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Abstract· Palynomorphs from $CI'en soil sedimef\! samples obtained along II transect of a savanna -like area located ne~l10 lhe 
bay of Cu~iuanJ. SMe of P:lr6. Brazil. wefe described and illustrated in 139 light micrographs. The ta~a comprise Algae. spores 
of Fungi. Bryophyl:!. Pleridophyla I!nd pollen grains of Angiosperms. DUia of palynomorph places of deposilion and Angiosperms 
habilus and ecological f:IMges were presenled. 
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INTRODUCTION 

Climalic changes that occurred during the 
Quaternary period in the Amazon region have largely 
been analyzed in order to get a support for environ­
mental evolution (Absy el (II., 1991). Palynology is an 
important tool in this respect. 

The National Forest of Caxiuana is a large area 
under protection, located in the Amazon forest of the 
state of Para, Northern Brazi l, compr ising the 
hydrographic basin of the rivers Caxiuana and Anapu 
(Lisboa el al., 1997). The last river is the most 
important in the region and takes a south/north 
direction. It was formed together with some bays 
during the Quaternary period by neotectonic proces­
ses (Kern & Costa, 1997). One of these is the bay of 
Caxiuana. An area for developing research projects, 
the "Esta9ao Cientffica Ferreira Pen na, ECFPn", is 
limited by this bay and the river Caxiuanfl and 
administrated by the Museum Paraense Emflio 
Goeldi, Belem, Para (Fig. I). 

Barth el (II. (1997) have analyzed the pollen 
spectra of seven samples of soil sediments collected 
along a transect crossing a patch of a savanna-like 
vegetation located al the western side of the bay of 
Caxiuana in the municipality of Melga90, state of Para. 
The forest around this area presents shrubs in contact 
with the surrounding forest (of the "varzea" type) and 
a savanna- like central core (Fig. 2) . The results 
obtained certified the human influence as responsible 
for recent alterations of the vegetation, also in today 
inhabited places. On the other hand the richness of 

algae, mosses and fungi was emphazised in relation to 
the oscilation of the water level of the bay and the bad 
drained soil (Ferreira el (II., 1997). 

In the present paper it is intended to describe 
the morphology of the most important and most 
frequent palynomorphs isolated from the soil sediments 
and to evaluate their identity in relation to the actual 
plant species occurring in this area. 

MATERIAL AND METHODS 

Six samples of the soil were taken along a 
transect and one sample in addition in an open 
grassland patch (Fi g. 2) in the same area. The transect 
starts at the western margin of the bay of Caxiuana 
and finished near to the first waterarm ("igap6") 
located para llel to the margin of the bay. Each sample 
was composed of25 mixed smaller samples . The soil 
is a sandy clay and the samples were prepared 
according to the purposed standard methodology 
(Ybert el al., 1992), consisting of chemical treatments 
using KOH, HF and HCl, including acetolysis and a 
zinc doride gradient. 

Description of pollen grain morphology 
follows the nomenclature purposed in Punt el al. 
(1994). Pollen grain size classes (small, medium, large) 
are in accordance to Erdtman ( 1952) and pollen grain 
dimensions are presented by bars in the plates . Pollen 
grain magnification was mantained constant, except 
in few cases when indicated in separate . Plant families, 
genera and species identification was based upon data 
from literature (Carreira el al., 1997; Hooghiemstra 

Em re.peilo ao meio ambienlC. ~Me numem foi impresso em papel brnnqueado por pmc;:e~'o par<:ialmcnle iscnlo de c1oro (EeF). 
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Figure 2 - Trnnscet aeross and samples localization in a pateh of a sovonna­
like vegetation near 10 the Bay ofC;,~illana. Bar'" 10 m, 

1984: Garcia, 1997; Neves & Lorscheitter, 1992, 1995; 
Luizi-Ponzo et al., 1997; Roubik & Moreno, 1991; van 
Geel & van der Hammen, 1978) and tbe reference 

collection of the Laboratory of Palynology of the Fe­
deral University of Rio de Janeiro. 

RESULTS 

Tbe samples of the transect are named in 
sequence, starting next to the margin of the bay, as 
"mata-!" (forest-I), "arbustos-I" (shrubs-I), "cam­
pina-I" (savanna- I), "campina-2" (savanna-2), "ar­
bustos-2" (shrubs-2) and "mata-2" (forest-2), in 
accordance to the type of vegetation below they were 
co llected. One sample of the open grassland patch is 
named "campo" (grassland) (Fig. 2). 

Erosion of pollen grain and spore sporoderms 
was observed in all soi l samples. Failing conditions of 
preservation may be responsible fora low pollen content 
in samples, nevertheless a high diverisity of taxa, in 
special of Bryophyta was detected (Fig. 3). 

The descriptions of palynomorphs are 
presented in accordance to the alphabetical ordering 
of family names. In addition are mentioned the 
corresponding soil samples and the plant habitus. The 
illustrations are referred first to the plale number and 
in sequence to the figure number. Magnifications are 
indicated by bar values. 

Diagram of palynomorphs presence 
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Figure 3 - Diagram of palynomorphs prescnce (elaborated using the TIlin program). 
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MOrJ}hologica l desc ripti ons and ecological ra nges: 

ALGAE (Pia Ie I) 

Found in all samples, except in mata- I, 
frequently in the open area of campo. 

Algae (?) (Figs. 11 1,2). Elongated, bilaterally 
symetric, colorless cell presenting one longitudinal and 
well determined rim. 

Algae (?) (Fig. 1/5). Rounded, light brown cell 
presenting a curved apertural rim. 

Chlorophyceae: ef. Spil'ogyra (Figs. 1/3.4). 
Elongated, colorless cells, containing each a round 
inclusion body. 

Zygnemataceae: probably MOligeoria type 
(Figs. 119, I 0). Typical structured (polygonal) cells, 
liglH brownish. 

