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Executive Summary

The purpose of this study was to provide pre-disturbance water quality
information for eight Florida lakes that are thought to have undergone eutrophication in
recent decades. We conducted a simplified paleolimnological analysis of sediment cores
and inferred past limnetic water-quality using statistical models that are based upon
sedimented diatoms and calibrated using a large set of Florida lakes.

Lakes Conine, Bonny, and May in Polk County appear to have undergone
eutrophication that has relaxed somewhat during their recent history, possibly because of
nutrient-mitigation programs. Lakes Lulu and Haines in Polk County appear to
demonstrate progressive eutrophication that has not been ameliorated in recent times.
Our recommendation for primary focus in lake restoration programs is towards these five
lakes.

Lake Hancock in Polk County appears to demonstrate a history of progressive
eutrophication as well. One predictive mode] yielded discrepant values for this
interpretation, however, because it was affected by unusually high species dominance at
the base of the core. The absolute values of water quality inferences do not appear to be
reliable in Lake Hancock, although an interpretation of increased trophic state is tenable.

Historic trophic state indicators in Lake Wauberg in Alachua County and Lake

Shipp in Polk County suggest either constancy or fluctuation in trophic state over time.



High productivity in these lakes might be largely the result of edaphic factors rather than
human influence.

Water-quality inferences obtained from diatom models differ from reported
measured means for several of the study lakes. We discuss factors that might influence
this, as well as the fact that water-quality values reported in the literature are subject to
considerable variance and might provide a poor standard for evaluating the accuracy of
inferred water-quality values,

In addition to analyses from the eight study lakes, this report includes pre-
distubrance and post-disturbance water-quality inferences for 41 Florida lakes from our
previous studies, some of which have been published and others of which are in

preparation for publication.



Introduction

Paleolimnology provides a useful means of evaluating human influence on lakes
for which long-term water quality data are not available (Anderson 1993).
Paleolimnological studies can be used to determine past water quality conditions that
constitute appropriate target conditions for lake restoration programs (Smol 1992,
Brenner er al. 1993).

Diatoms are ubiquitous, well-preserved, and sensitive indicators of environmental
conditions (Dixit er al. 1992). A diatom index has been constructed that indicates past
trophic state conditions in Florida lakes (Whitmore 1989). This index was used in a
calibration set with water quality information from 47 P-limited Florida lakes to yield a
linear regression model for inferring past limnetic total P concentrations from sedimented
diatom assemblages (Brenner ef al. 1993). Along with other lines of evidence such as
sediment chemistry and stable isotopes (Brenner ef al. 1999b), this diatom predictive
model was used to evaluate water quality changes that have occurred during the past 100 |
years in numerous Florida lakes as a response to urbanization, agriculture, and other
forms of riparian disturbance (e.g. Brenner er al. 1995a, 1995b, 1996, 1999a). We have
also prepared weighted-averaging regression models (Line ef al. 1994) that predict
limnetic total P concentrations and pH using sedimented diatoms based on a calibration

set of 75 Florida lakes (Whitmore et al. in prep.)



The purpose of the present study is to provide information about pre-disturbance
water quality conditions in eight Florida lakes that are believed to have undergone
eutrophication in recent decades because of human activities in their watersheds. This
study consists of a simplified analysis of sediment cores similar to the "top and bottom"
approach used in EMAP studies (Dixit and Smol 1994) to evaluate water quality changes
in other parts of the United States. Sediment samples for diatom analyses were collected
from the tops of sediment cores in order to compare recent inferences with modern water-
quality measures. Samples were also collected from depths in the cores sufficient to
represent water-quality conditions of approximately 100 years ago, but presumably not
old enoungh to include climatic changes that would confound past and present water-
quality comparisons.

Sediment accumulation and distribution varies widely in Florida lakes (Whitmore
et al. 1996), and sediment depths representing the period of pre-disturbance water quality
can also show considerable variation. In order to select appropriate depths for pre-

disturbance horizons in sediment cores of the present study, we examined the depths of
supported 210Pb activity for 38 cores that were dated by gamma spectrometry in our

previous studies. Supported 210Pb activity levels represent approximately 100-150 year-
old sediments, an age that is an appropriate pre-disturbance horizon throughout much of

Florida. We found that all 38 dated cores reached supported levels by 90 cm depth in the



sediments. Many sediment cores reached supported levels by substantially less depth
than 90 cm. Consequently, four samples, to a maximum depth of 90 cm, were analyzed
in each sediment core of the present study in order to assure that pre-disturbance
conditions were represented.

In addition to analyses from the eight study lakes, this report includes core "top
and bottom" limnetic total P inferences for 41 lakes from our previous studies. These
additional data have been published or are the subject of manuscripts in preparation, and
are useful for evaluating water-quality disturbance in various regions throughout the State

of Florida.



Methods

Coring stations were situated approximately in the middle of each of the ei zht
study lakes. We searched for suitable sites by probing sediment thickness with joined
magnesium-zirconium coring rods, and we retrieved preliminary cores until we
determined where sediment thickness and composition was optimal. The number of
cores taken before a suitable coring site was located varied among lakes. The final
coring location in each lake was recorded with a global positioning system. We
anchored the boat fore and aft to insure stability during coring operations. Water-
column depth was measured with a Secchi disk on a metered rope. Sediment cores
for paleolimnological study were collected with a 4-cm diameter, 1.83-m long
cellulose acetate butyrate sediment corer. The sediment corer was lowered into the
water to a depth that placed the bottom of the corer approximately 0.2 m above the
sediment surface, and sediment cores of approximately 1.0 m in length were retrieved
at each site. Sediment cores were described, then extruded in a vertical position.

Approximately 1-cc subsamples for diatom analyses were collected at the surface
(0 cm), and at 30 em, 60 cm, and 90 em depth in each sediment core using a stainless-
steel spatula. Diatom subsamples were stored in 20-ml Fisherbrand scintillation vials in
the dark during transportation to the laboratory. Sections from the cores were stored in

sealed, labelled, plastic containers in a walk-in refrigeration unit at the University of



Florida's Department of Fisheries and Aquatic Sciences for future paleolimnol gical
studies.

Diatom subsamples were processed in the laboratory following Van der Werff
(1935). Sediment subsamples were placed in 1000-m] beakers and digested with 35%
hydrogen peroxide and potassium dichromate. Beakers were filled with de-ionized water
and allowed to settle 24 hours before aspiration. The supernatant solutions were then
aspirated from over the sediment, and the process of dilution, settling and aspiration was
repeated until the dichromate color disappeared. Samples were then stored in labelled
125-ml Fisherbrand polypropylene wide-mouth plastic bottles. Samples were dried onto
coverslips and mounted with Naphrax mounting medium onto glass slides.

Diatoms were counted at 1500x using an American Optical Microstar
microscope with dark-phase oil immersion objectives. Each frustule was identified to
the lowest taxonomic level using standard floras (Patrick and Reimer 1966-1975,
Hustedt 1930, 1930-1966, Krammer and Lange-Bertalot 1991). At least 500 valves
were counted and identified in each analyzed sample. Four diatom samples were
analyzed from the single sediment core obtained from each lake, with the exception
of Lake Wauberg, in which five samples were analyzed. Replicate counts were
obtained for the 0-cm and 30-cm samples from Lake Hancock to assess counting

precision.



Historical inferences for limnetic total P values were obtained from the
sedimented diatom data using a linear regression model (Table 1) that relates the
TROPHI diatom index (Whitmore 1989) to modern limnetic total P values for a
calibration data set of 47 Florida lakes (Brenner et al. 1993). This procedure yields
estimates of mean historic total P with 95% confidence intervals for the means.
Limnetic total P inferences also were inferred from fossil diatom data by WACALIB
(Line er al. 1994) using In-transformed limnetic total P values for a calibration set of
69 Florida lakes (Table 1; Whitmore et al. in prep.). Inferences for Huber er al.
(1982} averaged trophic state index values and for limnetic chlorophyll «
concentrations were inferred using TROPH] diatom index values and the linear
regression equations shown in Table 1. A WACALIB regression model was also

used to provide historic estimates of limnetic chlorophyll a concentrations (Table 1),



Results

The location of coring stations in each lake are shown in Table 2. Water-
column depth ranged from 0.4 m in Lake Hancock to 3.9 m in Lake Wauberg (Table
3). All retrieved cores were greater than 1.0 m in length (Table 3). Sediment cores
generally consisted of consolidated dark, organic sediments, with the exception of the
upper 29 cm of Lake Bonny which was loosely consolidated, and with the portion of
the Lake Wauberg core below 30 cm, which showed some evidence of macrophyte
remains (Table 3),

A 90-cm sample was not available in the archived sediment core from Lake
Wauberg that was collected during a previous study, so additional samples were analyzed
at the 70 and 85-cm levels. In each of the remaining seven cores, diatom samples were
analyzed at the 0, 30, 60, and 90-cm levels.

In each of the sediment core samples, eutrophic and mesotrophic diatoms
generally represented >75% of the diatom assemblages (Table 4), Hypereutrophic
diatoms generally represented <10% of the assemblages, with the exception of the top
two samples in Lake Bonny where hypereutrophic diatoms were >20%, and in the top
three samples in Lake Hancock where hypereutrophic diatoms were >10%. The
percentage of diatoms in core samples with unknown trophic ecological affinity was less

than 2%, with the exception of the 0-cm sample in Lake Hancock (Table 4). Replicate
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counts obtained for the O-em and 30-em Lake Hancock samples showed less than 59%
relative percent difference in diatom index values (TROPH1), indicating that sample
inferences did not differ at the 95% level of confidence, and that counting precision was

acceptably high,

Lake Wauberg

Diatoms in Lake Wauberg samples were generally dominated by mesotrophic to
eutrophic species of planktonic Aulacoseira (Appendix 1). Nitzschia palea, which occurs
in oligotrophic to eutrophic waters in Florida lakes (Whitmore 1989), is also abundant in
the O-cm and 30-cm samples. Synedra filiformis var. exilis, a mesotrophic to eutrophic
indicator (Whitmore 1989), is most abundant in the 60-cm sample. Staurosirella pinnata,
Pseudostaurosira brevistriata, and Staurosira construens var. venter are benthic taxa that
indicate higher trophic state conditions in the 80-cm sample.

