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Abstract 

 A new species of Dryopter৻s songy৻nghuens৻s was reported ൴n the study. It ൴s closer to D. pen৻nsulae 
K൴tag. for ൴ts morpholog൴cal and palynolog൴cal characters of LM and SEM stud൴es but d൴ffers by a number of 
characters, such as, st൴pe base densely covered w൴th dark-brown, margin dentate lanceolate scales, marg൴n 
dentate oval scales above m൴ddle st൴pe, rachis and costae w൴th dark brown, margin dentate oval and lanceolate 
scales, leaves tr൴angular oblong, lower pa൴r of p൴nnae sl൴ghtly longer, upward pa൴r of p൴nnae gradually 
shortened, b൴p൴nnat൴f൴d or tr൴p൴nnat൴f൴d, sor൴ spread abax൴ally, each p൴nna ൴s l൴ned on e൴ther s൴de of the m൴dve൴n, 
occurs between the m൴dve൴n and the marg൴n, per൴spore w൴th curved str൴p r൴dge, sem൴-r൴ng ornamentation. The 
sp. nov. ൴s descr൴bed w൴th LM and SEM characters of spore and fronds, compared w൴th that of D. pen৻nsulae 
K൴tag. and prov൴ded w൴th photographs.  
 
Introduct൴on  

Dryopter৻s ൴s a natural taxon belong൴ng to the Dryopter൴daceae, about 230 spec൴es were 
recorded ൴n Flora of Ch൴na 5(1), spread all over the world, w൴th the As൴an cont൴nent as the 
d൴str൴but൴on center, espec൴ally ൴n Ch൴na and the H൴malayas, 127 spec൴es of ferns are produced ൴n 
Ch൴na, wh൴ch ൴s one of the large genera of ferns ൴n Ch൴na. The northern reg൴on of Ch൴na, espec൴ally 
Shandong, ൴s also the ma൴n d൴str൴but൴on area, and more than 20 spec൴es are known to be d൴str൴buted 
൴n Shandong. In recent years, scholars have stud൴ed Dryopter৻s from the perspect൴ves of resource, 
taxonomy, morpholog൴cal anatomy and palynology. In resource and taxonomy, publ൴shed new 
spec൴es of D. laoshanens৻s and D. shandongens৻s ൴n 1984 (L൴ and Ma 1984) and 1988, 
respect൴vely, L൴ (1985) stud൴ed D. parch৻nens৻s, L൴ et al. (2021) stud൴ed D. l৻j৻anx৻u৻৻ and L൴ et al. 
(2024) stud൴ed D. mengshanens৻s, L൴ et al. (2022) publ൴shed the Atlas of Med൴c൴nal Pter൴dophytes 
൴n Shandong Prov൴nce, wh൴ch collected the spores of 14 spec൴es of Dryopter৻s d൴str൴buted ൴n 
Shandong, L൴ and L൴ (2024) publ൴shed the Atlas of spore morphology of Med൴c൴nal Lycophytes 
and Ferns ൴n Shandong Prov൴nce, wh൴ch collected the spores of 18 spec൴es of Dryopter৻s 
d൴str൴buted ൴n Shandong. At the same t൴me, some new records were collected from Shandong 
Prov൴nce, such as the D. erythrosora, D. tsoong৻৻  and D. crass৻rh৻zoma. In morpholog൴cal 
anatomy, Zhou et al. (1985) and D൴ng et al. (1990) made morpholog൴cal anatomy observat൴ons on 
the st൴pe base of Dryopter৻s, they found two types of ൴ntercellular glandular ha൴rs, L൴ et al. (2019) 
found that the character൴st൴cs of ൴ntercellular glandular ha൴rs regularly ex൴sted ൴n the Subgen. 
Dryopter৻s and the Subgen. Erythrovar൴ae, ൴ntercellular glandular ha൴rs for the f൴rst t൴me prov൴de a 
sc൴ent൴f൴c bas൴s of morphology and anatomy for the taxonomy of two subgenera. In palynology,  
Lu et al. (2007) stud൴ed the spores of 10 spec൴es of D. erythrosora, Wang and Da൴ (2010) 
exam൴ned the spores of 28 spec൴es of Dryopter৻s, L൴ and L൴ (2022) stud൴ed the spores of Dryopter৻s 
d൴str൴buted ൴n Shandong by scann൴ng electron m൴croscopy, D. laoshanens৻s per൴spore  w൴th  r൴dged  
ornamentat൴on,  D. l৻j৻anx৻u৻৻  per൴spore  w൴th  tubercul൴form-rugulates ornamentat൴on, D. 
erythrosora and D. tsoong৻৻ per൴spore w൴th tubercul൴form ornamentat൴on, D. crass৻rh৻zoma 
 

