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Research paper

The Correlation between Fern Diversity
and Environmental Factors—Case Study in a Chinese
Fir Plantation in Lienhuachih, Central Taiwan

Pei-Hsuan Lee,'” Yao-Moan Huang,l Wen-Liang Chiou,’
Yen-Hsueh Tseng,"” Hsy-Yu Tzeng’

ABSTRACT

The purpose of this study was to understand the impact of micro-environmental changes on
fern diversity and distribution in a Chinese fir plantation. We selected a Chinese fir plantation with
a slope less than 30° in the Lienhuachih lowland area of central Taiwan as the study area. A 0.2 ha
plot was established within the plantation to investigate fern species and individual numbers. We
identified a total of 19 fern species (10 families and 13 genera) in the plot and then analyzed them
for their relationship to stand density, canopy openness, and soil moisture. Regression analysis
revealed that fern richness, density, and diversity significantly correlated with canopy openness
and soil moisture during the dry season. Based on the results of two-way indicator species analysis
(TWINSPAN), the fern communities were classified into three distinct groups: Pleocnemia
winitii, Adiantum flabellulatum, and Diplazium mettenianum groups. The result of detrended
correspondence analysis (DCA) confirmed that the distribution of fern groups was consistent
with the TWINSPAN classification. Canonical correspondence analysis (CCA) revealed canopy
openness as the primary factor affecting fern diversity, followed by soil moisture, which also
played a significant role. Among the three plant groups, the Pleocnemia winitii group exhibited
the highest correlation with soil moisture and canopy openness, followed by the Diplazium
mettenianum group and the Adiantum flabellulatum group. This study highlights the distinct
adaptations of different fern communities to the understory environment of a Chinese fir plantation.
Keywords: canonical correspondence analysis (CCA), canopy openness, detrended correspondence
analysis (DCA), stand density index, two-way indicator species analysis (TWINSPAN)
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Fig. 1. Study site location and climate characteristics of the Lienhuachih area. (a) Study site
location in central lowland Taiwan. (b) Climate diagram of the Lienhuachih area. (c) Schematic
diagram of the 0.2 ha sampling plot.
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Table 1. Compositions, number of individuals, leaf size (length and width, units: cm), quadrat
ratio (%) and number of quadrats (within parentheses) of fern groups (analyzed by TWINSPAN)
in the 0.2-ha plot at the Chinese fir plantation in the Lienhuachih area, central Taiwan. Groups
represented by characteristic species are the Pleocnemia winitii group (PLEOWI), Adiantum
fabellulatum group (ADIAFL), and Diplazium mettenianum group (DIPLME).

Individuals Length Width PLEOWI ADIAFL DIPLME

Species
Adiantum flabellulatum L. [REESRARIR
Alsophila podophylla Hook. SR
Asplenium normale D.Don  “EZEFE AR

Cibotium barometz (L.) J. Sm.
Dicranopteris tetraphylla
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(Rosenst) C. M. Kuo =
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(C. Chr.) Nakai WHRH
Dryopteris integriloba C. Chr. AZETEHR
Dryopteris sordidipes Tagawa % f=E Mk
Lindsaea bonii Christ 19 B BE R
Lindsaea heterophylla Dryand FLEEREER
Lindsaea orbiculata (Lam.) -
Mett. ex Kuhn e
Microlepia calvescens \ e
(Wall. ex Hook.) C. Presl Gt
Microlepia hookeriana .
(Wall. ex Hook.) C. Presl Pt IRk
Pleocnemia winitii Holttum  HERZEEE %
Pteris semipinnata L. BN
Tectaria harlandii (Hook.) Vb R

C. M. Kuo

148
19
10

389

17

256

137

38

53

23

14

289
36

135

41 19 14(8)  100(16)  83(5)
250 102 26(15) - -
29 3 9%5) - -
313 106 88(51)  88(14)  67(4)
239 117 10(6) 6(1)  33Q2)
118 59 503) - .
65 29 69(40) - -
50 20 22(13) - 100(6)
401 42 2 - .
60 24 21(12)  13(2) -
58 25 1) - .
33 7 106)  69(11)  33(2)
36 15 - 19(3) -
13 2 302)  63(10)  50(3)
86 30 2(1) - .
57 17 16(9) - -
142 70 88(51) - .
85 27 28(16)  19(3) 17(1)
64 34 69(40)  132) 332

