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Dear Referee,

We would like to thank you for your positive response, the helpful comments and for
your time to help improve our manuscript. Your review is highly appreciated. Below, we
answer your comments in detail.

Comment type 1: 1. Linkage to ENSO: I understand that you have been referring to
the last three years to interpret the ENSO relationship, but to make your point more
convincing, I do suggest adding a general time series with climatology (e.g., from
https://climexp.knmi.nl/start.cgi) since at least 1950 along with the SO index using ei-
ther Nino 1+2, Nino 3, Nino 3.4 or Nino 4 (providing a rational for why one or the other
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is chosen). This could potentially demonstrate the strong climate linkage of your site to
ENSO (with this time series, you can indicate with color code the El Nino Event vs. La
Nina Event).

RESPONSE: We have correlated monthly rainfall anomalies with the Nino 3.4 index
and the SOI index using the available station near Waipuna Cave. Rainfall data from
New Plymouth station (1950-2004) shows a negative correlation with Nino 3.4 for
the months June to November (see figure 1a), indicating that below average aus-
tral winter rainfall is recorded in New Plymouth during El Niño events. Compari-
son with the SOI index shows a fairly strong correlation between SOI and rainfall
amount in the austral winter, that is, from July to November (see figure 1b). High
SOI values in these months, are indicative of La Niña events, and go in hand with
high precipitation over the west coast of the North Island of New Zealand. Pro-
longed periods of negative (positive) SOI values coincide with abnormally warm (cold)
ocean waters across the eastern tropical Pacific, typical of El Niño (La Niña) episodes
(https://www.ncdc.noaa.gov/teleconnections/enso/indicators/soi/).

This information has been added to the introduction: The link between ENSO events
and the climate in the west coast of North Island of New Zealand (i.e. New Plymouth
rainfall dataset 1950-2004) is reflected in the correlation with Nino 3.4 and SOI in-
dices. Rainfall in this area is negatively correlated with Nino 3.4 for the months June
to November, indicating that during El Niño events New Plymouth receives below av-
erage rainfall in austral winter. The SOI index shows a fairly strong correlation with
austral winter rainfall (July to November). During times of positive SOI values, in-
dicative of La Niña, higher than normal precipitation is observed at the west coast
(https://climexp.knmi.nl/start.cgi).

We have also added a new reference (Ummenhofer et al., 2007) who present sup-
porting evidence of ENSO effects over New Zealand. During El Niño events the North
Island experiences drier conditions while during La Niña events the west coast of the
North Island of New Zealand receives above average precipitation. We abstain from
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adding another figure to the manuscript as it already has 15 figures.

2. Classification of drip water based on flow paths: the authors use different terminol-
ogy in the classification of the drip flow throughout the text, which is quite confusing (as
some terms mean the same, others are climatic based and bedrock based). It would
be nicer if the authors define the nature of the flow at the beginning of their paper,
provide a general classification (e.g., Type 1, Type 2, and Type 3), group the relevant
literature (already in the text) to match with their own classification, and finally assign
the classification with only one name: such as in line 35. This could definitely keep
consistence of terminology usage throughout your work.

RESPONSE: Thanks for this useful suggestion, we have incorporated a simplified clas-
sification based on the three different types of flow paths we identified in Waipuna Cave
and applied these throughout the manuscript to make it clearer. The first mention of
this classification is in the abstract as follows:

Based on the drip response dynamics to rainfall and other characteristics we identified
three types of discharge associated with hydrological routing in Waipuna Cave: i) type
1: diffuse flow, ii) type 2: fracture flow, and iii) type 3: combined flow.

RESPONSE: In the results section we have re-arranged the text to make it more fluent
and define the three different drip groups:

4.2 Waipuna Cave hydrology All drip sites were hydrologically active during the moni-
toring period, with variable mean discharges between 10.5 and 22.1 mL s-1. The CV
of the drip sites varied between 31 and 149 % (Table 1). Cross-correlation analysis
between antecedent cumulative rainfall and drip rate time series from the acoustic drip
loggers show different lag times for each drip. These are 19 days for WP 1-1, 15 days
for WP 1-2, 16 days for WP 1-3, and 4 days for drip point WP-2 (Table 1, Fig. 5).
For the drip sites where drip rates were only measured manually during the cave vis-
its, the observed lags were 18 days for WP 1-4 and WP 1A, 11 days for WP 1B and
WP-3, and 6 days for WP-4. Cluster analysis using manual and logger data reveals
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three main groups of drip sites based on 25 observations of discharge at each drip site
with 4 common data points among them (Fig. 6). Based on the cluster analysis we
identified three flow types defined hereafter as Type 1, which includes drip sites with
the slowest response to rainfall (WP 1-1, WP 1-2, WP 1-4 and WP-4); Type 2, which
isolates drip WP-2 with the fastest response to rainfall; and Type 3, which includes drip
sites WP 1-3 and WP-3 with intermediate response time to rainfall. For comparison we
have also located the drip sites in the classification grid of Smart and Friederich (1987)
(Supplement figure S1), which will be discussed in section 5.1.