Zygnemataceae: Zygnema type (Fig. 1111). 
Rounded, perforated cell, brownish colored. 

Zygnemataceae: cf. Debal'ya. (Fig. 5/47): 
zygospore. Rounded, colorless cell presenting a 
granulate surface ornamentation. 

Pselldoschiwea. (Figs.tIl2-IS). Typical structured 
colorless cells, presenting concentrically disJX>sed ridges 
on both faces and of taxonomic illserrae :;edi:;. 

FUNGI and PALYNOMORPHS (Plate 2) 

Found in all samples. Spores are dark brown 
(black), brown, orange, yellow colored or colorless. 

Typica l structured polygonal cells, dark brown 
with smoth su rfaces (Figs. 116-8). 

Glomaceae: Rhizophaglls (Figs. 211 ,2, 16 and 
4/26). Light yellow or brow nish round cells presenting 
a short neck liS in Figs. 212 lind 4/26, or a longer 
filament, as in Figs. 2/ t and 2/ 16. 

Rounded dark spores presenting irregu larly 
distributed dark surface granules as in Figs . 2/3 and 21 
9 or little verrucue us in Fig. 2/ 12. 

Brown round poliforated spore; pores aspidotes 
and equidistant (Figs. 2/4,5). 

Dematiaceae: Tetrapioa. (Fig. 2/6). Brownish 
spore composed of four segments starting from one 
side only. 

Little round dark spores. with a smooth (above) 
or finely structured surface (below) (Fig. 2n) 

Clusteroffungal spores (Fig. 218). Large group 
of dark brown cells that Ilever detach one from another. 

Sordariaceae: Ge/asillospol'a (Fig. 2110). 
Elongated brown spore with regularly distributed small 
perforations. 

Two brown fungal cells (Fig. 2/ 11) that open 
at their extremities (Dip/op/oa?). 

Oematiaceae: Nigrospora (Fig. 21 13). Rounded 
black spore with a not outstanding slit. 

Lycoperdaccae: Lycoperdoll (Fig. 2114). 
Collorless, fuzzy coated round spore without apertures; 
at the right side of the figure a dark epidermis cell of 
Poaceae. 

Typical aspect of a sample from mata-2, 
presenting dark and light stained smooth spores, beside 
brownish organic materia l (Fig. 2115). 

Typical aspect of a sample from arbustos-2. 
presenting a spore of Rhizophaglls and small 
carbonized plant fragments (Fig. 2116). 

Stomata from campina samples (Figs . 21 17. 18). 
Fitolite of Poaceae (Figs. 2114,19). 
Pice of plant epidermis (Fig. 2120). 

8RYOPHYTA (Plate 3·5) 

FOllnd in all samples, prererentially in more 
humid places, less inside ·'mata". Presenting more than 
1700 species in Caxiuana (Or. Regina Lisboa, personal 
communication), no bibliographic data of spore 
morphology. except Luizi-Ponzo et al. (1997) are 
avai lable. The moss spores detected arc in generul 
colourless, light colored, rarely brownish. Spores are 
presented following the sequence of the transect. 

Mata-I: small spore with a large round aperture 
and a thick ondulated perine (Fig. 3/1). 

Mata- I: medium sized spore with a granulate 
perine (Fig. 5/42). 

Mutu-I: medium sized spore with a smooth 
perine surface (Fig. 5/43). 

Mata-I: a large spore with fuzzely structured 
broad perine and a targe rounded and smooth bordered 
aperture (Figs. 5/45,46). 

Arbustos-I: rounded medium sized spore with 
a large rOllnd aperture and u fine ly granulated perine; 
Oicranaceae type (Figs. 3n ,8). 

Arbustos-I: elipsoidal medium sized spore with 
a large pear-formed aperture and a psilate perine; 
Oicranaceae type (Figs. 3/10. 11). 

Arbustos-I: large dark brownish rouned spore 
presenting large ridges or perine or insulae and a larg 
smooth bordered round aperlure (Figs. 5/49,50). 

Campina-l: medium sized spore with a large 
polygonal aperture and small irregularly disposed pro­
cesses in the perine (Fig. 3/9). 
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Campina+ I: subtriangular, medium sized 
hialine spore with a trilete aperture and a psi late perine; 

Anthocerotaceae: Phaeoceros type (Fig. 3/12). 
Campina+ I: small spore with a round aperture 

and a finely ondulated perine (Figs. 3115,16), 
Campina+ I: small to medium sized spore with 

a round aperture and a very thin finely ondulated perine; 
Dicranaceae: Hololl1itriulJltype (Fig. 3/17). 

Campina+ I: small spore with a round aperture 
and thin perine processe; Dicranaceae: CQIJIPylopus 

type (Fig. 3118). 
Campina+l : small spores with a round aperture 

and perine ridges forming polygonal lumina (Figs. 31 
19,20). 

Campina+ I: small spore with a heart+shaped 
aperture and a thin psi late perine (Fig. 4/21). 

Campina-I : small spore with a well determi ned 
round aperture and a ps ilate perine of variable th ickness 
(F;g. 4122). 

Campina-l: medium sized oval spore with a 
same shaped well delimited large aperture and a very 
thin psi late perine (Fig. 4/25). 

Campina-I: small to medium sized round spore 
wi th a large round aperture and a thin sporoderm (Fig. 

4/30). 
Campina-l: very small round spore with a 

round aperture and fine long perine processes 
(Bruchiaceae?) (Figs . 4/32,33). 

Campina-2: a larger spore than of Fig. 31, but 
also presenting a strong structured rim around the 

aperture (Fig. 5/44). 

Arbustos+2: small spore with a irregularly 

formed large aperture and a finely structured perine 

with thin branched processes (Fig. 3/2). 
Arbustos-2: medium sized spore with a large round 

apelture and a granulate peline (Figs. 3/3,4 and 5142), 
Arbustos+2: eas ily deformed spore of medium 

size with II very thin, gmnulated perine (Fig . 3/5). 

