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Reviewer comments:
Reviewer #1

(Remarks to the Author)
Review of
Contrasting human influences that shaped the vegetation of the Upano Valley, Ecuador.

The subject presented in this article is attractive at first glance, but it suffers from regrettable shortcomings. The original data
in this work is quite interesting, as it comes from a sample recently obtained from a lake at the South-Eastern foothill of the
Sangay volcano in Ecuador. It shows the evolution of the local vegetation cover over more than 2,000 years. However, the
interpretations extrapolated from this sample are too exaggerated to be acceptable. A number of points therefore would need
to be corrected before it can be reviewed again and possibly accepted.

33 Here, using

34 paleoecological reconstructions from Lake Cormoran, located immediately adjacent to the

35 Upano Valley and within 5 km of abandoned mound complexes, we provide a timeline of human

36 influence spanning the last 2770 years.

The closest mound complex from Lake Cormoran is not at 5 km distance but 7,5 km. It must be proved that such distance is
not invalidating the fiability of the paleoecological sample, especially because Lake Cormoran is much higher on the
Andean slope than the archaeological Upano sites.

Furthermore, the earliest dating presented is 454 BC (OS-180032) in Table S3, which is younger than the 2770 years
indicated in the text. The authors write that they rely on 9 radiocarbon dates, but present 10 acceptable ones in their Table 3.

44 Introduction
The introduction confusingly mixes data from the Andes between c. 2500 and 1000 m elevation —mainly in countries much
further south in the region presented— and those in the upper Amazon below 1000 m.

52 occupied major valley systems at these elevations for the last 4000 years (6-8).
Archaeology of the Eastern Andean slopes in Ecuador shows older evidence of 5500 y. ago.

54 cultivational style, i.e. silviculture, and what is inferred to have been slash-and-burn versus slash-and-mulch

Cultivation methods are just inferred and assumed to be limited to silviculture. This is not true, as recent discoveries in the
Upano valley show a diversity of intensive farming techniques dating back nearly 3,000 years, including drained fields and
terraces (Rostain et al. 2024).

72 the dating of the Upano complex is uncertain (20, 22).

This assertion is very surprising given that Rostain et al. 2024 proposed a precise chronology for the Upano basin with
“Almost 70 radiocarbon dates have been made during our program and led to the complete revision of the previous
chronology” a duration of Upano culture ranging “from 500 BCE to 300/600 CE” (Rostain et al. 2024: S2).

76 A 40-70 cm thick ash layer found in the archaeological exposures, atributed to the
77 eruption of Volcan Sangay (Fig. 1) was posited as the cause of the abandonment (23).



This abandonment by a strong volcanic eruption was clearly rejected in his Rostain et al. 2024 paper in Science: “The
hypothesis that the Upano culture came to an abrupt end after a massive eruption ~400 to 600 CE has been raised (18) but
has been called into question by the disparity of radiocarbon dates obtained recently for these levels.” (Rostain et al. 2024
184).

98 A much-debated topic among archaeologists and ecologists is the influence of past

99 human activity on modern tropical forest systems, i.e., to what extent are modern forests

100 manufactured landscapes produced by deliberate past forest manipulation (25-30)?

Itis surprising not to find cited here the two recent publications by William Balée who deals with the anthropized vegetation
of the nearby Curaray basin and proposes new data and interpretations:

Balée W., T. Swanson, M.G. Zurita-Benavides & J.C. Ruiz Macedo. Evidence for landscape transformation of ridgetop
forests in Amazonian Ecuador, Latin American Antiquity 34(1), 1-15 (2023).

Balée W., 2023. Sowing the Forest: A Historical Ecology of People and Their Landscapes. University Alabama Press
(2023).

106 we provide a c. 2770-year continuous history of human activity

107 and vegetation change in the area.

This assertion does not correspond to what is shown in figure 3, since the table shows a clear interruption of maize in Lake
Cormoran between 600 and 1500 CE. This absence is consistent with the chronology proposed by Rostain et al. 2024,
which indicates a total absence of dating and therefore a probable human void between 600 and 800 CE. In any case, the
manuscript does not demonstrate a “c. 2770-year continuous history of human activity”.

126 The oldest sediment recovered from Lake Cormoran was from c. 770 BCE (Fig. S1, Table S3)
This sample does not appear in table 3 and is not precisely referenced elsewhere. The oldest presented radiocarbon date is
454 BC (0S-180032)

137 elements in yellow. The periods of human activity associated with the Upano and Canari are shown
The Canari presence is not attested in the Upano valley. Reliable and precise references are required for such an assertion.

143 period of forest recovery lasted until 1500 CE. The cultivation of maize around the lake, which

144 apparently stopped at c. 550 CE, resumed at c. 1500 CE.

This sentence contradicts the proposal for a continuous history of human activity (I. 106) and goes against the manuscript’s
conclusions.

152 At the start of this record at c. 770 BCE the bowl-shaped catchment of Lake Cormoran

153 supported a largely undisturbed forest, but by 570 BCE deforestation, maize cultivation had
154 begun. Maize pollen is absolutely indicative of humans cultivating the landscape,

Once again, this important initial date is notin the table S3.

172 Gray maize circles indicate slash-and-mulch cultivation (i.e., no charcoal was found in the

173 sample), and black circles indicate slash-and-burn cultivation (i.e., charcoal was found in the

174 sample).

No, there’s no evidence of slash-and-mulch and, on the contrary, Lidar data from the Upano basin proves the extent of
cultivation on artificial terraces, drained fields and ridged fields (Rostain et al. 2024).

257 Our data support the archaeological interpretation of a peak in the impacts of the

258 Upano occupation between c. 500 BCE and 200 CE but offer four additional insights into past

259 human occupations of the mid-elevation cloud forests on the eastern Andean slopes.

It's not clear where the “four additional insights” are or what they consist of. The manuscript presents only archaeological
data from the Upano valley (1000 m asl), which is not a cloud forest landscape, but nothing about the “mid-elevation cloud
forests on the eastern Andean slopes” so it's hard to understand what data this statement is based on.

259 The firstis

260 a refined timing for the occupation and use of the site by the Upano, which lasted from c. 700

261 BCE until 550 CE, albeit at a lower intensity between c. 200 CE and 550 CE.

Here again, human occupation was interrupted after 550 CE, so why assert a human occupation that is contradicted by the
obtained data?

261 The second is that

262 the scale of the Upano occupation was larger than suggested by the current LIDAR data, and

263 people exerted strong modifications of the landscape at least 5 km further upslope.

The manuscript doesn’t really contain any data to support this assertion, as no strong modifications of the landscape
upslope are discussed. On the other hand, the extension of earthworks to the slopes near the Andes has been yet presented
by Rostain and Dorison in their lecture at the 6th Encuentro Internacional de Arqueologia Amazénica September 2024 in
Colombia (video record of day 1 in https://eiaa.uniandes.edu.co/).

263 Thirdly, the
264 Upano occupation could be divided into four periods based on differing land uses: slash-and
265 -mulch with maize and probably Alnus enrichment (c. 500-350 BCE); slash-and-burn in which



266 maize was cultivated, but Alnus was not (c. 350 - 100 BCE), slash-and-mulch with maize and

267 probably Alnus enrichment (c. 100 BCE - 200 CE) and a continuation of this phase, but with

268 shrinking land use (200-550 CE) marked by increased occurrence of forest pollen types (Fig. 2).

This assertion is not supported by the archaeological or Lidar data presented in Rostain et al. 2024. On the contrary, the
latter article demonstrates intensive agriculture on the natural Upano terraces and on the archaeological sites themselves.

269 Lastly, and perhaps most importantly, we found no evidence of an abrupt abandonment, but

270 rather of a protracted decline. The lake sediment did not contain evidence of a catastrophic

271 ashfall terminating the Upano period.

The mega-eruption hypothesis has now been abandoned by everyone and yest published, so there’s no point in revisiting it.
On the other hand, there is evidence of a hiatus with no evidence of human occupation from 600 CE to 800 CE.

