MIOCENE PALYNOMORPHS OF TAIWAN—IIL spores

TSENG-CHIENG HUANG®

Abstract: Fourty-three form genera and 92 taxa of the Miocene fossil
sporomorphs arc reported in this paper. Thirty-six form genera and 69
taxa are here described for the first time in Taiwan.

'RODUCTION

The palynological investigation of Miocene sedimentary rocks in Taiwan began in 1971
which was financially supported by the U.S.-China Cooperative Science Program. The sedi-
ments of the Chuhuangkeng oil field along the Houlung River, Miaoli county was selected for
pollen analysis. As it was the initial period for pollen analysis in Taiwan, the result of this
investigation (Canright, 1971; Huang, 1973) was not significant, and reinvestigation of the same
project is highly desirable.

During 1974 and 1975, 1 collected again the sedimentary rocks of the Miocene in Taiwan
at four different locations: namely along the highway route between Keelung and Yeliu,
Shiht and Sanhsia in Taipei county, also along the road between Chuhuankeng and Nanliao
in Miaoli county, 101 rock samples were collected. These rock samples were brought to paly-
nological laboratory of the Botany Department of National Taiwan University for the prepara-
tion of pollen slides. Permanent slides were completed in two years. These slides were taken
to Abteilung fiir Palynologie der Universitiit, Gottingen, West Germany for examination from
September 1975 to July 1976. The preliminary study was supported by Prof. Dr. Hans-jiirgen
Beug and Alexander von Humboldi-Stiftung, West Germany. As a result of the examination,
more than 150 fossil palynomorphs were recognized. The description of these fossil palyno-
morphs was started in S ber 1976 and was d by the Biological Research Center of
Academia Sinica of National Science Council, and the work is still continuing. It will take
years to finish this work so the writer plans to report his taxonomical findings of fossil paly-
nomorph in a series. The last complete report will include detailed information for sampling,
methods of preparation of pollen slides, a checklist of the fossil flora and pollen stratigraph of
the Miocene of Taiwan.

The taxonomic treatment of Tertiary fossil palynomorph has been debated by many paly-
nologists for a long time. 1In this paper, T have adopted artificial form genera names for
nomenclature. Sixty-eight taxa are reported here for the first time in Taiwan. They belong
to three classes and 36 form genera; namely one taxon for the class Alete; 14 form genera
and 39 taxa for the class Monolete; and 22 form genera and 29 taxa for the class Trilete.
Besides, seven form genera and 23 taxa are added in keys and their scientific names are listed
in the taxonomic arrangement without description because they have been published previously.
Several questionable sporomorphs still require for further study.

TAXONOMIC TREATMENT

KEY TO THE CLASSES

1. Spores without dehiscent mark or tetrad scar
1. Spores with dehiscent mark or tetrad scar.
2. Spores with a single tetrad scar..

Alete

..2. Monolete

(1) A%, Professor of Botany, National Taiwan University.
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2. Spores with a triradiate tetrad scar.............ciiiiiiiiiiienneaaan. .30 Trilete
Class 1. ALETE

There are several taxa found in the Miocene fossil spores, but only one taxon is described here.
Genus 1. LAEVIGATASPORITES Potoni¢ & Gelletich 1933.

Spores lacking a dehiscence scar and having a more or less smooth surface.
. Laevigatasporites taiwanensis Huang sp. nov. PL 11, Figs. 1-2.
Spores alete; amb elliptic; 45x 58 . Exine 1.5-2 x thick, psilate, smooth.
Type locality: Tungkeng Formation.
Type slide: 42-1L.
Taxonomic affinity: This species is closely related with the extant Equiserum species,

Class 2. MONOLETE
Fourteen fossil form genera and 41 taxa are recorded here.

KEY TO THE FORM GENERA
11. Perinomonoletes

Spores with perine............. e e o i ik R s
Spores without perine.
2. Spores wall with thick margi:
2. Spores wall without thick margin.
3. EXINe SITALE. .o v ittt etie it e e 14. Schizaeoisporites
3. Exine not striate.
4. Exine with various kinds of processes.
5. Sexine reticulate or areolate.
6. Sexine areolate, with LO-pattern........ ST a e erhisS 15. Verrucatosporites
6. Sexine reticulate, with OL-pattern.
7. Lumina less than 1z wide; exine with short baculate, scabrate, verrucate, or
................. weveeen. 100 Microfoveolatosporis
7. Lumina more than 1z wide; exine with scabrate or verrucate processes.....
......................................................... 12. Polypodiidites
5. Sexine granulate or tuberculate.
8. Exine with echinate processes, the echini less than 1 long; sexine finely
granulate, the granules less than 1u wide............oouuuts 13. Punctatosporites
8. Exine with varions kinds of processes, the echini more than 1 long; sexine
coarsely granulate or tuberculate, the granules or tubercules more than 1z wide.
9. Spores large, more than 30z wide in polar axis; exine with a loosely verrucate,
clavate, gemmate and echinate processes e ...5. Gemmatosporis
9. Spores small, less than 30 2 wide in polar axis; exine scattered gemmate
processes.
10. Exine with echinate processes
10. Exine with gemmate processes...................
4, Exine psilate.
11. Sexine smooth.
12. Amb nearly CirCUlAT. .....ovvviiiviuiivninnuniiniinns Sivas ey 8. Latosporites
12. Amb elliptic or lunate.
13. Side view of spores in crescent shape...
13, Side view of spores not in crescent shape.

16. Zonomonoletes

...2. Echinosporis
. 4. Gemmamonoletes

.9. Lunulasporites
1. Laevigatosporites
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11. Sexine granulate or punctate.
14. Granules on outside wall .
14. Granules on inside wall ..

3. Extrapunctatosporis
.6. Intrapunctatosporis

Genus 2, ECHINOSPORIS Krutzsch 1967.
Spores monelete. Exine with echinate processes, the echini more than 2 u long.
2. Echinosporis taiwanensis Huang sp. nov. PL 11, Figs. 3-5.

Spores monolete; amb elliptic; 17x27 . Exine 1 g thick, with echinate or baculate pro-
cesses, the echini 4 x4 z, the bacula 4 x 2 z2; sexine reticulate, with OL-pattern, the lumina 5x 7z
Type locality: Shuliufen Shale Member.
Type slide: 54-2L (fig. 3, holotype), 52-IR (figs. 4-5).
Taxonomic affinity: This species is similar to the extant Cystopteris moupinensis Franchet
of the Athyriaceae and also the fossil species of Echinosporis echinatus Krutzsch.
Note: Differs from other fossil related genera in the typically echinate sculpture.

uenus 3. EXTRAPUNCTATOSPORIS Krutzsch 1959,
Spores monolete; amb lunate. Exine psilate or subpsilate; sexine extrapunctate.
3, Extrapunctatosporis taiwanensis Huang sp. nov. PL 1, Figs. 1-2.
Sporcs monolete; amb lunate, the proximal face flat, the distal face convex; 49x 358 pu;
furrow 38 z long. Exine 2-3.5 u thick, psilate or subpsilate; sexine extrapunctate.
Type locality: Tungkeng Formation.
Type slide: 41-5R.

Taxonomic affinit Unknown.

Genus 4. GEMMAMONOLETES Pierce 1961.

Spores monolete; amb reniform; 15x23 4. Exine with scattered gemmate processes or
wart-like appearance, 1.3 u thick.

KEY TO THE SPECIES

1. Spores elliptic, 26-29x34-36 2. .. ..ooiiiin i 4. G. formosensis
1. Spores lunate, 22X 528, ccevvniiniiiniins e cervrerieiesaraaass 5. G oblongo-lunatus
4. Gemmamonoletes formosensis Huang sp. nov. Pl 2, Figs. 1-9.

Spores monolete; amb elliptic on proximal view; 27x36 x; furrow 19 2 long, with line-
like margo, the margo 1 wide. Exine 1-1.5u thick, with gemmate processes, the gemmae
2%2pu; sexine tuberculate, the tuberculae 1-2 2 wide.
Type locality: Tungkeng Formation.
Type slide:  42-2L (figs. 1-3, holotype), 42-1L (figs. 5-6, 8), 42-2L (fig. 4), 54-2L
(fig. 9).

Taxonomic affinity: This species is similar to the extant Crypsinus tosaensis (Makino) H.
Ito of Polypodiaceae.

Note: The same palynomorph is also found in Yutengping Sandstone Member (58-1R
figs. 7). The size of spores is 26-29 x 34-36 1.

5. Gemmamonoletes oblongo-lunatus Huang sp. nov. Pl 2, Figs. 10-11.

Spores monolete; amb lunate, the proximal face concave, the distal face convex; 22x 52 4.
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Exine 1z thick, with gemmate processes, the gemmae 1.5x I-1.5 u; sexine reticulate, the tube-
rculae 1.5-2.5% 1.5-2 1, with LO-pattern.

Type locality: Yutengping Sandsione Member.

Type slide: 59-5L.

Taxonomic affinity: Unknown.

Note: The same palynomorph is also found in Kuantaoshan Sandstone Member (50-2L).

Genus 5, GEMMATOSPORIS Krutzsch 1959,
Spores monolete; amb lunate or elliptie; furrow simple, closed or open. Exine with loosely
verrucate, clavate, gemmate or echinate processes; sexine tuberculate.
KEY TO THE SPECIES

...6. G. lato-aperius
1. G. raiwanensis

. Furrow open; tuberculae 1(-2)x 1(-2)x
. Furrow closed; tuberculae (1-)2-3 x (1-)2-4(-5)x.

. Gemmatosporis lato-apertus Huang sp. nov. PL 3, Figs. 1-6.

&

Spores monolete; amb oblong-elliptic in proximal view; 40x61 z; furrow simple, open
widely, 830 Exine 1y thick, with gemmate processes, the gemmae less than 1x 1 u; sexine
granulate.

Type locality: Taliaoc Formation.

Type slide: TR,-4L. (figs. 5-6, holotype).

Taxonomic affinity: This species is similar to the extant Crypsinus engleri (Luerss) Copel.

of the Polypodiaceae.

Note: The same palynomorphs are also found in Talu Shale (10-3IR, figs. 1-2), and

Peliao Sandstone (32-2R, figs, 3-4). The sizes are 40-503x 58-70 se.

