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Abstract 
 

An account is given of chrysophycean stomatocysts and algae 
occurring together with the carnivorous plants known as 
bladderworts, Utricularia intermedia, U. minor and U. australis, in the 
peat bog of Jeleniak-Mikuliny Nature Reserve. Eleven 
chrysophycean stomatocyst morphotypes were found, all 
reported for the first time from this nature reserve. Among them, 
two are new records for Europe (stomatocysts 330 and 208) and 
another two are new for Poland (stomatocysts 112 and 387).  
Descriptions are provided together with SEM illustrations. 
General data about cyanobacteria and eukaryotic algae occurring 
with these stomatocysts are enumerated. 

                                                           
* Corresponding author e-mail: k.wolowski@botany.pl 

INTRODUCTION 
 

Carnivorous plants form an ecological group of 
plants that trap and consume invertebrates (mainly 
insects and crustaceans) as well as small vertebrates, 
protozoa and algae (Juniper et al. 1989, Peroutka et 
al. 2008, Król et al. 2012). Studies continue to extend 
the range of angiosperm families where the 
carnivorous syndrome has been reported (e.g. 
Darnowski et al. 2006, Płachno et al. 2009). For 
instance, the syndrome has recently been confirmed 
in the Plantaginaceae genus Philcoxia (Pereira et al. 
2012). Increasingly the role of organisms such as 
bacteria, fungi, protozoa and invertebrates in 
grinding and digesting the victims of carnivorous 
plants has been recognized (e.g. Sirová et al. 2009, 
Koopman et al. 2010, Adlassnig et al. 2011, Bazile et 
al. 2012).  

The genus Utricularia (Lentibulariaceae), with over 
two hundred described species (Taylor 1989, 
Fleischmann 2012, Jobson 2012), is the largest genus 
of carnivorous plants. Utricularia traps are not only 
lethal to some organisms (Adamec 2007, 2011), but 
also form micro-environments in which other 
organisms can function and proliferate (Richards 
2001, Sirova et al. 2009, Płachno et al. 2012). Algae 
are among such organisms often occurring in 
bladderwort traps (Gordon and Pacheco 2007; 
Alkhalaf et al. 2009, 2011; Wołowski et al. 2011; 
Płachno et al. 2012). Some algae living inside 
Utricularia traps release digestive enzymes into the 
trap (e.g. Płachno 2006, Płachno et al. 2006) and a 
similar phenomenon has also been found in traps of 
Genlisea (Płachno and Wołowski 2008), a genus 
related to Utricularia. In Utricularia not only traps but 
also the surfaces of the organs of these plants can 
provide a habitat for various species of algae (Diaz-
Olarte et al. 2007). Among the algal groups many 
taxa of chrysophycean stomatocysts were reported to 
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co-exist with the species of Utricularia in Virginia, 
USA (Wołowski et al. 2011), but these studies were 
limited to one location.  

The aim of the present study was to establish the 
extent to which stomatocysts co-exist with Utricularia 
elsewhere. The Jeleniak-Mikuliny Nature Reserve was 
chosen for the study area, since a broader study of 
the algal flora is already underway in this extremely 
valuable natural area, where the common crane (Grus 
grus) and rare dragonflies are protected. 
 
MATERIALS AND METHODS 
 

Material was obtained from the Jeleniak-Mikuliny 
Nature Reserve near the town of Lubliniec in the 
northern part of the Silesian Upland (Klama et al. 
1991; see also Płachno & Świątek 2008). The area of 
the Jeleniak-Mikuliny reserve is created by two 
shallow, overgrown water reservoirs lying in the 
lowland between two sand dunes. About 177 species 
of vascular plants and 32 bryophytes were reported 
by Klama et al. (1991). 

The fieldwork was conducted during the main 
growing seasons of 2009, 2010 and 2011. Samples 
included plankton, peat, water squeezed from plants, 
and traps of Utricularia (U. intermedia, U. minor, U. 
australis) taken from the communities of Utricularietum 
australis (Spałek 2006) and Utricularietea intermedia-
minoris (Spałek 2002). All studies on the protected 
area and on protected plants were done in 
compliance with Polish law after obtaining 
permissions (DLOPiK-op/ogiz-4211/I-29.2/8052/ 
06/msz, DLOPiK-op/ogiz-4211/I-29.3/8052/06/ 
msz and DLOPiK-op/ogiz-4211/I\66/7000/07/ 
msz) from the Ministry of the Environment of the 
Republic of Poland. 

