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Abstract: A total of 33 taxa of scaled chrysophytes were observed from 50 localities in and around the
delta region of the Parana River, situated in the subtropics of Argentina. The study sites were divided
into five groups based on their physical and chemical characteristics and location within the delta com-
plex. The five groups included waterbodies situated on the delta, channels of the river, tributaries drain-
ing mostly urban areas, tributaries draining farm or ranching areas, and streams draining areas with ex-
posed limestome. The pH and specific conductivity of the localities ranged from 6.0 to 9.1 and 123 to
3,750 fJ.S cm-', respectively. Species diversity and abundance clearly decreased with increasing pH and
specific conductivity. The majority of species were found in the more dilute waterbodies located on the
delta, while few taxa were observed within the river proper or the tributaries draining agricultural or ur-
ban lands. The flora contained species that are cosmopolitan, temperate, as well as tropical in nature.
In particular, species reported to be common in the tropics and observed in this study included M. mat-
vienkoae var. grandis, M. guttata, M. peronoides var. peronoides, M. peronoides var. bangladeshica,
M. portae-jerreae, M. mangojera var. reticulata and Synura australiensis. Mallomonas caudata and M.
crassisquama, often reported as the most abundant species of scaled chrysophytes in other regions of the
world, were rare and absent, respectively, in the delta region.
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Introduction

Studies of scale bearing Chrysophyceae and Synurophyceae (Andersen 1987), here-
after referred to as scaled chrysophytes, have focused primarily on temperate re-
gions of Europe and North America. As a result, our understanding of the import-
ance, abundance and ecology of this algal group is heavily biased towards temperate
regions of the northern hemisphere. The bulk of the studies from tropical (e.g.
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Wujek & Bicudo 1993; Saha & Wujek 1990; Vyverman & Cronberg 1993) and sub-
tropical (e.g. Wujek & Bland 1990; Siver & Wujek 1993; Wee et al. 1993; Vigna
1989, 1990; Kristiansen & Tong 1995) regions have only recently been undertaken.
Accordingly, much additional work needs to be done in tropical and subtropical 10-
calities in order to better understand the ecological and biogeographical relation-
ships within this algal group.

Most of the studies in South America have been in either Argentina as a result of
work by Vigna (1981, 1986, 1988, 1991) and Vigna & Kristiansen (1989), or Chile
(e.g. Durrschmidt 1980, 1982). Additional observations on waterbodies from Brazil
(Cronberg 1989; Wujek & Bicudo 1993) and Columbia (Cronberg 1989) have also
been made. Despite these surveys, many regions of the continent remain unexplored
for scaled chrysophytes.

The subtropical region of the Southern Hemisphere is small compared to that in the
Northern Hemisphere, with the largest expanses being in Australia and Argentina.
In a recent series of papers, Croome & Tyler and co-workers described the scaled
chrysophyte flora from parts of Australia (e.g. Croome & Tyler 1983, 1985, 1986;
Croome et al. 1985; Diirrschmidt & Croome 1985; Preisig 1989). It is clear from
their work that a rich, diverse and somewhat unique flora of scaled chrysophytes
exists in Australia. Similarly, based on recent work, the scaled chrysophyte flora of
subtropical regions from the Northern Hemisphere also appears to be rich and di-
verse (e.g. Wujek 1984a, 1984b; Wujek & Gardiner 1985; Siver & Wujek 1993; Wee
et al. 1993). The subtropical region of Argentina, however, remains largely unex-
plored.

Little work has also been done on describing scaled chrysophyte floras from river
systems (Kiss & Kristiansen 1994; Siver 1995). In addition, although much recent
work has been done on correlating species distributions with ecological conditions
from temperate regions, insufficient progress has been made on subtropical and tro-
pical floras (Cronberg 1989; Saha & Wujek 1990; Siver & Wujek 1993; Siver 1995).
The purpose of this paper was to describe the scaled chrysophyte flora in and
around the delta of the Parana River, and to correlate the flora with pH, specific
conductivity and water temperature.

Materials and methods

Phytoplankton samples were collected from each of the 50 sites between April 18 and 28, 1994using eith-
er a 10 or 20 .urn mesh net. Half of each sample was immediately fixed with Lugol's solution and the
remaining portion kept live for observation with light microscopy (LM). Usually, within 24 hours an ali-
quot from each sample was air dried onto a glass coverslip for LM observation, aluminum foil for obser-
vation with scanning electron microscopy (SEM), and a 200 mesh formvar coated copper grid for trans-
mission electron microscopy (TEM).

Water temperature and specific conductivity were measured with a Yellow Springs Instruments model
33 S-C-T meter. The pH was measured with a Fisher Accumet model 640A pH meter. Secchi disk depth
was measured with a 10 cm black and white disc.

Each sample was initially screened with LM in order to estimate the number and abundance of scaled
chrysophytes. TEM preparations were made and observed for each sample where scaled chrysophytes
were found with LM. All samples were thoroughly investigated with SEM. As necessary, TEM observa-
tions were utilized to verify identifications.
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Samples for SEM observation were prepared as follows. A piece of each aluminum sample was trimmed
and mounted onto an aluminum stub with Apiezon wax and coated with gold for between 1.5 and 4.5
minutes with a Polaron Sputter coater. Samples were observed with a Coates & Welter Field Emmission
SEM at 20 to 25 kv (University of Connecticut). Samples for TEM were initially washed, air dried onto
copper grids, and observed with a lEOL 1200EXII TEM (National Institute of Agricultural Technology,
Argentina). The relative proportions of all scaled chrysophyte taxa were qualitatively estimated accord-
ing to the following three ranks. If taxa were among the most important species of algae in the sample
they were scored as "abundant" (A in Table II). Taxa that were subdominant, but still important compo-
nents, were listed as "common" (C). Species represented by a few whole cells or isolated scales were
listed as "rare" (R).

Description of the study area

The Parana River is the second largest river in length and volume in South America,
spanning over 4,000 km (Gaea 1975) (Fig. 1). The river originates in southern Brazil
at the junction of the Paraniba and Grande Rivers, between the states of Sao Paulo
and Mato Grosso. The river drains 2.6 X 106 km2 and passes through regions with
different climatic and geological characteristics.

The course of the Parana River can be differentiated into three parts based on its
morphogenetic characteristics: a. Brazilian Plateau or high Parana; b. the Ituzaing
or median Parana and; c. the Deltaic or low Parana. Our study sites were located
primarily within and surrounding the Deltaic portion of the river. This portion of
the Parana River extends from the junction with the Paraguay River to the Rio de
La Plata and is situated in a sub-tropical climate. The Deltaic region, characterized
by moderate slopes, is a true delta because it is composed of islands that are a result
of sedimentary processes. At the City of Diamante the fluvial valley widens into an
expanse of channels, islands and bars (Burkart 1957).

The study sites can be divided into five groups based on their location within the
delta complex and physical and chemical characteristics. The "south" and "north"
sides of the river refer to the Buenos Aires and Paraguay sides, respectively.