273 why a site with so much invested

274 effort was gradually abandoned.

There is no archaeological data currently published to support the claim of gradual abandonment. On the other hand, the
mention of abandonment in this manuscript proves that there was no continuous history of human activity.

278 We show that modern forests on the eastern Andean slopes may be a result of

279 past human land use, but the altered successional paths were a biproduct of human activity and

280 climate change, rather than a product of deliberate management.

This strongly contradicts the recently published sustainable conclusions showing the good preservation of pre-Columbian
earthworks and agro-remains in the Upano Valley and therefore needs to be proven by solid archaeological, biologic and
climatic arguments. Under no circumstances can such proposal be proposed without indisputable proof.

280 A long period of forest

281 recovery largely eradicated the influence of Pre-Columbian occupations, whereas Indigenous

282 forest use in the Colonial period that ended about 200 years ago left a lasting legacy on the

283 modern system.

There is no such evidence as “largely eradicated the influence of Pre-Columbian occupations”, since Lidar coverage has, on
the contrary, demonstrated the very obvious persistence of human transformations (mounds, dug roads, drained fields...) in
the valley. Moreover, Indigenous forest use did not stop 200 years ago, but continues to present time day with the Shuar
communities inhabiting the region.

Conclusion:

The very detailed description of the evolution of local plant species and cultivated plants, primarily maize, is of great interest
for the environmental history of the Upper Upano. However, the interpretation of pollen production as a result of limited
forestry is unconvincing. Indeed, the large areas cultivated by complex agrarian systems at the same time, as revealed by
the Lidar survey of the Upano valley, are not taken into account at all.

This manuscript gives the impression of consciously ignoring certain data published by archaeologists in order to construct
an equivocal discourse and a chronology that do not reflect scientific reality. In particular, it ignores the chronology
previously established by Rostain in 1999 and revised in 2024 on the basis of 70 radiocarbon dates. It also claims that
previous authors continue to justify the abandonment of the sites due to an eruption of the Sangay, although this hypothesis
is now clearly questioned and rejected. What is also missing is a discussion on the validity of previous archaeological dates
and the 9 newly dates obtained for this paper carried out and retained by the authors. It particularly important because as the
distribution of maize pollen presented here does not sustain the conclusions but seems to coincide closely with the
archaeological chronology proposed by Rostain et al. 2024. A more nuanced discussion of previous archaeological works in
the region (about 11% of bibliography) would strengthen the paper, to balance the notably self-referential publications
presented here (about 15% of bibliography by first and last authors papers).

This manuscript is too biased and is therefore not publishable as it stands, but requires significant corrections and a rewrite
of the proposed “innovative” conclusions to be fairer with the work of other researchers and less adequate with the authors’
presuppositions.

Reviewer #2

(Remarks to the Author)

The work by Busch et al. reports a study performed in Ecuador in a region once occupied by ancient civilizations. The paper
discusses the changes occurred in the environment during the last 2770 years using radiocarbon dating of organic matter
from lake sediments to reconstruct the chronology and vegetation proxies such as pollen, phytolith and charcoal to analyse
changes in vegetation and their probable relation to human occupation around the Upano Valley.

The subject of the paper is interesting and relevant to a broad community, fitting the scope of the journal. | recommend
publication after major revisions to better support their findings and improve the quality of the article. The concerns | raise
here are mostly related to methodological issues, especially regarding the radiocarbon chronology.

All the chronology is based on the dates obtained from core analysis, but in the methods section, a “core 2” is mentioned and
from this | understand at least two cores were collected. | would like to see more information about the different cores and
how they have been sampled.

Bulk sediment samples were measured either in NOSAMS or Direct AMS laboratories. No information on chemical
pretreatment of samples is given for either the laboratories used.

I do not see the reason or scientific basis for rejecting a few radiocarbon dates. Please, provide more details on this



decision. The table with the radiocarbon dates and the caption of the model Figure need to be improved.
Considering the latitude of the studied site a "mixed curves" approach could be considered for calibration. Please, comment
on this. There is no mention to a possible reservoir age or about the origin of the organic matter.

Reviewer #3

(Remarks to the Author)

The research results represent a contribution to both paleoenvironmental and archaeological studies that address the
problem of the dynamics of human occupations in the area.

The bibliography used is updated and complete.

The methods are clearly developed.

However, | suggest a change in the title, since the title does not reflect its relevance to paleoenvironmental studies.

The discussion becomes a little extensive in relation to the rest of the sections of the manuscript.

I would have liked and suggest incorporating some photographs that better illustrate the environment and some of the
archaeological sites.

There are some theoretical issues to improve or discuss about the concept of pristine environment and anthropogenic
impact. It is suggested to consider it as an interactive and dibamic relationship between the influence of climate on human
adaptations and the way in which the environment is modeled. Not as something deterministic, neither on one side nor the
other.

Itis recommended to incorporate and take into account the methodological difficulties of the study of anomalies such as the
little ice age, and the comparison of records, in the Andean area.

Version 1:
Reviewer comments:
Reviewer #1

(Remarks to the Author)
The manuscript has been substantially revised and is now ready for publication.

Reviewer #3

(Remarks to the Author)
The subject of this paper is interesting but it needs to be thoroughly reviewed .

It is not clear what place archaeology occupies. If it is used as evidence for hypothesis testing or as background in the
substantiation.

See key concepts about anthropic impact and Pristine environments

Structuring of the work:
The objective of the work is only on the fifth page.
The sections: a section of conclusions should be included

There is no direct relationship between introduction, objectives, methods, results and conclusions.
The relationship between the objectives of study and the conclusions is diffuse

The argumentation of the discussion is confused and disorderly.

The methods part should incorporate some missing issues and be further developed

The issue of the volcanic eruption is not taken up in depth in the discussion.

Some issues in the bibliographic references must be controlled.

Reviewer #4

(Remarks to the Author)
| have been asked to comment particularly on the authors' response to Reviewer #2's concerns about the use of radiocarbon
evidence. | note that the authors have responded to those concerns as follows:

Curve selection:

"The southern hemisphere correction or a mixed curves approach would be most appropriate when the source moisture
might be coming from the Pacific Ocean or the southern Oceans. In this case, our source moisture is coming from the
northern tropical Atlantic and then recirculated across Amazonia through multiple evapotranspirational cycles. It is not



normal to apply such a correction on the eastern flank of the Andes at this latitude."

| appreciate that the authors have considered the issue, and that there is room for disagreement here. My own perspective is
that a mixed curve - or, better yet, a model that leaves curve selection as an uncertain parameter - is the most likely to
produce accurate age estimates (see Marsh et al. 2018 and Hua et al. 2022). However, the difference between age
estimates for the Holocene is generally not more than ~40 years, so relative to the other sources of uncertainty in an age-
depth model | don't think that disagreement about curve selection should disqualify the paper from publication. | do think that
the details/justification of curve selection should be included in the SM if not the main manuscript (as should the details of
sample pretreatment). | would also suggest making the R code for the age-depth model available in the SM.

Hua, Quan, Jocelyn C Turnbull, Guaciara M Santos, Andrzej Z Rakowski, Santiago Ancapichin, Ricardo De Pol-Holz,
Samuel Hammer, Scott J Lehman, Ingeborg Levin, John B Miller, Jonathan G Palmer, and Chris S M Turney
2022 Atmospheric Radiocarbon for the Period 1950-2019. Radiocarbon 64: 723—745.

Marsh, Erik J, Maria C Bruno, Sherilyn C Fritz, Paul Baker, José M Capriles, and Christine A Hastorf
2018 IntCal, SHCal, or a Mixed Curve? Choosing a 14C Calibration Curve for Archaeological and Paleoenvironmental
Records from Tropical South America. Radiocarbon 60: 925-940.

