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INTRODUCTION

Phenotypic plasticity is the ability of a single genotype to 
produce several different physiological and/or morphological 
types under changing environmental conditions. “It is now 
known, for example, that plasticity is simply a modification 
in the ability of a genotype to express a particular character. 
Such modification may occur before or after a character has 
been expressed and it is always the response to a change in 
either intra or extracellular environments, or both” (Morales 
et al. 2002). Thus, some taxa have the ability to modify their 
morphology according to the environment, e.g. in response 
to water chemistry and/or predator pressure (for water chem-

istry see: Trainor 1998, for Daphnia and infochemicals see: 
Hessen & van Donk 1993, Lampert et al. 1994, Lürling et al. 
1997).

It has been documented that many algal species exhibit 
phenotypic plasticity (Trainor et al. 1971, Gómez et al. 1995, 
Pigliucci 1996, 2001, Pigliucci et al. 1996, Graham & Wil-
cox 2000, Zirbel et al. 2000, Morales et al. 2002). When 
identifications are made from live or fixed specimens after 
collection of field samples, a particular morph is identified to 
genus and/or species. However, when field samples are not 
fixed and algae are subsequently isolated and cultured in the 
laboratory, they may produce a variety of morphs. There is 
empirical evidence from laboratory experimentation and in 
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Background and aims – Phenotypic plasticity is the morphological response of a single genotype to 
produce several different physiological and/or morphological types under changing environmental 
conditions. Desmodesmus, a green alga, has been well documented for its phenotypic responses (e.g. colony 
transformation to unicells, and spiny transformation to spineless). Two oxbow lakes (R1 and R2) and 
one artificial dam reservoir (R3) were used to evaluate the quantity and diversity range of Desmodesmus 
species occurring during four seasons of one-year. 
Methods – Water samples were quantified for Desmodesmus species and identified using the Scanning 
Electron Microscope (SEM). To better understand the morphological responses of Desmodesmus, an 
axenic culture of Desmodesmus abundans, CCAP 258/299, was cultured in sterile-filtered water from each 
water body collected from each season.
Key results – Not surprisingly, different Desmodesmus species inhabited each water body and exhibited 
different densities of growth, contributing 77% of the total density in R1, 22% in R2 and only 1% in R3. 
Summer and autumn were the seasons when Desmodesmus showed the highest density in the shallow 
and polymictic oxbow lakes (R1 and R2). In the deep and dimictic reservoir (R3), the highest density of 
Desmodesmus was during autumn. Phenotypic plasticity was observed in the experiments, with unicells 
being formed from colonies, some with shorter spines. Desmodesmus grown in a high concentration of 
nitrogen (SE, Medium 7 +3N and BBM) had a higher percentage of unicells compared to the other culture 
conditions. 
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assess water quality and as a potential bioindicator of nutrient availability in natural ecosystems.
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situ field experiments that some algae can change their mor-
phology under changing environmental conditions (Trainor 
1998). 

