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6. LONG TERM CHANGES OF PHYTOPLANKTON COMPOSITION 
AND BIOMASS 

(Iwona Jasser) 

Annual mean biomass of phytoplank
ton (a mean value for the layer 0-4 m and 
the period May - October) amounted to 
several mg 1- 1 irrespective of the study 
year or period (Fig. 11 ). This is generally 
a low value rather characteristic for 

mesotrophic lakes. No clear tendency was 
found attributable to liming although 
some year-to-year variability was appar
ent (Fig. 11 ). Biomass usually attained 
maximum in summer and spring, and was 
highest (about 20 mg 1- 1) in the liming 
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Fig. 11. Mean (0-4 m, May-October) biomass of phytoplankton3) and its main groups in Lake 
Flosek in C(ontrol) (1966)1

), L(iming) (1970)1) and two post-liming periods (1971-19741), 

1990-19932
~ 

1
) acc. to H i 11 b r i c h t - I I k o w s k a et al. 1977 

2
> unpublished data of I. Spodniewska 

3
) vertical lines - maximal values 

(Note different scales for particular groups!) 

year, and lower (of about 10 mg 1-1) in opposite to tl1e functional phytoplankton 
so1ne years of t]1e 70-ties and 90-ties (Fig. response described in Chapter 4 i.e. the 
11). decrease of production. Thus, phyto

Bio1nass maximum of as much as 20 plankton has not increased nor decreased 
1ng 1- 1 reported for tl1e liming year ( 1970) its abundance for a long time following 
was reached ea1·ly in September (accord Lake Flosek liming. 
ing to Figs 7 and 9 in H i 11 b r i c h t - No clear tendency in total biomass 
Ilk ow s k a et al. 1977), i.e. after ( or chlorophyll a content, or pl1ytoplank
application of fourth lime dose. This to11 production), l1as been reported by 
biomass peak was related to development other authors in case of progressive water 
of dinoflagellates, particularly Peridiniun1 acidification (F i n d I e y and K a s i a n 
sp. a11d Ceratiun1 hirundinella. Tl1is 1990, 1991 ), M u n i z 1991, S c h i n -
seems to reflect an immediate but tempo d 1 er et al. 1991) or pH rise due to lim
rary response to calcium addition, and is ing (0 I em 1991), provided that the 
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changes were relatively minor at pH 
shifts confined to 5 .8-7 .0, i.e. to the range 
found in Lake Flosek. It should be noted 
that mean biomass values in 1990 and 
1991 were almost lowest among all the 
stt1dy years (Fig. 11 ). Then, in subsequent 
years ( 1992 and 1993 ), a slight increase 
in both mean and maximum biomass of 
phytoplankton occurred comparable to 
that found soon after the lime applicatio11, 
i.e. 1971-1974 (Fig. 11 ). This may sug
gest an increase in fertility, i.e. eutrophi
catio11, to has begun. Tl1is is supported by 
slight i11creases in co11centrations of so111e 
cl1e111ica] compounds (Chapter 4). 

Tl1e most striking changes in phyto
plankton noticed two decades after liming 
comprised decreases in botl1 nanoplank
ton biomass and its participation in phy
toplankton (Fig. 12). Nanoplankton is 
composed of various fine algae (fro1n 2 to 
20 µm), usL1ally blue-gree11 algae, gree11 
algae a11d flagellates which togetl1er co11-
stitt1te the edible for1ns for grazers. 
Biomass of those groups in the control 
(li1ning) year and several subsequent 
years was, on average, about 2-3 mg 1- 1 

a11d accounted for at least a half of the 
pl1ytoplankto11 biomass ( cf.: Figs 11, 12). 
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After 20 years, abundance of those s1nall
sized algae was from a few to ten times 
lower when compare with the former 
years, and the algae accounted for 5- 203/o 
of the total algal biomass. Similarly to the 
total phytoplankton biomass, both 
11anoplankto11 bio1nass and its participa
tion were higher in 1992-1993 tl1an 
1990-1991. This is not clear, however, 
why the biomass of these edible algae de
clined 20 years after liming. The decline 
might be a secondary effect dependent in
directly on liming itself, and directly - on 
changi11g pressure of zooplankton grazing 
(see: Chapter 8) or altered species com
position of phytoplankton (see below). 

In 1992 and 1993, the finest fraction of 
algae, so called picoplankton (1- 3 µm) , 
was first investigated in the long run. 
It turned out (Jass er 1996) that the 
group, consisting 1nainly of blue-gree11 al
gae Sinecoccz,s , occurred in Lake Flosek 
usually in May and October wl1en it 
reached the biomass of up to 0.55 mg 1- 1 

in the surface layer 0-1 m, and thus ac
counted for as much as 20% of total algal 
biomass. However, when annual mean 
biomass is considered, this is a few per 
cent of the total phytoplankton biomass, 
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Fig. 12. Mean (0-4 m, May-October) biomass of nanoplankton (~ 20 µm size) (bars) and its 
contribution (vertical lines) to total biomass (%) in Lake Flosek in different years and periods (See 

Fig. 11 for explanations). 
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a11d several times less than the biomass of 
11a11op la11kton (Ja s s e r 1996). 

