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Abstract Macrophytes are a critical component of
lake ecosystems affecting nutrient and contaminant
cycling, food web structure, and lake biodiversity.
The long-term (decades to centuries) dynamics of
macrophyte cover are, however, poorly understood
and no quantitative estimates exist for pre-industrial
(pre-1850) macrophyte cover in northeastern North
America. Using a 215 lake dataset, we tested if surface
sediment diatom assemblages significantly differed
among lakes that have sparse (<10% cover; group 1),
moderate (10-40% cover; group 2) or extensive
(>40% cover; group 3) macrophyte cover. Analysis
of similarity indicated that the diatom assemblages of
these a priori groups of macrophyte cover were
significantly different from one another (i.e., differ-
ence between: groups 1 and 3, R statistic = 0.31,
P < 0.001; groups 1 and 2, R statistic 0.049,
P < 0.01; groups 3 and 2, R statistic 0.112,
P <0.001). We then developed an inference model for
macrophyte cover from lakes classified as sparse or
extensive cover (145 lakes) based on the surface
sediment diatom assemblages, and applied this model
using the top-bottom paleolimnological approach
(i.e., comparison of recent sediments to pre-distur-
bance sediments). We used the second axis of our
correspondence analysis, which significantly divided
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sparse and extensive macrophyte cover sites, as the
independent variable in a logistic regression to predict
macrophyte cover as either sparse or extensive. Cross
validation, using 48 randomly chosen sites that were
excluded from model development, indicated that our
model accurately predicts macrophyte cover 79% of
the time (+* = 0.32, P < 0.001). When applied to the
top and bottom sediment samples, our model pre-
dicted that 12.5% of natural lakes and 22.4% of
reservoirs in the dataset have undergone a >30%
change in macrophyte cover. For the sites with an
inferred change in macrophyte cover, the majority of
natural lakes (64.3%) increased in cover, while the
majority of reservoirs (87.5%) decreased in macro-
phyte cover. This study demonstrates that surface
sediment diatom assemblages from profundal zones
differ in lakes based on their macrophyte cover and
that diatoms are useful indicators for quantitatively
reconstructing changes in macrophyte cover.

Keywords Macrophyte cover - Diatoms -
Paleolimnology - Shallow lakes - Logistic regression -
Transfer function

Introduction
Small, shallow lakes are the most common freshwater
ecosystems in the world (Wetzel 2001; Downing et al.

2006). Understanding the ecology of these systems
has important implications for lake management and
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the preservation of biodiversity (Oertli et al. 2002;
Scheffer et al. 2006). Not surprisingly, there has been
a recent surge of interest in paleolimnological recon-
structions of shallow lakes (e.g. Brenner et al. 2006;
Denys 2006). As researchers have come to appreciate
the central role that macrophytes play in structuring
shallow lake ecosystems (Carpenter and Lodge 1986;
Jeppesen et al. 1998; Tan and Ozesmi 2006) and have
become interested in exploring the theory of alterna-
tive stable states (Scheffer 1989, 1998; Scheffer et al.
1993), studies on macrophyte ecology have increased
dramatically. For example, an ISI Web of Science
search for the keyword “macrophyte” found that in
the four top journals accounting for ~25% of
macrophyte studies between 1967 and 2007 (Hydro-
biologia, Aquatic Botany, Freshwater Biology, and
Archiv fiir Hydrobiologie), there has been a sudden
increase in macrophyte studies from an average of
~2% of all publications per year (between 1967 and
1990), to an average of ~10% of all publications
(between 1991 and 2007).

Despite the interest in macrophyte ecology, rela-
tively little is known regarding the long-term dynam-
ics of whole-lake macrophyte biomass. The few
studies that have attempted to reconstruct past
macrophyte cover, biomass, or community over
longer time scales (decades to centuries) have been
primarily qualitative and have employed plant mac-
rofossil and/or pollen analyses (e.g. Sayer et al. 1999;
Birks 2000; Sand-Jensen et al. 2000; Odgaard and
Rasmussen 2001; Egertson et al. 2004; Davidson
et al. 2005; McGowan et al. 2005; Rasmussen and
Anderson 2005; Viliranta 2006; Zhao et al. 20006).
Although plant macrofossil and pollen analyses are
excellent tools to provide an indication of what
macrophyte taxa were present in the lake, one cannot
obtain quantitative estimates for either macrophyte
biomass or cover using these techniques. This is
because macrofossils are distributed unevenly in lake
sediments and there is differential preservation of
macrofossils between macrophyte taxa (Zhao et al.
2006), making it difficult to quantitatively interpret
macrofossils as plant cover. Pollen analysis also
presents its own problems for obtaining quantitative
estimates of macrophyte cover. The aquatic pollen
assemblage underestimates macrophyte diversity and
abundance because the majority of aquatic plants
often reproduce vegetatively (Zhao et al. 2006). For
these reasons, an approach based on the relative
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abundance of diatom taxa is being evaluated in this
study for obtaining quantitative estimates of macro-
phyte cover.

There is good evidence that the presence of
macrophytes influences diatom assemblages and dia-
toms have been used to qualitatively reconstruct
changes in macrophyte cover within a lake (Moss
1978). Recently, there have been a few attempts to
define the relationship between diatoms and macro-
phytes quantitatively. For example, Reavie and Smol
(1997) showed that in the St. Lawrence River diatom
assemblages collected from macrophytes are distin-
guishable from epilithic and epiphytic diatom assem-
blages on filamentous algae. These data were then
used in a logistic regression model to semi-quantita-
tively infer changes in macrophyte habitat over the
last century in two fluvial lakes (Reavie et al. 1998).
Similarly, Dixit et al. (1999) have demonstrated that
macrophyte density was a significant explanatory
variable of diatom community composition in a 257-
lake dataset for the northeastern USA. In fact, they
found that macrophyte density explained differences
in the diatom community composition that was
independent of lake depth, total phosphorus, and
other limnological variables. This suggests that it
should be possible to construct a quantitative macro-
phyte biomass model based on diatom assemblages.

To test if diatom assemblages preserved in profun-
dal surface sediments can distinguish between lakes
with extensive, moderate, or sparse macrophyte cover,
we analyzed a dataset assembled as part of the USA.
Environmental Protection Agency’s Environmental
Monitoring and Assessment Program-Surface Waters
(EMAP-SW; Larsen et al. 1991; Dixit et al. 1999). This
dataset also included diatom counts from the top and
bottom 1 cm from sediment cores of 136 lakes. This
“top—bottom” approach is well suited for regional
studies, as it allows for a relatively rapid comparison
between recent and pre-impact (top and bottom 1 cm of
sediment cores respectively) limnological conditions
for many lakes (Smol 2002). Thus, we used these
diatom data to infer changes in macrophyte cover for
lakes across the northeastern United States.

