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ABSTRACT 
Lycopodium Bnnotinum L. is a long-lived plant which consists of a series of annua l ly 
produced segments wh eh can be· aged. This paper describes in detall the modular 
construction of the plant and analyses elements of deterministic and opportu nistic 
g rowth by synthesizing a 20-year life cycle from histor iaa l records of the p lant's 
growth. 

By regarding a plant as a populat ion of modules it is possible to use the methods 
of populat ion biologists lor discontlnuous variables and the approach of growth 
ana lysis when studying continuous variables. 

The balance between deterministic and opport unist ic growth produces a 
foraging behaviour which enables the p lant  to harvest patchy resources. and to 
escape interspecific and intraclonal competition. The survival of the plant in its 
unfert i le  yet relatively predlctable environment is enhanced by the recycl ing of 
nutrients between senescing tissues and growing poin ts. This resu l ts ln i ndefinite 
growth and the dominance of ve9etative prol iferation. Opportunistic colon ization of 
new habitals is possible through the subsidized growth of pioneering horizontal 
modu les and a constant production of a irborne propagu les which colon ize open 
habitals outside existing locations. "Opportun istic escape" occurs when 
environmental adversity, such as hard Substrate or prevented root formation, ki l l s  
dominant growing points res u lt ing i n  lateral branch prol iferation and a great 
extension of the potential zone of exploitation. 

The result is a plant which is successfu l in both colon iz ing and surviv ing in  a 
spatial ly and temporal ly heterogenaus habitat. 

I NTROD UCTIO N  
The sporophyte of  Lycopodium annotinum L. (l nterrupted C l u b-moss) is a particu l ar ly 
useful  tool for invest igating pop u l at ion processes and modu l ar growth due to its 
construction of repeated u n its (segments) with in  horizontal and vert ical  branches 
( modu les). Seasonality in  c l imate produces markers of annual  growth (Ca l laghan & 
Col l i ns 1 976) which al low a p lant to be div ided into a series of a n n ually produced u n its 
wh ich, in cold cl i m ates, pers ist for a long t i m e  alter death due to s low decompos ition 
rates (Jenny et a l .  1 949). Roots and strobi l i  can also be regarded as segments and, as 
the p lant is long-l ived, a t ime-specific i nvestigation can y ield data on growth, 
demography and p hysio logy for a period of over 20 years. 

The advantage of descr ib ing a p lant as a popu l ation of defineable u n its (Prevost 
1 978; White 1 979, 1 984; Harper 198 1 )  is that the met hods used by popu lat ion 
biolog ists are ava i l able. The growth of a p lant can then be descr ibed i n  terms of 
n u mbers of u n its, the growth of t hese u n i ts and their  death, survival and fecundity 
(Kays & Harper 1 974; Cal l aghan 1 976, 1984; Bazzaz & Harper 1977; M a i  I Iette 1982; 

McG raw & Antonovics 1 983). 
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lt is a lso possible to interpret interact ions between the environment and growth, 
development and physiology of the repeated u n its in the long term context of the 
popu lation of  u n its with in the whole p lant (Ca l l aghan 1 984; Headley et a l .  1 985; 
Cal laghan et al. 1 986). 

Popu lations of repeated growth un its m ay be studied either by determin ing age 
class distr ibutions and assu ming a stable popu lat ion to calcu late rates of s u rvival 
(Kawano et al. 1 982) or by fol lowing a cohort t hroughout its l ife cycle (Deevey 1 947; 
Merrel l  1 947; H arper 1 967). The first method fai ls if the popu lation is u nstable 
(Ca l laghan & Emanuelsson 1 985) whereas the second method is impract ical with 
long-l ived perennia ls. Lycopodium annotinum presents a p lant in which patterns of 
survival can be recorded for a past period by ident ify ing the dates and ages at which 
module death occu rs. 

This paper describes in deta i l  the modular growth (or metameric growth, sensu 
Wh ite 1 984) of t h is long-l ived plant from a stressed environment. The paper serves as 
a bas is for deta i led investigations of the interactions between the plant and its m icro
environment (Svensson & Cal laghan unpubl . )  and long-term age-based phys iological 
processes (Headley et a l .  1 985; Cal laghan et al .  1 986). 

MATERIALS AND METHODS 
The study was carried out at the Abisko Scientific Research Station on the sout h  shore 
of Lake Torneträsk in  Swedish Lapland (68°23'N, 1 8°55'E). The site was s i tuated in 
the boreal birch forest and was dominated by low density Betula pubescens ssp. 
tortuosa (Ledeb.) Nyman and the ground vegetat ion consisted main ly of Vaccinium 
vitis-idaea L., V: uliginosum L., Ernpetrum hermaphroditum Hagerup, Linnaea borea/is 
L., and Hylocomium sp/endens B. & S. C l i m at ic and m icro-c l imat ic characteristics of 
the s ite tagether with a more detai led description of the veget at ion are presented in  
Cal laghan et  a l .  ( 1 978) under the  headi ng "Hylocomium site". 

Observations were made in  three years : 1975, 1 980, and 1 982. Du r ing 1 975, 7 1  
plants were excavated careful ly in  the f ield by tracing the prostrate stems back t o  a 
point where they were decompos ing and t heir  integr ity had been destroyed. The p lants 
were pressed dry and returned to the Iabaratory for analysis. ln 1 980 and 1 982, two 
areas of vegetat ion 3. 8 x 4. 2m were mapped in  deta i l ,  inc luding the exact positions of 
a l l  the horizonta l  modules of L. annotinum. The plants were then excavated, and after 
meas u ring the length of each annua l  increment, and the location of each root, the 
plants were pressed dry for further analysis. 

ln the laboratory, each p lant was divided into its component segments and the age 
of each was determined by counting successive morphological markers of annual 
growth (see Ca l laghan 1 980). The relationsh ip between every annua l  segment wit h i n  
a plant was recorded, a s  wei l as dry weight, a n d  nu mber of daughter segments. lt was 
also recorded if the segments were dead ( i .e .  brown with detached microphy l ls) o r  
a l ive. Of t h e  individua l  segments analysed in  1 975, 1 980, and 1 982, data from 
approx imately 1 5,000 are presented here. 

Gorrelations between mean monthly temperatures and annual  growth were 
made. To reduce the effect of length var iations between segments res u lt ing from 
differences in  modu le size, segment lengths were converted to a length index (I) us ing 
a method descr ibed by Fr itts (1976). Variation between segments with in modu les due 
to posit ional  effects was reduced by omitt ing  t he small  f i rst segment with in  each 
module from the ana lyses, a lthough regressions were not req u i red to remove further 
variation (Fritts 1976) as recognizable trends of segment length within modules were 
absent. The length index I was calcu lated as I = Lm/Be where Lm is the measured 
length of a segment and Be is the expected segment lengt h  estimated as mean 
segment length per module.  
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The sporophyte of L. annotinum consists of a series of annua l ly produ<;ed segments 
wh ich are aggregated modules growing apica l ly and senescing distal ly, as the plant 
moves across the grou nd. Aris ing from the hor izontal Segmentsare s ma l ler, vert ical ly 
orientated photosynthetic segments which are densely covered with m icrophylls. 
These vertical Segments are aggregated into "vertical modu les", which are terminated 
either by the death of the you ngest vertical  segment in the mod u le or by the in itiation of 
a spore-producing strobi l u s  (Fig. 1 ) .  Horizonta l segments may produce other horizontal 
segments, roots and vertical  segments. ln  contrast, vertical segments can on ly usual ly 
produce other vert ical segments and strobi l i .  

The growth of  a major plant u n it, i . e. a hor izontal module (without lateral modules) 
and a l l  of the vertical  modu les, strobi l i  and roots attached to it, shows a rapid 
accu mu lation of dry weight reaching a m ax imum of 3. 8g in  its seventh year (Fig. 2a). 
Thereafter, weight is lost gradua l ly over a period of more than 1 7  years. 

The survival of the horizontal modu le  is theoretica l ly indef in ite (Fig. 1 )  but the 
probab i l ity of survival of an individual horizontal  segment decreases as its age 
increases, which is a fam i l iar biolog ica l  pattern. 