1. Pools, ponds and waterbodies on the delta that are not connected directly to the
river:

These are bodies of water situated on land masses within the delta (except for site
37), and are, in general, not directly connected to the main channels of the river.
The majority of the sites were located on the lower parts of the delta close to the
Rio de La Plata (Fig. 1). The only exception was site 37; this is the northern most
site situated on the Island Santa Candida near the City of Parana and above the true
delta. These sites were mostly humic stained, low in sediment load, and were among
the lowest in specific conductivity and pH (Table I). The specific conductivity and
pH ranged from 123 to 650 f.J.Scm-1 and 6.0 to 7.4, respectively. At the time of col-
lection many of these sites were dominated or co-dominated by euglenophytes. In-
cludes sites 1, 3, 5, 6, 21-28 and 37.
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Fig. 1. Map of the study region depicting the locations of the study sites. A. Region of the Parana River
between the City of Santa Fe and the Rio de la Plata. The delta proper, beginning at the City of Dia-
mante, is outlined along with the major channels of the river. B. Close up of the lower portion of the
delta outlined in A. Note that the north orientation of B is different from A.
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Table I. Temperature, pH, specific conductivity and Secchi disk depths of 50 sampling sites on and around
the delta region of the Parana River, Argentina.

site Group site Name Temp pH Spec. Condo Secchi Depth• • 'C /l.Scm-1 cm

1. 1 INTA Delta Island: 17.5 6.9 175 20
fish tank 1.

2. 2 Canal connected with 19.5 7.4 180 20
Parana de las Palmas

3. 1 Canal on the Delta 15 6.5 238 50

4. 2 Canal connected to 20 7.4 180 15
canal 6

5. 1 INTA Delta Island: 18 7.4 170 40
fish pond 1.

6. 1 INTA Delta island: 18 7.6 160 35
fish pond 2.

7. 2 Arroyo Las piedritas 21.5 7.5 178 15

8. Canal connected to 21.5 7.4 181 15
Arroyo Las piedritas

9. 2 Entrance to Canal 5

10. 3 Arroyo Pescado 18 7.6 510 65

11. 2 Canal Alem 1.5 km from 13 .2 6.3 163 40
Parana de Las Palmas

12. 2 Arroyo Negro 18 7.0 153 15

13. 2 Arroyo Las piedras 20 7.2 152 15

14. 2 Rio Carabelas 20.5 7.2 152 15

15. 2 Arroyo Los Tigres 20 6.7 143 15

16. 2 Parana Guazu 21.5 7.3 150 15

17. 3 Rio Lujan 17 8.0 1500 40

18. 3 Canal from Rio Lujan 17 8.0 1500 40

19. Arroyo La Cruz 17.5 8.0 730 22

20. Arroyo Pesquerias 18.5 7.8 1000 30

21. 1 Canal at km 91 along 14 6.6 175 45
Route 12

22. 1 Arroyo Aguila Negra 15 6.0 125 35

23. 1 Rio Brazo Largo 19.5 7.1 130 17

24. 1 Ibicuicito 18.5 6.5 123 30

25. 1 Canal Dos Canos 16 6.3 155 35

26. 1 Arroyo Alcazter

27. 1 Arroyo Cruz sin Brazo 23 6.4 262 135

28. 1 Arroyo pirane 17 6.5 650 205

42
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Table I (continued)

site Group Site Name Temp pH Spec. Condo Secchi Depth• • ·C jl.Scm-' em

29. 4 Arroyo El Gallego 17.8 7.2 590 13

30. 4 Arroyo Cle 18 8.3 620

31. 4 Arroyo Cle pool 16 8.1 550

32. 4 Little stream near 18.5
Victoria.

33. 5 stream 24 kID before 16 8.4 1300 >75
Victoria.

34. 5 Arroyo Ceibo 17 8.5 1130 35

35. 5 Arroyo Carballo 21. 2 8.6 1500 65

36. 5 Arroyo Doll 20 8.8 1200 65

37. 1 Pool at Santa 23 7.2 270 18
Candida Island

38. 4 Arroyo de Los Padres 22 8.4 2830 10

39. 4 Arroyo Cinco Peces 23 8.6 2000

40. 4 Arroyo at kID 32 21 8.9 1230 15
along Route 9

41. 3 Stream near Rosario 19.5 8.2 500 10

42. 3 Arroyo Frias 19.3 9.1 1020 35

43. 3 Arroyo Pav6n 21 8.9 3750 35

44. Pool near Arroyo 17 9.1 13300

45. Arroyo Del Medio 21 9.1 2500

46. 4 Arroyo Rama110 18 9.0 1000 >75
Pav6n

47. 4 Arroyo Las Hermanas 17 8.6 780 65

48. 4 Arroyo Espinillo 15 8.6 780 65

49. 4 Arroyo El Tala 17.5 8.7 1200 20

50. 4 Arroyo Canada Honda 18 8.7 1300 25
along Route 9

2. Main branches or channels of the river or canals connecting different parts of the
river:

Primarily lotic waterbodies with high sediment load and low penetration of light.
All of these sites are part of or highly influenced by the Parana River and situated
on the lower part of the delta (Fig. 1). At the time of collection most of these sites
were dominated by the diatom Aulacoseira granulata (Ehrenberg) Simonsen. The
specific conductivity was comparatively low, ranging only from 143 to 181fJ,Scm-1•

The pH ranged from 6.3 to 7.5 (Table I). Includes sites 2, 4, 7-9, and 11-16.
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3. Streams or rivers draining into the river (delta) from mostly nrbanized areas (sites
10, 17-20), or from a mixture of urban and farming areas (sites 41-45).

Primarily lotic systems draining industrialized land areas or urban and farming
lands. The sites were all situated on the southern side of the Parana River. Sites 10
and 17-20 were close to Buenos Aires, while sites 41-45 were situated around the City
of Rosario. The sites were variable in terms of humic content, amounts of sediment
load, specific conductivity and pH. In general, the specific conductivity and pH
were much higher than sites in either Groups 1or 2. The range in specific conductivi-
ty, 510 to 3,750 f-lScm-1, and pH, 7.6 to 9.1, may indicate that these waterbodies
are highly variable in terms of their quality and quantities of dissolved substances.
Note that the specific conductivity value for site 44, 13,000 f-lScm-1, was not in-
cluded in the range and may have been due to a malfunction of the meter.

4. Streams or rivers draining primarily farming or ranching areas; a few also with
urban influences. Areas lacking exposed CaC03 outcrops.

These sites were situated either along the north side of the Parana River near and
above the City of Gualeguay (sites 29-32), or along the southern side of the Parana
River (sites 38-40 and 46-50) (Fig. 1). Sites 38-40 are technically situated in a flood-
plain region outside of the true delta, but eventually flow into the delta. Sites 46-50
are south of the City of San Nicholas. Some of the sites were pools of relatively calm
water within slowly draining streams. The specific conductivity and pH ranged from
590 to 2,830 f-lScm-1 and 7.2 to 9.0, respectively (Table I). Site 32 had a very high
specific conductivity reading, 17,000 f-lScm-1, probably caused by some type of
chemical contamination or malfunction of the meter; we were also unable to obtain
stable pH readings at this site. Includes sites 29-32, 38-40, and 46-50.

5. Streams or rivers draining into the river (delta) from mostly farming or ranching
areas. Areas with exposed CaC03 bedrock.

These sites were situated on the north side of the Parana River around the City of
Victoria (Fig. 1). Waters were generally very clear, low in sediment load and humic
acid content, and presumably high in calcium due to the influence of the surround-
ing bedrock. The range in specific conductivity of 1,200 to 1,500 f-lScm-1, and pH
from 8.4 to 8.6, were small. At the time of collection species of Stephanodiscus were
co-dominant. Includes sites 33-36.

Results

Abundance and diversity of scaled chrysophytes

A total of 33 taxa of scaled chrysophytes, including 21 of Mallomonas, 7 of Synura,
2 of Paraphysomonas, 2 of Chrysosphaerella, and at least one of Spinijeromonas,
were found in the study (Table I). The number of taxa found per site ranged from
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none to 13, with ten sites containing seven or more species. Eight of these high diver-
sity sites were waterbodies located on the delta (i.e. group 1) with low specific con-
ductivity and relatively low pH (Tables I-II; Figs. 2-3). However, 17 of the sites (34070)
had only one or no species; these sites were primarily ones associated with the river
(group 2), or waterbodies in groups 3 and 4 with high pH and specific conductivity
(Tables I-II; Figs. 2-3). Sites from the calcareous region (group 5) contained from
two to four species. The mean number of taxa per collection ranged from 7.6 (group
1) to only 1.6 (group 2).