Arbustos+2: large spore with a round aperture 

and a thin irregularly structured perine (Fig.3/6). 

Campo: survey of a soi l sample showing 

numerous dark-burned orgllnic fragments, II fuzzy coated 

moss spore and a RhizophllgllS spore (Fig. 4/26) . 

Campo: small spore with a large aperture and 

pi lum like regularly ordered perine processes (Figs. 4/ 
27,28). 

Campo: small spore with an elongated aperture 
and a psi late thin perine (Fig. 4/29) . 

PTERIDOPHYTA (Plate 6) 

Spores of Pteridophyta are not frequent in the 

soil sediments and a few Iypes of spores were detected 

in all samples examined . No preference of habitat could 

be defined. 

Campina+ I : s imilar spore as in Figs. 7+8; Selaginellaceae: Selagillella type I (Figs. 6/1-4). 

Dicranaceae type (Figs . 4/34,36). Large spores, trilete, presenting a typical structured 
Campina-I : a large spore presenting a thin and 

contrasted exine surrounded by a transparent stongly 
ondulated perine with numerous transversal rigdes like 
columella (Fig. 5/48). 

Campina-2 : medium sized spore with a great 
round aperture and a fuzzy structured perine (Figs. 31 
13,14). 

Campina+2: small to medium sized round spore 

with a smal polygonal shaped rim of the aperture and 
a thin sporoderm (Fig. 4/31). 

Campina+2: simi lar spore as in Figs . 3/10-11; 
Dicranaceae type (Fig. 4/35) . 

Campina+2: large spore surrounded by a broad 
transparent ondulated perine (Figs. 5/37,38). 

Campina-2: similar spore as in Figs . 10+ 11; 
Dicranaceae type (Fig. 5/39) . 

Campina+2: med ium sized spore presenling an 
irregular fo rmed aperture and a finely granulated perine 
(Egs. 5/40,4 1). 

perine of irregularly d istributed long transversal pro­

cesses and muri of variable thickness and length; small 

and larg lumina are located one beside the other. 
Herbaceous. Spores were found in sample of arbustos·2. 

Selaginellaceae: Selagillella type 2 (Fig. 6/5). 
Medium to large spores, tri lete, presenting a spiculate 

penne. 

Herbaceous. Spores were found in sample of arbustos-2. 

Dryopteridaceae: Elaphoglosslll1l (Figs. 4123,24). 

Medium sized elipsoidal spore with a same shaped 
large apertu re and typical joined ridges of psilate perine 

at the distal polar are. 

Herbaceous. Spores were found in sample of campina-I. 

Dryopteridaceae: Dryoplcris (Figs. 6/6,7). 

Large spores, monolete, the perine presenting different 
sized flat insulae. 
Herbaceous. Spores were found in sample of campo. 
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Polypodiaceae: type 1 (Fig. 6/8). 
Large spore , monolete, with a characteristically 
verrucate perine. 
Herbaceous. Spores were fou nd in sample of mata-I 
and campina-2. 

Polypodiaceae: Iype 2 (Fig. 6/9). 
Medium sized spore, trilete, with a characterist ically 
verruca\e perine. 
Herbaceous. Spores were found in sample of aroustos-I. 

ANGIOSPERMS (plate 7-12) 

Pollen grains were found in all samples, most 
frequently in sample of mata-2, and less frequently next 
to Ihe water line. They are in general well preserved, 
showing that no distant pollen transport have occurred. 
Pollen grain identification was executed considering 
the li st of species published in Lisboa el al. (1997), 

Ferrei ra et (II. ( 1997), some pollen description in Car­
reira er a/. (1997) and personal observations. 

Amaranthaceae: AlrenulIIrhera (Fig. 7/1) 

Pollen grains of small size, 12-porate, presenting a large 
ret iculum where each lumen corresponds to a pore; 
muri provided wi th sp inu les. Ectexine larger than 
endex ine. 
Herbaceous. Pollen grai ns were found only in sam ple 
campioa- I. 

Anaeardiaceae: Tapirira g fliall ellsis Aubl. 
(F;gs.7/2-4, 11/1 20- 122) 
Pollen grains of medium size, prolate, 3-eolporate, 
presenting a fine striate surface. Ectexine larger than 
endex ine. 
Small trees. Pollen grains were found in samples of 
campina-l and arbustos-2. 

Annonaceae: AilIIOlla pa/ltt/osa Aub1.(Figs. 71 

6-8) 
Pollen grains assembled in polyads, bUI in soil samples 
monads were recognized on ly; polyads are irregularly 
formed; pollen grains are of large size, inaperturate, 
presenting a pilate ornamentation. Ectexine is thicker 
than endexine. 
Trees. Pollen grai ns were found in samples of mata-2, 
campina- I and campo. 

Apocynaceae (?) (Fig. 10nO) 
Pollen grai ns of medium size, prolate, 8-zonocoplorate, 
endoapertures lalongate, psi late. 
Pollen grains were fou nd only in sample of mata-2. 

Apocynaceae (7) (Figs. 10/88-90) 
Pollen gra ins small to medium size, prolate, 3-
colporate, endoapertures lalongate, zonorate, psilate. 
colourless. 
Pollen grains were found only in sample of arbustos-2. 

Araceae: Sparhiphylllllll (Figs. 711 1,12) 
Pollen grains of medium to large size, inaperturale. 
presenting a strongly striated ornamentation. Sexine 
thicker at the polar areas. 
Herbaceous. Pollen grains were found in sample of 
arbustos-l, campina-2 and mata-2. 

Aral iaceae: Dit/ymopal/ax lIIorororollij (A ubI.) 
Decne. et Planch.(Figs. 7/9,10) 

Poll en grains of medium size, oblate spheroidal to 
sp heroida l, 3-colporate, co lpi invaginate, surface 
reticulate. 
Trees. Pollen grains were found only in sample mata-2. 