RESPONSE: In the discussion section the new text reads: 5.1 Waipuna Cave hydrol-
ogy Our results indicate that the monitored drip sites respond to three different infiltra-
tion pathways: i) Type 1 via diffuse, ii) Type 2 via fracture, and iii) Type 3 via combined
flow. Type 1 drips WP1-1, WP 1-2, WP 1-4 and WP 1A show the slowest response to
rainfall (lagging between 11 and 19 days) and belong to the Organ Loft curtain, which
strongly supports the hypothesis that these sites are hydrologically connected to each
other. Given that the curtain is part of the continuum from the ceiling to the floor (ca.
6 m height), it is likely that all its drip sites are mainly fed via diffuse flow through the
limestone matrix, which is a function of the primary porosity of the karst (Bradley et
al., 2010). Type 2 is represented by drip sites WP-2, and WP-4, which are located in
the upper gallery of the Organ Loft with a greater height of the ceiling. These drips
have a faster response (4 to 6 days) to antecedent rainfall, suggesting that these drips
are controlled mainly by fracture flow. This is consistent with the clear identification of
zones of structural weakness along the ceiling (physically representing fault or joint-like
structures) and the shorter vadose flow path at these locations. The cross-correlation
of the antecedent rainfall and the drip rates agrees with the cluster output for all drip
sites except drip site WP-4, which has a response time of 4 days but clusters with the
group of drip sites with a lag of 18 to 24 days. This can be explained by the limited
size of the dataset: the drip rates of WP-4 were measured only manually, thus limiting
the input for the cluster analysis compared to drip sites monitored with loggers. Finally,
we grouped WP 1-3 and WP-3 into flow type 3, because these two drip sites have
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similar intermediate response rates to rainfall (11 days), independent of their location
in the Organ Loft chamber which is in the ceiling of the upper gallery for WP-3 and the
flowstone curtain. It is likely that these drips are fed by a combination of fracture and
matrix flow (Mahmud et al., 2018). Although the response time varies from days to 2–3
weeks, all drip sites forming stalagmites and feeding the flowstone reflect precipitation
dynamics at sub-annual scale. The three types of drip discharge in Waipuna Cave do
not satisfactorily fit into the classification model of Smart and Friederich (1987) in which
drip sites WP 1A, WP 1B and WP-3 fall into the seepage flow range, while sites WP
1-1, WP 1-2, WP 1-3, WP 1-4, WP FB, WP-4, and WP-2 fall into the fracture flow range
(Supplement figure S1).

RESPONSE: In the conclusion part we added: Based on geochemical and drip rate
data, we identify three distinct infiltration pathways for the studied drip sites. These
are Type 1: diffuse flow, Type 2: fracture flow, and Type 3: combined flow, with lagged
responses to antecedent rainfall of 24–18 days, 4–6 days, and 11 days, respectively.
Waipuna Cave thus quickly reacts (within less than one month) to external precipitation
variability and is sensitive to sub-seasonal changes in epikarst hydrology.

3. Proxies not shown in the main text figure: d17O (17Oexcess) is among proxies
listed in the abstract and the main text, but I was surprised that it does not appear in
none of the figures of the main text. If you think this could play an important role in
your study, please add it in the main figure, otherwise, it should be removed from the
abstract because it is a bit misleading.

RESPONSE: We decided not to show d17O in a figure in the main text because it
shows the same variability as d18O as can be seen in fig. S2 in the supplement.
However, we agree that adding former figure S5 (now Fig. 9 in the manuscript, see
figure 2 on this response) to the discussion of the 17Oexcess results in the main text
improves the manuscript.

The 17Oexcess signal has been discussed before, we only adjusted the figure refer-
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ences: Waipuna Cave dripwaters do not show significant variations in 17Oexcess over
time and most results overlap within analytical errors (Fig. 9). Recent investigations
into triple oxygen isotopes in mid-latitude rainfall have reported seasonal oscillations
in 17Oexcess that have been attributed to changes in relative humidity at the mois-
ture source (i.e., where the water vapour originates), or to swings between different
moisture sources with evaporation occurring under different environmental conditions
(Affolter et al., 2015; Uechi and Uemura, 2019). Unlike d-excess, 17Oexcess in rain-
fall is apparently almost exclusively controlled by relative humidity at the water-vapour
boundary layer, with insignificant temperature effects (Luz and Barkan, 2010). Thus,
if there are seasonal changes in the dominant moisture source and origin of storms
for the Waikato area, these would be likely to affect local precipitation and this variabil-
ity could be recorded in Waipuna Cave dripwater. However, no significant variations
in 17Oexcess are found over the studied period (September 2017 to October 2018,
Fig. 9), suggesting that the isotope values of meteoric water are homogenized in the
epikarst, and that Waipuna Cave dripwater 17Oexcess is insensitive to (sub-) sea-
sonal changes. We suspect that, as with d18O ratios, the interannual response of
cave dripwater might be controlled by long-term variations in the 17Oexcess of rainfall
and changes in the relative importance of ENSO and the southern Westerlies. How-
ever, given the narrow range of 17Oexcess in rainwater in the mid-latitudes (normally <
30 per meg, Luz and Barkan, 2010) and the relatively large errors of current analytical
methods (i.e., ∼ 8 per meg), longer (i.e. multi-decadal) dripwater monitoring is required
to test this hypothesis.

