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Abstract

Organic-walled dinoflagellate cysts have become an important proxy for reconstructing Quaternary sea-surface conditions, with

transfer functions generating quantitative estimates of summer and winter sea-surface temperatures, salinity, and ice cover. I critically

reassess these transfer functions and argue that the uncertainty of the summer temperature and ice cover transfer functions has been

substantially underestimated because the strong spatial structure in the data set has been ignored, and that there is little evidence that

either winter sea-surface temperature or salinity can be independently reconstructed.

r 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Ocean circulation is driven by density differences caused
by temperature and salinity gradients. Past ocean circula-
tion can be reconstructed either from proxies for current
strength, such as sortable silt (Manighetti and McCave,
1995), or by reconstructing past sea-surface temperature
(SST) and salinity (SSS) gradients, and ice cover. The latter
influences ocean circulation as cold dense saline waters are
generated by brine exclusion during freezing. A wide
variety of proxies are used to reconstruct SST, including
planktonic foraminifera and diatom assemblages (e.g.,
Birks and Koc, 2002; Kucera et al., 2005), d18O and Mg/
Ca ratios of foraminifera tests (Elderfield and Ganssen,
2000; Risebrobakken et al., 2003), and alkenones (Kim
et al., 2004), although some of these become less precise in
cold water: the Mg/Ca SST calibration curve has a low
gradient (Elderfield and Ganssen, 2000) and foraminifera
assemblages tend to be monospecific (Kucera et al., 2005).
Most of these reconstruct growing season or annual SST,
and not winter SST. Fewer proxies are available to
reconstruct SSS and ice cover: d18O can be used to
reconstruct SSS, if an independent SST record is available
(Duplessy et al., 1991), though the uncertainty may be
e front matter r 2006 Elsevier Ltd. All rights reserved.
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substantial. Foraminifera have been used to reconstruct ice
cover presence (Kucera et al., 2005).
Dinoflagellate-cyst-based transfer functions apparently

offer a solution. Organic-walled cysts, which are produced
by about 10% of dinoflagellate taxa (Dale, 1996), have
moderate diversity and are well preserved, even in the High
Arctic (de Vernal et al., 2005). De Vernal et al. (2001, 2005)
develop transfer functions using dinoflagellate cyst assem-
blages to reconstruct summer and winter SST, the number
of months of ice cover, and summer SSS for mid- and high-
northern latitude oceans. These transfer functions appear
to have high correlations between the predicted and
measured environmental values, and small prediction
errors under some form of statistical cross-validation.
These low predictive errors are perhaps surprising, given

the potential for transport and reworking of silt-sized cysts
(Dale, 1996), the confounding effects of the difference
between oceanic and neritic assemblages (Dale, 1996), and
the potential importance of nutrient and water-column
stability in determining dinoflagellate communities (Dale
et al., 2002). Dale (2001) uses these arguments, amongst
others, to express scepticism about dinoflagellate cyst
transfer functions. In contrast, de Vernal et al. (2001)
consider that about half of the uncertainty in the salinity
transfer function can be attributed to imprecise environ-
mental measurements.
Dinoflagellate-cyst-based reconstructions of the Last

Glacial Maximum (LGM; de Vernal et al., 2005) show
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some curious features, for example, Norwegian Sea
summer SSTs are reconstructed as being warmer than
modern. This contrasts with colder SST reconstructed by
planktonic foraminifera (Kucera et al., 2005). In any
multiproxy palaeoecological study, there will be some
discrepancies between proxies. These may be explained by
the different proxies being sensitive to different aspects of
the environment, for example, SST proxies responding to
temperature at different water depths or seasons; alter-
natively, one or more of the reconstructions may be in
error.

The dinoflagellate cyst transfer functions developed by
de Vernal et al. (2005) use the modern analogue technique
(MAT). Telford and Birks (2005) demonstrate that spatial
structure in the training set causes the test data to lack
statistical independence from the training data under cross-
validation, resulting in high correlations and spuriously
low predictive errors, regardless of the ecological impor-
tance of the environmental variable reconstructed. MAT is
particularly sensitive to this problem: the uncertainty of
planktonic foraminifera SST transfer functions is probably
about double that estimated using MAT (Telford and
Birks, 2005). Below I explore the impact of spatial structure
on the dinoflagellate cyst transfer functions, and the
influence of low count sizes and non-analogue assemblages
on the reliability of the LGM reconstructions. Throughout
I use the same data transformations and number of
analogues as de Vernal et al. (2005) to ensure compar-
ability.