In the laboratory, part of each sample was 
prepared for SEM observations. The material was 
first placed in a glass scintillation vial, then poured 
over 10% HCl and allowed to sit for 24 h. The 
samples were boiled for 15 min, clined several times 
with distilled water, and poured over 30% H2O2. 
This was allowed to stand for 24 h, then boiled for 
30 min with a pinch of KClO3 and cleaned several 
times with distilled water. Finally, the sample was 
slurried in a glass vial and covered with 95% ethanol. 
For SEM analysis, a few drops of the prepared 
sample were placed on cleaned glass, air-dried and 
fixed to an aluminium stub with double-sided 
transparent tape. The stubs were sputter-coated with 
gold and investigated with a Hitachi S-4700 scanning 
electron microscope (Scanning Microscopy 

Laboratory of Biological and Geological Sciences, 
Jagiellonian University). The stomatocysts were 
measured from the SEM micrographs and described 
according to International Statospore Working 
Group (ISWG) guidelines (Cronberg & Sandgren 
1986). The stubs with algal material are deposited in 
the Department of Phycology, Institute of Botany, 
Polish Academy of Sciences (KRAM). To identify 
stomatocysts, the cyst morphotypes from Jeleniak-
Mikuliny Nature Reserve were compared with 
descriptions of stomatocysts in relevant publications 
(e.g. Cabała 2003a, b, 2005a, b; Cabała & Piątek 
2004; Duff et al. 1995; Hansen 2001; Piątek 2007; 
Piątek et al. 2009; Pla 2001; Wilkinson et al. 2001; 
and Wołowski et al. 2004). 
 
RESULTS AND DISCUSSION 
 

The recorded stomatocysts are presented in 
groups based on shared morphological 
characteristics, following Wilkinson et al. (2001). For 
each morphotype a short description and illustration 
(SEM micrograph) is given. 
  
Unornamented stomatocysts 
 
Spherical, without collar 
 
Stomatocyst 9, Duff & Smol 1988 emend. Zeeb & 
Smol 1993 Fig. 1.1 
Picture-file number: Mik6–19. 
Number of specimens: 1. 
 
Biological affinity: This morphotype may be 
produced by more than one species, e.g. 
Chrysolepidomonas dendrolepidota Peters & Andersen 
(according to Duff et al. 1995). 
 
SEM description: This stomatocyst is spherical, 7.3 
μm in diameter. The pore is regular, 0.5 μm in 
diameter. The cyst body is unornamented. 
 
Comments: Stomatocyst 9 is a widely distributed 
morphotype, reported from many lakes, ponds, peat 
bogs and karstic sinkholes in Europe (including 
Svalbard), North America (Canada, U.S.A.) and 
Greenland.  

 
Stomatocyst 120, Duff & Smol in Duff et al. 1992 
emend. Zeeb & Smol 1993 Fig. 1.2 
Picture-file number: JM09–14. 
Number of specimens: 1. 
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Biological affinity: This morphotype may be 
produced by more than one species, e.g. 
Chrysosphaerella longispina Lauterborn emend. Nichols 
(according to Duff et al. 1995). 
 
SEM description: This stomatocyst is spherical, 5.9 
μm in diameter. The pore (outer diameter 1.0 μm, 

inner diameter 0.5 μm) is regular with a planar 
pseudoannulus. The cyst body is unornamented. 
Comments: Stomatocyst 120 is a widely distributed 
morphotype, reported from many lakes, ponds, peat 
bogs, karstic sinkholes, and highly mineralized, saline 
habitats with Vaucheria dichotoma (L.) C. Agardh 
(Piątek & Piątek 2005) in Europe (including 

  

 
 
Fig. 1. SEM micrographs (1. Stomatocyst 9, Duff & Smol 1988 emend. Zeeb & Smol 1993; 2. Stomatocyst 120, Duff & 
Smol in Duff et al. 1992 emend. Zeeb & Smol 1993; 3. Stomatocyst 112, Zeeb et al. 1990 emend. Duff & Smol 1994; 4. 
Stomatocyst 234, Duff et al. 1995; 5. Stomatocyst 387, Pla 2001; 6. Stomatocyst 330, Wilkinson & Smol 1998; 7. 
Stomatocyst 208, Duff & Smol 1994; 8–9. Stomatocyst 73, Duff & Smol 1991; 10. Stomatocyst 214, Duff & Smol 1994 
emend. Wilkinson & Smol 1998; 11. Stomatocyst cf. 57, Duff & Smol 1991; 12. Stomatocyst 86, Duff & Smol 1991. 
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Svalbard) and North America (Canada, U.S.A.), 
South America, Greenland and Antarctica. 
 