For the first 2 years, horizontal  segm ents contr ibute most of the dry weight but 
vertical  modules grow rapidly and are the major contributor of biomass for 1 0  years 
vitith a peak in  year 6 (F ig .  2b). Living horizontal segments survive Ionger than vertical 
modu les and after 1 3  years horizontal segments are again the major - and u lt imately 
the on ly - contributor of biomass as the vert ical modules decompose and become 
detached. The probabi l ity of survival of vert ical segments varies from t hat described for 
horizontal segments (Fig.  1 )  and is descr ibed in detail below. Strobi l i  are str ictly annual 
struct ures and attain dry weights of 1 8mg (Ca l laghan 1 980). 

Roots contr ibute a maximu m of 5% of the total biomass and reproductive effort in  
terms of  dry weight of  l iv ing strobi l i  reaches only 5. 1 %  of  the total biomass (Fig. 2b). 

Growth of horizontal modules 
Differentiation of segments. When a n ew horizonta l  side-module is formed, the first 
segment to be produced with in that module is a lways smal ler in terms of dry weight 
and length than those su bsequent ly produced. For example, the mean length of the 
first segment of modu les collected in 1 980was 23. 4± 1 .  8 (s.e . )mm (n = 223) compared 
with that of other segments which was 68. 2 ± 1. 7 (s. e . )mm (n = 558). The remain ing 
segments show no recognizable differentiation in relation to their  order with in  the 
module. 

Apical dominance. The apex of a main hor izontal module of L. annotinum is an active 
and fast growing organ which m ay photosynthesise (Ca l laghan 1 980). lndeed, it is 
du r ing the first year of growth when roots, vert ical modu I es and other horizontal 
segments are formed (Fig. 1 ) .  Growth in th is year may reach 1 70m m and 24mg dry 
weight .  This active apex exerts a significant inh ibition of the grQwth of daughter
modules such that the effect increases from the oldest to the youngest lateral module 
in a relationship described by : y = 7 1  - 3 .  88x (r  = 0. 64, p < . 001, degrees of freedom = 
224) where y = l ength of one year old segment as percentage of one year old segment 
of dom i nant branch, and x = order of branch in it iation covering 1 3  orders of dominance 
(see F ig .  3 of Cal:aghan & Emanuelsson 1 985). 

At any one t ime, the popu lation of apices consists of those surviving from the 
previous year, recently dead or dying apices, and newly in it iated apices. The 
production of new apical mer istems is strongly correlated with the death of dominant 
apices and varies from year to year (Fig. 3) . 
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F IGURE 1 .  D i agrammarie representation of the growth and movement of an u nbranched plant of 
L. annotinum: For s implicity vertical modules and roots are shown on alternste horizontal 
segments. The l ighter hatched areas represent senescing tissues whereas the dotted l ines 
contain decomposing tissues also represented by l ighter hatching.  White breaks represent 
annua l  markers of growth whi le  the contours denote age classes for the segments. 



A 

B 

THE M ODULAR GROWTH OF LYCOPODIUM ANNOTINUM 69 

SEGMENTS 
live deflld 

·5 ROOTS � � 
""' 
tn ·4 ... 

STROBIU � � 
VERTICAL lllllllilll IIlllllllD 

t-
J: HORIZONTAL � � 
C) · 3 
w OTHERS CJ 
� 
t- ·2 
z 
� 
-' ·1 a.. 

0 
0 

SEGMENT AGE Cyears) 

.... 
.... 
c: 
� 
Cl. 
� 0 
""' 

t-
J: 
C) 
LLi 
� 
t-
z 
w 
:!: 
C) 
w 1/) 

SEGMENT AG E (years) 
FIGURE 2. The dry weight trends (a) and dry weight partitioning (b) in an unbranched plant of L. 
annotinum over its life cycle. Bars represent standard errors. The data are based on samples 
collected in 1 975 with a sample size of 1 079 horizontal segments. 



70 FERN GAZETTE : VOLUME 1 3  PART 2 ( 1 986) 

98 z 
..J 0 
'"' 90 24 t > 
> :::1 
0:: 0 
:::1 82 20 0 
(/) 0:: Q. w w 
Cl 74 18 0:: 
'"' w f- Cl z 

66 12 � w 
u z 0:: w w 8 u Q. 58 0:: w 

Q. 
50 4 

1960 1965 1970 1975 1980 
YEAR 

FIGURE 3. The relationship between the in it iation of daughter-modules (reproduction, th ick l i ne) 
and the survival of existing horizontal modules (thin l ine) over a 22 year period. Data are 
presented for samples collected in 1 975, 1 980, and 1 982. Cerrelation between annual means: r = 
-0. 86 (***with 21 d.f.). 

14 1·2 
u 

wo 
0:: 
:::1 
� � 12 H :::1 
0:: "") 
w 0 Q. 
:i: z 
w '"' 10 1·0 f- w 

z z :::1 '"' "") 

X w 
0 
� 
J: 
f-
Cl 
z w ..J 
f-
z w 
:i: 
Cl w 
(/) 
..J w 

:i: z 0·9 � 

6 0·8 
1955 1960 1965 1910 1975 1980 

FIGURE 4. The relationship between the index of annual  horizontal segment length (thin l ine) and 
the mean monthly temperature (thick l ine) for the summers of the  years 1 955 to 1 98 1 . D ata are 
based on samples collected in  1 975, 1 980, and 1 982 (n = 1 698). See Table 1 for correlation 
analysis. 

z 
z '"' 



THE MOD ULAR GROWTH OF LYCOPODIUM ANNOTINUM 7 1  

Climate. The fi nal  length o f  an horizonta l  segment i s  achieved with in  its year of 
in it i at ion and length is therefore a useful variable to correlate with cl i m ate. 

Relationships between mean month ly temperature and segment length  show 
significant pos itive correlations for t he summ er months June and July and part icular ly 
for the combin ation of June plus July (Fig. 4). lt would appear t hat 1 975 was a 
part icularly adverse season both for segment extension growth (Fig. 4) and survival 
(Fig. 3). No correlation was found between survival and precip itation nor between 
surviva l and temperature. 

Growth of vertical modules 

Differentiation of segments. There are great differences of growth between vert ical 
segments according to their roles within the module. The first segment to be produced 
in a vert ical module is the smal lest whereas the second is the largest (Fig. 5). 
Segments produced after the second show a successive decrease in dry weight (Fig. 5). 
The differentiation main ly results from var iat ions in growth rates dur ing the f irst 
season of growth. Relat ive Growth Rates (RGR) of segments 1 to 3 were . 02 1 ,  . 047, 
and . 049g/g/day respectively (the strobi lus had a R G R  of . 056g/g/day over the same 
period i .e .  1 7  June to 1 0  August). 
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FIGURE 5. Comparison of the dry weights of segments of s imi lar ages ·and position within  
vegetative (V) and reproductive (R )  vertical modules. Numbers with in black bars are  the position of 
the segment with in  the module. The mean dry weight for segment 1 of vegetative and 
reproductive modules was 7 (n = 590) and 1 · 1 . 9mg (n = 244) respectively, t = 7. 4 (H*). The rnean 
di-y weight of a l l  other segments for vegetative and reproductive modu I es was 19. 8 (n = 941 )  end 
21. 4mg (n = 625) respect ively ·(t = 1 . 86 N.  S. ). t for differences between segments 1 and the 
remaining segments of vegetative and reproductive modules =. 19. 5 (•••1 and 1 0.8 (" .. ") 
respectively. Data from samples collected in 1 975. The frequency of age classes 1 to 7 ofvertical 
m odules (as percemage of 1 644) is also given: the frequencies of age classes younger than 3 
were 48.8% (vegetative) and 0.06% (reproductive). Those for age c lasses older than 7 yearswere 
0. 7% (vegetative) and 0. 42% (reproductive). 
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TABLE 1. B ranching in  relation to segment position within reproductive vertical modules, and, 
strobilus weight in relation to age of reproductive modu l es (standard errors are g iven in  brackets). 