2. Dinoflagellate transfer functions

MAT is based on the premise that species assemblages
that resemble one another are derived from similar
environments (Prell, 1985). This is quantified by selecting
the k-nearest neighbours in the training set, using an
appropriate distance metric, and calculating the (weighted)
mean of the environmental variable of interest. If multiple
environmental variables are reconstructed, the same k

(effectively fewer if analogues are weighted) observations
contribute to each estimate: MAT is sensitive only to local
taxonomic space. This contrasts to linear (e.g., Imbrie
and Kipp factor analysis) or unimodal (e.g., weighted-
averaging) species–environment response-based methods,
where all sites have some influence, and the amount is
different for each environmental variable: these methods
are sensitive to the global relationship between species and
environment (ter Braak, 1995).

The taxonomic distance between sites is a holistic (and
non-linear) measure of environmental differences, not just
in the environmental variables of interest. Ideally, if an
environmental variable is not ecologically important, it will
have little influence on the taxonomic distances, and the
transfer function will have no predictive power. However,
if environmental variables are spatially structured, spatially
close sites will have similar environmental conditions and
hence be floristically similar. If there is a tendency to select
spatially close sites as analogues, even variables with no
ecological relevance will appear possible to reconstruct
(Telford and Birks, 2005).
Since all oceanic environmental variables are spatially

autocorrelated, great care needs to be taken to guard
against this effect. The geographic distribution of analo-
gues during cross-validation can give an indication of the
severity of the problem. If the analogues selected for the
test site are widely spaced, but have similar values for the
environmental variable of interest, the transfer function is
robust. However, if most of the analogues are selected from
the same area as the test assemblages, autocorrelation may
be a serious problem.
The dinoflagellate cyst training set includes 940 observa-

tions (de Vernal et al., 2005), many of these are within
discrete geographical clusters (Fig. 1). The environmental
range within each cluster is small compared with the total
range. There are seven sites in the Celtic Sea, all
species-rich, each selects its five analogues from within
the Celtic Sea. None are selected as an analogue by any
other site. Since the environmental range of the Celtic Sea
sites is less than 2 1C and 0.3 psu, and zero ice months, the
values reconstructed by cross-validation are constrained to
be close to their actual value. If the analogues were
randomly chosen within the Celtic Sea, the expected
RMSEP for these sites would be 0.7 1C for summer SST
and 0.1 psu for SSS. While extreme, this example is not
unique: 98% of the weighted analogues selected by
the 88 Mediterranean sites are found in the Mediterranean
(Table 1); the values estimated under cross-validation
are constrained to being close to the true value for all
environmental variables. There is some aspect, alone
or in combination, of the Mediterranean Sea environment
that is unique, which gives it a distinctive cyst flora.
It cannot be summer SST alone as sites off the Delaware
coast have similar summer SSTs but they are not
selected as analogues. It could be the high SSS, the limited
seasonal SST variability, or another factor, perhaps
nutrient availability, water column stability, or light
regime. Without a second area with a similar flora,
it is not possible to determine which variables are
ecologically important. On the other side of the Atlantic,
training set sites off the Delaware coast have similar
summer SSTs to the Mediterranean; however, 80% of
analogues are drawn from this region, and none of these
sites select Mediterranean sites as analogues (or vice versa).
This tendency to select analogues from the same geo-
graphic area is apparent in all the mid-latitude coastal
clusters, despite the small number of sites in many clusters.
It is reduced in open water because of the lower and more
even site density, transported cysts, or less patchy
environments. In the High Arctic, the tendency to select
geographically close analogues is further reduced.
The effect of this preference for local analogues is severe:

it will appear possible to reconstruct any variable which
varies more between, than within, clusters with remarkable
precision regardless of its ecological relevance. That SST,
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Fig. 1. Map of sites in the 940 dinoflagellate cyst training set (de Vernal et al., 2005) with selected clusters of sites labelled (see Table 1). Clusters were

identified visually, and based on patterns of analogue selection.
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SSS, and ice cover yield MAT transfer functions with a low
RMSEP under cross-validation is not sufficient to
determine if they can be realistically reconstructed as
MAT evaluation statistics are highly biased in spatially
structured environments (Telford and Birks, 2005).
Transfer function methods, such as weighted averaging
and weighted averaging partial least squares (ter Braak
and Juggins, 1993), sensitive to the global, rather than
local, relationship between assemblages and the environ-
ment give less biased, and hence more realistic evaluation
statistics. These less biased statistics are inevitably worse
(Table 2).