Stomatocysts smooth with a simple cylindrical or 
conical collar  
 
Stomatocyst 112, Zeeb et al. 1990 emend. Duff & 
Smol 1994 Fig. 1.3 
Picture-file number: JM09–2. 
Number of specimens: 4. 
 
Biological affinity: This morphotype is probably 
produced by Ochromonas globosa Skuja (according to 
Duff et al. 1995). 
 
SEM description: This morphotype is smooth and 
spherical, 13.5–14.8 µm in diameter. The collar is low 
and cylindrical, 4.8–5.8 µm in diameter and 0.3 µm 
high, collar diameter:stomatocyst diameter ratio 
0.35–0.40. The pore is not obscured on investigated 
SEM-micrographs, because it is covered  the siliceous 
plug.  
 
Comments: Stomatocyst from Jeliniak-Mikuliny 
Nature Reserve has smaller diameter and smaller 
high of collar than those in the original description 
(6.8–8.0 µm in diameter and 1.0–1.3 µm high). 
However, we identified these specimens as cyst 112 
because we believe that they represent the same 
morphotype. This stomatocyst was reported from 
lakes in Europe and North America (Canada, 
U.S.A.). This is the first record for Poland. 
 
Stomatocyst 234, Duff et al. 1995 Fig. 1.4 
Picture-file number: JM09–3. 
Number of specimens: 2. 
 
Biological affinity: This morphotype may be 
produced by more than one species, especially by 
several species of Paraphysomonas (Duff et al. 1995). 
 
SEM description: This stomatocyst is smooth and 
spherical (sometimes oval), 7.7–8.1 µm in diameter. 
The collar is cylindrical to conical, 1.7–1.8 µm in 
diameter and 0.2–0.3 µm high, collar diameter: 
stomatocyst diameter ratio 0.21–0.25. The pore is 
regular, 0.6–0.7 µm in diameter, surrounded by a 
planar pseudoannulus. 
 
Comments: Stomatocyst 234 is a widely distributed 
morphotype, reported from lakes in Europe 
(including Svalbard), North America (U.S.A.), 

Greenland, Antarctica and in two high-altitude 
volcanic lakes in Central Mexico (Vilaclara et al. 
2005). Previously reported among carnivorous plants 
(Utricularia and Aldrovanda) by Wołowski et al. (2011).   
 
Stomatocyst 387, Pla 2001 Fig. 1.5 
Picture-file number: JM09–10. 
Number of specimens: 1. 
Biological affinity: Unknown. 
 
SEM description: This morphotype is spherical, 7.7 
μm in diameter. The pore is concave, 0.5 μm in 
diameter. The collar is low, 1.5 μm in diameter. The 
cyst body is smooth (small granules on the cyst body 
are contamination). 
 
Comments: Stomatocyst 387 has only been reported 
from Europe (Pla 2001). First record for Poland.  
 
Ornamented stomatocysts 
 
With scabrae 
 
Stomatocyst 330, Wilkinson & Smol 1998 Fig. 1.6 
Picture-file number: JM09–20. 
Number of specimens: 1. 
Biological affinity: Unknown. 
 
SEM description: This morphotype is spherical, 5.7 
μm in diameter. The pore is regular, 0.4 μm in 
diameter and surrounded by the planar 
pseudoannulus. The collar is low, 0.9 μm in diameter 
and 0.1 μm high. The cyst body surface is 
ornamented with scabrae, 0.1–0.2 μm in diameter 
and 0.1–0.2 μm high. 
 
Comments: Stomatocyst 330 has previously been 
reported from North America (Canada). This is the 
first time it has been reported from Poland and 
Europe.  
 
With conula 
 
Stomatocyst 208, Duff & Smol 1994 Fig. 1.7 
Picture-file number: JM09–27. 
Number of specimens: 1. 
Biological affinity: Unknown. 
 