Although the number of species per collection varied greatly among the different
types of waterbodies, distinct trends were observed along pH and specific conducti-
vity gradients. The maximum number of species found at a site decreased signifi-
cantly with either increasing pH (Fig. 3) or increasing specific conductivity (Fig. 2),
to the point where no species were observed above pH 8.8 or 1,500 I1S cm-1• Most
of the high diversity sites were also among the more humic stained water bodies sam-
pled. Although we found no relationship between the number of species per collec-
tion and Secchi disk depth, it is worth noting that most sites had values of 65 cm
or less (Table I). No pattern was observed between the number of taxa per collection
and the water temperature.
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Fig. 2. The number of taxa of scaled chrysophytes per sample along a specific conductivity gradient. The
five categories of sites are depicted.
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Fig. 3. The number of taxa of scaled chrysophytes per sample along a pH gradient. The five categories
of sites are depicted.

Observations and distributions of species

Chrysosphaerella brevispina Korshikov Fig. 6

A few isolated scales of this taxon were observed at one site with a pH of 7.6 and
a specific conductivity of 510 f.J.S cm-1•

Chrysosphaerella coronacircumspina Wujek et Kristiansen Fig. 4

Isolated body and spine scales were observed on the delta in a pond used to raise
fish (Table I).

Mallomonas akrokomos Rutter in Pascher Fig. 5

Typical scales of M. akrokomos were very rare and found in only two localities
(Table II).

Mallomonas alpina Pascher et Ruttner em. Asmund et Kristiansen Figs. 10-17

This taxon was one of the most common species encountered in the study. Most cells
of this taxon possessed scales with a prominent V-rib with arms that were continu-
ous with the anterior submarginal ribs, and lacked a secondary layer on the shield
(Figs. 12-14). Scales possessed rather large and prominent domes, and in a few cases
a single thickened transverse rib was present on the shield immediately posterior to
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the dome (Fig. 13). Both V-ribs with acute (Figs. 10-12)as well as obtuse (Figs. 13-14)
angles were observed on domed and domeless scales. Bristles were ribbed with a sin-
gle serration and of two lengths (Figs. 15-16). Scales surrounding the flagellar pore
had shorter bristles while body scales possessed bristles approximately 1.5 to 2 times
the length of the cell.

A high degree of variation in scale and bristle morphology was observed. In some
cases cells had a number of scales with a secondary layer (Fig. 10) and bristles where
the distal most tooth was on the side opposite of the main serration (Fig. 15), typical
of Mallomonas corymbosa Asmund et Hilliard. A few bristles on some cells had long
needle-like tips similar to those of Mallomonas areo/ata Nygaard (Fig. 16). Most scales
had a series of small pores each with a raised border in the window of the V-rib also
characteristic of M. areo/ata (Fig. 11). Despite the high degree of morphological va-
riation we believe this organism, observed in 28070 of the collections, is best described
as M. a/pina. The difficulties in distinguishing between taxa in the Series Alpinae
and Tonsuratae are discussed in Siver (1991).

Mallomonas caudata Ivanov. em. Krieger Fig. 7

This organism was restricted to five localities situated on the delta, each of which
was low in specific conductivity and pH (Table II).

Mallomonas cristata Diirrschmidt Fig. 8

Isolated scales of this species, each with a prominent V-rib and flared anterior flanges,
were found in only one site on the delta.

Mallomonas cyathellata Wujek et Asmund Figs. 18-20

Although we did not observe whole intact cells of this species, numerous isolated
scales and groups of scales were observed at six localities (Table II). Domed scales
were broadly obovate and often possessed well defined longitudinal ribs on the dome
(Fig. 18). The anterior portion of the domeless body scales possessed the characteris-
tic short, but thick, ribs (Figs. 19-20). The pits of the secondary layers of most scales
were irregular in size and shape, a characteristic of this taxon (Figs. 18-20). Since
we found posterior scales with only short spines, and none possessing the goblet-
shaped or hare's ear-shaped protuberances, we did not distinguish between var. cya-
thellata and var. chilensis Diirrschmidt.

Figs 4-9. Fig. 4. Chrysosphaerella coronacircumspina. Scale bar = I ,urn. Fig. 5. Mallomonas akroko-
mos. Scale bar = I ,urn. Fig. 6. C. brevispina. Scale bar = 2 ,urn. Fig. 7. M. caudata. Scale bar = 2
,urn. Fig. 8. M. cristata. Scale bar = I ,urn. Fig. 9. M. guttata. Scale bar = 2,urn.
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Mallomonas guttata Wujek Fig. 9

Scales typical of this species were observed in two sites on the delta (Table II).

Mallomonas heterospina Lund Figs. 21-23

Scales of M. heterospina were observed at three localities (Table II). Although some
typical scales were observed (Fig. 23), the dense reticulum of ribs on the shields of
most scales was largely obscured by the deposition of additional silica (Figs. 21-22).
Similar scales were recently reported from Tierra del Fuego (Vigna & Kristiansen
1995).

Mallomonas Iychenensis Conrad Figs. 24-25

Whole cells of this taxon were observed at one site on the delta with a relatively low
pH and specific conductivity.

Mallomonas mangofera Harris et Bradley f. mangofera Figs. 26-27

This taxon was observed in seven collections that were all relatively low in specific
conductivity, and, except for one site, pH (Tables I-II). Most, but not all, of the
specimens possessed scales where the distal ends of the V-rib arms furcated, yielding
the "double" structure observed by Siver (1991). Due to the degree of overlap of
the scales on intact cells, this feature was not always readily observed (Fig. 26). We
also found several intact cells where, due to the overlap of the scales, we could not
view the area along the inner margin of the V-rib; it is possible that some of these
cells could have been f. foveata (see below).

Mallomonas mangofera f. reticulata Cronberg Fig. 29

Scales of this variety, distinguished from the type in possessing an internal reticu-
lated pattern on the shield, were very rare, observed at only site 27 with TEM.

Mallomonas mangofera f. foveata Diirrschmidt Fig. 28

Whole cells were observed at one locality on the delta (Table II). Scales possessed
the large circular pits along the inner margin of the V-rib, and furcated V-rib arms.

Figs 10-17.Ma/lomonas alpina. Fig. 10. A group of domed and domeless scales. Scale bar = 111m. Fig.
1I. Close up of a scale depicting the cluster of pores with raised borders at the base of the V-rib. Scale
bar = 111m. Figs 12-14. Range in morphology of domed scales. Note the large domes, transverse rib
just behind the dome (Fig. 13), and the acute (Fig. 12) or obtuse (Figs 13-14) V-ribs. Scale bars = 211m.
Figs 15-17. Range in morphology of bristles. Scale bars = 211m.
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Mallomonas matvienkoae (Matvienko) Asmund et Kristiansen var. matvienkoae
Fig. 30

Scales of this taxon, which possessed a single large pore in the proximal region and
lacked surface papillae, were very rare, found in only one locality on the delta.

