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ABSTRACT 

 
Changes in the seasonal dynamics of phytoplankton are potentially 

important, because they can generate a mismatch between the timing of peak 
productivity and that of consumers, thereby interrupting energy flow between 
trophic levels.  Here, we use a long term data set for the phytoplankton 
community in the southern basin of Lake Baikal, Siberia to analyse for changes in 
the seasonal timing of peak abundance of the 4 most common genera during the 
period 1951-1999.  Despite the development of warmer air temperatures and an 
earlier date of ice-off in the southern basin during the last century, the timing of 
peak abundance of Aulacoseira, Cyclotella, Synedra, and 
Ankistrodesmus(=Monoraphidium) did not change.  These phytoplankton, 
especially the diatoms, may rely on light rather than temperature as a seasonal 
cue for initiating rapid population growth.  During the 48-year period of 
analysis, mean annual abundance of Aulacoseira declined significantly, but the 
abundance of the other genera remained unchanged.  The decline in Aulacoseira 
may be related to changes in winter precipitation and ice characteristics, but this 
remains to be examined. 
 

 
Introduction 
 

Changes in the seasonal dynamics (phenology) and annual abundance of 
plankton are increasingly reported for lakes and oceans, especially at high 
latitudes (e.g., Weyhenmeyer et al. 1999; Beaugrand et al. 2003).  In many 
instances, changes in planktonic abundance or phenology are correlated with 
warmer water temperatures (Edwards & Richardson 2004; Hampton 2005) or 
earlier ice-break up dates triggered by large-scale climatic fluctuations such as 
the North Atlantic Oscillation (Gerten & Adrian 2000; Straile & Adrian 2000).  
Changes in phenology of planktonic species are potentially important, because 
they can generate a mismatch between the timing of peak productivity and that 
of consumers, thereby interrupting or reducing energy flow between trophic 
levels (Cushing 1990).  For example, when the seasonal timing of peak plankton 
abundance is not well matched with the seasonal appearance of larval cod, 
because of differential responses to warmer water temperatures, cod recruitment 
is impaired significantly in the North Sea (Edwards & Richardson 2004). 
 

In Lake Baikal, many phytoplankton species exhibit strong seasonality with 
peak population growth restricted to a short time period during the annual cycle.  
Changes in phytoplankton phenology might be expected given recent reports of 
warming in the Lake Baikal region (Shimaraev et al. 2002), as well as reports of 
earlier ice break-up dates (Livingstone 1999).  Here, we use a portion of a 60-year 
data set for the Baikal plankton community to test for changes in the seasonal 
timing of peak abundance of 4 phytoplankton genera in Lake Baikal.  In addition, 
we analyze trends in annual abundance of these genera over the course of the 
study period.   
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Methods 
 
Phytoplankton samples were collected in vertical profiles at least monthly, 

and usually more frequently, since 1945 at a station in the southern basin, 
approximately 2.2 km offshore from Bol’shie Koty (510 54’ N 1050 04’ E).  Water 
depth at this site was 800 m.  Unconcentrated phytoplankton samples were fixed 
with Lugol’s solution and settled in Utermohl chambers before enumerating to 
species whenever possible using a light microscope.  In this paper, we average 
counts from samples collected between 0 and 50 m, and we examine dynamics of 
the 4 most common genera in the lake: the diatoms, Aulacoseira, Cyclotella, and 
Synedra as well as the green alga, Ankistrodesmus(=Monoraphidium). 
 
Using linear regression, we determined if significant changes occurred in 
average annual abundance or in the timing of peak abundance between 1951 and 
1999.  Peaks were the Julian dates on which maximum abundance occurred each 
year. We excluded three years for which sampling was not as consistent as usual: 
1992, 1993 and 1995.  These years were not used in the peak analysis, because 
fewer than 10 months were sampled.  For each regression, we used the Durbin-
Watson test to determine whether temporal autocorrelation might affect our 
results. In all cases, the Durbin-Watson test indicated that autocorrelation among 
data was not significant (P > 0.18).   
 
Results 

 
The 4 genera of phytoplankton have different seasonal distributions (Fig. 1). 

The diatoms Aulacoseira and Synedra similarly peak under ice, while Cyclotella 
peaks in the late fall or winter before ice usually forms on Lake Baikal. In 
contrast, Ankistrodesmus is generally at highest abundance in the summer and 
early fall months. Aulacoseira has declined significantly, by more than 70% in 
average annual abundance while the other 3 genera have maintained a similar 
density over the time series (Fig. 2). The decline of Aulacoseira was not related to 
timing, however, as Aulacoseira, Cyclotella, and Synedra maintained a consistent 
timing for peak abundance over the past 48 years (Fig. 3). In contrast, 
Ankistrodesmus showed some tendency towards peaking later in the summer or 
fall, although this change was not quite significant (Fig. 3). 
 
