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一、目的
二十世紀末以來，發展了許多植物保育的新技術，無論是生態學、保育生物學、分子生物學、植物的引種、生育地的經營與復育等各方面都有了更完整的理論基礎。全球植物界估計約25萬種之多，已知的蕨類約有12,000種，瞭解其多樣性，有助其保育與永續利用。
近年來蕨類植物研究主流之一，係以分子生物學為工具進行系統分類學之測試，對於蕨類植物多樣性之生態學研究則相對匱乏。本年美國植物學會邀集發表全世界此方面已進行之研究學者，包括台灣與中南美洲等地之物候學研究、夏威夷樹蕨類之復育、蕨類植物之耐旱功能、附生蕨類生態學之功能與意義等。本人應邀參加，並於會中發表有關台灣蕨類植物的物候學研究（附錄）。該學會聚集了全世界的植物學者，正是台灣向世界發聲的重要場所。本演講向全世界介紹台灣在蕨類多樣性保育研究的努力與成果。
二、過程
(1) 行程
	日期
	行程地點
	工作內容

	95年7月28日~29日
	台北→Chico
	行程

	95年7月30日~8月2日
	Chico
	研討會。

	95年8月03日~06日
	Chico→洛杉磯
	植物園參訪(自費)

	95年8月07日~08日
	洛杉磯→台北


	返程。




三、會議內容
研討會共有30主題，特別參與的是與蕨類植物研究相關的三個主題：

1. 蕨類植物生態學研究的新驅勢New advances in fern ecology.

2. 蕨類植物的親緣研究Phylogeny of free-sporing vascular plants. 

3. 蕨類植物的生物地理、演化與生態Biogeography, evolution and ecology of ferns.

並受邀在第一主題發表論文 “Phenology of 16 ferns in a subtropical forestof northeastern Taiwan”(附錄)。各主題的內容歸納簡述如下：

蕨類植物生態學的研究

｢耐旱｣被認為是植物早期登陸的必要能力，在植物的演化歷史中，此種能力在植物界中已有多次的消失與重建。以美國西南部及墨西哥的21種碎米蕨(Cheilanthes spp.)為例，藉由分子生物學支序圖，可發現其多次發生之演化；同時也發現在較濕較冷乾旱期較短的生育地上，碎米蕨的種類也較少。

｢耐鹽｣則是鹽生地植物的必要適應機制。鹽生地的蕨類植物並不多，智利的巨木賊(Equisetum giganteum)是少數的例子之一。研究發現當生育地鈉鹽濃度增加時，巨木賊導管內仍維持低濃度的鈉離子；當生育地鉀/鈉比減少時，巨木賊導管內仍維持高鉀/鈉比。顯然有效吸收鉀離子及排除鈉離子是巨木賊適應該種鹽生地的重要機制。

配子体是有性生殖之場所，但因体型微小，相關之生態研究極少。比較熱帶美洲幾種附生蕨類與地生蕨類配子体的壽命，前者為16-25個月，後者為4-11個月。配子体的耐旱程度與植株之生育地相關，乾旱地區種類的配子体其耐旱程度較強，而乾旱強度與次數亦影響配子体受旱害後的復原速度。

物候學研究有助瞭解蕨類之生長速度與孢子成熟時間，進而瞭解其發育與生殖。在乾濕季分明的地區，葉子的生長與孢子的成熟主要在雨季結束之時；但在乾濕季不分明的地區，如台灣北部低海拔地區，溫度之變化則是影響物候的主要因子，但種間的反應則相當不一致。

夏威夷蕨類植物起源的研究

夏威夷群島有近200種的蕨類植物，其中80%為特有種。其各種群之近緣種種數較當地種子植物相對少了許多，此亦代表其成功自外地進入並繁殖拓展的種數相對較種子植物多，這些先驅植物經種化後則形成今日夏威夷的特有種。由於蕨類植物孢子的傳播以氣流為主，其它大陸的孢子散播至夏威夷大致可歸於(1)由颶風(hurricane)或貿易風(trade wind)自新大陸帶入，例如幾種金狗毛(Cibotium spp)，禾葉蕨科的Adenophorus spp.；(2)由赤道之哈德里系統(Hadley Cell)自南太平洋帶入，如夏威夷姬蕨(Hypolepis hawaiiensis)，禾葉蕨科的Lellingeria；(3)由高處之噴射氣流(jetstream)自東南亞以至印度洋地區帶入，如Diplopterygium pinnatum，禾葉蕨科的Grammitis hookeri種群。 

蕨類植物之生殖與變異限制

蕨類植物之遺傳變異受生殖模式之影響甚鉅，陰地蕨(Botrychium simplex)由同功酵素證實其為同体自交(intragametophytic selfing)，雖然其每年產的孢子數量極多，其遺傳變異仍極低。另一美國稀有的蕨類植物Woodwardia areolata，雖然實驗室中的孢子繁殖不構成障礙，但在野外其孢膜卻無法自動開裂，導致孢子無法順利傳播，此應是造成其稀有之主要原因。

蕨類植物系統分類新知

近年來分子生物學技術被大量運用於系統分類學的研究，愈來愈多的基因被定序，其親緣關係也愈來愈清楚：(1)水韭被分為亞洲―澳洲群、南菲群、地中海群、北半球廣泛分佈群、新世界群、廣瓦那群(Gondwanan)，台灣水韭(Isoetes taiwanensis)是二倍體，清楚的被定位出為台灣的特有種，但與中國大陸的雲貴水韭雜交，並產生中國水韭(I. chinesis)。(2)紫萁科的分類過去曾有紫萁屬(Osmunda)或將之分為三屬(Osmunda, Plenasium, Osmundastrum)的不同系統，新的證據顯示應將之歸為紫萁屬，但其中的分株假紫萁(Osmunda cimmamomea)應將其獨立為一新屬。(3)｢蕨｣(Pteridium)廣泛分布於全球，傳統上將其定為一種，二個亞種，12個地理區變種；新的證據顯示南半球有兩個四倍体的種(P. caudatum, P. semihastatum)，三個二倍体的種分別為南美與中美洲的P. arachnoideum，紐西蘭澳洲的P. esculentum，及廣泛分布的P. aquilinum；但由於其數量太多，分布太廣，還需更多的樣本來釐清此全球性之問題。(4)桫欏科(Cyatheaceae)是一群具鱗片的樹蕨類，根據分子證據，筆筒樹屬(Sphaeropteris)是姐妹群，鱗片同型，其於鱗片不同型者可分為桫欏屬(Cyathea)、樹蕨屬(Alsophila)及Gymnosphaera(台灣無)；桫欏科雖然有數種孢膜類型，但並不構成系統分群的好特徵。(5)傳統上將蕨類分為真蕨與擬蕨的觀念已被打破，更合理的分群應是｢石松群｣與｢蕨群｣，前者包括石松、卷柏、及水韭，其餘則被歸於後者，包括以往被歸為擬蕨類的松葉蕨與木賊；此外石松類與蕨類並無法被歸為單系群，蕨類與種子植物形成姐妹群，而與石松類之親緣較為疏遠。 

四、會議心得

1. 以分子生物學為工具進行系統分類學之測試，為近年來生物學研究主流之一，蕨類植物領域亦不例外。影響種化與演化習習相關之發育、生態、物候等研究則相對匱乏，特別是主司基因交換與生殖的配子体更長久被忽視。然此種現象在先進國家已有改善，以本年美國植物學會為例，除以分子生物學為主的系統分類學，更包括物候學、耐旱機制、配子体生態、復育研究等。全面性的完整研究藍圖已漸被拼湊出，結果將有助於其多樣性保育措施的擬定。
2. 除了系統分類學與生態學之基礎研究，「復育」之研究亦漸被重視，如夏威夷大學對該地華盛頓公約物種(Cibotium chamissoi)的復育研究，自造成該物種族群減少原因與生育習性的調查、生殖方式的探討、及至原生育地該物種的復育。全計畫雖仍在進行中，但此種將基礎理論應用於保育的實際行動，確為生物多樣性公約之精神所在。
3. 本次研討會結束後，順道參訪漢庭頓植物園(Huntington Botanical Garden)。該園係美國鐵路大王漢庭頓先生於1906年斥資創立，面積83公頃，其植物展示配合主題及地理分區，例如澳洲乾旱區、日本園、中國園、亞熱帶樹木園、棕櫚園、玫瑰園、藥園、多肉植物區等；由以多肉植物區蒐集展示世界各地之多肉植物達4千多種，勘稱世界之最，也提供全球學者所需；該園亦設有兒童園及教學溫室，協助教育之推展。植物園中長久蒐植的植栽，實為國家之珍藏，政策上應予支持。 
五、建議事項

1. 台灣的蕨類植物有600多種，密度幾為世界各國之冠。目前雖有植物誌之出版，但對複合群的釐清、物候學的瞭解、生態生理學之研究等等與多樣性保育與及永續利用相關議題的研究偏低，應更積極進行，以提供相關保育與利用政策的擬定參考。
2. 復育為保育實踐之終極目標之一，國內目前對保育之議題仍以基礎研究為多，應更積極將之應用於稀有或瀕危物種的原生育地復育，此應推展為爾後政策之行動方案。

3. 植物園為生物多樣性保育之搖籃，世界各國莫不重視與支持。台灣植物園在執行生物多樣性公約所扮演的角色應更積極，發揮植物園之最大功能。民國八十年五月，行政院第十二次科技顧問畢乃曼博士即提出設立國家植物園的建議，認為設立國家植物園可樹立活的及永續性的植物種源保存基地，並作為資源研究中心，同時發揮教育、休閒、觀光、旅遊、科技研究、國際合作交流等效能。
六、附錄：論文發表全文
Phenology of 16 ferns in a subtropical forest of northeastern Taiwan 

ABSTRACT

The phenology of 16 fern species in a subtropical broadleaf forest (N24046', E121034') of northeastern Taiwan had been observed from August 1997 to December 1999. All observed plants produced both fertile and sterile fronds every year during the study. Most fertile fronds emerged in February and March whereas most sterile fronds emerged mainly from May to September. Most fronds reached full expansion during April to July and died during April to August, averaging 4.4 to 27.5 month life span. Pteris wallichiana was the only one of the 7 species with longer lifer span of fertile fronds than that of sterile ones to reach one month significantly longer. The life spans of sterile fronds of other 9 species were longer than that of their fertile fronds, but only which of Cyathea spinulosa, Plagiogyria dunnii, P. adanata were significantly longer. Two Palgiogyria, whose ephemeral sporophylls died in 5 months, right after releasing their spores, even had sterile fronds that survived over 22 months. Except the dimorphic fertile fronds of Plagiogyria, all fertile fronds of other species remained fresh and performed photosynthesis to nearly 2 years after releasing their spores, whereas all the sterile fronds remained their sterile status throughout their lives. After releasing their spores, which was mostly in June to August, one month after the maturation of spores in May through July, the sporangia detached, after which no second cohort of sori were produced on the same frond. 

INTRODUCTION

Plant phenology is relevant to plant growth, photosynthesis, and reproduction (Sharpe and Jernstedt 1990). Most phenology studies focus on flowering plants rather than on ferns which are often the dominant vegetation of the forest understory. 

Some previous studies have demonstrated that fern phenology, including frond emergence and development as well as spore maturation, is of seasonality which may be related to rainfall or temperature (Farrar and Gooch 1975, Farrar 1976, Tanner 1983, Ash 1986, Sharpe and Jernstedt 1990, Page 1997, Sharpe 1997, Arens, 2001, Mehltreter and Palacios-Rios 2003). All those results were observed in either temperate regions where were with significantly seasonal temperature change or tropical regions where were with apparent delimited dry and wet seasons. 

In a subtropical forest of northern Taiwan where is with more seasonal temperature change but less precipitation variation, a study of Cibotium taiwanense has demonstrated that its phenology was affected more by temperature rather than by rainfall (Chiou et al. 2001). However, no any other example confirms if this phenomenon is a general rule for all ferns in this kind of surroundings. 

In ferns, many reports have shown that fertile fronds, bearing their spores, lived shorter than sterile fronds did (e. g., Sharpe and Jernstedt 1990, Sharpe 1997, Mehltreter and Palacios-Rios 2003). Those species are dimorphic, developing very different shapes of fertile with sterile fronds. On the other hand, the fertile fronds are with longer life span than which of the sterile fronds of Cibotium taiwanense, whose fronds are monomorphic (Chiou et al. 2001). We wonder if the life span of fertile fronds is always longer than which of sterile fronds if they are monomorphic.

Many ferns have developed dimorphic fronds. Fertile fronds are mainly responsible for reproduction and sterile fronds for vegetative growth. Their fertile fronds died after spore released. However, more ferns’ fertile fronds are similar to their sterile ones, the so-called monomorphic fronds. No previous reports document how long those monomorphic fertile fronds persist after their spores released and if they are capable of producing spores again on the same fronds. 
In this study, 16 ferns growing in a forest of northeastern Taiwan were selected to detect their phenology, including frond emergence, development, and senescence, spore maturation and release. The main goals are to determine (1) Do different ferns at the habitat of a same region have different phenological characters? (2) Do sterile fronds live longer than fertile fronds of the same species? (3) Does a fertile frond persist to live after spores release? If so, how long will it live? (4) Does a fertile frond produce sori again after it releases the first cohort of spores? (5) Does a frond displaying as sterile at the early uncoiled stage produce spores at the later stage?

MATERIALS AND MATHODS

Sixteen fern species (Table 1) along a trail under a subtropical broadleaf forest located at ca. 600 m elevation in Fushan Botanic Garden (N24046', E121034') in northeastern Taiwan were selected to detect their phenology. Five individual plants of each species were sampled except Acrorumohra hasseltii, Diplazium doedereinii, Dictyocline griffithii, and Sphaerostephanos taiwanensis which could not be found enough plants in this trail and only 2-4 plants of each of them were sampled. Cyathea spinulosa also only 4 plants were sampled because other plants were too high to be measured their frond sizes and observed their spore habits. Each plant of the same species was at least 10 m apart avoiding homogeneity. 

Because ferns develop their fertile fronds only after reaching a certain age (Prange and von Aderkas 1985), all plants being investigated in this study were all old enough to bear sori before sampling to lessen this age difference. Besides, to avoid damaging plants, the young coiled fronds were not opened artificially. 

After fronds emerged and grew big enough, each of them was tagged by a small plastic label. Frond emergence and senescence as well as spore maturation and release were recorded at the end of every month from August 1997 to August 2001. Frond sizes were measured as length (from base of the stipule) and width (the widest part of the frond). The weather information (Fig. 1) was obtained from the website of Taiwan Ecological Research Network (http://lter.npust.edu.tw/).