Arecaceae: ASlrocllryulII lIIurlllllllrtl Marl. 
(F;gs. 121137, 138) 
Pollen grains large, flattened, trichotomocolpate, 
perforate-reticulate. 
Trees. Pollen grains were found in sample of mata-I. 

Arecaceae: Euterpe o/eracea Mart. pollen type 
(F;gs.7113,14,17) 
Poll en gra ins of medium to large size, 1-colpate, 
presenting a fi nely granulate suface. 
Trees. Pollen grai ns were found in all samples, except 
in campo. 

Aree<Iceae: Mauri/ia villi/era Mart.(Fig. 7116) 
Pollen grains of medium to large size, I-aperturate, 
presenting a thi ck exi ne covered with spa rse ly 
distributed big spines. 
Trees. Pollen grains were found in samples of campi­
na-I and mata-2. This palm species is very frequent in 
the area of mata-l, but pollen grains were not found in 
the soil there. 

Arecaceae: nOI identified (Fig. 7/15) 
Large po llen grains, l-aperturale, sex ine (without 
spines) thicker than nexine. Spines mami lli forme. 
Pollen grains were found only in sample mata-I. 

Arecaceae: not identified (Fig. 121139) 
Poll en grain medium sizes, fl attened, trichoromo­
colpate, reticu late. 
Trees. Pollen grains were found in sample of mata-I. 

Bignoniaceae: Jacaranda copaia (A ubI.) D. 
Don (r;g . 8/22) 
Pollen grai ns of medium to large size, suboblate, 3-
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colporate. cndoaperture large and scarcely defined, psi late. 
Trees. Pollen grai ns were found in samples of campi ­
na-2. mata-2 and mata-I . 

Bombacaceae: Pac/lira aqllatica (Aubl.) K. 
Schum. (Figs. 8123.24) 
Pollen grains of med ium size, ob late. 3-colporate, 
planaperturate. ret iculate, he terobrochate. Lumina 
smaller allhe illlgies. 
Very common trees in the region, but not referred to 
the savanna area. Pollen grains were found only in 
sample of mata-2. 

Caesalpiniaceae: ClwlIIlIecrista lucells Pinier 
(F;gs. 111100. 111105, 11 / 11 8, 11 9) 
Po ll en grain s s mall , s ubproillt e, 3-colporate, 
encloapertures scarce ly defined. reticulate. 
Trees . Poll en grains were found in samples of campi­
na-2 and rnata-2. 

Caesalpiniaceae: 1'achygalia myrlllt:coplJylll 
Duck. (Egs. 9/36·39) 
Pol len grains small. prolate to subprolate, 3-eolporate, 
longicolp.ilc, reticulate. heterobroehate. 
Trees. Pollen grains were found in samples of mata-I 
ancl carnpina-2. 

Chenopod iaceae: pol len type Amaral/thusl 
Chenopodiaceae (Fig. 8125) 
Pollen grains small , spheroidal, pantoporate, reticulmc. 
Herbaceaous. Pollen gra ins were found only in sam ple 
of campina- I. 

Clusiaceae: Rheedia (Figs. 9/35 and 11/104) 
Pollen grains smal l, spheroidal, 3-colporate, colpi short 
and broad, reticulate. 
Trees. Two species were related in the forest area: R. 
aClllllillata Planch. et Triana e R. gardllerialla Miers 
ex PI. & Tr., but not referred to the savanna area. Pollen 
grains were found only in sample of mata-2. 

Clus iaceae: Vislllia (Figs. 8120,2 1) 
Pollen grai ns of smail to medium size, prolate 
spheroidal. 3-col poratc. co lpi invaginate, surfacc 
reticulatc. Sexine thicker than nexine. 
Very common shrubs. Two species were relmed in the 
forest area: V. b(lccifera Reichart. and V. cayemumsis 
Pers. Pollen grains were found in samples of campina­
I, campina-2, mata-2 and campo. 

Convolvulaceac: not identi fi ed (Figs . 8/27-29) 
Pollcn grains of me di u III size, spheroidal , pantocolpate. 
spiculate. Sexine thi cker than nexine. 
Herbaceous. Pollen gra ins were found in samples of 
carn pina-2 and mata-2. 

29 1 

Cyperaceae: not identified (Fig. 8126) 

Pollen grains of medium size, spheroidal, inaperturate, 
psilate. 
Herbaceous. Pollen grains were found only in sample 
of cilmpo. 

Dioscoreaceae: Dioscorea (Figs. 8/30-32) 
Pollen grains small , flattened, l-colpate, spiculate. 
Herbaceous. Pollen grains were found on ly in sample 
mata-2. 

Fabaceae: Derris cf all/aZOl/ica Killip pollen 
Iype (F;gs. 9/55·60, 62·65) 
Pollen grains sma ll , prolate spheroidal , 3-colporate, 
endoapcrture lalongate, psi late. 
Trees. Pollen gra ins were found in samples of mara-I. 
campina-2, mata-2 and CiUllpO. 

Fabaceae: Deslllodilllll barbatlllll Griseb. (Figs. 
9/48.49) 
Pollen grains of medium size, spheroidal, 3-colporate. 
endoaperture la longate, surface insulate. 
Trecs. Pollen grains were found only in samples of 
mata-2. 

Fabaceae: Mac/werilllll qllillaUl Sandw. pollen 
Iype (F;gs. 9/5 1,52) 
Pollen g ra ins small. sphero idal, 3-colporate, 
endoapertu res scarcc ly defined, reticulate; scxine 
thicker at mesocol pi a. 
Trees. Pollen grains were found in samples of mata-l, 
mata-2 and C:lmpo. 

Fabaceae: Muculla a/rissillla DC. (Figs. 9/50 
and 121128) 
Poll en grains large, prolatc. 3-colporate, endoapcrtu res 
scarce ly defined, reticulate. 
Trees related to the flooded areas, but not referred to 
the savanna area. Poll en grains were found in samples 
of arbustos-2, mata-2, mata-I and campo. 