 
Discussion 
 

Seasonal distributions of the three diatoms (Fig. 1) agree well with that 
reported in the literature.  Species of Aulacoseira and Synedra are typical 
constituents of the spring bloom occurring under the ice in March and April 
(Popovskaya 2000), whereas Cyclotella exhibits its maximum abundance during 
autumn turnover (October – November) (Mackay et al. 2005).  Blooms of 
Cyclotella in autumn are probably curtailed in size by wind-induced mixing of 
cells down into the aphotic zone and by grazing of large numbers of Epischura at 
this time of year (Popovskaya 2000).  The peak in abundance of Ankistrodesmus in 
August and September, may help nourish Epischura copepodites and adults until 
Cyclotella populations begin increasing in October. 



 4 

 
The significant decline in abundance of Aulacoseira over the 48-year period 

of analysis is intriguing (Fig. 2), because it often dominates annual 
phytoplankton biomass in Lake Baikal, and it contributes substantially to annual 
primary productivity (Kozhova & Izmeste’va 1999).  Furthermore, the decline in 
abundance reported here is probably an underestimate, because the years 
omitted from our analysis (i.e., 1992, 1993, & 1995) were not years when 
Aulacoseira was exceptionally abundant (“Melosira” years) (Bondarenko 1999; 
Granin et al. 2000).  Aulacoseira baicalensis, one of the endemic species of the 
Aulacoseira genus, flourishes under the ice, but its population growth and 
suspension in the water column is inhibited when snow depth exceeds 10 cm.  
Under these conditions, light penetration limits both diatom growth and the 
mixing processes necessary to keep cells in suspension (Jewson & Granin 2000; 
Mackay et al. 2005).  Snowfall and snow depth have increased over the last 
several decades in northern Eurasia, possibly in response to warmer winter air 
temperatures  (Ye 2000; Kitaev et al. 2002). Relating long-term trends of snow 
depth and ice thickness to long-term records of A. baicalensis abundance will help 
assess how winter climate change may be affecting A. baicalensis and the 
functioning of the Baikal pelagic community.  
 

The lack of an earlier shift in the timing of peak abundance of the four 
phytoplankton genera over the 48 year time interval (Fig. 3), is initially 
surprising, because air temperatures warmed significantly in the Baikal region 
during the last century (Shimaraev et al. 2002), and the ice-free season 
lengthened by 16.1 days over the past 137 years (Livingstone 1999).  In northern 
Europe, earlier ice-off dates – caused in part by the North Atlantic Oscillation - 
trigger earlier phytoplankton blooms composed mainly of diatoms (Adrian et al. 
1999; Weyhenmeter et al. 1999).  In contrast to Lake Baikal, the spring blooms in 
northern Europe occur after ice-off when there is sufficient mixing of the water 
column to keep cells in suspension.  In Lake Baikal, however, the diatoms, 
Aulacoseira and Synedra, bloom primarily while under the ice (April - May) and 
then decline after ice out and during the period of wind-induced mixing in June 
(Fig. 1).  Consequently, in Lake Baikal, earlier ice-off may end the spring bloom of 
diatoms sooner than initiate it earlier. Autotrophic picoplankton, however, 
replace the spring bloom of diatoms in Lake Baikal during the brief period of 
thermal stratification (July-August) (Belykh & Sorokovikova 2003), and these 
alga may respond to earlier ice-off, by peaking earlier in abundance, but this 
remains to be tested. 

 
It is possible that some phytoplankton genera use light as a seasonal cue 

rather than temperature to initiate rapid population growth, thus making 
changes in seasonal dynamics unlikely even when water temperatures have 
changed.  In the North Atlantic Ocean, the timing of spring blooms of diatoms 
have remained relatively fixed over the latter half of the last century despite 
significant increases in water temperature (Edwards & Richardson 2004).  
Evidence from marine studies suggests the consistent timing of onset of spring 
diatom blooms results from photoperiodic rather than temperature control 
(Edwards & Richardson 2004).  Interestingly, the 3 genera in this paper 
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exhibiting no shift in seasonal timing of peak abundance were diatoms.  In 
contrast, the only genus exhibiting a weak change in its timing of peak 
abundance (p= 0.08) was the green alga, Ankistrodesmus (p=0.08) . 
 

Importantly, a mismatch between successive trophic levels can occur if the 
seasonal timing of phytoplankton remains fixed, but the zooplankton move 
forward in time in response to warmer water temperatures (Edwards and 
Richardson 2004).  In the Northeast Atlantic, the timing of the diatom spring 
bloom has not changed over the last half century, but many zooplankton taxa 
have moved forward in their seasonal cycle creating a trophic mismatch that may 
be contributing to declines in cod stocks.   Future analyses of long-term plankton 
data from Lake Baikal are needed to check for such an asynchrony of timing 
between primary producers and consumers. 
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Figure captions 
 
Figure 1. Average seasonal distribution of each of 4 phytoplankton genera from 
Lake Baikal, Siberia in the 0-50 m water layer between 1951 and 1999. 
 
Figure 2. Average annual abundance of each of 4 phytoplankton genera from 
Lake Baikal in the 0-50 m water layer between 1951 and 1999. Linear regression 
was used to test for significance of trends over time, as described in Methods. 
 
Figure 3. Julian date of population peak for each of 4 phytoplankton genera from 
Lake Baikal in the 0-50 m water layer between 1951 and 1999. Linear regression 
was used to test for significance of trends over time, as described in Methods.
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