Potential reservoir effect:

"The organic matter is derived from local terrigenous inputs, the basin sides are quite steep and do not support a large
amount of submerged aquatic vegetation. The lakes are oligotrophic and so there would be little input from algae. The
country rock is metamorphosed sedimentary material overlain by volcanic material. We did not explicitly test for a reservoir
effect, but other studies in similar settings 11,12 have not reported them and we have no reason to believe that there is one."

As above, itis to the authors' credit that they have thoughtfully considered the issue. In this case I find their argument more
compelling, but also as above | would suggest making this argument explicit, at least in the SM if not the manuscript proper.

With these two issues in mind, | think the claims made in the Discussion (lines 302-321) need to be revisited. Specifically,
the age-depth model is an approximation, and as the authors note the model that they present is one of multiple possible
models, none of which are ideal fits for the dates available (which themselves, as dates on bulk sediment, are potentially
significantly imprecise even if they are accurate). However, in the Discussion, the results of the age-depth model are treated
as if they were both reliable and precise, serving as the basis for "a refined timing" of occupation of the area. If anything, it
would make more sense perhaps to use the archaeological dates to refine the age-depth model! Or at least, it would if they
were available and reliable - the issue is complicated by the fact that the ~70 radiocarbon dates mentioned on Line 81 were
not in fact published in the Rostain et al. 2024 paper cited, making *both* of the chronologies involved significantly
imprecise. | don't see this as a barrier to publication, but in my view the uncertainty involved should be explicitly recognized.

A few specific comments from my read of the ms.:

Ln. 30
Specify the *eastern* Andean flank.

Ln. 47
Specify "Ecuadoran” or "Northern" Andes.

Ln. 50
Should read, "mid-elevational Andean forests"

Ln. 75-77
Not a complete sentence.

Ln. 89
Should read, "was re-occupied by the Huapula"

Ln. 101
In my view the "influence of past human activity" extends beyond "deliberate...manipulation" to include incidental effects.

Ln.102-103
"enhanced" and "deficient" relative to what?

Ln.105-107
Not a complete sentence.

Ln. 128
Should read, "chronology was".



Ln. 326
"product" rather than "biproduct”, I think.
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Reviewer comments and our detailed responses
Reviewers' comments:
Reviewer #1 (Remarks to the Author):

The subject presented in this article is attractive at first glance, but it suffers from regrettable
shortcomings. The original data in this work is quite interesting, as it comes from a sample recently
obtained from a lake at the South-Eastern foothill of the Sangay volcano in Ecuador. It shows the
evolution of the local vegetation cover over more than 2,000 years. However, the interpretations
extrapolated from this sample are too exaggerated to be acceptable. A number of points therefore
would need to be corrected before it can be reviewed again and possibly accepted.

Dear Reviewer 1,

Thank you for reviewing our manuscript. Regrettably, there has been a misunderstanding that our
interpreted reconstruction from the sediments of Lake Cormoran portrayed what was also
happening in the Upano Valley. We are not, and we have made specific clarifications on this point
(see detailed responses below). Your comments have helped to strengthen the clarity of the text —
thank you.

33 Here, using

34 paleoecological reconstructions from Lake Cormoran, located immediately adjacent to the

35 Upano Valley and within 5 km of abandoned mound complexes, we provide a timeline of
human

36 influence spanning the last 2770 years.

The closest mound complex from Lake Cormoran is not at 5 km distance but 7,5 km. It must be
proved that such distance is not invalidating the fiability of the paleoecological sample, especially
because Lake Cormoran is much higher on the Andean slope than the archaeological Upano sites.

This is an important point that obviously contributed to their misunderstanding of the spatial scale
of our inferences. We have amended this sentence to “Our data reflect changes in the vegetation
of the watershed surrounding Lake Cormoran“ to clarify that the pollen and phytolith data
describe the catchment of Lake Cormoran and its immediate surroundings, which is less than 10
km distance (now clarified in Lines 102-103). This lake was undoubtedly occupied and used by the
Upano culture, but our data do not describe what is happening further down the valley. To
emphasize this point we also start the discussion with this statement: “The steep bowl-shaped
depression that formed the catchment of Lake Cormoran would have contributed all the crop
pollen and phytoliths and the great majority of other pollen described here.” (Lines 167-168).

We have moved Fig. S2 out of the SOM and into the discussion as Fig 4 with a modified caption.
Our data actually suggest that at times the Upano, and later subsequent groups, have extended
their activities higher in the foothills than previously documented.



Fig. 4: Topographic map showing slope steepness around Lake Comoran, Ecuador, and the source
of the majority of fossil material described here. The flattest area to the southwest of the lake was
probably the most likely place for clearance and cultivation, whereas steep portions of the basin
probably always retained forest.

Furthermore, the earliest dating presented is 454 BC (0S-180032) in Table S3, which is younger
than the 2770 years indicated in the text. The authors write that they rely on 9 radiocarbon dates,
but present 10 acceptable ones in their Table 3.

We have moved the *C data table and rbacon chronology from SOM into the main text.

The chronology relies on 9 radiocarbon dates as stated in text. The 10t data point is the mud-
water interface taken as being modern (2017) which is not included in the table, but referred to in
the table caption.

The oldest date on any sediment core is usually a projection based on the rate of sedimentation as
calculated by the Bayesian model used for the chronology, we have clarified this in text:

“The oldest dated sediment recovered from Lake Cormoran was 454 BCE, but by extrapolation to
the base of the core the oldest sediment in the core would have been c. 770 BCE”

44 Introduction
The introduction confusingly mixes data from the Andes between c. 2500 and 1000 m elevation —



mainly in countries much further south in the region presented— and those in the upper Amazon
below 1000 m.

As there are no Ecuadorean mid-elevation paleoecological studies of similar age or resolution we
draw on sites from humid forest settings that can be informative. However, we have sought to
clarify when we are talking about geographic proximity as opposed to broader statements about
mid-elevation humid forest settings.

52 occupied major valley systems at these elevations for the last 4000 years (6-8).

Archaeology of the Eastern Andean slopes in Ecuador shows older evidence of 5500 y. ago.

The full quote made it clear we were talking about paleoecological studies, but we take the
reviewer’s point and include archaeological data. It now reads: “Nevertheless, paleoecological and
archaeological studies have revealed that people occupied the Andean foothills of Ecuador for at
least the last 6000 years 2. In the mid elevations, sites that lay in large river valleys, i.e., potential

major trade routes, were occupied by c. 2500 BCE (c. 4500 years ago) 3.”

Please note numbered citations are for THIS document, the citations are the same but the call out
numbers are different in the manuscript.

54 cultivational style, i.e. silviculture, and what is inferred to have been slash-and-burn versus
slash-and-mulch

Cultivation methods are just inferred and assumed to be limited to silviculture. This is not true, as
recent discoveries in the Upano valley show a diversity of intensive farming techniques dating back
nearly 3,000 years, including drained fields and terraces (Rostain et al. 2024).

We have elaborated to make it clear we were not limiting the scope to silviculture.

“The crops cultivated at this time included maize, manioc, squash, peppers, and peanuts *>, fruit-
bearing trees were planted and tended ®7 while it also seems likely that silviculture was practiced
on fast growing species &. Alnus provides nitrogen to the soil and is a good timber for construction
9 and a source of renewable fuel 1°”

72 the dating of the Upano complex is uncertain (20, 22).

This assertion is very surprising given that Rostain et al. 2024 proposed a precise chronology for
the Upano basin with “Almost 70 radiocarbon dates have been made during our program and led
to the complete revision of the previous chronology” a duration of Upano culture ranging “from
500 BCE to 300/600 CE” (Rostain et al. 2024: S2).

300/600 CE has a 300-year window associated with it. That is still uncertain in ecological or
paleoecological terms.

76 A 40-70 cm thick ash layer found in the archaeological exposures, attributed to the

77 eruption of Volcan Sangay (Fig. 1) was posited as the cause of the abandonment (23).

This abandonment by a strong volcanic eruption was clearly rejected in his Rostain et al. 2024
paper in Science: “The hypothesis that the Upano culture came to an abrupt end after a massive
eruption ~400 to 600 CE has been raised (18) but has been called into question by the disparity of



radiocarbon dates obtained recently for these levels.” (Rostain et al. 2024: 184).