Wl1en long term data series are ana
lysed, the changes in composition, 
biomass and occurrence of particular 
fractions, genera and species of phyto
plankton see1n to be attributable to liming 
(Fig. 11 ). This may be generalised as fol
lows. Dinoflagellates, the biomass of 
whicl1 decreased soon after liming, 
te11ded to be scarce. This was especially 
true for Peridiniun1 sp. and Ceratiun1 
hi,,.undinella, dominating in that group 
prior to and in the year of liming. How;_ 
ever, biomass of this group increased 
again in 1993 due to a higher contribution 
of Gymnodiniun1 sp. ( occasionally to 64% 
of biomass), a s1nall-sized species ( of 

about 20 µ1n), 1nost likely Gymnodiniun1 
li,teofaba. 

A pattern of cl1a11ges i11 total biomass 
and participatio11 of chrysophytes was 
so1newhat different. Further1nore, an evi
dent successio11 of the species cou Id be 
observed during the 20-year period (Ta
ble 5). A11nual 111ea11 biomass of the group 
was very low before and at liming, a11d 
tl1en soon after tl1e treatme11t it increased by 
011e or two orders of 1nagi1itude reachi11g, 
011 average, about 1- 2 mg 1- 1 i11 1971-
197 4 a11d 20 years aftetwards (Fig. 11. ). 
Tl1is was especially true for the genus Di
nobryon, co11stituting in some seasons as 
1nucl1 as 503/o of tl1e phytoplankto11 
biomass. Tl1is is a fairly long term effect 
of li111i11g and consequent increases i11 cal
ciu1n a11d water pH on phytoplankton 
co1nposition. The increase was evident 
for species of low abundance in 1966 and 
70-ties (Dinobryon divergens, D. sociale 
or D. sertularia) (Table 5), as well as 
1nore for species rarely noted i11 tl1ose 
years, i.e. D. pediforn1e, D. acum inatu,n, 
D. bavaricun1 a11d Syncrypta sp. Tl1us, di
versity of tl1is phytoplankton group in
creased (Table 5). 

Biomass of other groups, namely dia
toms, blue-green algae or green algae was 
generally low, and their overall participa
tion not exceeded, on average, a few per
cent, although periodically it could 
account for as mucl1 as 50% of the total 
biomass (Fig. 11, Table 5). However, 
mean bion1ass of diatoms tended to be 
higl1er after liming a11d genera typical for 
eutrophic lakes, sucl1 as Asterionella, 
Synedra, Melosira, Stephanodiscus, ap
peared in botl1 postliming periods (Ta
ble 5). Despite scarcity of blue-gree11 
algae in Lake Flosek, alike tendency was 
detected in 1990 when Gleocapsa lim
netica reached very high biomass (Table 
5). Twenty years after liming (1991), 
biomass of green algae (Ankistrodesmus 
falcatus, Botryococcus braunii, Scenedes
n1us sp.) was also much higher (in sum
n1er up to 0.29 mg 1- 1, i.e. abot1t 20% of 
tl1e total algal biomass). In 1992 and 
1993, mass occurrence of chloromonad 
Vacuolaria viridis took place. In summer 
1992 biomass of tl1is species amounted to 
I. 18 mg 1- 1, and accou11ted for as 1nuch as 
90% of tl1e total pl1ytopla11kton bion1ass. 
After li111ing, flagellates such as Crypto
n1onas and Trachelon1onas were also 
more abundant (H i 11 b r i c h t - I I k -
ow s k a et al. 1977). 

Tl1e above changes i11 abundance of 
more important pl1ytopla11kton taxa in 
Lake Flosek may be attributed to the 
raised calciu1n conte11t and pH. Tl1ey cor
respond fairly well with tl1ose reported 
for limed acidic, l1umic lakes, although 
tl1e rate of structural changes and their 
further persiste11ce depend on the shifts in 
pH. Disappearance of dinoflagellates 
(Gyn1nodinium, Peridinium, Ceratiun1) 
and cryptopl1ytes in favour of chryso
pl1ytes (the genus Dinobryon), and first of 
all, green algae and diato1ns, usually ac
companies pH and calcium increases, 
wl1ereas a reverse tendency occurs when 
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Table 5. Occu11·ence of selected phytoplankton taxa in Lake Flosek for which the marked 
changes in abundance were noted in successive years 

Year. peri od Control I) 

Taxon 1966 

Pyrrophyta: 
Per1di11111111 sp. +++ 
Cera1iu111 l11ru11dinel/a ++ 
Gy111nod1n1u111 sp. + 

Chrysophyta: 
Di11obrJ10 11 divergens + 
D soc,a/e + 
D. sertular,a 
D. µedifo r111e 
D. acz1111111atu111 
D. bararict11J1 
S)·ncrypra sp. 