The EMAP-SW dataset

The complete EMAP-SW dataset consists of a suite
of environmental and physical data for 370 lakes and
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reservoirs in northeastern USA (Maine, New Hamp-
shire, Vermont, Massachusetts, Connecticut, Rhode
Island, New York, and New Jersey). These lakes were
sampled through a stratified random sampling design
from a dataset of all lakes in the region that were at
least 1 m deep and had a surface area between 1 and
10,000 ha (Larsen et al. 1991). As a result, the lakes
sampled represent a subset of all northeast lakes (as
defined above) with a known statistical uncertainty
(Larsen et al. 1991; Dixit et al. 1999). For a complete
description of lake selection methods used in EMAP-
SW, see Larsen et al. (1991). Sediment cores were
recovered from the deep, central, portion of 238 of
the lakes and reservoirs (159 lakes and 79 reservoirs)
using a Glew (1989) gravity corer for diatom analysis
(Dixit et al. 1999). For a full description of coring
techniques, sediment dating, and diatom analysis, see
Dixit et al. (1999). To determine if the sediment cores
extended to pre-industrial conditions (pre-1850),
219pp activity and pollen analyses (the ratio of
ragweed and grass pollen to other pollen types) were
conducted on the bottom sediments of the cores
(Dixit et al. 1999). Diatoms were analyzed from the
top 1 cm and bottom 1 cm of the sediment cores
following standard taxonomic procedures (Dixit et al.
1999).

Macrophyte cover was also estimated for 239
lakes. Macrophyte cover was determined following a
standardized, semi-quantitative procedure (Baker
et al. 1997). At each lake, the habitat of the lake
margin was examined at 10 evenly spaced, predeter-
mined stations 10 m from the shoreline. Macrophyte
cover was visually examined in an area 15 m wide by
10 m out from the shoreline and the lake was ranked
as sparse (<10% cover), moderate (10—40% cover), or
extensive (>40% cover) macrophyte cover. This
method of quantifying macrophyte cover only pro-
vides a coarse estimate but offers the advantage of
being a relatively quick and inexpensive technique
for generating estimates from a large number of
lakes.

Methods

We conducted some preliminary screening of the
EMAP-SW dataset to include only those lakes that
had both estimates of macrophyte cover and diatom
assemblage data. Of the 370 lakes in the EMAP-SW

dataset, 215 fit the above criteria and were retained
for further analysis. Across these 215 lakes, a total of
468 diatom taxa were identified in the surface
sediment samples (Dixit et al. 1999). Of the 468
diatom taxa, 198 were considered to be common
using the criteria in Dixit et al. (1999) that includes
only those taxa that are found in at least 10 samples
and reach a relative abundance of at least 1% in one
lake. All analyses were carried out on the two
datasets: The full complement and the common
diatom taxa datasets. We found, however, no appre-
ciable differences between the two datasets and thus
present only the results of the analysis on the
common diatom taxa.

Analysis of similarity (ANOSIM) based on a Bray-
Curtis similarity index was performed using the
computer program PRIMER (version 5) to test if the
surface sediment diatom assemblages are significantly
different between the a priori groups of macrophyte
cover classified as sparse (group 1), moderate (group
2), or extensive (group 3). ANOSIM provides an R
statistic value that is a measure of the average rank
similarities arising from all pairs of samples between
different groups (Clarke and Warwick 2001). The R
statistic ranges between values of —1 to 1 with R = 1
when all samples within a group are more similar to
each other than any samples from any other group and
R approaches zero when similarities between and
within groups are on average the same. Significance
of the R statistic is established using a permutation
test (999 permutations, P < 0.05).

Given that the boundary between the moderate
cover classification (10—40% cover) is likely difficult
to distinguish from the sparse (<10% cover) or
extensive (>40% cover) classification, only lakes
grouped as sparse or extensive macrophyte cover
were included in model development (n = 145).
These lakes are primarily shallow (median depth
2.6 m), and small (median surface area 30.1 ha;
Fig. 1). The distribution of lake morphometric
parameters used in selecting the EMAP-SW lakes
(i.e., mean depth and lake surface area) are not
significantly different than the original data set (two-
tailed Kolmogrov—Smirnov test: D = 0.082, P = 0.51;
D = 0.080, P = 0.55 for mean depth and lake surface
area respectively). Using CANOCO (version 4.5; ter
Braak and Smilauer 2002), a correspondence analysis
(CA) was used to explore the relationship among the
lakes based on their diatom assemblages. For CA
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analysis diatom taxa were square root transformed to
reduce the influence of dominant taxa, and rare
species were downweighted.

Logistic regressions are well suited for construct-
ing predictive models based on binary data (Osborne
and Tigar 1992) and have been used successfully in
paleolimnological studies (Reavie and Smol 1997).
Due to the binary nature of the sparse/extensive lake
cover classification, we employed a logistic modeling
approach similar to that used by Reavie and Smol
(1997) in their presence/absence modeling of habitat
type for the St. Lawrence River. Logistic regression
models are similar to linear regression models but the
logistic regression model is constrained to a value
between zero and one (Osborne and Tigar 1992;
Reavie and Smol 1997) and takes the form

y = ea+bx/(1 + ea+bx) (1)
where y is the predicted response value, a + bx is the
linear predictor where a is the intercept, b is the
regression coefficient and x is the independent
variable. Using a random number table, two thirds
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of the sites (97 lakes) were selected to calibrate the
macrophyte sparse/extensive model and 48 sites were
set aside for an independent cross validation of the
model. Sample CA axis scores that were found to be
significant predictors of macrophyte cover based on
an ANOVA (P < 0.05) were selected as independent
variables in a logistic regression model to classify
macrophyte cover for each sample as either sparse (0)
or extensive (1). The performance of the logistic
model was evaluated on the 48 sites set aside to test
the model accuracy, the correlation coefficient, and
the significance (P < 0.05) of the relationship.

To infer past macrophyte cover for the EMAP-SW
lakes, the diatom assemblages from the bottom 1 cm
of the core were plotted passively within the CA
conducted on the surface sediment diatom assem-
blages. This provided CA axis scores for the bottom
sediment samples without their diatom assemblages
influencing the distribution of the sites in the
ordination space. The logistic regression model was
then applied to the CA axis scores for the bottom
1 cm samples to obtain the probability of the past
macrophyte biomass being sparse or extensive.
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that diatom assemblages from profundal sediment
cores could be used to quantitatively reconstruct
macrophyte cover within a lake. Although all three
groups of macrophyte cover differed significantly in
their respective diatom assemblages, the differences
between the diatom assemblages from the moderate
macrophyte cover group to those from either the
sparse or extensive cover groups are relatively low
(Table 1). This result, however, is not surprising
considering how the estimates of macrophyte cover
were collected. For example, it is no doubt difficult to
distinguish between 8 and 12% cover using the
EMAP method and yet this boundary separates the
sparse and moderate cover lakes. For this reason, we
have only included lakes classified as having either
sparse or extensive macrophyte cover in our analyses
below to contrast the largest changes in lake margin
habitat (n = 145).

