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Abstract-

 

In paleolimnology, downcore assemblages are taken 
to be representative of the plankton that were living at some 
moment in the past.  To evaluate the fidelity of the deposited 
diatom assemblage to that of the living plankton, a twenty-
year series of whole- water plankton samples was compared to 
surface-sediment diatoms. When standardized and pooled, 
the 81 quarterly plankton samples were composed of 
Aulacoseira (51%), Cyclostephanos and other discoid diatoms 
(28%), Asterionella

 

(9%),

 

and

 

Fragilaria (8%).  In the deposited 
assemblage, however, the rank of the two most-common taxa 
was reversed: Cyclostephanos+ outnumbered Aulacoseira (47 
and 34%, respectively). Some littoral taxa were over-
represented in sediments (e.g. Encyonema)

 

while others were 
under-represented (e.g. Gyrosigma).  The reasons for these 
differences appear unrelated to frustule dissolution, but may 
insteadrelate to sampling frequency, sampling depth, and 
lake-specific characteristics.
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Mozingo Studies III: Fidelity of the deposited diatom 
assemblage with that of the plankton

 

I.

 

Introduction

 

aleolimnological reconstruction often relies on the 
faithful presence of certain plankton components 
in the sediments.  It has long been known that, 

while many taxa may appear in the living plankton, only 
a small subset is represented in the sediments; thus 
cellular remains of ‘soft-bodied’ algae are generally not 
useful in paleolimnology.  In contrast, some taxa are 
likely to be preserved in proportions that more closely 
approximate a long-term average of the actual plankton.

 

Despite the widespread acceptance, few 
studies have examined plankton-to-sediment fidelity.  In 
smaller lakes, the deposited assemblage of diatoms 
may closely resemble the plankton (Battarbee 1978; 
Battarbee 1981; Haworth 1980); littoral taxa may be 
under-represented (Anderson 1989; Stewart and 
Lamoureux 2012), or over-represented (Rautio et al. 
2000).  In addition, the method of phytoplankton 
collection (e.g. nets) may not accurately represent the 
modern plankton (e.g. Battarbee 1979).

 

Diatom deposition in larger lakes is complicated 
by extended sinking time, unless diatoms are encased 
in fecal pellets from grazers.  Fecal pellets account for at 

least 40% of deposited diatoms in southern Lake 
Tanganyika, but caused only minor distortions to the 
overall diatom record (Haberyan 1985).  In

 
other large 

lakes, however, deposited assemblages may be 
surprisingly distinct from the plankton.  For example, 
in Lake Malaŵi the relative abundance of Nitzschia 
declined steadily with increasing sediment trap depth, 
but littoral taxa increased.  In surface sediments from 92 
m deep and about 1.3 km offshore, Aulacoseira was 
over-represented and Nitzschia

 
was drastically under-

represented (Haberyan 1990); some littoral taxa in these 
sediments were over-represented (Fragilaria brevistriata, 
Rhopalodia) while

 
others were under-represented 

(Nitzschia epiphyticoides, Surirella, Encyonema) relative 
to the plankton (Haberyan 1988).

 

Given the widespread use of diatoms in 
paleolimnological analysis, it is important to validate the 
relationship between planktonic and

 
deposited 

assemblages.  The purpose of this study, therefore, is to 
investigate the fidelity of the diatom assemblage in the 
sediments by comparing it to regular samples of live 
phytoplankton from the lake. 

 

a)
 

Site description
 

Mozingo Lakeis
 

a reservoir in northwestern 
Missouri (40.45o

 
N, 94.78o

 
W; Fig. 1).  The maximum 

depth of the lake is 15 m, of which 2.6 m was the former 
stream channel that had been deeply incisedinto the 
floodplain. The watershed of the lake has an area of 
5013 hectares, aside from the 400 ha of the lake itself.  
Physical, chemical, and planktonic characteristics of the 
lake  have been characterized previously (Haberyan 
2016 and submitted): since impoundment in 1994, the 
pH has averaged 7.99, nitrate-N averaged 0.60 mg/L, 
orthophosphate 0.28 mg/L, and silica 1.48 mg/L.  
Phytoplankton biovolume has averaged 5.9 x 106

 

um3/mL, mostly represented by cyanobacteria (49%), 
cryptophytes (42%), and diatoms (6%).