-: does not exist.
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EHE R (Appendix 3) » DURFERTE R 4 > 43 B ki
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flabellulatum group ; f&iTEEEZERf - ADIAFL ; n =

16) ~ LIS BRILEEZE BRI (Diplazium mettenianum
group ; fEFEZRILIEE » DIPLME ;5 n = 6) » fiTable
ke Fig. 2av] A1 » MENREE Ry i & P Y 18 B e
B REERE ARG R R ST BRILRE I AR
MARRRERR V7388 5 A0 H. > MERREFHI AR EE R T
I K (mean length = 151.9 & 45.8 cm, mean width
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Table 2. Linear regression relating richness, density, and Shannon-Wiener index of ferns to three
environmental factors: stand density index (SDI), canopy openness, and soil water in the 0.2 ha
plot at the Chinese fir plantation in the Lienhuachih area, central Taiwan. Three fern groups were

classified using TWINSPAN.

Factors

Coefficient ()

2
Response SDI Canopy openness Soil water R
Richness 0.08" 0.22" 0.52" 0.23
Density 0.003 1.93™ 247 0.26
Shannon-Wiener index 0.02" 0.05" 0.16™ 0.25
PLEOWI group
Richness 0.06 0.21" 0.46 0.16
Density -0.04 1.777 1.91 0.20
Shannon-Wiener index 0.01 0.05" 0.13" 0.17
ADIAFL group
Richness 0.13 0.43 0.62 0.25
Density 0.70 -0.47 1.17 0.14
Shannon-Wiener index 0.03 0.26 0.09 0.31
DIPLME group
Richness 0.29 0.04 -0.28 0.73
Density 0.37 2.22 -6.23 0.21
Shannon-Wiener index 0.06" -0.03 0.29 0.95

" p<0.05 " p<0.01; 7 p<0.001
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Fig. 2. Distribution of fern groups and ordination analysis of the 0.2 ha plot of the Chinese fir
plantation in the Lienhuachih area, central Taiwan. (a) Fern groups analyzed by TWINSPAN
and distribution within the plot. (b) Ordination plot of detrended correspondence analysis (DCA)
for fern groups. (¢) Ordination plot of DCA for fern species. (d) Bi-ordination plot of canonical
correspondence analysis (CCA) for fern groups. o: PLEOWI group, e: ADIAFL group, o

DIPLME group. Arrows indicate environmental factors including: stand density index (SDI),
canopy openness (Canopy), and soil water. Spearman’s rank order correlation coefficients appear
inside the table between the first three axes of CCA and the environment factors.
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Table 3. ANOVA among the groups analyzed by TWINSPAN in the 0.2 ha plot of the Chinese fir
plantation in the Lienhuachih area, central Taiwan. Variables include fern richness, density, and
Shannon-Wiener index. Environmental factors include stand density index (SDI), canopy
openness (%), and soil water (%). Different letters on the same line indicate significant differences

between the groups (p < 0.05).

Groups PLEOWI ADIAFL DIPLME
Variables Mean Interval Mean Interval Mean Interval
Fern
Richness 4.8 1-9 3.8 2-6 42° 2-6
Density 21.9° 2-44 13.5° 2-35 15.8" 2-35
Shannon-Wiener index 1.27° 0-1.88 1.03° 0.3-1.5 1.03° 0.3-1.61
Factors
SDI 10.94°  0.96-22.02 11.39°  5.87-17.50 13.91°  7.67-19.85
Canopy openness 10.5% 7.8-16.4 8.6" 7492 9.7 7.9-13.1
Soil water 36" 33.8-38 35 33.9-35.5 35.6™ 348363
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0.4713 ~ }¢0.2355 » #5771 53.8068 ~ 3.4369 ~
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Appendix 1. Checklist of 52 tree species belonging to 26 families (DBH > 1 ¢m) recorded within
the 40 m x 50 m plot at Lienhuachi in central lowland in Taiwan. The numbers of species recorded
are in the parentheses after each family name. “#” indicates endemism; “*” indicates naturalized

species; and “1” indicates cultivated species.