It is important to give an historical perspective. Pheno-
typic plasticity in Scenedesmus Meyen (including Desmodes-
mus An, Friedl & Hegewald) has been known since the mid-
dle of the 1800s (Grunow 1858, Wood 1873, Wolle 1887, 
Chodat & Malinesko 1893, Grintzesco 1902a, 1902b, Chodat 
1913, 1926). Grunow (1858) observed phenotypic plastic-
ity, and speculated that filamentous forms of Dactylococ-
cus might be stages of development in Scenedesmus. Wood 
(1873) observed and described a multi-spined unicell, which 
he described as a new species, S. rotundus Wood. Wolle 
(1887) commented that this “unicellular form is not infre-
quently intermingled with other species of Scenedesmus; it 
certainly appears related, and whether a distinct species, or 
merely connected in some way in a process of development, 
has not been made clear”. “Thus a relationship between the 
unicellular morph and Scenedesmus colonial morphs was 
made well over 100 years ago” (Trainor 1998). Using an 
experimental approach, Chodat & Malinesko (1893) made 
the connection that filaments (Dactylococcus) and colonies 
were related to S. acutus Meyen. These observations were 
confirmed by Grintzesco (1902a, 1902b) and Chodat (1913, 
1926). Chodat (1913, 1926) laid the groundwork for under-
standing phenotypic plasticity in Scenedesmus using cultures 
and proposed the concept of polymorphism in microalgae. 
However, his observations were criticized by Smith (1914a, 
1914b), who did culture algae and could not find the Dacty-
lococcus stage in Scenedesmus. Furthermore, Smith focused 
on the identification of algae fixed from field material and 
did not want to include modifications that occurred in culture 
(which he called teratology). Phenotypic plasticity remained 
ignored until the 1960s when Trainor (1963) ‘rediscovered’ 
phenotypic plasticity in Scenedesmus (= Desmodesmus) by 
demonstrating that spiny colonies could produce spiny uni-
cells in an axenic culture. Due to the work of Trainor (1969), 
Shubert & Trainor (1974), Siver & Trainor (1981), Trainor 
(1998), and Morales et al. (2002), we now know a great deal 
about phenotypic plasticity in Desmodesmus. 

Separation of non-spiny and spiny Scenedesmus into dif-
ferent genera was first postulated by Trainor et al. (1976) and 
later by Komárek & Fott (1983) and Kessler et al. (1997). 
The validity of this suggestion was confirmed by molecular 
analysis; Scenedesmus was retained for non-spiny forms and 
a new genus, Desmodesmus, was erected for the spiny forms 
(An et al. 1999). There are distinct and consistent morpho-
logical differences between Scenedesmus and Desmodesmus; 
the former does not produce spines or true unicells, where-
as the latter does. In addition, the cell wall morphology (as 
viewed with the SEM) is entirely different; Desmodesmus 
walls are highly ornamented, whereas Scenedesmus walls 
are not (Shubert & Wilk-Woźniak 2003). Wall ornamenta-
tion came to light when empty cell walls were viewed first 
with the Transmission Electron Microscope (TEM) (Bisal
putra & Weier 1963, Bisalputra et al. 1964, Massalski et al. 
1974) and later with the SEM (Komárek & Ludvík 1971, 
Hegewald 1989, Hegewald et al. 1990). Surface wall mor-
phology as seen with the SEM varies, e.g. warty [D. ar-
matus (R.Chodat) E.Hegewald], net-like [D. quadricauda 

(R.Chodat) E.Hegewald] and star-like [D. serratus (Corda) 
An, Friedl & E.Hegewald].

Many of the strains/species of Desmodesmus exhibit ex-
tensive phenotypic plasticity (Trainor et al. 1971, Shubert & 
Trainor 1974, Trainor 1993, 1998, Shubert & Wilk-Woźniak 
2003) alternating between colonies and unicells and/or spiny 
and spineless forms.

It has been well documented that some species of 
Desmodesmus [e.g. D. subspicatus (R.Chodat) E.Hegewald 
& A.Schmidt and D. armatus] produce spiny colonies when 
nutrient availability is low, whereas unicells are produced 
when phosphorus or nitrogen are elevated (Shubert & Train-
or 1974, Siver & Trainor 1981, Trainor 1998). Colonies and 
unicells become spineless when iron availability is low or 
lacking (Trainor 1969, Trainor 1998). 

The purpose of this study was: (i) to determine the diver-
sity and abundance of Desmodesmus in different aquatic eco-
systems in Poland using the SEM, and (ii) to conduct prelim-
inary experiments on the use of Desmodesmus as a potential 
bio-indicator of nutrient availability in aquatic ecosystems.

MATERIALS AND METHODS

Study area

Samples were collected from three different aquatic ecosys-
tems (R1, R2, R3) located in southern and central Poland 
(electronic appendix 1, table 1):
-	 R1 (ZA Puławy, 21°53’E 51°28’N) – A shallow old river 

bed (polymictic oxbow) of the Vistula River transformed 
into an industrial water reservoir, which is highly pollut-
ed by municipal and industrial waste. 