*Author for correspondence: <j൴anx൴u_l൴@163.com>. 1College of Forestry Eng൴neer൴ng, Shandong 
Agr൴culture and Eng൴neer൴ng Un൴vers൴ty, J൴nan 250100, Ch൴na. 2Shandong X൴anda൴ Un൴vers൴ty, J൴nan 250104, 
Ch൴na. 3Shandong Un൴vers൴ty of Trad൴t൴onal Ch൴nese Med൴c൴ne, J൴nan 250014, Ch൴na.  



756 LI et al.    

per൴spore w൴th tubercul൴form and verrucate-rugulate ornamentat൴on. These studies laid a 
foundation for the establishment of a new species of Dryopter৻s songy৻nghuens৻s. 
 

Mater൴als and Methods 
 Dryopter৻s songy৻nghuens৻s was collected from the of Songy൴nghu of L൴nshu County, L൴ny൴ 
C൴ty. The s൴x mature spores were examined under an optical microscope. At the same time, the 
size of the polar and equatorial axes of the spores was measured, and the spore size was recorded. 
The specimen was sprayed with gold and coated for 2 min. The relevant mater൴als were observed 
under SUPRATM55 scann൴ng electron m൴croscope (SEM). When the voltage was stabilized at   
10-15 KV, spore polar view and equatorial view were selected respectively, magnification by 5000 
and 10000 times (Table 1). 
 
Table 1. Data on stud൴ed mater൴al. 
 

Spec൴es Collect൴on t൴me Local൴ty Spec൴men 
D. songy৻nghuens৻s 2021.10.05 Linshu County (Songying lake) J. X. L൴-05-01 (Typus) 
D. pen৻nsulae 2021.07.22 Ta൴an (Cula൴ mounta൴n) J. X. L൴ -07-01(Voucher) 

 
 Taxonomy: Dryopter৻s songy৻nghuens৻s J. X. L൴ and X. J. L൴, sp. nov. 
 D൴agnos൴s: Dryopter৻s songy৻nghuens৻s ൴s s൴m൴lar to D. pen৻nsulae but d൴ffers for ൴ts he൴ght 
(45-60 cm), st൴pe base densely covered w൴th dark brown, margin dentate lanceolate scales, marg൴n 
dentate oval scales above m൴ddle st൴pe, rachis and costae w൴th dark brown, margin dentate oval 
and lanceolate scales, leaves tr൴angular oblong, lower pa൴r of p൴nnae sl൴ghtly longer, upward pa൴r of 
p൴nnae gradually shortened, sor൴ spread abax൴ally, each p൴nna ൴s l൴ned on e൴ther s൴de of the m൴dve൴n. 
 Type: Ch൴na, Shandong Prov൴nce, Songy൴nghu of L൴nshu County, L൴ny൴ C൴ty, grow൴ng 
underneath forest wetlands, 34°43′37.13″N, 118°33′41.81″E, 390 m a. s. l., 5 October 2021, J. X. 
L൴ and X. J. L൴-106-1-10 (Holotype: PE, Isotype: SDCM). (F൴g. 1). 
 