Mallomonas matvienkoae var. grandis Diirrschmidt et Cronberg Figs. 31-33

It appears clear that this organism is identical with Mal/omonas matvienkoae var.
myakkana described by Siver (1991) from a subtropical lake in Florida, U.S.A. Scales
differ from the type in: a) possessing a cluster of 3 to 5 large pores in the proximal
region of the scale, instead of one; b) possessing a dense covering of papillae on the
distal half of the scale; and c) lacking base plate pores on the distal portion of the
scale (Siver 1991). As pointed out by Siver & Wujek (1993) the original description
of var. grandis (Diirrschmidt & Cronberg 1989) did not mention the dense covering
of papillae, prompting them to retain both varieties. However, we feel that var. my-
akkana and var. grandis are the same organism. Bristles (Fig. 33) of both varieties
are similar.

This taxon was one of the most common species encountered, found in 22070 of the
localities. Although it was more common in waterbodies on the delta, it was also
observed in several streams and rivers draining into the delta. Except for one find-
ing, var. grandis was not found above 1,000 flS cm-1•

Mallomonas papillosa Harris et Bradley

Cells were observed on one site on the delta (Table II).

Fig. 34

Mallomonas peronoides (Harris) Momeu et Peterfi var. peronoides Fig. 35

Cells typical of Mallomonas peronoides according to the original description by Harris
(1966) were observed at two localities (Table II). In each case the scales possessed
the typical anterior "depression" surrounded and defined by a thickened system of
ridges, had surface papillae, and lacked an anterior "grapnel-like" structure (Harris
1966; Takahashi & Hayakawa 1979; Asmund & Kristiansen 1986). A wide range in
the morphological variability of the scales was observed and is discussed in a sepa-
rate paper (Siver & Vigna 1996).

Figs 18-23. Figs 18-20. Mallomonas cyathellata. Scale bars = 2 .urn. Fig. 18. Domed and domeless scales.
Note the large domes with prominent ribs and the irregular pattern of the pores of the secondary layer.
Fig. 19. Domeless scales. Fig. 20. Domeless (top) and a posterior scale with a small protrusion. Note the
ribs in the anterior region of the domeless scale. Figs 21-23. Mallomonas heterospina. Note the dense
secondary reticulum on the shields of scales in Fig. 21 (scale bar = I .urn) and Fig. 22 (scale bar = 2
.urn). Scale in Fig. 23 (scale bar = 2 .urn) depicts the more commonly observed type of secondary layer.
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Mallomonas peronoides var. bangladeshica (Takahashi et Hayakawa) Nicholls
Fig. 36

Cells of this taxon, possessing scales with a "hemispherical ornament" (Takahashi
& Hayakawa 1979) or "grapnel-like" structure (Wujek & Timpano 1984), were ob-
served at four localities (Table II). The "grapnel-like" appendage was originally used
by Takahashi & Hayakawa (1979) as the primary feature for distinguishing this taxon
as a variety of Mallomonopsis peronoides, and later by Wujek & Timpano (1984)
to raise the taxonomic rank to the specific level (i.e. Mallomonopsis bangladeshica).
Nicholls (1988) made the combination Mallomonas bangladeshica to achieve con-
sistency within the section Mallomonopsis of Mallomonas. Because Diirrschmidt &
Cronberg (1989) found cells with and without the "grapnel-like" structure, they sug-
gested that its presence should not be used to separate M. Peronoides from M. bangla-
deshica. In a later paper Cronberg (1989) further stated that she believed that M.
peronoides and M. bangladeshica were in fact "the same species". Although both
taxa may indeed be the same organism we believe, based on our observations, that
there is reason to maintain two separate taxa until further work is completed. We
further suggest (Siver & Vigna 1996) that the distinction be made at the variety level
as originally proposed by Takahashi & Hayakawa (1979).

Mallomonas portae-ferreae Peterfi et Asmund var. portae-ferreae Fig. 37

This species was observed at four localities on the delta or in the river channels (Ta-
ble II). On all scales the arms of the V-rib were continuous with the anterior submar-
ginal ribs. On some scales the anterior submarginal ribs were often expanded and
at a similar height from the base plate as the arms of the V-rib. Domes were large,
strongly concave, and often had a series of parallel ribs.

Mallomonas portae-ferreae var. reticulata Gretz, Sommerfeld et Wujek Fig. 38

Specimens of this taxon, with an irregular reticulated pattern on the shield, were com-
mon in two samples. As was noted by Siver (1991) we also observed intact cells with
domed scales lacking a secondary layer on the shield altogether; these scales resem-
bled either M. areolata or alpina.

Figs 24-29. Figs 24-25. Mallomonas lychenensis. Scale bars = 2 .urn. Figs 26-27. Mallomonas mangojera
f. mangojera. Fig. 26. Whole cell. Note the small protrusions on the anterior portion of each scale. Scale
bar = 5 .urn. Fig. 27. Close up of the anterior portion of the cell in Fig. 26. Scale bar = I .urn. Fig. 28.
Mallomonas mangojera f. joveata. Note the large circular pits along the inner margin of the V-rib. Scale
bar = 1.urn. Fig. 29. Mallomonas mangojera f. reticulata. TEM depicting the internal reticulated pattern
of ribs on the shield. Scale bar = I .urn.
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Mallomonas pumilio (Harris et Bradley) emend. Asmund, Cronberg et Diirrschmidt
Fig. 40

Body scales of an organism that we believe best match those of M. pumilio were
found at one humic site with a relatively low specific conductivity (Table II). The
shield of each scale consisted of more or less circular meshes each enclosing approxi-
mately five pores that were evenly spaced within the mesh. The anterior flange and
submarginal rib areas were covered with rows of small papillae, and the posterior
flange lacked struts. Rear scales possessed very small spines.

Mallomonas striata Harris et Bradley var. serrata Figs. 39, 41

Scales and serrated bristles of this organism was observed over a wide range of spe-
cific conductivity (125 to 1,500 flS cm-1) and pH (6.0 to 8.1), perhaps accounting
for its occurrence in 20070of the collections. Specimens had a small group of minute
pores near the base of the V-rib easily visible on the undersurface of the scale. A
high degree of variability was found in the angle of the V-rib, and in the extent of
overlap of the V-rib arms (compare Figs. 39 and 41). A few scales lacking the struts
on the anterior flanges were observed.

Mallomonas tonsurata Teiling emend. Krieger Fig. 42

Specimens were rare in collections from two localities. In each case both short, thick,
uniseriate bristles and longer, non-serrated ones with bifurcate tips were observed.

Paraphysomonas undulata Preisig et Hibberd Fig. 43

To our knowledge Paraphysomonas undulata has only been reported from Michi-
gan (Wujek & Igoe 1989) since its original description by Preisig & Hibberd (1982).
We found this taxon at two sites (Table II).

Paraphysomonas vestita (Stokes) de Saedeleer Fig. 45

Paraphysomonas vestita was the second most common organism, found in 42% of
the collections. In a survey of tropical areas Cronberg (1989) also reported this taxon
from 40070of the samples examined.

Figs 30-35. Fig. 30. Mallomonas matvienkoae var. matvienkoae. Note the large single pore in the poste-
rior of the shield. Scale bar = 2 pm. Figs 31-33. Mallomonas matvienkoae var. grandis. Fig. 31. Note
the dense layer of papillae on the anterior of the scale and the group of three large posterior pores. Scale
bar = 2 pm. Fig. 32. Morphology of the undersurface of scales. Scale bar = 2 pm. Fig.33. Bristle mor-
phology. Scale bar = I pm. Insert depicts the morphology of the tips of the bristles. Scale bar = 0.5
pm. Fig. 34. Mallomonas papillosa. Scale bar = 2 pm. Fig. 35. Mallomonas peronoides var. peronoides.
Scale bar = 2 pm.
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Spiniferomonas trioralis Takahashi Fig. 44

Cells of this taxon were very rare, found at only one locality. Isolated scales, possi-
bly representative of S. trioralis, were observed at five additional sites (Table II).