-	 R2 (Wiślisko Kobyle, 20°25’E 50°06’N) – A shallow old 
river bed (polymictic oxbow) of the Vistula River, where 
chemicals are deposited in the bottom sediments and are 
subjected to resuspension. The main problem for water 
quality is the creation of organic (DOC) and organogenic 
elements.

-	 R3 (Dobczyce reservoir, 20°05’E 49°52’N) – A deep sub-
mountain dimictic reservoir, having chemicals deposited 
in the bottom sediments, which are excluded from bio-
geochemical cycles resulting in rather good water quality. 
However, the main problem is water quality and eutroph-
ication, because it is impacted by agriculture wastes.

Collection, identification and water analysis

Water samples (10 dm3) were collected for one-year during 
spring, summer, autumn and winter for taxonomical identifi-
cation by filtering through a 10 µm mesh plankton net. Some 
Desmodemus spiny morphs can be smaller than 10 µm; 
however despite the mesh size the morphs can be trapped 
in detritus or entangled in other microorganisms. From this 
concentrate, microscopic slides were prepared for the iden-
tification of live Desmodesmus taxa using a Zeiss Jenaval 
light microscope (LM), at 250x, 400x and 1,000x oil immer-
sion magnification. This procedure included observation of 
20 fields from three separate slide preparations. In addition, 
another 1 dm3 of water from the original 10 dm3 sample was 
preserved with Lugol’s solution. Algae from this sample was 
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allowed to settle for 48 h to form a concentrate in a settling 
chamber and were examined under 250x and 400x oil immer-
sion magnification (Ligęza & Wilk-Woźniak 2011). Samples 
for the quantitative analysis of specimens were fixed with 
Lugol’s solution and concentrated by sedimentation from a 1 
dm3 sample (Starmach 1955). Algae were counted according 
to the method of Lund et al. (1958).

Fresh samples of Desmodesmus were fixed in 2.5% glut-
araldehyde for 1hr and prepared for the SEM as described by 
Shubert & Wilk-Woźniak (2003) and viewed with a Philips 
XL 30 SEM. Measurements were made on the SEM image. 
Up to 25 cells were measured for each morphological fea-
ture; although some measurements of cells and features are 
based on less than 25 (measurements were based only on 
fixed field material) (fig. 1).

For taxonomic analyses of Desmodesmus we used 
Komárek & Fott (1983) and Hegewald (2000). The species 
identifications in this paper were based on clear and reliable 
taxonomic features. 

Physico-chemical properties of water were analyzed im-
mediately after sampling and were measured according to 
Hermanowicz et al. (1999) with modifications (Prince 1955, 
van Reeuwijk 1995). 

Bioassay experiments

For bioassays, water samples were pre-filtered, sterile fil-
tered and stored in sterile bottles at 4°C. The experimental 
design used 4-well sterile titer plates. Each water sample 
was inoculated aseptically into duplicate wells and each well 
was inoculated with 1 × 105 cells ml-1 of 100% colonial and 

Table 2 – Density of Desmodesmus in two oxbow lakes and one reservoir (R1, R2, R3).
Total density of phytoplankton (ind. ml-1) during all four seasons in two oxbow lakes and one reservoir.