A CA analysis was used to collapse the large
amount of species composition data for each site into
sample scores that can be more easily applied in
logistic regression modeling (Reavie and Smol 1997).
Sites that were set aside for model cross validation
and samples from the bottom of the sediment cores

Table 1 ANOSIM results for sites with sparse (group 1),
moderate (group 2), and extensive (group 3) macrophyte cover

Groups compared R statistic Significance level

1&3 0.31 0.001
1&2 0.05 0.012
3&2 0.11 0.001

Fig. 2 Correspondence analysis of the diatom assemblages
(sample scores) for extensive (squares) and sparse (circles)
macrophyte cover sites from the northeastern United States

were plotted passively in the CA. The mean CA axis
2 scores for the sparse and extensive sites are
significantly different from one another (z-test,
P < 0.0001), with most of the extensive cover sites
(84%) having positive axis 2 scores (Fig. 2).
Although it is difficult with this binary dataset to
speculate on which characteristics of macrophyte
beds favor certain diatom taxa, the known autecology
of the diatoms is consistent with the differentiation of
taxa separated along CA axis 2. For example, we
found that diatom taxa identified by Reavie and Smol
(1997) that were associated with macrophytes had
positive CA axis 2 scores. These taxa included
Cocconeis placentula, Gomphonema gracile, and
Navicula capitata, which have also been reported to
grow on macrophytes in other studies (e.g. van Dam
and Mertens 1993; Sayer et al. 1999; See Appendix 1
for a complete list of diatom taxa).

Binary logistic model

The CA axis 2 sample scores were used as the
independent variable in a logistic regression model to
predict the macrophyte cover in a lake as either
sparse or extensive (Fig. 3). When this model was
applied to the 48 sites that were set aside for an
independent cross validation, it correctly assigned
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Fig. 3 Logistic regression model used to infer macrophyte
cover (r2 =0.32, P <0.0001, RMSEP = 0.19). Closed circles
are the actual model score of the sample and open circles are
the classification of the site as either sparse (0) or extensive (1)
macrophyte cover based on the model score cutoff of 0.5 (i.e.,
>0.5 = extensive; <0.5 = sparse)

sites as either sparse or extensive macrophyte cover
79% of the time (+* = 0.32, P < 0.0001, RMSEP
= 0.19), indicating that this model is robust in
inferring macrophyte cover as either sparse or
extensive for lakes in the northeastern USA. Whereas
we recognize that this model is an oversimplification
of the relationship between diatom taxa and macro-
phytes, it does predict large changes in macrophyte
cover with a high degree of accuracy and thus can be
used to provide the first estimates of pronounced
shifts in macrophyte cover for lakes in the northeast-
ern USA.

Our model forms part of a growing body of
literature demonstrating that macrophyte densities
can be inferred semi-quantitatively from fossil
assemblages. For example, Reavie et al. (1998) used
diatoms to reconstruct changes in the littoral habitat
of two fluvial lakes along the St. Lawrence River,
Quebec, Canada. Analysis of cladoceran and chiron-
omid remains also hold potential. Ogden (2000)
found that the proportion of Chydoridae to total
Cladocerans in surface sediments was positively
related to macrophyte cover in Australian floodplain
lakes. Ogden (2000) then applied this relationship to
reconstruct changes in macrophyte cover in lakes
over a gradient of agricultural land-use intensities.
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macrophyte abundance in two shallow, eutrophic
lakes in England. Similarly, in a study of 25 Danish
lakes, chironomid remains have also been shown to
significantly differ (P < 0.001) in lakes of varying
macrophyte classes (Brodersen et al. 2001). Finally,
employing a relatively new paleolimnological indi-
cator, Odgaard and Rasmussen (2001), demonstrated
that the imprints of cell patterns on leech (Piscicola
geometra) egg-cocoons could also be used as an
indicator of the presence of macrophytes.

Inferred changes in macrophyte cover

We applied the binary logistic model to the diatom
assemblages from the bottom of the cores to infer
past macrophyte cover in 136 lakes. Of the 136 sites
with bottom samples, 88 of them were classified as
having a bottom age of pre-1850 and 49 were
classified as having a bottom age of post-1850 (Dixit
et al. 1999). The division between the pre and post-
1850 sites is largely a division between natural lakes
and reservoirs because 95% of the natural lakes used
in this dataset had bottom samples of pre-1850 age
and 81% of the bottom samples from reservoirs were
post-1850. Because the sediment cores recovered
from natural lakes and reservoirs represent different
time periods, we have treated them separately in our
comparisons with modern data.

When inferred top and bottom macrophyte cover
were compared, the majority of lakes showed no
change in inferred macrophyte cover (i.e., 84% of
natural lakes showed no change and 83% of reser-
voirs showed no change). Given that most of the
natural lakes and reservoirs (>90% and ~ 88%
respectively) are currently oligotrophic or mesotroph-
ic (based on the OECD boundaries; OECD 1982),
however, we were not surprised by the relatively
small percentage of sites showing a change in
macrophyte cover. When we compared the inferred
changes in macrophyte cover to the modern total
phosphorus (TP) values for the same lakes, we found
no significant relationship (P = 0.63) between modern
TP and inferred changes in macrophyte cover
(Fig. 4). Many other factors such as nitrogen,
inorganic carbon, trophic interactions, mechanical
disturbance, and lake morphometry, however, have
also been shown to be important in predicting how
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Fig. 4 Comparison between inferred change in macrophyte
cover (inferred modern macrophyte cover—inferred past mac-
rophyte cover) and modern total phosphorus (TP) values (png/1)
for natural lakes (squares) and reservoirs (circles). Modern TP
values have been In (x + 1) transformed. An increase in
macrophyte cover indicates that the inferred modern cover of
macrophytes is greater than it was in the past whereas a
decrease means that macrophytes were more abundant in the
past

macrophyte cover will responds to TP levels within a
lake (Scheffer 1998). Such a lake-dependent response
in macrophyte cover to nutrient load has also been
observed in several eutrophic and hypereutrophic
systems that have lost macrophyte cover and shifted
to a turbid-water state (Scheffer 1998). The interac-
tion between these other factors and TP levels has
made it difficult to define a critical TP concentration
where a shift to the turbid-water state will occur
(Scheffer 1998).