SEM description: This morphotype is spherical, 12.1 
μm in diameter. The pore is not visible on our SEM-
micrograph. The collar is conical, basal diameter 4.4 
μm, apical diameter 3.3 μm and 1.0 μm high. The 

Brought to you by | Uniwersytet Jagiellonski - Jagiellonian University
Authenticated

Download Date | 12/16/19 9:54 AM



402 | Konrad Wołowski, Jolanta Piątek, Bartosz J. Płachno 

Copyright© of Dept. of Oceanography and Geography, University of Gdańsk, Poland 
www.oandhs.ocean.ug.edu.pl  
 

cyst body surface (mainly posterior hemisphere) is 
ornamented with conula, 0.8–1.0 μm in diameter and 
0.5–0.6 μm high. 
 
Comments: Stomatocyst 208 has previously been 
reported from North America (Canada). This is not 
only the first record for Poland, but also for Europe.  
 
With spines 
 
Stomatocyst 73, Duff & Smol 1991 Figs 1.8–1.9 
Picture-file number: JM09–6. 
Number of specimens: 5. 
Biological affinity: Unknown. 
 
SEM description: This morphotype is spherical, 6.3–
7.6 μm in diameter. The pore is regular, 0.3 μm in 
diameter, with a planar pseudoannulus. The collar is 
obconical, 1.3–2.3 μm in diameter and 0.4–1.2 μm 
high. The whole cyst body surface is ornamented 
with short, echinate, bifurcating and bacculate spines, 
0.1–0.2 μm in diameter and 0.1–0.3 μm high. 
 
Comments: Stomatocyst 73 is a widely distributed 
morphotype, reported from lakes, ponds, and peat 
bogs in Europe (including Svalbard), North America 
(Canada, U.S.A.) and Antarctica. 
 
Stomatocyst 214, Duff & Smol 1994 emend. 
Wilkinson & Smol 1998 Fig. 1.10 
Picture-file number: JM09–26. 
Number of specimens: 1. 
 
Biological affinity: Stomatocyst 214 is probably 
produced by Mallomonas torquata Asmund & 
Cronberg (Wilkinson et al. 2001). 
 
SEM description: This morphotype is oval, 15.0 µm 
long and 13.8 µm wide. The pore and collar were not 
observed on our single specimen, but the cyst body 
has characteristic ornamentation with spines, which 
are bifurcating, 0.6 µm in diameter and 0.5 µm high. 
These details were needed to determine the 
morphotype.   
 
Comments: This stomatocyst was reported from 
Europe (Cronberg 1980) and North America 
(Canada, U.S.A.). Previously reported among 
carnivorous plants (Utricularia and Aldrovanda) by 
Wołowski et al. (2011).   
 
 

With ridges  
 
Stomatocyst cf. 57, Duff & Smol 1991 Fig. 1.11 
Picture-file number: JM09–25. 
Number of specimens: 3. 
Biological affinity: Unknown. 
 
SEM description: This morphotype is smooth and 
slightly obovate, 5.9–7.4 µm long and 5.3–7.5 µm 
wide. The collar is cylindrical, 0.7 µm in diameter and 
0.6 µm high. The pore is not visible. The posterior 
hemisphere of the cyst body is ornamented with a 
network of small curved and irregular ridges, which 
are partially visible in Fig. 11. In the original 
description stomatocyst 57 is smaller (4.9–6.0 × 5.4–
6.4 µm in diameter) and has a higher collar (0.8–1.4 
µm) (Duff et al. 1995), therefore we identified it with 
cf. However, we believe that these specimens 
represent morphotype 57. 
 
Comments: Stomatocyst 57 is a widely distributed 
morphotype, reported from lakes and ponds in 
Europe and North America (U.S.A.). Previously 
reported among carnivorous plants (Utricularia and 
Aldrovanda) by Wołowski et al. (2011).   
 
With spines and reticulum 
 
Stomatocyst 86, Duff & Smol 1991 Fig. 1.12 
Picture-file number: JM09–9. 
Number of specimens: 1. 
Biological affinity: Unknown. 
 
SEM description: This morphotype is spherical, 6.7 
µm in diameter. The pore is regular, 0.8 µm in 
diameter. The short primary collar is not observed, 
the secondary collar is polygonal, 2.4 µm in basal 
diameter, 1.7 µm in apical diameter and 0.5 µm high, 
with 7–8 ridges radiating from each corner. The cyst 
body surface is covered with a low variable, 
polygonal reticulum, with lacunae, and short spines, 
which are located at each reticular interstice. 
 