RESULTS

The frond patterns: based on the ratio of fertile to sterile fronds 

To make the convenience of description, we subjectively defined three frond patterns, depending on the ratio of fertile and sterile fronds: 1) numbers of fertile fronds are over 3 times than sterile fronds, 2) numbers of fertile fronds are 2 to 1 times to sterile fronds, and 3) numbers of fertile fronds are less than sterile fronds. Eight, three, and five species are classified into the first, second, and third pattern, respectively (Table 1).

Frond emergence

All observed plants produced both fertile and sterile fronds in every year of this study. In general, most fertile fronds emerged in February and March whereas most sterile fronds emerged mainly in May to September (Fig. 2A). Count both fertile and sterile fronds together, most fronds began emerging from late winter and early spring (February and March). After that, frond emergence lessened a little but continued. During the cold season (October to January of the next year), only very few fronds emerged (Fig. 2A).

Eight species, including 4 Diplazium species, belonged to the first frond pattern. Most of their sterile fronds emerged during warmer months (April to October), but 6 of 7 sterile fronds of Diplazium doederleinii emerged during November to January. The emergence of fertile fronds was more complicated. Most of them emerged during January to April (Table 2). Among them, the emergence of fertile fronds of Diplazium petri and Diplazium pullingeri were significantly negatively related to the average month temperature (AMT, r = -0.51, p<0.01). Cyathea podophylla and Dictyocline griffithii also mainly emerged during these months but not significantly related to the AMT. In Acrorumohra hasseltii and Diplazium dilatatum, fertile fronds mostly emerged during February to April, then July and August. Blechnum orientle emerged their fertile fronds in every month except October. Diplazium doederleinii emerged their fertile fronds mostly during hot months, i. e., July to August, with a few ones in other months (Table 2).

Only three species belonged to the second frond pattern, and the season of their frond emergence was various. In Dictycline griffithii var. willfordii, the fertile fronds could be found in every month but mostly appeared from January to March; the sterile fronds were mostly found from April to July. In Histiopteris incise, fertile fronds were found in every month except June and July, but the sterile fronds were concentrated on the warmer months (May to October) (Table 2). The situation was different in Sphaerostephanos taiwanensis, in which the emergence of fertile fronds was significantly related to the AMT (r = 0.63, p<0.01) whereas the emergence of sterile fronds was significantly negatively related to the AMT (r = -0.50, p<0.01).

Five species belonged to the third frond pattern. Two of them, i. e., Plagiogria dunii and P. adnata, differentiated obvious sporophyll and trophophyll. These two species and Cyathea spinulosa emerged their fertile fronds mostly during the first half of the year. Pleconemia rufinervis emerged the fertile fronds from March to May with 3 fertile fronds in August and September (Table 2). Pteris wallichiana showed a different emergent season for their fertile fronds, i. e., from September to next April, and significantly negatively related to AMT (r = -0.66, p<0.01). On the other hand, except P. adnata of which sterile fronds emerged mostly during February to March and June to September (Table 2), all sterile fronds of the other 4 species emerged significantly related to AMT (r = 0.67, 0.62, 0.51, 0.76 for C. spinulosa, P. dunii, P. rufinervis, and P. wallichiana, respectively, p<0.01).

Frond expansion and senescence

The time from frond emergence to full expansion ranged from 1.5 to 4 months in average no matter they were fertile or sterile (Table 1). Most fronds reached to their full expansion during April to July (Fig. 2B). The frond expansion was very significantly related to AMT (r = 0.74, p<0.001) but less related to precipitation (r = 0.24, p>0.05). The fronds emerged during the warmer season took less time to reach the stage of full expansion. 

Similar to frond expansion, frond senescence was also very significantly related to the AMT (r = 0.78, p<0.001) and less related to precipitation (r = 0.08, p>0.05). Most fronds died during April to August (Fig. 2B, Table 2).

Spore maturation and release

Spores mainly matured from May to July and they were released mostly one month later, i. e., from June to August (Fig. 2C). Both of spore maturation and release were significantly related to AMT (r = 0.77 and 0.82, respectively, p<0.001), and less related to precipitation (r = 0.11 and 0.16, respectively, p>0.05). It took 1.7 ~ 4.4 months from frond emergence to spore maturation. Some species took less than one month to release their spores from the mature stage, e. g., Sphaerostephanos taiwanensis and 2 Plagiogyria species, whereas Blechnum orientale took more than 4 months (Table 1).

Life span of fronds

The life span of fronds varied with species from 4.4 to 27.5 months in average (Table 3). Although there were 7 species with longer life span of fertile fronds than that of sterile ones, only which of Pteris wallichiana was one month significantly longer (p<0.001). The life spans of sterile fronds of other 9 species were longer than that of their fertile fronds, but only which of Cyathea spinulosa, Plagiogyria dunnii, P. adanata were significantly longer (p<0.001). Especially, the ephemeral sporophyll of 2 Palgiogyria grew less than 5 months and died immediately after releasing their spores, whereas their sterile fronds stayed longer than 22 months. Other species, which did not differentiate obvious sporophyll and trophophyll, remained their fertile fronds’ life ranged from less than 2 months to 20 months after spore released (Table 3). The sporangia detached sooner or later after their spores released, and no second cohort of sori and spores were produced on the same frond.
Frond size

Except the width of 2 Plagiogyria fronds, all fertile fronds of other species were longer and wider than sterile ones, although the differences in a few species (Acrorumohra hasselii, Diplazium petri, and width of Diplazium doederleinii) were not significant (Table 4).

DISSCUSION

Seasnoality

Seasonal changes in fern phenology have been found various. In strongly seasonal regions, frond emergence might occur mostly in the rainfall season (van schaik et al. 1993, Ash 1986), at the end of the dry season (Seiler 1981), or even no significant correlation (Mehltreter and Palacios-Rios 2003). In a subtropical forest where rain falls through the year and no obvious dry season, frond emergence has been found not correlated with the seasonal change (Chiou et al. 2001). 

Although heavy rainfall concentrated in the warmer season (May to October), mainly due to the thunderstorm and typhoon, there is no apparent dry season in this studied forest, and no significant correlation of total frond emergence and temperature or precipitation, either. However, fronds in total did emerge more in the warmer season than in the colder season. Separating fertile fronds and sterile fronds, there is more or less correlation of their emergence and temperature or precipitation, especially the significant positive correlation of the emergence of sterile fronds and temperature. Digging into difference, the correlations are various and complicated and no simple rule fits to all species. This seasonal to non-seasonal fertility also exists in a same ecosystem of Barro Colorado Island (Croat 1978). Other but scarce examples of seasonal (Sharpe and Jernstedt 1990, Mehltreter and Palacios-Rios 2003) and non-seasonal (Tryon 1960) fertilities have also been documented. Apparently every species has its own adaptation strategy.

Life span

Wagner and Wagner (1977) predicted and some previous reports (e. g., Sharpe and Jernstedt 1990, Sharpe 1997, Mehltreter and Palacios-Rios 2003) pointed that fertile fronds were with shorter life span than sterile ones. The plants they observed were with dimorphic fronds. An example with longer life span of fertile fronds was Cibotium taiwanenses, whose fronds were monomorphic and which had fertile fronds with 25 months and sterile ones with 16 months life span in average (Chiou et al. 2001). In this study, the fertile fronds of 2 Plagiogyria, which differentiated dimorphic fronds, were with significantly shorter life span than their sterile ones. The fertile fronds of Cyathea spinulosa, which did not have dimorphic fronds, also lived significantly shorter than their sterile fronds but only one to two months shorter. On the other hand, only the fertile fronds of Pteris wallichiana, which did not differentiate dimorphic fronds either, were with significantly longer life span than its sterile ones. The life span of fertile fronds of all other species was either a little shorter or longer than their sterile ones with no significant difference. 

Frond size

In terms of the same species, sporophylls are generally longer and thinner than tanophylls in ferns with dimorphic fronds. Cibotium taiwanenses Kuo, one of the few examples observed the size difference of monomorphic fronds, however, were with larger (longer and wider) sorus-bearing (fertile) fronds than non-sorus-bearing (sterile) fronds. In this study, all species are with longer fertile fronds than sterile fronds no matter they are dimorphic or monomorphic. On the other hand, the fertile fronds are wider than the sterile fronds for monomorphic species whereas the sterile fronds are wider than fertile ones for dimorphic species.
Fertile vs sterile

Wardlaw (1962) stated that a sporophyll is not necessary fertile throughout. In this study, the sori were found whenever the fronds were unfolded enough to be clearly observed, and no sori occurred on the fronds again after the first cohort of sori detached. If a frond did not produce sori when they emerged (at the observation stage), it remained its sterile status throughout its life. The production of sori have been documented to be affected by various environmental conditions such as temperature and photoperiod (Wardlaw and Sharma 1962, Odland 1995). It seems that this effect occurs at the very incipient stage of frond emergence. When a frond reaches to the unfolded stage, the character of fertile or sterile has been fixed.

All fertile fronds of these 16 species, except the dimorphic fertile fronds of Plagiogyria, remained fresh for several months to almost 2 years after releasing their spores. Thus in the monomorphic ferns, the sorus-bearing fronds play both roles of reproduction and photosynthesis.
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Figure 1.  Above: Amount of temperature (temp) and precipitation (prep) from Aug 1997 to August 2001. Below: Average amount of every month from Aug 1997 to August 2001.
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Fig. 2. Numbers fronds of different phonological events on different months. Emergence of fertile and sterile fronds (A), emergence, expansion, and senescence (B), and spore maturation and release (C).

	Table 1.  The 16 sampled ferns, amount of leaves detected, times during emergence to full expansion, during emergence to spore maturation, and during spore maturation to release ending. Values in paranthesis mean their ranges.

	

	Species
	Plants   #
	Amount of fronds detected
	Emergence to expansion
	Emergence to spore maturation
	Spore maturation to release

	
	
	Emerg-ence
	Expan-sion
	Senes-cence
	Fertile/         sterile
	
	
	

	Acrorumohra hasseltii
	3
	49
	40
	28
	42/7¹
	1.7(1-3)
	2.9(2-4)
	1.1(0-2)

	Blechnum orientale
	5
	86
	85
	36
	67/19¹
	3.2(2-5)
	4.4(2-9)
	4.3(3-8)

	Cyathea podophylla 
	5
	123
	119
	57
	97/26¹
	2.7(2-4)
	3.9(2-7)
	2.2(1-6)

	Cyathea spinulosa
	4
	322
	317
	304
	111/211³
	2(1-3)
	2.7(2-4)
	2.3(1-6)

	Dictyocline griffithii
	2
	54
	54
	32
	49/5¹
	1.6(1-3)
	2.3(1-3)
	2.7(1-9)

	Dictyocline griffithii wilfordii
	5
	129
	126
	78
	68/61²
	1.5(1-3)
	2.3(1-4)
	1(0-2)

	Diplazium dilatatum
	5
	106
	95
	63
	93/13¹
	2.2(1-3)
	2.8(1-6)
	1.1(0-2)

	Diplazium doederleinii
	4
	44
	44
	34
	37/7¹
	1.8(1-3)
	3.0(1-8)
	2.5(0-6)

	Diplazium petri
	5
	57
	57
	33
	43/14¹
	1.5(1-3)
	3.3(2-5)
	1(0-3)

	Diplazium pullingeri
	5
	82
	81
	55
	76/6¹
	2.8(2-4)
	4.4(2-8)
	1.6(0-3)

	Histiopteris incisa
	5
	63
	54
	54
	33/30²
	4(2-8)
	4.4(2-9)
	1.9(0-4)

	Plagiogyria adnata
	5
	159
	136
	81
	58/101³
	2.2(1-3)
	3.8(3-6)
	0.9(0-2)

	Plagiogyria dunnii
	5
	204
	181
	111
	31/173³
	1.5(1-3)
	3.4(2-4)
	0.7(0-2)

	Pleocnemia rufinervis
	5
	43
	43
	26
	16/27³
	1.4(1-3)
	2.3(2-3)
	1.1(0-2)

	Pteris wallichiana
	5
	143
	143
	131
	41/102³
	2.1(1-4)
	3.5(2-6)
	1.6(0-3)

	Sphaerostephanos taiwanensis
	4
	191
	190
	150
	125/66²
	1.7(1-3)
	1.7(1-3)
	0.5(0-1)

	 ¹: numbers of fertile fronds are over 3 times than sterile fronds. ²: numbers of fertile fronds are 2 to 1 times to sterile fronds. ³: numbers of fertile fronds are less than sterile fronds.

	


	Table 2. Average frond numbers of 16 species on different months at different phenological stages. 1: emergence of fertile fronds, 2: emergence of sterile fronds, 3: spore maturation, 4: spore release, 5: frond senescence.