7. Gemmatosporis taiwanensis Huang sp. nov. Pl 4, Figs. 1-7.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 52x64p;
furrow indistinct. Exine 1 thick, with gemmate processes, the gemmae 1-3x 1.5-4 p1; sexine
tuberculate, the tuberculae 1.2 x 1-4 z.

Type locality: Taliao Formation.

Type slide: TR,-4L(figs. 6-7, holotype), TR,-2R(fig. 5).

Taxonomic affinity: This species is similar to the extant species of Polypodium and Saxi-

glossum.

Note: The same palynomorphs are also found in Kuantaoshan Sandstone Member (50-2R,

53-3R, figs. 2-3), and Shuliufen Shale Member (54-2R, fig. 4). The size of spores
35-52x55-64 2. It can be found in Chinshui Shale of Pliocene (63-2R ,fig. 1).

Genus 6. INTRAPUNCTOSPORIS Krutzsch 1967.

Spores monolete; amb lunate, the proximal face slightly concave, the distal face convex.

Exine psilate; sexine intrapunctate, intramicrofoveolate or intramicrobaculate.

8. Intrapunctosporis taiwanensis Huang sp. nov. PL 1, Figs. 3-4.

Plate 1. All figures, x 1000. o
1-2. Extrapunctatosporis taiwanensis Huang (41-5R); 3-4. Intrapunctosporis taiwanensis
Huang (51-6L); 5-7. Microfoveolatosporis lunatus Huang (I11-9L, 11-9R); & Microfoveco-
latosporis-ellipticus Huang (35-1L); 9. Microfoveolatosporis taiwanensis Huang (34-1L);
10-11. Punctatosporites taiwanensis Huang (51-6R).
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Plate 2. All figures, x 1000,
1-9. Gemmamonoletes formosensis Huang (42-2L, 42-1L, 58-IR, 54-2L);
10-11. Gemmamonoletes oblongo-lunatus Huang (59-SL).
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Plate 3. All figures, x 1000.
1-6. Gemmatosporis lato-apertus Huang (10-31R, 32-2R. TRy-4L).
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Plate 4. All figures, x 1000.
1-7. Gemmatosporis taiwanensis Huang (63-2R, 53-3R, 54-2R, TRs-2R, TRy-4L).
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Spores monolete: amb lunate, the proximal face slightly concave, the distal face convex:
33x63 4. Exine psilate, 2-2.5 ¢ thick, with intramicrobaculate processes, the bacula less than
1 long; sexine intrapunctate or intramicrofoveolate, less than 1z wide.

Type locality: Kuantaoshan Sandstone Member.

Type slide: 51-6L.

Taxonomic affinity: This species is similar to the fossil species of Imtrapuncrosporis plio-

caenicus Krutzsch.

Genus 7. LAEVIGATOSPORITES Ibrahim 1933,
Spores monolete; amb bean-shaped. Exine psilate, smooth.

KEY TO THE SPECIES

1. The ratio between length and width of spores larger than 1.5.
2 Spores less than 30x40x..
2. Spores more than 30 x40 .
3. Exine 2.5 u thick..
3. Exine 1.5 thick..

1. The ratio between length and width of spores less than L.5.
4. Spores more than 50 x 60 «; ratio between length and widith of spores 142...........
______________ LS s RS, B e TR B R T e ST T S gt B L e s TN JOUTRIES:

4. Spores less lhan 5!0)-(60;1

5. Spores elliptic; ratio between length and width of spores 1.2-1.33...12. L.reniformis
5. Spores oblong-elliptic; ratio between length and width of spores 1.2.
6. Spores six angular-shaped sles 130 L. sexangulariformis
6. Spores oblong-elliptic 4, L. raiwanensis

0. L. gracilis

.9 L. crasso-lunatus
.15, L. tenvi-lunatus

9. Laevigatosporites crasso-lunatus Huang sp. nov. PL 6, Fig. 1

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 45x75u.
Exine 2.5 2 thick, psilate, smooth.

Type localit; Shuliufen Shale Member.

Type slide: 54-2R.

Taxonomic affinity: This species is similar 10 the extant Vinaria species,

10. Laevigatosporites gracilis Wilson & Webster, S. 273/4. Fig. 4 (27-30#m). Fort. Union
Kohle, Montana, U.S. A. 1946. Pl 5, Figs. 1-2.

Spores monolete; amb lunate, the pr
20-32.5. Exine psilate, smooth, 1-1.5 # thick.
Locality: Wutzeshan Formation and Shuliufen Shale Member.
Selected slides: Muw,-10L, 54-2L.
Taxonomic affinity: This species is similar to the extant Aspleninm species or Parathelypieris
beddomei (Bak.) Ching.
Note: Known also from middle Oligocene to old Pleistocene of middle Europe.

al face concave, the distal face convex; 13-20x

11, Laevigatosporites magniformis Huang sp. nov. Pl 6, Fig. 2.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 70:x 100 s
Exine psilate, smooth, 2 4 thick,

Type locality: Peliao Sandstone.

Type slide:  30-2R.
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Taxonomic affinity: This species is similar to the extant Vinaria species.
12, Laevigatosporites reniformis Huang sp. nov. Pl 6, Fig. 3.

Spotes monolete; amb lunate, the proximal face flat, the distal face convex; 40x 350 p:
furrow 30 2 long, Exine 1-2 u thick, psilate, smooth, partially with fine corrussion.

Type locality: Taliao Formation.

Type slide: TRI-2L.

Taxonomic affinity: This species is similar 1o the fossil species of L. kaardii (R. Pot. &
Van. 1934) Th. & Pf. 1953,

Note: The same palynomorphs are also found in Kuantooshan Sandstone Member (51-6R)
and Tungkeng Formation (42-1L).

13, Laevi ites iformis Huang sp. nov. Pl 6, Figs. 4-5.

Spores monolete; amb six angular form; 42.5x 50 x; furrow 304 long. Exine 2.5z thick,
psilate; sexine smooth, or obscurely punctate.

Type locality: Kuantaoshan Sandstone Member.

Type slide: 49-1L(fig. 4, holotype), 49- 4L(fig. 5).

Taxonomic affinity: Unknown.
14, Laevigatosporites taiwanensis Huang sp. nov. Pl 6, Figs. 6-7.

Spores monolete; amb elliptic, both proximal and distal faces nearly flat, the lateral surface
convex; 42.5x 50 g; furrow 30 long. Exine 2.5 u thick, psilate; sexine smooth, with fungus rods.
Type locality: Shuliufen Shale Member.
Type slide: 54-2L (fig. 1, holotype).
Taxonomic affinity: This species is similar to the fossil species of L. haardsi (Pot. & Van.
1934) Krutzsch subsp. haardiioides Krutzsch 1567,

15. Laevigatosporites tenui-lunatus Huang sp. nov. PL 6, Fig. 8.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 45x83 s
Exine 1.5 thick, psilate, smooth.
Type locality: Shuliufen Shale Member,
Type slide: 54-1L.
Taxonomic affinity: This species is similar to the extant Vinaria species.
Note: The same palynomorphs are also found in Peliao Sandstone (26-1R) and Kuantao-
shan Sandstone Member (51-6R).

Genus 8. LATOSPORITES Potoni¢ & Kremp 1954,
Spores monolete; amb circular. Exine psilate, smooth.
16. Latosporites taiwanensis Huang sp. nov. PL 5, Figs. 3-4.

Spores monolete; amb circular; 47.5 wide; furrow 454 long. Exine 1 thick, psilate,
smooth.

Type locality: Kuantaoshan Sandstone Member.

Type slide: 50-2R.

Taxonomic affinity: Unknown.

Genus 9. LUNULASPORITES Wilson 1962,

Spores monolete; side view crescentic, the proximal face concave, the distal face convex.
Exine psilate.



Tune, 1978 Huang—Miocene Palynomorphs of Taiwan—III. spores

Plate 5. All figures, x 1000.

1-2. Laevigatosporites gracilis Wilson

& Webster (Mwy-10L, 54-2L);

3-4. Latosporites taiwanensis Huang (50-2R); 5-8 Lunulasporites taiwancnsis
Huang (49-4L, 58-1R).
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Palte 6
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17. Lunulasporites taiwanensis Huang sp. nov. PL 5, Figs. 5-8.

Spores monolete; amb nearly quadrangular, the side view crescentic, the proximal face con-
cave, the distal face convex; 45x65 u; furrow 402 long. Exine psilate, smooth, 4z wide, the
marginal ridge 4 ¢ wide.

Type locality: Kuantaoshan Sandstone Member.

Type slide: 49-4L (figs, 5-6, holotype).

Taxonomic affinity: Unknown

Note: The same palynomorphs are also found in Yutengping Sandstone Member (58-1R,

figs. 7-8), and Shuliufen Shale Member (54-2R). The size of spore is 4060 s

Genus 10. MICROFOVEOLATOSPORIS Krutzsch 1959,
Spores monolete. Exine with scabrate, verrucate or short baculate processes; sexine
foveolate.

KEY TO THE SPECIES

1. Exine with short baculate processes; amb circular.............. vieene. 200 M. taiwanensis
1. Exine with verrucate or scabrate processes; amb lunate or oblong-elliptic.
2. Spores elliptic, 13x43
2. Spores oblong-elliptic, 20 x 60 g.

. 18. M. lunatus
.. 19. M. ablongo-ellipticus

18. Microfoveolatosporis lunatus Huang sp. nov. PL 1, Figs. 5-7.

Spores monolete; amb lunate, the proximal face concave, the distal face convex; 13x43 z.
Exine 1 thick, with verrucate processes, the verrucae 1 x2 x; sexine foveolate.
Type locality: Talu Shale.
Type slide: 11-9L (figs. 5-6, holotype), 11-9R (fig. 7).,
Taxonomic affinity: This species is closely related with extant Psilotum nudum (L.) Beauv.
Note: The same palynomorphs are also found in Yutengping Sandstone Member (58-1R),
and Shuliufen Shale Member (34-2R). The size of spore is 40x 60 .

19. Microfoveolatosporis oblongo-ellipticus Huang sp. nov. PL 1, Fig. 8.

Spores monolete; amb oblong-elliptic; 20x60 z; Exine 1-1.5 4« thick, with scabrate or
verrucate processes, the verrucae 1x2p; sexine foveolate, the pores 1 g wide.

