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PHYTOPLANKTON WORKSHOP

Modifications in phytoplankton size structure
by environmental constraints induced

by regime shifts in an urban lake
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Abstract Size related changes of phytoplankton
biovolume and species composition have been
analysed for forward and reverse regime shifts in
a shallow, urban, seepage lake. As a consequence
of changes in the hydrology, the pelagic switched
from a clear water, macrophyte dominated state
to a turbid stable phase with an abundant cyano-
bacterial population. Experimental nutrient
reduction forced the system into a recovery
phase. Each state change was associated with
significant changes in total biovolume, species
composition and size structure affecting surface
to volume ratios (S/V). Chlorophyll-a content and
S/V drastically increased during the early recov-
ering phase due to small cell sized species
developing. As expected, state transitions were
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associated with significant alterations in size
structure and composition.
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Allometric scaling and size related community
structure has been established for a wide variety
of processes in phytoplankton from both marine
and fresh-waters (e.g. Moloney & Field, 1989;
Lewis, 1977; Nielsen & Sand-Jensen, 1990; Joint,
1991; Shkundina, 1991; Teubner & Dokulil, 2000;
Havlicek & Carpenter, 2001; Finkel et al., 2004).
Here we demonstrate changes in biovolume,
species composition and related size structure
during ecosystem state change.

Data originate from a shallow urban lake, Alte
Donau, in Vienna, Austria. Hydrological changes
induced a forward switch from a macrophyte
dominated clear water system to a turbid, algal
controlled phase in the early 1990s. Internal
restoration measures forced the system back to
the original stable state (Dokulil et al., 2000,
2006; Donabaum et al., 2004).

Nutrient reduction by internal phosphorus
flocculation in early 1995 and 1996 drastically
reduced total phosphorus concentration (TP)
from an annual average of 70 pg I"' in 1994 to
less than 20 pg I"' (Dokulil et al., 2000). Con-
comitantly phytoplankton total biovolume
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declined from 19 mm’ 1! to about 1 mm’ 1™
(Fig. 1) and concentration of chlorophyll-a de-
creased from 43 pg 1! to 12 pg 1", In 1993 and
1994 the phytoplankton assemblage was domi-
nated up to 90% by one filamentous cyanobacte-
rial species, Cylindrospermopsis raciborskii
seenayya et Subba RrRaju (Dokulil & Mayer,
1996). As a consequence of P-reduction, phyto-
plankton composition completely changed to
small sized Bacillariophytes, Chrysophytes, and
Chlorophytes. Cyanobacteria remained below
20% on average during 1995 and 1996 (Fig. 1,
top panel). The following years 1997-2000 were
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characterised by more variable sized species of all
algal classes. Significant contributions of small
sized cyanobacteria were observed during sum-
mer coinciding with biovolume peaks (Fig. 1, top
panels).

The change in the size structure of the phyto-
plankton assemblage is reflected in the surface
area to volume ratio (S/V) as well as in the
percentage chlorophyll-a contribution to total
biovolume (Fig. 1, lower panels). The S/V ratio
averaged 470 mm™' before nutrients were re-
duced. The ratio rose to an average of about
1,900 mm™" in 1995 and 1996 when small sized
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species prevailed. In the years after nutrient
reduction (1997-2000) S/V fluctuated around a
mean of 584 mm™" (range: 520-644). Total surface
area was highly correlated to total biovolume
(r* = 0.47, P <0.0001, n =265) while S/V de-
clined with increasing biovolume (r* = 0.32,
P <0.0001, n = 265).

The frequency distribution of biovolume per
cell or filament (Fig. 2, upper panel) indicates on

average a three-fold decrease in average biovo-
lume from 600 um® cell”! (range 200-1,250) when
filamentous cyanobacteria dominated to 300 pm?
cell™! (range 20-550) after species composition had
changed. Concomitantly, average S/V ratio per cell
increased from 25 mm™ to 350 mm™. In contrast
to the narrow range of 3-55 mm™' during the
Cylindrospermopsis-years, a reflection of the
monospecific algal assemblage, the range of S/V

Fig. 2 Frequency 16 -
distribution of biovolume
per cell (top panel) and S/ 14 - F [ before
V ratio (lower panel) for 1 after
the years 1993/1994
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Fig. 3 Log-log regression of biovolume (mm?® I"') against
chlorophyll-a (ug I'!) for the years 1993/1994 (before) and
1995/1996 (after)
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Fig. 4 Notched box-whisker diagrams for biovolume,
surface area, percentage chlorophyll-a and S/V ratio for
the clear water period represented by data from the year
1987, during the turbid state in 1993/1994, after nutrient
reduction (1995/1996) and for the recovery years from
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per cell widened to 40-350 mm™ when large
numbers of small sized species became abun-
dant (1995/1996). In the years after, average
cell specific S/V ratio dropped to 43 mm™ but
the range remained at 5-400 (data not shown
here).

Average contribution of chlorophyll-a to bio-
volume was 0.28% when Cylindrospermopsis
dominated, rising to 0.72% during nutrient reduc-
tion coinciding with size structure changes
(Fig. 1). After the phytoplankton assemblage
had stabilised, percentage chlorophyll-a varied
around 0.3% (range 0.25-0.34). Chlorophyll-a
was highly related to biovolume before restora-
tion (Fig. 3, r* = 0.84, P < 0.001, n = 32). After
nutrient reduction the relationship became more
variable (r* = 0.14, P < 0.001, n = 233) possibly
as a result of year-to-year changes in plankton
species composition.

40 T T T T
— *
e
x 30 -
2 ‘
¥
£ 2 * -
— *
3]
e o
© ° <3
] 10 8 ¥ T
(] ¥
I =
2 5 £
1987 93/94 95/96 97/00
3 T T T
o
o
* .
© 2+ ; 4
£
£
N
E ¥
E 1- -
>
@ T
0 1 1 L

1987 93/94 95/86 97/00

1997 to 2000. The central vertical line marks the median,
the notch indicates the confidence interval and the box
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Total phytoplankton biovolume and surface
area for periods prior to the ecosystem regime
shift (1987), during the turbid state (1993/1994),
after nutrient reduction (1995/1996) and for the
recovery years from 1997 to 2000 are summarised
as notched box-whisker plots in Fig. 4 (top
panels). Both biovolume and surface area are
significantly increased during the turbid, algal
dominated state. In contrast to biovolume, which
was drastically reduced after restoration, surface
area remained high as a consequence of small cell
size indicated by the rise in the chlorophyll-a
content and the S/V ratio (Fig. 4, lower panels).

Similar changes during ecosystem regime shift
in the urban lake, Alte Donau have been
described for a number of variables and derived
parameters by Teubner et al. (2003). Reduction
of various nutrient components strongly affected
phytoplankton production and growth as well as
the producer—consumer interface in the food web.

Here we have shown that state transitions from
one stable state to another were associated with
significant changes in species composition and
size structure of the phytoplankton assemblage.
Shifts in either direction altered total biovolume
and were accompanied by changes in surface area
to volume ratios, percentage share of chlorophyll-
a and cell size related frequency distribution.
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