Limnetic total P inferences obtained with the TROPH1 model are considerably
lower than those obtained with the WACALIB model (Table 5). Both models indicate
limnetic total P values in the vicinity of 70-80 vg/L in the 70-85-cm samples, with trends
decreasing upwards in the sediment core. WACALIB inferences are 50-60 vg/L between
the 30 and 70-em samples, and 46 vg/L in the O-cm sample. The O-cm inference of 46

vg/L is considerably lower than the long-term reported mean of 113 vg/L.
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Inferred Huber et al. (1982) averaged trophic state index values for Lake
Wauberg samples also suggest declining trophic state proceeding upwards in the
sediment core (Table 6). Chlorophyll a inferences for Lake Wauberg samples differ
between the LGTROPH1 and WACALIB models: inferences based on the LGTROPH1
model decrease proceeding upwards in the core. whereas chlorophyll a inferences based
on WACALIB increase (Table 7). The O-cm inference of 66 v g/L obtained by
WACALIB more closely approximates the modern measured limnetic chlorophyll a
value of 79 vg/L than does the value obtained with the TROPH1 model. WACALIR

infererences, therefore, might be more reliable in Lake Waubersz.

Lake Bonny

Lake Bonny diatom samples are generally dominated by the benthic taxa
Staurosirella pinnata, Pseudostaurosira brevistriata, and Staurosira construens var.
venter, which indicate high trophic state conditions, and by Nitzschia amphibia, which is
found in eutrophic to hypereutrophic conditions in Florida lakes (Whitmore 1989). The
90-cm sample, however, is dominated by the eutrophic Aulacoseira italica. (Appendix 1).

Limnetic total P inferences obtained with both the TROPH1 and the WACALIB
models are near-identical at 57 vg/L in the 0-cm sample, somewhat less than the reported

mean of 79 vg/L (Table 5). Both models show a value of 72 vg/L in the 30-cm sample,
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then inferences that decline downwards in the core. The WACALIB inference for the 90-
cm sample is 43 vg/L, whereas the LGTROPH] inference is 32 vg/L. Increased trophic
state between the O-cm and 30-cm samples followed by a decline downwards in the core
is shown by inferred Huber et al. (1982) averaged trophic state index values as well
(Table 6).

Chlorophyll a inferences obtained with the LGTROPH1 and WACALIB models
both show lowest values at the base of the core (Table 7). Inferences obtained with the
WACALIB model indicate fairly consistent chlorophyll a values between the 0-cm and
60-cm samples followed by a sudden decline in the 90-cm sample. Chlorophyll ¢
inferences obtained with the TROHP1 model, however, show a high value in the 30-cm
sample followed by a decline in the 60-cm and 90-cm samples. The 0-em chlorophyll a
inference obtained by WACALIB (65 vg/L) exactly matches the recently measured
chlorophyll @ mean, which suggests that absolute values of WACALIB-derived
chlorophyll a inferences might be more reliable than TROPH1-derived inferences. In
summary, diatomn predictive models indicate that trophic state increased proceeding
upward in the Lake Bonny sediment core, and that trophic state might have declined

somewhat between the 30-cm and 0-cm levels.
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Lake Haines

Diatoms in the 0-cm sample of Lake Haines are dominated by Pseudostaurosira
brevistriata, Staurosira construens var, venter, and Aulacoseira italica, which strongly
suggests eutrophic to hypereutrophic conditions (Appendix 1). In the 30-cm to 90-cm
levels, Aulacoseira granulata and A. granulata var. muzzanensis dominate and indicate
mesotrophic to eutrophic conditions.

Limnetic total P inferences obtained with the TROPH1 and the WACALIB
models both suggest the highest inference in the 0-cm sample, The inference obtained
with the WACALIB model is 8 vg/L. whereas the inference from the TROPH1 model is
60 vg/L. Both of these inferences are significantly lower than the modem measured
mean of 115 vg/L (Table 5). The measured mean shown for 1999, however, is 74 v g/,
which is within the 95% confidence interval for the TROPH1 inference. Thus the
inferred values might be entirely reasonable. Both models show limnetic total P
declining downwards in the sediment core to a low value of 40 vg/L in the 90-cm sample
as indicated by the TROPH1 model, and a value of 44 ug/L as indicated by WACALIB.

Inferred Huber er al. (1982) averaged trophic state index values for core samples
show a high value of 68 for the O-cm sample, but values for the 30-cm to 90-cm samples
range only between 57 and 60, implying a long period of stasis throughout the core

(Table 6). Chlorophyll a inferences obtained from both models show significantly higher
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inferences for the 0-cm sample than are shown lower in the core (Table 7), The
WACALIB inference of 92 ug/L more closely approximates the reported modern mean
value of 82 ug/L than does the TROPH1 inference of 31 ug/L. Chlorophyll  inferences
remain uniformly low between the 30-cm and 90-cm levels according to the TROPH1
model, but increase again in the 90-cm level according to the WACALIB model. The
concensus of most indicator models appears to suggest a significant increase in trophic

state between the 30-cm and 0-cm levels in Lake Haines.

Lake Conine

Diatoms in the O-cm sample of Lake Conine are dominated by Pseudostaurosira
brevistriata and Staurosira construens var. venter, which indicate high trophic state
conditions, and by Nitzschia palea, which is tolerant of a wide range of trophic
conditions. Stephanodiscus aegyptiacus, which indicates eutrophic conditions (Whitmore
1989), appears in the 0-cm sample and dominates along with Nitzschia palea in the 30-
cm and 60-cm samples. Mesotrophic to eutrophic species of Aulacoseira are abundant in
the 60-cm sample, and dominate in the 90-cm sample (Appendix 1).

Limnetic total P inferences abtained with both the TROPH1 and WACALIB
models show lowest values at the base of the sediment core, a highest inference for the

30-cm sample, followed by a decline to a moderate level in the 0-cm sample (Table 5).
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The WACALIB inference for the 0-cm sample, 83 vg/L, is significantly lower than the
reported mean of 322 vg/L. This underestimation might indicate that the lake has
become nitrogen limited in recent decades. Nitrogen limitation would cause diatoms to
underestimate limnetic total P concentrations because diatom production does not reach
the potential suggested by the excess of total P that is present in the lake.

Huber et al. (1982) averaged trophic state index inferences for Lake Conine
indicate that trophic state was lowest (43) in the 90-cm sample, then increased to a
uniform value of approximately 60 between the 60-cm and O-cm levels (Table 6).

Historic chlorophyll @ inferences obtained for Lake Conine samples with the
TROPHI index are low with respect to the reported mean value of 80 vg/L (Table 7).
WACALIB derived chlorophyll a inferences, by comparison, are generally more
reasonable with respect to the modern value. The WACALIB value for the 90-cm
sample is anomalous and suspect, but chlorophyll a increases from a value of 44 vg/Lin
the 60-cm sample to a peak of 102 vg/L in the 30-cm sample, then declines to 90 vg/L in
the O-cm sample. This overall trend of increase in chlorophyll a followed by decrease
above the 30-cm level is consistent with the patterns shown by total P inferences from

both total P predictive models.
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Lake May

Diatoms in the O-cm sample of Lake May are dominated by Pseudostaurosira
brevistriata, Staurosira construens var. venter, and Nitzschia palea (Appendix 1). These
taxa suggest high trophic state conditions. In the 30-cm sample, Cyclorella
meneghiniana, a eutrophic indicator (Whitmore 1989), and mesotrophic to eutrophic
species of Aulacoseira assume greater importance, Cyclotella stelligera, which is
abundant in the 60-cm sample, is indicative of oli gotrophic conditions (Whitmore 1989).
Aulacoseira granulata and A. granulata var. angustissima represent 90% of the diatoms
in the 90-cm sample, which is very high dominance, and these taxa give a definite
indication of mesotrophic to eutrophic conditions at that time.

The WACALIB model yields a total P inference for the 0-cm sample of 63 vg/L,
which matches exactly the modern measured mean (Table 5) and suggests confidence in
the absolute value of WACALIB-derived total P inferences for this lake. WACALIB-
inferred total P increases to 78 vg/L in the 30-cm sample, then declines to less than 45
vg/L below the 60-cm sample.

Averaged trophic state index inferences for Lake May show a maximum value of
68 at the 30-cm level (Table 6). Inferences for the O-cm and 60-cm levels are
approximately 60. The lowest inferred trophic state index value in Lake May is 52 in the

90-cm sample.
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Chlorophyll a inferences from both the TROPH1 and WACALIB models show a
maximum value in the 30-cm sample and lower values at the base and top of the core
(Table 7). Modern inferences from both methods are improbably low (<18 vg/L),
however, with respect to the modern measured mean value (50 v g/L). The exception to
low values might be the WACALIB inferences of 41 vg/L for the 30-cm and 60-cm
samples. In any event, trends in chlorophyll a inferences might be more informative than

the absolute values in this core.

Lake Shipp

Pseudpstaurosira brevistriata indicates high trophic state conditions in the O-cm
sample from Lake Shipp (Appendix 1), and Synedra filiformis var, exilis and Aulacoseira
spp. suggest moderate to high productivity for this sample. Staurosira construens var.
venter and Achnanthes minutissima dominate in the 30-cm sampl,e and are tolerant of a
wide range of trophic conditions. Stephanodiscus aegyptiacus and Cyclotella
meneghiniana, which indicate eutrophic conditions, are abundant in the 60-cm sample,
along with §. construens var. venter and Nitzschia palea, which tolerate a wide trophic
range (Whitmore 1989). In the 90-cm sample, S. construens var. venrer declines

dramatically in abundance and Aulacoseira italica, a eutrophic species, joins the
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remaining taxa that dominated in the 60-cm sample. Clearly, diatom dominance varies
considerably throughout the Lake Shipp sediment core

Limnetic total P inferences from the TROPH1 and WACALIB models show
different trends in the Lake Shipp core (Table 5). The TROPHI model yields a high
limnetic total P inference of 57 vg/L in the 90-cm sample, with inferences for the 0-cm
through 60-cm samples ranging from 35-40 vg/L. The WACALIB model yields an
inference of 74 vg/L in the 90-cm sample, a high value of 104 vg/L in the 60-cm sample,
and inferences of 57-59 vg/L for the O-cm and 30-cm samples. The recent WACALIRB
inference of 57 vg/L very closely approximates the measured mean of 56 vg/L..
WACALIB-derived inferences for limnetic total P, therefore, appear to be more reliable
than TROPHI-derived inferences in Lake Shipp, but the trend shown is not easy to
interpret meaningfully. It is unlikely that a sample as deep in the core as 60-cm would
represent a peak in eutrophication caused by human disturbance unless sediment
deposition in Lake Shipp is irregular and subject to mixing and spatial redistribution
(Whitmore et al. 1996).