Again, the reviewer makes our point for us; saying that the ash argument “has been called into
guestion by the disparity of radiocarbon dates obtained recently for these levels.” Is hardly a
definitive rejection. But our work does lead to a confident rejection rather than just an
inconsistency between ages.

98 A much-debated topic among archaeologists and ecologists is the influence of past

99 human activity on modern tropical forest systems, i.e., to what extent are modern forests
100 manufactured landscapes produced by deliberate past forest manipulation (25-30)?

It is surprising not to find cited here the two recent publications by William Balée who deals with
the anthropized vegetation of the nearby Curaray basin and proposes new data and
interpretations:

Balée W., 2023. Sowing the Forest: A Historical Ecology of People and Their Landscapes. University
Alabama Press (2023).

The number of citations was limited by our initial submission to Nature E & E. we are happy to
include these citations.

106 we provide a c. 2770-year continuous history of human activity

107 and vegetation change in the area.

This assertion does not correspond to what is shown in figure 3, since the table shows a clear
interruption of maize in Lake Cormoran between 600 and 1500 CE. This absence is consistent with
the chronology proposed by Rostain et al. 2024, which indicates a total absence of dating and
therefore a probable human void between 600 and 800 CE. In any case, the manuscript does not
demonstrate a “c. 2770-year continuous history of human activity”.

We have rephrased the sentence for clarity (Lines 104-105):
“we provide a c. 2770-year continuous history of vegetation change including periods of extensive
habitat modification through human activity.”

126 The oldest sediment recovered from Lake Cormoran was from c. 770 BCE (Fig. S1, Table S3)
This sample does not appear in table 3 and is not precisely referenced elsewhere. The oldest
presented radiocarbon date is 454 BC (0S-180032)

Please see the above answer describing how an age-depth model works. The depth of the deepest
14C sample is 572 cm (Table 1), the total core depth is 598 cm (Fig. 2). So, the age of the bottom-
most centimeter of sediment has an inferred age of 770 BCE based off the age-depth model shown
in Fig. 2.

137 elements in yellow. The periods of human activity associated with the Upano and Cafari are
shown

The Caiari presence is not attested in the Upano valley. Reliable and precise references are
required for such an assertion.

We did not intend to step into an argument about this period, and had received information



regarding a Cafari occupation from an archaeologist. This is not an issue for us and we will simply
change the label to ‘Late’.

143 period of forest recovery lasted until 1500 CE. The cultivation of maize around the lake, which
144 apparently stopped at c. 550 CE, resumed at c. 1500 CE.

This sentence contradicts the proposal for a continuous history of human activity (l. 106) and goes
against the manuscript’s conclusions.

Please see the answer above. There is no inconsistency, and we have reworded the sentence that
caused the original confusion.

152 At the start of this record at c. 770 BCE the bowl-shaped catchment of Lake Cormoran

153 supported a largely undisturbed forest, but by 570 BCE deforestation, maize cultivation had
154 begun. Maize pollen is absolutely indicative of humans cultivating the landscape,

Once again, this important initial date is not in the table S3.

This is because the age is based on the age-depth model shown in Fig. 2, which is the standard way
of applying ages to depths of a sedimentary sequence.

172 Gray maize circles indicate slash-and-mulch cultivation (i.e., no charcoal was found in the

173 sample), and black circles indicate slash-and-burn cultivation (i.e., charcoal was found in the
174 sample).

No, there’s no evidence of slash-and-mulch and, on the contrary, Lidar data from the Upano basin
proves the extent of cultivation on artificial terraces, drained fields and ridged fields (Rostain et al.
2024).

This statement stems from the original conclusion of Reviewer 1 that we are assuming that what is
happening at the lake site was happening in the valley. We are not. We have amended the text in
the caption to make this explicit: “Gray maize circles indicate slash-and-mulch cultivation (i.e., no
charcoal was found in the sample), and black circles indicate slash-and-burn cultivation (i.e.,
charcoal was found in the sample) in the catchment.” We have also added the sentence that the
pollen from lake sediment reflects primarily local signals (e.g., pollen typically reflects vegetation
within 1 km of the lake and maize pollen and phytoliths usually travels less than 200 m) (Blaus, et
al. 2024, Witteveen et al. 2024).

257 Our data support the archaeological interpretation of a peak in the impacts of the

258 Upano occupation between c. 500 BCE and 200 CE but offer four additional insights into past
259 human occupations of the mid-elevation cloud forests on the eastern Andean slopes.

It’s not clear where the “four additional insights” are or what they consist of. The manuscript
presents only archaeological data from the Upano valley (1000 m asl), which is not a cloud forest
landscape, but nothing about the “mid-elevation cloud forests on the eastern Andean slopes” so
it’s hard to understand what data this statement is based on.

The insights are numbered in the text (i.e., First, Second, Third, Fourth) (Lines 283-298).

The Lake Cormoran record and referenced text deals with land use in a catchment at 1750 m
elevation, which is squarely within the cloud forest. The upper portion of the Upano archaeological
complex lies at an elevation of 1300-1500 m, which is a cleared montane forest. Throughout these
comments the reviewer is assuming that we are inferring that what happened at Lake Cormoran



was the same as was occurring in the Upano Valley archaeological area. We are not. We are
making comparisons of these two sites to place the archaeological findings in a context of
environmental change and to look at the periods that the Upano and subsequent occupations
expanded enough to affect the Lake Cormoran catchment. We have clarified this important
difference early in the text (Lines 105-107).

259 The first is

260 a refined timing for the occupation and use of the site by the Upano, which lasted from c. 700
261 BCE until 550 CE, albeit at a lower intensity between c. 200 CE and 550 CE.

Here again, human occupation was interrupted after 550 CE, so why assert a human occupation
that is contradicted by the obtained data?

The lines cited are the first of the four insights that the reviewer mentioned were not clear in the
above comment. Please see our clarification of an incorrect assumption by Reviewer 1 in the
comment above.

261 The second is that

262 the scale of the Upano occupation was larger than suggested by the current LIDAR data, and
263 people exerted strong modifications of the landscape at least 5 km further upslope.

The manuscript doesn’t really contain any data to support this assertion, as no strong
modifications of the landscape upslope are discussed. On the other hand, the extension of
earthworks to the slopes near the Andes has been yet presented by Rostain and Dorison in their
lecture at the 6th Encuentro Internacional de Arqueologia Amazdénica September 2024 in Colombia
(video record of day 1 in https://eiaa.uniandes.edu.co/).

The data to support this assertion are our lake sediment data presented in this manuscript. The
lake and its catchment lie immediately upslope of the LIDAR-covered area of the Upano Valley,
hence this is an accurate and self-evident statement.

The website link is uninformative and hardly a suitable citation to criticize our work.

263 Thirdly, the

264 Upano occupation could be divided into four periods based on differing land uses: slash-and
265 -mulch with maize and probably Alnus enrichment (c. 500-350 BCE); slash-and-burn in which
266 maize was cultivated, but Alnus was not (c. 350 - 100 BCE), slash-and-mulch with maize and
267 probably Alnus enrichment (c. 100 BCE - 200 CE) and a continuation of this phase, but with
268 shrinking land use (200-550 CE) marked by increased occurrence of forest pollen types (Fig.
2).

This assertion is not supported by the archaeological or Lidar data presented in Rostain et al. 2024.
On the contrary, the latter article demonstrates intensive agriculture on the natural Upano terraces
and on the archaeological sites themselves.