Fabaceae: Pwroc(uplis ama=:,olliCIiS Hub. (Figs. 
9/46.47) 
Pollen grains of medium size, prolate, 3-colporate, colpi 
eq uatoria l1 y cons tric ted, endoaperlures scarce ly 
defined, reticulate. 

Trees. Pollen grai ns were found only in sam ples of 
arbustos-2. 

Fabaceae: not identified (Fig. 9/61) 
Pollen gra ins small . spheroidal, 3-colporate, endoa­
perture lalongate, psi lale. Pollen grain constitution is 
less rigid than in the formerly described pollen type. 
Pollen gr:lins were found only in samples of campina-2. 



Fabaceae: not identified (Figs. 9/68,69) 

Pollen grains small, prolate spheroidal, 3·colporate, 
endoapenures scarcely defined, reticulate. 
Pollen grains were found only in samples of campo. 

Fabaceac: not identified (Figs.12/ 125·127) 
Pollen grains of medium size, spheroidal, 3·colporate, 
reticulate. 
Pollen grains were found only in samples of campina·2. 

Flacourtiaceae: Casearia cf arborea Urb. 
(F;gs.8/33,34) 
Pollen grains small, prolate, longicolpate with narrow 
and lalongate endoaperLUres, pilate. 
Trees. Pollen grains were found in samples of mata·1 

and mata·2. 

Lamiaceae: flyptis·like (Figs. 111112) 
Pollen grains of medium size, prolate spheroidal, 6· 
colpate, ps i late 
Shrubs. Pollen grains were found in samples of cam· 
pina·1, arbustos·2 and mata·2. 

Lecythidaceae: type I (Figs. 111113,114) 
Pollen grains small, spheroidal, 3·calp0nlte, colpi 
invaginate, psilate, presenting a thick exine 
Trees. Pollen grains were found in samples of mata·2. 

Lecythidaceae: type 2 (Figs. III [ 15· I (7) 
Po llen grains small, spheroidal, 3·colporate, finely 
ornamentale. 
Trees . Pollen grains were found in samples of mata·l. 
For the savanna area was indicated only the species 
Lecylhis cf /lfrida (Miers) Marl. The family is well 
represented in the forest, comprising several genera. 

Malpighiaceae: Byrsollima aff. crassi/olia (L.) 
Kunth. (Figs . 121134·136) 
Po ll en grains small, sphe roidal, 3·colporate, 
endoapertures lalongate, psi late. 
Trees. Pollen grains were found only in sample of cam· 
pina·2. 

Malpighiaceae: 7etrapteris·like(Figs. 121132, 133) 
Pollen gra ins large, spheroida l, pantocol porate, 
endoapertures ci rcular, psi late, presenting a thick nexine. 
Shrubs, low climbing. Pollen grains were found in 
samples of mata·1 and campina-2. 

Melastomataceae: Clidemia hirw Don. (Figs. 
10173,74) 
Pollen grai ns small, subprolate 10 prolate, 3-colpOt'ate, 
3-pseudocolpate, psi late; exine colourless. 
Trees. Pollen grains were found in sam ples of arbus­
los-2 and campo. 

Melastomataceae: Micol/ia alala Schrank ex 

DC. (Figs . 10171,72) 
Pollen grains small, subprolate to prolate, 3-colporate, 

3-pseudocolpate, psi late. 
Trees. Pollen grains were found in samples of mata-2 

and campo. 

Meliaceae: Campa gllianell5i5 Aubl. (Figs . 101 

75-78) 

Pollen grains of medium size, ob late, 3-colporate, 
ornamentation smooth, LO-type. 
Trees . Pollen grains were found only in sample of cam­

pina- I. 

Meliaceae: Cedrella Jissifis Yell . (Figs. 101 

79,80) 

Pollen grai ns of medium size, prolate, 3-colporate, colpi 

and lalongate endoapertures equatorially constricted, 

psilate. 
Trees. Pollen grains were found only in sample of 

mata-2. 
Mimosaceae: pollen type ofMilllosa lIerrucosa 

Benth.(Figs . 9/40,41) 

Tetragonal tetrads, small, psilate. 
Shrubs. Pollen grains were found only in sample of 

arbustos-2. 

Mimosaceae: /I/ga (Figs. 9/42,43) 

Polyads of large size; pollen grains converging to a 

virtual central point of the polyad. Surface finely 

granulate. 

Tree. Pollen grains were found only in sample of 

mata-2. 

Mimosaceae: SlrypllllodelldlVlI (Figs. 9/44,45) 

Polyads of 12 polen grains, of small size, psiiate. 
Trees. Two species were related in the forest area: S. 

pal/icIIlalll1ll Ducke and S. pu/ciJerrillllllll (Wi lid.) 
Hoch!"., but not referred to the savanna area . Po llen 

grains were fo und only in samples of arbustos-2 and 
mata-2 . 

Myristicaceae: Viro/a slIriJl{/lllew.is Warb. 

(F;gs. 10/83,84) 

Pollen grains small, trapezoidal, I-colpate, reticulate. 

Trees. Pollen grains were found only in sample of campo. 

Myrsinaceae-like (Figs. 11/109, 110) 

Pollen grains small to medium size, prolate spheroidal, 
4-colpate, reticulate. 
Pollen grains were fou nd only in sample of campo. 
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Myrtaceae: Psidilllllgllilleellse Swartz (smooth 

Icavcs)(Fig. 10/81) 
Pollcn grains of medium size, oblate, 3-colporate, 

granulate. 

Shrubs and small trees; this species shall be inlrOduced by 

men. Pollen grains were found in sample of arbustos-l. 

Myrtaceae: Psidillm gllilleellse Swartz (hairy 

leaves) (Fig. 10/82) 

Pollcn grains small, oblme, 3-colporate. psi late. 

Shrubs and small trees; this species shall be introduced 

by men. Pollen grains were found in sample of campo. 