Huber et al. (1982) averaged trophic state inferences are fairly monotonous in
Lake Shipp and range around 60, except for the 90-cm sample which is somewhat higher
at a value of 67 (Table 6). Chlorophyll a inferences obtained with the TROPH1 model

are also fairly monotonic around 18 vg/L in the 0-cm through 60-cm samples, and
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somewhat higher at 29 vg/L in the 90-cm sample (Table 7). Chlorophyll & estimated by
| WACALIB follows the pattern shown by limnetic total P inferences with a high value in
the 60-cm sample and lower inferences in the 0-cm and 30-cm samples. In summary,
trophic state indicators in the Lake Shipp core appear variable or monotonic and do not

show clear trends indicative of eutrophication.

Lake Lulu

Diatom assemblage composition in Lake Lulu shows a directional progression
over ime. Pseudostaurosira brevistriata, a hypereutrophic indicator, and Staurosira
construens var. venter, which is mesotrophic to eutrophic, dominate in the O-cm sample
(Appendix 1). Nitzschia palea, which ranges widely in trophic tolerance, joins these
dominant taxa in the 30-em sample. In the 60-cm sample, Cyclotella meneghiniana, a
eutrophic indicator, increases as P. brevisiriata declines, In the 90-cm sample, §.
consiruens var. venter declines leaving only C. meneghiniana and N. palea as the
dominant taxa.

Inferred limnetic total P values from both the TROPHI and WACALIB models
show a trend of increase proceeding upwards in the Lake Lulu sediment core (Table 5).
TROPHI-based inferences are 30 vg/L in the 90-cm level and 50 vg/L in the O-cm

sample, and WACALIB-based inferences are 57 vg/L in the 90-cm sample and 85 vg/L

200



in the O-cm sample. The recent inference for the the TROPHI model (50 v oL} most
closely approximate the modern measured mean of 52 vg/L, which suggests that the
absolute values of the TROPH1 model might be more reliable in Lake Lulu,

Huber et al. (1982) averaged trophic state index inferences for Lake Lulu show a
moderate increase proceeding upwards in the sediment core (Table 6). The averaged
trophic state index inference for the 90-cm level is 54, and the inference for the O-cm
level is 64.

Chlorophyll a inferences for the Lake Lulu core differ between the TROPH] and
WACALIB models (Table 7). The TROPH]1 model shows a trend of increase proceeding
upwards in the core, with a value of 14 vg/L in the 90-cm sample and a value of 25 ve/L
in the 0-cm sample. WACALIB inferences, in contrast, appear somewhat anomalous and
range from 65 to 79 vg/L in the 90-cm through the 30-cm samples, then decline
significantly to 36 vg/L in the 0-cm sample. TROPH1 chlorophyll a inferences,
therefore, seem to be more consistent with trends shown by the other reconstruction

methods,

Lake Hancock
The diatom assemblage in the O-cm sample of Lake Hancack is dominated by the

benthic taxa Pseudostaurosira brevistriata, a hypereutrophic indicator, and Staurosira
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construens var. venter, which is mesotrophic to eutrophic in its distribution (Appendix 1).
Aulacoseira ambigua is a planktonic taxon that occurs in eutrophic waters and it is also
abundant in the O-cm sample. In the 30-cm sample, S. construens var. venter and
Aulacoseira ambigua approximately double in their representation, and Pseudostaurosira
brevistriata declines by about 2/3. The 60-cm sample shows a shift towards dominance
by species of Aulacoseira: A. ambigua and A. italica represent 54% of the flora, and are
indicators of eutrophic conditions. Staurosira construens var. pumila is a hypereutrophic
species that increases slightly between the 30-cm and 60-cm samples. The 90-cm sample
1s dominated overwhelmingly by the eutrophic, planktonic species A. ambigua and A.
italica, which together represent about 77% of the diatom assemblage.

Limnetic total phosphorus inferences for the Lake Hancock core are shown in
Table 5. Inferences by the TROPH1 model are distinctly different from those shown by
the WACALIB model. TROPH1-based inferences show high limnetic total P values at
the base of the core and fluctuation in values between the 60-cm and 0-cm levels.
WACALIB-derived inferences, in contrast, show a value of 57 vg/L total P in the 90-cm
sample with inferences increasing to a high of 102 vg/L in the 0-cm sample. The trend
shown by the WACALIB model is more likely to be accurate in this instance. Although
the TROPHI1 model can be reasonably accurate, the model is subject to erratic estimates

when a single taxon reaches an unusually high percentage because the trophic
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classification of that taxon begins to exert undue influence on the index value. In the
case of the 90-cm sample, for example, two eutrophic species of Aulacoseira represent
77% of the diatom assemblage and cause the TROPH1 model to generate inordinately
high inferences for limnetic total P, The WACALIB calibration indicates that the optimal
total P value for the distribution of Aulacoseira italica in Florida is 58 1_1 g/L total P, and
the optimum for A. ambigua is 66 vg/L. The WACALIB estimate of 57 vg/L inferred
total P, therefore, is more probable than the TROPHI estimate of 212 vg/L for the 90-cm
sample. Both models yield total P inferences for the 0-cm sample (~102 vg/L) that are
significantly lower than the reported measured means for the lake of 427 vg/L
(Horsburgh 1999) and 631 vg/L (Huber et al. 1982), which suggests that phophorus is
present in excess of algal production and that Lake Hancock might be nitrogen limited.
Historical averaged trophic state index inferences for Lake Hancock (Table 6) and
limnetic chlorophyll a inferences (Table 7) calculated with the TROPH1 model appear to
have been influenced by the unusually high abundance of Aulacoseira as were the
limnetic total P inferences. TROPH1-derived inferences for averaged trophic state index
and chlorophyll a values appear to decrease proceeding upwards in the sediment core. It
is probable that WACALIB-derived inferences for limnetic chlorophyll & have been less
adversely affected by the high species dominance in the lower samples, and that the

WACALIB trend of increased chlorophyll a proceeding upwards in the core is correct.
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The estimate of 80 vg/L chlorophyll g in the 0-cm sample, however, significantly

underestimates the long-term reported mean of 120 vg/L.
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Discussion

Three lakes in this study appear to have undergone eutrophication that has relaxed
somewhat in the upper portion of their cores, possibly because of recent nutrient
mitigation efforts. A trend of lowest total P inferences in the base of the core, a
maximurm value at the 30-cm level, and a slight decrease in the O-cm sample is shown by
Lakes Conine, Bonny, and May. A trend of steady increase in limnetic total P inferences
upwards in the core is shown by Lakes Lulu and Haines, both of which apear to have
undergone progressive eutrophication that has not been ameliorated in recent times. Our
recommendation for primary focus in lake restoration programs is towards these five
lakes.

Additionally, WACALIB-derived limnetic total P and chlorophyll @ inferences for
Lake Hancock suggest a consistent trend of eutrophication over time. These trends are
not supported by TROPH1-derived inferences, but TROPH1 index values appear to have
been affected by unusual dominance of certain species in samples towards the base of the
core. Because WACALIB-derived inferences for Lake Hancock significantly
underestimate recent measured water-quality means, the absolute values of the inferences
do not appear to be reliable, although the trends that suggest entrophication might be

informative.
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Trends shown by historical trophic state indicators in Lakes Wauberg and Shipp
are equivocal and suggest either constancy or fluctuation in trophic state over time that is
not clearly directional and indicative of eutrophication. High productivity in these lakes
might be largely the result of edaphic or geological factors rather than of human
influence.

Limnetic total P inferences for the 0-cm samples of Lakes Wauberg, Haines,
Conine, and Hancock significantly underestimate the long-term means of total P for these
lakes, which might suggest nitrogen limitation in these systems. The measured mean for
1999 in Lake Haines, however, was within the 95% confidence interval of the TROPH]1
limnetic total P inference. An important point to consider when comparing means of
modern water quality variables to diatom-based inferences is that there is considerable
variance about the reported modern mean values, and reported mean values might not be
very representative of overall water-quality conditions in study lakes.

For example, long-term mean limnetic total P in Lake Conine is 322 vg/L
(Lakewatch 2000}, but the wide range of values (49 to 631 vg/L) suggests considerable
variance. Lake Wauberg also has a reported long-term total P mean of 113 vg/L witha
range of 54-303 vg/L (Lakewatch 2000). Limnetic total P values in Lake Wauberg
generally ranged between 54 and 150 vg/L over a period of 109 months from 1990-1999,

with the exception of 7 months in 1998 when limnetic total P ranged from 150-303 vg/L
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(M. Hoyer, unpublished data). These exceptionally high months tend to exert an upward
influence on the reported mean value, and more typical total P values for the lake are not
evident. Mean limnetic total P reported for Lake Wauberg in 1999 was 75 vg/L
(Lakewatch 2000), considerably less than the long-range average of 113 vg/L. Even
within 1999, however, limnetic total P was =130 vg/L for only two months, and ranged
between 50 and 65 vg/L for eight months (Lakewatch 2000), which again shows that
high values in a few months can exert disproportionate influence on a reported mean
value. The median limnetic total P value for Lake Wauberg in 1999 is approximately 65
vg/L, or roughly 57% of the reported long-term mean for the lake. Mean water-quality
values reported in the literature, therefore, might provide a poor standard for evaluating
the accuracy of inferred water-quality values,

Historic water-quality inferences obtained with the WACALIB model generally
yielded inferencs closer to modern measured water-quality values than were inferences
obtained with the TROPH1 diatom index, although trends demonstrated by both models
were informative. In any event, qualitative species assessment, multiple lines of
evidence, and attention to overall trends rather than absolute values are probably the best
approaches for evaluating changes in trophic state, and for setting priorities in lake

restoration programs.
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Table 1. Diatom-based predictive models used to evaluate historic water quality.

del 1:

TROPHI is a ratio of the percentages of diatoms in various trophic state preference

categories for a given sample (Whitmore 1989). Historic limnetic tota] P concentrations
were inferred using the equation:

Logl0 total P =-1.795 + 0.973 (Log10 TROPH1)

r=0.81, p<0.001, n = 47.