Size of reproductive module (= numbers of vegetative segments plus 
strobi lus): 

2 3 4 5 6 7 >7 

N u mber of 
modules 1 :  0 . 2 94(. 1 1 7) . 309(.055) . 2 1 9(.079) 1 . 3(. 1 3) . 3(. 1 61 )  
produced per 2: - . 1 1 8(. 083) .423(.057) . 828(. 1 1 6) . 833(. 1 62) 1 .4(. 1 72) 
vegetative 3: . 041 (.01 8) . 1 41 (. 05) .467(. 1 1 7) . 7(. 1 61 )  
segment for 4: 0 . 67(. 047) . 2(. 0 1 4) 
segment 5: 0 0 
positions: 6: 0 

strobilus dry 
weight (mg): 1 7. 7(2. 6) 1 7.0(. 9) 1 6. 7( 1 . 3) 1 4. 9(2.0) 1 2. 6(3. 4) 6. 6(2. 9) 

no: 1 1 7  1 23 64 30 1 0  5 

Sampie s ize: 
%: . 4  6.8 49. 2  25. 6  1 2  4 2 

TABLE 2. Comparison between segments on branches with l iving apices (n = 263) and dead 
apices (n = 336) of numbers of roots produced (n = 1 82 and 2 1 5, respectively) and the length 
supported by them. Means ± standard errors are presented. 

Length of segment (mm) with: 
0 roots I segment 
1 root I segment 
2 roots I segment 
3 roots I segment 

Overall length I segment (mm) 

Overall length of segments I root (mm) 

Percentaga of segments with: 
0 roots I segment 
1 root I segment 
2 roots I segment 
3 roots I segment 

Overall number of roots I segment 

Number of roots I dm2 

Longest distance between apex and root (mm) 

B RANCHES WITH APICES 
LIVI NG 

48. 8 ± 2. 6 
7 1 . 2  ± 3. 2 
86. 6  ± 3. 2 

1 3 1 . 0±22. 7 

63. 5 

91.8 

46. 8 
38.4 
1 3. 7  

1. 1 

0. 69 

0.43 

275 

DEAD 

50. 9 ± 2.2 
7 1 . 2  ± 2.4 

1 01 . 6±4.9 
1 1 6. 8  ± 1 0. 1  

65.2 

101.9 

50. 6 
36.0 
1 2. 2  

1 . 2  

0. 64 
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Associated with the differentiation of segments is a pattern of prol iferat ion 
whereby daughter- modu les are produced. ln  all vert ical modules, vegetative 
reproductive capacity is m in ima l  in the l ast segments to be produced independently of 
the u lt imate s ize of the module (Tab. 1 ). ln modu les with 3 or more vert ical  segments, 
branching frequency is greatest in t he second and largest modu le  (Tab. 1 ). However, 
branching is not associ ated with s ize as the smal lest segments (the first in a modu le) 
form more new segments than l arger segments ( i .e .  the th i rd, fourth  etc.) .  

Production of strobili. The u lt imate role of a vert ical module is to support a strobi lus but 
strobi l i  may term inate vertical  modu le growth at any stage. Large modu les, i . e. those 
with greater nu mbers of vertical  segments plus a strobi lus, are com mon, and strobi lus 
weight decreases as module s ize increases. Modu l es composed of 3 vertical  segments 
and a strobi lus  clearly show the greatest frequency and largest strobi l i  (Tab. 1 ) .  

The population o f  vertical modules. At a g iven po int in t ime vert ica l  mod u l es attached 
to the same horizontal system may survive and remain vegetative, i n it iate a strobi lus, 
or die. The frequency of strobi l us-bear ing modu les is smal ler  than that of vegetative 
mod u l es u nt i l  age class 5 (Fig. 5). Branches consist ing of vertical  segments with h igh  
dry weights have a greater probabil ity of  producing a strobi lus  and t his is  even 
detectable in the smal l  first segments of vegetative and reproduct ive modu les (Fig. 5). 

Vertical modules show an i nverted pattern of age-based mortal ity s ince the f irst 
segment to die is the you ngest andthe l ast to die is the oldest f irst segment (F ig .  1 ) .  This 
is the opposite of that seen in  hor izontal  modu les. 

Spore production 
Spore production has been est imated by Plotn ikov ( 1 977) as 0.4 x 1 os per strobi lus 
and, with  a strobi lus density of 4.  7 per dm2 (0. 23 ± 0. 026 (s. e.)) as recorded in the 
present study, there would be an a n n u al spore production of 1 . 88 x 1 0s per dm2 per 
year. The viabi l ity of spores is low, only 4% (Svensson unpub l . ). 

Root production 
Roots are produced in a very regu lar  way by L. annotinum: they are always initiated 
on year 0 horizontal  segments and then grow and branch over a fou r  year period. 
Thereafter, deter ioration is slow but they may st i l l  be functiona l  after 1 3  years 
(Headley et al. 1 985). As the age of t he roots increases, the dry weight i ncreases 
relat ive to the fresh weight, probably due to suberization (Headley et al. 1 985). 

At least 1 root is in it i ated by each horizontal segment but root survival is u ncerta in  
so that a mean of  0. 69 healthy roots per segment was recorded on healthy modu les in  
which the apex was active (Tab. 2 ) .  On ly a smal l  percentage of  segments possessed 2 
or 3 healthy roots (Tab. 2). Root weight only reaches 5% oftotal p lant dry weight which 
is at the lower end of the range for evergreens (Shaver & C utler 1 979, Mi l ler et a l .  
1 982) (Fig.  2b). 

The average length of a horizontal  module supported by a root is 9 1 .  8mm, andthe 
Iongest distance found between apex and root was 275mm (Tab. 2) . 

DISC USSION 
The genus Lycopodium is prim it ive in terms of l ife cycle, morphology and a natomy, yet 
h igh ly successful .  Lycopodium annotinum and some other members of the genus (L. 
selago, L. complanatum, L. clavatum and L. a/pinum) are successful even in  severe 
environments and form an important component of upland borea l and tu ndra 
vegetation. Their success is based on an ecolog ical strategy enabled by a part icular 
balance between opportun istic and determin ist ic growth (To m l i nson 1 982). 

At the first Ievei of organ isat ion, growth uf L. annotinum is determin ist ic  in that 
the sporophyte is r ig idly organ ized into a predictable pattern of horizontal modu les, 
vert ical  modu les, roots and strobi l i .  
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Horizontal modu le  growth is strongly opport u n istic; only the smal l  first segment to 
be produced in a module shows any r ig id genetic control a lthough apical  dominance 
controls the relative s ize of segments. C l i m ate h as a m ajor effect on the actu a l  s ize of 
horizonta l  segments. Survival of the horizontal apex is a lso opportu n ist ic and is 
control led by the abi l ity of roots to fu nct ion.  

Water potent ia l  gradients are such that the hor izontal apex has the lowest water 
potent ia l  and draws water and nutrients from roots as old as 1 2  years which may be 
1 m  away (Headley u npubl . ) .  This means that t he growth oft he ap ical part ofthe p lant is 
s u bsidized and does not necessar i ly reflect its im medi ate environmental  condit ions. 

Eventu a l ly, however, the subsidized growth of growing points appears to become 
i mpossible and they die. This then releases other sub-do m i nant apices from i n h i bition 
and thereby enables a flex ible response by increasi ng the potentia l  range of h abitat 
exploitation (see Cal laghan & Emanuelsson 1 985, F ig .  6). This select ion of apices by 
the environment helps to control the direct ion of the p lant and when rooting becomes 
possible, a dominant apex extends the clone in a direction dictated ma i nly by m icro
topography (Svensson & Cal laghan u npubl . ) .  Modu les with dead apices had fewer 
roöts per cm (Tab. 2) whi le  the horizontal apex has been shown to have depressed 
water potent i a ls on root excision or increased distance from the nearest v iabl e  root 
(Headley u npubl . ) .  This lends some support to the hypothesis that a major cause of 
apica l  death is the inab i l ity of roots to grow. 

The prol iferat ion fol lowing apical death is most often a response to the m i cro
environment as correlations with c l imate were not s ign ificant. The res u lt is 
opport u n ist i c  escape from this unsu itable m i croenvironment (Toml inson 1 982) and 
may be l i kened to the foraging behaviour of an animal .  lt may be argued that the 
"forag ing" behaviou r of L. annotinum is a successfu l  strategy in a heterogeneaus 
environment but that, when favourable m icrohabitats ar .e found, the p lant is at a 
disadvantage s ince it must grow away from t hem.  However, if L. annotinum rem ai ned 
in such favou rable m icrohabitats it would soon be over-grown by competitive p lants, 
such as the different er icaceous species (Svensson u npubl . ) .  The foraging behav iour is 
therefore successfu l in a heterogeneaus environ ment and also avoids competition. 