Type locality: Kuanyinshan Sandstone.

Type slide: 35-1L.

Taxonomic affinity: Unknown.

20. Microfoveolatosporis taiwanensis Huang sp. nov. PL 1, Figs. 9.

Spores monolete; amb circular; 36-37 4 wide. Exine 1 thick, with short baculate pro-
cesses, the bacula 1z long; sexine reticulate, with OL-pattern.

Type locality: Peliao Sandstone.

Type slide:  34-1L.

Taxonomic affini Unknown.

Plate 6. Figures 1,3-8, x1000; Figure 2, x500.

I. Laevigatosporites crasso-lunatus Huang (54-2 R); 2. Laevigatosporites magniformis
Huang (30-2R): 3. Laevigatosporites renifromis Huang (TR,-21); 4-5. Laevigatosporites
sexangulariformis Huang (49-11., 49-41); 6-7. Laevigatosporites taiwancnsis Huang (54-2L);
8. Laevigatosporites tenui-lunatus Huang (54-1L).
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Genus 11. PERINOMONOLETES Krutzsch 1967.

Spores monolete; amb lunate, the proximal face flat or slightly concave, the distal face
convex. Exine psilate, smooth. Perine closely envelops the outer spore wall, with loose folds,
or rugulate to hamulate appearance.

KEY TO THE SPECIES
I. Porine gramulate......cc.oiveieaianseirasensattsintsiianmnssssasssinass 21. P. gramlatus
1. Perine reticulate or folded.
2. Perine folded or wrinkled.

3. P with scattered short baculate margin, compactly enclosed on spore wall.......
23. P. oliocaenicus

3. Perine with irregular margin, 3-5 z extending out spore wall.
4. Spores 1620 /0. ... viiiiiiiiiii i 24a. P. plicatus plicatus
4. Spores 20X 32 fe.eiiiiiiiiii i, 24b. P. plicatns rugosus
2. Perine reticulate.
5, Perine with baculate margin................ooooooaei 2520 Pooreticulatus reticulatus
5. Perine with scabrate margin.
6. Lumina 3-5%5-T g oiuiiiiiiiiiiiiina 25b. P. reticulatus scabrato-marginatus

6. Lumina 7-8 x8-10 z.
7. Spores 47x78 p..
7. Spores 31 %47 p..

<. 22a. P. lato-reticulatus lato-reticulatus
ceeenn 22b0 P lato-rediculatas punctatus

21. Perinomonoletes granulatus Huang sp. nov. PL 7, Figs. 1-5.

Spores monolete; amb elliptic; 21x28 z; furrow 13, long. Exine 1 thick, psilate.
Perine granulate, with minutely scabrate processes, 3 u# extending away from spore wall.

Type locality: Kuanyinshan Sandstone.

Type slide: 38-33R (fig. 1).

Taxonomic affinity: This species is similar to the extant Quercifilix zeylanica (Houtt.)
Copel., Dryopteris atrata (Jacq.) Wagner or Asplenium species.

Note: The same palynomorphs are also found in the Talu Shale (1-2R)., and Kuantaos-
han Sandstone Member (50-2L, 51-4R, 53-3L).

22, Perinomonoletes lato-reticulatus Huang sp. nov.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 47x78 u;
furrow 56 z long. Exine 1(-3)z thick. Perine reticulate, the reticula 7-13x7-10 &, the lumina
smooth, 7 s extending out spore wall, with irregular margin.

22a. Perinomonoletes lato-reticulatus lato-reticulatus, Pl 8, Figs. 1-3.
Type locality: Yutengping Sandstene Member.
Type slide: 58-3R.

Taxonomi¢ affinity: This species is similar to the extant Elaphoglossum lepidopodium C.
Chr., and Cyclogramma omeiensis (Bak.) Tagawa.

22b, Perii || lato-r var. p Huang var. nov. Pl. 8, Figs. 4-5.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 31 %47 s
Exine 14 thick, psilate. Perine closely attached to the spore wall, with irregular margin, the
surface reticulate, the lumina dotted with granulate, 7-8x8-10 .

Type locality: Talu Shale.
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Type slide: 10-7R.
Taxonomic affinity: This species is similar to the extant Athyrinm drepanopterum (Kunze)
A. Br.

23, Perinomonoletes oliocaenicus Krutsch Atlas, Parts 4-5: 222, 1967, PL 7, Figs. 6-8.

Spores monolete; amb lunate, the proximal face slightly concave, the distal face convex;
17x42 p; furrow 38 u long. Exine psilate, 1.5 on proximal face, 12 on distal face; sexine
smooth. Perine closely envelops the outer spore wall, with loose folds or rugulate to hamulate
appearance.

Locality: Chinshui Shale of Pliocene. It can be found in Miocene sediments.

Selected slide: 63-2L.

Taxonomic aflinity: This species is possibly related with species of Paesia, Aspleniunt,

Atlyriwin or Blechnum.

24. Perinomonoletes plicatus Huang sp. nov.

Spores monolete; amb elliptic; 16x204. Exine 1z thick. Perine wrinkled into rugulate,
4-5 pr extending out of spores.
24a. Perinomonoletes plicatus plicatus. PL 7, Figs. 9-12.
Type locality: Yutengping Sandstone Member.
Type slide:  59-5L.
Taxonomic affinity: This species is similar 1o the extant Dryopreris species.
Note: The same palynomorph is also found in Kuanyinshan Sandstone (37-7R).

24b. Perinomonoletes plicatus var. rugosus Huang var. nov. Pl 7, Fig. 13.

Spores monolete; amb elliptic; 202324 Exine 1 thick. Perine rugulate or with
wrinkled into ridges, closely attached spore wall, with irregular margin, partially 3-4 # extend-
ing out spore wall.

Type locality: Kuanyinshan Sandstone.

Type slide: 37-7R.

Taxonomic affinit,

This species is similar to the extant Dryopteris varia (L.) Ktze,
25. Perinomonoletes reticulatus Huang sp. nov.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 24x34 sz,
Exine 1. thick. Perine reticulate, with baculate processes, the bacula 3 z long, the lumina
3-4x8-10 g, the muri 1 g wide.

25a. Peri I reticul i PL 7, Fig. 14.
Type locality: Talu Shale.
Type slide: 1-3R.

Taxonomic affinity: This species is similar to the extant Hypodematium crenatum (Forsk.)
Kuhn.

25b. Peri letes reti var. seabrat ginatus Huang var. nov. Pl 7, Figs. 15-16.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 25x32u;
furrow 22 ¢ long. Exine psilate, 14 thick; sexine smooth. Perine reticulate, with scabrate
processes, the lumina 3-5x5-7 s

Type locality: Peliao Sandstone.

Type slide: 27-15L (fig. 16, holotype), 28-TR (fig. 15, s, .ype).

Taxonomic affinity: This species is similar to the extant Woodsia polystichoides Eaton.
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Genus 12. POLYPODIIDITES Ross 1949.

Spores monolete; amb lunate. Exine 2z thick, with scabrate or verrucate processes; sexine
reticulate, the lumina 1-2x4-7u.

KEY TO THE SPECIES

L Spores 32xdd gt it it e —— - 26. P. reniformis
1. Spores 30602, .ovviiiiiiiiiiiiiiiriiias 800 i v i 27. P. taiwanensis
26, Polypodiidites reniformis Huang sp. nov. PL. 11, Fig. 6.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 32x44 u;
furrow 23 2 long. Exine 1z thick, with verrucate or scabrate processes; sexine reticulate or
vermiculato-reticulate, the vermiculae 1x4 s

Type locality: Kuantaoshan Sandstone Member.

Type slide:  50-2L.

Taxonomic affinity: Unknown.

Note: The same palynomorph is also found in Shuliufen Shale Member (54-2R).

27. Polypodiidites taiwanensis Huang sp. nov. PL 11, Fig. 7.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 30x60x;
furrow 55 2 long. Exine 1-2 2 thick, with verrucate processes, the verrucae 2x 10 u; sexine
irregularly vermiculato-reticulate, the lumina 2= 7 22

Type locality: Kuantaoshan Sandstone Member.

Type slide: 51-3R.

Taxonomic affinity: Unknown.

Genus 13. PUNCTATOSPORITES Ibrahim 1933, emend Krutzsch 1959.

Spores monolete; amb lunate. Exine with short baculate processes, the bacula less than
1 x long; sexine granulate.
28. Punctatosporites taiwanensis Huang sp. nov. PL 1, Figs. 10-11.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 25x38u;
furrow 27 ¢« long. Exine 1 thick, with short baculate processes, the bacula less than 1u
long; sexine granulate.

Type locality: Kuantaoshan Sandstone Membe:.

Type slide:  51-6R.
Taxonomic affinit

Unknown.

Genus 14, SCHIZAEOISPORITES Potonié 1951 ex Delcourt & Sprument 1935,

Spores monolete, bilaterally symmetrical. Exine striate.

KEY TO THE SPECIES

.29, S. digitaius
30. S. taiwanensis

1. Spores small, 26x33.5 u.
1. Spores large, 50-75x85-100 x. .

29. Schizaeoisporites digitatus Huang in Bot. Bull. Academia Sinica 19: 23. pl. 6, fig. 1. 1978.
PL 12, Fig. 1.

Perinomonolete,, all figures, x 1000.
1-5. P. granulatus Huang (38-33R, 53-3L, 51-4R, 50-2L); 6-8. P. oliocaenicus Krutzsch
(63-2L); 9-12. P. plicatus Huang (59-5L); 13. P. plicatus rugosus Huang (37-7R); 14. P,
reticulatus Huang (1-3R); 15-16. P. reticulatus scabrato-marginatus Huang (28-7R, 27-15L).

Plate 7.
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Plate 8, All figures, x 1000.
1-3. Perinomonoletes lato-reticulatus Huang (58-3R); 4-5. Perinomonoletes lato-
reticulatus punctatus Huang (10-7R): 6-7. Zonomonoletes taiwanensis Huang
(51-4R).
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30. Schizacoisporites taiwanensis Huang, loc. cit. pl. 6, figs. 2-3, PL 12, Figs. 2-3.

Genus 15. YERRUCATOSPORITES Pflug & Thomson 1953

Spores monolete; amb lunate or elliptic. Exine with verrucate processes; sexine areolate,
the arcolae being formed by compact tuberculae, with LO-pattern.