Model 2: Predicting trophic state index values with the TROPHI i dex
Historic Huber ef. al, (1982) trophic state index values were inferred using the equation:
TSIAVG =41.37 + 43.65 (Logl10 TROPH1)

r'=0.80, p< 0.001, n = 49.

Model 3: Predicting limnetic chlorophyll @ concentrations with the TROPHI Index

Historic limnetic chlorophyll @ concentrations were inferred using the equation:
Log Chl. @ = 0.828 + 1.102 (Log10 TROPH1)

r*=0.70, p < 0.001, n = 50.






Tahble 1 continued.

Model 4: Predicting limnetic total P concentrations with WACALIB

Historic limmetic total P concentrations were inferred
by weighted-averaging calibration (WACALIB: Line et al. 1994) using In-transformed
limnetic P values for a calibration set of 69 Florida lakes.

r* adj. = 0.88, s.e. pred. = 0.387,n =69

odel 5: Predicting limneti centrations with

Historic chlorophyll a concentrations were inferred by weighted-averaging calibration
using chlorophyll @ values for a calibration set of 69 Florida lakes.

r* adj. = 0.66, s.e. pred. = 26,7, n = 69




Table 2. Location and sampling dates of lakes in study.

Lake County Sample Coring
date location
Wauberg Alachua 11-7-2000 N 29° 31' 49.0" lat.
W 82° 18' 6.3 "long.
Bonny Polk 7-19-2001 N 28° 02.406' lat.
W 81° 55.897 long.
Haines Polk 7-20-2001 N 28° 05.929' 1at.
W 81° 42,163' long.
Conine Polk 7-20-2001 N 28" 03.522' lat.
W 81° 43.569" long.
Hancock Polk T-23-2001 N 27° 59.625'
W 81° 50.953'
May Polk 7-24-2001 N 28° 00.776' lat.
W 81° 44.275' long.
Shipp Polk T-24-2001 N 28° 00.367 lat.
W 81° 44.535' long.
Lulu Polk 7-24-2001 N 27° 59.844' |at.

W 817 43.164' long.




Table 3. Water depth, core length, and description of sediment cores.

Lake Water Core Description
depth length

Wauberg 3.9m =>1m organic sediments to
30 em, macrophyte
remains below 60 cm

Bonny 1.1m 1.5m 0-29 cm unconsolidated
below 29 cm organic
sediments,

Haines 2.7m 1.05m organic sediments

Conine 34m 133 m organic sediments

Hancock 0.4m .44 m organic sediments

May 1.08 m 1.27m organic sediments

Shipp 2.lm 1.00 m organic sediments

Lulu 1.85Sm 1.15m organic sediments




Table 4. Trophic-state preferences of diatoms in sediment samples from study lakes.

Depth  Hyper- Eutrophic Meso- Oligo- Ultraoligo-

Lake in core eutrophic trophic  trophic trophic unknown
(em) (%) (%) (%) (%) (%) (%)
Wauberg 0 0.0 50.1 29.1 20.1 0.0 0.6
30 0.8 57.1 28.6 12.3 0.0 1.2
60 0.0 57.0 34.0 8.6 0.0 0.2
70 2.6 80.9 10.9 5.6 0.0 0.0
85 52 73.4 18.2 = 0.0 0.0
Bonny 0 20.7 49.2 21.5 8.2 0.0 0.4
30 22.1 33.6 19.4 4.7 0.0 0.2
60 59 46.6 34.0 13.0 0.0 . 04
90 0.7 56.9 26.6 13.2 0.0 1.4
Haines 0 9.3 64.4 224 3.9 0.0 0.0
30 5.2 528 30.9 9.4 0.0 2
60 1.4 56.0 39.7 2.4 0.0 0.2
90 0.1 61.9 36.9 0.9 0.0 0.2
Conine 0 7.0 56.7 252 11:1 0.0 0.0
30 0.5 70.8 15.0 137 0.0 0.0
60 29 61.8 22.1 12.6 0.0 0.2
90 0.0 35.0 35.6 204 0.2 1.4
May 0 9.0 51.5 26.5 11.9 0.0 1.0
30 9.3 65.9 Y77 6.6. 0.2 0.2
60 2.0 62.8 234 10.5 0.0 1.0
20 0.0 46.1 46.0 5.6 0.0 1.6
Shipp 0 6.4 56.3 26.2 103 0.0 0.8
30 6.0 51.8 30.0 11.8 0.0 04
60 1.0 61.2 27.1 10.2 0.0 0.4
90 03 74.8 159 83 0.0 0.7
Lulu 0 184 49.2 25:1 6.4 0.4 0.6
30 16.0 62.1 22.5 11.6 0.0 1.6

90 0.5 56.8 £3:3 18.8 0.0 0.6



Table 4 continued.

Depth  Hyper- Eutrophic Meso- Oligo- Ultraoligo-

Lake in core eutrophic trophic  trophic trophic unknown
(cm) (%) (%) (%) (%) (%) (%)
Hancock 0 28.2 49.6 15.0 2.1 0.0 5.1
30 12.1 63.4 222 2.3 0.0 0.0
60 10.8 76.8 9.5 27 0.0 0.2
90 1.5 1.9 4.5 2.1 0.0 0.0




Table 5. Inferred limnetic total P values for sediment samples.

Lake Depth in Inferred Limnetic total P Mean of
sediment (ng/L) modern
(cm) limnetic total P
LGTROPHI WACALIB (ng/L)
Inferred P 95% C1 Inferred P
Wauberg 0 25 22-30 46 113
30 33 28-39 58
60 33 28-39 53
70 87 66-115 54
835 71 5591 80
Bonny 0 57 4571 58 79"
30 72 56-93 72 (range 59-99)
60 31 26-36 68
90 32 27-38 43
Haines 0 60 48-76 83 115
30 36 30-43 49 (74 in 1999)*
60 36 30-43 43
90 40 33-49 -
Conine 0 41 33-49 83 < .y
30 46 37-57 116 (range 49-631)
60 39 32-47 67
50 18 15-20 43
May 0 38 32-46 63 63"
30 61 48-77 78
60 40 3349 45
90 23-32 42
Shipp 0 40 33-49 57 56
30 35 29-4] 39
60 37 31-45 104
S0 57 45-71 74




Table 5 continued.

Lake Depth in Inferred Limnetic total P . Mean of
sediment (ng/L) modern
(cm) limnetic total P
LGTROPHI . WACALIB (ug/L)
Inferred P 95% (I Inferred P
Lulu 0 50 41-62 85 52"
30 52 42-65 B8
60 40 33-48 68
90 30 25-35 57
Hancock 0 103 76-139 102 427
30 67 52-Bo 71 011"
60 128 92-178 58
S0 212 142-316 57

Sources of modern means:
a = Lakewatch (2000)

b = Horsburgh (1999)

¢ = Huber et al. (1982)



Table 6. Inferred Huber et. al. (1982) averaged trophic state index values for sediment
samples obtained using the TROPH1 diatom index.

Lake Depth in Inferred Huber et. al. (1982)
sediment averaged trophic state index

(cm) Inferred value 05% I

Wauberg 0 50 47-53
30 56 52-59

&0 56 52-59

70 75 TO-80

B3 71 66-76

Bonny 0 66 62-70
30 71 66-76

60 54 51-57

o0 55 52-59

Haines 0 68 63-72
30 57 54-61

60 57 54-61

90 60 56-63

Conine 0 60 56-63
30 62 58-66

60 59 55-63

90 43 40-46

May 0 59 55-62
30 68 63-72

60 a0 56-63

o0 52 49-55

Shipp 0 60 56-63
30 57 53-60

60 58 55-62

a0 67 62-71




Table & continued.

Lake Depth in Inferred Huber et. al. (1982)
sediment averaged trophic state index

{cm) Inferred value 05% (I

Lulu 0 64 60-68
30 65 61-69

60 60 56-63

o0 54 51-57

Hancock 78 73-84

0

30 70 65-74
60 83 T6-89
90 93 85-100




Table 7. Inferred limnetic chlorophyll @ concentrations for sediment samples.

Lake Depth in Inferred Limnetic chlorophyll. a Mean of
sediment (png/L) modern
(cm) chlorophyll a
LGTROPHI WACALIB (ng/L)
Inf. chl. a 95% CI Iof. chl. a

Wauberg 0 11 9-14 66 79°
30 16 12-20 46
60 16 12-20 49
70 48 32-71 40
B5 38 26-54 28

Bonny 0 20 21-40 65 65"
30 38 27-55 60
60 14 11-18 67
90 15 12-19 10

Haines 0 31 22-43 92 82*
30 17 13-22 41 (59 in 1999)*
60 17 13-22 27
S0 19 15-26 60

Conine 0 20 15-26 o0 80"
30 23 17-31 102
60 19 15-25 44
G0 8 6-9 0

May 0 18 14-24 15 S0t
30 31 22-44 4]
60 20 15-26 41
o0 13 10-16 22

Shipp 0 19 15-25 65 79°
30 18 13-21 58
60 18 14-23 101
90 29 21-40 82




Table 7 continued.

Lake Depth in Inferred Limnetic chlorophyll. a Mean of
sediment (ng/L) modern
(cm) chlorophyll a
LGTROPHI WACALIB (ng/L)
Inf. chl. a 95% (1 Inf. chl. a
Lulu 0 25 19-34 36 42°
30 26 20-36 79
60 19 15-25 65
90 14 11-18 73
Hancock 0 58 38-89 80 120"
30 35 25-50 67
60 74 46-119 66
20 133 75-236 53

Sources of modern means:

a = Lakewatch (2000)
b = Horsburgh (1999)



Appendix 1. Diatom count data for sediment samples.