Comments: We found only one specimen, which is 
not fully developed. Stomatocyst 86 is a widely 
distributed morphotype, reported from lakes and 
peat bogs in Europe (including Svalbard) and North 
America (U.S.A.). Previously reported among 
carnivorous plants (Utricularia and Aldrovanda) by 
Wołowski et al. (2011).   
 
 

Brought to you by | Uniwersytet Jagiellonski - Jagiellonian University
Authenticated

Download Date | 12/16/19 9:54 AM



 Stomatocysts associated with Utricularia| 403 

www.oandhs.org 
  
 

CONCLUSIONS 
 

In this study eleven chrysophycean stomatocysts 
from Jeleniak-Mikuliny Nature Reserve were 
described. Five morphotypes were unornamented 
and six were ornamented with scabrae, conula, 
spines, ridges and compound ornamentation. Most 
of the determined morphotypes are common and 
have been found previously in other parts of the 
world, including Poland (stomatocysts 9, 120, 234, 
73, cf. 57 and 86). Two are reported for the first time 
from Europe (stomatocysts 330 and 208) and 
another two from Poland (stomatocysts 112 and 
387). All stomatocysts occurred singly with 1 to 5 
specimens of each morphotype in a sample. In the 
one previous study of stomatocysts occurring in 
habitats with carnivorous plant material from 
Virginia, U.S.A, twelve morphotypes were reported, 
of which two were described as new to science 
(stomatocysts 2 and 3) (Wołowski et al. 2011).  Two 
were new to the U.S.A. and another two were 
reported for the first time from Virginia. In the two 
similar habitats with carnivorous plants, on two 
different continents (North America and Europe), 
the richness of chrysophycean stomatocysts was very 
similar. In the U.S.A. twelve cysts were identified, 
and in Poland eleven cysts were identified. Four 
stomatocysts were observed in both studied areas: 
234, 214, 57 and 86. As in our previous study 
(Wołowski et al. 2011), we did not find stomatocysts 
inside Utricularia traps. Other authors who also 
studied algae in Utricularia traps likewise did not 
record stomatocysts inside them (e.g. Peroutka et al. 
2008; Sirová et al. 2009; Alkhalaf et al. 2009, 2011; 
Płachno et al. 2012). However, stomatocysts were 
recorded inside traps of other carnivorous plants 
from the genus Genlisea (Płachno & Wołowski, 
2008). 

The communities of algae in Jeleniak Mikuliny 
Nature Reserve are typical for low pH peat-bog 
habitats. All the morphotypes described occurred 
among 96 taxa of algae belonging to Cyanophyceae 
(4), Bacillariophyceae (20), Chrysophyceae (1), 
Raphidiophyceae (1), Xantophyceae (1), 
Cryptophyceae (2), Dinophyceae (1), 
Euglenophyceae (24), Chlorophyceae (19), and 
Zygnematophyceae (27). We observed the 
dominance of desmids, euglenophytes and diatoms in 
the company of Utricularia sp.  

The large number of euglenophytes indicated the 
high concentration of nutrients (Wołowski 2003) in 
the water surrounding the traps. On the surface of 

the trap entrance there are glandular hairs, which 
produce mucilage. These substances may attract 
euglenophytes, desmids and diatoms. Thus, this 
would explain the high density of the algae near 
bladderwort traps. It is very interesting that we did 
not find loricate taxa such as Strombomonas and 
Trachelomonas  (Wołowski & Hindák 2004, Wołowski 
& Walne 2007). We mostly found representatives of 
Euglena and Phacus and colourless taxa such as 
Anisonema dexiotaxum, Enthosiphon sulcatus, E. ovatus, 
Menoidium pellucidum, Peranema macromastix and 
Petalomonas mediocanellata. P. praegnans and P. 
sphagnophila were rarely reported.  

Thus, our study contributes to the understanding 
of the biodiversity of a valuable natural area, and also 
contributes to a better understanding of the 
microhabitats of carnivorous bladderworts. 
 
ACKNOWLEDGEMENTS 
 

This study was supported by grant N N304 
220135 of the Polish Ministry of Science and Higher 
Education/the National Science Centre and within 
the scientific statutory project of the Institute of 
Botany, Polish Academy of Sciences. We are  grateful 
to J. Ehrman for improving the English version of 
this work and anonymous reviewer for valuable and 
helpful remarks on the manuscript. Bartosz J. 
Płachno gratefully acknowledges the scholarship for 
Outstanding Young Scientists from the Ministry of 
Science and Higher Education and support from the 
Foundation for Polish Sciences (Start Programme).  
 