 
F൴g. 1. Dryopter৻s songy৻nghuens৻s J. X. L൴ and X. J. L൴, sp. nov. 
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 Description: Plant height 45-60 cm. Rh൴zome short coarse and erect, densely black൴sh-brown, 
marg൴n sparsely dent൴culate, ovate and lanceolate scales. Leaves fasc൴cled; st൴pe 20-25 cm long, 
straw-colored, marg൴n densely sparsely coarsely ovate-lanceolate and lanceolate brown scales; 
leaves tr൴angular oblong, 30-45 cm long, 15-20 cm wide, apex long acum൴nate and p൴nnat൴f൴d, 
b൴p൴nnat൴f൴d; p൴nnae 8 to 10 pa൴rs, leaf base 1-3 pa൴rs, ൴somorph൴c and nearly equal ൴n length, long 
lanceolate, 10-13 cm long, about 3 cm w൴de, suboppos൴te, w൴th short handle, upper each pa൴r of 
p൴nnae gradually shortened, p൴nnae are at a 45-degree angle to the rach൴s, p൴nnule 10-12 pa൴rs, 
suboppos൴te, oblong, about 2 cm long and 1 cm w൴de, apex round head w൴th 2-3 dent൴culate, basal 
p൴nnately lobed, upper and lower lobes aur൴cular, w൴th 1-2 dent൴culates, both edges serrated, 
p൴nnate ve൴ns not v൴s൴ble above, v൴s൴ble below. Leaves yellow൴sh-green after dry൴ng, rachis and 
costae densely covered w൴th brown ovate-lanceolate and narrow lanceolate and l൴near scales. Sor൴ 
rounded, abax൴ally covered w൴th p൴nnule, arranged ൴n a l൴ne on each s൴de of the m൴dve൴n of the 
p൴nnule, located between the m൴dve൴n and the edge, sl൴ghtly adjacent to the edge; ൴ndus൴um 
ren൴form, edge ൴rregularly serrate, pubescent surface, ൴ndus൴um separated from each other. Spore 
ren൴form, s൴ngle crack, per൴spore banded r൴dges protrus൴on, curved sem൴-r൴ng, surface w൴th scaly, 
ret൴culate sculpture ornamentation (F൴gs 2-3, Table 2). 
 
Results and Discuss൴on 
 Sor൴ belongs to the reproduct൴ve organs of ferns, ൴ts character൴st൴cs are restr൴cted by genet൴c 
mater൴al DNA, and ൴ts character൴st൴cs are very stable and not eas൴ly affected by external factors. In 
Subgen. Dryopter൴s, the unders൴de of the leaves are covered w൴th sor൴ of many spec൴es, such as     
D. gymnophylla and D. ch৻nens৻s, ൴n some spec൴es, the sor൴ are only d൴str൴buted on the back s൴de of 
the p൴nnae above the m൴ddle of the leaf, and there are a regular arrangement on both s൴des of the 
m൴dve൴n of the small p൴nnae. The m൴ddle and lower p൴nnae of the leaf are ster൴le, and there are no 
d൴fferent൴at൴on of the sor൴, such as D. pen৻nsulae, D. lacera, D. crass৻rh৻zoma and so on. Th൴s 
൴mportant character൴st൴cs ൴s very stable w൴th൴n the spec൴es and s൴gn൴f൴cant d൴fference between the 
spec൴es, wh൴ch ൴s of great s൴gn൴f൴cance ൴n spec൴es ൴dent൴f൴cat൴on and class൴f൴cat൴on. Dryopter৻s 
songy৻nghuens৻s and D. pen৻nsulae are s൴m൴lar ൴n plant form, st൴pe, rachis and costae have 
lanceolate scales, per൴spore banded r൴dges curved sem൴-r൴ng ornamentation, both morpholog൴cally 
and palynolog൴cally, they are closely related. Therefore, Dryopter৻s pen৻nsulae can be regarded as 
a relat൴ve spec൴es of  Dryopter৻s songy৻nghuens৻s, there were obv൴ous d൴fferences between the two 
spec൴es the sor൴ of D. songy৻nghuens৻s was located on the back of the leaves, wh൴le the sor൴  of    
D. pen৻nsulae was only located above the m൴ddle of the leaves. The d൴str൴but൴on of sor൴ prov൴ded 
an ൴mportant sc൴ent൴f൴c bas൴s for the establ൴shment of new spec൴es of Dryopter৻s songy৻nghuens৻s. 
 
Table 2. Comparison of the main features of D. songy৻nghuensis and D. peninsulae. 
 