Line 29: remove “,” after CO2

RESPONSE: Done

Line 29-30: Please indicate directly which of these measurements were continuous
and which are spot measurements (so that the use of “and” in line 29 and “and/or” in
line 30 are less confusing).
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RESPONSE: Done. The revised text now it reads as follows:

Dripwater from 10 drip sites was collected at roughly monthly intervals for a period
of ca. 3 years for isotopes (d18O, dD, d-excess, d17O, 17Oexcess) and elemental
(Mg/Ca, Sr/Ca) analysis. The monitoring included spot measurements of drip rates,
and cave air CO2 concentration. Cave air temperature and drip rates were continu-
ously recorded by automatic loggers. These datasets were compared to surface air
temperature, rainfall, and potential evaporation from nearby meteorological stations to
test the degree of signal transfer and expression of surface environmental conditions
in Waipuna Cave hydrochemistry.

Line 35: diffuse, fracture, and combined (this order makes more sense, please re-
order)

RESPONSE: Done

Line 36: how about “small” variability

RESPONSE: Done

Line 37: remove “to” after testifying

RESPONSE: Done

Line 50: The effects of both “of” these

RESPONSE: Done

Line 53: please replace “reacts” with “responds”

RESPONSE: Done

Lines 53-56: For the case of la Niña, you specified NE New Zealand, but for El Nino,
you didn’t. Please keep it parallel.

RESPONSE: Thank you for pointing this out. We added another reference (Ummen-
hofer et al. 2007) in support of our claim and adjusted the text as follows:
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During El Niño events, New Zealand is susceptible to increases in the frequency and
intensity of westerly and southwesterly winds, accompanied by decreased rainfall in the
North Island (Ummenhofer et al., 2007). In contrast, La Niña events are accompanied
by stronger northeasterly winds and increased rainfall in the North Island (Griffiths,
2007; Ummenhofer et al., 2007).

Line 55: La Nina events “bring” stronger . . ..

RESPONSE: Done

Lines 56: please replace “costs” with “impacts”

RESPONSE: Done

Line 57: Please replace “;” with “.” And start “For example” as a new sentence.

RESPONSE: Done

Note: When I read the first paragraph of the introduction, it gave me the impression
that the paper will provide longer-term records, but this is not the case. I suggest to
rewrite it better to reflect well what is intended to be conveyed in the paper.

RESPONSE: We adjusted this paragraph to better introduce our study and added a
sentence at the end of this paragraph to connect the general background with the
proxy reconstructions. Also, the next two paragraphs clarify this issue since we have
organized the introduction from the general climatic settings of the study site to the
focused objectives of our study. The adjusted text now it reads as follows:

The study of the long-term natural variability of New Zealand hydroclimate (and emer-
gent teleconnection patterns) is a priority, both because of the effects of ENSO variabil-
ity on local economic conditions and because records from this region are sparse but
vital for improving the robustness of model projections of future ENSO conditions. Prior
to building robust palaeoclimate (ENSO) reconstructions (e.g. by using speleothems),
field sites that are highly susceptible to ENSO-related environmental changes must be
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identified through monitoring campaigns.

Line 73: your reference “see section 3.5 for definition” is not correct

RESPONSE: Thanks for pointing this out. We have corrected this to section is 3.4.

Line 75: use “reflects” instead of “depends”

RESPONSE: Done

Line 79: Some of the key parameters. . .

RESPONSE: Done

Line 81: Analysis of the latter allows to “distinguish between” the processes. . ..soil
dynamics) “and the processes”. . ..