KEY TO THE SPECIES

1, The ratio between length and width of spores (L/W) larger than 1.5
2. Exine 1-1.2 u thick; spores 27 x68 z.
2. Exine Iz thick; spores 15-28 x 35-52 .

3. L/W=2.08-2.2; tuberculae 2-4 x4-6 x. ETETIET) <33 V. lunaius
3. L/W=1.5-1.85; tuberculae 1-3x1.5-3 pu.. ....35. V. pseudobalticus
1. The ratio between length and widih of spores (L/W) less than L5,
4, Aperture widely open; L/W<L.15.
5. Spores d0-44 d3-4T f1. .. oo e e 32a. V. lato-aperius
5. SPOres 24X 26 tevusenreniiioniinerniiaionioiarentisasinen 32b. V. lato-apertus minor
4. Aperture closed; L/W> i
6. Tuberculae 1-1.5x2-3 2.0 0c0viiinninanrans
4. Tuberculae 2-6x2-7 p.
7. Spores 39x54 u
7. Spores 30x38

.34, V. oblongus

..36. V. reniformis

.3la. V. balticoides balticoides
31b. V. balticoides minor.

31. Verrucatosporites balticoides Huang sp. nov.

Spores monolete; amb lunate, the proximal face slightly convex, the distal face convex;
39x54 p; furrow 40z long. Exine less than 1 x thick, with verrucate processes, the verrucae
2-3x3-8 ¢ on distal face, 1-2x2-4 2 on proximal face; sexine tuberculate, the tuberculae
2-6x4-7 p.

3la. Verr porites balticoides balticoid PL 9, Figs. 1-4.

Type locality: Kuantaoshan Sandstone Member.
Type slide: 50-1L(figs. 3-4, holotype), 50-3L(figs. 1-2, syniype).
Taxonomic affinity: This species is similar to the extant Humaia rrifoliaia Cav.
Note: The same palynomorph is also found in Tungkeng Formation (42-2L).
The sizes of spores and tuberculae are intermediate between V. baliicus Krutzsch
subsp. major Krutzsch and V. javus (R. Pot. 1931¢) Tu. & Pr. 1953,
31b. Verrucatosporites balticoides var. minor Huang var. nov. PL 9, Fig. 3.
Spores monolete; amb lunate, the proximal face flat, the distal face convex; 30x38 s
Exine less than 1z thick, with scabrate processes; sexine tuberculate, the tuberculae 2-5x 2-5 u.
Type locality: Taliao Formation.
Type slide: TRy-3R.
Taxonomic affinity: This species is similar to the extant Humata species.
a2,

I

Verrucatosporites lato-apertus Huang sp. nov.

Spores monolete; amb elliptic; 4447 x; furrow open, 10x40u  Exine 1z thick, with
scabrate processes; sexine tuberculate, the tuberculae 2-3 x 3-4 g

32a. V ites lato-apertus pertus. PL 9, Figs. 6-9.

Type locality: Peliao Sandstone.
Type slide: 26-1R (figs. 8-9).
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Taxonomic afinity: This species is similar to the extant Davallia griffithiana Hook.
Note: The same palynomorphs are also found in Talu Shale (10-2!R), and Peliao Sand-
stone (27-17R, figs. 6-7).

32b. Verrucatosporites lato-apertus var. minor Huang var. nov. PL. 9, Figs. 10-11.

Spores monolete; amb cllip 2426 . Exine 1z thick, with scabrate processes; sexine
tuberculate, the tuberculae 1-3:x3-4 p.

Type locality: Peliao Sandstone.

Type slide: 25-8R.

Taxonomic aflinity: This species is similar to the extant Humata pectianata (1. Sm.) Desv.

Note: The same palynomorph is alse found in Kuanyinshan Sandstone (37-8L).

33. Verrucatosporites lunatus Huang sp. nov. PL 10, Figs. 1-4.

&

Spores monolete; amb lunate, the proximal face flat, the distal face convex: 21 x44 g
furrow 32 long. Exine less than 1 x thick, with verrucate processes, the verrucae 2-4x4-5 g
sexine tuberculate, the tuberculae 4x 35 g,

Type locality: Kuantaoshan Sandstone Member.

Type slide: 50-2L (figs. 1-2).

Taxonomic affinity: This species is similar to the extant Hisiiopteris incisa (Thunb.) J. Sm.,

and also the fossil species of V. megabalticus Krutzsch.

Note: The same palynomorphs are also found in Talu Shale (I-4L), Peliao Sandstone

(26-2L, figs. 3-4), Shuliufen Shale Member (54-2L). The sizes of spores are 15-25x
35-52

34. Verrucatosporites oblongus Huang sp. nov. PL. 10, Fig. 5.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 27x68 u.
Exine 1-2 x thick, with verrucate processes, the verrucae 1x3-5.; sexine tuberculate, the
tuberculae 3 x4 s

Type locality: Shuliufen Shale Member.

Type slide: 54-2R.

Taxonomic affinity: This species is similar 1o the extant Himara or Davallia species.

35, Verrucatosporites pscudobalticus Huang sp. nov. PI. 10, Figs. 6-7.

o

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 21x4l z;
furrow 23z long. Exine less than Iz thick, with verrucate processes, the verrucae 1x3u;
sexine tuberculate, the tuberculae 1-3x2-5 z.

Type locality: Kuanyinshan Sandstone.

Type slide:  37-3L (fig. 6, holotype).

Taxonomic affinity: This species is similar to the fossil species of V. balticus subsp. major
Krutzsch, and also the exwant Polypodium amoenum Wall and Araiostegia perdurans
(Christ) Copel.

Note: The same palynomorphs are also found in Kuantaoshan Sandstone Member (50-2L),
and Shuliufen Shale Member (55-1L, fig. 7).

36. Verrucatosporites reniformis luang sp. nov. PL 10, Figs. 8-10.

Spores monolete; amb lunate, the proximal face flat, the distal face convex; 37 %53 a
Exine 1z thick, with verrucate processes, the verrucae 1x 5y sexine tuberculate, the tuber-

culae 1-1.5%2-3 oo
Type locality: Mushan Formation.
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Plate 9. Verrucatosporites, all figures, x 1000.
1-4. V. balticoides Huang (30-3L, 50-1L); 5. V. balticoides minor Huang

(TRs-3R); 6-9. V. lato-apertus Huang (27-27
minor Huang (25-8R).

. 26-1R); 10-11. V, lato-apertus
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Plate 10. Verrucatosporites, all figures, x 1000.
1-4. V. lunatus Huang (50-2L, 26-2L): 5. V. oblongus Huang (54-2R); 6-7, V.
pseudobalticus Huang (37-3L, 55-1L); 8-10. V. reniformis Tluang (51-3L, Mml-
2R).
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Type slide: Mml-2R. (figs. 9-10, holotype).

Taxonomic affinity: This species is similar to the extant Daallia species.

Note: The same palynomorphs are also found in Peliao Sandstone (27-17R) and Kuantao-
shan Sandstone Member (fig. 8, 51-3L).

Genus 16. ZONOMONOLETES Naunova 1939 ex Bolhhovitina 1933.
Spores monolete, with a thick margin.
37. Zonomonoletes taiwanensis Huang sp. nov. PL. 8, Figs. 6-7.

Spores monolete; amb elliptic; 40x61 g; furrow 50 long. Exine 1.5z thick, psilate,
with thick, smooth margin, the margin 4 s« thick; sexine extervermiculae on proximal face or
tuberculae on distal face: tuberculae 2-3x2

Type loc Kuantaoshan Sandstone Member.

Type slids 51-4R.

Taxonomic affinity: Unknown.

Note: The same palynomorph is also found in the Shuliufen Shale Member (54-2R).

Class 3. TRILETES

Twenty-seven form genera and 49 taxa are recorded here.

KEY TO THE GENERA

1. Spores azonotrilete.
2. Polar axis longer than eguatorial axi
2. Polar axis shorter than equatorial axis.
3. Perine present, Sranulate. . ...ovuiiruiiiiiiiiiiiiiaiiatiareieasiaasn 32, Perotrilites
3. Perine absent.
4. Exine smooth, without torus; laesural arms simple, with marginal folds or with line-
like margo.
5. Laesural arms with line-like margo or fold.
6. Amb deltoid; laesural arms with folds.
6. Amb rounded triangular; laesural arms with ]mcv

40. Triplanosporites

25. Deltoidospora

19. Cibotumsporites

5. Laesural arms snmple
7. Amb rounded triangular...........ciiiiiiiiiiiiiiie i 29. Leioriletes
7. Amb iriguete or tirlobate............ weveaneesnsana. .22 Concavitriletes
4, Exine ornamented by various elements or torate.
8. Exine striate.
9. Ridges of exine remotely apart from laesurae and forming concentric 3-7-
triangles around the proximal face.. wevnenene. . 300 Magnasiriatites
9. Ridges of exine immediately burdcrmg the laesun
10. Ridges of exine pumerous, anastomosing.
10. Ridges of exine only three, triangular....
8. Exine not striate.
11. Torus or laesural ridges present.
12. Equatorial ridges and proximal ridges present.............. 28. Gleicheniidites
12. Equatorial ridges absent, but laesural ridges present.
13. Exine with scabrate processes; furrow with tuberculate laesural ridge. .
cieaas 4l Vermtamnlms

.20. Cicatricosisporites
....33. Plicatella
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13. Exine psilate; furrow with long plane field laesural ridge....38. Toroisporis
11. Torus or laesural ridges absent.
14. Sexine granulate, tuberculate, rugulate or extervermiculate.
15, Exine with scabrate or gemmate processes; sexine granulate or ulherculale.

16. Exine with gemmate p 3 sexine late...... 27. Ge
16. Exine with scabrate processes; sexine tuberculate..... 43. Verrucosisporites
15. Exine with baculate processes; sexine rugulate or extervermiculate.
17. Sexine rugulate.............. tarresressnssasssesserasss 7. Bacutriletes
17. Sexine exlenermsculate iR i eaTe, et s R i R 31. Osmundacidites
14 Senme icul iculate or f 1
Sexine reu:ulale
19. Exine with echinate, capitate and branched echinate processes...........

wvuveon.. 18. Bohemiasporis

19. Exine with scabrate processes.
20. Spores small, less than 30 z# wide; sexine reticulate; exine 1 thick..
........................... eI 36. Reumlms
20. Spores large, more than 45 1 wide: sexine \ernnculat: reticulate; exine

2.5 thick....ovviiniian, tresssrerennenina . 240 Crassoretitriletes
18. Sexine foveolate or overlapping vermiculate.
21. Exine with scabrate p ; sexine .