Synura australiensis Playfair Fig. 46

Synura australiensis possesses scales that look like those of Synura petersen ii, but
are much longer and more slender in shape. Scales from the two populations found
in this study had a mean length and width of 10 pm and 2 pm, respectively. This
species was observed at two locations in or around the delta (group 1) with low spe-
cific conductivity.

Synura curtispina (Petersen et Hansen) Asmund Figs. 47-48

Synura curtispina was the most common taxon in this survey, found in 24 localities
(Table II). Generally, the anterior one-third to one-half of the scales were covered
with a secondary layer, and all spined scales had a series of parallel ribs along the
anterior margin. A feature common to all populations was the relatively large size
of the base plate pores. The sizes of the openings of the meshes of the secondary
reticulum varied in size from quite small and almost closed to large and open. All
forms of spineless scales reported by Wee (1982), including the elongated posterior-
most scales with large upturned rims, were observed.

Although most populations had scales with relatively short spines, several had scales
with longer spines more commonly associated with Synura spinosa. In each case,
however, scales with short spines, as well as the elongated posterior scales common
to S. curtispina (Fig. 48) were observed, leading us to conclude that the populations
were indeed S. curtispina.

Synura curtispina was found over wide pH (pH 6.3 to 8.8) and specific conductivity
(123 to 1,500 pS cm-1) ranges, but noticeably absent from the extremely high con-
ductivity sites (Tables I-II).

Synura echinulata Korshikov f. echinulata Fig. 49

This taxon was quite common, observed at eight sites (Table II). Although it was
found at one site with pH 8.7 and 1,300 pS cm-\ S. echinulata was most often pre-
sent at lower pH and specific conductivity.

Figs 36-41. Fig. 36. Mallomonas peronoides var. bangladeshica. Scale bar = 1 ,urn.Fig. 37. Mallomonas
portae-jerreae var. portae-jerreae. Scale bar = 2 ,urn.Fig. 38. Mallomonas portae-jerrreae var. reticula-
taoNote the domed scale lacking a secondary layer. Scale bar = 2 ,urn.Fig. 39. Mallomonas striata. Scale
bar = 1 ,urn. Fig. 40. Mallomonas pumilio. Scale bar = 1 ,urn. Fig. 41. Mallomonas striata. Scale bar
= 2,um.
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Synura echinulata f. leptorrhabda Asmund Fig. 50

Two features were used to distinguish this form from the type. First, the anterior
vermiform ornamentation of the scales was very reduced or absent. Second, the an-
terior series of distal ribs were quite long (Nicholls & Gerrath 1985) and often con-
nected by perpendicular ribs.

Except for one location within the river, this taxon was found in sites on the delta
with relatively low pH (pH 6.3 to 7.4) and low specific conductivity (123 to 238 f.lS
cm-1).

Synura petersenii Korshikov f. petersenii Fig. 52

Synura petersenii was reported from 34070of the localities, spanning wide pH (6.3
to 8.7) and specific conductivity (123 to 1,500 f.lS cm-1) gradients (Tables I-II).

Synura petersenii f. kufferathii (Korshikov) Petersen et Hansen Fig. 51

This form of Synura petersenii is distinguished from the type by the presence of ribs
that are aligned parallel with the scale axis and connect adjacent struts (Petersen &
Hansen 1958). Forma kufferathii was observed at nine sites mostly low in specific
conductivity (Tables I-II).

Synura uvella (Stein) emend. Korshikov Figs. 53-54

This species was very rare; it was found in only two collections from localities on
the delta with low specific conductivity (Table I).

Figs 42-48. Fig. 42. Mallomonas tonsurata. Whole cell. Scale bar = 5 11m.Fig. 43. Paraphysomonas un-
dulata. Scale bar = 0.25 11m.Fig. 44. Spinijeromonas trioralis. Scale bar = 0.5 11m.Fig. 45. Paraphyso-
monas vestita. Scale bar = 211m. Fig. 46. Synura australiensis. Scale bar = 211m. Figs 47-48. Synura
curtispina. Scale bars = 211m. Note the typical elongated slipper shaped posterior scales.

Figs 49-54. Fig. 49. Synura echinulata f. echinulata. Note expanded anterior region with vermiform ribs.
Scale bar = 211m. Fig. 50. Synura echinulata f. leptorrhabda, Note the reduced region of vermiform
ribs. Scale bar = 211m. Fig. 51. Synura petersenii f. kufferathii. Scale bar = 211m. Fig. 52. Synura peter-
senii f. petersenii. Scale bar = 211m. Figs 53-54. Synura uvella. Scale bars = 211m. Domed (Fig. 53)
and domeless (Fig. 54) scales.
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Table II. The occurrence and relative abundances of scaled chrysophytes in 50 collections from the delta
region of the Parana River, Argentina, during April, 1991. A = abundant; C = common; R = rare.

Taxon site
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Chrysosphaerella
~.brevispina R
~. coronacircumspina R

Mallornonas
!:!. akrokomos R
!:!. alpina C R R R

11· caudata
11· cristata
11· cyathellata R

11· guttata R

11· heterospina
11. lychenensis
11· mangofera R R R

f. rnangofera
11. mangofera

f. reticulata
11· mangofera

f. foveata
!:!. rnatvienkoae

var. rnatvienkoae
11· rnatvienkoae C R R C R

var. ~
11· papillosa R

11· pe'roDoides R
var. peronoides

!:!. peronoides R R
var. bangladeshica

11. portae-ferreae A R R R
var. portae-ferreae

!:!. portae-ferreae
var. reticulata

11. purnilio R
11. striata R R R R

var. serrata
!:!. tonsurata
Paraphysomonas

E· undulata R

E· vest ita R R R R R R C R R C A

Spiniferomonas

!i.. trioralis R
!i.. spp. R R R

Synura
!i.. australiensis
!i.. curtispina R R A R C
!i.. echinulata R

f. echinulata
!i.. echinulata C C

f. leptorrhabda
!i.. petersenii R R C R

f. petersenii
!i.. petersenii C R R C C

f. kufferathii
!i.. uvella

TOTAL 10 2 8 2 10 1 1 6 2 8 1 2 0 0 0 5 3

445



Table II (continued)

Taxon site
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Chrysosphaerella
>;.brevispinag.coronacircumspina
Mallomonas
M. akrokomos R

M· alpina C R R R R R RM. caudata R A R C R

M· cristata RM. cyathellata R R R RM. quttata RM. heterospina R R

M· lychenensis R
M. mangofera R R R

f. mangofera
M· mangofera R

f. reticulata
M· mangofera R

f. foveata
M· matvienkoae R

var. matvienkoae
M· matvienkoae R R R A R

var. qrandis
M· papillosa
M· peroDoides R

var. peronoides
M· peronoides R C

var. banqladeshica
M· portae-ferreae

var. portae-ferreae
M· portae-ferreae C

var. reticulata
M· pumilio R

M· striata C R A R R

var. serrata
M. tonsurata R

Paraphysomonas
:f. undulata R

:f. vestita R C C R R R C R A R

spiniferomonas
~.trioralis
~. spp. R R

Synura
~.australiensis R

~. curtispina R R R R R R R C R R R

~.echinulata R C R R R C
f. echinulata

~. echinulata R C R

f. leptorrhabda
~. petersenii R R R C R C C C

f. petersenii~.petersenii C R R R

f. kufferathii~.uvella R R

TOTAL 7 0 5 8 11 12 7 5 14 3 6 0 5 2 3 4
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Table II (continued)

Taxon site
35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 Total

Chrysosphaerel1a
S;.brevispina 1g.coronacircumspina 1
Ma1lomonas
M. akrokomos 2M. a1pina R R R 14M· caudata 5M· cristata 1M· cyathellata R 6M· guttata 2M· heterospina R 3M· 1ychenensis 1M· mangofera R 7f. mangofera
M· mangofera 1f. reticu1ataM. rnangofera 1f. foveata
M· rnatvienkoae 1

yare rnatvienkoaeM. rnatvienkoae R 11
var. grandis

M· papillosa 1M· peronoides 2
yare peronoides

M· peronoides yare 4bang1adeshica
M· portae-ferreae 4

var. portae-ferreae
M· portae-ferreae C 2

var. reticu1ata
M· pumilio R 3
M· striata R 10

var. serrata
M· tonsurata C 2

Paraphysomonas
g. undu1ata 2g. vest ita 21

Spiniferomonas
§.. triora1is 1
§.. spp. 5

Synura
§.. australiensis C 2
§.. curtispina C C R R R R C C 24
§.. echinu1ata C 8

f. echinu1ata
§.. echinu1ata 5

f. 1eptorrhabda
§.. petersenii R R R R R 17

f. petersenii
§.. petersenii 9

f. kufferathii
§.. uvella 2

TOTAL 2 3 6 0 0 0 6 0 0 0 0 0 1 2 2 4
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Discussion

The scaled chrysophyte flora in and around the delta region of the Parana River can
best be described as relatively diverse in nature, harboring at least 33 different taxa.
It is clear that within this region the waterbodies situated on the delta with lower
pH and specific conductivity values harbored the most diverse and abundant num-
bers of species. All but one of the localities containing eight or more species were
waterbodies on the delta with a pH between 6.0 and 7.4, specific conductivity be-
tween 123 and 262 f.1Scm-1, and a moderate dissolved humic acid content. Localities
that are slightly acidic in nature, low in specific conductivity, and with a moderate
dissolved humic content are commonly associated with a rich diversity of scaled
chrysophytes (Siver 1995; E10ranta 1995). The requirement for dissolved humic sub-
stances, also observed by Vyverman & Cronberg (1993); may be why Cronberg (1989)
noted that scaled chrysophytes are more abundant in small waterbodies.

The lowest specific conductivity values observed in the delta of the Parana River (e.g.
123f.1Scm-1) are still considerably higher than many waterbodies examined for chry-
sophytes in other parts of the world, such as New England (Siver 1991), the Adiron-
dacks (Siver 1988a; Cumming et al. 1992) and Finland (Eloranta 1989, 1995). All
of the scaled chrysophyte taxa reported by Siver (1993, 1995) with weighted mean
specific conductivity levels below 60 f.1Scm-1, such as Synura sphagnicola Korshi-
kov, Mallomonas duerrschmidtiae Siver, Hamer et Kling, M. acaroides Perty emend.
Ivanov var. muskokana Nicholls and Chrysosphaerella longispina Lauterborn, were
not observed in this survey. This further supports the hypothesis that some taxa of
scaled chrysophytes may exist only under very low specific conductivity levels.

It is also of importance to note that half of the sites examined had either no or less
than two taxa, suggesting that there are numerous localities with a low diversity of
scaled chrysophytes; these waterbodies included the river itself (group 2) and many
of the tributaries draining into the river through industrial or farming areas (groups
3, 4 and 5). Localities within the river and its main channels were relatively low in
pH and specific conductivity, similar to localities situated on the delta (group 1),
but differed in having a high sediment load and low humic content. It is perhaps
the combination of a high sediment load and low humic acid content that resulted
in low numbers of scaled chrysophytes in the river proper. Despite the low number
of scaled chrysophytes, large concentrations of diatoms, especially Aulacoseira gra-
nulata, were present within the river.

It was also clear in this study that as the pH and specific conductivity of the tributa-
ries draining into the delta increased above 8.0 and 1,000 f.1Scm-1, respectively, that
significantly fewer species were found. Even though all 33 species were found in wa-
ters with a specific conductivity below 1,000 f.1Scm-1, only eight were found at sites
above this value, further supporting the idea that the diversity of scaled chrysophytes
decreases as the concentration of dissolved salts increases (see Siver 1995 and refer-
ences therein).

The majority of localities surveyed from tropical and subtropical regions contain scaled
chrysophyte species that have a cosmopolitan distribution, as well as ones common
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to temperate areas (e.g. Cronberg 1989; Saha & Wujek 1990; Vyverman & Cronberg
1993; Wujek & Bicudo 1993; Siver & Wujek 1993). However, there also appears to
be a number of taxa primarily distributed in or with an affinity to tropical or sub-
tropical regions. In a review of studies of scaled chrysophytes from the tropics Cron-
berg (1989) concluded that Mallomonas matvienkoae var. grandis, M. bronchartia-
na Compere, M. mangofera f. reticulata and species in the Peronoides group were
restricted to the tropics or warm water lakes. Cronberg added that Synura austra-
liensis,Mallomonas portae-jerreae and M. guttata also had a dominance in the tropics.
Other researchers, including Diirrschmidt & Cronberg (1989), Saha &Wujek (1990)
and Vyverman & Cronberg (1993), have commented on additional taxa that are found
primarily in more tropical regions.

The scaled chrysophyte flora of the Parana River delta also contained taxa that are
cosmopolitan in nature, as well as ones commonly found in tropical or temperate
regions. Taxa often reported from the tropics, including M. matvienkoae var. gran-
dis, M. guttata, M. peronoides var. peronoides, M. peronoides var. bangladeshica,
M. portae-jerreae, M. mangojera var. reticulata and Synura australiensis, were found
in this study, indicating a tropical element to the flora. It is also of interest that over
70070of the 59 localities surveyed in India by Saha & Wujek (1990) contained sub-
specific taxa of Mallomonas cyathellata or M. mangojera, and 50% of the samples
contained Synura curtispina; these three taxa were among the more common species
found in this study. Other taxa observed in the Parana River delta region, including
Mallomonas akrokomos, M. caudata, M. heterospina, M. papillosa, M. striata, M.
tonsurata and Synura echinulata, are commonly reported from northern temperate
regions (Siver 1987, 1991; Wee 1982; Takahashi 1978). Interestingly, taxa of Spini-
jeromonas and Chrysosphaerella, genera commonly reported from temperate regions
(Takahashi 1973; Nicholls 1981; Skogstad 1982; Siver 1988b), were only rarely
observed.

Many authors have suggested that Mallomonas crassisquama (Asmund) Fott, Mal-
lomonas caudata, and Synura petersenii are the most common species in their re-
spective genera on a worldwide basis (for a review see Siver 1991 and Siver 1987).
However, such generalizations are based largely on studies of temperate regions, espe-
cially ones in Europe and North America. Despite its apparent worldwide abundance,
Mallomonas crassisquama is very rare in South America (Siver 1991), having been
reported only from Columbia (Cronberg 1989). Kristiansen & Tong (1991) also com-
mented on the fact that M. crassisquama was surprisingly missing from studies done
in China. In other recent studies from Brazil (Wujek & Bicudo 1993), Korea
(Kristiansen et aI. 1990), Papua New Guinea (Vyverman & Cronberg 1993), and Ar-
gentina (this study) M. crassisquama was not found. In an examination of 59 locali-
ties in India, Saha & Wujek (1990) reported M. crassisquama as rare, found in only
6% of the collections; this species is perhaps even rarer since the micrograph of it
(Fig. 6 of Saha & Wujek 1990) is actually of Mallomonas pseudocoronata Prescott.
It appears that M. crassisquama is a rather rare taxon in subtropical and tropical
areas, and primarily distributed in temperate regions (Cronberg 1989).