Lake Wauberg, Depth =0 c¢m

Achnanthes exigua Gr. 0.2
Achnanthes linearis f. curta H.L. Sm. 0.2
Aulacoseira ambigua (Gr.) Sim. 1.0
Aulacoseira granulata v. angustissima 16.0
Aulacoseira italica (Ehr.) Sim. 3.5
Caloneis bacillum (Gr.) Cl. 0.2
Cocconeis placentula v. lineata (E)VH 0.2
Cyclostephanos dubius (Fricke) Round 13.5
Cyclotella meneghiniana Kutz. 3.5
Cyclotella stelligera (Cl. & Gr.)V.H. 1.9
Cymbella lunata W Sm. 0.2
Cymbella minuta Hilse ex Rab. 0.2
Gomphonema parvulum Kutz. 0.8
Navicula radiosa v. tenella (Br&K)Gr. 0.2
Navicula seminulum v. intermedia Hust 0.8
Navicula sp 0.2
Nitzschia fonticola Gr. L5
Nitzschia palea (Kutz) W.Sm. 40.8
Opephora americana M.Perag 0.4
Synedra filiformis v. exilis CIEul. 3.8
Synedra rumpens v, familiaris(Kutz)Gr 11.0
Unknown 02

Total 100.3



Lake Wauberg, Depth =30 cm

Species

Achnanthes minutissima Kutz.
Achnanthes sp

Aulacoseira ambigua (Gr.) Sim.
Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira italica (Ehr,) Sim.
Cocconeis placentula v, lineata (E)VH
Cyclotella meneghiniana Kutz,
Cyclotella stelligera (ClL. & Gr.)V.H.
Cymbella minuta Hilse ex Rab.
Eunotia glacialis Meist,

Eunotia monodon v. constricta ClEul
Eunotia pectinalis v. minor (Kutz)Rab
Fragilaria berolinensis (L.emm)LangeB
Fragilaria crotonensis Kitton

Frustulia rhomboides Ehr, DeT.
Gomphonema parvulum Kutz.
Navicula pupula v. rectangularis
Navicula seminulum v. intermedia Hust
Nitzschia frustulum (Kutz) Gr.
Nitzschia palea (Kutz) W.Sm.
Staurosira construens v venter (G)W&R
Stephanodiscus aegyptiacus Ehr.
Synedra filiformis v, exilis ClEul.
Synedra incisa Boy.

Synedra rumpens v. familiaris(Kutz)Gr
Unknown

Total

Percentage of sample

0.2
0.2
4.1
0.6
24
30.1
2.9
1.0
10.6
88
0.2
0.2
0.2
0.8
0.8
1.4
0.2
1.0
0.2
0.6
0.4
16.1
1.0
0.8
3.1
0.6
24
0.2

100.1



Lake Wauberg, Depth = 60 cm

Species

Achnanthes exigua Gr.

Achnanthes linearis (W.Sm.) Gr.
Anomoeoneis serians v. brachysira(B)G
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira italica (Ehr.) Sim.
Cocconeis placentula v. lineata (E)VH
Cyclotella meneghiniana Kutz,
Cyclotella stelligera (Cl1. & Gr.)V.H.
Eunotia Vanheurckii Pat.

Fragilaria crotonensis Kitton
Gomphonema gracile Ehr.em.V.H.
Gomphonema parvulum Kutz.
Navicula seminulum v. intermedia Hust
Navicula sp

Nitzschia palea (Kutz) W.Sm.
Pinnularia central areas

Staurosira construens v venter (GIW&R
Staurosirella pinnata v, lancetulla
Stephanodiscus aegyptiacus Ehr,
Synedra filiformis v. exilis Cl1Eul.
Synedra rumpens v. familiaris(Kutz)Gr
Unknown

Total

Percentage of sample

0.2
0.2
0.2
04
6.2
9.9
0.2
4.5
3.1
0.2
0.2
0.2
0.6
1.6
0.4
8.7
0.2
0.6
0.4
8.9
45.6
74
0.2

100.1



Lake Wauberg, Depth = 70 cm

Species

Aulacoseira ambigua (Gr.) Sim.
Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira italica (Ehr.) Sim.
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Cymbella lunata W Sm.

Cymbella minuta Hilse ex Rab.

Eunotia formica Ehr.

Eunotia pectinalis v. minor (Kutz)Rab
Gomphonema gracile Ehr.em.V.H.
Hantzschia amphioxys (Ehr.) Gr..
Navicula seminulum Gr.

Navicula seminulum v. intermedia Hust
Navicula sp

Nitzschia palea (Kutz) W.Sm.
Pseudostaurosira brevistriata (G)W&R
Staurosira construens v pumila (G)W&R
Staurosira construens v venter (()W&R
Staurosirella pinnata (Ehr) W & R
Synedra delicatissima W. Sm.

Synedra filiformis v. exilis ClEul.
Synedra rumpens v. familiaris(Kutz)Gr

Total

Percentage of sample

2.3
0.2
1.0
0.2
62.4
6.3
21
0.2
0.2
0.2
1.7
0.4
0.2
0.8
0.6
0.2
2.1
1.2
1.9
4.2
0.4
0.4
4.6
6.3

100.1



Lake Wauberg, Depth =85 cm

Epecje&i

Achnanthes hungarica Gr.
Anomoeoneis serians v. acuta Hust,
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v, angustissima
Aulacoseira granulata v. muzzanensis
Aulacoseira italica (Ehr.) Sim.
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Cymbella minuta Hilse ex Rab.
Eunotia curvata Kutz

Eunotia monodon Ehr.

Eunotia pectinalis v. minor (Kutz)Rab
Gomphonema gracile Ehr.em.V.H.
Gomphonema parvulum Kutz.
Navicula pupula v. rectangularis
Navicula radiosa v. parva Wallace
Nitzschia amphibia Gr.

Nitzschia palea (Kutz) W.Sm.
Pinnularia Maior (Kutz) Rab.
Pseudostaurosira brevistriata (G)W&R

Staurosira construens v venter (F)W&R

Staurosirella pinnata (Ehr) W & R
Staurosirella pinnata v. lancetulla
Synedra filiformis v. exilis ClEul.

Synedra rumpens v. familiaris(Kutz)Gr

Total

Percentage of sample

0.2
0.2
19.4
1.2
0.8
0.6
6.7
1.0
294
4.1
0.6
0.4
0.2
0.2
1.6
0.2
0.4
0.4
0.4
0.2
0.4
0.2
1.6
14.3
123
1.6
1.0
0.8

100.4



Lake Bonny, Depth =0 cm

Species

Achnanthes linearis f. curta H.L. Sm.
Achnanthes minutissima Kutz.
Aulacoseira italica (Ehr.) Sim.
Cyclotella meneghiniana Kutz.
Cymbella Muelleri Hust.

Fragilaria crotonensis Kitton
Gomphonema gracile Ehr.em.V.H.
Navicula exigua v. capitata Pat.
Nitzschia amphibia Gr.

Nitzschia fonticola Gr.

Nitzschia frustulum (Kutz) Gr.
Nitzschia palea (Kutz) W.Sm.
Pseudostaurosira brevistriata (G)W&R
Staurosira construens Ehr.

Staurosira construens v venter (G)W&R
Staurosirella pinnata (Ehr) W & R
Synedra filiformis v, exilis ClEul.
Synedra incisa Boy.

Synedra rumpens v, familiaris(Kutz)Gr

Total

Percentage o

0.2
18.7
0.8
12
0.2
0.4
0.2
0.2
24.7
0.4
0.4
4.2
15.1
5.0
12.5
2.2
12.5
0.2
1.0

ample

100.1



Lake Bonny, Depth =30 cm

Species

Achnanthes Wellsiae Reim,
Achnanthes exigua Gr.

Achnanthes linearis (W.Sm.) Gr.
Achnanthes linearis f. curta H.L.. Sm.
Achnanthes minutissima Kutz.
Aulacoseira italica (Ehr.) Sim.
Cocconeis placentula v. lineata (E)VH
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Eunotia pectinalis v, minor (Kutz)Rab
Gomphonema sp

Navicula sp

Nitzschia amphibia Gr.

Nitzschia fonticola Gr.

Nitzschia frustulum (Kutz) Gr.
Nitzschia palea (Kutz) W.Sm.
Nitzschia sp

Pseudostaurosira brevistriata (G)W&R.
Staurosira construens Ehr.

Staurosira construens v venter (GYW&R
Synedra acus Kutz.

Synedra filiformis v, exilis CIEul.
Synedra ulna v. amphirhyncus (Ehr) Gr

Tatal

ercentape of s le

0.2
0.4
0.6
0.4
34
0.6
0.2
1.3
0.2
0.4
0.4
0.4
26.1
0.4
0.7
6.1
0.2
18.1
9.9
248
0.2
5.0
0.4

100.4



Lake Bonny, Depth = 60 cm

Species ercentage of sample
Achnanthes exigua Gr. 0.8
Achnanthes linearis f. curta HL. Sm. 04
Achnanthes minutissima Kutz. 7.6
Amphora ovalis v. affinis (Kutz.) V.H 0.2
Aulacoseira ambigua (Gr.) Sim. 0.4
Aulacoseira granulata v. angustissima 0.2
Aulacoseira italica (Ehr.) Sim. 1.0
Cyclotella meneghiniana Kutz. 0.8
Gomphonema gracile Ehr.em.V.H. 0.4
(Gomphonema parvulum Kutz. 0.2
Mavicula arvensis Hust. 0.2
Nitzschia amphibia Gr. 1.8
Nitzschia fonticola Gr. 0.8
Nitzschia frustulum (Kutz) Gr. 1.4
Nitzschia palea (Kutz) W.Sm. 28.7
Pseudostaurosira brevistriata (G)W&R 10.1
Staurosira construens Ehr. 3.1
Staurosira construens v venter (F)W&R 343
Synedra filiformis v. exilis CIEul. 7.8

Total 100.2



Lake Bonny, Depth =90 cm

Species

Achnanthes exigua Gr.