B Gymnosperms

1. Cupressaceae %} (1)

1. Cumninghamia lanceolata (Lamb.) Hook. 22K

2. Podocarpaceae FEFEIAE} (1)
2. Podocarpus nakaii Hayata RhE H H & #

He-FHEY) Angiosperms

3. Aquifoliaceae ZFE} (3)
3. Ilex ficoidea Hemsl. ZE RIE
4. llex formosana Maxim. fjf&
5. Ilex goshiensis Hayata [B|ZE &
4. Araliaceae FLJJIE} (1)

6. Schefflera octophylla (Lour.) Harms §5 %58

5. Celastraceae #ir £} (2)

7. Euonymus laxiflorus Champ. ex Benth. X' &

8. Euonymus tashiroi Maxim. ZEZEH
6. Daphniphyllaceae f2R7fF} (1)

9. Daphniphyllum glaucescens Bl. subsp. oldhamii T.C. Huang B [X.52 K7 1R

7. Ebenaceae fififsi %} (1)

10. Diospyros morrisiana Hance [LIFLAfi
8. Elaeocarpaceae f1-35%} (1)

11. Elaeocarpus sylvestris (Lour.) Poir. }1:2&
9. Euphorbiaceae KEF} (1)

12. Mallotus paniculatus (Lam.) Miill. Arg. HEf T

10. Fabaceae T E} (2)

13. Archidendron lucidum (Benth.) I.C. Nielsen ZHEE L]

14. Ormosia formosana Kaneh. Z R T #

11. Fagaceae #3}-F} (5)

15. Castanopsis cuspidata (Thunb. ex Murray) Schottky var. carlesii (Hemsl.) T. Yamaz. £FEEER,

16. Castanopsis fargesii Franch. K Jg&fu]

17. Lithocarpus konishii (Hayata) Hayata JHZE /{4 #
18. Lithocarpus synbalanos (Hance) Chun Z£ 575

19. Quercus pachyloma Seemen # 3|-f4




Taiwan J For Sci 39(4): 271-89, 2024 287

Appendix 1. Continued

12. Juglandaceae SARKEL (1)
20. Engelhardia roxburghiana Wall. &5ft
13. Lauraceae &£} (6)
21. Cinnamomum subavenium Miq. &
22. Cryptocarya chinensis (Hance) Hemsl. JE73E
23. Litsea acuminata (Blume) Kurata S5 KE 1
24. Machilus thunbergii Siebold & Zucc. KL
25. Machilus zuihoensis Hayata 7517 #
26. Neolitsea aciculata (Bl.) Koidz. var. variabillima J.C. Liao 3B REEL T #
14. Melastomataceae BF41FHE} (1)
27. Blastus cochinchinensis Lour. fHH/ AR
15. Myrtaceae FkE1ER} (1)
28. Syzygium buxifolium Hook. & Arn. /NEEFRIR
16. Oleaceae AREER} (1)
29. Osmanthus matsumuranus Hayata KZFEAREE
17. Pentaphylacaceae 715|ARE} (2)
30. Eurya loquaiana Dunn SR
31. Ternstroemia gymnanthera (Wight & Arn.) Sprague JE 77
18. Phyllanthaceae = RERE} (1)
32. Glochidion acuminatum Miill. Arg. 2 [ BT
19. Primulaceae fEEE} (2)
33. Ardisia quinquegona Blume /NEERS T
34. Ardisia sieboldii Miq. it
20. Proteaceae [L[FEAREL (2)
35. Helicia cochinchinensis Lour. fI ZEfif
36. Helicia formosana Hemsl. | [[FER
21. Rosaceae il (2)
37. Prunus phaeosticta (Hance) Maxim. 22255 Rk
38. Rhaphiolepis indica (L.) Lindl. ex Ker var. tashiroi Hayata ex Matsum. & Hayata 53R
22. Rubiaceae FEHLE} (7)
39. Gardenia jasminoides J. Ellis [ L[E5HE
40. Lasianthus bunzanensis Simizu | || Z{EPRfgt
41. Lasianthus curtisii King & Gamble ] [t R 6
42. Lasianthus wallichii (Wight & Arn.) Wight [EIZEHE PR 15
43. Psychotria rubra (Lour.) Poir. JLEiAR
44. Randia cochinchinensis (Lour.) Merr. y§505
45. Tricalysia dubia (Lindl.) Ohwi Ja 51
23. Salicaceae BHIE} (1)
46. Casearia membranacea Hance JHEIEZ IR
24. Styracaceae ZZEEEL (1)
47. Styrax suberifolius Hook. & Arn. [ J&7
25. Symplocaceae JKARFE} (2)
48. Symplocos setchuensis Brand VY] I[JKA
49. Symplocos theophrastifolia Siebold & Zucc. [LIFERT
26. Theaceae 2%} (3)
50. Camellia sinensis (L.) Kuntze var. assamica Pierre fipEREAR
51. Pyrenaria shinkoensis (Hayata) H. Keng F5 775 #
52. Schima superba Gardner & Champ. Rfif