Extrapolating results to all lakes in the
northeastern USA

Although long-term quantitative data on macrophyte
cover is lacking for lakes in eastern North America,
lake users often report an increase in macrophyte
cover in their largely oligo/mesotrophic lakes (e.g.
RAPPEL 2004). In these nutrient-limited systems
there tends to be a weak, although significant,
positive correlation between TP and macrophyte
cover (Bachmann et al. 2002). In the EMAP-SW
dataset the mean TP of sites with extensive

macrophyte cover is significantly greater than sites
with sparse macrophyte cover (P = 0.001). An
increase in macrophyte cover with increasing TP is
in contrast to what has been observed in the nutrient
rich shallow lakes of Europe were many have lost
their macrophyte cover as a result of eutrophication
(Scheffer 1998).

One of the advantages of the EMAP-SW dataset is
that the lakes were selected using a randomized
sampling design. As a result, studies on the dataset
can be scaled up to represent all lakes in the sampling
area (Larsen et al. 1991). In this study we have
analyzed a subset of the entire EMAP-SW dataset
(i.e., those sites with both diatom and macrophyte
cover data). It is still possible to scale up our results,
however, as the distributions of lake morphometric
parameters used in selecting the EMAP-SW lakes
(i.e., mean depth and lake surface area) are not
significantly different than the original data set. Thus,
the 83 natural lakes and 53 reservoirs used in this
study represent ~2,576 natural lakes and ~3,189
reservoirs in the northeastern USA. Based on our
results, we estimate that ~ 355 natural lakes have
increased in macrophyte cover while ~ 100 have
decreased over the northeastern USA. Reservoirs
show the opposite trend with ~276 reservoirs
declining in macrophyte cover and only ~ 56 reser-
voirs increasing in macrophyte cover. These esti-
mates of changes in macrophyte cover over the
northeastern USA suggest that, in the sites where
macrophyte cover has changed dramatically, most
natural lakes have had an increase in macrophyte
cover while most reservoirs have had a decline in
cover. This difference in the pattern of inferred
macrophyte changes between natural lakes and
reservoirs may be caused by the difference in the
time covered by the sediment cores analyzed. For the
natural lakes, 95% of the cores date back to pre-1850,
and thus may represent a period before large-scale
human impact on lakes and their catchments. Reser-
voirs, on the other hand, by definition are man made
and the base of these sediment cores may represent a
period of higher human impact on the system than
present. This is plausible for the northeastern USA as
agricultural activity peaked in the region around 1870
(Waisanen and Bliss 2002). To properly test this
hypothesis, however, more detailed down-core anal-
yses at these sites are required.
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Conclusions

This study has shown that sedimentary diatom
assemblages are reliable indicators for distinguishing
between sparse or extensive macrophyte cover. A
logistic regression model based on diatom assem-
blages was able to correctly classify the macrophyte
cover of an independent dataset of lakes 79% of the
time. This has led to the first semi-quantitative
estimates of changes in macrophyte cover across the
northeastern USA. For the sites with an inferred
change in macrophyte cover, the majority of natural
lakes had an increase in macrophyte cover, while the
majority of reservoirs had a decline in cover.
Understanding how macrophyte cover has changed
in a lake through time has important implications for
lake management and the preservation of biodiver-
sity. We believe that with continuous estimates of
macrophyte cover or biomass density, such models
could be further refined to increase the resolution of
our inferences and allow us to assess more subtle
changes in macrophyte communities.
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Appendix 1

Common diatom taxa and their maximum and mean
relative abundance (%) along with number of occur-
rences in lakes with extensive (Ext, >40% cover) and
sparse (Spar, <10% cover) macrophyte cover. Corre-
spondence analysis axis 2 species scores (CA axis 2)
and the effective number of occurrences of each taxa
for all sites (N2) are also shown

#  Taxon name

Maximum occurrences

Mean occurrence  Number of occurrences CA axis 2 N2

Ext Spar Ext Spar Ext Spar
1 Achnanthes austriaca var. helvetica 0.6 2.9 0.1 0.1 9 9 -0.9 8.6
2 Achnanthes bicapitata 0.6 1.8 0.0 0.1 6 19 —-1.0 12.8
3 Achnanthes detha 6.3 4.9 0.7 0.7 33 72 —-0.6 49.8
4 Achnanthes didyma 0.4 1.2 0.0 0.1 5 22 —1.8 15.5
5  Achnanthes exigua 6.3 1.6 0.3 0.1 14 14 2.0 13.9
6  Achnanthes flexella 0.5 2.1 0.0 0.1 7 21 0.3 14.1
7  Achnanthes helvetica 1.6 2.6 0.2 0.2 18 42 -0.5 32.0
8  Achnanthes lanceolata 17.2 7.8 0.6 0.2 23 20 1.5 17.7
9 Achnanthes lanceolata var. rostrata 7.5 1.2 0.2 0.1 10 11 2.1 7.0
10 Achnanthes levanderi 1.0 1.4 0.0 0.1 3 11 24 6.3
11 Achnanthes linearis 3.8 4.5 0.6 0.3 30 41 0.2 38.5
12 Achnanthes marginulata 1.7 2.7 0.2 0.2 18 45 —-0.7 339
13 Achnanthes microcephala 2.6 1.2 0.1 0.0 5 7 0.8 5.7
14 Achnanthes minutissima 56.0 44.7 11.3 5.7 43 87 0.4 62.7
15 Achnanthes suchlandtii 1.8 1.5 0.1 0.1 7 22 —1.1 18.7
16 Actinella punctata 2.1 3.7 0.2 0.1 9 7 1.0 9.2