REFERENCES 
 
Adamec, L. (2007). Oxygen concentrations inside the traps of the 

carnivorous plants Utricularia and Genlisea (Lentibulariaceae). 
Ann. Bot. 100: 849–856. 

Adamec, L. (2011). Functional characteristics of traps of aquatic 
carnivorous Utricularia species. Aquat. Bot. 95: 226–233. 

Adlassnig, W., Peroutka M. & Lendl T. (2011). Traps of 
carnivorous pitcher plants as a habitat: composition of the 
fluid, biodiversity and mutualistic activities. Ann. Bot. 107: 
181–194. 

Alkhalaf, I.A., Hübener T. & Porembski S. (2009). Prey spectra 
of aquatic Utricularia species (Lentibulariaceae) in 
northeastern Germany: The role of planktonic algae. Flora 
204: 700–708. 

Alkhalaf, I.A., Hübener T. & Porembski S. (2011). Microalgae 
trapped by carnivorous bladderworts (Utricularia, 
Lentibulariaceae): analysis, attributes and structure of the 
microalgae trapped. Plant Diversity and Evolution 129: 125–138. 

Bazile, V., Moran J.A., Le Moguédec G., Marshall D.J. & Gaume 
L. (2012). A carnivorous plant fed by its ant symbiont: A 
unique multi-faceted nutritional mutualism. PLoS ONE 
7(5):e36179.doi:10.1371/journal.pone.0036179. 

Brought to you by | Uniwersytet Jagiellonski - Jagiellonian University
Authenticated

Download Date | 12/16/19 9:54 AM



404 | Konrad Wołowski, Jolanta Piątek, Bartosz J. Płachno 

Copyright© of Dept. of Oceanography and Geography, University of Gdańsk, Poland 
www.oandhs.ocean.ug.edu.pl  
 

Cabała, J. (2003a). New and rare morphotypes of chrysophycean 
stomatocysts from Poland. Nova Hedwigia 77(1/2): 99−107. 

Cabała, J. (2003b). Some interesting colourless euglenophytes 
found in Southern Poland. Acta Soc. Bot. Poloniae 72(3): 
243−247. 

Cabała, J. (2005a). Chrysophyte stomatocysts from Staw 
Toporowy Wyżni peat bog in the Tatra National Park, 
Poland. Archiv für Hydrobiologie − Algological Studies 157(116): 
129−146. 

Cabała, J. (2005b). Chrysophycean stomatocysts from Morskie 
Oko and Żabie Oko lakes in the Tatra National Park, 
Poland. Acta Soc. Bot. Poloniae 74(4): 305–314. 

Cabała, J. & Piątek M. (2004). Chrysophycean stomatocysts from 
the Staw Toporowy Niżni lake (Tatra National Park, Poland). 
Ann. Limnol. − Int. J. Lim. 40(2): 149−165. 

Cronberg, G. (1980). Cyst development in different species of 
Mallomonas (Chrysophyceae) studied by scanning electron 
microscope. Arch. Hydrobiol. Suppl. 56: 421–434. 

Cronberg, G. & Sandgren C.D. (1986). A proposal for the 
development of standardized nomenclature and terminology 
for chrysophycean statospores. In: J. Kristiansen & R. A. 
Andersen (eds), Chrysophytes: aspects and problems: pp. 317–328, 
Cambridge University Press, Cambridge. 

Darnowski, D.W., Carroll D.M., Płachno B., Kabanoff E. & 
Cinnamon E. (2006). Evidence of protocarnivory in 
triggerplants (Stylidium spp.; Stylidiaceae). Plant Biology 8: 805–
812. 

Díaz-Olarte, J., Valoyes-Valois V., Guisande C., Torres N.N., 
González-Bermúdez A., Sanabria-Aranda L., Manjarrés 
Hernández A.M., Duque S.R., Marciales L.J. & Nuñez-
Avellaneda M. (2007). Periphyton and phytoplankton 
associated with the tropical carnivorous plant Utricularia 
foliosa. Aquat. Bot. 87: 285–291. 

Duff, K.E. & Smol J.P. (1988). Chrysophycean stomatocysts 
from the postglacial sediments of a High Arctic lake. Canad. 
J. Bot. 66: 1117–1128. 