spring summer autumn winter
R1 (ind. ml-1)
D. abundans 118 0 36 0
D. armatus 94 272 201 0
D. intermedius 129 71 225 0
D. opoliensis 130 520 130 0
D. quadricauda 12 153 178 0
D. spinosus 60 450 344 35
D. subspicatus 71 0 12 0
Desmodesmus sp. 496 626 59 0
Total Desmodesmus density 1110 2092 1185 35
Total phytoplankton density 39059 54695 14808 1241
R2 (ind. ml-1)
D. abundans 0 0 0 0
D. armatus 12 12 36 0
D. intermedius 0 12 0 0
D. opoliensis 83 142 236 0
D. quadricauda 0 0 0 0
D. spinosus 107 0 166 0
D. subspicatus 0 201 0 0
Desmodesmus sp. 118 83 24 0
Total Desmodesmus density 320 450 462 0
Total phytoplankton density 39059 12327 10566 343
R3 (ind. ml-1)
D. abundans 0 0 0 0
D. armatus 0 0 0 0
D. intermedius 0 0 60 0
D. opoliensis 0 0 0 0
D. quadricauda 0 0 0 0
D. spinosus 0 12 0 0
D. subspicatus 0 0 0 0
Desmodesmus sp. 0 0 0 24
Total Desmodesmus density 0 12 60 24
Total phytoplankton density 1441 1052 3675 7387
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axenic D. abundans (Kirchner) E.Hegewald (isolated from 
the Vistula River in 2004; CCAP 258/299). Control cultures 
(medium 7 (Trainor 1998); medium 7 with P or N additions 
and N+P additions; Bold’s Basal Medium (BBM) and soil 
extract were also inoculated with D. abundans strain CCAP 
258/299. The cultures were maintained at 24°C and 16 h  
L: 8  h D. The cultures were counted after 72 hours and 6 
days for percentage of spiny and/or spineless colonies and/
or unicells. The bioassay experiments were conducted three 
times.

RESULTS

Environmental conditions of R1, R2 and R3

The largest biomass (chl a) of algae occurred in spring in R2 
(1941 µgL-1) and the lowest algal biomass occurred in the 
summer in R3 (2.37 µgL-1). The highest dissolved ions (EC) 
occurred in the spring in R2, summer in R1 and winter in R1 
(1.74–1.79 mS) and the lowest in the spring and summer in 
R3 and autumn in R3 (0.27–0.28 mS). Overall, there was a 
large variation in the water chemistry between oxbow lakes 
(R1, R2, R3) and seasons of the year. A very high manganese 
concentration (17200 µgL-1) was measured in the spring in 
R2 (table 1). For a more detailed analysis, see Wilk-Woźniak 
et al. (2014).

Desmodesmus: occurrence and abundance

R1 was the oxbow lake in which different species and 
morphs of Desmodesmus were observed in the greatest 
density. Of all reservoirs sampled, 77% of the total den-
sity of Desmodesmus was observed in R1, 22% in R2 and 
only 1% in R3. Summer and autumn were the seasons when 
Desmodesmus showed the highest density in the shallow and 
polymictic oxbow lakes (R1 and R2). In the deep and dimic-
tic reservoir (R3), the highest density of Desmodesmus was 
during the autumn season (table 2). 
We identified seven different species of Desmodesmus in 
the shallow oxbow lakes (R1, R2) and two species in R3. 

Figure 1 – SEM of outer wall of Desmodesmus illustrating 
ultrastructural features such as a short spine, long spine, warts, ridge 
and opening.
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Figure 2 – Scanning electron micrographs of Desmodesmus species: A, D. abundans colony; B, D. abundans unicell; C, D. armatus colony; 
D, D. armatus unicells; E, D. intermedius colony; F, D. intermedius unicell. Scale bars: A, C & E = 5 µm; B, D & F = 2 µm.

The most commonly found species were: D. abundans,  
D. armatus, D. intermedius (R.Chodat) E.Hegewald, D. 
opoliensis (P.G.Richt.) E.Hegewald, D. quadricauda, D. spi-
nosus (R.Chodat) E.Hegewald, D. subspicatus (R.Chodat) 
E.Hegewald & A.Schmidt (figs 2 & 3). We also identi-
fied unicells belonging to the following taxa: D. abundans,  
D. armatus, D. opoliensis and D. subspicatus. Unfortunately, 
Desmodesmus unicells are usually identified as species of 
Chodatella Lemmermann, Lagerheimia Chodat or Franceia 
Lemmermann despite the extensive literature published on 
phenotypic plasticity in the past sixty years (Trainor 1998, 
Shubert 2003: 255–256). 
During different seasons in the water bodies, we observed 
the following changes in Desmodesmus species composition 
(ranked according to individuals/ml share of total density of 
Desmodesmus) (table 2):