The logic here is flawed for several reasons. The first is because as we state earlier, and have
clarified (above) what happens in the Lake Cormoran catchment does not reflect everything
happening in Upano Valley and vice versa. Second, LIDAR and archaeological work have not yet
been conducted upslope at the lake. Third, the inferred assertion that paleoecological inference
has to be supported by archaeological evidence 5 km distant is clearly biased and fallacious.


https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Feiaa.uniandes.edu.co%2F&data=05%7C02%7Cmbush%40fit.edu%7Cf2fce100ab584910e9e208dd1547bbad%7C60d75c77bd344913a57ba2c045419167%7C0%7C0%7C638690120227531944%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=1MOhCiQ0wRw9r6ZhFTWr571bOPcfkqDigviLT2KpAlM%3D&reserved=0

269 Lastly, and perhaps most importantly, we found no evidence of an abrupt abandonment, but
270 rather of a protracted decline. The lake sediment did not contain evidence of a catastrophic
271 ashfall terminating the Upano period.

The mega-eruption hypothesis has now been abandoned by everyone and yest published, so
there’s no point in revisiting it. On the other hand, there is evidence of a hiatus with no evidence
of human occupation from 600 CE to 800 CE.

No, the reviewer is mistaken. The idea of the catastrophic volcanic eruption has not been
abandoned. There is the weak assertion (see above) in Rostain et al. 2024 that the hypothesis may
not be correct, but there is no full-throated denial.

273 why a site with so much invested

274 effort was gradually abandoned.

There is no archaeological data currently published to support the claim of gradual abandonment.
On the other hand, the mention of abandonment in this manuscript proves that there was no
continuous history of human activity.

We agree that our data do not support a continuous history of human activity, and that it was
multiphasic! A strength of combining archaeological and paleoecological data is that the
paleoecological reconstructions can provide a continuous time series that captures both periods of
occupation and abandonment (Mayle and Iriarte 2014). In this case, the 2700-year time series of
the Lake Cormoran reconstruction shows a gradual abandonment. Archaeological dating is aimed
at events, and cannot capture nuances of gradual declines —i.e., continuous age-depth
relationships of soils at excavation sites cannot be established

278 We show that modern forests on the eastern Andean slopes may be a result of

279 past human land use, but the altered successional paths were a biproduct of human activity
and

280 climate change, rather than a product of deliberate management.

This strongly contradicts the recently published sustainable conclusions showing the good
preservation of pre-Columbian earthworks and agro-remains in the Upano Valley and therefore
needs to be proven by solid archaeological, biologic and climatic arguments. Under no
circumstances can such proposal be proposed without indisputable proof.

Again, there is not an inconsistency here. A) we are not arguing about the Upano complex, but
about the forests around the lake; and B) if we were to argue that this for the Upano complex
itself, there has been c. 700 years since abandonment by the Huapula, that is a very long time for
ecological legacies to persist at this elevation.

280 A long period of forest

281 recovery largely eradicated the influence of Pre-Columbian occupations, whereas Indigenous
282 forest use in the Colonial period that ended about 200 years ago left a lasting legacy on the
283 modern system.

There is no such evidence as “largely eradicated the influence of Pre-Columbian occupations”,



since Lidar coverage has, on the contrary, demonstrated the very obvious persistence of human
transformations (mounds, dug roads, drained fields...) in the valley. Moreover, Indigenous forest
use did not stop 200 years ago, but continues to present time day with the Shuar communities
inhabiting the region.

Please see above, the reviewer has again misunderstood the scale of this investigation.

Conclusion:

The very detailed description of the evolution of local plant species and cultivated plants, primarily
maize, is of great interest for the environmental history of the Upper Upano. However, the
interpretation of pollen production as a result of limited forestry is unconvincing. Indeed, the large
areas cultivated by complex agrarian systems at the same time, as revealed by the Lidar survey of
the Upano valley, are not taken into account at all.

This manuscript gives the impression of consciously ignoring certain data published by
archaeologists in order to construct an equivocal discourse and a chronology that do not reflect
scientific reality. In particular, it ignores the chronology previously established by Rostain in 1999
and revised in 2024 on the basis of 70 radiocarbon dates. It also claims that previous authors
continue to justify the abandonment of the sites due to an eruption of the Sangay, although this
hypothesis is now clearly questioned and rejected. What is also missing is a discussion on the
validity of previous archaeological dates and the 9 newly dates obtained for this paper carried out
and retained by the authors. It particularly important because as the distribution of maize pollen
presented here does not sustain the conclusions but seems to coincide closely with the
archaeological chronology proposed by Rostain et al. 2024.

We agree, our analysis is very supportive of the interpretation by Rostain.

A more nuanced discussion of previous archaeological works in the region (about 11% of
bibliography) would strengthen the paper, to balance the notably self-referential publications
presented here (about 15% of bibliography by first and last authors papers).

This manuscript is too biased and is therefore not publishable as it stands, but requires significant
corrections and a rewrite of the proposed “innovative” conclusions to be fairer with the work of
other researchers and less adequate with the authors’ presuppositions.

We thank the reviewer for their insights, and have attempted to clarify our findings and analyses,
and how they relate to the body of archaeological data.

Reviewer #2 (Remarks to the Author):

The work by Busch et al. reports a study performed in Ecuador in a region once occupied by
ancient civilizations. The paper discusses the changes occurred in the environment during the last
2770 years using radiocarbon dating of organic matter from lake sediments to reconstruct the
chronology and vegetation proxies such as pollen, phytolith and charcoal to analyse changes in
vegetation and their probable relation to human occupation around the Upano Valley.

The subject of the paper is interesting and relevant to a broad community, fitting the scope of the
journal. | recommend publication after major revisions to better support their findings and



improve the quality of the article. The concerns | raise here are mostly related to methodological
issues, especially regarding the radiocarbon chronology.
Thank you for your constructive comments, please see our detailed responses below

All the chronology is based on the dates obtained from core analysis, but in the methods section, a
“core 2” is mentioned and from this | understand at least two cores were collected. | would like to
see more information about the different cores and how they have been sampled.

It is standard practice in paleoecology to collect multiple cores spaced about 2 m apart. This
practice allows us to check for consistency of the record, and recover any material lost from one
core during drilling. In this case, we raised two very similar cores, and selected the longer (by
about 10 cm) one for analysis. As the core did not contain any miscellaneous objects (such as tree
limbs) nor was any material lost during coring, one core was sufficient for all analyses. The other
has not been used and remains available to other investigators.

Bulk sediment samples were measured either in NOSAMS or Direct AMS laboratories. No
information on chemical pretreatment of samples is given for either the laboratories used.

| do not see the reason or scientific basis for rejecting a few radiocarbon dates. Please, provide
more details on this decision. The table with the radiocarbon dates and the caption of the model
Figure need to be improved.

We do not do any pre-treatment in our lab. We select macro-organics if available, but often we
date bulk sediment. When the samples are sent to the dating labs they conduct a standard acid-
alkali-acid pretreatment.

We have made it clear in the data table that the age ascribed at 0 cm is not a radiometric age.

Considering the latitude of the studied site a "mixed curves" approach could be considered for
calibration. Please, comment on this. There is no mention to a possible reservoir age or about the
origin of the organic matter.

The southern hemisphere correction or a mixed curves approach would be most appropriate when
the source moisture might be coming from the Pacific Ocean or the southern Oceans. In this case,
our source moisture is coming from the northern tropical Atlantic and then recirculated across
Amazonia through multiple evapotranspirational cycles. It is not normal to apply such a correction
on the eastern flank of the Andes at this latitude.

The organic matter is derived from local terrigenous inputs, the basin sides are quite steep and do
not support a large amount of submerged aquatic vegetation. The lakes are oligotrophic and so
there would be little input from algae. The country rock is metamorphosed sedimentary material
overlain by volcanic material. We did not explicitly test for a reservoir effect, but other studies in
similar settings ' have not reported them and we have no reason to believe that there is one.

Comments made directly to the text have also been addressed.



Reviewer #3 (Remarks to the Author):

The research results represent a contribution to both paleoenvironmental and archaeological
studies that address the problem of the dynamics of human occupations in the area.

The bibliography used is updated and complete.

The methods are clearly developed.

However, | suggest a change in the title, since the title does not reflect its relevance to
paleoenvironmental studies.