Duff, K.E. & Smol J.P. (1991). Morphological descriptions and 
stratigraphic distributions of the chrysophycean stomatocysts 
from a recently acidified lake (Adirondack Park, N.Y.). J. 
Paleolimnol. 5: 73–113. 

Duff, K.E. & Smol J.P. (1994). Chrysophycean cyst flora from 
British Columbia (Canada) lakes. Nova Hedwigia 58: 353–389. 

Duff, K.E., Douglas M.S.V. & Smol J.P. (1992). Chrysophyte 
cysts in 36 Canadian high arctic ponds. Nord. J. Bot. 12: 471–
499. 

Duff, K.E., Zeeb B.A. & Smol J.P. (1995). Atlas of 
chrysophycean cysts. Developments in Hydrobiology 99: 1–189. 
Kluwer Academic Publishers, Dordrecht. 

Fleischmann, A. (2012). The new Utricularia species described 
since Peter Taylor's monograph. Carnivorous Plant Newsletter 
41: 67–76. 

Gordon, E. & Pacheco S. (2007). Prey composition in the 
carnivorous plants Utricularia inflata and U. gibba 
(Lentibulariaceae) from Paria Peninsula, Venezuela. Revista de 
Biologia Tropical 55: 795–803. 

Hansen, P. (2001). Chrysophyte stomatocysts in the Azores – 
biogeographical implications and 110 new morphotypes. 
Opera Bot. 138: 1–96. 

Koopman, M.M., Fuselier D.M., Hird S. & Carstens B.C. (2010). 
The carnivorous pale pitcher plant harbors diverse, distinct, 
and time-dependent bacterial communities. App. Environ 
Microbiol. 76(6): 1851–1860. 

Jobson, R.W. (2012). A new species of Utricularia 
(Lentibulariaceae) from northern Queensland, Australia. 
Telopea 14: 49–57. 

Juniper, B.E., Robins R.J. & Joel D.M. (1989). The carnivorous 
plants. London: Academic Press. 

Klama, H., Jędrzejko K. & Żarnowiec J. (1991). Roślinność 
rezerwatu przyrody Jeleniak-Mikuliny w okolicach Piłki koło 
Koszęcina. Ochrona Przyrody 49: 79–101. 

Król, E., Płachno B.J., Adamec L., Stolarz M., Dziubińska H. & 
Trębacz K. (2012). Quite a few reasons for calling carnivores 
‘the most wonderful plants in the world’. Ann. Bot. 109: 47–
64. 

Pereira, C.G., Almenara D.P., Winter C.E., Fritsch P.W., 
Lambers H. & Oliveira R.S. (2012). Underground leaves of 
Philcoxia trap and digest nematodes. Proc. Natl. Acad. Sci. 
USA, 109(4): 1154–1158. 

Peroutka, M., Adlassnig W., Volgger M., Lendl T., Url W. & 
Lichtscheidl I. (2008). Utricularia: a vegetarian carnivorous 
plant? Plant Ecology 199: 153–162. 

Piątek, J. (2007). Chrysophyte stomatocysts from sediments in a 
man-made water reservoir in central Poland. Ann. Bot. Fennici 
44(3): 186–193. 

Piątek, J. & Piątek M. (2005). Chrysophyte stomatocysts of the 
sulphuric salt marsh in the Owczary Reserve (central 
Poland). Polish Bot. J. 50(1): 97–106. 

Piątek, J., Piątek M., Zeeb B.A. & El-Shahed A. (2009). 
Chrysophyte stomatocysts in Africa: the first description of 
an assemblage in the recent sediments of a thermo-mineral 
spring in Egypt. Phycologia 48(1): 13–23. 

Pla, S. (2001). Chrysophycean cysts from the Pyrenees. Biblioth. 
Phycol. 109: 1–179. 

Płachno, B.J. (2006). Evolution and anatomy of traps and 
evolution of embryo sac nutritive structures in the 
Lentibulariaceae family members. PhD Thesis, The 
Jagiellonian University, Kraków, Poland. 

Płachno, B.J. & Wołowski K. (2008). Algae commensal 
community in Genlisea traps. Acta Soc. Bot. Poloniae 77: 77–86. 

Płachno, B.J. & Świątek P. (2008). Cytoarchitecture of Utricularia 
nutritive tissue. Protoplasma 234: 25–32. doi:10.1007/s00709-
008-0020-9. 