Poaceae: PlIlliclIIlI I'I/dgei Roem. et Schull. 

(Fig. 12/131) 

Pollen grain ofmcdium size, spheroidal , l-porate. psi late. 

Herbaceous. Pollen grai ns were found in sample of cam­

pina-2. 

Poaceae: typc I (Fig. 10/85) 
Pollen grain small to medium size, spheroidal, l-porate. 

finely granu late. 

Herbaceous. Pollcn grains were found in sample of 

campina-l. 

Poaceae: type 2 (Figs. 10/86.87) 
Pollen grain small, spheroidal. I-porate, psilate. 

Herbaceous. Pollen grains were found in sample of 

arbustos-2. 

Poaceae: type 3 (Figs. 12/130) 

Po ll en grain of medium size, spheroidal, I-porate, 

granulate. 

Herbaceous. Pollen grains were found in sample of 

campina-2. 

Polyade not identified (Figs. 8118,19) 
Pol1en grai ns grouped in ve ry large polyades. 

inaperturate, presenting a thin exi ne covered with 

sparsely distributed short spines with rounded apices. 

Polyades were found in sam ples of campina-I and 

campo. 

Rubiaceae: AmaiOlla glliallellsis Aubl. (Figs. 

10/92-94) 

Pollen grains small, spheroidal, 3-colporate, reticulate. 

Trees. Pollen grains were found in samples of campi­

l1a-1 and arbustos-2. 

Rubiaceae: Borreria larifolia (Aub1.) K. 

Schurtl.(Fig. 121129) 

Poll en grains of medium size, oblate, 7-colporate, 
reticulate. 
Herbaceous. Pollen grains were found only in sample 
of campina-2. 

Rubiaceae: Borreria verricil/ata G.F. Mcy. 
pollen type (Fig. 10/95) 
Pollcn grains small, spheroidal, 3-colporate, granulate. 
Herbaceous. Pollen grains were found only in sample 

of campina- I. 

Rubiaceae: Hemidiodia ocimifolia K. Schum. 
(Fig. 10/91 ) 

Pollen grains small to medium size, oblate, 7-8-

zOllocolporate, brevicolpate, reticulate-granulate. 
Trces. Pollen grains were found in samples of campo. 

Rubiaceae:Psychotria-like (Fig. 11/111 ) 

Pollcn grai ns of medium size, spheroidal , inaperturatc, 
reticulate-granulate. 

Pollen grai ns were found only in samples of campina-2. 

Rubiaceae: SaiJicea amaZ01lellsis Vernha. 
(Figs. 11/96-98) 

Pollen grai ns of medium size, suboblate. 3(-4)(-5)­
colporate, brevi col pate, reticulate. 
Shrubs. Pollen grains were found in samples of cam­
pina-I, campina-2, arbustos-2 and mata-2. 

Sapilldaceae: Pal/llillia (Fig. 11/99) 
Pollen grains small to medium size, oblate, 3-porate. 

psilate. 
Climbing shrubs. Pollen grai ns were found in samples 
of arbustos-2. 

Sterculiaceae: Helicteres pelltalldl'a L. (Figs. 
11/101- 103) 

Pollen grains of medium size, oblate, 3-colporate, 
longicolpate, reticulate. 

Shrubs. Pollen grains were found in samples of arbus­
tos-2 and mata-2. 

Ste rcul iaceae: Sterculia pruriells (Aubl.) 
Schum. (Figs. 11/106-108) 

Pollen grains of medium size, prolate spheroidal. 3-
colporate, reticulate. 

Trees. Pollen grains were found only in sample of cam­
pina-1. 

No identification (Figs. 111123, 124) 

Pollen grains small , subprolate. 3-colporate, with a very 
line ornamentation. 
Pollen grains were found only in samples of campina-2. 
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Plate J: Algae 
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Figs. 1·2: ('urnpina.!. prob~bJy alga; Figs. 3-4: ('Jmpina·l. cr. S'liro.~ym: Fig. S: clllllpina·l, probably alga; Figs. 6·8: campo. 
probably fungal spares; Fig. 9: ('ampo. Zygncma!;lCCac: MOl/gealill-type: Fig. 10: campo. Zygncmameeac: MO"CI."OIifHype (bar '" 
20/!m): Fig. 1 J: campina· J: Zygncmmaecac: Zygnelllo-lypc; Figs. 12- 14: earnpina·l, III!if:rliw ,·edi_.; l'scmloschi:J/C{l: Figs. 15. 
16: 'UbU51OS·2. I,,;'erflll' !i"ili;': /'s"uiloscili;:aeu: Figs. 17.]8: ('mllpi",,·2. 11I_"'l'lfIe ;'e"i$: 1','c""";'dli7,II<:II: Bar = IOlim. exccpt Fig. 10. 
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Plate 2: Spores of Fungi and palynomorphs. 
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Fig. I: mata-2. Glomaccac: Rhitop!wglts: Fig. 2: campo. Glornaccac: RlJizopha8"S: Fig. 3: arbustos·2, sJl'OTC of fungus; Figs. 4-5: campo. 
probably a fungal spore: Fig. 6: arbustos-2. Dcmaliaccac: Telmp!orl: Fig. 7: cDmpirm-l. spores. Fig. 8: compo. fungal cclls; Fig. 9: campo, 
spore of fungus: Fig. 10; campinn- I. Sordarioccac: Gt'lllsilloSf/om; Fig. I I: arbustos-2, two fungal cclls: Fig. 12: cnmrw. spore of fungus: 
Fig. 13: mbustos-2. Dcm~tiaceue: N(qmspom: Fig. 14: cumpo, Lycopcrdaceue: Lycoperdon and epidermis cell of f>ollceac: Fig. 15: mata-2: 
sedimcnt wilh light and dar~ spores and carbonated organic material; Fig. 16: arbustos-2: sediment with earbonatcd plant frngmcnts and 
spore of Rlrj~of'IJ(lg'u: Fig. 17: cDmpina-1. stoma; Fig. 18: cumpina-2. stoma; Fig. 19: campo. fitolitc of !'oacclle: Fig. 20: campo. plant 
cpidcrmis: Oar" lOllm 
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Plate 3: Spores of Bryophyta. 
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Fig. I: maw-I: Fig. 2: arbuSlos-2: FiG.s. 3-4: arbuslos-2: Fig. 5: arhu:;tos-2: Fig. 6: arbuslOs-2: Figs. 7-8: nrbuslo- l. 
Dicrannccnc: rig. 9: campina-J: Figs. 10-1 I: arbuslos-1. Dicmn:lccac: Fig. 12: carnpina- I. A11lhocero!aCCilc; Plweoceros 
figs. 13-14: carnpina_2: Fig. 15: campinn- I: Fig. 16: campinn-I: fig. 17: campinn- I. OkrJnaccac: /lO/0I1liI6"",; Fig. 
18: campina- l. Dicmnaccac: eIl/III1Y/Opl'S: rig. 19: c~mpina-l: Fig. 20: campinn-I: Bar = IOJ/m 
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Plate 4: Spores of Bryophyta and of Pteridophyta ElaphoglosSflIll. 