@ Springer



J Paleolimnol (2008) 39:477-490 485

# Taxon name Maximum occurrences Mean occurrence Number of occurrences CA axis 2 N2
Ext Spar Ext Spar Ext Spar
17  Amphipleura pellucida 1.2 0.4 0.1 0.0 12 8 1.9 15.4
18 Amphora ovalis 15.2 3.0 0.7 0.2 27 31 1.9 21.8
19 Amphora perpusilla 6.8 5.2 0.3 0.1 11 8 2.5 8.8
20 Anomoeoneis serians 1.9 0.7 0.1 0.0 6 7 0.6 7.4
21 Anomoeoneis serians var. brachysira 6.1 12.6 0.6 0.5 21 40 0.1 27.4
22 Anomoeoneis vitrea 11.2 16.9 1.9 1.3 34 69 0.3 45.1
23 Asterionella formosa 50.4 55.7 1.9 6.7 15 75 —-13 41.5
24 Asterionella ralfsii var. 25.9 67.3 1.0 2.6 11 40 —-1.0 15.5
americana >45 pm
25 Aulacoseira ambigua 33.1 44.3 3.3 5.1 34 74 -0.7 54.0
26 Aulacoseira crassipunctata 24.0 15.6 1.1 0.2 5 1 1.6 2.5
27 Aulacoseira distans 214 10.3 1.4 0.8 20 46 -0.7 304
28 Aulacoseira distans var. humilis 34 33 0.1 0.1 5 8 -0.5 7.2
29 Aulacoseira distans var. nivalis 1.5 2.6 0.1 0.1 3 6 -2.0 52
30 Aulacoseira distans var. nivaloides 6.9 16.4 0.6 0.5 16 31 —1.1 18.9
31 Aulacoseira distans var. tenella 10.3 30.8 1.1 3.1 19 59 —1.5 32.0
32 Aulacoseira granulata 1.8 1.4 0.1 0.1 5 8 -0.6 10.1
33 Aulacoseira italica subsp. subarctica 16.4 134 0.4 0.6 4 31 —2.2 15.5
34 Aulacoseira italica subsp. 0.6 9.5 0.0 0.3 1 6 -2.0 4.7
subarctica f. tenussima
35 Aulacoseira italica var. valida 2.3 0.4 0.1 0.0 4 7 0.6 54
36 Aulacoseira lirata 16.3 17.6 1.1 1.4 21 54 —1.2 34.0
37 Aulacoseira lirata var. lacustris 10.8 1.2 0.4 0.0 7 4 1.0 4.6
38 Aulacoseira nygaardii 7.1 9.5 0.6 0.2 18 14 0.4 19.4
39  Aulacoseira perglabra var. floriniae 3.4 3.0 0.2 0.1 11 14 -0.5 15.5
40 Caloneis ventricosa 0.2 1.9 0.0 0.1 3 14 -0.3 8.8
41 Cocconeis placentula 19.5 9.1 2.2 0.4 31 35 1.0 28.8
42 Cyclotella comta 9.0 244 0.5 3.8 17 66 -1.9 34.2
43 Cyclotella meneghiniana 1.2 26.7 0.1 0.6 4 11 0.9 4.8
44 Cyclotella michiganiana 5.2 45.4 0.5 1.1 11 40 -0.9 23.3
45 Cyclotella ocellata 20.6 17.4 0.4 0.7 2 11 —-2.5 4.8
46 Cyclotella stelligera 27.5 58.8 3.0 18.2 33 84 —-1.3 55.6
47 Cymbella amphicephala 1.7 0.4 0.1 0.0 13 10 0.7 13.9
var. hercynica
48 Cymbella cesatii 0.7 14 0.1 0.0 10 10 1.6 11.5
49 Cymbella cf. aequalis 22 3.8 0.2 0.2 13 21 1.1 154
50 Cymbella cf. gaeumannii 1.2 14 0.1 0.1 8 15 —-0.4 13.8
51 Cymbella cf. schubartii 0.4 1.2 0.0 0.0 6 12 0.2 10.7
52 Cymbella cistula 34 1.8 0.1 0.0 8 15 1.8 12.8
53 Cymbella delicatula 2.6 1.2 0.1 0.0 3 2.7 4.0
54 Cymbella descripta 1.2 1.0 0.0 0.0 3 9 1.2 6.9
55 Cymbella hebridica 5.0 2.0 0.2 0.1 14 27 0.9 18.6
56 Cymbella lunata 2.0 1.1 0.2 0.1 19 35 0.0 30.3
57 Cymbella microcephala 3.7 4.3 0.4 0.2 25 33 1.2 27.0
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58  Cymbella minuta 2.0 2.2 0.3 0.2 31 42 0.7 43.1
59  Cymbella sp. 1 PIRLA 2.8 2.6 0.1 0.1 9 0.5 7.0
60  Diploneis marginestriata 4.4 0.6 0.1 0.1 21 -0.9 16.1
61  Diploneis ovalis 1.6 0.3 0.1 0.0 18 -0.5 11.0
62 Epithemia spp. 0.4 0.6 0.0 0.0 4 1.4 6.5
63  Eunotia bidentula 0.8 10.8 0.1 0.2 12 16 0.6 10.9
64  Eunotia carolina var. 1 PIRLA 4.2 6.4 0.2 0.1 11 16 0.4 11.5
65  Eunotia curvata 5.9 2.6 0.6 0.2 28 33 0.4 30.5
66  Eunotia exigua 10.2 32 0.4 0.2 17 29 0.4 22.0
67  Eunotia fallax 1.9 22 0.1 0.0 4 6 —0.1 3.7
68  Eunotia flexuosa 2.1 14.8 0.4 0.2 28 35 0.3 25.9
69  Eunotia hemicyclus 3.0 1.9 0.2 0.0 5 1.0 7.7
70  Eunotia implicata 1.6 0.2 0.1 0.0 0.3 5.6
71  Eunotia incisa 5.6 34 1.1 0.4 36 56 0.2 49.6
72 Eunotia intermedia 0.8 2.1 0.1 0.1 7 12 —-0.2 8.9
73 Eunotia lunaris var. attenuata 6.0 1.8 0.5 0.1 24 18 0.7 25.6
74 Eunotia microcephala 0.6 0.4 0.0 0.0 6 1 0.8 3.7
75  Eunotia monodon 1.5 1.4 0.2 0.1 25 20 0.5 25.3
76  Eunotia naegelii 7.6 7.2 0.4 0.2 19 16 0.6 15.9
77  Eunotia pectinalis 1.6 1.9 0.1 0.1 15 24 0.1 20.9
78  Eunotia pectinalis var. minor 1.6 1.9 0.2 0.1 20 18 0.6 23.1
79  Eunotia pectinalis var. ventricosa 9.2 4.8 1.2 0.3 32 40 0.1 32.0
80  Eunotia praerupta 1.0 1.0 0.1 0.1 15 18 0.0 18.9
81  Eunotia rhomboidea 22 53 0.2 0.2 17 31 0.2 20.9
82  Eunotia serra 0.6 34 0.0 0.1 7 0.7 5.0
83 Eunotia sp. 2 PIRLA 1.0 0.6 0.1 0.0 1 0.9 3.7
84  Eunotia spp. 0.8 2.8 0.1 0.0 5 1.1 8.5
85  Eunotia vanheurckii 2.0 14 0.2 0.1 17 24 0.3 19.8
86  Eunotia zasuminensis 6.3 3.7 0.3 0.2 7 19 —-14 13.8
87  Fragilaria brevistriata 21.9 5.1 1.8 0.5 35 45 1.5 31.7
88  Fragilaria brevistriata var. capitata 0.6 1.2 0.0 0.1 5 18 —-0.6 13.7
89  Fragilaria capucina var. mesolepta  29.0 3.6 1.1 0.1 6 2.2 5.8
90  Fragilaria cf. oldenburgiana 1.7 0.8 0.1 0.1 23 0.0 17.3
91  Fragilaria constricta 0.7 1.6 0.1 0.1 12 16 0.9 15.8
92 Fragilaria construens 30.9 31.3 2.0 1.0 18 27 1.9 15.3
93 Fragilaria construens var. binodis 44 1.0 0.1 0.1 20 -0.5 17.5
94 Fragilaria construens var. venter 10.7 15.6 0.3 0.2 2 44 43
95  Fragilaria crotonensis 29.7 343 2.2 2.8 23 55 —0.1 30.1
96  Fragilaria hungarica var. tumida 1.7 11.6 0.1 0.2 7 9 0.7 10.8
97  Fragilaria pinnata 58.7 34.7 7.1 2.3 40 68 0.8 46.8
98  Fragilaria pinnata var. acuminata  13.3 6.8 0.7 0.3 24 39 0.5 26.4
99  Fragilaria pinnata var. intercedens 6.9 0.6 0.1 0.0 3 2.6 1.9
100 Fragilaria pinnata var. lancettula 8.1 1.8 0.3 0.1 11 1.3 8.7
101 Fragilaria sp. 2 PIRLA 28.1 1.1 0.7 0.0 6 7 34 32
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102 Fragilaria vaucheriae 29 8.7 0.4 0.4 28 46 0.1 34.5
103 Fragilaria virescens 1.1 3.0 0.1 0.1 12 10 0.3 10.5
104 Fragilaria virescens var. exigua 59 11.4 0.7 0.4 26 42 —0.1 333
105 Frustulia cf. magaliesmontana 16.3 5.3 0.6 0.2 9 10 0.9 7.3