Achnanthes linearis f. curta H.L.. Sm.
Achnanthes minutissima Kutz,
Achnanthes sp

Asterionella formosa Hass.
Aulacoseira alpegina (Gr) Kram.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira italica (Ehr.) Sim.
Caloneis ventricosa (Ehr.) Meist.
Cyclotella stelligera (Cl. & Gr.)V.H.
Cymbella Muelleri Hust.

Cymbella lunata W Sm.

Cymbella minuta Hilse ex Rab.
Eunotia pectinalis v. minor (Kutz)Rab
Eunotia soleirolii (Kutz.) Rab.
Eunotia sp

Frustulia rhomboides Ehr. DeT.
Gomphonema gracile Ehr.em.V.H.
Mavicula protracta Gr.

Navicula pupula v. rectangularis
Navicula radiosa Kutz.

Navicula radiosa v. parva Wallace

Navicula seminulum v. intermedia Hust

Neidium iridis v. ampliatum (Ehr.)Cl.
Neidium ladogense v. densestriatum
Nitzschia fonticola Gr.

Nitzschia palea (Kutz) W.Sm.
Pinnularia central areas

Staurosira construens v venter (G)W&R

Synedra filiformis v, exilis CIEul.
Synedra rumpens v. familiaris(Kutz)Gr

Percentage of sample

0.2
0.4
1.2
0.6
1.4
2.4
6.1
0.4
63

10.9

27.5
0.2
53
0.4
1.0
1.0
1.5
0.2
0.2
1.2
0.4
0.2
0.4
02
3.4
0.6
0.2
0.6
0.4

14.1
0.2
12
79
0.8



Lake Bonny, Depth = 90 cm cont'd.

Species
Tabellaria fenestrata (Lyngb.) Kutz.
Tabellaria flocculosa (Roth) Kutz.
Unidentifiable central areas
Unknown

Total

10

Percentage of sample

0.2
0.4
0.2
02

100.1



Lake Haines, Depth = 0 cm

Species

Achnanthes minutissima Kutz.
Aulacoseira alpegina (Gr) Kram.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v, angustissima
Aulacoseira granulata v, muzzanensis
Aulacoseira italica (Ehr.) Sim.
Cyclotella meneghiniana Kutz.
Eunotia formica Ehr.

Eunotia incisa W. Sm. ex Greg.
Gomphonema gracile Ehr.em.V.H.
Navicula radiosa v. parva Wallace
Nitzschia fonticola Gr,

Nitzschia frustulum (Kutz) Gr.
Nitzschia palea (Kutz) W.Sm.
Pseudostaurosira brevistriata (G)W&R

Staurosira construens v venter (G)W&R

Stephanodiscus aegyptiacus Ehr.
Synedra filiformis v. exilis ClEul.
Synedra ulna (Nitz.) Ehr.

Total

11

Percentage of sample

0.7
0.9
2.0
0.9
5.6
1.1
0.7
254
3.0
0.2
0.2
0.2
0.2
0.6
0.2
8.0
18.2
28.9
1:7
1.1
0.2

100.0



Lake Haines, Depth = 30 cm

Species

Achnanthes lanceolata v lanceolatoide
Actinella punctata Lewis.

Aulacoseira alpegina (Gr) Kram.
Aulacoseira alpegina (Gr) Kram.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira granulata v. muzzanensis
Aulacoseira islandica (O.Mull.) Sim.
Aulacoseira italica (Ehr.) Sim.
Cocconeis placentula v. lineata (E)VH
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (CI. & Gr.)V.H.
Diploneis elliptica (Kutz) Cl.

Eunotia flexuosa v. eurycephala Gr.
Eunotia formica Ehr.

Eunotia pectinalis v. minor (Kutz)Rab
Eunotia serra v. diadema (Ehr.) Pat.
Frustulia rthomboides Ehr. DeT.
Nitzschia palea (Kutz) W.Sm.
Pinnularia central areas
Pseudostaurosira brevistriata (G)W&R
Staurosira construens v venter (G)W&R
Stephanodiscus aegyptiacus Ehr.
Unidentifiable central areas

Unknown

Total

12

Percentage of sample

0.2
0.2
1.6
15.8
1.2
0.4
36.1
27
10.7
0.4
4.1
0.4
2.1
6.0
0.4
0.2
0.4
0.2
0.2
0.4
6.0
0.6
1.6
2.7
4.5
0.2
0.6

99.9



Lake Haines, Depth = 60 cm

Species

Aulacoseira alpegina (Gr) Kram.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira granulata (Ehr,) Sim.
Aulacoseira granulata v, angustissima
Aulacoseira granulata v, muzzanensis
Aulacoseira italica (Ehr.) Sim.
Eunotia formica Ehr.

Eunotia pectinalis v. minor (Kutz)Rab
Frustulia rhomboides Ehr. DeT.
Mastagloia sp

Pinnularia central areas

Pinnularia legumen (Ehr) Ehr.
Tabellaria fenestrata (Lyngb.) Kutz.

Total

13

Percentase of sam

5.5
0.2
71.9
28
154
1.8
0.4
0.4
0.8
0.2
0.4
0.2
0.2

100.2

e



Lake Haines, Depth = 90 cm

Species Percentage of sample
Aulacoseira alpegina (Gr) Kram. 04
Aulacoseira distans (Ehr.) Sim. 2.2
Aulacoseira granulata (Ehr.) Sim. 66.6
Aulacoseira granulata v. angustissima 4.5
Aulacoseira granulata v, muzzanensis 22.4
Aulacoseira italica (Ehr.) Sim. 2.0
Cyclotella meneghiniana Kutz. 1.0
Gomphonema gracile Ehr.em.V.H. 0.4
Pinnularia central areas 0.4
Unknown 0.2

Total 100.1



Lake Conine, Depth=0cm

Species Percentage of sample
Achnanthes linearis (W.Sm.) Gr. 0.2
Achnanthes minutissima Kutz. 0.3
Aulacoseira alpegina (Gr) Kram. 3.1
Aulacoseira ambigua (Gr.) Sim. 4.1
Aulacoseira granulata (Ehr.) Sim. 44
Aulacoseira granulata v, angustissima 0.5
Aulacoseira granulata v. muzzanensis 0.9
Aulacoseira italica (Ehr.) Sim. 6.8
Cyeclotella meneghiniana Kutz. 3.2
Cyclotella stelligera (Cl. & Gr.)V.H. 0.2
Navicula seminulum v. intermedia Hust 0.2
Nitzschia fonticola Gr. 0.7
Nitzschia frustulum (Kutz) Gr, 03
Nitzschia palea (Kutz) W.Sm. 29.1
Pseudostaurosira brevistriata (G)W&R 12.2
Staurosira construens v venter (G)W&R 19.9
Staurosirella pinnata (Ehr) W & R 03
Stephanodiscus aegyptiacus Ehr. 0.5
Synedra delicatissima W, Sm. 0.7
Synedra filiformis v. exilis ClEul. 3.4

Total 100.0

15



Lake Conine, Depth =30 cm

Species

Achnanthes exigua Gr.

Aulacoseira granulata (Ehr.) Sim.
Aulacoseira italica (Ehr.) Sim.
Cocconeis placentula v. lineata (E)VH
Cyclotella meneghiniana Kutz.
Navicula pupula v. mutata (Kras.)Hust
Nitzschia palea (Kutz) W.Sm.
Pseudostaurosira brevistriata (G)W&R
Staurosira construens v venter (GYW&R.
Staurosirella pinnata (Ehr) W & R
Stephanodiscus aegyptiacus Ehr.
Synedra filiformis v, exilis CIEul.

Total

16

Pe

0.2
0.8
0.8
0.2
13.9
0.2
40.2
0.8
1.1
0.4
40.9
0.8

of &

100.3

le



Lake Conine, Depth = 60 cm

Species

Achnanthes exigua Gr.

Aulacoseira alpegina (Gr) Kram.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr,) Sim.
Aulacoseira granulata v, angustissima
Aulacoseira granulata v. muzzanensis
Aulacoseira italica (Ehr.) Sim.
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Eunotia pectinalis v. minor (Kutz)Rab
Frustulia rhomboides Ehr, DeT.
Gomphonema gracile Ehr.em.V.H.
Gomphonema parvulum Kutz,
Navicula pupula v. rectangularis
Navicula radiosa v. parva Wallace
Nitzschia fonticola Gr.

Nitzschia palea (Kutz) W.Sm.
Opephora martyi Herib.

Pinnularia legumen (Ehr) Ehr.

Staurosira construens v venter (G)W&R

Staurosirella pinnata (Ehr) W & R
Stephanodiscus aegyptiacus Ehr.
Synedra delicatissima W. Sm.
Synedra rumpens v. meneghiniana Gr.

Taotal

17

Percentage of sample

14
11.2
0.6
8.1
17.0
0.4
1.0
12.0
71
6.4
0.8
0.8
0.4
0.4
0.2
0.2
0.4
8.5
0.8
0.2
23
0.4
19.3
0.2
0.2

100.3



Lake Conine, Depth = 90 cm

Species

Actinella punctata Lewis.
Aulacoseira alpegina (Gr) Kram.
Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira italica (Ehr.) Sim.
Eunotia bidentula W. Sm.

Eunotia flexuosa Breb. ex Kutz.
Eunotia formica Ehr.

Eunotia monodon v. constricta CIEul
Eunotia pectinalis (Mull?) Rab.
Eunotia pectinalis v. minor (Kutz)Rab
Frustulia rhomboides Ehr. DeT.
Nitzschia palea (Kutz) W.5m.
Pinnularia central areas

Pinnularia legumen (Ehr) Ehr.
Unknown

Total

18

Percentage of sample

0.4
0.2
37.9
24.0
18.0
0.6
0.2
0.6
1.2
1.0
0.2
0.4
13.8
0.2
0.4
0.6
0.4

100.1



Lake May, Depth =0 cm

Species

Achnanthes exigua Gr.