	Stage
	Jan.
	Feb.
	Mar.
	Apr.
	May
	June
	July
	Aug.
	Sep.
	Oct.
	Nov.
	Dec.
	Total 

	Acrorumohra haseltii
	
	
	
	
	
	
	
	
	
	

	1
	1
	13
	10
	4
	1
	1
	6
	5
	1
	
	
	
	42

	2
	
	
	1
	2
	1
	
	1
	
	1
	1
	
	
	7

	3
	
	
	
	
	13
	7
	3
	
	
	8
	2
	
	33

	4
	
	1
	
	
	
	12
	8
	3
	
	
	7
	1
	32

	5
	1
	1
	1
	1
	5
	6
	7
	5
	
	1
	
	
	28

	Blechnum orientale
	
	
	
	
	
	
	
	
	
	

	1
	7
	12
	7
	6
	7
	7
	5
	7
	3
	
	1
	5
	67

	2
	2
	2
	
	
	
	2
	1
	2
	2
	
	
	2
	13

	3
	
	1
	5
	1
	5
	19
	8
	4
	12
	2
	3
	
	60

	4
	5
	7
	10
	3
	4
	3
	4
	4
	8
	5
	
	
	53

	5
	7
	
	
	1
	3
	4
	4
	5
	4
	3
	3
	2
	36

	Cyathea podophylla
	
	
	
	
	
	
	
	
	
	

	1
	1
	10
	17
	19
	10
	7
	7
	9
	6
	4
	
	4
	94

	2
	
	
	
	2
	7
	7
	3
	3
	3
	
	
	1
	26

	3
	2
	5
	2
	3
	4
	15
	33
	10
	6
	6
	5
	4
	95

	4
	2
	3
	1
	5
	11
	2
	11
	23
	16
	2
	
	9
	85

	5
	3
	
	3
	4
	9
	4
	15
	5
	4
	7
	1
	2
	57

	Cyathea spinulosa
	
	
	
	
	
	
	
	
	
	

	1
	6
	24
	37
	17
	15
	11
	
	
	
	
	
	1
	111

	2
	6
	13
	4
	8
	16
	26
	37
	27
	24
	24
	18
	8
	211

	3
	
	
	
	7
	30
	40
	19
	13
	
	
	
	
	109

	4
	
	1
	
	
	
	5
	40
	28
	10
	13
	1
	4
	102

	5
	10
	13
	33
	39
	25
	36
	21
	31
	39
	28
	13
	10
	298

	Dictyocline griffithii
	
	
	
	
	
	
	
	
	
	

	1
	
	1
	10
	10
	7
	4
	6
	4
	6
	1
	
	
	49

	2
	
	
	
	
	3
	
	
	
	
	1
	1
	
	5

	3
	1
	
	
	
	6
	13
	8
	5
	7
	2
	6
	1
	49

	4
	1
	3
	4
	3
	
	15
	8
	2
	13
	
	
	
	49

	5
	1
	
	
	2
	8
	4
	3
	4
	3
	4
	2
	1
	32

	Dictyocline griffithii wilfordii
	
	
	
	
	
	
	
	

	1
	15
	15
	10
	6
	2
	3
	4
	4
	3
	1
	1
	1
	65

	2
	1
	4
	5
	18
	9
	6
	12
	4
	1
	
	1
	
	61

	3
	
	1
	1
	16
	21
	5
	1
	6
	1
	4
	3
	1
	60

	4
	1
	
	
	2
	17
	24
	1
	2
	2
	
	5
	2
	56

	5
	2
	2
	4
	9
	19
	10
	10
	12
	3
	4
	3
	
	78

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Table 2. (continued)
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Stage
	Jan.
	Feb.
	Mar.
	Apr.
	May
	June
	July
	Aug.
	Sep.
	Oct.
	Nov.
	Dec.
	Total 

	Diplazium dilatatum
	
	
	
	
	
	
	
	
	
	

	1
	
	11
	30
	10
	4
	4
	19
	10
	4
	
	
	
	92

	2
	
	1
	
	4
	
	
	2
	1
	1
	3
	1
	
	13

	3
	
	
	
	
	17
	20
	11
	5
	3
	16
	8
	1
	81

	4
	1
	
	
	
	
	15
	28
	5
	4
	2
	14
	12
	81

	5
	3
	4
	10
	6
	8
	6
	5
	4
	5
	5
	4
	3
	63

	Diplazium doederleinii
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	1
	2
	5
	2
	3
	
	2
	7
	10
	2
	3
	1
	
	37

	2
	3
	
	
	
	
	
	
	
	1
	
	1
	2
	7

	3
	
	
	2
	7
	2
	
	1
	1
	5
	14
	4
	1
	37

	4
	5
	1
	3
	8
	6
	2
	1
	
	4
	1
	4
	
	35

	5
	
	2
	2
	9
	2
	1
	2
	7
	1
	4
	3
	1
	34

	Diplazium petri
	
	
	
	
	
	
	
	
	
	

	1
	7
	19
	10
	3
	
	1
	
	
	2
	
	1
	
	43

	2
	
	1
	2
	
	1
	2
	1
	
	1
	2
	1
	3
	14

	3
	
	
	
	2
	20
	14
	3
	1
	
	
	
	1
	41

	4
	
	
	1
	
	1
	18
	15
	1
	1
	
	
	
	37

	5
	1
	1
	
	
	3
	8
	8
	4
	3
	2
	2
	1
	33

	Diplazium pullingeri
	
	
	
	
	
	
	
	
	
	

	1
	10
	34
	11
	6
	4
	2
	4
	2
	
	
	1
	2
	76

	2
	
	
	1
	
	
	1
	2
	
	2
	
	
	
	6

	3
	
	
	
	
	7
	30
	17
	10
	4
	1
	3
	1
	73

	4
	
	1
	
	
	3
	
	15
	41
	10
	1
	
	1
	72

	5
	1
	
	
	3
	16
	12
	7
	3
	3
	7
	2
	1
	55

	Histiopteris incisa
	
	
	
	
	
	
	
	
	
	

	1
	4
	5
	5
	3
	3
	
	
	2
	3
	1
	2
	5
	33

	2
	
	
	1
	
	2
	6
	6
	2
	7
	5
	
	1
	30

	3
	
	
	
	5
	11
	9
	4
	2
	
	
	
	
	31

	4
	
	
	
	
	1
	6
	7
	11
	1
	
	1
	
	27

	5
	5
	8
	3
	2
	7
	7
	4
	6
	5
	
	5
	2
	54

	Plagiogyria adnata
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	
	17
	24
	4
	9
	1
	2
	
	
	
	
	
	57

	2
	
	16
	26
	1
	2
	9
	11
	20
	10
	5
	
	
	100

	3
	
	
	
	
	
	
	19
	19
	3
	
	1
	
	42

	4
	
	1
	
	
	
	
	7
	13
	12
	4
	
	
	37

	5
	1
	1
	
	8
	9
	8
	6
	14
	20
	12
	2
	
	81

	Table 2. (continued)
	
	
	
	
	
	
	
	
	
	

	Stage
	Jan.
	Feb.
	Mar.
	Apr.
	May
	June
	July
	Aug.
	Sep.
	Oct.
	Nov.
	Dec.
	Total 

	Plagiogyria dunnii
	
	
	
	
	
	
	
	
	
	

	1
	4
	11
	8
	6
	2
	
	
	
	
	
	
	
	31

	2
	2
	4
	3
	16
	43
	23
	20
	22
	18
	6
	3
	4
	164

	3
	
	
	
	
	7
	13
	7
	2
	
	
	
	
	29

	4
	
	
	
	
	2
	10
	11
	5
	1
	
	
	
	29

	5
	4
	1
	4
	5
	6
	12
	33
	20
	4
	4
	8
	10
	111

	Pleocnemia rufinervis
	
	
	
	
	
	
	
	
	
	

	1
	
	
	4
	8
	1
	
	
	1
	2
	
	
	
	16

	2
	
	
	2
	2
	4
	4
	8
	2
	4
	2
	
	
	28

	3
	
	
	
	
	2
	10
	1
	
	
	1
	
	2
	16

	4
	
	2
	
	
	
	2
	11
	
	
	
	1
	
	16

	5
	　
	1
	1
	2
	2
	4
	2
	5
	2
	4
	2
	1
	26

	Pteris wallichiana
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	1
	8
	9
	4
	4
	
	1
	
	
	1
	5
	5
	4
	41

	2
	2
	6
	2
	9
	10
	20
	15
	16
	14
	9
	5
	1
	109

	3
	1
	1
	7
	4
	14
	7
	
	1
	
	
	
	
	35

	4
	
	
	1
	4
	2
	7
	4
	4
	
	1
	
	
	23

	5
	8
	10
	11
	10
	17
	9
	10
	14
	16
	8
	9
	9
	131

	Sphaerostephanos taiwanensis
	
	
	
	
	
	
	
	

	1
	1
	2
	6
	19
	23
	16
	19
	21
	9
	7
	2
	
	125

	2
	6
	15
	9
	10
	3
	2
	
	
	2
	7
	8
	4
	66

	3
	3
	
	
	3
	13
	20
	26
	18
	17
	13
	6
	6
	125

	4
	3
	1
	1
	3
	9
	17
	20
	17
	21
	17
	11
	7
	127

	5
	　
	6
	7
	3
	11
	21
	34
	29
	13
	11
	5
	10
	150


	Table 3.  Average months of life span of fertile and sterile fronds and persistive months of fertile fronds from their spore release to senescense.

	Species
	Frond life span (samples)*
	　
	　
	Spore release to senescense

	
	Fertile
	Sterile
	　
	p**
	

	Acrorumohra hasseltii
	23.7±1.8(18)
	22.4±4.7(4)
	
	0.4801 
	19.8±1.7

	Blechnum orientale
	25.9±2.2(27)
	27.5±3.7(7)
	
	0.7350 
	20.1±1.6

	Cyathea podophylla 
	26.1±1.8(44)
	25.8±4.9(11)
	
	0.4696 
	20.3±1.8

	Cyathea spinulosa
	6.6±0.2(110)
	8.0±0.2(194)
	
	0.0000 
	1.6±0.2

	Dictyocline griffithii
	18.3±1.3(26)
	27.6±8.0(2)
	
	0.1282 
	11.6±1.3

	Dictyocline griffithii wilfordii
	15.1±1.4(40)
	15.0±1.4(36)
	
	0.5551 
	11.8±1.5

	Diplazium dilatatum
	18.3±1.2(41)
	19.8±3.7(8)
	
	0.2430 
	14.5±1.1

	Diplazium doederieinii
	14.2±1.4(28)
	15.8±0.9(6)
	
	0.0516 
	9.5±1.2

	Diplazium petri
	17.5±2.4(22)
	20.1±11.0(3)
	
	0.1863 
	14.5±1.7

	Diplazium pullingeri
	16.8±0.7(46)
	16.7±3.2(5)
	
	0.4732 
	10.9±0.8

	Histiopteris incisa
	7.7±0.8(29)
	6.9±0.5(28)
	
	0.0504 
	2.3±0.4

	Plagiogyria adnata
	4.7±0.5(51)
	30.3±3.3(28)
	
	0.0000 
	0.5±0.2

	Plagiogyria dunnii
	4.4±0.4(26)
	22.1±1.9(62)
	
	0.0000 
	0.4±0.2

	Pleocnemia rufinervis
	17.2±2.6(8)
	18.1±2.7(8)
	
	0.3941 
	13.7±1.9

	Pteris wallichiana
	6.1±0.5(39)
	5.1±0.3(92)
	
	0.0004 
	1.3±0.3

	Sphaerostephanos taiwanensis
	13.1±0.5(97)
	12.3±0.9(53)
	　
	0.0543 
	10.9±0.5

	*: The number in parenthese represents frond number observed.
	
	
	

	**: P value of the T test of the difference between fertile fronds and sterile fronds.


	Table 4.  Comparison of the length and width of fertile and sterile fronds
	　
	　


	Species
	Fertile samples
	Fertile length/width
	Sterile samples
	Sterile length/width
	
	t test

	
	
	Average
	Range
	
	Average
	Range
	　
	p

	Acrorumohra hasseltii
	32
	47.9
	28-79
	6
	41.5
	30-52
	
	0.0752 

	
	
	18.3
	10-50
	
	18.2
	13-22
	
	0.4649 

	Blechnum orientale
	65
	187.9
	105-300
	19
	131.3
	66-210
	
	0.0000 

	
	
	50.8
	23-80
	
	42.4
	12-65
	
	0.0070 

	Dictyocline griffithii
	49
	58.3
	21-49
	5
	40.4
	30-54
	
	0.0108 

	
	
	14.6
	8-19
	
	11.6
	9-15
	
	0.0168 

	Dictyocline griffithii wilfordii
	61
	41
	22-58
	55
	25.8
	12-37
	
	0.0000 

	
	
	11.3
	4-16
	
	9.7
	4-15
	
	0.0007 

	Diplazium dilatatum
	75
	120.9
	85-161
	11
	83.6
	60-137
	
	0.0003 

	
	
	62.5
	35-90
	
	45.9
	22-70
	
	0.0065 

	Diplazium doederieinii
	36
	120.3
	59-180
	7
	93.6
	70-105
	
	0.0007 

	
	
	47.6
	25-70
	
	45.7
	34-55
	
	0.2803 

	Diplazium petri
	42
	66.4
	38-108
	13
	57.7
	30-95
	
	0.0663 

	
	
	26.2
	10-40
	
	24.1
	12-35
	
	0.1962 

	Diplazium pullingeri
	72
	44.8
	21-64
	6
	34.7
	20-49
	
	0.0386 

	
	
	11.3
	7-16
	
	7.5
	5-10
	
	0.0026 

	Histiopteris incisa
	29
	148.6
	95-210
	23
	113.9
	22-190
	
	0.0008 

	
	
	63.1
	35-120
	
	41.1
	7-80
	
	0.0000 

	Plagiogyria adnata
	42
	65.9
	35-100
	93
	40.9
	10-67
	
	0.0000 

	
	
	11.6
	5-18
	
	13.1
	3-20
	
	0.0139 

	Plagiogyria dunnii
	28
	69.8
	38-102
	142
	49.4
	20-70
	
	0.0000 

	
	
	8.1
	5-11
	
	13.7
	4-23
	
	0.0000 

	Pleocnemia rufinervis
	16
	161.5
	120-220
	27
	108.7
	52-170
	
	0.0000 

	
	
	83.9
	60-130
	
	61.4
	20-120
	
	0.0011 

	Pteris wallichiana
	44
	204.5
	147-280
	99
	183
	80-265
	
	0.0001 

	
	
	115.5
	55-150
	
	100
	25-142
	
	0.0000 

	Sphaerostephanos taiwanensis
	127
	136.6
	49-183
	66
	114.5
	35-165
	
	0.0000 

	
	　
	30.7
	17-46
	　
	27.9
	11-40
	　
	0.0021 

	*: Fronds' positions of Cyathea podophylla and C. spinulosa were too high so that their sizes were not measured.
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Weather correlation

				相關		假複		烏毛		鬼桫		臺桫		威聖		聖蕨		廣鋸		德氏		毛柄		廣深		栗蕨		倒葉		瘤足		網脈		瓦氏		臺圓

		葉生		月均溫		-0.18		-0.13		0.26		0.33		-0.18		0.23		0.08		0.19		-0.47		-0.51		0.23		0.47		-0.09		0.36		0.43		0.40		0.15

				降雨量		-0.23		-0.10		-0.28		-0.16		-0.35		-0.24		-0.15		0.07		-0.27		-0.28		0.11		-0.02		-0.13		-0.06		0.10		-0.12		-0.26

		葉全展		月均溫		0.25		0.53		0.76		0.37		0.35		0.43		0.48		0.13		0.35		-0.12		0.27		0.67		0.45		0.56		0.32		0.73		0.74

				降雨量		-0.05		0.21		0.41		0.15		-0.16		0.35		0.14		-0.13		0.05		-0.18		0.06		0.27		0.32		0.12		0.12		0.20		0.24

		葉枯		月均溫		0.40		0.18		0.37		0.25		0.48		0.33		0.04		0.15		0.46		0.57		-0.01		0.44		0.59		0.45		0.19		0.64		0.73

				降雨量		0.07		-0.07		0.05		0.02		0.01		-0.06		-0.10		-0.07		0.15		0.13		-0.04		-0.04		0.22		0.28		-0.12		0.14		0.05

		孢熟		月均溫		0.32		0.51		0.55		0.48		0.21		0.51		0.51		0.11		0.54		0.29		0.42		0.46		0.59		0.38		0.14		0.72		0.77

				降雨量		0.26		0.11		0.16		-0.04		-0.10		0.32		0.27		0.16		-0.06		-0.07		-0.12		0.02		-0.07		0.08		-0.21		0.25		0.16

		孢始裂		月均溫		0.41		0.50		0.47		0.56		0.30		0.37		0.37		-0.13		0.62		0.48		0.55		0.56		0.52		0.30		0.35		0.73		0.80