106  Frustulia rhomboides 4.4 1.7 0.3 0.2 21 30 0.1 23.7
107 Frustulia rhomboides var. saxonica 15.1 9.7 1.7 0.7 28 51 0.2 32.1
108 Gomphonema acuminatum 1.2 2.0 0.1 0.1 14 27 0.2 23.8
109 Gomphonema angustatum 44 4.7 0.6 0.3 36 50 0.5 47.2
110 Gomphonema gracile 4.2 0.8 0.3 0.1 19 22 0.9 19.6
111 Gomphonema spp. 2.0 0.7 0.1 0.0 5 9 0.1 7.3
112 Gyrosigma acuminatum 24.9 0.4 0.6 0.0 14 1.9 52
113 Meridion circulare var. constrictum 1.2 2.0 0.1 0.1 10 12 0.1 15.1
114 Navicula arvensis 2.1 3.0 0.1 0.1 10 20 -0.8 16.2
115 Navicula bacillum 8.0 1.5 0.2 0.0 8 4 2.0 6.1
116 Navicula bremensis 0.8 1.5 0.1 0.0 10 9 0.5 10.6
117 Navicula capitata 0.8 0.8 0.1 0.0 9 7 1.7 10.1
118 Navicula cf. heimansii 8.3 16.7 0.7 0.5 17 24 0.5 19.1
119  Navicula cryptocephala 14.0 4.2 0.7 0.1 13 19 1.6 14.7
120 Navicula disjuncta 0.5 1.7 0.1 0.1 14 21 0.4 20.9
121  Navicula globosa 34 1.5 0.1 0.0 6 3 3.7 59
122 Navicula gysingensis 2.1 0.8 0.1 0.0 5 12 —-0.6 8.3
123 Navicula halophila 5.6 0.8 0.1 0.0 6 6 2.6 7.3
124 Navicula laevissima 14 0.8 0.0 0.0 3 7 0.4 7.5
125 Navicula mediocris 1.8 4.0 0.1 0.2 11 21 0.3 12.2
126 Navicula minima 3.6 2.2 0.5 0.4 26 46 -04 38.8
127 Navicula modica 10.9 5.7 0.8 0.3 25 28 1.5 24.8
128 Navicula mutica 1.0 0.4 0.0 0.0 8 3 0.6 4.9
129 Navicula pupula 24 3.6 0.6 0.5 34 61 0.4 54.1
130 Navicula pupula var. rectangularis 0.6 34 0.1 0.1 7 11 1.2 8.4
131 Navicula radiosa 2.6 4.2 0.2 0.1 17 19 1.8 19.4
132 Navicula radiosa var. parva 7.0 4.9 0.7 0.4 27 52 0.9 36.5
133 Navicula radiosa var. tenella 7.5 3.0 0.5 0.1 18 27 1.8 22.1
134 Navicula rhynchocephala 3.8 7.2 0.3 0.2 15 25 0.8 19.9
135 Navicula seminuloides 3.6 8.1 0.5 0.5 19 39 0.2 27.5
136 Navicula seminulum 3.0 3.7 0.4 0.2 25 34 0.6 30.8
137 Navicula sp. 2 PIRLA 0.2 0.2 0.0 0.0 2 44 2.0
138 Navicula sp. 25 PIRLA 1.1 0.9 0.0 0.0 2 —1.8 6.5
139 Navicula spp. 7.6 7.0 1.4 0.8 27 53 0.8 45.7
140 Navicula submolesta 3.6 1.0 0.2 0.1 11 20 0.2 16.9
141 Navicula subtilissima 6.0 6.2 0.5 0.3 15 20 0.7 15.7
142 Navicula tenuicephala 2.7 2.9 0.1 0.1 3 6 1.1 4.6
143 Navicula trivialis 2.2 1.2 0.1 0.0 4 3 1.5 5.1
144  Navicula vitiosa 6.0 11.4 0.7 0.8 22 51 -04 33.8
145 Navicula vulpina 0.2 5.2 0.0 0.1 1 6 1.8 4.0
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146 Neidium affine 1.5 1.3 0.2 0.1 25 26 0.8 30.7
147 Neidium iridis 1.8 1.5 0.2 0.1 17 25 0.4 25.8
148 Neidium iridis var. amphigomphus 2.5 1.0 0.2 0.1 21 25 0.4 233
149  Nitzschia acicularis 2.2 2.3 0.1 0.0 8 8 1.1 10.3
150 Nitzschia amphibia 1.4 2.0 0.0 0.1 3 8 1.9 6.8
151 Nitzschia denticula 4.2 3.0 0.2 0.1 8 6 24 8.3
152 Nitzschia dissipata 5.0 2.5 0.2 0.1 16 38 0.4 23.4
153  Nitzschia fonticola 1.6 12.1 0.1 0.4 13 30 0.9 16.9
154 Nitzschia gracilis 6.2 4.4 1.0 0.5 31 60 0.2 45.8
155 Nitzschia palea 3.6 9.2 0.2 0.3 15 37 0.5 26.5
156 Nitzschia perminuta 0.7 1.2 0.1 0.0 6 10 -0.2 7.4
157 Nitzschia spp. 4.0 8.9 0.5 0.3 19 23 1.5 21.2
158 Pinnularia abaujensis 1.1 0.8 0.1 0.1 11 23 0.0 18.0
159 Pinnularia abaujensis var. 2 PIRLA 16.3 5.5 0.4 0.2 10 17 0.8 9.2
160 Pinnularia abaujensis var. rostrata 1.4 2.8 0.1 0.0 6 8 0.8 7.2
161 Pinnularia biceps 5.9 5.0 0.3 0.3 19 37 0.5 27.2
162  Pinnularia braunii 4.4 3.6 0.1 0.1 11 16 0.5 12.2
163 Pinnularia hilseana 0.2 1.2 0.0 0.0 2 7 -0.2 4.4
164 Pinnularia maior 0.2 1.5 0.0 0.0 3 6 0.5 33
165 Pinnularia mesolepta 0.6 4.2 0.0 0.1 7 11 1.3 11.2
166 Pinnularia microstauron 0.6 1.9 0.1 0.0 10 11 0.3 11.9
167 Pinnularia pogoii 3.0 1.3 0.2 0.0 5 0.6 6.3
168 Pinnularia sp. 11 PIRLA 4.1 1.9 0.1 0.0 3 6 1.6 3.8
169 Pinnularia subcapitata 23 2.3 0.1 0.1 12 15 0.9 12.6
170 Pinnularia viridis 1.3 0.8 0.1 0.1 17 21 0.4 26.3
171 Stauroneis anceps 0.4 0.9 0.0 0.1 11 20 0.5 16.7
172 Stauroneis anceps f. gracilis 0.6 3.1 0.1 0.1 19 34 —0.6 34.1
173  Stauroneis nobilis var. baconiana 0.6 4.6 0.0 0.1 7 7 -0.2 10.3
174  Stauroneis phoenicenteron 0.8 1.9 0.2 0.2 24 43 0.2 36.7
175 Stenopterobia intermedia 1.3 1.5 0.2 0.1 22 32 -0.2 32.6
176  Stephanodiscus hantzschii 14.7 54.4 0.4 1.2 5 5 0.2 4.2
177 Stephanodiscus niagarae 6.1 3.6 0.2 0.2 3 11 —1.2 8.9
178 Surirella delicatissima 3.5 2.5 0.3 0.1 16 25 0.3 18.1
179 Surirella linearis 13.9 0.5 0.4 0.1 14 23 1.0 11.8
180 Swurirella sp. 2 PIRLA 0.6 8.3 0.0 0.1 4 -1.5 2.7
181 Synedra acus 1.3 1.3 0.1 0.0 8 0.2 6.9
182 Synedra acus var. angustissima 14 2.0 0.1 0.1 6 12 0.1 9.6
183 Synedra delicatissima 8.6 6.4 0.3 0.3 11 20 —-0.6 12.0
184 Synedra famelica 1.8 30.2 0.2 0.5 17 33 -0.5 15.3
185 Synedra filiformis var. exilis 1.4 2.4 0.1 0.1 7 9 —1.5 7.8
186 Synedra parasitica 1.0 4.4 0.1 0.1 14 14 1.3 14.5
187 Synedra pulchella 6.8 5.0 0.2 0.1 11 1.4 8.0
188 Synedra rumpens 24 2.6 0.1 0.1 18 -0.3 15.6
189 Synedra rumpens var. familiaris 9.7 5.2 0.5 0.3 19 30 0.3 26.2
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190 Synedra spp. 35 3.0 0.1 0.1 2 6 —0.1 6.3
191 Synedra subrhombica 1.6 2.6 0.1 0.1 7 12 0.0 9.6
192 Synedra ulna 24 5.1 0.3 0.2 27 43 0.1 37.8
193 Tabellaria fenestrata 2.6 2.1 0.2 0.1 16 28 -0.3 24.0
194  Tabellaria flocculosa strain 111 11.0 5.1 0.8 0.6 26 66 -0.6 44.8
195 Tabellaria flocculosa strain IlIp 19.5 429 1.2 7.9 27 74 -1.8 39.6
196 Tabellaria flocculosa strain IV 2.9 4.3 0.7 0.4 29 50 -0.2 41.0
197 Tabellaria flocculosa var. linearis 6.4 1.5 0.5 0.2 29 48 —-0.5 37.8
198 Tabellaria quadriseptata 29.8 17.0 1.7 0.3 12 15 1.1 10.8
References Downing JA, Prairie YT, Cole JJ, Duarte CM, Tranvik LJ,

