General comments

Many northern lakes have experienced nutrient enrichment over recent decades to
centuries due to either N deposition or P inputs or both, with resulting changes in chemical
and biological conditions in many of those lakes. The extent to which most lakes have
changed is difficult to establish given that contemporary monitoring programs were initiated
after inputs of P (and N) had already long since changed, along with many other
biogeochemical and physical parameters. To identify the scale of potential changes in lake
conditions we require estimates of what lake conditions may have been prior to disturbance,
and with this information scientifically motivated remediation/restoration or management
goals can be developed. The analysis of lake sediment records has long since been an
established as a means to address these questions.

As noted by Moyle et al. in this manuscript and in a new paper by Moyle and Boyle (2021),
which lays the foundation for this study, the main method to establish reference values for
past lake-water P and how conditions may have changed in response to natural
environmental and climate changes or human-driven impacts has been application of
diatom-inferred models. While the accuracy of the underlying transfer functions can be
guestioned (Juggins 2013), the fundamental inferred changes in nutrient conditions are
robust. However, as Moyle et al. observe, there are more geochemical records available,
which include data on sediment P, than diatom records, and if it is possible to exploit these
existing geochemical data sets then it would be possible to greatly increase the spatial and
temporal estimates of lake-water P changes and also landscape P yield in response to a wide
range of natural or human-driven changes. Certainly it is possible to discuss whether total P
concentrations (along with sediment accumulation) are sufficient, or whether other
geochemical data would be ideal to include to somehow partition the P into different
fractions that may represent different sources of P to the sediment record (e.g., using PCA or
actual speciation extractions such as non-apatite inorganic P). This latter is outside the scope
of their study.

The sediment-inferred lake-water TP model is already presented in Moyle and Boyle, so |
have no reason to try to dig through that foundational work. That study also included a
limited comparison of their modeled values against available monitoring data, where there
is sufficient overlap between their sediment reconstruction and monitoring data in three of
the six lakes to indicate the sediment-inferred TP lines up with the temporal pattern, which
would at least suggest there is some basic credence to the model. But it is unfortunate the
sediment records in, for example, Lakes Erie and Ontario do not extend to more recent
years, where monitoring shows a distinct decline in P. It would have been most ideal in that
study to have a few records with more-extensive overlap between the sediment model and
monitoring.

In the new Moyle and Boyle paper, the authors included one comparison of their sediment-
inferred TP with diatom-inferred TP for a N Ireland lake record for the period 1850-1990’s,
which suggests overall similar patterns; however, the timing of a more rapid increase differs
between the two modeling approaches. If one considers that the overall long-term pattern is
of greatest value, then this may be acceptable, but the discrepancy in the temporal pattern
of the increase is notable. As well as the desirability of a more extensive overlap between
the sediment model and monitoring data, it would have been useful to test a few more



sediment versus diatom reconstructions. With that in mind, that is the one thing missing in
this new manuscript — a few comparisons of the sediment-inferred lake-water TP versus
diatom-inferred TP or at least inferred changes in nutrient levels if TP itself was not modeled
from the diatom data.

Overall, although modeling-focused papers by nature are notoriously not the easiest or most
exciting to read, the manuscript is well written despite the technical nature of some sections
and is logically structured. And broadly | think there is good merit in the approach to exploit
geochemical records to estimate past lake-water TP concentrations, which is not without its
challenges as the authors do discuss. Consequently, the current text itself is good; however,
what | feel is missing and would make the evaluation of this approach more robust and of
wider value would be more specific comparisons of the sediment-inferred lake-water TP
with available diatom-inferred reconstructions, which is the current tool for estimating
Holocene timescale lake-water TP concentrations. Diatom-inferred TP reconstructions do
exist for some of the lakes, such as Sargent Mountain Pond (Norton et al.) and the most
recent c. 1500 years in the three lowland German lakes (Hibener et al.) — off-hand | do not
know about data for other lakes; for Krakenes there are data at least for the early Holocene,
but would guess more complete diatom/chironomid data ought to exist — or at least
inferences of nutrient changes that could be inferred from diatom data (without specifically
having diatom-inferred TP). Not that diatom-inferred TP represents necessarily the true
value, but it is the established approach for inferring Holocene patterns in lake-water TP and
represents at present the only way to ‘validate’ the sediment model. The authors also might
at least consider if there is any merit to comparing their sediment-inferred TP patterns with
sediment P speciation, which exist for Sargent Mountain Pond (Norton et al.) and Anterne
(Giguet-Covex et al. GCA 2013). This suggestion represents mainly an addition to the section
4.5 Reliability and Limitations., but is a significant enough addition that would correspond to
a major revision even if the main text is fine.