				降雨量		0.25		0.16		-0.03		0.13		0.04		0.21		0.21		0.29		-0.02		-0.02		0.04		0.03		-0.03		0.12		-0.06		0.31		0.17

		孢全裂		月均溫		0.39		-0.03		0.44		0.54		0.33		0.41		0.37		-0.11		0.53		0.53		0.53		0.53		0.49		0.34		0.44		0.66		0.82

				降雨量		0.08		-0.09		-0.01		0.07		0.05		-0.05		0.21		-0.03		-0.02		-0.02		0.07		0.00		0.05		0.07		0.12		0.33		0.11

		孢葉生		月均溫		-0.49		-0.49		-0.56		-0.79		-0.38		-0.28		-0.41		0.15		-0.53		-0.47		-0.33		-0.60		-0.63		-0.47		-0.41		-0.02		-0.27

				降雨量		-0.18		-0.21		-0.09		-0.33		0.05		-0.28		-0.23		-0.01		-0.10		-0.03		-0.07		-0.22		-0.25		-0.13		-0.06		-0.32		-0.44

		營葉生		月均溫		0.09		-0.07		0.39		0.76		0.26		0.09		0.08		-0.30		0.23		-0.03		0.56		0.63		0.12		0.53		0.82		-0.48		0.81

				降雨量		-0.20		0.12		-0.07		0.14		-0.18		0.14		0.45		-0.03		-0.01		-0.07		0.27		0.10		-0.12		0.07		0.19		-0.16		0.09





Span correl

		

				F#		F life (Mo)		S#		S life (Mo)		Total		Ave

		Acrorumohra hasseltii		42		23.7		7		22.4		49		23.05

		Blechnum orientale		67		25.9		19		27.5		86		26.7

				97		26.1		26		25.8		123		25.95

		Cyathea spinulosa		111		6.6		211		8		322		7.3

		Dictyocline griffithii		49		18.3		5		20.1		54		19.2

				68		15.1		61		15		129		15.05

		Diplazium dilatatum		93		18.3		13		19.8		106		19.05

		Diplazium doederleinii		37		14.2		7		15.8		44		15

		Diplazium petri		43		17.5		14		20.1		57		18.8

		Diplazium pullingeri		76		16.8		6		16.7		82		16.75

		Histiopteris incisa		33		7.7		30		6.9		63		7.3

		Plagiogyria dunnii		31		4.4		173		22.1		204		13.25

				58		4.7		101		30.3		159		17.5

		Pleocnemia rufinervis		16		17.2		27		18.1		43		17.65

		Pteris wallichiana		41		6.1		102		5.1		143		5.6

		Sphaerostephanos taiwanensis		125		13.1		66		12.3		191		12.7

				0.1361636997				-0.2636124903				-0.4613181603

		Acrorumohra hasseltii		42		23.7		7		22.4		49		23.05

		Blechnum orientale		67		25.9		19		27.5		86		26.7

				97		26.1		26		25.8		123		25.95

		Cyathea spinulosa		111		6.6		211		8		322		7.3

		Dictyocline griffithii		49		18.3		5		20.1		54		19.2

				68		15.1		61		15		129		15.05

		Diplazium dilatatum		93		18.3		13		19.8		106		19.05

		Diplazium doederleinii		37		14.2		7		15.8		44		15

		Diplazium petri		43		17.5		14		20.1		57		18.8

		Diplazium pullingeri		76		16.8		6		16.7		82		16.75

		Histiopteris incisa		33		7.7		30		6.9		63		7.3

		Pleocnemia rufinervis		16		17.2		27		18.1		43		17.65

		Pteris wallichiana		41		6.1		102		5.1		143		5.6

		Sphaerostephanos taiwanensis		125		13.1		66		12.3		191		12.7

				0.0210108396				-0.6232444143				-0.4622049421
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		Figure 1.  Amount of temperature (temp) and precipitation (prep) from Aug 1997 to August 2001 (above). Average amount of every month from Aug 1997 to August 2001 (below).





fig.1

		12.475		Jan

		12.75		Feb

		15.175		Mar

		17.8		Apr

		19.975		May

		22.875		Jun

		23.8		Jul

		23.275		Aug

		21.3		Sep

		19.025		Oct

		16.725		Nov

		13.625		Dec



temp

prep

234.75

277.875

170.125

193.25

476.875

506.125

431.625

694

384.5

940.125

514.875

348.5



tab.1

		23.5		35643

		20.4		35674

		18.8		35704

		16.5		35735

		14		35765

		12.1		35796

		13		35827

		15.5		35855

		19.3		35886

		21		35916

		22.8		35947

		24.4		35977

		24.1		36008

		21.5		36039

		17.3		36069

		16.9		36100

		14.5		36130

		12.5		36161

		12.7		36192

		16		36220

		17.1		36251

		18.5		36281

		22.8		36312

		23.1		36342

		22.3		36373

		21.7		36404

		19.4		36434

		16.1		36465

		11.2		36495

		12.4		36526

		11.8		36557

		14.7		36586

		17.3		36617

		19.7		36647

		22.9		36678

		23.7		36708

		23.2		36739

		21.6		36770

		20.6		36800

		17.4		36831

		14.8		36861

		12.9		36892

		13.5		36923

		14.5		36951

		17.5		36982

		20.7		37012

		23		37043

		24		37073

		24		37104



temp

prep

1082.5

255

153

80.5

136

167.5

379

208

133.5

596

580.5

168.5

396

656.5

2174

614

511

242

63.5

140

118.5

246

549

363.5

326.5

456.5

590

377

329

204.5

524.5

198

274

164

455

626

971

170

843.5

988

418

325

144.5

134.5

247

901.5

440

568.5

260.5



tab.2-relation

		Table 1.  The 16 sampled ferns, amount of leaves detected, times during emergence to full expansion, during emergence to spore maturation, and during spore maturation to release ending. Values in paranthesis mean their ranges.

		Species		Plants   #		Amount of fronds detected								Emergence to expansion		Emergence to spore maturation		Spore maturation to release

						Emerg-ence		Expan-sion		Senes-cence		Fertile/         sterile

		Acrorumohra hasseltii		3		49		40		28		42/7¹		1.7(1-3)		2.9(2-4)		1.1(0-2)

		Blechnum orientale		5		86		85		36		67/19¹		3.2(2-5)		4.4(2-9)		4.3(3-8)

				5		123		119		57		97/26¹		2.7(2-4)		3.9(2-7)		2.2(1-6)

		Cyathea spinulosa		4		322		317		304		111/211³		2(1-3)		2.7(2-4)		2.3(1-6)

		Dictyocline griffithii		2		54		54		32		49/5¹		1.6(1-3)		2.3(1-3)		2.7(1-9)

				5		129		126		78		68/61²		1.5(1-3)		2.3(1-4)		1(0-2)

		Diplazium dilatatum		5		106		95		63		93/13¹		2.2(1-3)		2.8(1-6)		1.1(0-2)

		Diplazium doederleinii		4		44		44		34		37/7¹		1.8(1-3)		3.0(1-8)		2.5(0-6)

		Diplazium petri		5		57		57		33		43/14¹		1.5(1-3)		3.3(2-5)		1(0-3)

		Diplazium pullingeri		5		82		81		55		76/6¹		2.8(2-4)		4.4(2-8)		1.6(0-3)

		Histiopteris incisa		5		63		54		54		33/30²		4(2-8)		4.4(2-9)		1.9(0-4)

		Plagiogyria adnata		5		159		136		81		58/101³		2.2(1-3)		3.8(3-6)		0.9(0-2)

		Plagiogyria dunnii		5		204		181		111		31/173³		1.5(1-3)		3.4(2-4)		0.7(0-2)

		Pleocnemia rufinervis		5		43		43		26		16/27³		1.4(1-3)		2.3(2-3)		1.1(0-2)

		Pteris wallichiana		5		143		143		131		41/102³		2.1(1-4)		3.5(2-6)		1.6(0-3)

		Sphaerostephanos taiwanensis		4		191		190		150		125/66²		1.7(1-3)		1.7(1-3)		0.5(0-1)

		¹: numbers of fertile fronds are over 3 times than sterile fronds. ²: numbers of fertile fronds are 2 to 1 times to sterile fronds. ³: numbers of fertile fronds are less than sterile fronds.





chart_frond pattern

		

		Table 2  Correlation and t test between phenology in sum of 16 ferns species and temperature (temp.) and precipitation (ppt.)

		status		temp.		ppt.		hunid

		leaf emergence		0.15		-0.26		-0.27

		full expension		0.74**		0.24		-0.22

		senescence¹		0.78**		0.08		-0.66**

		fertile emergence		-0.29*		-0.36**		-0.07

		sterile emergence		0.74**		0.09		-0.39**

		spore maturation		0.77**		0.16		-0.26

		ended release		0.82**		0.11		-0.46**

		*: 顯著(p < 0.05); **: 極顯著(p <0.01)
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		Table 3. Average frond numbers of 16 species on different months at different phenological stages. 1: emergence of fertile fronds, 2: emergence of sterile fronds, 3: spore maturation, 4: spore release, 5: frond senescence.

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Acrorumohra haseltii

		1		1		13		10		4		1		1		6		5		1								42

		2						1		2		1				1				1		1						7

		3										13		7		3						8		2				33

		4				1								12		8		3						7		1		32

		5		1		1		1		1		5		6		7		5				1						28

		Blechnum orientale

		1		7		12		7		6		7		7		5		7		3				1		5		67

		2		2		2								2		1		2		2						2		13

		3				1		5		1		5		19		8		4		12		2		3				60

		4		5		7		10		3		4		3		4		4		8		5						53

		5		7						1		3		4		4		5		4		3		3		2		36

		Cyathea podophylla

		1		1		10		17		19		10		7		7		9		6		4				4		94

		2								2		7		7		3		3		3						1		26

		3		2		5		2		3		4		15		33		10		6		6		5		4		95

		4		2		3		1		5		11		2		11		23		16		2				9		85

		5		3				3		4		9		4		15		5		4		7		1		2		57

		Cyathea spinulosa

		1		6		24		37		17		15		11												1		111

		2		6		13		4		8		16		26		37		27		24		24		18		8		211

		3								7		30		40		19		13										109

		4				1								5		40		28		10		13		1		4		102

		5		10		13		33		39		25		36		21		31		39		28		13		10		298

		Dictyocline griffithii

		1				1		10		10		7		4		6		4		6		1						49

		2										3										1		1				5

		3		1								6		13		8		5		7		2		6		1		49

		4		1		3		4		3				15		8		2		13								49

		5		1						2		8		4		3		4		3		4		2		1		32

		Dictyocline griffithii wilfordii

		1		15		15		10		6		2		3		4		4		3		1		1		1		65

		2		1		4		5		18		9		6		12		4		1				1				61

		3				1		1		16		21		5		1		6		1		4		3		1		60

		4		1						2		17		24		1		2		2				5		2		56

		5		2		2		4		9		19		10		10		12		3		4		3				78

		Diplazium dilatatum

		1				11		30		10		4		4		19		10		4								92

		2				1				4						2		1		1		3		1				13

		3										17		20		11		5		3		16		8		1		81

		4		1										15		28		5		4		2		14		12		81

		5		3		4		10		6		8		6		5		4		5		5		4		3		63

		Table 3. (continued)

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Diplazium doederleinii

		1		2		5		2		3				2		7		10		2		3		1				37

		2		3																1				1		2		7

		3						2		7		2				1		1		5		14		4		1		37

		4		5		1		3		8		6		2		1				4		1		4				35

		5				2		2		9		2		1		2		7		1		4		3		1		34

		Diplazium petri

		1		7		19		10		3				1						2				1				43

		2				1		2				1		2		1				1		2		1		3		14

		3								2		20		14		3		1								1		41

		4						1				1		18		15		1		1								37

		5		1		1						3		8		8		4		3		2		2		1		33

		Diplazium pullingeri

		1		10		34		11		6		4		2		4		2						1		2		76

		2						1						1		2				2								6

		3										7		30		17		10		4		1		3		1		73

		4				1						3				15		41		10		1				1		72

		5		1						3		16		12		7		3		3		7		2		1		55

		Histiopteris incisa

		1		4		5		5		3		3						2		3		1		2		5		33

		2						1				2		6		6		2		7		5				1		30

		3								5		11		9		4		2										31

		4										1		6		7		11		1				1				27

		5		5		8		3		2		7		7		4		6		5				5		2		54

		Plagiogyria adnata

		1				17		24		4		9		1		2												57

		2				16		26		1		2		9		11		20		10		5						100

		3														19		19		3				1				42

		4				1										7		13		12		4						37

		5		1		1				8		9		8		6		14		20		12		2				81

		Plagiogyria dunnii

		1		4		11		8		6		2																31

		2		2		4		3		16		43		23		20		22		18		6		3		4		164

		3										7		13		7		2										29

		4										2		10		11		5		1								29

		5		4		1		4		5		6		12		33		20		4		4		8		10		111

		Pleocnemia rufinervis

		1						4		8		1						1		2								16

		2						2		2		4		4		8		2		4		2						28

		3										2		10		1						1				2		16

		4				2								2		11								1				16

		5				1		1		2		2		4		2		5		2		4		2		1		26

		Table 3. (continued)

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Pteris wallichiana

		1		8		9		4		4				1						1		5		5		4		41

		2		2		6		2		9		10		20		15		16		14		9		5		1		109

		3		1		1		7		4		14		7				1										35

		4						1		4		2		7		4		4				1						23

		5		8		10		11		10		17		9		10		14		16		8		9		9		131

		Sphaerostephanos taiwanensis

		1		1		2		6		19		23		16		19		21		9		7		2				125

		2		6		15		9		10		3		2						2		7		8		4		66

		3		3						3		13		20		26		18		17		13		6		6		125

		4		3		1		1		3		9		17		20		17		21		17		11		7		127

		5				6		7		3		11		21		34		29		13		11		5		10		150
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		Table 3

				Jan.		Feb.		March		April		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.