Płachno, B.J., Adamec L., Lichtscheidl I.K., Peroutka M., 
Adlassnig W. & Vrba J. (2006). Fluorescence labelling of 
phosphatase activity in digestive glands of carnivorous 
plants. Plant Biology 8: 813–820. 

Płachno, B.J., Adamec L. & Huet H. (2009). Mineral nutrient 
uptake from prey and glandular phosphatase activity as a dual 
test of carnivory in semi-desert plants with glandular leaves 
suspected of carnivory. Ann. Bot. 104: 649–654. 

Płachno, B.J., Łukaszek M., Wołowski K., Adamec L. & 
Stolarczyk P. (2012). Aging of Utricularia traps and variability 
of microorganisms associated with that microhabitat. Aquat. 
Bot. 97: 44–48. 

Richards, J.H. (2001). Bladder function in Utricularia purpurea 
(Lentibulariaceae): is carnivory important? Am. J. Bot. 88: 
170–176. 

Sirová, D., Borovec J., Černá B., Rejmánková E., Adamec L. & 
Vrba J. (2009). Microbial community development in the 
traps of aquatic Utricularia species. Aquat. Bot. 90: 129–136. 

Spałek, K. (2002). Zbiorowiska z klasy Utricularietea intermedio-
minoris na Równinie Opolskiej. Fragm. Geobot. Pol. 9: 311–318. 

Spałek, K. (2006). Utricularietum australis Th. Müller et Görs 1960 
in Poland. Acta Soc. Bot. Poloniae 75: 253–256. 

Taylor, P. (1989). The genus Utricularia. Kew Bulletin Additional 
Series XIV. HMSO, London, UK. 

Brought to you by | Uniwersytet Jagiellonski - Jagiellonian University
Authenticated

Download Date | 12/16/19 9:54 AM



 Stomatocysts associated with Utricularia| 405 

www.oandhs.org 
  
 

Vilaclara, G., Cuna E. & Zeeb B.A. (2005). Subfossil chrysophyte 
cyst morphotypes from two tropical, high-mountain lakes in 
Nevado de Toluca volcano, Central Mexico. Beih. Nova 
Hedwigia 128: 309–335. 

Wilkinson, A.N. & Smol J.P. (1998). Chrysophycean stomatocyst 
flora from souther-central Ontario lakes. Canad. J. Bot. 76(5): 
836–862. 

Wilkinson, A.N., Zeeb B.A. & Smol J.P. (2001). Atlas of 
chrysophycean cysts. Volume II. Developments in Hydrobiology 
157: 1–169. Kluwer Academic Publishers, Dordecht. 

Wołowski, K. (2003). Euglenophytes reported from karst sink-
holes in the Małopolska Upland, (Central Europe). Ann. 
Limnol. – Int. J. Limnol. 39(4): 333–346. 

Wołowski, K & Hindák F. (2004). Taxonomic and ultrastructural 
studies of Trachelomonas Ehrenberg emend. Deflandre 
(Euglenophyta) from Slovakia. Nova Hedwigia 79(1/2): 179–
207. 

Wołowski, K., Cabała J. & Zeeb B.A. (2004). Chrysophycean 
stomatocysts from a karstic sink-hole in the vicinity of 
Staszów on the Małopolska Upland, Poland. Canad. J. Bot. 
82(9): 1330−1337. 

Wołowski, K., Piątek J. & Płachno B.J. (2011). Algae and 
stomatocysts associated with carnivorous plants. First report 
of chrysophyte stomatocysts from Virginia, USA. Phycologia 
50: 511–519. 

Wołowski, K., & Walne P.L. (2007). Strombomonas and 
Trachelomonas species (Euglenophyta) from south-eastern 
USA. European J. of Phycology 42/4: 409–431. 

Zeeb, B.A. & Smol J.P. (1993). Chrysophycean stomatocyst flora 
from Elk Lake, Clearwater County, Minnesota. Canad. J. Bot. 
71: 737–756. 

Zeeb, B.A., Duff K.E. & Smol J.P. (1990). Morphological 
descriptions and stratigraphic profiles of chrysophycean 
stomatocysts from the recent sediments of Little Round 
Lake, Ontario. Nova Hedwigia 51: 361–380. 

 
 

Brought to you by | Uniwersytet Jagiellonski - Jagiellonian University
Authenticated

Download Date | 12/16/19 9:54 AM



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Perceptual

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /sRGB

  /DoThumbnails true

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>

  >>

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice





