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ABSTRACT

Thirty silica-scaled chrysophytes, from 60 Ecuadorian water bodies, were observed using transmission and scanning
electron microscopy. The taxacomprised 27 Synurophyceae (19Mallomonas spp., 7 Synura spp., and one Chrysodidymus
species) and three Chrysophyceae (two species of Paraphysomonas and one species of Spiniferomonas). All are new
reports for Ecuador, and one taxon (Mallomonas lychenensis f. ecuadorensis) is described as new. The number of taxa
per samplevaried from noneto ten.

Kevworps Chrysophyceae, South America, Synuraceae.

RESUMEN

Treinta crisofitas escamosas, obtenidos de 60 cuerpos de agua en Ecuador, fueron observados mediante microscopia
electronica. Los taxones comprenden 27 Synuraceae (19 Mallomonas spp., siete Synura spp., Y una especie de
Chrysodidymus) y tres Chrysophyceae (dos Paraphysomonas spp. y unaespecie de Spiniferomonas). Todas son nuevos
informes para Ecuador y un taxon (Mallomonas lychenensis f. ecuadorensis) se describe como nuevo. El nimero de

taxones por muestra vario de ninguno adiez.

PaLaBrascLave: Américadel Sur, Chrysophyceae, Synuraceae.

INTRODUCTION

The Chrysophyceae and Synurophyceae,
characterized by an exogenous siliceous envelope
composed of scales and/or bristles have long been
recognized asimportant indicatorsof environmental
conditions. These silica-scaled chrysophytes are
secondinimportanceonly after diatomsasindicators
of the past ecology of lacustrine environments (Smol
1995; Stoermer 1999). For example, the effects of
acid rain were demonstrated by examining present
and past sediments for scaled chrysophytes to
demonstrate changes in the environment over time
(Smol 1995). Identifications of scaled chrysophytes
are based upon the morphol ogy of scal esthat often
arepreserved in sediments. Identifications based on

light microscopy are of limited value as electron
microscopy (EM) isusually necessary to distinguish
sufficient morphology for species identification in
the two groups (Kristiansen 1979).

Information is now becoming available onthe
ecology and distribution of Central and South
American silica-scaled chrysophytes. An extensive
literature based on EM has accumulated from several
Latin American countries, especially Argentina
(Vigna & Kristiansen 2002), Brazil (Franceschini &
Kristiansen 2004), Chile (Durrschmidt (1980, 1981,
1982a, 1982b, 1983a, 1983b, 1983c), and Costa
Rica (Wujek 1984; Wujek et al. 1998). Reports
from Mexico (Kristiansen & Tong 1995), Colombia
(Vigna & Escobar 1999) and Belize (Carty & Wujek
2003) have also been published.
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This study presents an account of scale-
bearing chrysophytes (Chrysophyceae and
Synurophyceae) from the equatorial areaof Ecuador
using scanning (SEM) and transmission electron
microscopy (TEM). Correlationsof these organisms
with ecological conditionsare discussed briefly.

MATERIALS AND METHODS

Sixty different sites from Ecuador were sampled
(Tablel). Most sites were located using a global
positioning system. Plankton net samplesweretaken
with 10 or 20 um mesh nets. Samples were
preserved with acid Lugol’ s solution (Gifford 1991)
in plastic screw-cap vials. Collecting sitesincluded
rivers, ponds, lakes, temporarily flooded fields, and
ephemeral ponds. Samples for TEM were
subsampled onto Formvar-coated, carbon stabilized,
3 mm copper grids. After air drying, they were
examined with a JEOL CM-10 TEM. Samples for
scanning electron microscopy were prepared as
described previously (Wujek & Elsner 1992).

RESULTS

Thirty taxarepresenting five generawere observed
in the 60 samples (Table I1). Taxa, including one
new form of Mallomonas, are all new reports for
Ecuador (Figs. 1-31). The taxon list includes 19
Mallomonastaxa, sevenSynura taxa, including two
formsof S. petersenii, two Paraphysomonas taxa,
and one taxon each of Chrysodidymus and
Spiniferomonas

Thenumber of scal e-bearing chrysophytetaxa
observed per samplevaried fromnonetoten (Table
). The most frequently observed species was
Paraphysomonas vestita (Stokes) de Saedel eer
(16% of samples). Thiswas followed by three taxa
in the genusSynura: S. echinulata Korshikov (12%),
S. petersenii Korshikov f. petersenii (7%) and S.
spinosa Korshikov (5%). Common species
frequently observed from Mallomonaswere M.
matvienkoae var. matvienkoae (8%), and threetaxa
each at 5%, M. mangofera f. foveata Dirrschmidt,
M. papillosaHarris & Bradley, and M. striata var.
serrata Harris& Bradley. Mallomonas akrokomos
Rutter, M. fenestrata Cronberg & Hickel, M.
lychenensis Conrad, M. lychenensisf.ecuadorensis

Wujek & Dziedzic, M. parvula Dlrrschmidt and M.
pillulaf.valdiviana Dirrschmidt, and Synura uvella
Ehrenberg em. Korshikov wereonly observed once.

A pond with large quantities of horse dung
(sample 46) had the highest diversity (10 taxa). A
small marsh (sample 45) and a shallow tributary of
L ake Zancudo Cocha (sample M 3), whose surface
was covered by a“scum” were second with seven.
Over half of the sites had four or fewer species
each.

One new form of Mallomonas lychenensis,
M. lychenensisf.ecuadorensis, wasobserved (Fig.
9). The epithet “ ecuadorensis’ refers to the type
locality.

Mallomonas lychenensis Conrad f.
ecuadorensis Wujek et Dziedzic f. nov.

Latin diagnosis:Differt a f. lychenensisfasci
scuti. Scutum 6-8 magnis lacunis irregulariter
distributis. Scutumsquamaeareispapillarumdense
obtectum. Sguamae 3-3.5 x 5-6 nm. Lacunae
magnae (0.5-1.2 nm diametro) scutarum quasi
guadrangularestres aut quatuor seriebus duabus
distributae. Nec setae nec cystae observatae.

Typus: Die 12 junii, anno 2001 in stagnum
gramineum (02°46.58'S, 79°13.93'W), Ecuador.
Figuris 9 monstratus, in collectione Universitatis
MichiganensisCentralis, Mount Pleasant, Michigan.
Holotypus: Fig. 9.

Description: This species differs from M.
lychenensisf. lychenensisin the appearance of 6-8
large, irregularly arranged pits in the shield. The
shield of scales is covered with well developed
patches of closely spaced papillae (Fig. 9). The
scales are 3-3.5 x 5-6 um. Large pits (0.5-1.2 um
diameter) occur in two rows, three to four pitsin
each row. Bristlesand cysts not observed.

Type locality: Pool with grass (02°46.58'S,
79°13.93' W), Ecuador, South America, 12 June
2001, depositedinthe Central Michigan University
Herbarium (CMC). Type figure: Fig. 9.

The unique size of the large pores in the
shield separates this taxon from other forms.
While the papillate shield area is structurally
similar toM. lychenensis our taxon possess the
very large double row of pits terminating with a
large pit at the proximal end. Such apitislacking
inf.lychenensis. It also resemblesM. lychenensis
f. symposiaca Skogstad & Kristiansen, but lacks
the elongated and often irregular-shaped
depressionsor channelsalong the shield.
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TasLE |. Ecuadorian sitewhere silica-scaled chrysophytes were sampled, 1988-2001.

Sample Dae SiteDescription GPScoordinates pH Taxa
1 3June 2001 3year old oxbow 01°0.91'S, 77°0.85° W 6 4
2 3June 2001 Oxbow 01°0.43'S, 77°2.40W 6 2
3 3June 2001 Sream 01°041'S, 77°2.40 W -2
4 4 June 2001 oxbow 01°043'S, 77°2.40W - 2
5 5June 2001 forest pond --- - 1
6 5June 2001 oxbow near Nenquipare 01°0.61'S, 77°3.48 W - 4
7 5June 2001 oxbow 01°0.61'S, 77°3.33 W - 1
8 5June 2001 oxbow 01°0.35'S, 77°3.48'W - 2
9 6 June 2001 svamp 01°0.41'S, 77°3.07'W 6 1
10 6June2001 oxbow 010.37'S, 77° 270W 6 1
1 6 June 2001 svamp - 1
12 7June2001 pondbehinddunealongriver 01°1.49'S, 76°59.20 W 7 1
13 7 June 2001 Schwar pond, herding corral nearby 01°1.49'S, 76°56.92’ W 2
14  7June2001 pond by bridgeover Rio Shiripuno 01°0.71'S, 76°56.40' W - 0
15  7June2001 ditchalongroad near bridge 01°0.51'S, 76°%6.70 W - 1
16  7June2001 pondwithfloatinglumber, cily 01°042'S, 76°%53.20W 55 1
17  7June2001 petroleum company pond 00°38.57'S, 76°53.13'W - 4
18  7June2001 grassy field pond 00°34.58'S, 76°53.58'W - 2
19 7 June2001 clear brownlake 55 3
20  7June2001 Pond, military camp near Coca --- 6 6
21 9June2001 Lago Cuicocha, crater lake 00°17.54'N, 78°21.46W 7 3
22 9June2001 Lago SanPedro 00P12.90'N, 78°1427W 65 3
23 9June2001 a pinemeadow, hoof prints 00°11.26'S, 78°35.14'W - 3
24 10June2001 hotsprings 00°14.03'S, 78°37.75W - 1
25 10June2001 quarry puddle 00°14.04'S, 78°36.24'W - 1
26  12June2001 Dos Chorrerastrout farm 02°47.07'S, 79°10.06' W 6 3
27 12 June200 Caballo Shayana, shallow lake 02047.23'S, 7°12.64W - O
28 12 June2001 shalowpond 02047.17'S, 7°12.79W - 4
29  12June2001 pond 02047.09'S, 79°12.87W - 4
30 12 June2001 shallow pool, rocky bottom 02047.14'S, 79°12.82°W - 1
31 12 June2001 grassypond 02047.17' S, 79°12.73 W 5 2
32 12 June2001 LagoTorreodora 02°46.91'S, 79°13.5°W 6 2
33  12June2001 Lago Pallcacocha 02°46.79'S, 79°13.85’W 55 3
34 12 June2001 pool withgrass 02946.58'S, 79°1393W - 3
35 12June2001 pond 02°46.59'S, 79°13.91'W - 1
36 12 June2001 pool alongroad 02947.31'S, 79°1298W 55 5
37 12 June2001 deep pool withaquatic plants 02°47.39'S, 79°12.82W 55 3
38 12 June2001 pool 02047.38'S, 79°12.81'W - 2
39  12June2001 roadsidepool 02°46.63' S, 79°14.57W - 1
40 13 June2001 pondwithaguaticplantspresent 02°54.13'S, 79°15.66'W - 1
41 13 June2001 boggy pond, shallow, silty bottom 0254.15'S, 79°15.60W 55 3
42 13 June2001 pondwith horsedung 01954.59'S, 79°16.76'W - 10
43  13June2001 oneof theLagunasdeAngas 02053.70'S, 79°17.58' W - 0
44 13 June2001 leke 02°53.26'S, 79°17.65W - 1
45 13 June2001 smdl marsh 02°53.20'S, 79°17.76 W - 7
46  13June2001 smdl pond 02°5325'S, 79°17.77W 5 3
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Continuation Tablel.