				Acrorumohra haseltii

		fertile emer.		1		2		2		2		1		1		2		2		1

		sterile emer.						2		2		2				2				2		2

		spore mature										2		2		2						2		1

		spore release				1								2		2		2						2		1

		senescences		1		1		1		1		2		2		2		1				1

				Blechnum orientale

		fertile emer.		2		2		2		2		2		2		1		2		1				1		1

		sterile emer.		2		2								2		1		2		2						2

		spore mature				1		1		1		1		2		2		1		2		1		1

		spore release		2		2		2		1		1		1		1		1		2		2

		senescences		2						1		2		2		2		1		2		2		2		1

				Cyathea podophylla

		fertile emer.		1		2		2		2		2		1		1		2		1		1				1

		sterile emer.								1		2		2		2		2		2						1

		spore mature		1		1		1		1		1		2		2		1		1		1		1		1

		spore release		1		1		1		1		2		1		2		2		2		1				2

		senescences		1				1		1		2		1		2		1		1		2		1		1

				Cyathea spinulosa

		fertile emer.		1		2		2		2		2		2												1

		sterile emer.		1		1		1		1		1		2		2		2		2		2		2		1

		spore mature								1		2		2		2		2

		spore release				1								1		2		2		2		2		1		1

		senescences		1		1		2		2		1		2		1		2		2		2		1		1

				Dictyocline griffithii

		fertile emer.				1		2		2		2		1		2		1		2		1

		sterile emer.										2										2		2

		spore mature		1								2		2		2		2		2		1		2		1

		spore release		1		1		1		1				2		2		1		2

		senescences		1						1		2		2		2		2		2		2		1		1

				Dictyocline griffithii wilfordii

		fertile emer.		2		2		2		2		1		1		1		1		1		1		1		1

		sterile emer.		1		1		1		2		2		2		2		1		1				1

		spore mature				1		1		2		2		2		1		1		1		1		1		1

		spore release		1						1		2		2		1		1		1				2		1

		senescences		1		1		1		2		2		2		2		2		1		1		1

				Diplazium dilatatum

		fertile emer.				2		2		2		1		1		2		2		1

		sterile emer.				1				2						2		1		1		2		1

		spore mature										2		2		2		1		1		2		2		1

		spore release		1										2		2		1		1		1		2		2

		senescences		1		1		2		2		2		2		1		1		1		1		1		1

				Diplazium doederleinii

		fertile emer.		1		2		1		1				1		2		2		1		1		1

		sterile emer.		2																2				2		2

		spore mature						1		2		1				1		1		2		2		2		1

		spore release		2		1		2		2		2		1		1				2		1		2

		senescences				1		1		2		1		1		1		2		1		2		2		1

				Diplazium petri

		fertile emer.		2		2		2		1				1						1				1

		sterile emer.				1		2				1		2		1				1		2		1		2

		spore mature								1		2		2		1										1

		spore release						1				1		2		2				1

		senescences		1		1						2		2		2		2		2		1		1		1

				Diplazium pullingeri

		fertile emer.		2		2		2		1		1		1		1		1						1		1

		sterile emer.						2						2		2				2

		spore mature										2		2		2		2		1		1		1		1

		spore release				1						1				2		2		2		1				1

		senescences		1						1		2		2		2		1		1		2		1		1

				Histiopteris incisa

		fertile emer.		2		2		2		2		2						1		2		1		1		2

		sterile emer.						1				1		2		2		1		2		2				1

		spore mature								2		2		2		2		1

		spore release										1		2		2		2		1				1

		senescences		2		2		1		1		2		2		1		2		2				2		1

		to be continue

				Plagiogyria dunnii

		fertile emer.		2		2		2		2		1

		sterile emer.		1		1		1		2		2		2		2		2		2		1		1		1

		spore mature										2		2		2		1

		spore release										1		2		2		1		1

		senescences		1		1		1		1		1		2		2		2		1		1		1		2

				Plagiogyria rankanensis

		fertile emer.				2		2		1		2		1

		sterile emer.				2		2		1		1		2		2		2		1		1

		spore mature														2		2		1				1

		spore release				1										2		2		2		2

		senescences		1		1				2		2		2		1		2		2		2		1

				Pleocnemia rufinervis

		fertile emer.						2		2		1						1		2

		sterile emer.						1		1		2		2		2		1		2		1

		spore mature										2		2		1						1				2

		spore release				2								2		2								1

		senescences				1		1		1		1		2		1		2		1		2		1		1

				Pteris wallichiana

		fertile emer.		2		2		2		2				1						1		2		2		2

		sterile emer.		1		1		1		1		2		2		2		2		2		1		1		1

		spore mature		1		1		2		2		2		2				1

		spore release						1		2		2		2		2		2				1

		senescences		1		1		2		1		2		1		1		1		2		1		1		1

				Sphaerostephanos taiwanensis

		fertile emer.		1		1		1		2		2		2		2		2		1		1		1

		sterile emer.		2		2		2		2		1		1						1		2		2		1

		spore mature		1						1		2		2		2		2		2		2		1		1

		spore release		1		1		1		1		1		2		2		2		2		2		2		1

		senescences				1		1		1		1		2		2		2		2		1		1		1





		Table 4

				sp1		sp2		sp3		sp4		sp5		sp6		sp7		sp8		sp9		sp10		sp11		sp12		sp13		sp14		sp15		sp16		sum

				leaf germination

		月均溫								+										--		--				++				++		++		++

		降水量												-

		log		-										--						--		-

		溼度										--				-														-		-		--

		Q(MJ/m)						++		++		++				++										++				++		++		++		++

		雨日		--										-		-														-		-		-		--

				leaf expansion

		月均溫				++		++		+		++		+		++						+				++		++		++				++		++

		降水量						+				+

		log						++				++

		溼度												-																				-

		Q(MJ/m)				++		++						++		+										++				+				++		++

		雨日

				fertile emer.

		月均溫								-				--						--		--		--		--		-				--		++		-

		降水量						-		-				-																						--

		log						--		-				--		-				--		-				-						--				--

		溼度										--				-																+		-

		Q(MJ/m)										++				++		++						-								--		++

		雨日		--												-

				sterile emer.

		月均溫						++		++														++		++				++		++		--		++

		降水量														++

		log																						++								++		-

		溼度																										-				--				--

		Q(MJ/m)						+		++				+				-								++		+		++		++		--		++

		雨日																										-		-

				leaf senescence

		月均溫		++				++				+		++						++		++				++		++		++				++		++

		降水量																												+

		log																		+		+						+		++

		溼度				--		--						--		--				--						-		-				--		--		--

		Q(MJ/m)		++				++						++						++						++		++		+				++		++

		雨日						-																												-

				spore maturation

		月均溫		+		++		++		++		++				++						++		++		++		++		+				++		++

		降水量										+				+

		log										++				++																		+

		溼度				-		-																				--						-

		Q(MJ/m)				++		++		++		++										++		++		++		++						++		++

		雨日																										--

				spore release

		月均溫		++				++		++		++		+		+				++		++		++		++		++		+		++		++		++

		降水量

		log														+																		++

		溼度								--		-								-		--		-				--								--

		Q(MJ/m)		+				++		++		++								++		++		++		++		++		+		++		++		++

		雨日																										-





		Table 5.  Comparison of the length and width of fertile and sterile fronds

		Species		Fertile samples		Fertile length/width				Sterile samples		Sterile length/width						t test

						Average		Range				Average		Range				p

		Acrorumohra hasseltii		32		47.9		28-79		6		41.5		30-52				0.0752

						18.3		10-50				18.2		13-22				0.4649

		Blechnum orientale		65		187.9		105-300		19		131.3		66-210				0.0000

						50.8		23-80				42.4		12-65				0.0070

		Dictyocline griffithii		49		58.3		21-49		5		40.4		30-54				0.0108

						14.6		8-19				11.6		9-15				0.0168

				61		41		22-58		55		25.8		12-37				0.0000

						11.3		4-16				9.7		4-15				0.0007

		Diplazium dilatatum		75		120.9		85-161		11		83.6		60-137				0.0003

						62.5		35-90				45.9		22-70				0.0065

		Diplazium doederieinii		36		120.3		59-180		7		93.6		70-105				0.0007

						47.6		25-70				45.7		34-55				0.2803

		Diplazium petri		42		66.4		38-108		13		57.7		30-95				0.0663

						26.2		10-40				24.1		12-35				0.1962

		Diplazium pullingeri		72		44.8		21-64		6		34.7		20-49				0.0386

						11.3		7-16				7.5		5-10				0.0026

		Histiopteris incisa		29		148.6		95-210		23		113.9		22-190				0.0008

						63.1		35-120				41.1		7-80				0.0000

		Plagiogyria adnata		42		65.9		35-100		93		40.9		10-67				0.0000

						11.6		5-18				13.1		3-20				0.0139

		Plagiogyria dunnii		28		69.8		38-102		142		49.4		20-70				0.0000

						8.1		5-11				13.7		4-23				0.0000

		Pleocnemia rufinervis		16		161.5		120-220		27		108.7		52-170				0.0000

						83.9		60-130				61.4		20-120				0.0011

		Pteris wallichiana		44		204.5		147-280		99		183		80-265				0.0001

						115.5		55-150				100		25-142				0.0000

		Sphaerostephanos taiwanensis		127		136.6		49-183		66		114.5		35-165				0.0000

						30.7		17-46				27.9		11-40				0.0021





		Table 4.  Average months of life span of fertile and sterile fronds and persistive months of fertile fronds from their spore release to senescense.

		Species		Frond life span (samples)*								Spore release to senescense

				Fertile		Sterile				p**

		Acrorumohra hasseltii		23.7±1.8(18)		22.4±4.7(4)				0.4801		19.8±1.7

		Blechnum orientale		25.9±2.2(27)		27.5±3.7(7)				0.7350		20.1±1.6

				26.1±1.8(44)		25.8±4.9(11)				0.4696		20.3±1.8

		Cyathea spinulosa		6.6±0.2(110)		8.0±0.2(194)				0.0000		1.6±0.2

		Dictyocline griffithii		18.3±1.3(26)		27.6±8.0(2)				0.1282		11.6±1.3

				15.1±1.4(40)		15.0±1.4(36)				0.5551		11.8±1.5

		Diplazium dilatatum		18.3±1.2(41)		19.8±3.7(8)				0.2430		14.5±1.1

		Diplazium doederieinii		14.2±1.4(28)		15.8±0.9(6)				0.0516		9.5±1.2

		Diplazium petri		17.5±2.4(22)		20.1±11.0(3)				0.1863		14.5±1.7

		Diplazium pullingeri		16.8±0.7(46)		16.7±3.2(5)				0.4732		10.9±0.8

		Histiopteris incisa		7.7±0.8(29)		6.9±0.5(28)				0.0504		2.3±0.4

		Plagiogyria adnata		4.7±0.5(51)		30.3±3.3(28)				0.0000		0.5±0.2

		Plagiogyria dunnii		4.4±0.4(26)		22.1±1.9(62)				0.0000		0.4±0.2

		Pleocnemia rufinervis		17.2±2.6(8)		18.1±2.7(8)				0.3941		13.7±1.9

		Pteris wallichiana		6.1±0.5(39)		5.1±0.3(92)				0.0004		1.3±0.3

		Sphaerostephanos taiwanensis		13.1±0.5(97)		12.3±0.9(53)				0.0543		10.9±0.5

		*: The number in parenthese represents frond number observed.

		**: P value of the T test of the difference between fertile fronds and sterile fronds.





		Table 3. Average frond numbers of 16 species on different months at different phenological stages. 1: emergence of fertile fronds, 2: emergence of sterile fronds, 3: spore maturation, 4: spore release, 5: frond senescence.

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Acrorumohra haseltii

		1		1		13		10		4		1		1		6		5		1								42

		2						1		2		1				1				1		1						7

		3										13		7		3						8		2				33

		4				1								12		8		3						7		1		32

		5		1		1		1		1		5		6		7		5				1						28

		Blechnum orientale

		1		7		12		7		6		7		7		5		7		3				1		5		67

		2		2		2								2		1		2		2						2		13

		3				1		5		1		5		19		8		4		12		2		3				60

		4		5		7		10		3		4		3		4		4		8		5						53

		5		7						1		3		4		4		5		4		3		3		2		36

		Cyathea podophylla

		1		1		10		17		19		10		7		7		9		6		4				4		94

		2								2		7		7		3		3		3						1		26

		3		2		5		2		3		4		15		33		10		6		6		5		4		95

		4		2		3		1		5		11		2		11		23		16		2				9		85

		5		3				3		4		9		4		15		5		4		7		1		2		57

		Cyathea spinulosa

		1		6		24		37		17		15		11												1		111

		2		6		13		4		8		16		26		37		27		24		24		18		8		211

		3								7		30		40		19		13										109

		4				1								5		40		28		10		13		1		4		102

		5		10		13		33		39		25		36		21		31		39		28		13		10		298

		Dictyocline griffithii

		1				1		10		10		7		4		6		4		6		1						49

		2										3										1		1				5

		3		1								6		13		8		5		7		2		6		1		49

		4		1		3		4		3				15		8		2		13								49

		5		1						2		8		4		3		4		3		4		2		1		32

		Dictyocline griffithii wilfordii

		1		15		15		10		6		2		3		4		4		3		1		1		1		65

		2		1		4		5		18		9		6		12		4		1				1				61

		3				1		1		16		21		5		1		6		1		4		3		1		60

		4		1						2		17		24		1		2		2				5		2		56

		5		2		2		4		9		19		10		10		12		3		4		3				78

		Diplazium dilatatum

		1				11		30		10		4		4		19		10		4								92

		2				1				4						2		1		1		3		1				13

		3										17		20		11		5		3		16		8		1		81

		4		1										15		28		5		4		2		14		12		81

		5		3		4		10		6		8		6		5		4		5		5		4		3		63

		Table 3. (continued)

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Diplazium doederleinii

		1		2		5		2		3				2		7		10		2		3		1				37

		2		3																1				1		2		7

		3						2		7		2				1		1		5		14		4		1		37

		4		5		1		3		8		6		2		1				4		1		4				35

		5				2		2		9		2		1		2		7		1		4		3		1		34

		Diplazium petri

		1		7		19		10		3				1						2				1				43

		2				1		2				1		2		1				1		2		1		3		14

		3								2		20		14		3		1								1		41

		4						1				1		18		15		1		1								37

		5		1		1						3		8		8		4		3		2		2		1		33

		Diplazium pullingeri

		1		10		34		11		6		4		2		4		2						1		2		76

		2						1						1		2				2								6

		3										7		30		17		10		4		1		3		1		73

		4				1						3				15		41		10		1				1		72

		5		1						3		16		12		7		3		3		7		2		1		55

		Histiopteris incisa

		1		4		5		5		3		3						2		3		1		2		5		33

		2						1				2		6		6		2		7		5				1		30

		3								5		11		9		4		2										31

		4										1		6		7		11		1				1				27

		5		5		8		3		2		7		7		4		6		5				5		2		54

		Plagiogyria adnata

		1				17		24		4		9		1		2												57

		2				16		26		1		2		9		11		20		10		5						100

		3														19		19		3				1				42

		4				1										7		13		12		4						37

		5		1		1				8		9		8		6		14		20		12		2				81

		Plagiogyria dunnii

		1		4		11		8		6		2																31

		2		2		4		3		16		43		23		20		22		18		6		3		4		164

		3										7		13		7		2										29

		4										2		10		11		5		1								29

		5		4		1		4		5		6		12		33		20		4		4		8		10		111

		Pleocnemia rufinervis

		1						4		8		1						1		2								16

		2						2		2		4		4		8		2		4		2						28

		3										2		10		1						1				2		16

		4				2								2		11								1				16

		5				1		1		2		2		4		2		5		2		4		2		1		26

		Table 3. (continued)