 

II.
 

Methods
 

Mozingo Lake was sampled
 
from 1994 to 2014, 

generally from a mid-lake station over the former 
floodplain (Station 1), about 330m north of the dam and 
30m east of the drowned stream channel (Fig. 1; 
40.3514oN, 94.774oW).  An alternate location, Station 2, 
was sampled during inclement conditions (e.g. storms 
and thin ice), using a floating dock where the lake was 
3m deep (40.3566oN, 94.7765oW).  For this analysis, 81 
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quarterly samples were considered (samples from mid-
January, -April, -July, and -October).   

Phytoplankton samples were collected with 
wide-mouth glass jars (at least 600mL in volume and 
less than 118mm tall), submerged to a depth of 
approximately 30cm with the mouth downward, then 
slowly turned upright. Samples were preserved with 
Lugol’s solution within two hours. After at least four days 
of settling, the supernatant was siphoned off; the 
remaining liquid was swirled and 0.035mL was placed 
on a slide, covered with a cover slip, and sealed with 
clear nail polish to delay drying.  Community 
composition was characterized on an Olympus CH-2 
microscope at 150x until at least 100 living algal units 
(unicells, colonies, or filaments) had been encountered.  
Cells without cytoplasm were considered to be 
resuspended and were ignored. Identifications were 
based on Krammer and Lange-Bertalot (1991).  Taxa 
were sorted into 12 morphogroups due the similarity of 
some genera when mounted in water.  Navicula+ herein 
includes Neidium, Acnanthidium, and similar pennate 
diatoms (however Asterionella and Fragilaria were 
distinct), while Cyclostephanos+includes Cycloste- 
phanos, Stephanodiscus, Cyclotella and other discoid 
diatoms.  

Sediments were collected from a depth of 11m 
at Station 1 in July 2014, using a Peterson dredge that 
had been modified to descend open and collect the 
uppermost sediments.  The sample was mixed 
thoroughly and four subsamples were examined as 
smear slides at 100x.  Another subsample was 
processed for diatoms at room-temperature in HNO3

 
and H2O2

 until the sediment was completely oxidized 
(Stoermer et al. 1995).  After three rinses, an aliquot was 
dried on a coverslip, mounted in Naphrax®, and 
examined with an Olympus CH-2 microscope.  Diatoms 
were identified at 1000x using Krammer and Lange-
Bertalot (1991) and counted at 400x until at least 400 
valves had been encountered.  While taxa were 
identified to genus, data were compiled into the same 
morphogroups as the planktonic data. 

For comparison with the sediment assemblage, 
diatoms in live phytoplankton samples were 
volumetrically normalized, sample by sample, to the 
equivalent number per milliliter of lake water.  These 
were then totaled for each morphogroup and converted 
to a composite percentage.  Percentage data were 
transformed with the square-root transformation prior to 
a chi-squared test (p = 0.05) in which the abundances 
in sediments (i.e. observed data) were compared to the 
planktonic abundances (i.e. expected values). 

III. Results 

The volumetrically-normalized phytoplankton 
samples were dominated by cryptophytes, 
cyanobacteria, and diatoms.  Among the planktonic 

diatoms, the most common wereAulacoseira (48% of all 
diatoms)and Cyclostephanos+ (18%) (Table 1).  On the 
smear slides the most common structures were cells of 
Aulacoseira granulata, followed by Stephanodiscus, 
Cyclotella, Synedra, and tests of testate amoebae.  
Rarely-encountered structures included other algae 
(Encyonema, Cocconeis, Rhopalodia, Gyrosigma, 
Pinnularia, Schroderia), sponge spicules, grass cuticles, 
post-abdominal claws, and Bosmina head shields.  In 
the acid-processed sediment, 423 diatom valves were 
encounted; almost 47% belonged to Cyclostephanos+ 
(including Cyclotella bodanica, C. compta, and C. 
ocellata) and 34% belonged to Aulacoseira granulata.   

Relative abundances of diatom morphogroups 
varied markedly between planktonic and sediment 
samples (Table 1).  Cyclostephanos+ was over-
represented in sediments (by a factor of 2.5), as was 
Navicula+ (3.9x); other taxa were rare in the plankton 
but strongly over-represented in sediments (up to 
1000x).  Taxa that were under-represented in the 
sediments included Aulacoseira (0.71x), Fragilaria 
(0.30x), and Asterionella+ (0.13).  Despite these 
differences, the chi-squared test indicated no significant 
difference in the assemblages (χ2=  9.299, df = 11, p = 
0.594). 

IV. Discussion 

Sedimented diatoms represent those in the 
plankton, but proportionality is not necessarily 
preserved; even relative ranks may vary (Table 1).  For 
the living phytoplankton samples, the most common 
taxa were, in order, Aulacoseira, Cyclostephanos+, 
Asterionella, and Fragilaria; together, these account for 
97.4% of all diatoms.  However, in the sediment sample 
the rank was different: Cyclostephanos+, Aulacoseira, 
Cocconeis, Fragilaria, Navicula+,and Asterionella, 
together accounting for 96.1% of all diatoms.  Shannon-
Weiner diversity was nearly identical (0.587 and 0.598), 
and the assemblages were not significantly different 
according to the chi-squared test (p = 0.594). 

The differences between the modern 
phytoplankton and sediment assemblages does not 
seem to reflect diatom habitat: while some benthic taxa 
were over-represented in the sediments (Cocconeis, 
Navicula, Encyonema, Gomphonema), others were 
under-represented (Gyrosigma, Rhopalodia, Epithemia).  
Understandably, several taxa that were exceedingly rare 
in the plankton ( < 0.04%) were absent from the 
sediments, suggesting that additional counts from the 
sediments may reveal their presence.   

For paleolimnologists, it may be of some 
concern that Aulacoseira was the most common genus 
among diatom frustules in the plankton (48%), but it 
ranked second in the sediments (34%).  This is similar to 
a study on Lake Saanajärvi, Finland (Rautio et al. 2000), 
where Aulacoseira was under-represented in sediments 
(6.4% in plankton and 0.3% in sediments) and Cyclotella 
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was over-represented (40.2% in plankton and 48.7% in 
sediments).  In Mozingo, dissolution cannot account for 
these differences, because Aulacoseira frustules were 
less dissolved than was Cyclostephanos+; thus 
dissolution does not explain the over-representation of 
Cyclostephanos+ in sediments.  

It is also possible that the number of counted 
diatoms in the sediment (n = 423) is too small to 
accurately reflect the deposited assemblage, but the 
95% confidence interval for this sample size is ±5% 
(Mosimann 1965); this may account for differences 
among the rare taxa, but not for taxa whose relative 
abundances differed by 10% or more: Aulacoseira, 
Cyclostephanos+, Asterionella, and Fragilaria. 

Other studies have reported that littoral diatoms 
are over-represented in sediments (Anderson 1989; 
Rautio et al. 2000; Stewart and Lamoureux 2012).   Data 
from Mozingo Lake confirms these: littoral diatoms 
comprise 1.0% of the planktonic diatoms but 10.8% of 
the sediment diatoms (Table 1). However, this 
distinction is largely due to Encyonema, Cocconeis, and 
Gomphonema (7.2% of sediment diatoms); other taxa 
are under-represented, including Gyrosigma, Epithemia, 
and Rhopalodia.  Therefore, while littoral taxa in general 
seem to be over-represented in sediments of small 
lakes, certain littoral taxa do not follow this trend. This 
conclusion supports by Rautio et al. (2000), who found 
that some littoral taxa were over-represented in 
sediments (e.g. Achnanthes, Cocconeis, Fragilaria) while 
others were under-represened (e.g. Cymbella, Denticula, 
Eunotia). Within a genus, some species were under-
represented while others were over-represented (e.g. 
Navicula). 