The poor predictive capacity of weighted-average-based
methods relative to MAT reflects the ability of MAT to
incorporate the spatial structure in the data. Additionally,
few taxa in the training set have a narrow SST range (SST
difference between first and last occurrence): only 17 of 60
taxa have a range of less than 10 1C, and almost half have a
range of over 20 1C. At least some of this apparent broad
tolerance represents transport of cysts by ocean currents,
rather than the intrinsic biological response of the taxa
(Dale, 1996). Weighted-average transfer functions depend
on differences in optima between taxa, but if taxa have
broad tolerances, their optima will be more difficult to
estimate in noisy systems.

2.1. Validity of multiple reconstructions

A key assumption of transfer functions is that the
environmental variable of interest is an ecologically
important variable, or that it is linearly correlated with
one that is, and this correlation is stable through time
(Birks, 1995). The second part of this assumption has some
interesting consquences, as many environmental variables
are highly correlated, and it is often difficult to determine
which is ecologically most important. For example, in lake-
diatom training sets, pH, alkalinity, and calcium concen-
tration are usually highly correlated (Birks et al., 1990).
Provided this correlation is maintained through time,
diatoms can be used to reconstruct any one of these
variables, and the choice can be arbitary. Similarly, there is
uncertainty about which SST season and depth can be
reconstructed using planktonic foraminifera (e.g., Pflau-
mann et al., 1996). Since SSTs of all depths and seasons are
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Table 1

Percent of analogues selected from home region and standard deviation of environment gradients

ID no. Cluster name No. of

sites

Percent analogues in

home cluster

Standard deviation

Summer SST

(1C)

Winter SST

(1C)

Ice cover

(months)

Summer SSS

(psu)

1 Mediterranean 88 97.7 0.9 0.7 0 0.4

2 Balearic 44 75.9 1.2 0.9 0 0.3

3 Tyrrhenian Sea 44 77.7 0.3 0.1 0 0.3

4 Iberian Margin 18 75.6 1.3 1.8 0 0.6

5 Celtic Sea 7 100 0.6 0.7 0 0.1

6 North Sea 9 60 0.3 0.2 0 0.1

7 Norwegian coast 33 89.1 0.8 1.4 0 1.3

8 Vøring Plateau 17 54.1 0.4 0.3 0 0.6

9 Norwegian Sea 31 71 1.8 1.9 0.2 0.3

10 W. Svalbard 11 50.9 1.3 1.2 4.4 0.7

11 N. Iceland 37 76.2 0.9 0.9 1 0.4

12 SW Iceland 15 66.7 1.9 1.2 0 0.2

13 S. Greenland 11 50.9 0.7 0.6 0.8 0.3

14 Offshore Delaware 35 81.7 0.7 1.1 0 0.6

15 Gulf of Maine 10 58 1.3 1 0 0.3

16 Nova Scotia 31 50.3 2.1 2.5 0 0.6

17 Cape Canso 7 85.7 0.1 0.6 0 0.1

18 Gulf of St. Lawrence 32 75 1.7 0.4 0.3 0.8

19 South Quebec 14 91.4 1.4 0.4 0 0.3

20 St. Lawrence Estuary 18 83.3 1 0.5 0.2 1.5

21 Hudson Bay 16 80 0.7 1.9 0.4 3.5

22 Canadian archipelago 56 63.6 0.8 0.3 1.2 1.4

23 Fram Straits 13 41.5 0.3 0.1 0.4 0.3

24 Barents Sea 13 26.2 0.8 0.9 0.7 1

25 S. Nova Zemlya 19 77.9 0.9 0.3 1.2 0.9

26 Franz Joseph Land 10 20 0.8 0.5 1.1 0.5

27 Obskaya 14 27.1 0.6 0 0.7 4.4

28 Laptev Sea 53 71.3 1.2 0.5 0.7 1.2

29 E. Beaufort Sea 21 41.9 0.9 0.3 0.8 4.4

30 Bering Sea 46 93.5 0.4 1.5 1.6 0.4

31 Washington offshore 27 91.1 0.8 1.1 0 0.4

32 Washington coast 36 84.4 0.9 1 0 1.4

Table 2

Dinoflagellate cyst transfer function leave-one-out RMSEPs for different environmental variables using MAT and weighted-averaging-based methods,

and the standard deviation of each variable

Variable Modern analogue

technique

Weighted-averaging Weighted-averaging

partial least squares

(3 components)