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Pteris wallichiana

		1		8		9		4		4				1						1		5		5		4		41

		2		2		6		2		9		10		20		15		16		14		9		5		1		109

		3		1		1		7		4		14		7				1										35

		4						1		4		2		7		4		4				1						23

		5		8		10		11		10		17		9		10		14		16		8		9		9		131

		Sphaerostephanos taiwanensis

		1		1		2		6		19		23		16		19		21		9		7		2				125

		2		6		15		9		10		3		2						2		7		8		4		66

		3		3						3		13		20		26		18		17		13		6		6		125

		4		3		1		1		3		9		17		20		17		21		17		11		7		127

		5				6		7		3		11		21		34		29		13		11		5		10		150

		FE		0		0		0		0		0		0		0		0		0		0		0		0

		SE		0		0		0		0		0		0		0		0		0		0		0		0

		Spore mature		0		0		0		0		0		0		0		0		0		0		0		0

		Spore release		0		0		0		0		0		0		0		0		0		0		0		0

		FE+SE		0		0		0		0		0		0		0		0		0		0		0		0

		Expansion		45		46		95		188		285		261		184		149		165		150		97		84

		Senescence		0		0		0		0		0		0		0		0		0		0		0		0





		66		22		88

		188		62		250

		195		56		251

		128		72		200

		88		101		189

		60		108		168

		79		119		198

		75		99		174

		42		91		133

		22		65		87

		14		39		53

		22		26		48



Fertile

Sterile

Total

Months

Frond numbers



		88		45		47

		250		46		50

		251		95		79

		200		188		104

		189		285		150

		168		261		152

		198		184		171

		174		149		168

		133		165		125

		87		150		104

		53		97		64

		48		84		53



Emergence

Expansion

Senescence

Months

Frond numbers



		7		18

		8		21

		17		21

		48		28

		172		56

		222		138

		161		191

		97		159

		58		103

		67		46

		41		44

		18		36



Spore maturation

Spore release

Months

Frond numbers



		

																																月均溫				降水量

				temp		prep		emergence		full		dry		matur		release		tr1		tr2		tr3		tr4		tr5				Aug-97		23.5		1175.0		1082.5

		Jan		12.5		234.8		91		45		47		7		18		0.21		0.77		0.96		0.81		0.89				Sep-97		20.4		1020.0		255.0

		Feb		12.8		277.9		251		46		50		8		21		0.0000		0.0001		0.0000		0.0087		0.0053				Oct-97		18.8		940.0		153.0

		Mar		15.2		170.1		251		95		79		17		21														Nov-97		16.5		825.0		80.5

		Apr		17.8		193.3		200		188		104		48		28														Dec-97		14.0		700.0		136.0

		May		20.0		476.9		192		285		150		172		56		pr1		pr2		pr3		pr4		pr5				Jan-98		12.1		605.0		167.5

		Jun		22.9		506.1		176		261		152		222		138		-0.33		0.30		0.42		0.37		0.38				Feb-98		13.0		650.0		379.0

		Jul		23.8		431.6		207		184		171		161		191		0.0006		0.0005		0.0002		0.0001		0.0001				Mar-98		15.5		775.0		208.0

		Aug		23.3		694.0		196		149		168		97		159														Apr-98		19.3		965.0		133.5

		Sep		21.3		384.5		134		165		125		58		103														May-98		21.0		1050.0		596.0

		Oct		19.0		940.1		88		150		104		67		46														Jun-98		22.8		1140.0		580.5

		Nov		16.7		514.9		54		97		64		41		44														Jul-98		24.4		1220.0		168.5

		Dec		13.6		348.5		52		84		33		18		36														Aug-98		24.1		1205.0		396.0

																														Sep-98		21.5		1075.0		656.5

																														Oct-98		17.3		865.0		2174.0

																														Nov-98		16.9		845.0		614.0

																														Dec-98		14.5		725.0		511.0

																														Jan-99		12.5		625.0		242.0

																														Feb-99		12.7		635.0		63.5

																														Mar-99		16.0		800.0		140.0

																														Apr-99		17.1		855.0		118.5

																														May-99		18.5		925.0		246.0

																														Jun-99		22.8		1140.0		549.0

																														Jul-99		23.1		1155.0		363.5

																														Aug-99		22.3		1115.0		326.5

																														Sep-99		21.7		1085.0		456.5

																														Oct-99		19.4		970.0		590.0

																														Nov-99		16.1		805.0		377.0

																														Dec-99		11.2		560.0		329.0

																														Jan-00		12.4		620.0		204.5

																														Feb-00		11.8		590.0		524.5

																														Mar-00		14.7		735.0		198.0

																														Apr-00		17.3		865.0		274.0

																														May-00		19.7		985.0		164.0

																														Jun-00		22.9		1145.0		455.0

																														Jul-00		23.7		1185.0		626.0

																														Aug-00		23.2		1160.0		971.0

																														Sep-00		21.6		1080.0		170.0

																														Oct-00		20.6		1030.0		843.5

																														Nov-00		17.4		870.0		988.0

																														Dec-00		14.8		740.0		418.0

																														Jan-01		12.9		645.0		325.0
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Weather correlation

				相關		假複		烏毛		鬼桫		臺桫		威聖		聖蕨		廣鋸		德氏		毛柄		廣深		栗蕨		倒葉		瘤足		網脈		瓦氏		臺圓

		葉生		月均溫		-0.18		-0.13		0.26		0.33		-0.18		0.23		0.08		0.19		-0.47		-0.51		0.23		0.47		-0.09		0.36		0.43		0.40		0.15

				降雨量		-0.23		-0.10		-0.28		-0.16		-0.35		-0.24		-0.15		0.07		-0.27		-0.28		0.11		-0.02		-0.13		-0.06		0.10		-0.12		-0.26

		葉全展		月均溫		0.25		0.53		0.76		0.37		0.35		0.43		0.48		0.13		0.35		-0.12		0.27		0.67		0.45		0.56		0.32		0.73		0.74

				降雨量		-0.05		0.21		0.41		0.15		-0.16		0.35		0.14		-0.13		0.05		-0.18		0.06		0.27		0.32		0.12		0.12		0.20		0.24

		葉枯		月均溫		0.40		0.18		0.37		0.25		0.48		0.33		0.04		0.15		0.46		0.57		-0.01		0.44		0.59		0.45		0.19		0.64		0.73

				降雨量		0.07		-0.07		0.05		0.02		0.01		-0.06		-0.10		-0.07		0.15		0.13		-0.04		-0.04		0.22		0.28		-0.12		0.14		0.05

		孢熟		月均溫		0.32		0.51		0.55		0.48		0.21		0.51		0.51		0.11		0.54		0.29		0.42		0.46		0.59		0.38		0.14		0.72		0.77

				降雨量		0.26		0.11		0.16		-0.04		-0.10		0.32		0.27		0.16		-0.06		-0.07		-0.12		0.02		-0.07		0.08		-0.21		0.25		0.16

		孢始裂		月均溫		0.41		0.50		0.47		0.56		0.30		0.37		0.37		-0.13		0.62		0.48		0.55		0.56		0.52		0.30		0.35		0.73		0.80

				降雨量		0.25		0.16		-0.03		0.13		0.04		0.21		0.21		0.29		-0.02		-0.02		0.04		0.03		-0.03		0.12		-0.06		0.31		0.17
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Span correl

		

				F#		F life (Mo)		S#		S life (Mo)		Total		Ave

		Acrorumohra hasseltii		42		23.7		7		22.4		49		23.05

		Blechnum orientale		67		25.9		19		27.5		86		26.7

				97		26.1		26		25.8		123		25.95

		Cyathea spinulosa		111		6.6		211		8		322		7.3

		Dictyocline griffithii		49		18.3		5		20.1		54		19.2

				68		15.1		61		15		129		15.05

		Diplazium dilatatum		93		18.3		13		19.8		106		19.05

		Diplazium doederleinii		37		14.2		7		15.8		44		15

		Diplazium petri		43		17.5		14		20.1		57		18.8

		Diplazium pullingeri		76		16.8		6		16.7		82		16.75

		Histiopteris incisa		33		7.7		30		6.9		63		7.3

		Plagiogyria dunnii		31		4.4		173		22.1		204		13.25

				58		4.7		101		30.3		159		17.5

		Pleocnemia rufinervis		16		17.2		27		18.1		43		17.65

		Pteris wallichiana		41		6.1		102		5.1		143		5.6

		Sphaerostephanos taiwanensis		125		13.1		66		12.3		191		12.7

				0.1361636997				-0.2636124903				-0.4613181603

		Acrorumohra hasseltii		42		23.7		7		22.4		49		23.05

		Blechnum orientale		67		25.9		19		27.5		86		26.7

				97		26.1		26		25.8		123		25.95

		Cyathea spinulosa		111		6.6		211		8		322		7.3

		Dictyocline griffithii		49		18.3		5		20.1		54		19.2

				68		15.1		61		15		129		15.05

		Diplazium dilatatum		93		18.3		13		19.8		106		19.05

		Diplazium doederleinii		37		14.2		7		15.8		44		15

		Diplazium petri		43		17.5		14		20.1		57		18.8

		Diplazium pullingeri		76		16.8		6		16.7		82		16.75

		Histiopteris incisa		33		7.7		30		6.9		63		7.3

		Pleocnemia rufinervis		16		17.2		27		18.1		43		17.65

		Pteris wallichiana		41		6.1		102		5.1		143		5.6

		Sphaerostephanos taiwanensis		125		13.1		66		12.3		191		12.7

				0.0210108396				-0.6232444143				-0.4622049421





fig.1

		

		Figure 1.  Amount of temperature (temp) and precipitation (prep) from Aug 1997 to August 2001 (above). Average amount of every month from Aug 1997 to August 2001 (below).





fig.1

		12.475		Jan

		12.75		Feb

		15.175		Mar

		17.8		Apr

		19.975		May

		22.875		Jun

		23.8		Jul

		23.275		Aug

		21.3		Sep

		19.025		Oct

		16.725		Nov

		13.625		Dec



temp

prep

234.75

277.875

170.125

193.25

476.875

506.125

431.625

694

384.5

940.125

514.875

348.5



tab.1

		23.5		35643

		20.4		35674

		18.8		35704

		16.5		35735

		14		35765

		12.1		35796

		13		35827

		15.5		35855

		19.3		35886

		21		35916

		22.8		35947

		24.4		35977

		24.1		36008

		21.5		36039

		17.3		36069

		16.9		36100

		14.5		36130

		12.5		36161

		12.7		36192

		16		36220

		17.1		36251

		18.5		36281

		22.8		36312

		23.1		36342

		22.3		36373

		21.7		36404

		19.4		36434

		16.1		36465

		11.2		36495

		12.4		36526

		11.8		36557

		14.7		36586

		17.3		36617

		19.7		36647

		22.9		36678

		23.7		36708

		23.2		36739

		21.6		36770

		20.6		36800

		17.4		36831

		14.8		36861

		12.9		36892

		13.5		36923

		14.5		36951

		17.5		36982

		20.7		37012

		23		37043

		24		37073

		24		37104



temp

prep

1082.5

255

153

80.5

136

167.5

379

208

133.5

596

580.5

168.5

396

656.5

2174

614

511

242

63.5

140

118.5

246

549

363.5

326.5

456.5

590

377

329

204.5

524.5

198

274

164

455

626

971

170

843.5

988

418

325

144.5

134.5

247

901.5

440

568.5

260.5



tab.2-relation

		Table 1.  The 16 sampled ferns, amount of leaves detected, times during emergence to full expansion, during emergence to spore maturation, and during spore maturation to release ending. Values in paranthesis mean their ranges.

		Species		Plants   #		Amount of fronds detected								Emergence to expansion		Emergence to spore maturation		Spore maturation to release

						Emerg-ence		Expan-sion		Senes-cence		Fertile/         sterile

		Acrorumohra hasseltii		3		49		40		28		42/7¹		1.7(1-3)		2.9(2-4)		1.1(0-2)

		Blechnum orientale		5		86		85		36		67/19¹		3.2(2-5)		4.4(2-9)		4.3(3-8)

				5		123		119		57		97/26¹		2.7(2-4)		3.9(2-7)		2.2(1-6)

		Cyathea spinulosa		4		322		317		304		111/211³		2(1-3)		2.7(2-4)		2.3(1-6)

		Dictyocline griffithii		2		54		54		32		49/5¹		1.6(1-3)		2.3(1-3)		2.7(1-9)

				5		129		126		78		68/61²		1.5(1-3)		2.3(1-4)		1(0-2)

		Diplazium dilatatum		5		106		95		63		93/13¹		2.2(1-3)		2.8(1-6)		1.1(0-2)

		Diplazium doederleinii		4		44		44		34		37/7¹		1.8(1-3)		3.0(1-8)		2.5(0-6)

		Diplazium petri		5		57		57		33		43/14¹		1.5(1-3)		3.3(2-5)		1(0-3)

		Diplazium pullingeri		5		82		81		55		76/6¹		2.8(2-4)		4.4(2-8)		1.6(0-3)

		Histiopteris incisa		5		63		54		54		33/30²		4(2-8)		4.4(2-9)		1.9(0-4)

		Plagiogyria adnata		5		159		136		81		58/101³		2.2(1-3)		3.8(3-6)		0.9(0-2)

		Plagiogyria dunnii		5		204		181		111		31/173³		1.5(1-3)		3.4(2-4)		0.7(0-2)

		Pleocnemia rufinervis		5		43		43		26		16/27³		1.4(1-3)		2.3(2-3)		1.1(0-2)

		Pteris wallichiana		5		143		143		131		41/102³		2.1(1-4)		3.5(2-6)		1.6(0-3)

		Sphaerostephanos taiwanensis		4		191		190		150		125/66²		1.7(1-3)		1.7(1-3)		0.5(0-1)

		¹: numbers of fertile fronds are over 3 times than sterile fronds. ²: numbers of fertile fronds are 2 to 1 times to sterile fronds. ³: numbers of fertile fronds are less than sterile fronds.





chart_frond pattern

		

		Table 2  Correlation and t test between phenology in sum of 16 ferns species and temperature (temp.) and precipitation (ppt.)

		status		temp.		ppt.		hunid

		leaf emergence		0.15		-0.26		-0.27

		full expension		0.74**		0.24		-0.22

		senescence¹		0.78**		0.08		-0.66**

		fertile emergence		-0.29*		-0.36**		-0.07

		sterile emergence		0.74**		0.09		-0.39**

		spore maturation		0.77**		0.16		-0.26

		ended release		0.82**		0.11		-0.46**

		*: 顯著(p < 0.05); **: 極顯著(p <0.01)
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		6		9				1		7

		19		10		3		3		3

		23		3		13		9		11

		16		2		20		17		21

		19				26		20		34

		21				18		17		29

		9		2		17		21		13

		7		7		13		17		11

		2		8		6		11		5

				4		6		7		10
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		4		2						4

		11		4						1

		8		3						4

		6		16						5

		2		43		7		2		6

				23		13		10		12

				20		7		11		33

				22		2		5		20

				18				1		4

				6						4

				3						8

				4						10
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Plagiogyria dunii



		

								2		1

		4		2						1

		8		2						2

		1		4		2				2

				4		10		2		4

				8		1		11		2

		1		2						5

		2		4						2

				2		1				4

								1		2

						2				1
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		7		2				5		7

		12		2		1		7

		7				5		10

		6				1		3		1

		7				5		4		3

		7		2		19		3		4

		5		1		8		4		4

		7		2		4		4		5

		3		2		12		8		4

						2		5		3

		1				3				3

		5		2						2
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										1

		17		16				1		1

		24		26

		4		1						8

		9		2						9

		1		9						8

		2		11		19		7		6

				20		19		13		14

				10		3		12		20

				5				4		12

						1				2
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Frond number

Plagiogyria adnata



		Table 3. Average frond numbers of 16 species on different months at different phenological stages. 1: emergence of fertile fronds, 2: emergence of sterile fronds, 3: spore maturation, 4: spore release, 5: frond senescence.