Thank you for that suggestion we have retitled the manuscript: “Paleoecological insights on the
Lost City of the Amazon”.

The discussion becomes a little extensive in relation to the rest of the sections of the manuscript.
We have added other sections, especially in the introduction and results that we hope now
balances the manuscript.

| would have liked and suggest incorporating some photographs that better illustrate the
environment and some of the archaeological sites.

We have added four photographs of the lake setting. We are not archaeologists and so do not have
pictures of the excavations.

There are some theoretical issues to improve or discuss about the concept of pristine environment
and anthropogenic impact. It is suggested to consider it as an interactive and dibamic relationship
between the influence of climate on human adaptations and the way in which the environment is
modeled. Not as something deterministic, neither on one side nor the other.

Yes, we agree. We have added a statement “...as suggested by archaeologists the Upano
occupation could be divided into multiple phases >'# . Our data add to that understanding by
identifying different adaptations to cultivate the land that may align with those archaeological
phases: slash-and-mulch with maize and probably Alnus enrichment (c. 500-350 BCE); slash-and-
burn in which maize was cultivated, but Alnus was not (c. 350 - 100 BCE), slash-and-mulch with
maize and probably Alnus enrichment (c. 100 BCE - 200 CE)...”

It is recommended to incorporate and take into account the methodological difficulties of the
study of anomalies such as the little ice age, and the comparison of records, in the Andean area.

We have avoided using this terminology, precisely because the LIA seems to be defined differently

across regions. We have added citations that provide a transition from wetter to drier at ¢. 1750
CE.

Thank you for these comments.
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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

The manuscript has been substantially revised and is now ready for publication.
Thank you

Reviewer #3 (Remarks to the Author):

The subject of this paper is interesting but it needs to be thoroughly reviewed .

It is not clear what place archaeology occupies. If it is used as evidence for hypothesis testing or as background in
the substantiation.

This is a paleoecological analysis in a setting of interest to archaeologists and for which there is background
archaeological information.We have added the following statement at the end of paragraph 1:

‘Here, we add detailed paleoecological data for the occupation and land use of a mid-elevation site on the eastern Andean flank
of Ecuador. Our study area, the Upano Valley, is a well-known area of exceptional archaeological interest-4. While the
archaeological data inform our analysis, our aim is to provide fully independent, temporally-continuous paleoecological data
that complement archeological studies in the region.’

See key concepts about anthropic impact and Pristine environments
I am not sure what the referee is alluding to here.

Structuring of the work:
The objective of the work is only on the fifth page.
Please see the sentences added above, which now appear at the end of the first paragraph.

The sections: a section of conclusions should be included
The format of Nature Communications does not have a heading ‘conclusions’ but the reviewer will see that the last
two paragraphs of the discussion are effectively conclusions.

There is no direct relationship between introduction, objectives, methods, results and conclusions.
The relationship between the objectives of study and the conclusions is diffuse
The argumentation of the discussion is confused and disorderly.

Our objectives underpin the other aspects of the manuscript and are stated on Lines 119-124 in the last paragraph of
the Introduction “Our goal is to place the occupation of the Upano Valley into a context of environmental change and
to determine the periods when human occupations affected the Lake Cormoran catchment. We document the period
of Upano disturbance of the landscape, highlight hitherto undocumented impacts during the colonial period (c. 1500-
1900), and consider the relative legacy effects of these occupations on the modern forests.”

Our results provide a continuous vegetation and human history spanning the Upano period and subsequent periods.
Our results place the dates of the recent archaeological findings in the Upano Valley (Rostain et al. 2024 in Science)
in an environmental context, which was a main objective laid out in the introduction. We also showed that forest
modification during the colonial period had more of an impact on the modern system than did the Upano. We believe
that our results and conclusions were directly linked to the original objectives.

We feel that the flow of ideas in the discussion is logical; however, we have made tiny grammatical and wording
changes, or have separated paragraphs in two instances, to improve the text. The discussion basically presents
ideas regarding: i) landscape heterogeneity around the lake, ii) how periods of maize cultivation varies in form
throughout the core (slash-and-mulch and slash-and-burn) but contain some similarities with nearby sites, iii)
ecological legacies of human activities that are present in the lake (Alnus cultivation, and the changes in two other
taxa), and iii) how the signals of human activity seen in the colonial period (last 400 years) are playing a larger role in
shaping the modern-day vegetation compared with the human activity that occurred during the Upano period.

The methods part should incorporate some missing issues and be further developed
We thank the reviewer as we had omitted methods used to analyze phytoliths.

The issue of the volcanic eruption is not taken up in depth in the discussion.



We are not volcanologists, we simply note that there is no ash deposit associated with the end of the Upano, and the
only ash that is identified in the core is minor and occurs at a different time.

Some issues in the bibliographic references must be controlled.
We have thoroughly reviewed that section of the manuscript.

Reviewer #4 (Remarks to the Author):

| have been asked to comment particularly on the authors' response to Reviewer #2's concerns about the use of
radiocarbon evidence. | note that the authors have responded to those concerns as follows:

Curve selection:

"The southern hemisphere correction or a mixed curves approach would be most appropriate when the source
moisture might be coming from the Pacific Ocean or the southern Oceans. In this case, our source moisture is
coming from the northern tropical Atlantic and then recirculated across Amazonia through multiple
evapotranspirational cycles. It is not normal to apply such a correction on the eastern flank of the Andes at this
latitude."

| appreciate that the authors have considered the issue, and that there is room for disagreement here. My own
perspective is that a mixed curve - or, better yet, a model that leaves curve selection as an uncertain parameter - is
the most likely to produce accurate age estimates (see Marsh et al. 2018 and Hua et al. 2022). However, the
difference between age estimates for the Holocene is generally not more than ~40 years, so relative to the other
sources of uncertainty in an age-depth model | don't think that disagreement about curve selection should disqualify
the paper from publication. | do think that the details/justification of curve selection should be included in the SM if not
the main manuscript (as should the details of sample pretreatment). | would also suggest making the R code for the
age-depth model available in the SM.

Yes, the difference in age is negligible, well within all error, and given the moisture source we would contend that the
existing model used is at least as accurate as a mixed model, which induces its own potential for errors. Hence we
don’t want to appear obstructive, but we elect not to change the age model.

We have added the following to the newly created section on 14C in the SOM
“While we recognize that there is discussion over the best calibration model to be used in western Amazonia at c. 2°S

7071 we elected to use the Intcal20 Northern Hemisphere correction curve as the airflow and moisture stream reaching this
location is almost wholly from the tropical North Atlantic and we consider it most unlikely that these ages are influenced by
Southern Hemisphere upwelling.”

70 Hua, Q. et al. Atmospheric radiocarbon for the period 1950-2019. Radiocarbon 64, 723-745 (2022).

71 Marsh, Erik J, Maria C Bruno, Sherilyn C Fritz, Paul Baker, José M Capriles, and Christine A Hastorf
2018 IntCal, SHCal, or a Mixed Curve? Choosing a 14C Calibration Curve for Archaeological and Paleoenvironmental Records
from Tropical South America. Radiocarbon 60: 925-940.

Potential reservoir effect:

"The organic matter is derived from local terrigenous inputs, the basin sides are quite steep and do not support a
large amount of submerged aquatic vegetation. The lakes are oligotrophic and so there would be little input from
algae. The country rock is metamorphosed sedimentary material overlain by volcanic material. We did not explicitly
test for a reservoir effect, but other studies in similar settings 11,12 have not reported them and we have no reason to
believe that there is one."

As above, it is to the authors' credit that they have thoughtfully considered the issue. In this case | find their argument
more compelling, but also as above | would suggest making this argument explicit, at least in the SM if not the
manuscript proper.