RESPONSE: Done

Lines 85-90: I thought conduits flow group fracture and fissure flows, as primary poros-
ity and fracture/fissure flow both reflect the nature and quality of the bedrock. If I am
wrong in my understanding here, please elaborate a little bit about the conduit flow,
thank you

RESPONSE: To explain the physical karst properties, we follow the hydrogeological
definition by Ford and Williams (2007), which is commonly used in the speleothem
science community: “For the sedimentologists the primary porosity is created during
the deposition of the rock and secondary porosity as that resulting later for diagenesis.
However, for the hydrogeologist all types of bulk rock porosity are primary (sometimes
called as matrix porosity), and only fracture (or fissure) porosity arising from rock folding
and faulting should be considered to be secondary. When dissolution along penetrable
fissures by circulating ground waters develops some pathways into pipes (conduits or
caves) this is referred to tertiary porosity.” Ford and Williams, 2007. We have improved
the description of the main flow paths to their porosity levels:

C9

https://www.hydrol-earth-syst-sci-discuss.net/
https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-647/hess-2019-647-AC2-print.pdf
https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-647
http://creativecommons.org/licenses/by/3.0/


HESSD

Interactive
comment

Printer-friendly version

Discussion paper

The physical proprieties of the karst zone define the different levels of porosity (Ford
and Williams, 2007). Primary porosity is a matrix of inter-granular pore space, sec-
ondary porosity is associated with joints and fractures, and tertiary porosity with
solution-enhanced conduits. Seepage water experiences one or a combination of
these different porosity types, which determine hydrological pathways (Fairchild and
Baker 2012).

Line 91: There should be a dot after variability (you may also need to explain further
around this section the drip flow classification, if necessary, as it seems to play a role
in your paper)

RESPONSE: Done. We have defined the drip classification throughout the manuscript.

Line 98-99: PCP serves as a proxy system for moisture availability (Magiera et al.,
2019), and affects a range of trace elements, which may either become more concen-
trated (increasing X/Ca) or diluted in solution (decreasing X/Ca) with increasing PCP –
I am not sure I follow this sentence well. Please re-write. I think you confuse how to
interpret a ratio vs. how to interpret elemental concentration.

RESPONSE: Thank you for pointing this out, we rewrote this paragraph to make it
clearer:

PCP serves as a proxy system for moisture availability (Magiera et al., 2019), as it
controls the distribution of trace elements in the infiltrating water during precipitation of
carbonate depending on their partition coefficient prior to arrival at a stalagmite. During
the dry season when the epikarst is less water-filled, PCP can occur, resulting in an
increase in X/Ca ratios in solution (and subsequently speleothem), while during the wet
season, when the epikarst is refilled, PCP is suppressed and dripwater X/Ca ratios are
lowered (Fairchild et al. 2009).

Line 113: we hypothesize “that”. . ..

RESPONSE: Done
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Line 113-115: this statement is one of the reasons I suggested to the authors to add
the climatology + ENSO index (as I feel that they jump the gun too quickly). Also see
my comments further below..

RESPONSE: We adjusted the introduction with regard to ENSO and its impact on
the north island of New Zealand (see our responses above) and we believe that this
mitigates the statement here. Here we formulate our working hypothesis (which is well
founded in previous studies) and our study is aimed at testing this hypothesis (as we
explain in the next sentences). Thus, we argue that the statement is well placed, and
we leave it as is.

Line 117: you are listing d17O here, but no data is shown in the main manuscript, but
only in the supplementary. May be it is good to add such data in the main text, and
provide some convincing arguments

RESPONSE: Since in our dataset d17O behaves very similar to d18O (see fig. S2 in
the supplement) we do not discuss it in detail in the main text.

Line 133-136: I think this climate information is outdated, and it is not clear
from which time period is the data being reported. I suggest visiting this site
(https://climexp.knmi.nl/start.cgi ) and download the relevant data using the monthly
observation. From that, you can make your own climatology plot. In addition, as you’d
be keen to include ENSO, I suggest plotting these climatology data with the SO index
using either Nino 1+2, Nino 3, Nino 3.4 or Nino 4 (providing a rational for why one or
the other is chosen).

RESPONSE: We have updated this information using data for a period from 1950 to
2000 average data of Te Kuiti High School meteorological station from the National Cli-
mate Database CliFlo-NIWA because the climexp.knmi.nl/start.cgi site does not have
information of stations in or close to the Waitomo region. The new paragraph now
reads: Based on data from Te Kuiti High School, a meteorological station in the Wait-
omo district, the average conditions during the period from 1950 to 2000 AD include
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annual rainfall of 1539 mm without any distinct rainy season. Summer and winter
monthly precipitation means are similar (95 mm and 150 mm, respectively), with high-
est values in austral winter (July) and lowest values during austral summer (February).
The mean annual temperature is 13.4◦C, ranging from an average of 18.5◦C in summer
to 8◦C in winter.

Line 154: Spot cave air pCO2 were measured

RESPONSE: Done

Line 155: 10% REALLY ??(your pCO2 values are in ppm and your equipment uncer-
tainty is 10%, something is wrong here)

RESPONSE: Thanks for pointing this out. That was a mistake and the correct number
is 1%, we corrected this as follow:

Discrete cave air pCO2 measurements were conducted during each visit in the sam-
pling chamber using a Vaisala M170 GMP 343 Carbocap CO2 probe with a precision
of ±1 %.

Line 161: Ten drip sites, along with the cave stream . . ...