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Acrorumohra haseltii

		1		1		13		10		4		1		1		6		5		1								42

		2						1		2		1				1				1		1						7

		3										13		7		3						8		2				33

		4				1								12		8		3						7		1		32

		5		1		1		1		1		5		6		7		5				1						28

		Blechnum orientale

		1		7		12		7		6		7		7		5		7		3				1		5		67

		2		2		2								2		1		2		2						2		13

		3				1		5		1		5		19		8		4		12		2		3				60

		4		5		7		10		3		4		3		4		4		8		5						53

		5		7						1		3		4		4		5		4		3		3		2		36

		Cyathea podophylla

		1		1		10		17		19		10		7		7		9		6		4				4		94

		2								2		7		7		3		3		3						1		26

		3		2		5		2		3		4		15		33		10		6		6		5		4		95

		4		2		3		1		5		11		2		11		23		16		2				9		85

		5		3				3		4		9		4		15		5		4		7		1		2		57

		Cyathea spinulosa

		1		6		24		37		17		15		11												1		111

		2		6		13		4		8		16		26		37		27		24		24		18		8		211

		3								7		30		40		19		13										109

		4				1								5		40		28		10		13		1		4		102

		5		10		13		33		39		25		36		21		31		39		28		13		10		298

		Dictyocline griffithii

		1				1		10		10		7		4		6		4		6		1						49

		2										3										1		1				5

		3		1								6		13		8		5		7		2		6		1		49

		4		1		3		4		3				15		8		2		13								49

		5		1						2		8		4		3		4		3		4		2		1		32

		Dictyocline griffithii wilfordii

		1		15		15		10		6		2		3		4		4		3		1		1		1		65

		2		1		4		5		18		9		6		12		4		1				1				61

		3				1		1		16		21		5		1		6		1		4		3		1		60

		4		1						2		17		24		1		2		2				5		2		56

		5		2		2		4		9		19		10		10		12		3		4		3				78

		Diplazium dilatatum

		1				11		30		10		4		4		19		10		4								92

		2				1				4						2		1		1		3		1				13

		3										17		20		11		5		3		16		8		1		81

		4		1										15		28		5		4		2		14		12		81

		5		3		4		10		6		8		6		5		4		5		5		4		3		63

		Table 3. (continued)

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Diplazium doederleinii

		1		2		5		2		3				2		7		10		2		3		1				37

		2		3																1				1		2		7

		3						2		7		2				1		1		5		14		4		1		37

		4		5		1		3		8		6		2		1				4		1		4				35

		5				2		2		9		2		1		2		7		1		4		3		1		34

		Diplazium petri

		1		7		19		10		3				1						2				1				43

		2				1		2				1		2		1				1		2		1		3		14

		3								2		20		14		3		1								1		41

		4						1				1		18		15		1		1								37

		5		1		1						3		8		8		4		3		2		2		1		33

		Diplazium pullingeri

		1		10		34		11		6		4		2		4		2						1		2		76

		2						1						1		2				2								6

		3										7		30		17		10		4		1		3		1		73

		4				1						3				15		41		10		1				1		72

		5		1						3		16		12		7		3		3		7		2		1		55

		Histiopteris incisa

		1		4		5		5		3		3						2		3		1		2		5		33

		2						1				2		6		6		2		7		5				1		30

		3								5		11		9		4		2										31

		4										1		6		7		11		1				1				27

		5		5		8		3		2		7		7		4		6		5				5		2		54

		Plagiogyria adnata

		1				17		24		4		9		1		2												57

		2				16		26		1		2		9		11		20		10		5						100

		3														19		19		3				1				42

		4				1										7		13		12		4						37

		5		1		1				8		9		8		6		14		20		12		2				81

		Plagiogyria dunnii

		1		4		11		8		6		2																31

		2		2		4		3		16		43		23		20		22		18		6		3		4		164

		3										7		13		7		2										29

		4										2		10		11		5		1								29

		5		4		1		4		5		6		12		33		20		4		4		8		10		111

		Pleocnemia rufinervis

		1						4		8		1						1		2								16

		2						2		2		4		4		8		2		4		2						28

		3										2		10		1						1				2		16

		4				2								2		11								1				16

		5				1		1		2		2		4		2		5		2		4		2		1		26

		Table 3. (continued)

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Pteris wallichiana

		1		8		9		4		4				1						1		5		5		4		41

		2		2		6		2		9		10		20		15		16		14		9		5		1		109

		3		1		1		7		4		14		7				1										35

		4						1		4		2		7		4		4				1						23

		5		8		10		11		10		17		9		10		14		16		8		9		9		131

		Sphaerostephanos taiwanensis

		1		1		2		6		19		23		16		19		21		9		7		2				125

		2		6		15		9		10		3		2						2		7		8		4		66

		3		3						3		13		20		26		18		17		13		6		6		125

		4		3		1		1		3		9		17		20		17		21		17		11		7		127

		5				6		7		3		11		21		34		29		13		11		5		10		150
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		Table 3

				Jan.		Feb.		March		April		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.

				Acrorumohra haseltii

		fertile emer.		1		2		2		2		1		1		2		2		1

		sterile emer.						2		2		2				2				2		2

		spore mature										2		2		2						2		1

		spore release				1								2		2		2						2		1

		senescences		1		1		1		1		2		2		2		1				1

				Blechnum orientale

		fertile emer.		2		2		2		2		2		2		1		2		1				1		1

		sterile emer.		2		2								2		1		2		2						2

		spore mature				1		1		1		1		2		2		1		2		1		1

		spore release		2		2		2		1		1		1		1		1		2		2

		senescences		2						1		2		2		2		1		2		2		2		1

				Cyathea podophylla

		fertile emer.		1		2		2		2		2		1		1		2		1		1				1

		sterile emer.								1		2		2		2		2		2						1

		spore mature		1		1		1		1		1		2		2		1		1		1		1		1

		spore release		1		1		1		1		2		1		2		2		2		1				2

		senescences		1				1		1		2		1		2		1		1		2		1		1

				Cyathea spinulosa

		fertile emer.		1		2		2		2		2		2												1

		sterile emer.		1		1		1		1		1		2		2		2		2		2		2		1

		spore mature								1		2		2		2		2

		spore release				1								1		2		2		2		2		1		1

		senescences		1		1		2		2		1		2		1		2		2		2		1		1

				Dictyocline griffithii

		fertile emer.				1		2		2		2		1		2		1		2		1

		sterile emer.										2										2		2

		spore mature		1								2		2		2		2		2		1		2		1

		spore release		1		1		1		1				2		2		1		2

		senescences		1						1		2		2		2		2		2		2		1		1

				Dictyocline griffithii wilfordii

		fertile emer.		2		2		2		2		1		1		1		1		1		1		1		1

		sterile emer.		1		1		1		2		2		2		2		1		1				1

		spore mature				1		1		2		2		2		1		1		1		1		1		1

		spore release		1						1		2		2		1		1		1				2		1

		senescences		1		1		1		2		2		2		2		2		1		1		1

				Diplazium dilatatum

		fertile emer.				2		2		2		1		1		2		2		1

		sterile emer.				1				2						2		1		1		2		1

		spore mature										2		2		2		1		1		2		2		1

		spore release		1										2		2		1		1		1		2		2

		senescences		1		1		2		2		2		2		1		1		1		1		1		1

				Diplazium doederleinii

		fertile emer.		1		2		1		1				1		2		2		1		1		1

		sterile emer.		2																2				2		2

		spore mature						1		2		1				1		1		2		2		2		1

		spore release		2		1		2		2		2		1		1				2		1		2

		senescences				1		1		2		1		1		1		2		1		2		2		1

				Diplazium petri

		fertile emer.		2		2		2		1				1						1				1

		sterile emer.				1		2				1		2		1				1		2		1		2

		spore mature								1		2		2		1										1

		spore release						1				1		2		2				1

		senescences		1		1						2		2		2		2		2		1		1		1

				Diplazium pullingeri

		fertile emer.		2		2		2		1		1		1		1		1						1		1

		sterile emer.						2						2		2				2

		spore mature										2		2		2		2		1		1		1		1

		spore release				1						1				2		2		2		1				1

		senescences		1						1		2		2		2		1		1		2		1		1

				Histiopteris incisa

		fertile emer.		2		2		2		2		2						1		2		1		1		2

		sterile emer.						1				1		2		2		1		2		2				1

		spore mature								2		2		2		2		1

		spore release										1		2		2		2		1				1

		senescences		2		2		1		1		2		2		1		2		2				2		1

		to be continue

				Plagiogyria dunnii

		fertile emer.		2		2		2		2		1

		sterile emer.		1		1		1		2		2		2		2		2		2		1		1		1

		spore mature										2		2		2		1

		spore release										1		2		2		1		1

		senescences		1		1		1		1		1		2		2		2		1		1		1		2

				Plagiogyria rankanensis

		fertile emer.				2		2		1		2		1

		sterile emer.				2		2		1		1		2		2		2		1		1

		spore mature														2		2		1				1

		spore release				1										2		2		2		2

		senescences		1		1				2		2		2		1		2		2		2		1

				Pleocnemia rufinervis

		fertile emer.						2		2		1						1		2

		sterile emer.						1		1		2		2		2		1		2		1

		spore mature										2		2		1						1				2

		spore release				2								2		2								1

		senescences				1		1		1		1		2		1		2		1		2		1		1

				Pteris wallichiana

		fertile emer.		2		2		2		2				1						1		2		2		2

		sterile emer.		1		1		1		1		2		2		2		2		2		1		1		1

		spore mature		1		1		2		2		2		2				1

		spore release						1		2		2		2		2		2				1

		senescences		1		1		2		1		2		1		1		1		2		1		1		1

				Sphaerostephanos taiwanensis

		fertile emer.		1		1		1		2		2		2		2		2		1		1		1

		sterile emer.		2		2		2		2		1		1						1		2		2		1

		spore mature		1						1		2		2		2		2		2		2		1		1

		spore release		1		1		1		1		1		2		2		2		2		2		2		1

		senescences				1		1		1		1		2		2		2		2		1		1		1





		Table 4

				sp1		sp2		sp3		sp4		sp5		sp6		sp7		sp8		sp9		sp10		sp11		sp12		sp13		sp14		sp15		sp16		sum

				leaf germination

		月均溫								+										--		--				++				++		++		++

		降水量												-

		log		-										--						--		-

		溼度										--				-														-		-		--

		Q(MJ/m)						++		++		++				++										++				++		++		++		++

		雨日		--										-		-														-		-		-		--

				leaf expansion

		月均溫				++		++		+		++		+		++						+				++		++		++				++		++

		降水量						+				+

		log						++				++

		溼度												-																				-

		Q(MJ/m)				++		++						++		+										++				+				++		++

		雨日

				fertile emer.

		月均溫								-				--						--		--		--		--		-				--		++		-

		降水量						-		-				-																						--

		log						--		-				--		-				--		-				-						--				--

		溼度										--				-																+		-

		Q(MJ/m)										++				++		++						-								--		++

		雨日		--												-

				sterile emer.

		月均溫						++		++														++		++				++		++		--		++

		降水量														++

		log																						++								++		-

		溼度																										-				--				--

		Q(MJ/m)						+		++				+				-								++		+		++		++		--		++

		雨日																										-		-

				leaf senescence

		月均溫		++				++				+		++						++		++				++		++		++				++		++

		降水量																												+

		log																		+		+						+		++

		溼度				--		--						--		--				--						-		-				--		--		--

		Q(MJ/m)		++				++						++						++						++		++		+				++		++

		雨日						-																												-

				spore maturation

		月均溫		+		++		++		++		++				++						++		++		++		++		+				++		++

		降水量										+				+

		log										++				++																		+

		溼度				-		-																				--						-

		Q(MJ/m)				++		++		++		++										++		++		++		++						++		++

		雨日																										--

				spore release

		月均溫		++				++		++		++		+		+				++		++		++		++		++		+		++		++		++

		降水量

		log														+																		++

		溼度								--		-								-		--		-				--								--

		Q(MJ/m)		+				++		++		++								++		++		++		++		++		+		++		++		++

		雨日																										-





		Table 5.  Comparison of the length and width of fertile and sterile fronds

		Species		Fertile samples		Fertile length/width				Sterile samples		Sterile length/width						t test

						Average		Range				Average		Range				p

		Acrorumohra hasseltii		32		47.9		28-79		6		41.5		30-52				0.0752

						18.3		10-50				18.2		13-22				0.4649

		Blechnum orientale		65		187.9		105-300		19		131.3		66-210				0.0000

						50.8		23-80				42.4		12-65				0.0070

		Dictyocline griffithii		49		58.3		21-49		5		40.4		30-54				0.0108

						14.6		8-19				11.6		9-15				0.0168

				61		41		22-58		55		25.8		12-37				0.0000

						11.3		4-16				9.7		4-15				0.0007

		Diplazium dilatatum		75		120.9		85-161		11		83.6		60-137				0.0003

						62.5		35-90				45.9		22-70				0.0065

		Diplazium doederieinii		36		120.3		59-180		7		93.6		70-105				0.0007

						47.6		25-70				45.7		34-55				0.2803

		Diplazium petri		42		66.4		38-108		13		57.7		30-95				0.0663

						26.2		10-40				24.1		12-35				0.1962

		Diplazium pullingeri		72		44.8		21-64		6		34.7		20-49				0.0386

						11.3		7-16				7.5		5-10				0.0026

		Histiopteris incisa		29		148.6		95-210		23		113.9		22-190				0.0008

						63.1		35-120				41.1		7-80				0.0000

		Plagiogyria adnata		42		65.9		35-100		93		40.9		10-67				0.0000

						11.6		5-18				13.1		3-20				0.0139

		Plagiogyria dunnii		28		69.8		38-102		142		49.4		20-70				0.0000

						8.1		5-11				13.7		4-23				0.0000

		Pleocnemia rufinervis		16		161.5		120-220		27		108.7		52-170				0.0000

						83.9		60-130				61.4		20-120				0.0011

		Pteris wallichiana		44		204.5		147-280		99		183		80-265				0.0001

						115.5		55-150				100		25-142				0.0000

		Sphaerostephanos taiwanensis		127		136.6		49-183		66		114.5		35-165				0.0000

						30.7		17-46				27.9		11-40				0.0021





		Table 4.  Average months of life span of fertile and sterile fronds and persistive months of fertile fronds from their spore release to senescense.

