming climate, we urgently need to recover more of the rich history of how
scientists have evolved their understanding of climate change—past, present or future.
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doi.org/10.1017/S1755691021000074.
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