In a core from large, deep lake Lake 
Tanganyika, Aulacoseira (then called Melosira) was 
more common inside fecal pellets than outside, while 
Stephanodiscus was more common outside of pellets; 
this suggested that copepod feeding preferences 
influenced differential diatom deposition (Haberyan 
1985).  In another deep lake, Lake Malaŵi, sediment 
trap collections differed progressively with depth 
compared to plankton, and the sediment assemblage 
magnified this trend.  In that case, both Stephanodiscus 
and Aulacoseira (then called Melosira) were over-
represented in sediments, in part because Nitzschia was 
strongly under-represented (Haberyan 1990).  In both of 
these studies, Aulacoseira was over-represented in 
sediments, contrary to Mozingo Lake, where Aulacoseira 
is under-represented.  The difference may, in part, 
reflect the shallow depth of Mozingo (15 m), compared 
to the previously-studied sample sites (> 90 m); in 
Mozingo, lateral transport and sinking distances are 
much shorter, and fecal pellets are likely to be less 
important in diatom deposition.  Nonetheless, the rapid 
sinking of Aulacoseira is well known (e.g. Lund 1954), 
and Aulacoseira should be over-represented relative to 
slower-sinking taxa like Stephanodiscus. 

Other factors that may contribute to the 
observed differences include sediment focussing, which 
transports sediments enriched in littoral taxa to offshore 
locations; such transport of dead frustules may 
outweigh outwash of live ones.  In addition, differences 
may relate to sampling frequency (which may fail to 
capture important monthly variations) and to sampling 
depth; samples from 30 cm deep may not be 
representative of the entire water column.Finally, a 
variety of site-specific factors may influence differential 
diatom deposition, such as lake morphology and 
chemistry (Flower 1993). 

While the differences between plankton and 
deposited assemblages may not be severe enough to 
alter qualitative interpretation of diatom stratigraphies, 
they may indeed affect quantitative interpretations, for 
example those based on transfer functions that relate 
diatom percentages to estimates of water chemistry.  It 
is therefore important that we paleolimnologists be 
appropriately cautious when interpreting estimates of 
ancient lake conditions. 
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Table 1: Relative abundances of diatom morphogroups in planktonic and acid-processed sediment samples, as 
percent of all diatom frustules.  Sediment: plankton ratio compares relative abundances and is rounded to two 

significant figures.  Abbreviation: est., estimated.

Morphogroup
 

 

Taxa included
 

 

Percent of 
diatoms in 
plankton 

 

Percent of 
diatoms in 
sediment 

Sediment: 
plankton 

ratio 
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Aulacoseira Aulacoseira only 48.239 34.3 0.71
Cyclostephanos+ Cyclostephanos, 

Cyclotella,Stephanodiscus, and other 
discoid diatoms

18.831 46.8 2.5

Asterionella Asterionella formosa only 16.085 2.1 0.13

Fragilaria+ Fragilaria crotonensis and others 14.296 4.3 0.30
Synedra Synedra ulna only 1.546 1.9 1.2

Navicula+ Navicula, Neidium, Acnanthidum,
and similar pennate diatoms

0.928 3.6 3.9

Encyonema Encyonema only 0.028 1.2 43
Gyrosigma Gyrosigma only 0.035 0.0 0

Cocconeis Cocconeis only 0.005 5.0 1000
Gomphonema Gomphonema only 0.003 1.0 330

Epithemia Epithemia only 0.002 0.0 0
Rhopalodia Rhopalodia only 0.002 0.0 0

Number of frustules counted 16,194 (est.) 423
Shannon-Weiner Diversity 0.587 0.598
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Figure 1: Bathymetric map of the southern third of Mozingo Lake; contour interval 3 m. Vertical exaggeration of 
transverse profile is 3.7.  Inset shows Missouri and the lake’s location (“x”)
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