The growth of vert ical modu le segments, in  contrast to that of hor izontal modules, 
is deter m i n ist ic. lt is possi ble to predict wh ich vertical  segments wi l l  be termi nated 
with a strobi lus  and which wi l l  remain vegetative wh i le  the production of daughter 
modules from the second vert ical segment is  regu lar .  However, module s ize ( i .e .  the 
nu mber of  segments, i ncluding strobi lus) is not predictable. Vert ical modu les in it iated 
in the same year may carry strobi l i  in different years. The decreasing s ize of the 
strobi lus in  relation to increasing modu le  s ize and he ight may be related to the 
increasing costs of translocation of nutr ients and water (Wal len 1 983), and/or the Iack 
of support t issues i n  th is  "primitive p lant". 

Perenn ia ls show a small  al location of dry weight to sexua l  reproduction compared 
with annua ls  and bien n i als. ln L. annotinum, this a l locat ion reaches a max i m u m  of 
5. 1 %  of dry weight wh ich is s imi lar to va lues quoted by Chester and Shaver ( 1 982) for 
evergreen and deciduous plants from Alaska and to tu ndra plants in general 
(Ca l laghan and Eman uelsson 1 985). The probabi l ity of successful  reprodu ction is 
reduced even further by a low spore viabi l ity of on ly 4%. However, low spore v iabi l ity 
and the sma l l  a l location of dry matter are compensated for by the vast nu mber of 
spores produced by a strobi lus (0.4 x 1 0 6) and the cons iderable longev ity of 
reproducing clones of up to 250 years (Oinonen 1 968). Du r ing 250 years, a clone m ay 
produce 1 . 5 x 1 0 14 spores (Ca l laghan & Emanuelsson 1 985). Successfu l  reproduction 
from spores is probably rel ated to the opport u n ist ic  colon ization of disturbed areas as 
in Viola (Newell  1 983). 



THE M OD ULAR G ROWTH OF LYCOPODI UM ANNOTI NUM 75 

The death of the apica l  parts of vert ica l  modules beforethat of the lower segments, 
together w ith the greater longevity of the horizontal  segments, a l lows t he retrans
locat ion of elements from senescing vertical segments into the horizontal axis and 
subsequently to new growing points. This transport may be between 63 and 90% 
efficient in terms of N, P and K (Ca l l aghan 1 980). Also, trans locat ion of 14C (Ca l l aghan 
1 980) was fou n d  to be extensive, as in  stolon iferous Vio/a blanda (Newell 1 982). Such 
efficient translocation a l lows the subsidized exploratory growth of t he main axis when 
obstacles are encou ntered. However, should the obstacles be u nsurmou ntable to the 
main axis, there is a flex ible and opportun istic response whereby l ateral  axes are 
i n it iated and released from Suppress ion with  a consequent greatly enhanced zone of 
exp loitation. 

ln  conclusion, the sporophyte of L. annotinum shows a balance between 
determ i n ist ic and opportun istic growth which 
1 )  enables t he p lant t o  harvest patchy resources from a spat ia l ly heterogeneous 

environment via a foraging strategy, 
2) reduces compet it ion with in  t he clone by contro l l ing branching patterns, 
3) reduces compet it ion with other species by producing roots and vert i ca l  modu les 

i n  ava i l ab le  n iches along a constant ly advancing axis, 
4) a l lows survival in impoverished soi ls by recycl ing n utr ients between segments, 
5) enables varying degress of environmental adversity to be overcome f irst by 

subsid ized growth and then by opportu nistic escape fol lowing lateral modu le 
pro l iferat ion, 

6) a l lows surviva l in a temporal ly predictable environment by i ndefin ite growth 
associated with vegetative reproduct ion, and, 

7) enables opportun ist ic  colon ization outside ex ist ing locations (e.g. fol lowing 
forest fires) by constant production of vast nu mbers of  a i rborne propagu les. 

l t  is not surprising therefore, that this pr imit ive p lant is so important ecolog ically 
throughout the northern l at itudes. 
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THE ECOLOGY OF PTERIDOPHYTES 
IN TASMANIAN COOL TE MPERATE RAINFOREST 
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National Parks and Wi ldlife Service, M agnet Court, Sandy Bay, 

Tasm ania 7005, Australia 

ABSTRACT 
Forty n ine pteridophytes from 1 7  fam i l ies are reported from cool tamperate 
rai nforest in  Tasmania.  Epiphytes and terrestrial  species are both wei l  represented. 
Their occurrence is influenced by altitude and forest type, but on a regional basis 
most species are widespread. The biogeographical aff in ities of the rainforest fern 
flora are with New Zealand and southern parts of the eastern Austral ian main land. 

INTROD UCTION 

77 

The fern flora of Austral i a  is considered sma l l  in relation to the area and l at itude of the 
cont inent (Page & C l ifford 1 981  ), conta in ing about 41 6 species in  1 1 8  genera (Jones & 
Clemesha 1 98 1 ). On ly four genera are endemic to Austral ia  (all non-Tas m an ian) and 
a lthough s ix others have a predominantly southern hemisphere distr ibution most are 
widely dispersed on a global basis. With in  Austra l i a, the ferns atta in their greatest 
richness in Queensland in tropical ra inforests and cloud forests. Generic diversity 
decreases southwards towards Tasmania  and also westwards from the coast to the 
drier parts of the continent (Page & C l ifford 198 1 ) . 

Within Tasmania, ferns and their a l l i es are common but they show no pronounced 
specia l isat ion to the Tasman ian enviro n ment with only two of approx imately 90 
species being endemic. The group is w idespread in  the state, occurring in  most 
vegetation types but reaching its greatest diversity in  rainforest, wet sclerophyl l  forest 
and m oist gu l l ies in drier areas. According to Page & Cl ifford ( 1 9 8 1 ), the nu mber of 
individuals in tamperate ra inforest and fern gul l ies in Tasmania  and Victoria is very 
str ik ing but their diversity is much lower than cou ld be expected from analogaus 
S ituations in the tropics. Furthermore, they comment that "a lmost every dominant 
species seems to have a much wider ecological rangethan its tropical Counterpart, and 
consequently most occur virtua l ly everywhere that appropriately moist forests and 
fern gu l l i es are present". 

Although the composition of Tasman ia's fern flora is  well-known (apart from a few 
taxonomic uncertainties), publ ications which deal directly with the ecology and 
distribution of species are scarce. This publ ication comprises an accou nt of the ferns in 
Tasmanian cool tamperate rainforest and is based main ly on information obtained 
during a broader examination of rainforest in  Tasmania (see Jarman et a l .  1 984). 

M ETHODS 
The E nvironment - Cool Tamperate Ra intorast 
Tasmania  is a mountainous island situ ated approximately 240km south of the south
eastern corner of main land Austra l i a, between lat itudes 40° and 43°S. lts ra inforest 
vegetation is classified as cool tamperate rainforest and forms part of the is land's 
Antarct ic  element (after Hooker 1 860) or rel ict su b-element (after Nelson 1 98 1  ) .  

Ra intorast in  Tasmania  is defined as forests greater than Sm tall ,  dominated by 
Nothofagus. Eucryphia, Phyllocladus, A throtaxis, Lagarostrobos or Diselma (Jarman & 
Brown 1 983). lt is widespread in the western half of the state wit h  the l argest 
unbroken tracts occurring in the northwest. Smal ler patches of rainforest occur also i n  
the northeast, w ith isolated pockets scattered elsewhere in  the eastern half of the 
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state, usua l ly in gul l ies. lt occurs on both mineral and organic soils, and overl ies a wide 
range of rock types from basalts, dolerite and gran ite to q u artzites and sandstones. The 
rainfa l l  requirements of rainforest in  Tasman ia  h ave been g iven by J ackson ( 1 968) as 
1 OOOinm per ann u m  w ith  a summ er monthly m in imum of 25mm. R ainforest extends 
from sea Ievei to over 1 200m in alt itude. 

On t he basis of florist ic and structural charactert ist ics, ra inforest has been divided 
into fou r  groups (Jarman et al .  1 984). Group I (Ca l l idendrous rainforest) is 
characterised by parkl ike forests with open u nderstoreys, often with a layer of tree 
ferns. The m a i n  canopy trees are Nothofagus and A therosperma. and the diversity of 
woody species in the forest is low. Group II (Thamnic rainforest) a lso includes forests 
with wel l-formed trees but they rarely appear parkl ike because of a s hrubby under· 
storey. The diversity of woody species is h igher than in Group I and the ma in  canopy 
trees are Nothofagus, A therosperma, Eucryphia lucida, Phyllocladus, Lagarostrobos 

and/or A throtaxis selaginoides. Group 111 ( lmpl icate rainforest) is of lower stature and 
the  trees are often of poor form. The understorey is dense with a tang lad shru b layer 
from ground I evei to the canopy. Diversity of woody species is h igh. The main canopy 
dominants inc lude Phylfocladus, A throtaxis, Eucryphia and Nothofagus, but 
Leptospermum and A cacia species m ay a lso be present. Group IV (Open montane 
forest) is dominated by Athrotaxis cupressoides and comprises low open forests over 
grassy or low shrubby u nderstoreys, the l atter usua l ly being less t han h alt t he h eight of 
the torest. The first three groups form the bu lk  of rainforest in Tasmania a n d t hey occur 
from lowland to h igh land areas. Thamnic and impl icate rainforest reach their best 
development in western and southwestern Tasman ia  whereas cal l idendrous 
rainforest is best developed in northwestern, central and northeastern Tasmania. 
Open montane rainforest is confined to h i g h  alt itudes and is fou nd mostly on the 
Central Plateau.  

Sampl i ng 
The survey of pteridophytes was part of a broader su rvey of rai nforest in Tasmania  
(Jarman et  a l .  1 984) involving both phanerogams and cryptogams. Cover and 
abundance data were col lected from over 300 quadrats (20 x 20m) which sampled the  
broad geographic  and  alt itudina l  range of  rainforest t hrou gh0ut t he state. 
Supplementary data were used from Jarman and Crowden ( 1 978). G eneral comments 
relating to the  occurrence of ferns in vegetat ion other t han ra i nforest are derived from 
I iterature sources w here indicated, from herbariu m  records or from u npubl is hed 
observations. 

"'Mixed forest" (a rainforest u nderstorey below eucalypts -see G i l bert 1 959) was 
not systematical ly sampled during the survey. However, it is cl0sely related to 
rainforest and is l ikely to exhibit the same general trends in its fern flora. 

Nomenclature and Taxonomy 
Nomenclature and classificat ion of species fo l lows that g iven in Jones and Clemesha 
(198 1 ). For conven ience throughout the text, the s u bspecific epithets of Asplenium 
trichomanes subsp. quadrivalens, Cystopteris filix-fragJJis subsp. laetivirens and 
Grammftis magellanica s u bsp. nothofagetii are omitted. 

The taxon referred to in th is work as A splenium cf. terrestre m ay be either an 
u ndescribed species or conspecific with A. terrestre from New Zea l and (P. Brownsey, 
com ments with herbar ium material, Tasmanian Herbarium). lt is widespread i n  
Tasmania a n d  h as previously been confused with A .  flaccidum or A.  bulbiferum 

(Brownsey, loc. cit. ) . 
Grammitis pseudociliata has been included in th is  paper but was not found dur ing 

the survey. This species, previously considered a New Zealand endemic, has o n ly 
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recently reen col lected in Tasmania  (by M. G a rrett). Although on ly found in  "mixed 
forest" it has been included because it is epiphytic  on Eucryphia lucida, a common 
rainforest dominant. 

R ESUL TS AND DISCUSSION 
Forty n ine species of pteridophytes have been recorded from Tasmanian ra i nforest 
(see Table 1 ). These are contai ned wit h i n  1 5  fami l ies of Pteropsida (ferns), one fam i ly 
of Lycopsida (clubmosses) and one fami ly of Ps ilopsida (fork-ferns). Three species, 
A splenium f/abel/ifo/ium, Pteridium escu/entum and Pteris tremu/a, appear to be 
adventive and are considered dou btfu l  ra i nforest species. The rema i n i ng 46 species 
represent just over half of the total nu mber of pteridophytes recorded from Tasmania .  
The r ichest fami l ies in rai nforest are the Blechnaceae (water ferns) and the Hymeno
phyll aceae (fi lmy ferns). Each is represented by eight species wh ich inc ludes all the 
Tasmanian species of filmy ferns and a l l  but one of the water ferns. Apteropteris 

applanata is the on ly endem ic fern known from Tasmanian ra inforest. 
Exc luding adventive ferns, the ra inforest pteridophytes include 27 terrestr ial  

species ( including two tree ferns) and 1 9  epiphytes a lthough several species cou ld be 
considered in  either group, part icular ly some of those classified here as epiphytes. 
These two groups can be subdivided us ing some of the categories from Page's ( 1 979) 
ecological classification of ferns in mesic and in xeri c  epiphytic environments in the 
tropics. Thus, three terrestr ia l  habitats can be recogn ized: the forest floor, streamsides 
and rockfaces. Ep iphytic habitats can be divided into two groups: the canopy and the 
u nderstorey. The l atter group compr ises both crotch and main branch species (after 
Parris 1 976) as weil as those occurr ing below 2m. Low and h igh cl im bers, as described 
in Page ( 1 979) for tropical forests, are not a feature of cool tamperate r ainforest i n  
Tasmania  with only one species, Microsorium diversifolium, occurr ing a s  a c l imber. 

Terrestr ia l  Ferns 
Diversity among the grou nd ferns is usual ly low except in r iver ine S ituat ions, and in  
many forest commu nit ies only one  or two species are  present. Nevertheless, these are 
often abu ndant and may form a cont inuous cover up to 1 m  high. The most common 
ground ferns in undisturbed ra inforest are 8/echnum wattsii and Polystichum 

proliferum. They can occur intermixed but in  many forests they are mutual ly excl us ive 
or a lmost so. They are fou nd throughout Tasmania although the best development of 
8/echnum wattsii is on the organic or infert i le  m inerar soils of western and 
southwestern Tasmania wh ilst Polystichum proliferum is most charactertist ic of 
fert i le mineral soi ls in northwestern, centrar  and northeastern Tasmania. Both species 
are fou n d  across a range of a lt itudes, from sea Ievei to treeless a lp ine S ituat ions but i n  
extreme highland sites they are confined to s heltered pos it ions among rocks. The tree 
fern, Dicksonia antarctica, may accompany either species although its greatest 
abundance and most impressive growth is seen in commun it ies where Polystichum is 
present. Dicksonia is part icularly common along creek and river m argins, and in moist 
gu l l ies or  water seepages. However, its occurrence in these S ituations is  probably 
related as much to soil n utrients as to maisture ava i l ab i l ity s ince it a lso occurs in drier 
habitats, particu lar ly on good soi ls. 

l n  upland ra inforests, part icularly in  centrar and northeastern Tasman ia, two 
smal ler species, 8/echnum penna-marina and the facu ltative epiphyte, Hymeno

phyllum peltatum, may be more common on the ground than either 8. wattsii or 
Polystichum. 8/echnum penna-marina is an obl igate soi l -dwel l ing  species and occurs 
as smal l  scattered plants, often obscured by l itter. Hymenophyllumpeltatum forms low 
dense patches on mossy rocks, Iogs or exposed roots. A second facu ltative epiphyte, 
Grammiris billardieri, is often present as smal l  scattered tufts a nd, l ike 
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Hymenophylfum peltatum, shows an apparent predi lection for mossy surfaces. As 
wei l as these species, smal l  patches of Lycopodium fastigiatum are somet imes 
present on the forest floor in upland forests. 

Two other ground ferns, Histiopteris incisa and Hypolepis rugosu/a, are 
widespread in rainforest but are most characteristic of disturbed sites. They are a bl e to 
tolerate relatively h igh l ight intensit ies and form a dense cover in open S ituat ions 
below breaks in the canopy or a long roadsides and tracks. ln mature wel l-developed 
rainforest they occur as occasional p lants, often weak and spindly, in local spots which 
are better l it than the surrounding forest. Histiopteris is one of only a few Tasman ian  
ferns wh ich "die down" during the  colder winter months. 

Of the remain ing forest floor ferns, most are patchy or rare in rai nforest. Some of 
the more notable species include Diplazium australe and Pteris comans which are 
local ly common on poorly drained soils but are mostly restricted to northwestern 
Tasmania .  Gleichenia microphyl/a also occurs in poorly dra i ned areas, main ly where 
the torest is disturbed, w h i lst Lindsaea trichomanoides is sporadic on peaty soi l and on 
Iogs. 