R1
- 	 Spring: D. intermedius = D. opoliensis > D. abundans > 

D. armatus > D. subspicatus > D. spinosus > D. quadri-
cauda

- 	 Summer: D. opoliensis > D. spinosus > D. armatus >  
D. quadricauda > D. intermedius

- 	 Autumn: D. spinosus > D. intermedius > D. armatus >  
D. quadricauda > D. opoliensis > D. abundans > D. sub-
spicatus

- 	 Winter: D. spinosus
R2
- 	 Spring: D. spinosus > D. opoliensis > D. armatus
- 	 Summer: D. subspicatus > D. opoliensis > D. armatus  

= D. intermedius
- 	 Autumn: D. opoliensis > D. spinosus > D. armatus
R3 
- 	 Summer: D. spinosus 
- 	 Autumn: D. intermedius 
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We also observed some taxa only once, e.g. D. armatus 
var. spinosus (F.E.Fritsch & Rich) E.Hegewald, D. serra-
tus, and D. costato-granulatus (Skuja) E.Hegewald. Over-
all, D. opoliensis and D. spinosus had the greatest densities 
(520 ind/ml and 450 ind/ml respectively) and D. armatus,  
D. spinosus and D. subspicatus had the lowest densities 
(12 ind/ml).

Morphological variation/phenotypic plasticity

Different species of Desmodesmus from different populations 
were measured for length and width of cells, length of spines, 
presence/absence of ridges, height and width of ridges, di-
ameter of openings, and height of opening using the SEM 
(fig. 1). We observed a range in size of different structures of 
the cells, which indicates that Desmodesmus is responding

 to variable environmental conditions (e.g. light, temperature 
and/or nutrients) (table 1) and/or genetic variation. Compar-
ing the five species, D. opoliensis colonies (fig. 3A, table 3) 
had the longest cells and nearly the largest width (14.9 µm 
× 5.25 µm), whereas D. abundans colonies (fig. 2A, table 2) 
had the shortest cell length and width (5.05 µm × 3.09 µm). 
D. opoliensis also had the longest spine (12.2 µm) and  
D. abundans had the shortest spine (514   nm). The other 
five species: D. armatus, D. intermedius, D. quadricauda, 
D. serratus and D. subspicatus (figs 2C, 2E, 3C, 3E and 3F 
respectively) were mid-range in cell size and length of spine 
(table 2). The unicells of D. armatus (fig. 2D, table 3) had 
the largest cell dimensions and D. opoliensis unicells (fig. 
3B, table 2) had the smallest cell dimensions. The unicells of  
D. abundans (fig. 2B, table 2) and D. subspicatus (fig. 3G, 
table 2) were mid-range. 

Figure 3 – Scanning electron micrographs of Desmodesmus species: A, D. opoliensis colony; B, D. opoliensis unicell; C, D. quadricauda 
colony; D, D. quadricauda colony (showing progeny colony before release from parent cell); E, D. serratus colony; F, D. subspicatus colony; 
G, D. subspicatus unicell . Scale bars: E & G = 1 µm; B, D, F = 2 µm; A & C = 10 µm).
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Water samples Season
Day 0 After 3 days After 6 days

unicells colonies unicells colonies unicells colonies
1 (R1) Spring 0% 100% 20% 80% 0% 100%
2 (R1) Summer 0 100% 40 60 0 100
3 (R1) Autumn 0 100% 35 65 30 70
4 (R1) Winter 0 100% 40 60 0 100
5 (R2) Spring 0 100% 10 90 0 100
6 (R2) Summer 0 100% 5 95 0 100
7 (R2) Autumn 0 100% 10 90 0 100
8 (R2) Winter 0 100% 10 90 0 100
9 (R3) Spring 0 100% 10 90 0 100
10 (R3) Summer 0 100% 5 95 0 100
11 (R3) Autumn 0 100% 10 90 0 100
12 (R3) Winter 0 100% 5 95 0 100

M7 0 100% 0 100 0 100
M7+P 0 100% 5 95 0 100
M7+N 0 100% 0 100 0 100
BBM 0 100% 50 50 10 90

SE 0 100% 90 10 100 0
M7+3N 0 100% 95 5 95 5

Table 4 – Mean percentage of unicells and colonies produced in the water bodies.
Cultures were grown under controlled environmental conditions; the experiments were conducted three times; numbers 1 to 12 ( (R1, R2, 
R3) correspond to the same numbers in table 1.