Thank you, We have added this statement to the SOM

With these two issues in mind, | think the claims made in the Discussion (lines 302-321) need to be revisited.
Specifically, the age-depth model is an approximation, and as the authors note the model that they present is one of
multiple possible models, none of which are ideal fits for the dates available (which themselves, as dates on bulk
sediment, are potentially significantly imprecise even if they are accurate). However, in the Discussion, the results of
the age-depth model are treated as if they were both reliable and precise, serving as the basis for "a refined timing" of
occupation of the area. If anything, it would make more sense perhaps to use the archaeological dates to refine the
age-depth model! Or at least, it would if they were available and reliable - the issue is complicated by the fact that the
~70 radiocarbon dates mentioned on Line 81 were not in fact published in the Rostain et al. 2024 paper cited, making
*both* of the chronologies involved significantly imprecise. | don't see this as a barrier to publication, but in my view
the uncertainty involved should be explicitly recognized.

As the reviewer notes, although alluded to the ~70 radiocarbon ages have not been made public. We acknowledge
that there is latitude for interpretation of all 14C ages and have modified the text to remove the assertion that we are
refining the chronology (reducing our points of emphasis from four to three.
This section now reads:

“Our data support the archaeological interpretation of a peak in the impacts of the Upano occupation

between c. 500 BCE and 200 CE but offer three additional insights into past human occupations of the mid-elevation
cloud forests on the eastern Andean slopes. The first is that the scale of the Upano occupation was larger than
suggested by the current LIDAR data, and that people exerted strong modifications of the landscape as much as 10
km beyond the known mound complex. Second, as suggested by archaeologists the Upano occupation could be
divided into multiple phases "7 . Our data add to that understanding by identifying different adaptations to cultivate the
land that may align with those archaeological phases: slash-and-mulch with maize and probably Alnus enrichment (c.
500-350 BCE); slash-and-burn in which maize was cultivated, but Alnus was not (c. 350 - 100 BCE), slash-and-mulch
with maize and probably Alnus enrichment (c. 100 BCE - 200 CE) and a continuation of this phase, but with shrinking
land use (200 — 550 CE) marked by increased occurrence of forest pollen types (Fig. 2). Lastly, and perhaps most
importantly, we found no evidence of an abrupt abandonment, but rather of a protracted decline. The lake sediment
did not contain evidence of a catastrophic ashfall terminating the Upano period. Ashfall into lake sediment should
make a clear layer, and indeed a small event was found at 1285 CE, but there was no major ash layer at c. 550 CE.
What was evident was that between c. 200 CE and 550 CE there was a gradual return of forest, consistent with
reduced occurrences of Zea phytoliths and charcoal, which is interpreted to indicate a gradual decline in human
activity. Our data raise a fundamental and yet unanswered question as to why a site with so much invested effort was

gradually abandoned.”

A few specific comments from my read of the ms.:

Ln. 30
Specify the *eastern* Andean flank.
done

Ln. 47
Specify "Ecuadoran" or "Northern" Andes.
we used ‘tropical’

Ln. 50
Should read, "mid-elevational Andean forests"
corrected



Ln. 75-77

Not a complete sentence.

rephrased to : ‘Over the past 30 years, a series of studies has drawn attention to a sprawling archaeological site in
the Upano Valley of Ecuador that was larger than Kuelap or Machu Picchu’

Ln. 89

Should read, "was re-occupied by the Huapula"

done

Ln. 101

In my view the "influence of past human activity" extends beyond "deliberate...manipulation" to include incidental
effects.

We have tried to be accurate with this language, while also maintaining something that is testable. What does not
constitute an incidental effect?

Ln. 102-103

"enhanced" and "deficient" relative to what?

Yes! But Levis, Clement, Balee and others who are influential in this arena refuse to accept any forest as providing a
natural baseline against which to compare. So, their data truly become clumped (enhanced) or dispersed (deficient),

which we contend could be totally normal states for Amazonian trees. We are not arguing there are no legacy effects,
just that this is a larger topic than we can address here, and so we are adopting their terminology.

Ln. 105-107

Not a complete sentence.

Modified to read: ‘Here, through paleoecological analysis of the sediments of Lake Cormoran (2-04'20.59" S,
78°12'52.40" W), which lies within 10 km of the Upano mound complex (Fig. 1 and Figs. S1-4), we provide a c. 2770-
year continuous history of vegetation change around Lake Cormoran.’

Ln. 128
Should read, "chronology was".
corrected

Ln. 326
"product" rather than "biproduct", I think.
accepted

We thank the reviewer for these helpful comments.
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EVALUACION
1. TITLE: It is recommended to specify the location of the site and the chronology of
analysis.
Amended to: Late-Holocene Paleoecological Insights on the Lost City of the Amazon

24. KEY WORDS: | do not consider Archaeology and indigenous people to be the central
word of the work.
We have replaced ‘archaeology’ with ‘legacy effects’. Indigenous remains.

71-72. Precautions should be mentioned when comparing different records and proxy data
on climatic phenomena that require a high temporal resolution of the records.
This refers to an old version of the manuscript and has been subsequently replaced.

117. | believe that the objective should be before page number five.

This refers to an old version of the manuscript and the objective now appears on p2.
134. | would also mention the dating.

Not until we discuss the results

138. The development of the methodology is brief and the studies on the observations of
the current flora and the archaeological evidence need to be explained.
Referee did not see the methods below.

Tabla 1. In some part it would be necessary to explain why the dates were rejected.
We have added the following to the Supplementary information
“We rejected 3 '*C dates. We accepted ages that provided the straightest line model. The basal

age at 590 cm was rejected, but it had an overlapping age with the one at 572 cm and its acceptance or
rejection would have very little effect on the age model. Two ages at 98 cm and 67 cm were rejected as
being too old. It is easier for old material to contaminate sediment than for young material to do so. To
accept these ages would have caused a very significant step in the sedimentation curve between 67 and
30 cm and we saw no evidence to support that. In a 30 m deep lake, sedimentation is more likely to have
been relatively constant than to have varied wildly and so, when a choice is to be made about which
dates are to be rejected, we consider it parsimonious to accept ages that provide the most linear
sedimentation rate. The rejected ages at 98 and 67 cm occurred during a period when no human
occupation of the lake was detected, thus their acceptance or rejection would not alter the basic findings
of this paper.”

146. Figure 3: It would be necessary to mark a grouping that explains the associations
(Pioneer elements, forest elments)
Added as a page to the figshare data.

146-147 : Evidence of fire (charcoal) was only detected in the sediment from 200 BCE to100

CE — esto no se ve asi

This has been clarified to the following: Evidence of fire (charcoal) appeared to occur in two periods, from
c. 200 BCE t0100 CE and from c. 250 - 500 CE (Fig. 3).

171. There are species like Rubiaceae that are not in the graph. (Figure 3).
We cannot show all pollen types. They can be found in figshare

177. 1780 to 2000 CE. added
184. Size

(>82 ym) added
185. Refereces



Not sure what this is requesting as the statements are already referenced.

224. Purple line marks the 1 cm ashfall of 1285 CE. . This seems important and then it is
not discussed.
It is mentioned on lines 333-334.

Discussion

182. To order the discussion, | would return to the axis of the objectives of the work and go
from the most general to the particular, because otherwise it becomes very cumbersome
for the reader

We prefer to have the data presented by age and discussed in that sequence.

199. This concept is questionable: undisturbed forest
Precisely, the reviewer seems to have missed the meaning of ‘apparently’ preceding the phrase.

205- The relationship with Pumacocha deserves certain clarifications and precautions that

minimally deserve to be made explicit about the comparison of different spatiotemporalscales and the
resolution of the proxy data. The use of the forest as an indicator of moisture

vs. isotopes of 018 deserves further explanation.

206- Figure 4 there are some cut words or numbers on the upper right and lower right edge.
| do not see this on my copy.

222-223: The pink box highlights our inference for Upano modification around Lake
Cormorant. The gray box highlights the Huapula period . On the basis of what?
Added: according to Rostain et al. 34

226-233 The occurrence of maize pollen at Cormoran is comparable with that seen in two
high-resolution paleoecological records 19,52 from lowland Ecuadorean lakes that lie ~90
Km to the south and ~ 1400 m lower: Ayauchi and Kumpaka .... If the comparison of
occupation phases is based on archaeological evidence, you should mention and also
detail the precautions that should be taken when comparing occupation phases, dating,
etc.