RESPONSE: Done

Line 162: if you are not going to report any results from this core at this stage, I suggest
not mentioning this at all here. In fact, if you will publish it in your future work, then this
paper needs to be cited. That’s more logical to me

RESPONSE: Done. The information of the WP-15-1 flowstone core has been removed.

Line 164: terrace may not be an appropriate term here (how about platform?)

RESPONSE: We edited the sentence which now reads:

Three further drip sites (WP-2, WP-3 and WP-4) are located a few meters apart below
active stalactites (Fig. 2c) on an elevated section within the same chamber, and higher
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in the ceiling than the first seven drip sites.

Line 164: Water from the cave stream was collected during each cave visit. How about
rewriting this as “additional water samples from the cave stream were also collected
(please indicate how many?)”

RESPONSE: Done. The sentence which now reads:

Additional water samples from the cave stream were also collected (one per visit).
Dripwater samples for stable isotope analysis (d17O, d18O and dD) were collected
and stored in sterile 2 ml or 10 ml polypropylene bottles, filled with no head space and
sealed using laboratory film.

Line 167: when you said “previously demonstrated” would there be any reference for
this?

RESPONSE: Done

Water samples for trace element analysis were collected in 15 ml polypropylene (Fal-
con) tubes, previously demonstrated to have low metal blanks (Hartland et al., 2015).

Line 170: please remove the words in parenthesis

RESPONSE: Done

Line 169-171: I have suggestions for re-writing: “Drip rates at the monitored sites
were determined using two independent methods. First, spot measurements were
performed at all drip sites. The number of drips per minute were counted during each
visit using a stop watch and counting at least 10 drips (normally at least three one-
minute duration counts for the fast drip points). Second, continuous measurements
were done at four drip sites (. . .. . .) using automatic acoustic . . ...”

RESPONSE: Done, thank you for the suggestion

Line 173-174: cross correlation between local cumulative . . ... discharge response to
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rainfall

RESPONSE: Done

Line 174-175: This is a single sentence paragraph; did you mean to have at least one
more sentence here?

RESPONSE: Thanks for pointing this out. Taking also the suggestion of the editor we
have added an extra subsection at the end of the methods. In this new section all
the used data analyses are described and we believe the last two sentences of the
paragraph you mentioned above fit better in this new subsection. The new subsection
now reads:

3.6 Data analysis In order to characterize the hydrological behavior of the drip sites the
coefficient of variation (CV) (Smart and Friedrich, 1987; Baldini et al., 2006) was calcu-
lated for discharge relative to the time of data collection (CV % = ïĄş/Åń x 100, with ïĄş
being the standard deviation, and Åń the mean). Cross-correlation analysis between
cumulative antecedent rainfall and drip rates was used to identify the response time
of the drip sites to the rainfall amount during the monitoring period. Cluster analysis
was employed to classify the drips sites according to hydrological similarities. Linear
regressions were used to visualise the relationships between dripwater Mg/Ca and
Sr/Ca ratios, the cave air CO2 and cave air temperature, as well as between rainfall
amount and water isotopes. From these analyses a determination coefficient R2 and p
values were provided. p <0.05 were considered to be statistically significant.

Lines 186: before and after a set of measurements of 10 to 12 samples

RESPONSE: Done

Lines 192: would like to know more about the calibration of the 17Oexcess in water,
how the samples were prepared, and run?

RESPONSE: Done, no extra sample treatment is required for 17Oexcess measure-
ments with the used instrumentation. We adjusted the device specifications to make it
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clear:

Samples collected from March 2018 to February 2019 were measured for d17O, d18O
and dD on a Picarro L2140-i at the Department of Biology and Geology at the Universi-
dad de Almería, Spain. This instrument permits measurement of the triple oxygen and
hydrogen isotope composition of liquid water with no sample pretreatment. The CRDS
devices were interfaced with an A0211 high-precision vaporizer.

Line 195: when you say “oxygen”, do you refer to 18O or 17O or both, since you’ve
been using three machines, please be specific. (if I understand well, some of the
machines did not analyse 17O).

RESPONSE: Here oxygen refers to both d17O and d18O, that’s why we did not specify.
The precision in the three machines is similar and already given at the end of the
paragraph.

The long-term precision for the d-excess parameter (dD-8*d18O) was ± 0.7 ‰ on
the Picarro L1102-i and ± 0.3 ‰ on the Picarro L2140-i. The long-term precision for
17Oexcess was ± 8 per meg. The calibrated value of BOTTY was indistinguishable
within analytical errors when using the three different instruments, suggesting results
are comparable.

Line 196: “every 6 samples” earlier you said every 10-12 samples, did I miss some-
thing?

RESPONSE: 10-20 samples in the number of samples that are bracketed by a stan-
dard, analysed to normalize to VSMOW, i.e. calibration to the international standard.
Later, “every 6 samples” refers to the standard utilized for drift correction and thus
evaluate the long-term precision.

Line 201: Ca and Mg are major elements, how precise were the measurements using
ICP MS vs ICP-OES? (did you test this?)