Standard deviation

Summer SST (1C) 1.6 3.3 2.6 7.5

Winter SST (1C) 1.2 2.3 1.7 5.4

Ice cover (months) 1.3 2.3 1.9 4.1

Summer salinity (psu) 1.7 3.0 2.7 4.5
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highly correlated, it does not matter much statistically
which is reconstructed.

The correlation between variables may change with time.
For example, at different stages of lake ontology, the
relationship between climate and water chemistry may vary,
or the correlation between salinity and temperature may
change under different ocean current configurations. Poten-
tially, it may be possible to generate valid reconstructions
for some variables for the Holocene, but not for earlier
periods. Such problems are minimised if only the most
ecologically important variables are reconstructed, or if the
correlation sturcture is unlikely to change substantially.
Palaeoecologists frequently wish to reconstruct multiple

variables from the same proxy. Provided each variable
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fulfils the above assumption, they are individually
valid, but only offer additional palaeoenvironmental
information if the variable has a significant independent
effect on assemblage composition. Reconstructions of
co-linear variables share the same information, so differ-
ences between the reconstructions cannot be interpreted.
A partial canonical correspondence analysis (CCA; ter
Braak, 1988; Borcard et al., 1992) can be used to determine
if a variable has a significant independent effect on
assemblage composition.

De Vernal et al. (2001, 2005) reconstruct summer and
winter SST, ice cover, and salinity. These reconstructions
are treated as if they are independent, for example, when
calculating potential density (Hillaire-Marcel et al., 2001).
Below I examine each of these reconstructions.

2.1.1. Summer SST

Growing season temperature is one of the most
important climatic variables for many biological commu-
nities (e.g., Woodward, 1987). Given the summer SST
range of 26 1C (at 10m water depth) in the dinoflagellate
cyst training set, it is a reasonable hypothesis that summer
SST influences dinoflagellate cyst assemblages. As a sole
explanatory variable in a CCA, summer SST explains
14.1% of the variance in the dinoflagellate cyst data set.
The remaining variance is due to other environmental
variables, biotic and taphonomic effects, and noise.

2.1.2. Winter SST

Winter SST explains 14.6% of the variance as the sole
explanatory variable in a CCA, but if the effect of summer
SST is statistically removed by partialling it out (ter Braak,
1988), winter SST only explains 2.9% of the variance. This
large reduction reflects the high correlation between
summer and winter SST (r ¼ 0.9). As the permutation
tests normally used to assess the statistical significance of
explanatory variables in CCA are sensitive to autocorrela-
tion in the data set (Fortin and Jacquez, 2000), it is not easy
to determine if this is statistically significant, but it is
certainly not very important ecologically. As, at least
outside the tropics, neritic cyst-forming dinoflagellates
survive the winter as a dormant cyst on the sediment
(Dale, 1996), and hence the active cells are not exposed to
winter SST condition, this lack of response to winter SST is
not surprising (Dale, 2001).

Winter SST has a lower RMSEP than summer SST, and
explains marginally more of the variance in dinoflagellate
cyst assemblage composition. These small differences
should not be used to argue that winter SST is ecologically
more important than summer SST, rather, they probably
reflect the different, non-Gaussian, distributions of summer
and winter SST values.

The procedure adopted here of testing winter SST after
partialling out summer SST is almost equivalent to testing
SST seasonality after partialling out summer SST. The
amount of variance explained by each procedure is
identical.
2.1.3. Ice cover duration