The narrow fr ing ing band of rainforest wh ich occurs along the edges of creeks, 
rivers and lakes represents a separate habitat from the forest floor and often supports 
an abu ndance of ferns. Many widespread species are present, e.g.  Dicksonia 
antarctica, Polystichum profiterum and 8/echnum wattsi1; as weil as several others 
wh ich reach their best development in rainforest in th is  habitat. For example, 
8/echnum vulcanicum and Sticherus tener are part icu larly well-developed on the 
steep or overhanging banks of  the I arger streams although they are not confined to 
these s ites. With in  rainforest, 8/echnum nudum is  mostly confined to river edges, 
a lthough outs ide of rainforest it is w idespread in relatively open Situations on the 
forest floor. 8/echnum fluviatile, 8.  minus and8. chambersii are commonly associated 
with flowing water a lthough occas iona l ly they occur on rockfaces away from water. 8. 
chambersii is part icu larly shade- loving and is rarely present where direct sun l ight 
penetrates to the grou nd surface. 

Rocktaces can also support a wide variety of ferns although at each individua l  s ite 
usual ly only a few species are present. The flora cons ists main ly of m ixtures of 
terrestria l  and epiphyt ic species. However, Cystopteris filix-fragilis, A splenium 
trichomanes and A. flabellifo/ium appear to be restricted to this habitat and are 
considered characteristic of rockfaces. The most common terrestrial  ( including 
streamside) ferns are 8/echnum spp. and these are usua l ly represented by scattered 
plants on ledges or anchored in rock crev ices. ln open, often wet, conditions, 
8/echnum vulcanicum may form loca l ly dense patches with m any pendulous wedge
shaped fronds. Asplenium bulbiferum and several other less common ground ferns 
are also occasiona l ly fou nd on rockfaces. Epiphytic  species present includeA splenium 

cf. terrestre, Microsorium diversifo/ium. Tmesipteris bilfardien; Lycopodium 

myrtifolium, Grammitis bilfardieri and Hymenophyllum spp. Hymenophyllum 
f/abellatum appears to be very drought tolerant and is often fou nd on the dry roof below 
overhanging rocks. ln h igh altitude S ituations in southwestern Tasmania the 
norma l ly host-specific Apteropteris is somet imes abu ndant on rockfaces, forming a 
dense soft grey mat over the rock surface. 

Epiphyt ic Ferns 
Epiphytic ferns are widespread in rainforest but are usual ly smal ler and less 
prominent than the grou nd ferns. The largest of the widespread species are Rumohra 
adiantiformis, A splenium ct. terrestre and Microsorium diversifolium. Equa l ly 
common but less conspicuous are members of the Hymenophyl laceae and 
Grammit idaceae, e .g .  Hymenophylfum rarum, H. peltatum and Grammiris bil/ardieri. 
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Very few o f  t h e  ferns incl uded in  t h i s  group are obl igate epiphytes a n d  most have been 
fou nd (some rarely) on rocks or soi l .  Except ions include A splenium flaccidum, 

Polyphlebium venosum and Grammitis pseudociliata. 
Host specific ity is poor and many vascu lar  species can act as su bstrates including 

the forest domi nants, lesser t rees and some of the ! arger undershrubs.  The th ick 
f ibrous  tru nks of the tree fern, Dicksonia, provide excel lent Substrates and may support 
a l l  of the epiphyt ic  ferns present at any one s ite. Ferns which appear to be confi ned to a 
part icu lar host species inc lude Apteropteris applanata which when epiphytic is found 
only on A throtaxis trunks (either A.  selaginoides or A. cupressoides).  Tmesipteris 
elongata and Polyphlebium venosum have been recorded only on Dicksonia trunks in  
rainforest although the  latter is a lso known from the tru nks of  Cyathea cunninghamii 

in wet sclerophyl l  forests. Grammitis pseudociliata is known in Tas man ia  from a s ingle 
col lection from Eucryphia /ucida. Ctenopteris heterophylla has a wider range but when 
ep iphyt ic  shows a preference for Eucryphia /ucida or 0/earia argophylla. Tmesipteris 
billardieri is fou nd most frequent ly on tree ferns but a lso occurs occas ion a l ly on the 
mossy buttresses and peaty l itter cones of the ! arger tree species.  The con ifers, 
part icu lar ly Phyllocladus aspleniifo/ius, are poorly colon ized by epiphyt ic  ferns. 

D ifferences in the fern flora between high and low epiphyt ic s ites are man ifest 
ma in ly in the poor development of the canopy flora. Al l  epiphytes recorded from 
ra inforest occur in  the u nderstorey but several appear to be very tolerant of a wide 
range of l ight and maisture condit ions and extend into the canopy. However, the 
canopy f lora is not characterized by any additional  species and thus, in Tasmanian 
ra inforest, there are no ferns which can be cl assed exc lusively (or m a i n ly) as  h igh  
epiphytes (cf. Page 1 979). Species present in the canopy are  typ ica l ly sma l l  ferns 
(Hymenophyllum rarum, H. peltatum, H. cupressiforme, Grammitis magellanica, 
Ctenopteris heterophylla) except for Microsorium diversifolium and . occasional 
stunted plants of Rumohra adiantiformis. 

Distr i bution 
Very few ferns are restricted to ra inforest in  Tasmania .  Exceptions incl ude some 

of the u ncommon species such as A splenium flaccidum and Lindsaea trichomanoides. 

Many species are equ a l ly abu ndant in  other vegetation types, part icularly wet eucalypt 
forests and some, including A splenium bulbiferum. Lastreopsis acuminata, 
Gleichenia microphylla, Todea barbara and Cyathea australis (possibly also Sticherus 

/obatus and 8/echnum patersonii) are developed better outside of ra i nforest than 
with in  it. 

Within ra inforest, the distribution of ferns varies among the ma in  r a inforest 
groups. Cal l idendrous r a inforest possesses the r ichest and most luxur iant fern flora 
(although this is not necessari ly true at every site). lt contains most of the common 
terrestr ia l  and epiphytic ferns, but is especia l ly typified by Polystichum and Dicksonia 
which dominate the understorey vegetation in many mediu m to low alt itude forests. 
Two species are restricted to cal l idendrous  forests, viz. the tree fern, Cyathea australis 

which, in  rai nforest, is confined to sma l l  rel ict patches mostly on the east coast, and 
Tmesipteris elongata. Several other species such as Hymenophyl/um cupressiforme 

and species main ly epiphytic on tree ferns, e.g. Hymenophyllum flabel/atum. 
Polyphlebium venosum and Tmesipteris billardieri, are fou nd most commonly in  
cal l idendrous forest a lthough they occur a lso in other rainforest groups. 

M ost fern species which are fou nd in  cal l idendrous forests occur also in  thamnic 
ra inforest but  they rarely atta in  the same luxur iance. 8/echnum wattsi1; the main 
ground fern, is an exception and its leathery pinnate fronds m ay form a dense dark 
green cover up  to 1 m  h igh, part icularly w here the canopy is broken. The most common 
epiphytes are Hymenophyllum rarum and Grammiris billardieri The decl ine i n  
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l uxuriance of the fern flora compared with that in cal l idendrous forests may resu lt, i n  
part, from t h e  scarcity of the "popu lar''  epiphyt ic  su bstrate, Dicksonia. However, i t  may 
a lso reflect some more fu ndamental habitat difference, possibly one associated with 
hu midity. 

ln general,  ferns are poorly developed in impl icate ra inforest although 8/echnum 

wattsii is common in several com m u n it ies. M any characterist ic  species from 
cal l idendrous a nd/or thamnic  forests are absent or rare i ncluding Dicksonia (and its 
ep iphytes). Rumohra adiantiformis, A splenium cf. terrestre, Microsorium 

diversifo/ium and Ctenopteris heterophylla. However, Grammitis billardieri, Hymeno

phyllum rarum and H. pe/tatum are widespread and H. australe may be present i n  
moister S ituat ions.  Hymenophyllum marginatum reaches its best development in  
i mpl icate ra i nforests although it  is eas i ly overlooked because of  i ts  smal l  s ize and 
resem blance to some l iverworts. lt is absent from ca l l idendrous forests and most 
thamnic  forests (except riverine S ituat ions) but somet imes occurs in open m ontane 
forests. 

Open montane rainforest conta ins an impoverished fern flora. Grammitis 

poeppigiana is restricted to th is group and occurs i n  smal l  patches usual ly i n  rock 
crevices. Apteropteris applanata (on Achrotaxis t runks) and Hymenophyllum pe/tat um 

(epiphyt ic  or on mossy rockfaces) may be local ly common. Other ferns are rarely 
present and are confi ned to the most sheltered, shaded microhabitats. 