RESPONSE: This is a misunderstanding; ICP-OES has not been used and all the
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elements were analysed by ICP-MS (though on two instruments) and thus we did not
compare these two methods. The precision of both instruments is similar, and it is now
mentioned in the text:

Elemental and major cation concentrations in cave stream, drip- and rainwater were
measured on two generations of instruments at the University of Waikato. Samples
collected between August 2016 and October 2017 were analysed using a Perkin Elmer
Elan quadrupole ICP-MS, and samples collected between November 2017 and Febru-
ary 2019 were analysed with an Agilent 8900 triple quadrupole ICP-MS at the Waikato
Environmental Geochemistry Laboratory. The precision of both instruments is similar
and all relative standard deviations (RSDs) were <5%. The ICP-MS was optimized
to maximum sensitivity daily, ensuring oxides and double-charged species were less
than 2 %. External calibration standards were prepared using a IV71-A multi element
standard from 0.1 to 500 ppb for trace elements and single element standards were
used to prepare calibration standards for major elements Ca, Fe, Si, P, S, K, Na. An
internal standard containing Sc, Ge, Te, Ir, and Rh was used for all samples. Check
standards were analysed every 20 samples and re-calibration was 210 performed ev-
ery 100 samples. Blank samples were analysed every 10 samples to ensure minimal
carryover between analyses.

Line 215: Please add a coma after “Glenbrook”

RESPONSE: Done

Line 216: when overlapped

RESPONSE: Done

Line 218: I am not sure if you are interpreting a daily rainfall or cumulative monthly
rainfall here, please be specific

RESPONSE: Done. Thanks for pointing this out. Daily rainfall is correct, and it is now
incorporated in the main text.
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Line 223: replace illustrated with “shown”

RESPONSE: Done

Line 235: seepage flow, fracture flow etc. . . you are using different terminology in the
classification of the drip flow (earlier, the classification is different), can you please
provide a common classification Type 1, Type 2, Type 3, and define each and keep this
consistent throughout your work?

RESPONSE: Done

Line 239: Cluster analysis using manual and logger data reveals three main groups of
. . .

RESPONSE: Done

Line 240: Please replace the sentence “drip site. . .others” with “The first group isolates
drip site WP-2”.

RESPONSE: Done

Line 240: “A second cluster groups sites WP1-3. . ..”

RESPONSE: Done

Line 241&242: please remove the words inside the parentheses

RESPONSE: Done

Line 258: please use “small” instead of “low” before variability also for the values in
() you should’ve used the stdev of the values to make sure your statements with the
analytical error are parallel.

RESPONSE: Done. We refrain from using “small variability” and keep “low variability”
instead, as “small” refers to a certain range, but “low” to the change (i.e. variability).
We have changed the beginning of the paragraph, also following to the comment of the
first referee and considering the stdev. It now reads as follow:
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Between September 2016 and June 2017, drip sites WP 1-1, WP 1-2, WP 1-3, WP
1-4, WP 1A, and WP 1B showed low variability in dripwater d18O and dD, with a range
of 0.5 ‰ (-5.4 to -5.9 ‰ in d18O and 3.9 ‰ (-28.8 to -32.7 ‰ in dD, with mean values
of -5.61±0.04 ‰ (2s) and -31.01±0.4 ‰ respectively. Although small, this range is
still greater than the analytical error of 0.16 ‰ and 1.4 ‰ respectively (Figs. 8b, c
and S3). From July 2017 to January 2019 virtually no variability was observed in d18O
and dD (Figs. 8b, c and S3). The dripwater d18O and dD in that period have a range
of 0.3 ‰ (-5.4 to -5.7 ‰ in d18O, and 2.16 ‰ (-29.2 to -31.3 ‰ in dD, with mean
values of -5.61±0.05 ‰ (2s) and -30.47±0.18 ‰Ṫhis range is virtually at the analytical
uncertainty level.

Line 268: use small “l’ for liters unit it would be better to write 1000Mg/Ca and
1000Sr/Ca so it’s clear (the ratios are unitless)

RESPONSE: We keep the notation as is. Liter is a non-SI unit and both L and l can
be used. (https://physics.nist.gov/cuu/Units/outside.html, https://usma.org/correct-si-
metric-usage).

Line 278: ..chamber “recorded” between. . . RESPONSE: Done

Line 293-294: I don’t think it is a good idea to anticipate this statement in this paper as
there is almost no data presented from that core in here.

RESPONSE: We would like to inform the reader about ongoing work and highlight the
importance of the present study in a longer-term framework. Therefore, we keep an
adjusted statement to this end:

This work aims to evaluate the hydrochemical response of Waipuna Cave to environ-
mental dynamics, and to test its suitability for speleothem-based palaeoclimate recon-
structions. We explore the links between the physiochemical parameters measured
in Waipuna Cave and rainfall and temperature changes at seasonal to inter-annual
timescales. Our results show that Waipuna Cave reflects the external environmental
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dynamics on inter-annual timescales. The results and interpretation of monitoring data
constitute a solid platform for the interpretation of speleothem-based reconstructions
that are currently under construction.