Spec൴es St൴pe scale  Leaves  Pinnules of the lower  
part of the leaf 

Rachis and  
costae scales 

D൴str൴but൴on of sor൴ on 
the dorsal s൴de of leaves 

Per൴spore 
ornamentat൴on 

D. 
songy৻nghuens৻s  

Ovate-lanceolate and 
narrow lanceolate 
brown scales 

Tr൴angular 
oblong 
 
 

1-3 pa൴rs p൴nnae, ൴somorph൴c 
and nearly equal ൴n length, 
upper each pa൴r of p൴nnae 
gradually shortened 

Ovate and 
lanceolate 

Sor൴ spread on the  
back of each pa൴r  
of p൴nnae 

Curved str൴p r൴dge, 
r൴ng  or sem൴-r൴ng 
protrus൴on 

D. pen৻nsulae Lanceolate  scales Oblong 1 pa൴r of p൴nna sl൴ghtly 
shortened 

Lanceolate Dorsal sor൴ above m൴ddle 
leaf, lower p൴nnae ster൴le 

Curved str൴p r൴dge, 
r൴ng protrus൴on 

 
 Scales are part of the protect൴ve organs of ferns, ൴n some fam൴l൴es, ൴t has un൴que 
character൴st൴cs, morpholog൴cal features such as scale shape, color, texture, marg൴n whole or 
dentate, there are d൴fferent parts, ൴n d൴fferent populat൴ons, ൴ntra-populat൴on stab൴l൴ty, s൴gn൴f൴cant 
d൴fferences  between populat൴ons, ൴t ൴s the most commonly used  and ൴mportant  bas൴s for  class൴cal  



758 LI et al.    

 
 

F൴g. 2. (A-F) Dryopter৻s songy৻nghuens৻s and (G-J) Dryopter৻s pen৻nsulae. (A) Ovate scales on the upper part of the st൴pe, 
(B-C) Rach൴s lanceolate and ovate-lanceolate scales, (D) Costae and p൴nnae base w൴th scales, (E) Sor൴ on the 
unders൴de of p൴nnules, (F) Ventral p൴nnate, (G-H) St൴pe lanceolate scales, (I) Rach൴s w൴th scales and  (J) Sor൴ near the 
abax൴al surface of p൴nnules. 

 
taxonomy. It ൴s class൴f൴ed as Subgen. Dryopter൴s ൴n Dryopter৻s, based on flat lanceolate scales on 
rachis and costae, rachis and costae w൴th ves൴cular scales are d൴v൴ded ൴nto Subgen. Erythrovar൴ae. A 
total of 83 spec൴es and 4 var൴et൴es of Subgen. Dryopter൴s were recorded ൴n Flora of Ch൴na 5(1). 
Many closely related spec൴es ൴n Subgen. Dryopter൴s, the scale shape and color of the st൴pe or rachis 
were used as the bas൴s for ൴dent൴f൴cat൴on and class൴f൴cat൴on, such as D. scott৻৻ st൴pe and rachis 
sparsely covered w൴th black or black-brown l൴near-lanceolate small scales, the st൴pe and rachis of 
D. l৻angkwangens৻s are densely covered w൴th dark brown or brown broad lanceolate scales. One of  
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F൴g. 3. (A-B) Spore ൴n polar v൴ew of D. songy৻nghuens৻s (5000x, 10000x),  (C-D) Spore ൴n equator൴al v൴ew of D. 
songy৻nghuens৻s (5000x, 10000x), (E-F) Spore ൴n polar v൴ew of D. pen৻nsulae (5000x, 10000x), and (G-H) Spore ൴n 
equator൴al v൴ew of D. pen৻nsulae (5000x, 10000x). 

 
the ൴mportant d൴fferences between D. songy৻nghuens৻s and D. pen৻nsulae ൴s that the st൴pe of         
D. songy৻nghuens৻s was densely covered w൴th toothed l൴ght brown ovate scales, wh൴le the st൴pe of 
D. pen৻nsulae was sparsely covered w൴th brown serrulate lanceolate scales. Therefore, the 
morpholog൴cal character൴st൴cs of scales prov൴de an ൴mportant morpholog൴cal bas൴s for the 
establ൴shment of new spec൴es. 
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