T o e S e AR LTS A 23. Convolutispora
21 .'txme subpsilate or ullh verrucate processes; sexine foveolate.
22. Exine subpsilate; amb triguete to rounded triangular...26. Foveorriletes
22, Exine with verrucate processes; amb triquete to trilobate.............

B Al T e wrveneeenanennnnn. 39, Trilobosporites
1. Spores zonotrilete.
23, Exine with verrucate p ; sexine exterver 1 ..42. Verrucingulatisporites
23. Exine psilate.
24. Sexine rugulate or tuberculate. ... ..iiiiiiiiil, vovvve. 34, Polypodiaeceoisporites
24. Sexine smooth.
25, Laesural arms SimPple.......couvesusniireeannrininssnnssansnns 21. Cingulatisporites

25. Laesural arms with circumfluent laesural ridges or torate.
26. Both distal and proximal ridges present.
26. Both distal and proximal ridges absent..

35. Prerisporis
37. Toricingulatisporites

Genus 17. BACUTRILETES van der Hammen 1954.

Spores azonotrilete; amb triangular. Laesural arms simple, straight, longer than 2/3 radius.
Exine with baculate processes; sexine rugulate.

38. Bacutriletes desobaculus Huang sp. nov. PL 14, Figs. 1-4.

Spores trilete; amb subtriangular; 14-32x22-33 . Laesural arms 12z long. Exine 2.5
thick, with baculate processes, the bacula 6x5z; sexine rugulate, rarely reticulate on pro-
ximal face.

Plate 11. Figures 1-7, 12-15, x 1000,
1-2. Laevigatasporites taiwanensis Huang (42-11); 3-5. Echinosporis taiwanensis Huang
(54-2L, 52-1R); 6. Polypodiidites reniformis Huang (50-2L); 7. Polypodiidites taiwanensis
Huang (51-5R); 8-11. Magnastriatites howardii G. H.M. (57-3R, 58-1R); 12-15, Verrucatit-
riletes taiwanensis Huang (35-3R).

igures 8-11, x500.




Plate 12

TAIWANIA

SCHIZAEACEAE, x1000.
I. Schizacoisporites digitatus Huang (35-11); 2-3
(40-2L).

S. taiwanensis Huang

Vol. 23
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Plate 13. PARKERIACEAE, x1000.
Magnastriatites taiwanensis (Huang) Huang (58-2R).

3
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Type locality: Kuantaoshan Sandstone Member.

Type slides: 49-2R (figs. 1-2, holotype), 49-2L, (fig. 3), 50-2L (fig. 4).

Taxonomic affinity: Unknown.

Note: The same type of palynomorph appeared also in Tungkeng Formation (44-2R).

Genus 18. BOHEMIASPORIS Krutzsch 1967,

Spores azonotrilete; amb rounded triangular. Laesural arms straight, with line like margo,
as long as radius. Exine with echinate, capitate and branched echinate processes; sexine
reticulate with warts raising from the meeting of the muri.

39. BoWemiasporis taiwanensis Huang sp. nov. PL. 14, Figs. 5-6.

Spores trilete; amb rounded triangular, the side slightly convex, the angle rounded; 34-36 4
wide, Laesural arms straight, 12-15 2 long, with line-like margo, the margo less than 1z wide,
as long as radius. Exine 14 thick, with echinate, capitate, and branched echinate processes,
the echini 3-4 22 long; sexine reticulate, with warts raising from the meeting of the muri, the
muri 1 g thick, the lumina variously shaped.

Type locality: Kuantaoshan Sandstone Member.

Type slided 49-1R.

Taxcnomic affinity: This species is possibly related with extand Lycopodium species.

Genus 19. CIBOTUMSPORITES Rouce 1957,

Spores azonotrilete; amb rounded triangular, the side nearly straight or slightly concave.
and convex, the angle pointed acute or slightly rounded obtuse. Laesural arms straight, with
obscure line-like margo, as long as radius. Exine psilate, smooth.

40. Cibotumsporites cumingus Huang sp. nov. PL. 14, Figs. 8-10

Spores trilete; amb rounded triangular, the side nearly straight or slightly concave and
convex, the angle acute or obtuse; 53-58 x 54-64 p1. Laesural arms straight, as long as radius,
28-31 g long, with line-like margo, the margo 1a wide. Exine 2-3 z thick, psilate; sexine
smooth.

Type locality: Tungkeng Formation.

Type slide: 43-2L.

Taxonomic affinity: This species is similar 1o the extant Cibotium cumingii Kunze.

Genus 20, CICATRICOSISPORITES Potonié & Gelletich 1933.
Spores trilete, with external sculpture or muri or striae of even width and height, mostly
parallel, occasionally branching or anastomising.
KEY TO THE SPECIES

4l. C. australiensis
...42. C. raiwanensis

Spores triangular, with notched angles.
Spores semi-circular, with obtuse or broadly rounded angles.

41,

Cicatricosisporites australiensis (Cooksen) Potoni¢ in Beih. Geol. Jahrb. 23: 103. 1956;
Dettmann in Proc. Royal Soc. Victoria 77(1): 52-56. 1963; Huang in Bot. Bull Academia

Plate 14. All figures< 1000,
I-4. Bacutriletes densobaculus Huang (49-2R, 49-2L,50-2L); 5-6. Bohemiasporites faiwa
nensis Huang (49-1R); 7. Verrucosisporites taiwanensis var. scabriformis Huang (35-2L); 8-
10. Cibo- tumsporites cumingus Huang (43-21).
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Plate 15. SCHIZAEACEAE, x 1000,
1-4. Cicatricosisporites australiensis Cookson (1-2R, figs. 1-2,
holotype; 40-2L, figs. 3-4).



June, 1978 Huang—Miocene Palynomorphs of Taiwan—IIL spores 37

Plate 16. SCHIZ,
1-4. Cicatricosisporites taiwanensis Huang (35-2R, figs. 1-2, holotype, 59-5L, figs.
3-4); 5-6,Crassoretitriletes vanraadshooveni GHM (TRs-2R).
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Sinica 19: 21. pl. 3, figs. 1-4. 1978, Pl 15, Figs. 1-4.
Mohrioisporites australiensis Cookson in Aust. J. Bot. 1: 462-473. 1953.
42,

s

Cicatricosisporites taiwanensis Huang in Bot. Bull. Academica Sinica 19: 2L pl. 4, figs. I-4.
1978. PIL 16, Figs. 1-4.

IS

Genus 21, CINGULATISPORITES Thomson in Thomson & Pllug 1953.

Spores zonotrilete; amb rounded triangular. Laesural arms simple, longer than 2/3 radius.
Exine smooth, with uniformly developed equatorial ring, the ring more or less wedged shaped
cross-sectioned, and its width not surpassing 1/5 of the total spore diameter.

43, Cingulatisporites taiwanensis Huang sp. nov. Pl 17, Figs. 1-2.

Spores trilete; amb rounded triangular, the side straight or slightly convex, the angle
obtuse; 42-46x42-56 . Laesural arms simple, straight, 21 22 long, nearly as long as radius.
Exine 1z thick, psilate, smooth, eguatorial cingulum, with the cingulum 1-2 g wide.

Type locality: Tungkeng Formation.

Type slide:  44-3L.

Taxonomic affinity: This species is possibly related with the extant Cibotium species.

Genus 22. CONCAVITRILETES, Krutzsch 1959,

Spores azonotrilete; amb triquete to trilobate, the side concave, the angle broadly rounded.
Laesural arms clearly defined, simple, at least 2/3 radius, without tori. Exine psilate; sexine
smooth.

44, Concavitriletes taiwanensis Huang sp. nov. PL. 17, Figs. 3-4

Spores trilete; amb triquete toward trilobate, the sides concave, the angle broadly rounded;
27-32.5%27-32.5 . Laesural arms 15-20 u long, straight, simple, at least 2/3 radius. Exine
1 4 thick, psilate; sexine smooth.

Type locality: Shuliufen Shale Member.

Type slide: 54-2R (fig. 3), 52-1R (fig. 4, holotype).

Taxonomic affinity: This species is similar to the extant Dicranopteris species.

Note: The same type of palynomorphs appeared also in Kuantaoshan Sandstone Member
(50-2L), Taliao Formation (TR,-3R), and Tungkeng Formation (41-3R). The palync-
morphs found in the last two formations show granulate sexine which also appear on
the sexine of the extant Dicranopteris species.

Genus 23. CONVOLUTISPORA Hoffmeister, Staplin & Malloy 1955,

Spores azonotrilete; amb circular. Laesural arms indistinct. Exine with scabrate processes;
sexine packed overlapping vermiculate causing reticulate appearance, the lumina circular or
elliptic.

45, Convolutispora taiwaniana Huang sp. nov. PL. 17, Figs. 5-6.

Spores azonotrilete; amb circular; 56-65 » wide. Laesural arms indistinct. Exine with
scabrate processes; sexine overlapping vermiculate or reticulate, the lumina circular or elliptic,
2-5%2 2, the ridges 2-4 x wide.

Type locality: Shuliufen Shale Member.

Type slide: 54-2R (fig. 5, holotype), 2-2L (fig, 6).

Taxonomic affinity: Unknown.

Note: The same palynomorphs are also found in Mushan Formation and Shihti Formation.
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Genus 24, CRASSORETITRILETES Germeraad, Hopping & Muller 1968,

Spores trilete, entirely and coarsely reticulate with undulating muri, thick-walled; laesrual
indistinct.
46. Crassoretitriletes vanraadshooveni GHM. in Rev. Palaebot. Palynol. 5: 286. 1968; Huang
in Bot. Bull. Academia Sinica 19: pl. 4, figs. 5-6. 1978. Pl 16, Figs. 5-6.