Dinoflagellates can colonise sea ice (Melnikov et al.,
2002), and the presence of ice cover will affect ecologically
important variables, such as light availability, temperature,
and turbulence in the surrounding water. As a sole
explanatory variable in a CCA, ice cover explains 10.6%
of the variance in the data. If summer SST is partialled out,
ice cover explains 5.8% of the variance. The cross-
validation RMSEP of ice cover using MAT is 1.3 months
(Table 2). However, if only sites with at least some ice cover
are considered, the RMSEP is 1.7 months. This reflects the
bias generated by including many sites distant from the ice
margin in the training set. Increasing the number of, for
example, Mediterranean sites in the training set would
reduce the ice cover RMSEP, but would have no effect on
the uncertainty at sites where ice is predicted to occur.
The response of dinoflagellates cysts to ice cover is not

linear. There is an ecological transition at about 8 months
ice cover in the training set. With minor exceptions, cysts of
the Arctic morphotype of Polykrikos spp. and Echinidinium

cf. karaense are only found at sites with 8 or more months
of ice cover and Islandinium minutum and Islandinium

cesare both reach their maximum abundance here. With 8
or more months of ice cover, there will be ice during the
growing season to be colonised and modify the local
environment. At sites with just a few weeks or months of
ice cover, there is likely to be little ice remaining to
influence dinoflagellate communities in their growing
season. These ideas can be tested with CCA. A binary
variable indicating if there are more or less than 8 months
of ice cover explains 6.1% of the variance after summer
SST is partialled out. Although most of the information on
ice cover has been discarded, this is a higher proportion of
the variance than the raw variable explained. This result
suggests that dinoflagellate cysts might be able to
reconstruct successfully ice cover of more than 8 months,
but any signal from less than 8 months is probably too
weak to detect independently of summer temperature.
Interestingly, the LGM assemblages do not find analogues
in the High Arctic.

2.1.4. Summer SSS

As a sole explanatory variable in a CCA, SSS explains
10.4% of the variance in the data. Salinity is correlated
with both ice (r ¼ �0.67) and summer SST (r ¼ 0.56) in the
training set. If both these variables are partialled out in a
partial CCA, SSS explains only 2.4% of the variance.
There is no evidence of a strong independent relationship

between salinity and dinoflagellate cyst assemblage com-
position in this training set, that could be used to
reconstruct SSS independently of other variables. That is
not to conclude that dinoflagellate communities are not
sensitive to SSS, but that given the relatively low salinity
range of most of the sites, and the lack of warm, low SSS
sites, this data set is not adequate to detect it. The inability
to reconstruct SSS is perhaps not surprising given the
euryhaline nature of at least some dinoflagellate taxa.
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Fig. 2. Simulation of the effect of count sum on summer SST RMSEP.

During leave-one-out cross-validation of the training set, the cyst count of

the test observation was sampled without replacement to simulate a

reduced count sum (if the real count sum was smaller than the target, it

was unaltered). This simulation was repeated 100 times, the figure shows

the median and interquartile range of the RMSEP for each count sum.

The dashed horizontal line shows the leave-one-out RMSEP of the

unaltered training set.
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Evidence for the lack of sensitivity to salinity comes both
from the distribution of cyst taxa (Marret and Zonneveld,
2003) and assemblages, and culture experiments. Dale
(1996) only found a distinctive salinity signal in dino-
flagellate cyst assemblages (from the Kattegat and the
Baltic Sea) below 12 psu. In culture experiments, Lewis and
Hallett (1997) grew Lingulodinium polyedrum at salinities
between 10 and 40 psu, and White (1978) grew Alexan-

drium tamerense at salinities between 11 and 43 psu.

2.2. Allochthonous cysts

Perhaps the most important assumption of transfer
functions is that assemblage composition is a function of
the environment (Birks, 1995). This assumption is violated
if cyst assemblages contain a transported or reworked
component, as this component reflects ocean current
configuration, not the local environment. With the excep-
tion of truly oceanic taxa such as Impagidinium, dino-
flagellate cysts are a benthic resting stage, germinating in
spring and swimming back to the euphotic zone. Dale
(1996) argues that this life cycle is restricted to coastal
waters, and that neritic cysts found in oceanic sediment are
the product of long-distance transport. Any apparent
relationship between the environment and assemblages
contaminated by transported cysts cannot be expected to
survive changes in current configuration, so transfer
functions based on such assemblages are unlikely to be
robust.

3. Dinoflagellate LGM reconstructions

De Vernal et al. (2005) reconstruct LGM sea-surface
conditions for the N. Atlantic from dinoflagellate cysts
assemblages, and find warmer summer SSTs than modern
in the Nordic Seas. This is an unexpected result, and if
validated would have major implications for our under-
standing of LGM oceanic and climatic conditions, hence it
is important to subject it to scrutiny.