Bioassay experiments

D. abundans CCAP 258/299 exhibited phenotypic plastic-
ity when grown in water collected from the three different 
ecosystems. All unicells and colonies produced spines, ex-
cept for those in the R2 (7) spring sample, which supported 
90% colonies with very short spines (table 4). Experimental 
results showed that there was a higher percentage of spiny 
unicells (up to 40%) in eutrophic R1 compared to R2 and 
R3 water (table 4). Spiny colonies dominated in R2 and R3. 
Desmodesmus grown in high nitrogen controls (SE, Me-
dium 7 +3N and BBM) had a higher percentage of unicells 
compared to the other cultures (table 4). Most cultures were 
transformed to 100% colonies by day 6, except for: (R1), 
BBM, SE and M7+3N.

DISCUSSION

Desmodesmus species are very common in freshwater habi-
tats, especially nutrient rich ecosystems. This was the situ-
ation in our investigation, with the greatest variability and 
density of Desmodesmus in the oxbow lake polluted by mu-
nicipal and industrial discharges (R1). Cronberg (1982) ob-
served a similar result from samples taken from the nutrient 
rich sediments from Lake Växjösjön, Sweden, which indi-
cates that this genus might be useful as an indicator of nutri-
ent loading in aquatic ecosystems. We know that low nutri-
ent concentrations stimulate colony formation and elevated 
levels of nitrogen or phosphorus stimulate unicell formation 
(Trainor 1998). 

The density of Desmodesmus species was highest in oxbow 
lakes (R1 and R2), because the lakes were shallow and al-
lowed for light penetration, and they had the highest nutri-
ent concentrations. The reservoir (R3) had a lower density of 
Desmodesmus species, because the reservoir was deeper and 
lower in nutrients. The relationship of cell density to envi-
ronmental parameters will be explored.

Unfortunately, because of their phenotypic plasticity, 
Desmodesmus species are very difficult to define taxonomi-
cally. Many of the morphological features, which might be 
used as taxonomic characters, are not visible with the LM 
or are unstable. For example, spine number and spine length 
cannot be used as stable characters for taxonomic differentia-
tion, because they are variable within a clone. This has been 
shown for numerous clones (Trainor 1998). Thus, a clone 
can be spineless and spiny (2 to 4 to 8 spines per colony) 
depending on the age of the culture (Trainor 1998). In addi-
tion, presence or absence of ridges is sometimes also unclear. 
As we have shown in a range of measurements of cell mor-
phology, the ridges are sometimes so small that it is not pos-
sible to see them in LM, especially in unicells or young cells. 
Using a 100x oil immersion objective, some features can be 
visualized, such as ridges on the edge of cells and openings. 
However, most investigators rely on identifications using 
a 40x objective, which is too low for visualizing finer de-
tail. Some authors indicated that the size of some elements 
of ultrastructure might depend on the age of cells (Kováčik 
1975, Trainor 1996). However, as Komárek & Ludvík (1972) 
indicated, there are some stable ultrastructural features that 
might be used as identification characters, such as the pat-
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tern on the surface of cells (presence/absence of warts, nets, 
etc.), and presence/absence and pattern of openings, type of 
ridges, ribs, etc. Unfortunately these features are not readily 
visible with the LM, which is the main reason why we relied 
on SEM observations. This is also the reason why unicells 
were not identifiable to their colonial morph, since we could 
not see the wall ultrastructure with the LM. SEM observa-
tions allow one to see features in more detail and they may 
be used for taxonomic analysis (Komárek & Ludvík 1972).

Presence of ecomorphs adds to the taxonomic conun-
drum, since “The unicell is demonstrated to be one of the 
more important morphs produced; it will aid in determining 
species limits. The shortcomings of numerous publications 
in the last two decades, with an absence of, or incomplete 
data on individual ecomorphs, now become clear” (Trainor 
& Egan 1990a). 