Chloromonadophyta: 
// acuolarta viridts 

Chlorophyta 
Ankistrodesn1us fa lcatus 
Scenedes111us sp. dtv. 
BotrJ1ococcus braunii 

Bacillariophyta: 
,../s1er1011e/la fo r111osa 
SJ 11111dra acus 
,\Jelosira 1s/a11dica 
.S'1ephano<l1scus astrea 

C) anoph yta : 
G/eocaµsa /111111e 11ca 

l•, la~ellata: 
( ll) 1pto1110 11as. 

7'rache/0111011as) 

t-) vcryseldon, 
( + 1 frequen t but not numerous 
( ++) frequent and occas1onally numerous 
!. +++) constant and numerous 
ll data con1plled from H i I I bri c h t - I I k o "v s k a et al. 
.!> data elaborated by I. Spodn1ewska (unpublished data) 

pH falls to about 5 .0. The latter tendency 
has bee11 found in various lakes and in situ 

experiments (0 I em 1991 ), e.g. in Lake 
Gardsjon (Ho r s to n and E k s t r o m 
1986, Bukaveckas 1988, 1989, 
S to k e s et al. 1989, Mor I in g and 
W i I I e n 1990) and in experimentally 
treated Canadian lakes (Find I e y a11d 
K as i an 1990, 1991, Mun i z 1991, 
S c 11 i 11 d 1 e r et al. 1 991, H a v e n s 
1992a, b). Morling and Willen 
( 1990) have revealed an apparent succes-
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sion of species of the genus Dinobryon 
after liming, which resembles that found 
in Lake Flosek. All the authors have 
pointed out that full reconstruction of 
phytoplankton diversity and abundance to 
the pre-acidification level in a short re
covery period must not be possible, even 
if pH does not fall previously below 5.0. 
It is often tl1e case that species less sensi
tive to lowered pH may survive, and even 
dominate temporarily, at higher pH, 
which is exemplified by e.g. some 
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dinoflagellates (Sc hind I er et al. 1991 ). 
Under acidic conditions, non-nitrogen 
fixing blue-green algae such as Anabaena 
spiroides may disappear (M o r I i n g and 
W i 11 en 1990), while such genera as 
Merisn1apaedia sp. may sustain lowered 
pH (F 1 e is her et al. 1993), and disap
pear after liming. 

The above alterations in species 
composition and size distribution of phy
toplankton after liming are crucial for 
1natter transformations in an ecosystem, 
because tl1e change generally consists in 
replacement of non-edible algae 
( di11oflagellates) by algae (mainly ch1yso
phytes) available to filtrating apparatuses 
of grazing zooplankters (D i ck son 
1989,Blomqvist etal.1993). 

In a limed lake, edible algae are con
troled by zooplankton grazing rather than 
11utrient availability. However, Jo n e s 
( 1992a) l1as pointed out that the domi-
11ance of chrysophytes (Dinobryon, 
Ochromonas) and other flagellates (Cryp
ton1onas, Mallonzonas) may be associated 
witl1 their response to enlarged pools of 
particulate organic matter and bacterial 
plankton. Although the author has col
lected a lot of data on phagotrophy and 
bacterivory of those gi·oups of phyto
p la11kton, he warns that opinions vary, 
and a questio11 whether chrysop11ytes and 
cryptophytes are obligatory or occasional 
l1eterotropl1s is sti 11 a matter of specu la
tio11. However, it seems that in the case of 
Lake Flosek where liming was responsi
ble for higher decomposition rate and 
abundance of 1nicrobial plankton soon af
ter tl1e treatment ( cf.: Chapter 4) and 

thereafter, the increase in that algae group 
is more likely to reflect their response to 
enlarged pool of particulate organic mat
ter. This is also supported by high con
centrations of chrysophytes (and 
chlorophyll a) found in deeper layers (4 -
5 m) of Lake Flosek, including winter pe
riod, as well as in lakes examined by 
J o n e s ( 1992a). 

Generally, qualitative and quantita
tive changes of phytoplankton observed 
in 90-ties, i.e. 20 years after I iming, seem 
to indicate a lack of stability in composi
tion and dynamics of this group. Pl1yto
plankton is a mixture of co-occt1rring or 
seasonally exchanged species and groups. 
The most abundant a11d diverse group 
were chrysophytes influe11ced by liming. 
This grot1p represe11ts heterotrophic or 
mixed type of feeding, and they are prob-

, ably the important component of micro
bial loop in a lake. There were also small 
dinoflagellates, including species so typi
cal of humic lakes (according to S a -
1 one n et al. 1992a) such as 
Gymnodinium. Their presence may indi
cate re-occurring symptoms of Lake 
Flosek dystrophication. Eventually, oc
currence of numerous species of green al
gae, chloromonads, diatoms, and 
occasionally blue-green algae may indi
cate et1trophication, i.e. a response to ex
ternal nutrient i11put or elevated i11ternal 
supply (recycling) of these compounds. It 
seems that intensive zooplankton grazing 
due to changing fish pressure in recent 
years (1992, 1993) might also influence 
size fractions distribution of phytoplank
to11 ( see: Chapter 8). 