Although most ferns are widely dispersed throughout the state, several show 
restricted d istributions. Lindsaea trichomanoides has been recorded on ly from south
western Tasmania  and Grammiris pseudociliata is even rarer, bei ng known from only 
one s ite i n  southern Tasman ia .  Lastreopsis hispida, Tmesipteris elongata, Pteris 
comans, Diplazium australe and Sticherus lobatus are local and are fou nd mai nly i n  
northwestern Tasman ia  a lthough rare occu rrences are known elsewhere. 8/echnum 

patersonii is found mostly in mo ist g u l l ies in northern or eastern parts of the state and 
Cystopteris filix-fragilis occurs on shaded rockfaces i n  central and southwestern 
Tasmania .  A n u m ber of other species show wider distributions but are constrai ned by 
special ised habitats. For examp le, the distr ibution of Asplenium trichomanes is 
conta i ned wit h i n  areas where I i mestone outcrops and the distr ibution of Apteropteris 

applanata ( in  its epiphyt ic form) is restricted to that of its host, Athrotaxis. Some 
species, a lthough more widely dispersed in  the state, are u ncommon, e.g.  Asplenium 

flaccidum and l.ycopodium myrtifolium. 
As a general trend, the abundance and l uxuriance of ferns decl ines with 

i ncreas ing altitude with  the most pronou nced effect being apparent at 600-700m 
above sea Ievei. Several of the I arger ground ferns, e .g .  Polystichum profiterum and 
8/echnum wattsi1; may be present in  rai nforest above about 700m but t h ey are 
represented by scattered, often smal l  individuals wh ich occur mostly in sheltered 
s ites. A few species, inc lud ing Hymenophyllum peltatum, Grammiris billardieri, 
8/echnum penna-marina and Lycopodium fastigiatum, are well-adapted to h igh 
a lt itude s ituat ions although not  necessarily restri cted to them. ln  montane rai nforests 
(above 1 OOOm), Grammit1s billardieri is rep laced by G. poeppigiana which occurs i n  
smal l  dense mats in  rock crevices. Cystopteris filix-fragilis also appears to be restricted 
to upland forests (altitudes above BOOm). 

A s im i lar trend of altitudina l  zonation is apparent i n  Victorian  cool temperate 
rainforest (see Howard & Ashton 1 973) although the alt itude differences occur at 
lower elevations in  Tasmania. One species, Hymenophyllum peltatum, which was 
found on ly i n  h igh a lt itude forests in Victoria (Howard & Ashton 1 973) occurs across a 
wide range of altitudes in Tasmanian rainforest and m ay be present at sea Ievei i n  
some river ine comm u n it ies i n  western parts of t h e  state. 
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Biogeography 
The geographical  d istribution of ferns fou nd in Tasmanian rainforest, taken from 
Jones and Clemesha ( 1 98 1 ), is shown in Table 1 .  Over two th i rds of the rai nforest 
ferns are confined to Tasman ia-Austra l ia,  Tasman ia-New Zea land or Tasman ia
Austra l i a -New Zeal and. Several addit iona l  species occurr ing i n  these regions a lso 
extend their range i nto the Pacif ic ls lands. Other biogeographical  elements are poorly 
represented but incl ude a few Cosmopol itan, Endem ie, Old World Tropics and Austral 
species (after Parris 1 976). A comparison between Tasman i a  and other land masses 
conta in ing  cool temperate ra inforest indicates that 8% of Tasman ian  rainforest ferns 
are shared with South America, 69% are shared with New Zeal and and 92% are 
shared with m ainl and  Austral ia .  

The southern aff in ities of  the Tasman ian  ra i nforest ferns are borne out by the i r  
occurrence with in  Austral ia .  O n ly 1 1  of  the 49 species (22%) are found in  tropical 
northern Queensland whereas 57% are found in southern Queens land. E ighty s ix per 
cent occur also in New South Wales and in Victor ia ,  the most southerly part of the 
Austra l i an  main land. These figures are reduced, at least with respect to Victoria, 
where the comparison is restricted to the same habitat in  both states. Thus, of the 40 
species l isted by Howard and Ashton ( 1 973) in cool temperate ra inforest in  Victoria, 3 1  
were recorded i n  Tasmania  du ring t h e  present survey. Thus, 5 3 %  o f  species from 
rainforest habitats are shared between Tas mania  and Victor ia .  The most notable 
Tasman ian species absent from Victor ian  rai nforest inc l ude Asp/enium ct.  rerresrre, 

Sricherus rener, Hymenophyllum marginarum and Grammiris magellanica. 

SUMMARY 
The fern flora in  Tasmania 's ra inforest is smal l  and comprises 40 species ( inc luding 
three species which may be adventive). A few ferns are confined to ra inforest but most 
occur  also in wet euca lypt forests or scrub. The most common ferns include 
Polysrichum proliferum, 8/echnum wartsii, Dicksonia anrarcrica, Rumohra 

adiantiformis, Microsorium diversifolium. A splenium cf. rerresrre, Hymenophyllum 
rarum and Grammiris billardieri but many other species are widespread or local ly 
common in part icu lar S ituat ions. Some of the rarer ferns include Lindsaea 
rrichomanoides, Cysropreris filix-fragilis, Grammiris pseudoci/iara and Lasrreopsis 

hispida. 8oth epiphyt ic and gro u nd species ( inc luding two tree ferns) are represented. 
ln  most communities, ground ferns acco u nt for the greatest biomass within the fern 
flora w h i lst ep iphytes account for the greatest diversity. On ly one endem ic fern occurs 
in Tasmanian ra inforest. 

As a general trend, ferns decl ine in prominence and abundance from lowland 
situations to h igh alt itudes. They a lso show differences in  luxu r iance and diversity 
among the four  rainforest groups, with their best development in cal l i dendrous 
rainforest. They are most impoverished in h igh  alt itude open montane rainforests. 

Over two t h irds of the ferns found in ra inforest are confined to Austra las ia  
(Tasm ania,  Austra l ia  and New Zealand). With in  Austra l ia , the rainforest fern floras of  
Tasmania  and Victor i a  are very s imi lar with over th irty species being common to the 
rainforests of both states. 
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TABLE 1 .  Habitat and distribution of ferns recorded from Tasmanian rainforest. Distributions 
outside of Tasmania Clre taken from Jones and C lemesha ( 1 9 8 1 ) .  (Abbreviations: N = New South 
Wales, NT = Northern Territory, NZ = New Zealand, 0 = Queensland, SA = South Austral ia ,  SAf = 
South Africa, SAm = South America, Tas = Tasmania ,  V =  Victoria). 

Species Habitat and Distr ibution 

Apteropteris applanata On rocks or epiphytic (on Athrotaxis), scattered throughout 
A.M. Gray & R . G .  Wi l l iams western, central and southwestern Tasmania; endemic. 
A splenium bulbiferum 
Forst.f. 

A. flabellifolium 
Cav. 
A. flaccidum 
Forst.f. 
A. trichomanes L. 

subsp. quadrivalens 
D.E .  Meyer 
A. cf. terrestre 

81echnum chambersii 
Tindale 

8. fluviatile (R .Br . )  
E .J .  Lowe ex Salom. 
8. minus (R.Br. )  Ett ingsh. 
8. nudum (Lab i l l . )  Mett. 
ex Luerss. 
8. patersonii (R .Br . )  Mett. 

8. penna-marina (Poir.) 
Kuhn 

8. vulcanicum (BI.) Kuhn 

8. wattsii Tindale 
Ctenopteris heterophylla 
(Labi l l . )  Tindale 

Mostly on soil or rocks but u ncommon in rainforest; more 
widespread in wet sclerophyll forest, particularly i n  northwestern, 
northern, and eastern parts of the state. Q, N, V, SA, NZ, Asia. 
Uncommon i n  rai nforest and probably adventive; mostly found 
among rocks i n  drier forests. Al l  states, NZ. 
Epiphytic, scattered in rai nforest throughout Tas. Q, N, V, NZ, 
Pacific ls. 
Restricted to I i mestone rocks; present in  several vegetation 
formations. All states except Q, NZ, Europe. 