Line 297: “free draining” – what do you mean by this? and in which aspect?

RESPONSE: Free draining refers to the soil, allowing fast drainage of infiltrating water.

Line 299-303: The use of seasonal flow vs. seepage flow in classifying the types of flow
sounds a bit technically incorrect. One seems to relate to the nature of the overlying
bedrock, the other to climate, which is like comparing oranges and apples. Please refer
to my comments earlier (also if you’d like to include climatic classification, you could
say “fracture flows are more seasonal than seepage flows”, for example).

RESPONSE: Done. We have adjusted the manuscript (see our replies above) and
applied three categories for the different flow routes now. When the terms seasonal
flow and seepage flow are mentioned in the text these are referring to the Smart and
Friederich (1987) classification. This is just a classical nomenclature used in the de-
velopment of the first conceptual models of cave dripwater hydrology. We use it in this
work for comparison with our own classification which is already defined.

Line 299-318: Again, you are using a lot of technical terms to describe the nature of
the flow. I’d suggest to define the nature of the flow at the beginning of your paper and
assign it to only one name per category.

RESPONSE: Done. See above, we have applied categories, type 1, type 2, and type
3 for the different flow routes and used it throughout the manuscript.

Line 324-326: please explain a bit the mechanism with regard to the light and heavy
isotopes

RESPONSE: Done. We have added more information after the comments of the first
referee and the manuscript now reads as follows:
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The distribution of the rainwater oxygen and hydrogen isotopes along the LMWL (Fig.
7) does not reveal a clear seasonal pattern. However, when comparing rainfall d18O
values with the amount of precipitation across the entire monitoring period (Fig. 12,
black line), we observe a positive relationship (R2 = 0.56, p = <0.0001). The strongest
correlations between rainfall amount and d18O values are observed in austral spring
and summer (R2 = 0.68 p = 0.0002, and R2 = 0.89 p = 0.0001, respectively) when
temperature is highest in the Waikato area (Fig. 12, green and orange lines). Among
the various climatic and geographical effects on the isotopic composition of rainwa-
ter, the ‘amount effect’ has been shown to significantly influence rainwater d18O in
sub-tropical regions. The amount effect is the empirical negative correlation between
rainfall amount and rainwater d18O (Dansgaard 1964), which arises from the partial
re-evaporation and thus isotopic enrichment of rain droplets falling through relatively
dry air below cloud level during periods of reduced precipitation (Dansgaard, 1964;
Risi et al., 2008; Lachniet 2009; Breitenbach et al. 2010). This process affects the
isotopic signature in rainfall observed in the Waitomo region in spring and summer
where the correlation of decreased rain amount and lighter isotopic composition of
oxygen is stronger, but not during the winter season when re-evaporation from falling
rain is minimal due to high relative humidity. This is reflected in lower R2-values sam-
ples from April to September, (Fig. 13). In the wet season rain droplets are less af-
fected by re-evaporation and remain unaltered with respect to ïĄd’18O. The seasonally
contrasting isotope signatures govern the empirical amount effect (Breitenbach et al.
2010). These observations suggest that regional atmospheric conditions, associated
with ENSO dynamics or strength of the Westerlies, can impose their signature on the
isotopic composition of precipitation.

Line 328-329: how could you quickly infer that?

RESPONSE: This inference is based on the fact that the ENSO-associated drought
events affect the isotopic composition of the rain during these events. However, as
indicated in the text it is a preliminary observation suggested by the data.
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Line 337: remove “(“ before multi

RESPONSE: Done

Line 349: “boundary layer”, what layer?

RESPONSE: We refer to the water-vapour interface. We have now changed this in the
manuscript:

Unlike d-excess, 17Oexcess in rainfall is apparently almost exclusively controlled by
relative humidity at the water-vapour boundary layer (i.e. the interface between water
and free atmosphere), with insignificant temperature effects (Luz and Barkan, 2010).

Line 365-368: wouldn’t this reflect the amount effect?

RESPONSE: We abstain from discussing this signal as related to the amount effect
given that we have such a small dataset. While we cannot exclude the possibility that
lower d18O values could be related to increased rainfall (through a more humid air
column) it could also simply be related to a slightly different moisture transport history.

Line 385: please make sure to follow the journal guidelines in using in-text citation

RESPONSE: Done

Line 406: Section 5.5: is this reference correct?

RESPONSE: Yes, it is correct

Line 428: please provide a subtitle that is more scientific (the current subtitle could be
better for lay-audience readers, e.g., for blogs)

RESPONSE: Done. We changed it to “ENSO signature in Waipuna Cave”

Line 700: with lag days between 11 and 16 days to

RESPONSE: Done

Line 745: there are two data points of the Feb-Aug dataset that merge with the orange
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data sets. Don’t these data points change the linear fit? Why they are there?