• • 

• 1 . ...Y,./ 
21 

~.rf~. ,~ " 

/. I! .6/ 
l , 

" 

'i' •• " 

r • 
\ 

~ • 
• 

;f ,. 
•• 

" 

• 
• • '. 7.' ... \ 

• 

• 

34 

'\ 

, 
• 

.' 

• .. .., 
~, 

.~ 

~ 

• • 

• 

" -

\:.. 
.... ,!i-
' . , 

7 .,. 
" 

, . .:..:~" 
.~ 

• 

24 

. \ 

" 

.. 

-". t ' 

_ ...... \( 29 
-:---.J.- ~ 

35 

, 

-
• 

/ 

36 

Figs. 21. 22: campina-]; Figs. 23-24: campina·!. Dryopteridaeeae: I::/OpI108/oSSIIIII: Fig. 25: eampilla-l , medium; sized 
smooth spore; Fig. 26: campo. sediment with a spore of Bryophyta. a spore of fungus R/Ji7.0l'lmglls ,md carbonated plant 
fragments: Figs. 27-29: e3mpo; Fig. 30; campiml-I: Fig. 31: eampina-2: Figs. 32-33: cumpina·l . I3ruchiaecac (1): Fig. 34: 
caml'ina-!. Dicranaceac; Fig. 35: campina-2. D;eran~ccac: Fig. 36: campina-!. Dicranaccac: Bur = lO~m 
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Plate 5: Spores of Bryophyta and of alga Debarya. 
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Fig537-41 cumpina-2; Figs. 42. 43: mala- I; Fig. 44: campina·2; Figs. 45-46: maHl- I; Fig. 47: mala- I. ZYI:ncmalaccac: cr. Vl'bar}"ll 

(I.)'gosporc): Fig. 48: campina· l ; Figs. 49. 50: arhllslOs-l: Bar = 10"m 
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Plate 6: Spores of Pteridophyta . 
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Figs. 1-4: arbustos-2, Sclugincllaccnc: Seillgillt'lill (type I): Fig. 5: arbustos-2, Sclagincllnccac: SellIgilll"lla (type 2); 
Figs. 6_ 7: campo, Dryoplcridaccac: Dryoptuis; Fig. 8: c:unpin~-2. I>olypodiaceac: l'o/),/llNlillllJ," Fig. 9: arbustos· L 
lrilele: Bur" IOj(ll1 

299 



Plate 7: Pollen grains of Angiosperma . 
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I'ig. I: emnpina- I. AmormnhacClLC: Ailt'rlllllll/u'rl/ (nOl well preservcd pollen grain); Figs. 2-.t mma_2. AnuclLrdiaceac: 7ill'irifll 

gllillt'L'IISi5; Fig. 5: campinh· 1. Anncnrdinccae: Fig_ 6: mntu-2, Annonaecac: AmlOlm /m/lldosn (bar: 25I1m): Figs. 7-8: campo. 
Annonoccnc: AmlOl llI pn/I/{/osn (bur: 25I1m); Figs. 9-10: mala·2. Ar.lIiaccae: DidytlW/HlIJtlX moroIOIOIL;;: Figs. 11 - 12: campina· 
2. Ardccac: Spalltipll.l'Umll: Fig. 13: eampina· 1. Arccaceac:: pollen type I::",t!rpt! t)/t!rtlcea; Fig. 14: arbuslos·2. Arcraceae: 
pollen type Elllcrpe oterllcell: Fig. 15: mma-I. Areeacrac: Mnllril;" "iui/f'f//: I:;g. 16: mata·2. Arecaccac: M'lllrilia "Inifem; 

Fig. 17: arbustos-2. Arccoecae: pollen type E"tf'f,1C o/ertlCl'lI: Bar '" IOlIm 
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Plate 8: Pollen grains of Angiosperma . 
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Figs. 18-J9: call1Jlo: Figs. 20-21: nmw-2. Clusiaccnc: Vismill: Fig. 22: mnla- [: Bignoniaccuc: }acnrwuln L·upllia: Figs. 23-24: 
ma(a-2. Bombacaccae: I'llchim 1U111II/lclI (bar: 251/111): Fig. 25: cmnpina- I, Ama((llll/ws/Chcnopodiaccae; Fig. 26: campo. 
Cy[}Craccae(nO! well preserved pollen grain); Figs. 27-29: rna(a_2, Convolvulaccac: Figs. 30-32 : 1113(a-2. Dioscorcaccac: Dioscorea 
Figs. 3)·34: mma_I,l'lacouninccne: ell.lenria urborea: Bar = 101/111 
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Plate 9: Pollen grains of Angiosperma. 
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Fig. 35: m~ta·2. Clusiaccac: Rllei'dill; Fig. 36: cnmpina-2. Cacsalpiniaccac: 1"L'lIy/tlllia mym,cc0l'''ylll; Figs, 37-38: mala· I, 
Cacs.alpi "iuceac: 7(11;">'8(11;11 "'ynllCCllpi>y/": Fig. 39: campina-2, Cacsalpiniaccae: 1{'c/'yg(liill myrmecophY/II: Figs. 40-41 : mbuslOs-
2. Mimos,1ccac: pollen type Mill/om \'cr'"1:05(1; Figs. 42-43: mala·2, Mimosaccac: filS"; Figs, 44.45: arbusl05-2. Mimosaccac: 
.')tryplll/mlcllllr01I: Figs. 46-47: arbustos-l. Fabaccac: PlerOCllrplis IIl11uzotJicllS: Figs. 48-49: mma-2. Fabaccac: Del/lloililllll 