Our experiments showed that the D. abundans CCAP 
258/299 was sensitive to higher nitrogen concentrations, 
which resulted in unicell formation. For example, 95% uni-
cells and only 5% colonies were formed in the samples with 
SE and M7 + 3N (Siver & Trainor 1981). Whereas in sam-
ples with higher phosphate concentrations, we observed the 
formation of 95% colonies, but only 5% unicells formed. In 
investigations of other strains, phosphorus has been shown to 
stimulate unicell formation (Shubert & Trainor 1974). This 
suggests that differential gene expression is “triggered” by 
the growth stimulating nutrients N or P (Shubert, unpubl. 
res.)

In future investigations, numerous Desmodesmus strains 
will be isolated from the Vistula River and tested for their 
response to phosphorus. A colonial strain may be found that 
responds to phosphorus by producing unicells.

The cyclomorphosis theory proposed by Trainor (1996) 
stated that, in nature, unicells are produced when growth 
stimulating nutrients are available in high concentration 
(spring). This was demonstrated in laboratory experiments 
where different ecomorphs were produced using D. armatus 
(Trainor & Egan 1990b). Phenotypic plasticity is affected by 
different nutrients (not only one) and different species re-
spond differently. It is known that some Desmodesmus popu-
lations are unable to produce unicells (Shubert, pers. obs.). 
Our laboratory experiments showed that lack of iron avail-
ability resulted in no spines or very short spines. There were 
no Cladocera or Copepoda species present in the oxbow 
lakes. Thus, infochemicals could not have had an effect on 
spine or colony formation (Hessen & van Donk 1993, Lür-
ling & van Donk 1997). In the samples with a high concen-
tration but low availability of iron (probably due to binding 
with phosphorus), we observed cells with very short spines 
(e.g. D. opoliensis 5.98 nm), which are sometimes difficult 
to see with the light microscope (compare measurements in 
table 1). In such a situation, the taxon might be classified as 
“cells without spines” and possibly misidentified as Scene
desmus or some other taxon. 

Why has phenotypic plasticity evolved? Morales et al. 
(2002) postulated that “Phenotypic plasticity may be viewed 
as a way of maintaining fitness during changes in habitat con-
ditions, and thus, as a way of buffering evolutionary change, 
making the species less vulnerable to erratic climatic shifts 

(natural selection)”. Although phenotypic plasticity creates a 
conundrum for taxonomy, it provides additional characters 
for systematic analysis.

Conclusion

Our results indicated that there was a differential phenotypic 
response to the concentration of nutrients from each of the 
three water bodies. The phenotypic response from the titer 
plate experiments was compared to the chemical analyses of 
the water samples. Desmodesmus abundans CCAP 258/299 
produced 40% unicells and 60% colonies in the spring sam-
ples from R1 (high availability of nutrients: NH4

+ 18.7 mg 
N/L and NO3

- 5.1 mg N/L), whereas in the samples from R2 
and R3 (lower availability of nutrients) D. abundans CCAP 
258/299 produced only 10% unicells and 90% colonies. The 
percentage of unicells is thus a good indicator of nutrient 
availability. Similarly, spine development is inhibited when 
iron is lacking or unavailable (e.g. sequestered with phos-
phorus).

Our studies are important from both ecological and taxo-
nomical points of view, since our results showed that there 
may be new possibilities for using the phenotypic plasticity 
of Desmodesmus for the assessment of water quality, and 
using morphs of Desmodesmus as bioindicators of nutrient 
availability (N, P and/or Fe) in natural aquatic ecosystems.

SUPPLEMENTARY DATA

Supplementary data are available in pdf at Plant Ecology and 
Evolution, Supplementary Data Site (http://www.ingentacon-
nect.com/content/botbel/plecevo.supp-data), and consists of 
a diagram of the locality of the oxbow lakes (http://maps.
geoportal.gov.pl).
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