Bachmann RW, Horsburgh CA, Hoyer MV, Mataraza LK,
Canfield DE Jr (2002) Relations between trophic state
indicators and plant biomass in Florida lakes. Hydrobio-
logia 470:219-234

Baker JR, Peck DV, Sutton DW (eds) (1997) Environmental
monitoring and assessment program surface waters: field
operations manual for lakes. EPA/620/R-97/001. U.S.
Environmental Protection Agency, Washington, DC

Birks HH (2000) Aquatic macrophyte vegetation development
in Krakenes Lake, western Norway, during the late-glacial
and early Holocene. J Paleolimnol 23:7-19

Brenner M, Hodell D, Leyden B, Curtis J, Kenney W, Gu B,
Newman J (2006) Mechanisms for organic matter and
phosphorus burial in sediments of a shallow, subtropical,
macrophyte dominated lake. J Paleolimnol 35:129-148

Brodersen KP, Odgaard BV, Vestergaard O, Anderson NJ
(2001) Chironomid stratigraphy in the shallow and
eutrophic Lake Sgbygaard, Denmark: chironomid-mac-
rophyte co-occurrence. Freshwater Biol 46:253-267

Carpenter SR, Lodge DM (1986) Effects of submersed mac-
rophytes on ecosystem processes. Aquat Bot 26:341-370

Clarke KR, Warwick RM (2001) Change in marine commu-
nities: an approach to statistical analysis and interpreta-
tion, 2nd edition. PRIMER-E, Plymouth

Davidson TA (2006) Zooplankton ecology and palacoecology
in nutrient enriched shallow lakes. PhD thesis, University
College of London, 191 pp