		Species		Frond life span (samples)*								Spore release to senescense

				Fertile		Sterile				p**

		Acrorumohra hasseltii		23.7±1.8(18)		22.4±4.7(4)				0.4801		19.8±1.7

		Blechnum orientale		25.9±2.2(27)		27.5±3.7(7)				0.7350		20.1±1.6

				26.1±1.8(44)		25.8±4.9(11)				0.4696		20.3±1.8

		Cyathea spinulosa		6.6±0.2(110)		8.0±0.2(194)				0.0000		1.6±0.2

		Dictyocline griffithii		18.3±1.3(26)		27.6±8.0(2)				0.1282		11.6±1.3

				15.1±1.4(40)		15.0±1.4(36)				0.5551		11.8±1.5

		Diplazium dilatatum		18.3±1.2(41)		19.8±3.7(8)				0.2430		14.5±1.1

		Diplazium doederieinii		14.2±1.4(28)		15.8±0.9(6)				0.0516		9.5±1.2

		Diplazium petri		17.5±2.4(22)		20.1±11.0(3)				0.1863		14.5±1.7

		Diplazium pullingeri		16.8±0.7(46)		16.7±3.2(5)				0.4732		10.9±0.8

		Histiopteris incisa		7.7±0.8(29)		6.9±0.5(28)				0.0504		2.3±0.4

		Plagiogyria adnata		4.7±0.5(51)		30.3±3.3(28)				0.0000		0.5±0.2

		Plagiogyria dunnii		4.4±0.4(26)		22.1±1.9(62)				0.0000		0.4±0.2

		Pleocnemia rufinervis		17.2±2.6(8)		18.1±2.7(8)				0.3941		13.7±1.9

		Pteris wallichiana		6.1±0.5(39)		5.1±0.3(92)				0.0004		1.3±0.3

		Sphaerostephanos taiwanensis		13.1±0.5(97)		12.3±0.9(53)				0.0543		10.9±0.5

		*: The number in parenthese represents frond number observed.

		**: P value of the T test of the difference between fertile fronds and sterile fronds.





		Table 3. Average frond numbers of 16 species on different months at different phenological stages. 1: emergence of fertile fronds, 2: emergence of sterile fronds, 3: spore maturation, 4: spore release, 5: frond senescence.

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Acrorumohra haseltii

		1		1		13		10		4		1		1		6		5		1								42

		2						1		2		1				1				1		1						7

		3										13		7		3						8		2				33

		4				1								12		8		3						7		1		32

		5		1		1		1		1		5		6		7		5				1						28

		Blechnum orientale

		1		7		12		7		6		7		7		5		7		3				1		5		67

		2		2		2								2		1		2		2						2		13

		3				1		5		1		5		19		8		4		12		2		3				60

		4		5		7		10		3		4		3		4		4		8		5						53

		5		7						1		3		4		4		5		4		3		3		2		36

		Cyathea podophylla

		1		1		10		17		19		10		7		7		9		6		4				4		94

		2								2		7		7		3		3		3						1		26

		3		2		5		2		3		4		15		33		10		6		6		5		4		95

		4		2		3		1		5		11		2		11		23		16		2				9		85

		5		3				3		4		9		4		15		5		4		7		1		2		57

		Cyathea spinulosa

		1		6		24		37		17		15		11												1		111

		2		6		13		4		8		16		26		37		27		24		24		18		8		211

		3								7		30		40		19		13										109

		4				1								5		40		28		10		13		1		4		102

		5		10		13		33		39		25		36		21		31		39		28		13		10		298

		Dictyocline griffithii

		1				1		10		10		7		4		6		4		6		1						49

		2										3										1		1				5

		3		1								6		13		8		5		7		2		6		1		49

		4		1		3		4		3				15		8		2		13								49

		5		1						2		8		4		3		4		3		4		2		1		32

		Dictyocline griffithii wilfordii

		1		15		15		10		6		2		3		4		4		3		1		1		1		65

		2		1		4		5		18		9		6		12		4		1				1				61

		3				1		1		16		21		5		1		6		1		4		3		1		60

		4		1						2		17		24		1		2		2				5		2		56

		5		2		2		4		9		19		10		10		12		3		4		3				78

		Diplazium dilatatum

		1				11		30		10		4		4		19		10		4								92

		2				1				4						2		1		1		3		1				13

		3										17		20		11		5		3		16		8		1		81

		4		1										15		28		5		4		2		14		12		81

		5		3		4		10		6		8		6		5		4		5		5		4		3		63

		Table 3. (continued)

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Diplazium doederleinii

		1		2		5		2		3				2		7		10		2		3		1				37

		2		3																1				1		2		7

		3						2		7		2				1		1		5		14		4		1		37

		4		5		1		3		8		6		2		1				4		1		4				35

		5				2		2		9		2		1		2		7		1		4		3		1		34

		Diplazium petri

		1		7		19		10		3				1						2				1				43

		2				1		2				1		2		1				1		2		1		3		14

		3								2		20		14		3		1								1		41

		4						1				1		18		15		1		1								37

		5		1		1						3		8		8		4		3		2		2		1		33

		Diplazium pullingeri

		1		10		34		11		6		4		2		4		2						1		2		76

		2						1						1		2				2								6

		3										7		30		17		10		4		1		3		1		73

		4				1						3				15		41		10		1				1		72

		5		1						3		16		12		7		3		3		7		2		1		55

		Histiopteris incisa

		1		4		5		5		3		3						2		3		1		2		5		33

		2						1				2		6		6		2		7		5				1		30

		3								5		11		9		4		2										31

		4										1		6		7		11		1				1				27

		5		5		8		3		2		7		7		4		6		5				5		2		54

		Plagiogyria adnata

		1				17		24		4		9		1		2												57

		2				16		26		1		2		9		11		20		10		5						100

		3														19		19		3				1				42

		4				1										7		13		12		4						37

		5		1		1				8		9		8		6		14		20		12		2				81

		Plagiogyria dunnii

		1		4		11		8		6		2																31

		2		2		4		3		16		43		23		20		22		18		6		3		4		164

		3										7		13		7		2										29

		4										2		10		11		5		1								29

		5		4		1		4		5		6		12		33		20		4		4		8		10		111

		Pleocnemia rufinervis

		1						4		8		1						1		2								16

		2						2		2		4		4		8		2		4		2						28

		3										2		10		1						1				2		16

		4				2								2		11								1				16

		5				1		1		2		2		4		2		5		2		4		2		1		26

		Table 3. (continued)

		Stage		Jan.		Feb.		Mar.		Apr.		May		June		July		Aug.		Sep.		Oct.		Nov.		Dec.		Total

		Pteris wallichiana

		1		8		9		4		4				1						1		5		5		4		41

		2		2		6		2		9		10		20		15		16		14		9		5		1		109

		3		1		1		7		4		14		7				1										35

		4						1		4		2		7		4		4				1						23

		5		8		10		11		10		17		9		10		14		16		8		9		9		131

		Sphaerostephanos taiwanensis

		1		1		2		6		19		23		16		19		21		9		7		2				125

		2		6		15		9		10		3		2						2		7		8		4		66

		3		3						3		13		20		26		18		17		13		6		6		125

		4		3		1		1		3		9		17		20		17		21		17		11		7		127

		5				6		7		3		11		21		34		29		13		11		5		10		150

		FE		0		0		0		0		0		0		0		0		0		0		0		0

		SE		0		0		0		0		0		0		0		0		0		0		0		0

		Spore mature		0		0		0		0		0		0		0		0		0		0		0		0

		Spore release		0		0		0		0		0		0		0		0		0		0		0		0

		FE+SE		0		0		0		0		0		0		0		0		0		0		0		0

		Expansion		45		46		95		188		285		261		184		149		165		150		97		84

		Senescence		0		0		0		0		0		0		0		0		0		0		0		0





		66		22		88

		188		62		250

		195		56		251

		128		72		200

		88		101		189

		60		108		168

		79		119		198

		75		99		174

		42		91		133

		22		65		87

		14		39		53

		22		26		48



Fertile

Sterile

Total

Months

Frond numbers



		88		45		47

		250		46		50

		251		95		79

		200		188		104

		189		285		150

		168		261		152

		198		184		171

		174		149		168

		133		165		125

		87		150		104

		53		97		64

		48		84		53



Emergence

Expansion

Senescence

Months

Frond numbers



		7		18

		8		21

		17		21

		48		28

		172		56

		222		138

		161		191

		97		159

		58		103

		67		46

		41		44

		18		36



Spore maturation

Spore release

Months

Frond numbers



		

																																月均溫				降水量

				temp		prep		emergence		full		dry		matur		release		tr1		tr2		tr3		tr4		tr5				Aug-97		23.5		1175.0		1082.5

		Jan		12.5		234.8		91		45		47		7		18		0.21		0.77		0.96		0.81		0.89				Sep-97		20.4		1020.0		255.0

		Feb		12.8		277.9		251		46		50		8		21		0.0000		0.0001		0.0000		0.0087		0.0053				Oct-97		18.8		940.0		153.0

		Mar		15.2		170.1		251		95		79		17		21														Nov-97		16.5		825.0		80.5

		Apr		17.8		193.3		200		188		104		48		28														Dec-97		14.0		700.0		136.0

		May		20.0		476.9		192		285		150		172		56		pr1		pr2		pr3		pr4		pr5				Jan-98		12.1		605.0		167.5

		Jun		22.9		506.1		176		261		152		222		138		-0.33		0.30		0.42		0.37		0.38				Feb-98		13.0		650.0		379.0

		Jul		23.8		431.6		207		184		171		161		191		0.0006		0.0005		0.0002		0.0001		0.0001				Mar-98		15.5		775.0		208.0

		Aug		23.3		694.0		196		149		168		97		159														Apr-98		19.3		965.0		133.5

		Sep		21.3		384.5		134		165		125		58		103														May-98		21.0		1050.0		596.0

		Oct		19.0		940.1		88		150		104		67		46														Jun-98		22.8		1140.0		580.5

		Nov		16.7		514.9		54		97		64		41		44														Jul-98		24.4		1220.0		168.5

		Dec		13.6		348.5		52		84		33		18		36														Aug-98		24.1		1205.0		396.0

																														Sep-98		21.5		1075.0		656.5

																														Oct-98		17.3		865.0		2174.0

																														Nov-98		16.9		845.0		614.0

																														Dec-98		14.5		725.0		511.0

																														Jan-99		12.5		625.0		242.0

																														Feb-99		12.7		635.0		63.5

																														Mar-99		16.0		800.0		140.0

																														Apr-99		17.1		855.0		118.5

																														May-99		18.5		925.0		246.0

																														Jun-99		22.8		1140.0		549.0

																														Jul-99		23.1		1155.0		363.5

																														Aug-99		22.3		1115.0		326.5

																														Sep-99		21.7		1085.0		456.5

																														Oct-99		19.4		970.0		590.0

																														Nov-99		16.1		805.0		377.0

																														Dec-99		11.2		560.0		329.0

																														Jan-00		12.4		620.0		204.5

																														Feb-00		11.8		590.0		524.5

																														Mar-00		14.7		735.0		198.0

																														Apr-00		17.3		865.0		274.0

																														May-00		19.7		985.0		164.0

																														Jun-00		22.9		1145.0		455.0

																														Jul-00		23.7		1185.0		626.0

																														Aug-00		23.2		1160.0		971.0

																														Sep-00		21.6		1080.0		170.0

																														Oct-00		20.6		1030.0		843.5

																														Nov-00		17.4		870.0		988.0

																														Dec-00		14.8		740.0		418.0

																														Jan-01		12.9		645.0		325.0

																														Feb-01		13.5		675.0		144.5

																														Mar-01		14.5		725.0		134.5

																														Apr-01		17.5		875.0		247.0

																														May-01		20.7		1035.0		901.5

																														Jun-01		23.0		1150.0		440.0

																														Jul-01		24.0		1200.0		568.5

																														Aug-01		24.0		1200.0		260.5





		12.475		Jan

		12.75		Feb

		15.175		Mar

		17.8		Apr

		19.975		May

		22.875		Jun

		23.8		Jul

		23.275		Aug

		21.3		Sep

		19.025		Oct

		16.725		Nov

		13.625		Dec



temp

prep

234.75

277.875

170.125

193.25

476.875

506.125

431.625

694

384.5

940.125

514.875

348.5



		23.5		35643

		20.4		35674

		18.8		35704

		16.5		35735

		14		35765

		12.1		35796

		13		35827

		15.5		35855

		19.3		35886

		21		35916

		22.8		35947

		24.4		35977

		24.1		36008

		21.5		36039

		17.3		36069

		16.9		36100

		14.5		36130

		12.5		36161

		12.7		36192

		16		36220

		17.1		36251

		18.5		36281

		22.8		36312

		23.1		36342

		22.3		36373

		21.7		36404

		19.4		36434

		16.1		36465

		11.2		36495

		12.4		36526

		11.8		36557

		14.7		36586

		17.3		36617

		19.7		36647

		22.9		36678

		23.7		36708

		23.2		36739

		21.6		36770

		20.6		36800

		17.4		36831

		14.8		36861

		12.9		36892

		13.5		36923

		14.5		36951

		17.5		36982

		20.7		37012

		23		37043

		24		37073

		24		37104



temp

prep

1082.5

255

153

80.5

136

167.5

379

208

133.5

596

580.5

168.5

396

656.5

2174

614

511

242

63.5

140

118.5

246

549

363.5

326.5

456.5

590

377

329

204.5

524.5

198

274

164

455

626

971

170

843.5

988

418

325

144.5

134.5

247

901.5

440

568.5

260.5