RESPONSE: There are a few sample points that fall on the orange dataset, rather than
the blue, as you correctly observe. These points are explained by the different lags of
the monitored drips to antecedent rainfall. While 5 of the 8 samples taken on the 7th of
February 2018 fall in the blue group, indicating that they are less affected by PCP, 3 fall
on the orange group, which is more strongly affected by PCP. The different chemistry
in the samples of this day suggests that the cave hydrology indeed reacts within a few
days to weeks to changes in infiltration. We added a sentence in the main text.

The discussion reads now: A plot of Mg/Ca versus Sr/Ca ratios displays two clusters,
each along a clear trend (Figs. 9b and 14). Orange data points indicate all samples col-
lected between October 2016 and February 2019, minus the period that comprises the
blue group of samples. Blue-coloured symbols represent samples collected between
February 2018 and the end of August 2018, a period with above-average rainfall, likely
related to a La Niña event that developed in December 2017. Some water samples
collected on 7th February 2018 fall into the same range as the orange (stronger PCP)
group, while others collected on the same day, fall into the range of the blue group, sup-
porting our notion that the cave’s hydrology reacts within days to weeks (depending on
drip lag response) to infiltration changes.

Figure S1: what is the climatic difference between seepage flow and seasonal flow
(see my comments above). I would expect that all the WPs (WP1-1, WP1-2, WP1-3,
WP1-4, WP-1A, WP1B) in figure 2b should belong to one category (based on how I
understand the figure 2b)

RESPONSE: The labels seepage flow and seasonal flow stem from the original paper
of Smart and Friederich (1987). Principally, seepage flow and seasonal flow should
differ in their transfer time from the surface to the cave: seepage flow is slower, as it
has to migrate through the host rock, while seasonal flow could be seen as similar to
fracture flow – and is thus much faster transported from the surface down into the cave.
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Concerning the mentioned drips (all being related to the organ loft flowstone curtain) we
agree that one would expect the drips to behave quite similarly. However, this is not the
case (as can also be seen in the clustering (Fig. 6), and it must be assumed that their
feeding flow regimes differ near the ceiling, regardless of their very close arrangement.
Regarding figure S1: This figure shows our monitored drips in a classical conceptual
model of dripwater hydrology based on the mean drip rate and drip variability. The
drips are here simply segregated by seasonal flow regime and seepage flow regime,
depending on the coefficient of variation. Drip sites with significant seasonal variability
are grouped in the seasonal flow regime, drips without such variability are placed in the
seepage flow regime. We plotted the Waipuna Cave drips in this classification scheme
with the aim of characterizing the infiltration routes. However, we realized that our drip
sites do not fit into this older classification scheme, even if the drip sites WP1-1, WP1-
2, WP1-3, WP1-4, WP-1A, WP1B belong to the same speleothem formation. That
is why we considered other methods, such the statistic correlations and clustering, to
classify and characterize the hydrological pathways. The old classification of Smart
and Friederich (1987) can be regarded as insufficient and needs re-evaluation.

Figure S8: the blue diamonds seem to show a bimodal distribution: one that seems to
be parallel with the orange plot, and the other detached from it. Does this represent
something else?

RESPONSE: We agree – the blue data can be further subdivided in one group that
falls on the same trend as most orange samples, where another group clearly fol-
lows a lower slope. The diagram highlights the strong effect of water availability on
PCP, and the limited (or nil?) effect of cave ventilation on PCP (see section 5.4 in
the manuscript). The data that are detached from the main (orange) distribution corre-
spond to the months after a La Niña event which brought extra moisture to the cave site
during the ventilated season. This trend suggests that this period of higher infiltration
impacts on elemental dynamics, thus lowering the Sr/Ca vs Mg/Ca trend. Continued
monitoring is required to test if the opposite would be true for El Niño events. We added
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a short note in the figure caption, which now reads:

Mg/Ca and Sr/Ca ratios sorted by the period of reduced ventilation November-March
(orange circles) and enhanced ventilation April-October (blue diamonds), showing the
importance of water supply on elemental dynamics, and the minimal influence of the
ventilation regime on PCP strength. The secondary group of blue samples following
a lower slope are related to post-La Niña samples that received above-normal water
supply and indicate reduced PCP above the cave.
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Fig. 1. Figure 1. Correlations of monthly rainfall anomalies from New Plymouth sta-
tion with: a) the Nino 3.4 index and b) the SOI index for the period of 1950-2004
(https://climexp.knmi.nl/start.cgi).
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Fig. 2. Figure 9. Dripwater 17Oexcess time series of grouped according to the three main
response lags (5, 18, 24 days) to antecedent rainfall (AR) at Otorohanga Glenbrook station
(blue shading). a) drip site
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