A similar case can be made for Mallomonas caudata, another rare species in our
survey. Based on a review of the literature representing primarily temperate locali-
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ties in the northern hemisphere, Siver (1991) found M. eaudata to be among the most
common species of scaled chrysophytes. Other researchers have also reported this
taxon as being among the most common species (Asmund & Takahashi 1969; Taka-
hashi 1978; Nicholls 1982; Eloranta 1989). However, Mallomonas eaudata has now
been reported as missing or rare from Australia and Malaysia (Diirrschrnidt & Croome
1985), China (Kristiansen & Tong 1991), Papua New Guinea (Vyverman & Cron-
berg 1993); India (Saha &Wujek 1990), Korea (Kristiansen et al. 1990), Brazil (Wujek
& Bicudo 1993) and Sri Lanka (Diirrschmidt & Cronberg 1989).

In a similar manner Synura petersenii is often reported as the most common species
of Synura. However, in some areas of the world other species of Synura are as, or
more, common. For example, in a study in the Adirondacks, Siver (1988a) found
S. sphagnieola and S. eehinulata to be as abundant as S. petersenii. In surveys from
India (Saha & Wujek 1990), Papua New Guinea (Vyverman & Cronberg 1993), and
Arkansas (Andersen & Meyer 1977), S. eurtispina was reported to be much more
common than S. petersenii. Synura eurtispina was also the most common taxon of
Synura in the delta of the Parana River.

In summary, the scaled chrysophyte flora of the Parana is relatively diverse and con-
tains species common to both tropical and temperate regions. Further study is needed
in order to understand seasonality aspects of the flora and to include areas north
of the delta region.

Acknowledgements

This project was funded with grants from the National Science Foundation (grant # INT-9301883) and
Conicet (grant # 1406/93). Special thanks to personnel from National Institute of Agricultural Techno-
logy (Argentina) and the Prefecture Naval Argentine.

References

ANDERSEN, R.A. (1987): Synurophyceae classis nov., a new class of algae. - Am. J. Bot. 74: 337-353.

ANDERSEN, R.A. & R. MEYER (1977): Scaled chrysophyceae from Arkansas. - Proc. Ark. Acad. Sci.
31: 12-16.

ASMUND, B. & E. TAKAHASHI (1969): Studies on Chrysophyceae from some ponds and lakes in Alaska
VIII: Mallomonas species examined with the electron microscope II. - Hydrobiologia 34: 305-321.

ASMUND, B. & J. KRISTIANSEN (1986):The genus Mallomonas (Chrysophyceae). - Opera Bot. 85: 1-128.

BURKART, B. (1957): OJada sinoptica sobre la vegetacion del Delta del Parana. - Darwiniana 1(3): 457-561.

CRONBERG, G. (1989): Scaled chrysophytes from the tropics. - Beih. Nova Hedwigia 95: 191-232.

CROOME, R.L. & P .A. TYLER (1983): Mallomonopsis tasmanica sp. nov. (Chrysophyceae) and Mallo-
monopsis elliptica Matvienko from Australia. - Br. Phycol. J. 18: 357-365.

CROOME, R.L. & P.A. TYLER (1985): Distribution of silica-scaled Chrysophyceae (Paraphysomona-
daceae and Mallomonadaceae) in Australia inland waters. - Aust. J. Mar. Freshwater Res. 36: 839-853.

CROOME, R.L. & P .A. TYLER (1986): Mallomonas sabulosa (Chrysophyceae), a new species from Aus-
tralia. - Br. Phycol. J. 21: 93-96.

CROOME, R.L., M. DURRSCHMIDT & P.A. TYLER (1985): A light and electron microscopical inves-
tigation of Mallomonas splendens (G.S. West) Playfair (Mallomonadaceae, Chrysophyceae). - Nova Hed-
wigia 41: 463-470.

450



CUMMING, B.F., J.P. SMOL & H.J.B. BIRKS (1992): Scaled chrysophytes (Chrysophyceae and Synu-
rophyceae) from Adirondack drainage lakes and their relationship to environmental variables. - J. Phy-
col. 28: 162-178.

DURRSCHMIDT, M. (1980): Studies on the Chrysophyceae from Rio Cruces, Provo Valdivia, south Chile
by scanning and transmission microscopy. - Nova Hedwigia 33: 353-388.

DURRSCHMIDT, M. (1982): Studies on the Chrysophyceae from southern Chilean inland waters by means
of scanning and transmission electron microscopy, II. - Arch. Hydrobiol. Suppl. 63 (Algol. Stud. 31):
121-163.

DURRSCHMIDT, M. & G. CRONBERG (1989): Contribution to the knowledge of tropical chrysophytes:
Mallomonadaceae and Paraphysomonadaceae from Sri Lanka. - Arch. Hydrobiol. Suppl. 82: (Algol. Stud.
45): 15-37.

DURRSCHMIDT, M. & R. CROOME (1985): Mallomonadaceae (Chrysophyceae) from Malaysia and
Australia. - Nord. J. Bot. 5: 285-298.

ELORANTA, P. (1989): Scaled chrysophytes (Chrysophyceae and Synurophyceae) from national park
lakes in southern and central Finland. - Nord. J. Bot. 8: 671-681.

ELORANTA, P. (1995): Biogeography of chrysophytes in Finnish lakes. - In: SANDGREN, C.D., J.P.
SMOL & 1. KRISTIANSEN (eds.): Chrysophyte Algae: Ecology, phylogeny and development: 214-231.
Cambridge University Press, Cambridge.

GAEA, G. (1975): Atlas Geografico Argentina. - Instituto Geografico Militar. Buenos Aires, Argentina.

HARRIS, K. (1966): The genus Mallomonopsis. - J. Gen. Microbiol. 42: 175-184.

KISS, K. & J. KRISTIANSEN (1994): Silica-scaled chrysophytes (Synurophyceae) from some rivers and
shallow lakes in Hungary. - Developm. Hydrobiol. 100: 157-162.Kluwer Academic Publishers, Dordrecht.

KRISTIANSEN, J., D. TONG & K. OLRIK (1990): Silica-scaled chrysophytes from Korea, a prelimina-
ry study. - Nord. J. Bot. 9: 685-691.

KRISTIANSEN, J. & D. TONG (1991): Investigations on silica-scaled chrysophytes in China. - Int. Ver-
einigung Theor. Limno!. Verh. 24: 2630-2633.

KRISTIANSEN, J. & D. TONG (1995): A contribution to the knowledge of the silica-scaled chrysophytes
in Mexico. - Arch. Hydrobiol. Suppl. 108 (Algol. Stud. 77): 1-6.

NICHOLLS, K.H. (1981). Spinijeromonas (Chrysophyceae) in Ontario lakes including a revision and
descriptions of two new species. - Can. J. Bot. 59: 107-117.

NICHOLLS, K.H. (1982): Mallomonas species (Chrysophyceae) from Ontario, Canada including descrip-
tions of two new species. - Nova Hedwigia 34: 80-124.

NICHOLLS, K.H. (1988): Additions to the Mallomonas (Chrysophyceae) flora of Ontario, Canada, and
a checklist of North American Mallomonas species. - Can. J. Bot. 66: 349-360.

NICHOLLS, K.H. & J .F. GERRATH (1985): The taxonomy of Synura (Chrysophyceae) in Ontario with
special reference to taste and odour in water supplies. - Can. 1. Bot. 63: 1482-1493.

PETERSEN, J.B. & J.B. HANSEN (1958): On the scales of some Synura species. II. - BioI. Meddel.
Kongel. Danske. Vidensk. Selsk. 23,7: 1-13.