Achnanthes lanceolata v. dubia Gr.
Achnanthes linearis (W.5m.) Gr.
Achnanthes minutissima Kutz.
Anomoeoneis serians v. brachysira(B)G
Anomoeoneis vitrea (Gr.) Ross.
Aulacoseira alpegina (Gr) Kram.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Anulacoseira granulata v. angustissima
Aulacoseira granulata v, muzzanensis
Aulacoseira italica (Ehr.) Sim.
Cocconeis placentula v, lineata (E)VH
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Cymbella minuta Hilse ex Rab.
Eunotia flexuosa Breb. ex Kutz.
Eunotia pectinalis v. minor (Kutz)Rab
Frustulia rhomboides Ehr. DeT.
Gomphonema gracile Ehr.em.V.H.
Mavicula cuspidata (Kutz) Kutz.
Navicula radiosa v. parva Wallace
Nitzschia amphibia Gr.

Nitzschia palea (Kutz) W.Sm.
Opephora americana M.Perag
Pinnularia appendiculata (Ag) CL.
Pseudostaurosira brevistriata (G)W&R
Staurcneis phoenocenteron (Nitz)Ehr.
Staurosira construens Ehr.

Staurosira construens v venter (GYW&R

Stephanodiscus asgyptiacus Ehr.
Synedra filiformis v. exilis CIEul.
Synedra incisa Boy.

19

Percentage of sample

0.2
0.4
0.2
4.1
0.4
0.2
0.6
54
0.2
5.3
13
0.6
8.8
0.8
o
5.1
0.2
0.2
1.7
0.4
0.6
0.4
1.1
3.2
15.4
0.4
0.4
14.4
0.2
0.2
22.5
1.1
23
0.2



Unknown

Total

Lake May, Depth =0 cm

Percentage of sample

0.4

100.4

20




Lake May, Depth =30 cm

Species

Achnanthes exigua Gr.

Achnanthes linearis f. curta H.L.. Sm.
Achnanthes minutissima Kutz.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira granulata v. muzzanensis
Aulacoseira italica (Ehr.) Sim.
Capartogramma cruciclula (Gr ex C)Ro
Cocconeis placentula v, lineata (E)VH
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Eunotia pectinalis v. minor (Kutz)Rab
Frustulia thomboides Ehr. DeT.
Navicula gottlandica Gr.

Navicula pupula v. rectangularis
Navicula seminulum v. intermedia Hust
Nitzschia amphibia Gr.

Nitzschia palea (Kutz) W.Sm,
Pinnularia braunii v. amphicephala
Pinnularia central areas

Pinnularia viridis v. minor CI,
Pseudostaurosira brevistriata (G)W&R.
Staurosira construens Ehr.

Staurosira construens v venter (GYW&R
Stephanodiscus aegyptiacus Ehr.
Synedra delicatissima W, Sm.

Synedra filiformis v. exilis ClEul.
Synedra rumpens v. familiaris(Kutz)Gr
Synedra rumpens v. meneghiniana Gr.

Total

21

Percentage of sample

1.0
0.6
1.0
1.9
10.0
0.6
1.3
11.5
0.2
0.8
16,7
2.1
0.8
0.2
0.2
0.2
0.6
0.2
0.4
0.2
0.2
04
18.5
0.2
11.2
7.7
02
1.9
0.2
0.2

100.2



Lake May, Depth = 60 cm

Species

Achnanthes minutissima Kutz,
Aulacoseira alpegina (Gr) Kram.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira granulata v, muzzanensis
Aulacoseira italica (Ehr.) Sim.
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Cymbella lunata W Sm.

Eunotia camelus Ehr.

Eunotia pectinalis v. minor (Kutz)Rab
Frustulia rhomboides Ehr. DeT.
Gomphonema gracile Ehr.em. V. H.
Gomphonema sp

Navicula gottlandica Gr.

Navicula mutica Kutz.

Navicula radiosa Kutz.

Navicula radiosa v. parva Wallace
Nitzschia amphibia Gr.

Nitzschia palea (Kutz) W.Sm.
Pinnularia legumen (Ehr) Ehr.
Pinnularia viridis v. minor Cl.
Pseudostaurosira brevistriata (G)W&R
Staurosirella pinnata (Ehr) W & R
Stephanodiscus aegyptiacus Ehr.
Surirella robusta Ehr.

Synedra filiformis v. exilis Cl1Eul.
Synedra incisa Boy.

Synedra rumpens v. familiaris(Kutz)Gr

Total

22

Percentage of sample

0.2
53
0.4
204
43
1.8
11.0
21.0
133
0.2
0.2
0.4
0.6
0.6
0.4
0.6
0.2
0.2
0.2
0.4
9.8
0.2
0.2
0.8
0.4
4.5
0.2
14
0.8
0.2

100.2



Lake May, Depth =90 cm

Asterionella formosa Hass.
Aulacoseira alpegina (Gr) Kram.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira italica (Ehr.) Sim.
Eunotia flexuosa v. eurycephala Gr.
Eunotia indica Gr.

Eunotia monodon v, constricta ClEul
Eunotia pectinalis (Mull?) Rab.
Eunotia pectinalis v. minor (Kutz)Rab
Eunotia sp

Frustulia rhomboides Ehr, DeT.
Finnularia legumen (Ehr) Ehr.
Pinnularia viridis v. minor Cl.
Surirella robusta Ehr.

Total

23

Percentage of sample

0.2
0.2
79.4
113
0.4
1.0
0.2
0.2
0.2
0.6
0.2
1.6
1.2
0.2
3.2

100.1



Lake Shipp, Depth = 0 cm

Species

Achnanthes exigua Gr.

Achnanthes linearis (W.Sm.) Gr.
Achnanthes minutissima Kutz.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira italica (Ehr.) Sim.
Caloneis sp

Cocconeis placentula v. lineata (E)VH
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Eunotia pectinalis v. minor (Kutz)Rab
Navicula gottlandica Gr.

Navicula radiosa v. parva Wallace
Navicula seminulum v. intermedia Hust
Nitzschia amphibia Gr.

Nitzschia frustulum (Kutz) Gr.
Nitzschia palea (Kutz) W.Sm.
Pseudostaurosira brevistriata (G)W&R
Staurosira construens v venter (G)W&R
Staurosirella pinnata (Ehr) W & R
Synedra filiformis v. exilis ClEul.

Total

24

Percentaoe of sample

0.7
0.2
8.7
10.5
09
0.2
11.8
0.4
1.7
0.6
< 5|
0.4
0.7
1.1
0.2
0.9
1t
83
11.1
22.0
1.1
11.6




Lake Shipp, Depth =30 cm

Species

Achnanthes exigua Gr.

Achnanthes lanceolata v, dubia Gr,
Achnanthes linearis (W.Sm.) Gr.
Achnanthes minutissima Kutz.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. muzzanensis
Aulacoseira italica (Ehr.) Sim.
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (CL. & Gr.)V.H.
Eunotia incisa W. Sm. ex Greg.
Fragilaria berolinensis (Lemm)LangeB
Navicula exigua v. capitata Pat.
Nitzschia amphibia Gr.

Nitzschia fonticola Gr.

Nitzschia palea (Kutz) W.Sm.
Pseudostaurosira brevistriata (G)W&R
Staurosira construens v venter (G)W&R
Stephanocdiscus aegyptiacus Ehr.
Synedra filiformis v. exilis CIEul.
Unknown

Total

25

Percentage of sample

0.2
0.2
0.2
23.5
1.2
2.7
0.2
14.3
14
0.8
0.2
1.6
0.2
1.8
0.8
9.0
7.0
28.6
0.6
55
0.2

100.2



Lake Shipp, Depth = 60 cm

Species

Achnanthes exigua Gr.

Achnanthes minutissima Kutz.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Cocconeis placentula v. lineata (E)VH
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Cymbella sp

Eunotia flexuosa Breb. ex Kutz.
Gomphonema gracile Ehr.em.V.H.
Mitzschia palea (Kutz) W.Sm.
Pseudostaurosira brevistriata (G)W&R
Staurosira construens v venter (G)W&R
Stephanodiscus aegyptiacus Ehr.
Synedra delicatissima W. Sm.

Total

26

Percentape of sample

0.8
0.8
32
0.4
0.2
74
1.3
0.4
0.2
0.2
27.1
2.1
30.5
252
0.2

100.0



Lake Shipp, Depth = 90 e¢m

Species

Achnanthes exigua Gr.

Achnanthes hungarica Gr.
Achnanthes minutissima Kutz.
Amphora ovalis Kutz.,

Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira granulata v, muzzanensis
Aulacoseira italica (Ehr.) Sim.
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Nitzschia palea (Kutz) W.Sm.
Stauroneis phoenocenteron v. gracilis
Staurosira construens Ehr.

Staurosira construens v venter (G)W&R
Staurosirella pinnata (Ehr) W & R
Stephanodiscus aegyptiacus Ehr.
Synedra delicatissima W. Sm.
Synedra filiformis v. exilis CIEul.

Total

27

Percentage of sample

1.1
0.2
0.7
0.2
0.2
9.9
1.4
22
11.6
30.7
0.7
227
0.2
0.2
2.0
0.4
13.4
0.9
1.4

100.1



Lake Lulu, Depth = 0 cm

Species

Achnanthes exigua Gr.

Achnanthes lanceolata v. omissa Reim.
Achnanthes linearis f. curta H.L.. Sm.
Achnanthes minutissima Kutz.
Anomoeoneis serians v, apiculata Boy.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira italica (Ehr.) Sim.
Cocconeis placentula v. lineata (E)VH
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Fragilaria virescens Ralfs

Nitzschia amphibia Gr.

Nitzschia fonticola Gr.

Nitzschia palea (Kutz) W.Sm.
Pseudostaurosira brevistriata (G)W&R
Staurosira construens Ehr.

Staurosira construens v pumila (G)W&R
Staurosira construens v venter (G)W&R
Staurosirella pinnata (Ehr) W & R
Stephanodiscus aegyptiacus Ehr.
Synedra filiformis v. exilis CIEul.
Synedra rumpens v. familiaris(Kutz)Gr

Total

ercentace of sample

0.2
0.6
0.2
43
0.4
2.9
1.2
2.1
0.2
1.2
0.8
0.4
6.8
0.4
11.7
28.1
0.4
0.4
27.5
1.6
0.2
8.2
0.4

100.2



Lake Lulu, Depth =30 cm

Species

Achnanthes exigua Gr.