Genus 25, DELTOIDOSPORA Miner 1935,

Spores azonotrilete; amb delioid or subdeltoid, the sides nearly straight or slightly concave,
the angle obtuse. Laesural arms more then 2/3 radius, with or without marginal exinal folds.
Exine smooth.

47. Deltoidospora taiwaniana Huang sp. nov. Pl 17, Fig. 7.

Spores trilete; amb deltoid triangular to subtriangular, the sides nearly straight or slightly
concave, the angle acute or obtuse; 33x33-35.. Laesural arms straight, 17-21 ¢ long, as
long as radius, with circumfluent laesural folds, the folds 1z wide. Exine 1 thick, psilate;
sexine smooth,

Type locality: Shuliufen Sandstone.

Type slide:  44-1L.

Taxonomic affinity: This species is similar to the extant Dieranapteris species.

Note: The same palynomorphs are also found in Taliao Formation (TR3-3R), and Kuany-
inshan Sandstone (37-1R).

Genus 26. FOVEOTRILETES Potonié 1956,

Spores azonotrilete; amb rounded triangular, with concave sides and rounded angles.
Laesural arms delicate, more than 2/3 radius. Exine subpsilate; sexine foveolate.
48. Foveotriletes serratus Huang sp. nov. Pl 17, Figs. 8-9.

Spores trilete; amb triquete or rounded triangular with concave sides and broadly rounded
angles; 23%26-27 & Laesural arms simple, 10-14 & long, more than 2/3 radivs. Exine sub-
psilate; sexine foveolate.

Type locality: Talu Shale.

Type slide: 11-9L.

Taxonomic affinity: This species is similar to the extant I ycopodinm serranum Thunb. var.

longipetiolatum Spring.

Genus 27. GEMMATOTRILETES Huang, gen. nov.

Spores azonotrilete; amb rounded triangular, the side convex, the angle rounded. Laesural
arms as long as 1/2 radius, with line-like margo. Exine with gemmate processes; sexine
granulate.

49. Gemmatotriletes taiwanensis Huang sp. nov. PL 17, Figs. 10-13,

Spores trilete; amb rounded triangular, the side convex, the angle rounded; 24-28 z wide.
Laesural arms 7-8 # long, as long as 1/2 radius, with line-like margo, the margo less than 1 u
thick. Exine less than 1 thick, with gemmate processes, the gemmae less than 1y long;
sexine granulate.

Type locality: Kuantaoshan Sandstone Member.

Type slide: 49-1R (fig. 12, holotype), 53-2R (fig. 13).

Taxonomic affinity: This species is possibly related with the extant Crepidomanes latemar-

ginale (Eaton) Copeland or Vandenboschia naseana (Christ) Ching of Hymenophyllaceae.
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Genus 28. GLEICHENIIDITES Ross 1949, Krutzsch 1949,

Spores azonotrilete; amb triquete, two sides concave, one side convex; proximal torus pre-
sent along laesural arms; spore wall in equatorial region unequal thickness, along the sides
gradually thickened toward center, around the angles thin. Exine smooth.

KEY TO THE SPECIES

. Angle obtusely acute; circumfluent field proximal ridge present.............. 50. G. rasilis
. Angle broadly rounded; circumfluent laesural ridge present..............51. G. raiwanensis

Krutzsch Geologie, Beih. 21-22: 113, 1959. Pl. 18, Figs. 1-3.

w
S

. Gleicheniidites rasili

Spores trilete; amb subtriangular, the side convex, the angle obitusely acute; 33-36x33-
40 e, Laesural arms simple, 15-20 # long, as long as radius. Exine thin, less than 1 g thick,
smooth, with circumfluent field-proximal rdige, the ridge 4 2 wide at center, and also with
annulotrilete equatorial ridge, the ridge 6 » wide at center.
Locality: Talu Shale.
Selected slide:  10-13L.
Taxonomic affinity: This species is closely related with the exiant species of Gleicheni-
aceae.
Note: Mostly found on Cretaceous; type species was found at Aptian, USSR. The same
palynomorphs are also found in Peliao Sandstone (34-2R), and Kuantaoshan Sandstone
Member (50-2L).

51. Gleicheniidites taiwanensis Huang sp. nov. PL 18, Figs. 4-6.

Spores trilete; amb triquete, two sides concave, one side convex, all sides thickened toward
center; 30-31x31-37u. Laesural arms straight, 16 2 long, with circumfluent laesural ridges,
the side ridge 3-5 1 wide, the angle ridge 2« wide. Exine less than 14 thick, smooth, with
annulotrilete equatorial ridges, the side ridge 4« wide, the angle 14 thick.

Type locality: Shangfuchi Sandstone.

Type slide: 46-1L.

Taxonomic affinity: This species is similar to the extant Geleichenia species.

Genus 29. LEIOTRILETES Naumova 1939 ex Ishchenko 1952,

Spores azonotrilete; amb rounded triangular, the side usually concave, the angle rounded.
Laesural arms straight, simple, longer than 1/2 radius. Exine smooth, rarely infrapunciate.

KEY TO THE SPECIES

1. Radial arms not uniformly one type; amb one side convex and two sides suddenly concave
into as particular tailed. ..53. L. obovatus
1. Radial arms uniformly one type.
2. Spores subspheroidal or circular; ratio of length and width nearly 1....55. L. taiwanensis
2. Spores ellipsoidal or deltoid.
3. Spores ellipsoidal; ratio of length and width more than 1...... veoe. 520 Lo ellipricus

Plate 17. All figures 3 1000.
1-2. Cingulatisporites taiwanansis Huang (44-3L); 3-4. Concavitriletes taiwanensis Huang
(54-2R, 52-1R); 5-6. Convolutispora taiwaniana Huang (54-2R, 52-1R); 7. Deltoidospora 1a
iwaniana Huang (44-1L); 8-9. Foveotriletes serratus Huang (11-91); 10-13. Gemmatotriletes
taiwa- nensis Huang (49-1R, 53-2R).
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Palte 17
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Plate 18
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...54. L. sphaerotriangulus

3. Spores deltoid; ratio of length and width less than 1...
52, Leiotriletes ellipticus Huang sp. nov. PL. 18, Figs. 7-8.

Spores trilete; amb rounded triangular; 45-52x43-52 . Laesrual arms two short and one
long, as long as or more than 2/3 radius, 20-25 # long. Exine 1.5z thick, psilate; sexine ob-
scure pattern.

Type locality: Yutengping Sandstone Member.

Type slide: 358-1R.

‘Taxonomic affinity: Unknown.

Note: The same palynomorphs are also found in Chuhuangkeng Formation, Kuanyinshan

Sandstone, Tungkeng Formstion, Shangfuchi Sand: and Y Sand:
Member.
53. Leiotriletes obovatus Huang sp. nov. PL 18, Figs. 9-10.

Spores trilete; amb obovatus or rounded triangular, one side convex, two sides suddenly
constricted at center, the angle broadly obtuse; 40-52x48-50 4. Laesural arms simple, two
short, one long, 18-23 x long. Exine 1.5z thick, psilate, smooth.

Type locality: Tungkeng Formation.

Type slide: 41-5L (figs. 9-10, holotype), 41-5R.

Taxonomic affinity: Unknown.

54. Leiotriletes sphaerotriangulus (Loose) Potonié & Kremp in Geol. Jahrb.,, Bd. 69: 120. 1954,
PL. 18, Figs. 11-12,

Spores trilete; amb rounded triangular, the side more or less convex. the angle broadly
obtuse; 38-41x40-42 ». Laesural arms simple, as long as 1/2 radius, 13-15 u long. Exine
less than 1 thick, psilate, smooth.

Locality: Chuhuangkeng Formation.

Selected slide: 18-2L.

Taxonomic affinity: Unknown.

Note: The same palynomorphs are also found in Taliao Formation (38-27R) and Kuan-

yinshan Sandstone.

35, Leiotriletes taiwanensis Huang sp. nov. PL 19, Figs. 1-2.

Spotes trilete; amb circular to subspheroidal; 55 #+ wide. Laesural arms simple, 15 « long,
more than 1/2 radius. Exine 1.5z thick, psilate, smooth.
: Kuanyinshan Sandstone and Yutengping Sandstone Member.
37-6L (fig. 1, holotype), 57-2R (fig. 2).
Taxonomic affinity: This species is possibly related with the extant Equisetum species.
Note: The same pal; hs are found in i Shale Member (54-2R), and Kuan-
taoshan Sandstone Member (52-6L).

Genus 30. MAGNASTRIATITES Germeraad, Hopping & Muller 1968,

Spores trilete; amb spherical. Exine coarsely striate, except on the proximal contact area
which is surrounded by a circular ridge; striae continuous; grooves about as wide as ridges;
size around 100« wide.

Plate 18. All figures x1000.
1-3. Gleicheniidites rasilis Krutzsch (10-13L); 4-6. Gleichs es taiwanensis Tluang
(46-1L); 7-8. Leiotriletes ellipticus Huang (5§-1R); 9-10. Leiotriletes obovatus Huang
(41-5L); 11-12. Leiotriletes sphaerotriangulus (Loose) Potonié & Kremp. (18-2L).
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KEY TO THE SPECIES

.36, M. howardii
.37, M. 1aiwanensis

1. The ratio between height and width of spores more than 0.9..
1. The ratio between height and widith of spores less than 0.8 ...

56. Magnastriatites howardii G. H. M. Rev. Palacobot. Palynol. 5(6):288. 1968; Huang in
Bot. Bull. Academia Sinica 18:78-81. 1977. PL 11, Figs. 8-11.

Spores trilete; amb circular or subconical on distal face; 67-86 x 74-100 x; ratio between
height and width of spores more than 0.9. Laesural arms nearly straight without margo,
extending to joints of angles, 31-50 # long, 1 # wide. Exine striate, the ridges six or eight
jointed at three points, and forming 3- or 4-concentric triangles, each side of triangules con-
cave, 4-5 n wide, the grooves 1 u wide.

Locality: Mushan Formation, Chuhuangkeng Formation, Talu Shale and Yutengping Sand-

stone Member.

Selected slides: Mml-2L, 10-21R, 26-8L, 57-5R (figs. 8-9), 58-1R (figs. 10-11).

Taxonomic affinity: This species is possibly the same species as the extant Ceraiopteris

preridoides (Hook.) Hieron. of Parkeriaceae.