PREISIG, H.R. (1989): Mallomonas alphaphora, a new species from Western Australia. - PI. Syst. Evo!.
164: 209-214.

PREISIG, H.R. & D.J. HIBBERD (1982): Ultrastructure and taxonomy of Paraphysomonas (Chryso-
phyceae) and related genera. I. - Nord. J. Bot. 2: 397-420.

SAHA, L.C. & D.E. WUJEK (1990): Scale-bearing chrysophytes from tropical Northeast India. - Nord.
J. Bot. 10: 343-354.

SIVER, P .A. (1987): The distribution and variation of Synura species (Chrysophyceae) in Connecticut,
U.S.A. - Nord. J. Bot. 7: 107-116.

451



SIVER, P.A. (I988a): Distribution of scaled chrysophytes in 17 Adirondack (New York) lakes with spe-
cial reference to pH. - Can. J. Bot. 66: 1391-1403.

SIVER, P.A. (1988b): The distribution and ecology of Spinijeromonas (Chrysophyceae) in Connecticut
(U.S.A.). - Nord. J. Bot. 8: 205-212.

SIVER, P.A. (1991): The Biology of Mallomonas: Morphology, taxonomy and ecology. - Developm.
Hydrobiol. 63: 1-230.- Kluwer Academic Publishers, Dordrecht.

SIVER, P .A. (1993): Inferring the specific conductivity of lake water with scaled chrysophytes. - Limnol.
Oceanogr. 38: 1480-1492.

SIVER, P .A. (1995): The distribution of chrysophytes along environmental gradients: their use as biolo-
gical indicators. - In: SANDGREN, C.D., J.P. SMOL & J. KRISTIANSEN (eds.): Chrysophyte Algae:
Ecology, phylogeny and development: 232-268. Cambridge University Press, Cambridge.

SIVER, P.A. & D.E. WUJEK (1993): Scaled Chrysophyceae and Synurophyceae from Florida: IV. The
flora of Lower Lake Myakka and Lake Tarpon. - Florida Sci. 56: 109-117.

SIVER, P.A. & M.S. VIGNA (1996): Notes on species of Mallomonas in the Series Peronoides. - Nord.
J. Bot.: 16: 223-231.

SKOGSTAD, A. (1982): Synuraceae-Floraen i 27 Lokaliteter i Oslo-Omr:idet, En Iysmikroskopisk og elek-
tronmikroskopisg Unders0kelse. - Univ. Oslo, Inst. Mar. BioI. Limnol. (Thesis).

TAKAHASHI, E. (1973): Studies on genera Mallomonas and Synura and other plankton in freshwater
with the electron microscope. VII. New genus Spinijeromonas of the Synuraceae (Chrysophyceae). - Bot.
Mag. (Tokyo) 86: 75-88.

TAKAHASHI, E. (1978): Electron microscopical studies of the Synuraceae (Chrysophyceae) in Japan,
taxonomy and ecology. - Tokai University Press. Tokyo.

TAKAHASHI, E. & T. HAYAKAWA (1979): The Synuraceae (Chrysophyceae) in Bangladesh. - Phykos
18: 129-147.

VIGNA, M.S. (1981): Estudio con microscopio electr6nico de barrido de nuevos taxones de la familia
Synuraceae (Chrysophyceae). - Physis (Buenos Aires) B 39 (97): 15-20.

VIGNA, M.S. (1986): Notas algol6gicas XI: Dos nuevos generos para Argentina: Mallomonopsis Matv.
y Paraphysomonas de Saed. - Darwiniana 27: 299-304.

VIGNA, M.S. (1988): Contribution to the knowledge of Argentine Mallomonadaceae. - Nova Hedwigia
47: 129-144.

VIGNA, M.S. (1989): Mallomonas reticulata Vigna nov. sp. (Chrysophyceae). - Lilloa 37, I (1988): 29-31.

VIGNA, M.S. (1990): Silica-scaled subtropical chrysophytes from the Uruguay River, Argentina. - Phy-
cologia 29: 524-540.

VIGNA, M.S. (1991): Crisofitas escamosas (Mallomonadaceae y Paraphysomonadaceae) del Parque Na-
cional Nahue!-Huapi (Argentina): I. - Bol. Soc. Argent. Bot. 27(3-4): 149-155.

VIGNA, M.S. & 1. KRISTIANSEN (1989): Mallomonas corymbosa var interrupta nov. var. (Synuro-
phyceae) from Argentina. - Nord. J. Bot. 8(5): 553-555.

VIGNA, M.S. & J. KRISTIANSEN (1995): Mallomonas heterospina and M. americana (Synurophyceae)
in Tierra del Fuego, Argentina, with remarks on their taxonomical interrelation. - Darwiniana 33: 61-65.

VYVERMAN, W. & G. CRONBERG (1993): Scale bearing chrysophytes from Papua New Guinea. - Nord.
J. Bot. 13: 111-120.

WEE, J.L. (1982): Studies on the Synuraceae (Chrysophyceae) of Iowa. Biblioth. Phycol. 62: 1-183.

WEE, J.L., D.J. BOOTH & M.A. BOSSIER (1993): Synurophyceae from the Southern Atlantic Coastal
Plain of North America: A preliminary survey in Louisiana, U.S.A. - Nord. J. Bot. 13: 95-106.

WUJEK, D.E. (1984a): Chrysophyceae (Mallomonadaceae) from Florida. - Florida Sci. 47: 161-170.

452



WUJEK, D.E. (l984b): Scale-bearing Chrysophyceae (Mallomonadaceae) from north-central Costa Rica.
- Brenesia 22: 309-313.

WUJEK, D.E. & P. TIMPANO (1984): The genus Mallomonopsis in the United States. - Trans. Kans.
Acad. Sci. 87: 73-82.

WUJEK, D.E. & W.E. GARDINER (1985). Chrysophyceae (Mallomonadaceae) from Florida. II. New
species of Paraphysomonas and the prymnesiophyte Chrysochromulina. - Florida Sci. 48: 59-64.

WUJEK, D.E. & M.J. IGOE (1989): Studies on Michigan Chrysophyceae. VII. - Beih. Nova Hedwigia
95: 269-280.

WUJEK, D.E. & R.G. BLAND (1990): Chrysophyceae (Mallomonadaceae and Paraphysomonadaceae)
from Florida. III. Additions to the flora. - Florida Sci. 54: 41-48.

WUJEK, D.E. & C.E. DE BICUDO (1993): Scale-bearing chrysophytes from the state of Sao Paulo,
Brazil. - Nova Hedwigia 56: 247-257.

Received 27 November 1995, accepted in revised form 22 July 1996.

453


	page1
	titles
	3-4 
	421-453 
	The distribution of scaled chrysophytes in the 
	Introduction 
	421 


	page2
	page3
	page4
	titles
	A. 
	45 
	47 
	B. 
	70km 
	424 

	images
	image1
	image2


	page5
	titles
	425 

	tables
	table1


	page6
	titles
	426 

	tables
	table1


	page7
	page8
	tables
	table1


	page9
	tables
	table1


	page10
	page11
	images
	image1


	page12
	images
	image1


	page13
	page14
	images
	image1


	page15
	page16
	images
	image1


	page17
	page18
	images
	image1


	page19
	page20
	images
	image1


	page21
	page22
	images
	image1


	page23
	page24
	images
	image1


	page25
	titles
	445 

	tables
	table1


	page26
	titles
	446 

	tables
	table1


	page27
	titles
	447 

	tables
	table1


	page28
	page29
	page30
	page31
	page32
	page33