No, this was from the cited pollen and phytolith -based sources.

302-305 References required
Citations added

315. It seems to be a conclusion, not a discussion as it is worded

334. It is like a final conclusion not discussion, other cases or evidence should be brought
to discuss.

Yes, there is not a conclusions section

352. The methods should not be at the end. | do not think the organization of the sections
of the text is correct. The methods should not go to the end and there is a missing section
of conclusions that is mixed with the discussion.

Reviewer is incorrect

357. Again this concept must be mentioned with its precautions: undisturbed
Reviewer missed “appears to be”

374. The statistical analyses developed and graphs for pollen (figs 3 and 6) need to be

Explained

The pollen diagram (Fig. 3) is very standard does not need explanation. A section was added to methods
to explain Fig. 6.

REFERENCES Done



418. Valdez, F. Francisco Valdez

484. Science, A. A. f. 1. A. 0. Lost City development in the Upper Amazon. Science
455-456. Kolata, A. L., Binford, M. W. & Ortloff, C. Environmental thresholds and the
empirical reality of state collapse: a response to Erickson (1999). Antiquity 74, 424 (2000).
383(6679) SIN NEGRITA LO QUE VA ENTRE PARENTESIS

495. vis, C. et al. Contributions of human cultures to biodiversity and ecosystem
conservation. Nature Ecology & Evolution, 8, 866-879 (2024). OCHO EN NEGRITA

517. Blaauw, M. & Christen, J. A. rbacon: Age-depth modelling using Bayesian statistics. R
package version 2.4 (2018). (2018). REPITE529.

kesson, C. M., McMichael, C. N., Leén-Yanez, S. & Bush, M. B. Late-Holocene maize



Line 33, page: Consider that the work not only refers to the impact but also to how changes in
the climate and therefore in the environment impacted the adaptation of human groups to
those conditions. Talking only about impact sounds deterministic.

Line 55, page 2: The archaeological record is always discontinuous and fragmentary. In any
case, it would be necessary to explain what time scale is being referred to when talking about
discontinuities (seasonal, hundreds of years, millennia).

Line 61, page 3: The impact of climate change associated with the medieval climate anomaly
was neither synchronous nor homogeneous. For this reason, its study is complex and the way
in which it is expressed in the different records also depends on the study proxy.

Line 78, page 3: It is not understood if there is archaeological evidence of occupations during
that time.

Line 80, page3: It would be appropriate to talk about evidence associated with the Huapula
culture and not the Huapala people.

Page 4: Add photos of the landscape, vegetation, archeology.
Page 4, line 106: Talk about recurring occupations
Page 4, line 111: Describe the size of the watershed and catchment area

Page 5, line 118: Incorporate information on pollen rain, vegetation representation patterns in
the pollen of the area as a basis for the interpretation of the results.

Page 6, line 133: mention if any statistical clustering analysis was applied.

Page 7, line 158: A map is needed with the location of the records that are compared to
understand the distances: Pumacocha.

Page 7, line 176: Explain what the differences and similarities in the signals recorded in the
compared records may be due to.



EVALUACION

1. TITLE: It is recommended to specify the location of the site and the chronology of
analysis.

24. KEY WORDS: | do not consider Archaeology and indigenous people to be the
central word of the work.

71-72. Precautions should be mentioned when comparing different records and proxy
data on climatic phenomena that require a high temporal resolution of the records.

117. | believe that the objective should be before page number five.
134. | would also mention the dating.

138. The development of the methodology is brief and the studies on the observations
of the current flora and the archaeological evidence need to be explained.

Tabla 1. In some part it would be necessary to explain why the dates were rejected.

146. Figure 3: It would be necessary to mark a grouping that explains the associations
(Pioneer elements, forest elments)

146-147 : Evidence of fire (charcoal) was only detected in the sediment from 200 BCE
to100 CE — esto no se ve asi

171. There are species like Rubiaceae that are not in the graph. (Figure 3).
177. 1780 to 2000 CE.

184. Size

185. Refereces

224. Purple line marks the 1 cm ashfall of 1285 CE. . This seems important and then it
is not discussed.

Discussion

182. To order the discussion, | would return to the axis of the objectives of the work and
go from the most general to the particular, because otherwise it becomes very
cumbersome for the reader

199. This concept is questionable: undisturbed forest

205- The relationship with Pumacocha deserves certain clarifications and precautions
that minimally deserve to be made explicit about the comparison of different
spatiotemporal scales and the resolution of the proxy data. The use of the forest as an
indicator of moisture vs. isotopes of 018 deserves further explanation.



206- Figure 4 there are some cut words or numbers on the upper right and lower right
edge. 222-223: The pink box highlights our inference for Upano modification around
Lake Cormorant. The gray box highlights the Huapula period . On the basis of what?

226-233 The occurrence of maize pollen at Cormoran is comparable with that seen in
two high-resolution paleoecological records 19,52 from lowland Ecuadorean lakes that
lie ~90 Km to the south and ~ 1400 m lower: Ayauchi and Kumpaka .... If the
comparison of occupation phases is based on archaeological evidence, you should
mention and also detail the precautions that should be taken when comparing
occupation phases, dating, etc.

302-305 References required

315. It seems to be a conclusion, not a discussion as it is worded

334. It is like a final conclusion not discussion, other cases or evidence should be
brought to discuss.

352. The methods should not be at the end. | do not think the organization of the
sections of the text is correct. The methods should not go to the end and there is a
missing section of conclusions that is mixed with the discussion.

357. Again this concept must be mentioned with its precautions: undisturbed

374. The statistical analyses developed and graphs for pollen (figs 3 and 6) need to be
explained

386. It is necessary to explain the statistical analyses developed and graphs for coals
(figs 3 and 6).

REFERENCES
418. Valdez, F. Francisco Valdez

455-456. Kolata, A. L., Binford, M. W. & Ortloff, C. Environmental thresholds and the
empirical reality of state collapse: a response to Erickson (1999). Antiquity 74, 424
(2000).

484. Science, A. A. f. t. A. o. Lost City development in the Upper Amazon. Science
383(6679) SIN NEGRITA LO QUE VA ENTRE PARENTESIS

495. vis, C. et al. Contributions of human cultures to biodiversity and ecosystem
conservation. Nature Ecology & Evolution, 8, 866-879 (2024). OCHO EN NEGRITA

517. Blaauw, M. & Christen, J. A. rbacon: Age-depth modelling using Bayesian
statistics. R package version 2.4 (2018). (2018). REPITE

529. kesson, C. M., McMichael, C. N., Lebén-Yanez, S. & Bush, M. B. Late-Holocene
maize cultivation, fire, and forest change at Lake Ayauchi, Amazonian Ecuador. The
Holocene, 09596836231151833 (2023). NO ES ET AL?



553. Hooghiemstra, H. Vegetational and climatic history of the high plain of Bogota,
Colombia. (Dissertaciones Botanicae 79, J. Cramer, 1984).

560. Whitlock, C. & Larsen, C. Charcoal as a fire proxy. Tracking environmental change
using lake sediments, 75-97 (2002).

GENERAL COMMENTS

The subject of this paper is interesting but it needs to be thoroughly reviewed .

It is not clear what place archaeology occupies. If it is used as evidence for hypothesis
testing or as background in the substantiation.

See key concepts about anthropic impact and Pristine environments

Structuring of the work:

The objective of the work is only on the fifth page.

The sections: a section of conclusions should be included

There is no direct relationship between introduction, objectives, methods, results and
conclusions.

The relationship between the objectives of study and the conclusions is diffuse

The argumentation of the discussion is confused and disorderly.

The methods part should incorporate some missing issues and be further developed
The issue of the volcanic eruption is not taken up in depth in the discussion.

Some issues in the bibliographic references must be controlled.
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