Some specific comments

Numbers refer to line number

* General curiosity question as to why P water concentrations are reported here as mg/m3
rather than pg/L?

* 33:0dd expression to write “recovery from glaciation”. Maybe use landscape
development following deglaciation?

* 36: for clarity | prefer avoiding use of ‘as’ as synonym for ‘because’. (Amongst other
writing guidelines, | am particularly a fan of the USGS ‘Suggestions to Authors of the
Reports of the United States Geological Survey’, but should note this is not an
American/British English difference; rather, it makes for greater clarity.)

* 47:concentrations

e 81: Lakes, which ...

e 123:itis not unique to apply a value of 2.7 g/cm3 for the density of the non-LOI (ash)
fraction of the sediment (comparable to the density of basalt); however, how does this
account for the fact that much of the ash fraction is composed of diatoms? From a quick
search | came up with one value from Safié et al. (PLOSone 2013) of 2.0. Also, in boreal
lakes how much of the, e.g., Fe —another major constituent —is mineral matter rather
than in organic complexes?



206: Sargent Mountain Pond. Norton et al. had also included a diatom-inferred TP
reconstruction and it would be very valuable in this manuscript to compare and contrast
the values derived from the Moyle-Boyle (2021) model with that derived from diatoms.
While the approximate average Holocene values might be relatively similar, | would not
consider the Holocene pattern to be all that similar. The geochemistry model indicates a
peak in lake-water TP of about 9 ug/L during c. 10000-11000 BP, with a more rapid
decline until c. 8000 and thereafter a steady, long-term decline until c. 1000 BP.
However, in Norton et al. diatom-inferred TP is about 5 ug/L during c. 13000-3000 BP
(key to note the reconstruction is low resolution), with slightly higher values c. 7000 BP.
This would be important to discuss, as well as if similar data exist for any of the other
sediment records.

271: Temporal divisions. It is practical to divide the records into established periods, so
no fundamental issue with that; however, | would consider it a preconception to assume
(lines 276-277) that climatic changes are “likely to have impacted the P records”,
because as later noted for Trait 2 many of the lakes have been impacted since the mid-
Holocene, as well as that most of the lakes really do not show any changes across the
major climatic periods.

408-: Anterne: Giguet-Covex et al. do discuss neoglaciation as a possible factor for the
increase in sedimentation at 5500 BP, but they also acknowledge that human activities
may also have been involved, given the presence of anthropogenic indicators from 5660
BP. Arnaud and co-workers in other works have suggested that in some of the alpine
lakes at least that human activities destabilized catchment soils, which in turn made the
catchments more sensitive to climate (and hence hydrological changes were
subsequently recorded in the sediment records, but less so prior). Furthermore, the
changes in sediment during 4600-2400 BP Giguet-Covex et al. also attribute largely to
land use, where ‘erodibility’ rather than increased discharge was the main driver;
notably, glacial activity was not discussed.

With the Anterne data it would also be interesting how the sediment-inferred lake-water
TP compares more specifically to other aspects of the sediment record, which would
include also the XANES and P speciation from this record by Giguet-Covex et al. (GCA
2013). One concern is that the sediment-inferred lake-water TP more-or-less reproduces
the sedimentation rate.

444 ... exhibiting the stable phase seen ...

454: ... the total P supply to each of the lakes.

619: north German lakes: a comparison is made of the average inferred TP concentration
for the past 1000 years between the sediment-inferred model and diatom-inferred
reconstruction. However, here is an excellent opportunity to compare patterns between
the two models over the 1500 years reported for the diatom-inferred TP reconstructions
for these three lakes. Based on visual comparison, there seems to be substantial
discrepancy between the sediment- and diatom-inferred reconstructions with a very
sharp increase in the sediment-inferred TP c. 1000 BP that is not apparent in the diatom-
inferred TP, which does not show a major change until the past century (figures pasted in
below). Moyle et al. mention the discrepancy in the values for Dudinghauser, but do not
delve into the other records. Addressing the comparison in records with available diatom
data (whether inferred TP or just inferring nutrient changes) would be a very valuable
addition to the manuscript.
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