bllrbllllllll: Fig. 50: m;l(a-l, Fabaccac: MIICIIIIll ,,/lissiIlUl (bar:: 25Ilm); Figs. 51·54: mala-I, Fabaccae: pollen type /I1(1c/lIlCrilllll 

lJ"illll/{,; Figs. 55-56: campo. I'abaccac: pollcnlype Derris IImaZOllicfl; Fig. 57: mala-2. Fabaccae: pollen lype Derris ammptJiCll; 

Figs. 58-60: campo, Fabaeeae: pollenlype Derris amaZOllicfl; Fig. 61: campina-2. Fnbaccac; Figs. 62-65: campo, Fabaecae: pollen 
lype Derri.< (lmllZOllim; Figs. 66-67: arbustos-2. Fabace3e: Figs. 68-69: campo. Fabaccac: Bar == lOpm. except Fig. 50 
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Plate 10: Pollen grains of Angiosperma. 
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Fig. 70: nmla-2. Apocyn,lCc~c (1): Fig. 71: rnma-2. MclaslOrnmaccac:Mkoll;lIl1ll11l1; Fig. 72: carn[}O. MciaSlOIllUlnccac: /11k/mil, 
fllml/; Fig. 73: carn[}O. Mcl:ISlomalDccac: C/id"m;" ";rlll: Fig. 74: arbuslOs-2. MclaslOm,naccac: Clillelll;u "frill: Figs. 75-78: 
campina·l. Mclinccac: C/I(('1I11 gJ,i/lllcltsis; Figs. 79-80: mma-2. Mcliaceae: Ct!I/fI'lfffi:;silis; Fig. 8 1: arbuslos·l. Myrtaecae: PS;ri;1I11l 
!:"illUIlSt! (smootll lca"es): Fig. 82: campo. Myl1aceac: I'Si,/i1l1ll gU;Ilt!t'llSt! (liairy leaves): Figs. 83-84: campo. Myristicaceac: 
Viro/ff SJlfi""m('IIsis and carbonizcd matcrial: Fig. 85: campina- I. 1'000cac. pollen type I: Figs. 86-87: arbustos-2. P03Ccac. pollen 
t)'pe 2: Figs. 88·90: arbuslos·2, A]lQCynaceac (1): Fig. 91: campo. Rubiaecac: IIl'milJioilit. odmifoli/l; Figs. 92-93: arbustos-2, 
Rubiaccae: Amlliolfllll"imJI'/l:;is; Fig. 94: campina- l. Rubiaceae: Amlliol/o IIw'llIlt'llsi.!; Fig. 95: camplna-l. Rubiaceae: pollen 
type Borrt'fill .·.,rticilllllll: Bur" 10ll-m 
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Plate 11: Pollen grains of Angiosperma, 
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Figs. 96-98: ;lrbuslos-2. Rubincene: SII/Jicell IIIIIIIZl/llellsis: Fig. 99: arbustos-2. Sapindaccac; I'IIII/lilli(l: Figs. lOO. 105: mow·2. 
Caesalpiniaceae: C/wllllleCriSl/I II/celiS: Figs. 101-103: urbuslos-2. Slcrculi;lecae: Helir;leres I'ClIIllIulra; Fig. 104: mala-2. Clusiaceae: 
Rhcedia: Figs. 106-108: cnmpinn-I. Slcrculiaceae: Sll'fClllitl pmriclIs: Figs. 109-110: campo. pollen Iype Myrsinaccoc; Fig. III: 
campina-2. Rubiuceuc: pollen type PSyCho/fiu; Fig. 112: campina-l. Lamiaccae: pollen Iype lIyplis: Figs. 113·114: mma-2. 
Lccythidaccac (pollen type I): Figs. 115-117: maI3-1, Lccylhidaccac (pollen Iype 2): Fig. 118: nmI0-2. Cucsalpiniaccac: Clwl1Iaecri;w 

IlIcclls; Fig. 119: c~mpina-2. Caesalpiniuccae: C/wlllaecrisItlIIfCl'IIS: Figs. 120-122: orbuslos-2, Anucardiaceae: Tapirira gllillllCIlSis 

(polar view): Figs. 123-124: c:l1npinu-2. 3-colpoT:llc: Bar::: IOpm 
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Plate 12: Pollen grains of Angiosperma . 
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Figs. 125·121: campina-2. Fab~ceae: Fig. 12S: mma·1. Fabacc~c: MlIclIlIo (I/lissilll(l: Fig. 129: c3mpina-2. Rubincc3c: lJom:ritl 
Imilo/ill: Figs 130. 131: c31npina-2. Poaceae (pollen type 3): Figs. 132. 133: campinn-2: MnlpighinrC3c; FiGs. 134-136: c3mpina-
2: Malpighioccnc: lJyrsollilllll {Iff. cmssilo/io: Figs. 131. l3S: m313- 1: Arccaccac: ASlrocllrY"1II IIIl1rWlllm,: Fig. 139: 11l~13_1: 
Arccaccac: Bar =: lOpm 
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