288 M AR A TR S AR M BER BRI 1R

Appendix 2. Tree density (a, unit = number per 25 m’), stand density (b, unit = %),
canopy openness in the wet season (c, unit = %), and soil water in the wet season (d,
unit = %), canopy openness in the dry season (e), and soil water in the dry season (f)
in the 0.2 ha plot in the Chinese fir plantation of central lowland in Taiwan. Values
are rounded to whole numbers. TWINSPAN results were divided across the 3 groups,
including PLEOWI, DIPLME, and ADIAFL (see Results).
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Table S. Spearman’s rank correlation coefficients between fern variables and environmental variables.

Wet season Dry season
Fern variables
Canopy openness Soil water Canopy openness Soil water
Richness 0.19 0.03 0.32" 0.26°
Density 0.17 0.15 046" 0.23
Shannon index 0.19 0.04 0.32" 0.34"

" p<0.05; " p<0.01; 7 p<0.001

Appendix 3. Species-quadrat table for TWINSPAN at the 0.2 ha plot in a Chinese fir plantation
in central lowland Taiwan. Abbreviations of the 19 species (see Table 1) are along the left. The 80
quadrats are in the second row along the top. Vegetation groups (see Results) are across the top
row. Numbers in the table represent the conversion value of density (individuals per area) (-: does
not exit, 1: 1, 2: 2-4, 3: 5-9, 4: 10-19, 5: >19)

PLEOWI ADIAFL DIPLME

I A A
[ Y Y

15756630133334556667000012233444700111122222334445670015672367456744751567015722
24463425357899895687023499304348979467845678365677966855750110200101310222113812
DIPLDI 1—-1 1
DRYOSO 1
MICRHO —-1 11 2-———2-—2-—-11--2
DIPLBL 1
ASPLNO —-1 212-2
DIPLDO ---4-2-2-444-2335443-—————— 11-4332232325414222133442434
MICRCA 3
PLEOWI -3-3222333442242334---22222-32222342322443433322233232233
ALSOPO -1-——-1--1-———— 1-2—-111-—1-———— 1-——-2-1221
DRYOIN —————- 1--22233231 11 1 1-1
TECTHA ——————- 4222-2412--1-32333311111122322-1-2222--21112-1322 1—-1 22-——-
CIBOBA ——-22122222-111--22223343423323324433442344432223333443-2324232-1221-3213121--11
PTERSE —-2111-11-—-122--212 21 2—21-1 2 1-
DIPLME 53-334 2 3—-12 1 112 254123
DICRTE 1-—21 1 1-2 2 22
ADIAFL 1--2-2 121-—1 1 2123344443322112211-21
LINDBO ———-2-1-1-2 1-—1 1222223322-1-—————— 13
LINDHE 1-—1-1
LINDOR 1-—1 1-1-211-1-222121-1--