57. Magnastriatites taiwanensis (Huang) Huang transf. nov. PL 13.
Ceratopteris taiwanensis Huang in Bot. Bull. Academia Sinica 18: 78-8l. figs.
1-2. 1977

Spores trilete; amb ellipsoidal, the proximal face flat, the distal face subconical; 110x
155 ¢, Laesural arms almost straight, nearly extending to the joints of ridges, 22« long, with
margo of 1u wide. Exine striate, about 04 thick, the ridges about 6-7, dichotomously
branched, jointed at three points, and forming 6-7-concentric triangle around the proximal face.
and transversally parallel striate on the distal face, 3-5 z# wide, the grooves 1-2 u wide.

Type locality: Yutengping Sandstone Member.

Type slide: 58-2R.

Taxonomic affinity: This species is one of the extant Ceratoperis species.

Genus 31. OSMUNDA CIDITES Couper 1953.

Spores azonotrilete; amb circular to rounded triangular. Laesural arms simple, moderately
long. Exine 1 thick, with baculate processes; sexine extervermiculate.

58. Osmundacidites taiwanensis Huang sp. nov. PL 19, Figs. 3-4.

Spores trilete; amb rounded triangular; 35-60 wide. Laesural arms line-like, 17-27 o
long; Exine 14 thicl th baculate processes, the bacula 1.5-2x 1 4; sexine extervermiculate.
Type locality: Mushan Formation.
Type slide:  M,,-2L.
Taxonomic aflinity: This species is similar to the extant Osmunda species.
Note: The same palynomorphs are alse found in Wutzeshan Formation (M,-6L), Peliao
Sandstone (21-2L, 24-5L, 26-6L) and Tungkeng Formation (41-3R).

Genus 32. PEROTRILITES Erdtman 1945 ex Couper 1953,
Spores azonotrilete; amb circular or rounded triangular. Laesural arms simple or with
lip-like margo, as long as radius. Exine smooth, psilate, Perine subpsilate, finely granulate,
light yellow.
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59. Perotrilites minor Krutzsch, Atlas der mittel-und jungtertiiren dispersen Sporen-und Pollen
sowie der Mikroplanktonformen des nordlichen Mitteleuropas 4-5:100, pl. 32, figs. 5-8,
1967. PL 19, Figs. 5-6.

Spores trilete; amb circular; 18-20 ¢ wide. Laesural arms undulate as long as radius and
narrow extending toward the margin of perine, with lip-like margo, the margo 1 wide.
Exine 1z thick, psilate. Perine light yellow, subpsilate, 1-3 z extending out from spore wall.

Locality: Talu Shale and Kuanyinshan Sandstone.

Selected slides:  11-9L, 37-1L.

Taxonomic affinity: This species is possibly related with the extant Selaginella species.

Genus 33. PLICATELLA Maijavkina 1949.
Spores trilete; amb triangular. Exine ribbed, with short appendices on the angles.

60. Plicatella taiwaniana Huang in Bot. Bull. Academia Sinica 19:22. pl. 5, figs. 5-6. 1978.
PL. 23, Figs. 5-6.

Genus 34. POLYPODIACEOISPORITES Potonié 1951.

Spores trilete; amb ellipsoidal, rounded triangular, subtriangular or triquete, the side convex,
concave or straight, the angle usually obtuse, or acute, rarely broadly obtuse, emarginate.
Laesural arms usually straight, with proximal irregularly sinuous laesural ridges. Exine 0.5z
thick, the proximal face extervermiculate, tuberculate and the distal face tuberculate, exter-
vermiculate or lophate. Equatorial ridge annulate, rarely annulotrilete, the margin smooth.

KEY TO THE SPECIES

1. Equatorial ridge evenly thick.
2. Amb ellipsofdal ......ccvoviiriiiiiniisiisiiiciiaiinsississia 66. P. intragiganiibalticus
2. Amb subtriangular.
3. Spores 21-24x24-27 u; equatorial ridge 2 u wide. .
3. Spores 30-40 x 36-50 x; equatorial ridge 3 x wide .
1. Equatorial ridge unevenly thick.
4. Angle thicker than side.
5. Amb triquete, the side concave, the angle emarginate; exine extervermiculate on

67. P. microconcavus
..6.4 P. gracillimus

BoTh (SUrthces: . oninn s e e TR R R R T i 73. P. raiwanensis
5. Amb subtriaugular, the side straight, the angle rounded or truncate; exine
rugulato-reticulate on distal face ...l 1. P. semipinnatus

4. Angle thinner than side, obtuse or acute.
6. Circumfluent field-distal ridge present; equatorial ridge annuloirilete

. P. bellus

6. nmfluent field-distal ridge absent.
7. Fquatorial ridge annulotrilete; laesural ridge circumfluent....62. P. diciylinus
7. Equatorial ridge annulate; laesural ridge not circumfluent.
8. Side convex.
9. Elements prominent on both faces.
10. Angle less than 2z thick, acute.
11. Spores 22-28 x 21-29 u; side 3.5-4 & wide; proximal irregularly
sinuous laesural ridge present ..................68. P. microconvexus
11. Spores 37-40: 35-43 p1; side 2-4 g wide; laesural line-like..........
............................................ 70. P. multifidus

10. Angle obtuse.
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Plate 19, All figures x 1000.
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12. Angle 1.5-2 i thick . 75. P. wallichianus
12. Angle more than 2 g thick, obtuse; spores 38-403x 34-40 u; side
3—4;1 wide; laesurae with proximal irregularly sinuous ridges.....
e irareeareeeseeraieaianaas vve.. 65, P. intrabalticus
9. Llcm:nts pmmmnnl on proximal l'ace only ........... 69. P. microformis
8. Side concave or straight.
13. Amb triquete; side 6-7 # wide: angle 2-54 thick, acute or
emarginate; spores 40-44x40-502 ........... 63. P. emarginatus
. Amb subtriangulai; side 3-5x wide; angle obtuse.
14, Spores 32-35x31-37 z; angle 2-3 u thick; side 3-4 z wide. ..
72 P. setuloso-costulatus
angle 3.5-4 p thick; side 4-5 wide.
............................................. T4. P. venustus
Polypodiaceoisporites bellus Huang in Bot. Bull. Academia Sinica 19: 16. pi. I, figs. I-3.
1978. PL 2,1 Figs. 1-3.

Polypodiaceoisporites dactylinus Huang, loc. cir. 16. pl. 2, figs. 14-15. Pl 22, Figs. 14-15.
Polypodiaceoisporites emarginatus Huang, loc. cit. 16. pl. 1, figs. 6-7. PL 21, Figs. 6-7.

Polypodiaceoisporites gracillimus Nagy in Pollen et Spores 5(2):397-412. 1963; Huang, loc.
cit. 17. pl. I, figs. §-9. Pl 21, Figs. 8-9.

Polypodiaceoisporites intrabalticus Huang, loc. eit. 17. pl. 1, figs. 10-12. Pl 21, Figs. 10-12.

Polypodiaceoisporites i igantibalticus Huang, loc. cir. 17, pl. 2, figs. I-2.
Pl 22, Figs. 1-2.

Pulypwﬂmumspnrues microconeavus Krulzsch Allab der mittel-und jungtertiiren dispersen

der Mikropl der nordlichen Mitteleuropas Liefe-
rung IV. 114, 1967. Verb. Gustav Fisher Verlag Jena; Huang, loc. cit. 17. pl. 2, figs.
6-7. Pl 22, Figs. 6-7.
Poly isporites mi Huang, loc. cit. 18. pl. 2, figs. 8-9. PL 22, Figs. 8-9.
Polypodiaceoisporites microformis Huang, loc. cit. 18. pl. 2, fig. 10. PL 22, Fig. 10.
Polypodiaceoisporites multifidus Huang, loc. cir. 18. pl. 1, figs. 4-5. Pl 21, Figs. 4-5.
Polypodiaceoisporil ipinnatus Iuang, loc. cir. 19. pl. 2, figs. 3-5. PL 22, Figs. 3-5.
Polypodi: ites setul; Huang, loc. cit. 19. pl. 2, figs. 11-12.

Pl 22, Figs. 11-12.
Polypodiaceoisporites taiwanensis Huang, loc, cir. 19, pl. 2, fig. 13. Pl 22, Fig. 13.
Polydodiaccoisporites venustus Huang, loc. cit. 19. pl. 2, figs. 16-17. Pl 22, Figs. 16-17.
Polypodiaceoisporites wallichianus Huang, loc. c¢it. 20. pl. 2, fige. 18-19.

Pl. 22, Figs. 18-19.

Genus 35. PTERISPORIS Huang gen. nov.

-2. Leiotriletes taiwanensis Huang (37-61., 57-2R); 3-4. Osmundaciditcs taiwanensis Huang
(Mw3-2L), 5-6. Perotrilites minor Krutzsch (11-9L, 37-1L); 7. Pterisporis concavus Huang
(ij-!l’-): 8 Pterisporis taiwanensis Huang (54-2L); 9-10. Retitriletes taiwanensis 1luang
(34-4R).
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Plate 19
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Plate 20. All figures » 1000.
1-3. Toricingulatisporites taiwanensis Huang (40-1R); 4-5. Toroisporis bifidus
Huang (46-1L); 6-7. Trilobosporites taiwanensis Huang (St1-3); §-9. Triplano-
sporites taiwanensis Huang (54-3R); 10-11. Verrucingulatisporites taiwanensis
Huang (26-3R).
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Spores zonotrilete; amb subtriangular. Laesural arms nearly as long as radius, with con-
fluent laesural ridges. Exine smooth, thin, less than 1z thick, with proximal, distal and

equatorial ridges.
The genus is closely related to the extant Awogramma or Pteris. The genus is also similar

to Concavisporites Pflug in Thomson and Pflug 1953 excepting for the larger size and that
the laesural arms not rotated near their apices.

KEY TO THE SPECIES

1. Amb two sides concave, one side convex; spores 27-32x30-32p ....uuu... 76. P. concavus
1. Amb nearly all sides straight, 35-37x35-3T &z ..coviiiiiiiiiininennnnns 77 P. aiwanensis
76. Pterisporis coneavus Huang sp. nov. PL 19, Fig. 7.