Many of the LGM assemblages have low count sums
(median o50 cysts) compared with the modern training set
(median 4300), which will inflate the uncertainty of the
reconstructions beyond that estimated by cross-validation
of the training set (Heiri and Lotter, 2001). The increase in
uncertainty can be estimated with a simulation (Fig. 2). If
300 cysts are counted, the uncertainty is only slightly above
that estimated by cross-validation; if 100 cysts are counted,
the uncertainty is almost 50% higher; with a count of only
50 cysts, the uncertainty doubles. Heiri and Lotter (2001)
found weighted-average reconstructions based on low
count sums to be biased; MAT reconstructions are
probably similarly biased.

The problem of low count sums can only be ameliorated
by increasing counting effort or by amalgamating adjacent
samples until a respectable count sum is achieved. The
former strategy may be futile if low count sums reflect low
productivity and increased risk of transported cysts. The
latter assumes that hydrographic conditions remain con-
stant for extended periods.
Many of the LGM samples lack good modern analo-

gues. This may be partly due to the low count sums, but the
lack of good LGM analogues is a problem common to
many biological proxies (e.g., pollen, Jackson and
Williams, 2004; planktonic foraminifera, Kucera et al.,
2005; and chironomids, Brooks and Birks, 2001) and
reflects the differences between LGM and modern envir-
onments. LGM environments are not simply modern
conditions translated southwards, but are a recombination
of modern SST, SSS, nutrient, stratification, and light
regimes together with reduced pCO2 and increased pH.
Much of this environmental space is not represented by
modern conditions, and thus generates assemblages lacking
good modern analogues (Jackson and Williams, 2004).
Transfer functions, especially MAT, can perform poorly
with non-analogue condition (ter Braak, 1995). The
uncertainty on all LGM reconstructions, and especially
those with non-analogue assemblages, is much greater than
that indicated by statistical cross-validation of the modern
training set.
If the new estimates of the uncertainty in the training set

are added to the uncertainties due to the low count sums
and lack of modern analogues, there is considerable scope
for harmonising the dinoflagellate cyst-inferred LGM
conditions in the Nordic Seas with other reconstructions.
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4. Improving dinoflagellate-cyst-based transfer functions

Dinoflagellates, like all organisms, have environmental
preferences, and knowledge of these preferences can be
used to reconstruct past environmental conditions. Envir-
onmental reconstructions will be most robust if they are
ecologically reasonable. This principle can be used as a
guide for improving dinoflagellate-cyst-based transfer
functions. Since transported and reworked cysts cannot
be expected to have a reliable relationship with the local
environment, both the training set, and the cores to which
reconstructions are applied, should be in locations where
high local production and minimal transport of cysts is
expected. This limits the utility of dinoflagellate cysts
transfer functions to the continental shelf. Marine envir-
onments are inherently spatially structured, and transfer
functions, such as MAT, sensitive to this lack of
independence between observations should be avoided.
The effect of spatial structure can be further reduced if the
spatial extent of the training set is extended, provided
endemism is not a problem, as this can provide multiple
independent examples of each type of environment. There
is probably insufficient information in assemblage compo-
sition to generate independent reconstructions of multiple
co-linear environmental variables, so it is probably better
to just reconstruct the variable which is ecologically most
relevant.

5. Conclusions

The sites in the 940 dinoflagellate training set (de Vernal
et al., 2005) are not evenly distributed in space, either
geographically or environmentally, instead many sites are
in clusters. This arrangement favours the modern
analogue technique, which can select geographically local
analogues, constrained to have very similar environmental
characteristics. Any variable that varies more between
clusters than within clusters will appear possible to
reconstruct. Transfer function methods that find global
rather than local relationships between species assemblages
and the environment, which are more robust against spatial
structure in the training set, suggest the uncertainty of
dinoflagellate cyst transfer functions is much larger than
estimated previously.

Summer SST can be reconstructed from dinoflagellate
cyst assemblages, though with large uncertainties. There is
little evidence that either SSS or winter SST can be
reconstructed independently of summer SST. Ice cover can
possibly be reconstructed independently of SST, but only
when its duration exceeds about 8 months, extending ice
presence into the growing season.

Long-distance transport and reworking of silt-sized cysts
is potentially a severe problem, especially in the deep
ocean, obscuring the true relationship between cyst
assemblages and the environment.

Previous dinoflagellate-cyst-based reconstructions
should be treated with considerable caution.
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