Achnanthes linearis (W.Sm.) Gr.
Achnanthes minutissima Kutz.
Aulacoseira ambigua (Gr.) Sim.
Anulacoseira granulata (Ehr.) Sim.
Aulacoseira italica (Ehr.) Sim.
Cocconeis placentula v. lineata (E)VH
Cyclotella meneghiniana Kutz,
Cyclotella stelligera (Cl. & Gr.)V.H.
Eunotia pectinalis v. minor (Kutz)Rab
Gomphonema gracile Ehr.em.V H.
Navicula gastrum (Ehr.) Kutz.
Navicula seminulum v. intermedia Hust
Nitzschia amphibia Gr.

Nitzschia flexa Schum.

Nitzschia fonticola Gr.

Nitzschia frustulum (Kutz) Gr.
Nitzschia palea (Kutz) W.Sm.
Pseudostaurosira brevistriata (GYW&R
Staurosira construens v venter (G)W&R
Stephanodiscus aegyptiacus Ehr.
Synedra filiformis v. exilis ClEul.
Synedra rumpens v, familiaris(Kutz)Gr
Thallasiosira fluviatilis Hust.

Total

20

ercentase of sample

0.2
0.2
3.5
0.6
0.4
2.5
0.4
8.4
0.4
0.2
0.2
0.6
0.2
3.5
0.4
0.4
0.4
16.8
28.6
284
0.8
2.2
0.6
0.2

100.1



Lake Lulu, Depth = 60 cm

Species

Amphora ovalis Kutz.

Aulacoseira ambigua (Gr.) Sim.
Aulacoseira granulata (Ehr,) Sim.
Aulacoseira italica (Ehr.) Sim.
Coscinodiscus lacustris Gr.

Cyclotella meneghiniana Kutz.
Gomphonema gracile Ehr.em.V.H.
Navicula radiosa Kutz.

Nitzschia amphibia Gr.

Nitzschia frustulum (Kutz) Gr.
Nitzschia palea (Kutz) W.5m.
Pseudostaurosira brevistriata (GYW&R
Staurosira construens v pumila (G)W&R
Staurosira construens v venter (GYW&R
Stephanodiscus aegyptiacus Ehr.
Synedra filiformis v. exilis ClEul.

Total

30

Percentage of sample

0.2
0.4
0.6
0.6
2.0
286
0.4
0.2
B
0.2
34.5
2.1
04
20.6
7.8
0.4

101.0



Lake Lulu, Depth = 90 cm

Species

Achnanthes Wellsiae Reim.
Achnanthes exigua Gr.

Achnanthes minutissima Kutz.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira granulata v. muzzanensis
Aulacoseira italica (Ehr.) Sim.
Coscinodiscus lacustris Gr.
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (CI. & Gr.)V.H.
Gomphonema parvulum Kutz.
Navicula seminulum v. intermedia Hust
Navicula sp

Nitzschia amphibia Gr.

Nitzschia fonticola Gr.

Nitzschia frustulum (Kutz) Gr.
Nitzschia palea (Kutz) W.Sm.
Staurosira construens v venter (G)W&R
Staurosirella pinnata (Ehr) W & R
Stephanodiscus aegyptiacus Ehr.
Synedra filiformis v. exilis CIEul.
Synedra incisa Boy.

Total

3l

Percentage of sample

0.2
0.2
0.4
0.4
23
1.9
0.4
52
0.2
22.5
2.7
0.2
0.2
0.2
0.2
0.4
0.6
51.7
4.0
1.1
4.6
0.4
0.2

100.2



Lake Hancock, Depth =0 cm

Species

Amphora ovalis v. pediculis (Kutz)V.H
Anomoeoneis sphaerophora (Ehr) Pfitz.
Anlacoseira ambigua (Gr.) Sim.
Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira granulata v, muzzanensis
Aulacoseira italica (Ehr.) Sim.
Cyclotella meneghiniana Kutz.
Cymbella aspera (Ehr.) Cl.
Cymbella lunata W Sm.
Eunotia pectinalis (Mull?) Rab.
Eunotia pectinalis v. minor (Kutz)Rab
Fragilaria berolinensis (Lemm)LangeB
Gomphonema gracile Ehr.em.V.H.
Navicula Hustedtii Krasske
Navicula cuspidata (Kutz) Kutz.
Navicula pupula v. rectangularis
Navicula sp
Neidium sp
Nitzschia amphibia Gr.
Nitzschia palea (Kutz) W.5m.
Pinnularia central areas
Pseudostaurosira brevistriata (G)W&R
Stauroneis phoenocenteron v. gracilis
Staurosira construens Ehr.
Staurosira construens v pumila (G)W&R
Staurosira construens v venter (G)W&R
Staurosirella pinnata (Ehr) W & R
Staurosirella pinnata v trigona (H)YW&
Staurosirella pinnata v. lancetulla
Synedra delicatissima v. angustissima
Synedra filiformis v. exilis ClEul.

Total

32

Percentage of sample

0.2
0.5
10.6
0.7
1.0
1.4
1.5
3.2
0.2
0.2
0.2
0.2
0.5
9.6
0.3
0.2
0.5
03
0.2
0.2
0.2
3.6
0.3
26.1
0.3
3.3
2.2
15.2
9.7
4.6
0.5
0.2
0.2
100.1




Lake Hancock, Depth =30 cm

Species

Anomoeoneis serians v. acuta Hust.
Aulacoseira ambigua (Gr.) Sim.
Aulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr.) Sim.
Aulacoseira granulata v. angustissima
Aulacoseira granulata v, muzzanensis
Aulacoseira italica (Ehr.) Sim.
Cyclotella meneghiniana Kutz.
Cyclotella stelligera (Cl. & Gr.)V.H.
Eunotia flexuosa Breb. ex Kutz.

Eunotia pectinalis v. minor (Kutz)Rab
Gomphonema gracile Ehr.em.V.H.
Gomphonema intricatum v vibrio (Eh)CI
Navicula pupula Kutz,

Navicula radiosa Kutz.

Navicula radiosa v. parva Wallace
Navicula seminulum v. intermedia Hust
Nitzschia amphibia Gr,

Nitzschia palea (Kutz) W.Sm.
Pinnularia Maior (Kutz) Rab.
Pseudostaurosira brevistriata (G)W&R
Stauroneis phoenocenteron v. gracilis
Staurosira construens Ehr.

Staurosira construens v pumila (G)W&R
Staurosira construens v venter (G)W&R
Staurosirella pinnata (Ehr) W & R
Staurosirella pinnata v, lancetulla
Synedra filiformis v. exilis ClIEul.
Synedra parasitica (W. Sm.) Hust.
Synedra rumpens v. familiaris(Kutz)Gr

Total

33

Percentage of sample

0.2
19.5
0.4
2.7
1.4
1.2
7.0
0.4
0.4
0.4
0.6
0.8
0.2
0.8
0.2
0.8
0.2
0.2
0.6
0.2
8.6
0.4
9.5
7.6
321
0.4
0.2
2.1
0.2
1.0

100.3



Lak

Species

Aulacoseira ambigua (Gr.
Aulacoseira distans (Ehr..
Aulacoseira granulata (El
Aulacoseira granulata v.
Aulacoseira granulata v.:
Aulacoseira italica (Ehr.)
Cymbella minuta Hilse e

Funotia flexuosa Breb. e _

Eunotia incisa W. Sm. ez
Eunotia pectinalis v. mir
Gomphonema gracile Et
Gomphonema intricatun
Navicula gottlandica Gr.,
Navicula pupula v. ellip
Navicula pupula v, rects
Navicula radiosa Kutz.
Navicula seminulum Gr
Neidium iridis (Ehr) CL
Nitzschia palea (Kutz)'
Staurosira construens E
Staurosira consiruens v
Staurosira construens v
Staurosirella pinnata (E
Synedra filiformis v. e
Synedra rumpens V. fai

Total

Lake Hancock, Depth = 60 cm

Species

Anomoeoneis sphaerophora (Ehr) Pfitz.
Aulacoseira ambigua (Gr.) Sim.
Anulacoseira distans (Ehr.) Sim.
Aulacoseira granulata (Ehr,) Sim.
Aulacoseira granulata v, angustissima
Aulacoseira granulata v. muzzanensis
Aulacoseira italica (Ehr.) Sim.
Cyclotella stelligera (Cl. & Gr.)V.H.
Cymbella minuta Hilse ex Rab.
Eunctia flexuosa Breb. ex Kutz.
Eunotia formica Ehr.
Eunotia pectinalis v. minor (Kutz)Rab
Gomphonema gracile Ehr.em.V.H.
(Gomphonema intricatum v vibrio (Eh)C1
Gomphonema subclavatum v. mexicanum
Navicula pupula v. rectangularis
Navicula radiosa v. parva Wallace
Navicula seminulum v, intermedia Hust
Mavicula sp
Neidium iridis (Ehr) CI.
Neidium iridis v. ampliatam (Ehr.)CL.
Nitzschia palea (Kutz) W.Sm.
Pinnularia Maior (Kutz) Rab.
Pseudostaurosira brevistriata (G)W&R
Stauroneis phoenocenteron v. gracilis
Staurosira construens Ehr.
Staurosira construens v pumila (GYW&R
Staurosira construens v venter (G)W&R
Staurosirella pinnata (Ehr) W & R
Staurosirella pinnata v, lancetulla
Synedra filiformis v. exilis CIEul.
Synedra incisa Boy.
Synedra rumpens v, familiaris(Kutz)Gr
Total -

34

Percentage

0.2
40.7
0.7
1.2
1.7
1.4
13.6
03
0.5
0.7
0.2
0.7
1.2
0.5
0.2
0.2
0.2
0.5
0.2
0.2
0.2
0.5
0.2
0.3
0.7
11.1
10.6
8.7
0.2
0.2
1.4
0.2
0.7
100.1
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