Spores trilete; amb subtriangular, two sides concave, one side convex or straight; 27-32x
30-32 4. Laesural arms straight, 12-20 ¢ long, with circumfluent laesural ridges. Exine very
thin, with equatorial ridges, circumfluent field proximal and distal ridges, the ridges 2-3u
thick,

Type locality: Kuanyinshan Sandstone Member.

Type slide: 33-3R.

Taxonomic affinity: This species is similar to the extant species of Pteris or Anogramma.

77. Pterisporis taiwanensis Huang sp. nov. PL 19, Fig. 8.
Spores trilete; amb subtriangular, all sides nearly straight or slightly convex; 35-37x
35-37 . Laesural arms 15-20 22 long, with circumfluent laesural ridges. Exine very thin, with
equatorial ridges, circumfuent field proximal and disial ridges, all ridges about 2.5 g thick.
Type locality: Shuliufen Sandstone Member.
Type slide:  54-2L.
Taxonomic affin

This species is similar to the extant species of Preris or Anogramma.

Genus 36. RETITRILETES Pierce 1961.

Spores azonotrilete; amb circular or rounded triangular. Laesural arms simple, as long ss
2/3 radius. Exine with scabrate processes; sexine reticulate, the meshes large, more than 5u
wide, and the number of meshes about 15 in one face.

78. Retitriletes taiwanensis Huang sp. nov. PL. 19, Figs. 9-10.

Spores trilete; amb circular or rounded triangular; 26-27 # wide. Laesural arms indistinct.
Exine reticulate, the lumina 4-5-angular, 5-10 4 wide, the muci 0'5 ¢ wide, 1-2 # high, with
scabrate processes.

Type locality: Peliao Sandstone.

Type slide:  34-4R.

Taxeonomic affinity: This species is similar to the extant Lycopodium veirchii Christ.

Genus 37. TORICINGULATISPORITES Simonesies 1964, emend Huang.

Spores zonotrilete. Exine with more or less uniformly thick smooth cingulum (or equa-
torial ridges) and also with either very prominent proximal tori or circumfluent laesural ridge
on proximal face.

79. Toricingulatisporites taiwanensis Huang sp. nov. Pl 20, Figs. 1-3.

Spores trilete; amb rounded triangular, the side straight or slightly concave and convex,
the angle rounded obtuse; 35-43.5x37.5-42.5 4. Laesural arms straight, 15-20 u long, as long
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Plate 21. 1. Polypodiaceoisporites (PFTERIDACETE
1-3, P. bellus Huaug (49-1R); 4-5, P. multifidus Huang (49-21): 6-7, P. emar-
ginatus Huang (50-2L, fig. 12); 8-9, P. gracillimus N (34-4L); 10-12, P.
intrabalticus Huang (55-1L, figs. 10-11, holotype, 54-2L fig. 12).
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as radius, with circumfluent laesural ridges, the ridge 2.5-3 ¢ wide. FExine 1 thick, with
equatorial annulate ridges, the annulus 3-4 x wide.
Type locality: Kuanyinshan Sandstone.
Type slide: 40-1R.
Taxonomic affinity: This species is similar to species of Cibetinm or Preris fanrie Hie-
Tonymus.

Genus 38. TOROISPORIS Krutzsch 1959,
Spores azonotrilete; amb rounded triangular or triquete.  Laesural arms as long as radius,
torate or with laesural ridge.

KEY TO THE SPECIES

oo 800 T bifidus
..81. T. taiwanensis

. Spores 38-42x 38-42 p; laesural arms biforked branching at ends...
. Spores 60-82x62-82 s; laesural arms not branching at ends ...

80. Toroisporis bifidus Huang sp. nov. P1. 20, Figs. 4-5.

Spores trilete; amb rounded triangular, the side slightly convex, the angle obtuse; 38-42x
38-42 4; Laesural arms (17-)27 ¢« long, as long as radius, biforked branching at ends, with
long plane field laesural ridges, the ridge 1. wide. Exine 1.5z thick, psilate, smooth.

Type locality: Shangfuchi Sandstone.

Type slide:  46-1L.

Taxonomic affinity: This species is possibly related with extant Alsophila species of

Cyatheaceae, and also similar to Toroisporis welzewense Krutzsch 1962.

81, Toroisporis taiwanensis Huang in Bot. Bull. Academia Sinica 19:23. pl. 5, fig. 1. 1978,
PL 23, Fig. 1.

Genus 39. TRILOBOSPORITES Pant 1954 ex Potonié 1956, emend Huang

Spores azonotrilete; amb triquete 1o trilobate. Laesural arms straight, simple, as long as
radius, without kyrtoms. Exine unevenly thick, the angles thicker than the sides, with verru-
cate processes; sexine foveolate.

82. Trilobosporites taiwanensis Huang sp. nov. PL 20, Figs. 6-7.

Spores trilete; amb triquete to trilobate, the sides convex, the angle rounded 1o broadly
obtuse; 42-52x54-60 4. Laesural arms straight, simple, 24-31x long, as long as radius.
Exine unevenly thick, the side 24 wide, the angle 3z wide, with verrucate processes; sexine
foveolate, the pores 1x2 pu.

Type locality: Shihting Formation.

Type slide: STI-3.

Toxonomic affinity: This species is closely related to Trilabosporites trioreticulosus Cookson

and Dettmann 1938, and Lygodium flocculosumn Martynava in Pokrovskay and Stelmak
1964. It may be related to the extant species of Lycopodium.
Note: The same palynomorph is also found in Kuantaoshan Sandstone Member (50-2R).

Genus 40. TRIPLANOSPORITES Pflug in Thomson & Pflug 1952,

Spores trilete; amb extremely concave, with a polar axis that is longer than the equatorial
axis. Laesural arms indistinct. Exine smooth.
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Plate 22
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83. Triplanosporites taiwanensis Huang sp. nov. PL. 20, Figs. 8-9.

o

Spores trilete; 28-31 u wide. Laesural arms indistinct. Exine 1. thick, psilate, smooth.

Type locality: Peliao Sandstene.

Type slide: 34-3R.

Taxonomic affinity: This species is related with the extant species of Alsephila of Cya-
theaceae.

Genus 41. VERRUCATITRILETES Huang gen. nov.

Spores azonotrilete; amb subtriangular. Exine with scabrate processes; sexine granulate
and tuberculate together. Laesural arms studed by partially coalesed large tuberculae.

This genus is very similar to Ferrucatisporites Nagy 1969, but the former is covered with
the tuberculae and granules on whole surface of spores.

84, Verrucatitriletes taiwanensis Huang sp. nov. PL 11, Figs. 12-15.

Spores trilete; amb subtriangular, the side slightly convex and concave, the angle acute
or obtuse; 23-27x22-29 .. Laesural arms 8-10 u long, with tuberculae along laesural ridges.
Exine 1 thick, with scabrate processes; sexine mixed with granulate and tuberculate together
on whole surface of spore wall, the granules 1z wide, the tuberculae 2-3 p wide.

Type locality: Kuanyinshan Sandstone.

Type slide: 35-3R.

Taxonomic affinity: This species is possibly related with the extant species of either

Lycopodium or Selaginella.

Genus 42. VERRUCINGULATISPORITES Kedves 1961.

Spores azonotrilete; amb rounded triangular, with zones 4-5 # wide. Laesural arms simple.
Exine thin, with thick cingulum, the cingulum with verrucate processes.

85. Vi ites tai is Huang sp. nov. Pl 20, Figs. 10-11.

Spores trilete; amb subtriangular; 35-40x 35-40 4, the side straight, the angle acute.
Laesural arms 12-13 z long, folded one side. Exine 1z thick, with coarse irregular verrucate
processes, the verrucae 4-5 g thick; sexine extervermiculate.

Type locality: Peliao Sandstone.

Type slide:  26-3R.

Taxonomic affinity: This species is possibly related with the extamt Pteridaceae.

Genus 43. VERRUCOSISPORITES Ibrahim 1933.
Spores trilete; sexine covered with warts or wrinkles (verrucate processes).

86. Verrucosisporites taiwanensis Huang in Bot. Bull. Academia Sinica 19: 24. pl. 5, figs. 2-4.
PL. 23, Figs. 2-4.

KEY TO THE VARIETIES

1. Spores 54-68 x 50-64 x; exine with verrucate processes; tuberculae 3 x4z ..

Plate 22. Polypodiaceoisporites (PTERIDACEAE), x 1000
1-2, P. intragigantibalticus Huang (37-6R); 3-5, P. semipinnatus Huang (49-21
microconcavus Krutzsch (52-1L); 8-9, P. microconvexus Huang (37-2R); 10, P.microformis
Huang (37-2R): 11-12, P. setuloso-costulatus Huang (51-4R); 13, P. taiwanensis Huang
(35-1R); 14-15, P. dactylinus Huang (46-1L); 16-17, P. venustus Huang (49-3R); 18-19,
P. wallichianus Huang (37-2R).

; 61, P.
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Plate 23. SCHIZAEACEAE, x1000.
I. Toroisporis taiwanensis [luang (1-2L); 2-4, Verrucosisporites taiwanensis
Huang (30-1R); 5-6, Plicatella taiwaniana Huang (46-1L).



June, 1978 Huang—Miocene Palynomorphs of Taiwan—IIL spores 55

........................................................ 8da. V. taiwanensis 1aiwanensis.
1. Spores 45-50x45-50 u1; exine with scabrate processes; granules Ix1p ... ooiiiiiiiiinn.
....................................................... 84b. V. raiwanensis scabriformis

86a. Verrucosisporites taiwanensis.
@6b. Verrucosisporites taiwanensis var. scabriformis Huang var. nov. PL 14, Fig. 7.

Spores trilete; rounded triangular; 45-50x45-50 z; Laesural arms 15-20  long, with line-
like or flange-like margo, the margo 2-3 4 wide. Exine 3 thick, with scabrate processes;
sexine granulate, the granules 1x1 s

Type locality: Kuanyinshan Sandstone.

Type slide:  35-2L.

Taxonomic affinity: Lygodium japonicum (Thunb.) Sw.

Note: This species differs from the typical variety by its smaller size of spores and granules,

and with scabrate processes. The same sporomorphs are also found in Chuhuankeng
Formation (19-20R), Peliao Sandstone (21-7L), and Talu Shale (10-31R).
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