Sample Date SiteDescription GPScoordinates pH Taa
47 13 June2001 grassymarsh 02°54.15'S, 79°17.01'W - 1
48  13June2001 smdl pond 02954.14'S, 79°16.94'W -0
49  13June2001 smdl pond 02954.13'S, 79°16.94W 5 6
50 13June2001 tiny pool between hummocks 02054.12'S, 79°16.98W 5 4
51 15June2001 park pond, Quito 01°11.29'S, 78°29.13' W - 1
Ml 14-May-88 LagunaGrande Cuyabeno, Amazonia --- - 1
M2  17-May-88 Zancudo Cocha, Amazonia --- - 7
M3  17-May-88 Zancudo Cocha, Amazoniatributary --- -7
M4  23-May-88  LagunaGrande Cuyabeno, floodedlake --- - 2
M5 29 Dec 1991 El Junco, Galgpagos - 1
M6  13July 1996 Culébrilla, Andean, Cgjas, streamleaving leke - 1
M7  5May1993  Temblandera OroProvince Reservoir --- - 1
M8  5May 1993 San Martin coastd Azollapond - 0
M9  24-May-88 Texacopond, Amazonia, LagoAgrio --- - 0

DISCUSSION

The scaled chrysophyte flora of Ecuador issimilar to
that reported for other parts of South and Central
America. The species found are distributed in
temperate and tropical regions (Cronberg 1989, 1996;
Hansen 1996). Most surprising wasthelow occurrence
of Synura uvella, a ubiquitous species which was
observed in only one of our samples (Tablell).

Mallomonas lanalhuensis (Fig. 7) isreported
for only the second time sinceits original description
from Chile (Durrschmidt 1983a). Similarly, the
occurrence of Mallomonas fenestrata (Fig. 4) from a
small marsh represents the fourth report of a species
to date found only in South America (Cronberg &
Hickel 1985; Cronberg 1989; Kristiansen & Menezes
1998). Some of the other taxa that we observed were
originally described from South and Central America,
but have since been shown to be cosmopolitan.
Examplesinclude Mallomonas cristata, M. guttata,
M. multisetigera, M. parvula and M. pillula f.
valdiviana.

The number of species in each sample was
relatively low. Thetotal isconsiderably lessthan might
have been expected considering that, with only two
exceptions, al of the samples came from sites where
pH was less than 7.0 (Table ). This is surprising,
because acidic conditions have been shown to be
optimal for scaled chrysophyte growth (Roijackers &
Kessds 1986; Siver 1988, 1989, 1991).

Although water temperatureswerenot taken

at time of sampling, the speciesobserved toleratewide
ranges and are therefore considered as eurythermal
(Takahashi 1978). Future South American studies
should include this ecological parameter. Roijackers
and Kessels (1986) have demonstrated in temperate
watersthe abundance of aparticular speciesismostly
controlled by water temperature. In subtropical and
tropicd areas, Sahaand Wujek (1990) and Wujek and
Saha (1996) have suggested that where average air or
water temperatures are at 20°C continuously, these
temperatures could affect development and diversity
of scaled chrysophyte populations.

This paper raises the known silica-scaled
chrysophyte flora of Ecuador to atotal of 30 taxa.
This is far fewer than the numbers observed from
Argentina (58), Brazil (52) and Chile (40). However
thesethreecountrieshavehad their scal ed chrysophyte
florastudied more extensively. Itishoped our study
will stimulate further Ecuadorian studies. Collections
and observations representing other seasons and/or
other Ecuadorian geographic regionsand habitat types
will undoubtedly yield additional species.

Sometypesof habitat haveyet tobethoroughly
studied worldwide, includingin Ecuador. Kristiansen
(1986) has stated that one such habitat typein need of
research is high atitude lakes in tropical mountains.
Thisissupported by Cronberg (1989) who states“that
many more species belonging to thisagal group will
befoundif systematicinvestigations of thetropicsat
different seasons of theyear and over several years
are undertaken”.
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Ficures 1-18. Mallomonas. 1. M. akrokomos, dlipper scale. 2. M. crassisquama, apical scae. 3. M. cristata, body
scae. 4. M. fenestrata, body scale. 5. M. flora, body scale. 6. M. guttata, body scale. 7. M. lanalhuensis, body scales.
8. M. lychenensis, body scale. 9. M. lychenensis f. ecuadorensis, body scale. 10. M. mangofera f. mangofera, body
scales. 11. M. mangoferaf. foveata, body scale. 12. M. matvienkoae var. matvienkoae, body scale. 13. M. matvienkoae
var. grandis, body scale. 14. M. multisetigera, body scale. 15. M. paludosa, body scale. 16. M. papillosa, body scale.
17. M. parvula, body scale. 18. M. pillulaf. valdiviana, body scales. Scale bar = 1 mm.

| i
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Ficures 19-31. Mallomonas striata var. serrata, body scale. Figs. 20-26. Synura. 20. S curtispina, body scale. 21. S
echinulata, body scale. 22. S petersenii f. petersenii, body scale. 23. S petersenii f. kufferathii, body scale. 24. S.
sphagnicola, body scale. 25. S spinosa, body scale. 26. S. uvella, body scale. Fig. 27. Chrysodidymus synuroideus,
body scale. Figs. 28-29. Paraphysomonas. 28. P. vedtita, body scales. 29. P. imperforata, body scale. Figs. 30-31.
Spiniferomonastrioralis. 30. Spine scale. 31. Plate scales. Scale bar = 1 mm.
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Ecuadorian silica-scal ed chrysophytes: WuJiek & Dziepzic

TasLe |l. Taxaobserved in the Ecuador collections. See Table| for locations.

Tazoom Sites

Smrophycede

NdFimnenuas alpolimars Fitrer 32

AL cnassliqumea (deramd) Fott Bl 4]

A crskaa Dimrecharidt 26, 2 W=

A feresmara  Cromberg & Hickiel 45

A fFemts Harrie & Bradley 42,47

A padthata Wljel 17,20

M IepadPurrnis Dimmechmidt 42 46,49

D e Pevperasts Corrad 42

AL B ferersis 1 ecuadoanersls ek & Dxkedmic L

A wmipgfern Hamie & Bradley . smeraggiera 1.4.6,15.20

M wempgera . foveata Dimms dardd 1,6,12,17,15,20, 002, WE
M mchwerfinee (Dtuviado’) Sarnvnd & Erktireenwrar seahderfe 2,35, 7,153, 16, 17,190,211 23,42 45
AL pamhieninnee war. grarads Dixraclnidt & Crovbers 16,17

L maltisetl e Dimrechovidt 5,5 42,45 49

I palidosa Fott 40 50,00 DI

I prpiicna Hamis & Bradley 22.31,32,34,36 41,42
A prmveads -1k Drnrscloradt 42

A pmlngs Hamk . valdwase Dixrachnadt 2

M st Serrimd war. serrite Harmis & Bradley 16,282, 37,41 42 45
Swaro cavbisprg (Petercen & Haneen) Seramod 15,14

& echmasdata Bachidoonr

& poterseys’ Eordhilomnrf | pedeesony

& peterseriy 1 Rgferatfor Petercen & Hareen
A spiaerm oo Boordhilooer

S spmaosa Eorskikonr

S wwe T Bhrenbers e . Borshiomr
Crosadiqheus sypummidens  Pronarce
Chrysopltrceas

Forapfpsomsanls Twperfoaa Lacas
Fovesita Jwkes)de Saedelesr

SrEvgfercponyr pamvals  Tikahachd
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