Davidson TA, Sayer CD, Bennion H, David C, Rose N, Wade
MP (2005) A year comparison of historical, macrofossil
and pollen records of aquatic plants in a shallow lake.
Freshwater Biol 50:1671-1686

Denys L (2006) Calibration of littoral diatoms to water
chemistry in standing fresh waters (Flanders, Lower
Belgium): inference models for historical sediment
assemblages. J Paleolimnol 35:763-787

Dixit SS, Smol JP, Charles DF, Hughes RM, Paulsen SG,
Collins GB (1999) Assessing water quality changes in the
lakes of the northeastern United States using sediment
diatoms. Can J Fish Aquat Sci 56:131-152

Striegl RG, McDowell WH, Kortelainen P, Caraco NF,
Melack JM, Middelburg JJ (2006) The global abundance
and size distribution of lakes, ponds, and impoundments.
Limnol Oceanogr 51:2388-2397

Egertson JC, Kopaska JA, Downing JA (2004) A century of
change in macrophyte abundance and composition in
response to agricultural eutrophication. Hydrobiologia
524:145-156

Glew JR (1989) A new trigger mechanism for sediment sam-
plers. J Paleolimnol 2:241-243

Jeppesen E, Sgndergaard M, Sgndergaard M, Christoffersen K
(eds) (1998) The structuring role of submerged macro-
phytes in lakes. Ecological studies, Vol. 131. Springer,
New York, 423 pp

Larsen DP, Stevens DL, Selle AR, Paulsen SG (1991) Envi-
ronmental monitoring and assessment program, EMAP-
Surface Waters: a northeast lakes pilot. Lake Reservoir
Manage 7:1-11

McGowan S, Leavitt PR, Hall RI, Anderson NJ, Jeppesen E,
Odgaard BV (2005) Controls of algal abundance and
community composition during ecosystem state change.
Ecology 86:2200-2211

Moss B (1978) The ecological history of a mediaeval man-
made lake. Hickling Broad, Norfolk, United Kingdom.
Hydrobiologia 60:23-32

Odgaard BV, Rasmussen P (2001) The occurrence of egg-co-
coons of the leech Piscicola geometra (L.) in recent lake
sediments and their relationship with remains of sub-
merged macrophytes. Arch Hydrobiol 152:671-686

OECD (1982) Eutrophication of waters. Monitoring, assess-
ment and control. OECD, Paris, 154 pp

Oertli B, Joye DA, Castella E, Juge R, Cambin D, Lachavanne
J-B (2002) Does size matter? The relationship between
pond area and biodiversity. Biol Conserv 104:59-70

Ogden RW (2000) Modern and historical variation in aquatic
macrophyte cover of billabongs associated with catchment
development. Regul Rivers: Res Manage 16:497-512

Osborne PE, Tigar BJ (1992) Interpreting bird atlas data using
logistic models: an example from Lesotho, Southern
Africa. J Appl Ecol 29:55-62

@ Springer



490

J Paleolimnol (2008) 39:477-490

RAPPEL (2004) Un portrait alarmant de 1’état des lacs et des
limitations d’usages reliées aux plantes aquatiques et aux
sediments Bilan (1996-2003). 366 pp

Rasmussen P, Anderson NJ (2005) Natural and anthropogenic
forcing of aquatic macrophyte development in a shallow
Danish lake during the last 7000 years. J Biogeogr
32:1993-2005

Reavie ED, Smol JP (1997) Diatom-based model to infer past
littoral habitat characteristics in the St. Lawrence River.
J Great Lakes Res 23:339-348

Reavie ED, Smol JP, Carigan R, Lorrain S (1998) Diatom
paleolimnology of two fluvial lakes in the St. Lawrence
River: a reconstruction of environmental changes during
the last century. J Phycol 34:446-456

Sand-Jensen K, Riis T, Vestergaard O, Larsen SE (2000)
Macrophyte decline in Danish lakes and streams over the
past 100 years. J Ecol 88:1030-1040

Sayer C, Roberts N, Sadler J, David C, Wade PM (1999)
Biodiversity changes in a shallow lake ecosystem: a
multi-proxy palaeolimnological analysis. J Biogeogr
26:97-114

Scheffer M (1989) Alternative stable states in eutrophic,
shallow freshwater systems: a minimal model. Hydrobiol
Bull 23:73-83

Scheffer M (1998) Ecology of shallow lakes. Chapman & Hall,
London, 357 pp

Scheffer M, Hosper SH, Meijer M-L, Moss B, Jeppesen E
(1993) Alternative equilibria in shallow lakes. Trends
Ecol Evol 8:275-279

Scheffer M, van Geest GJ, Zimmer K, Jeppesen E, Sgnderg-
aard M, Butler MG, Hanson MA, Declerck S, De Meester

@ Springer

L (2006) Small habitat size and isolation can promote
species richness: second-order effects on biodiversity in
shallow lakes and ponds. Oikos 112:227-231

Smol JP (2002) Pollution of lakes and rivers: a paleoenviron-
mental perspective. Arnold Publisher, London, UK.
Co-published by Oxford University Press, New York, NY

Tan OC, Ozesmi U (2006) A generic shallow lake ecosystem
model based on collective expert knowledge. Hydrobio-
logia 563:125-142

ter Braak CJF, Smilauer P (2002) CANOCO Reference manual
and CanoDraw for Windows user’s guide: software for
canonical community ordination (version 4.5). Micro-
computer Power, Ithaca, NY, USA, 500 pp

Viliranta MM (2006) Long-term changes in aquatic plant
species composition in North-eastern European Russia
and Finnish Lapland, as evidenced by plant macrofossil
analysis. Aquat Bot 85:224-232

van Dam H, Mertens A (1993) Diatoms on herbarium macro-
phytes as indicators for water quality. Hydrobiologia 269/
270:437-445

Waisanen PJ, Bliss NB (2002) Changes in population and
agricultural land in conterminous United States counties,
1790 to 1997. Global Biogeochem Cycles 16:1137

Wetzel RG (2001) Limnology: lake and river ecosystems. 3rd
ed. Academic Press, San Diego, USA

Zhao Y, Sayer CD, Birks HH, Hughes M, Peglar SM (2006)
Spatial representation of aquatic vegetation by macro-
fossils and pollen in a small and shallow lake. J Paleo-
limnol 35:335-350



	Reconstructing changes in macrophyte cover in lakes across the northeastern United States based on sedimentary �diatom assemblages
	Abstract
	Introduction
	The EMAP-SW dataset
	Methods
	Results and discussion
	Diatoms as indicators of macrophyte cover
	Binary logistic model
	Inferred changes in macrophyte cover
	Extrapolating results to all lakes in the northeastern USA

	Conclusions
	Acknowledgements
	Appendix 1
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