A widespread epiphyte in rainforest. 
Ground species of shady Situations in wet forests mostly a long 
rivers or drai nage channels but also on rockfaces. 
Q, N, SA, NZ, Fij i .  
Widespread grou nd species i n  wet forests near creeks but a lso on 
rockfaces. N,  V, NZ. 
Common ground species along creeks. Q, N, V, SA, NZ. 
Widespread ground species; in  rainforest, mostly along edges of 
creeks and rivers where the canopy is broken. Q, N, V, SA. 
Ground species; local, near creeks in wet forests in northern and 
eastern Tasmania.  Q, N,  V, Fi j i .  
Widespread ground species i n  h igh altitude Situations i n  several 
vegetation formations; occasional ly found to sea Ievei. 
N, V, NZ, SAm, SubAntarctic ls .  
Ground species, most common along the edges of creeks and rivers 
in  western and southwestern Tasmania; also on rockfaces. NZ. 
Widespread ground species in  wet forests. Q, N,  V, SA. 
Epiphytic or on rocks; scattered in wet forests but also extending 
into drier vegetation. V, NZ. 

Cyathea australis ( R. Br.) Tree fern; occasional i n  rai nforest but common in wet eucalypt 
Domin gu l l ies i n  eastern, northeastern and northern Tasmania.  Q, N, V. 
Cystopteris filix-fragilis Occasional on rocks in central and southwestern Tasmania i n  h igh 
(L.)  Bernh. s u bsp. laetivirens altitude forests. N,  V, NZ. 
(Prent.) C .Chr .  
Dicksonia antarctica 
Labil I .  
Diplazium australe 
(R.Br.)  N.A. Wakefield 

Tree fern; widespread in  wet forests. 0, N, V, SA. 

Ground fern; patchy in wet forests, mainly in  northwestern 
Tasmania.  0, N, V, NZ. 

Gleichenia microphylla R.Br. Ground fern; occasional in rainforest, widespread in damp 
Situations in other wet forests. All states, NZ. 

Grammitis billardieri Wil ld. Epiphytic or terrestria l ;  widespread in  wet forests. 
N, V, NZ, SAf, SAm. 

G. magellanica Desv. Scattered in wet forests, main ly epiphytic. NZ. 
subsp. nothofagetii 

Parris 
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G. poeppigiana 
(Mett.) Pie. Ser. 
G. pseudociliata 
Parris 
Histiopteris incisa 
(Thunb. )  J. Sm. 
Hymenophyllum australe 
Wil ld. 
H. cupressiforme Labi l l. 
H. f/abellatum Labi l l .  

H. marginatum Hook. & 
Grev. 
H. peltatum (Poir. ) Desv. 

H. rarum R.Br .  
Hypolepis rugosula 
(Labi l l . )  J.Sm. 
Lastreopsis acuminata 
(Hou lston) Morton 
L. hispida (Sw.)  Tindale 

Lindsaea trichomanaldes 
Dryand. 
Lycopodium fastigiatum 
R.Br .  
L.  myrtifolium Forst.f. 
Microsorium diversifolium 
(Wi l ld . )  Copel. 
Po!yphlebium venosum 
(R .Br . )  Copel. 

Polystichum profilerum 
(R.Br .) Presl 
Pteridium esculentum 
(Forst.f . )  Cockayne 
Pteris comans 
Forst.f. 
P. tremula 
R.Br. 
Rumohra adiantiformis 
(Forst .f . )  Ch ing 
Sticherus lobatus 
N.A Wakefield 
S. tener (R.Br.)  Ching 

Tmesipteris billardieri 
End I. 
T. elongata Dang. 

Todea barbara 
(L.) T. Moore 

Scattered in high a lt itude vegetation, usua l ly in sheltered rock 
crevices. N,  V, NZ, S u bAntarct. ls. 
Epiphyte known from one locat ion on ly in Tas mania .  NZ. 

Ground fern; widespread in wet forests. Q, N, V, SA, NT, Tropics & 
S. Hem isphere. 
Common in  wet forests, mostly on buttresses or mossy rocks 
where the h u m id ity is h igh .  Q, N,  V. 
Usual ly epiphyt ic; widespread in wet forests. Q, N,  V. 
Mostly an epiphyte of Dicksonia, but also on I ogs or rocks. 
Q, N, V, NZ, Pacific ls. 
Mostly epiphyt ic  in western and southwestern Tasmania,  in wet 
scrub and forests. Q, N. 
Widespread epiphytic or  rock species in  wet forests; common at 
high altitudes but also extending to sea Ievei .  
Q,  N, V,  NZ,  SAf, Mascarene ls (A lso i n S. Ch i le - Looser 1 948). 

Widespread in wet forests; rna i n ly epiphyt ic. N, V, NZ. 
Widespread ground fern in  wet forests. Q, N,  V, SA. NZ. 

Ground fern; u ncommon in  rainforest but rnore widespread in 
other wet forests Q, N,  V, SA. 
Ground fern; sporadic, m ostly in northwestern Tasrnan ia  along 
creeks. N ,  V, NZ. 
Local ized i n  ra i nforests i n  southern and southwestern Tasmania,  
mostly along the larger r ivers. N, V,  NZ. 
Widespread ground species in upland vegetat ion.  Q, N,  V, NZ. 

Occasional in wet forests; epiphyt ic  or terrestr ia l .  Q, N,  V, NZ. 
Widespread across a range of vegetation types inc lud ing dry 
forests; epiphyt ic  or terrestr ia l .  Q, N, V, NZ, Norfolk  ls .  
Epiphyte; restricted to Dicksonia antarctica trunks i n  rai nforest but 
a lso on Cyathea cunninghamii trunks in wet eucalypt forests. 
Q, N, V, NZ. 
Widespread ground fern in wet forests. N, V, SA. 

Ground fern; adventive in  rainforest, common in other wet and dry 
lowland vegetat ion.  All states, NZ, Pacific ls. 
Ground fern; patchy in ra i nforest, ma in ly fou nd in northwestern 
Tasrnania .  Q, N,  V, NZ, Pacific ls. 
Uncommon ground fern in  Tasrnan ia, probably adventive i n  
rai nforest. Q, N,  V, SA, NT, NZ, Norfolk ls, F ij i .  
Widespread terrestr ia l  and epiphytic species. Q, N, V, NZ, SAm, SAf 

Ground fern; patchy i n  rainforest, mostly i n  forests from north
western Tasrnan i a. Q, N, V. 
Widespread ground fern in wet forests, often fou n d  along rivers or 
road cuttings. N, V. 
Widespread i n  wet forests, usu ally epiphytic on  Dicksonia 
antarctica but occas ional ly in peat or on Iogs. N, V. 
Recorded on ly from Dicksonia trunks; occasional  in lowland 
Tasmania but possibly overlooked. V, NZ. 
Ground fern; uncommon in ra inforest, found elsewhere along 
creeks and in g u l l ies mostly in drier lowland parrs of the state. 
Q, N, V, SA. NZ, SAf. 
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TMESIP TERIS IN VANUATU (NEW HEBRIDES) 

A.F.  B RAITHWAITE 
Botany Depa rt ment, U n ivers ity Pa rk, N ott i ng h a m  N G 7  2RD 

ABSTRACT 
Cytological, anatomical and ecological Observat ions on Tmesipteris ·from Vanuatu 
are presented and auention js drawn to the vari at ion in stem anatomy and ecology 
in th.e genus as a whole. Thre e species are recogn ised in the archipelago: T. obfongi
folia sp. nov. (n = 1 04) from Tanna and Aneityum, T. vanuatensis sp. nov. {n = 1 04) 
from Espiritu Santo and T. oblanceolata (R. Br. ) Desv. (n = 208) from Aneityum and 
Espiritu Santo. 

I NTROD UCTION 

87 

The genus Tmesipteris was based by Bernhardi ( 1 80 1 )  on the species, Lycopodium 

tannense. which was described a year earl ier by Sprengel ( 1 800) from a Forster 
collection supposedly made on Tanna, Van u atu.  However, no Forster specimen from 
Tanna has ever been fou nd and Sprengel's descr iption is very briet and on ly sufficient 
to p lace the species in the genus. Tmesipteris was col lected aga in in the arch ipelago by 
both M i lne and Seeman in  the m iddle of the last century but these col lect ions came 
from Aneity u m  and differed from Bernhardi 's description and i l l ustrat ion.  
Consequently the ident ity of the type species, T. tannens1s (Spreng.) Bernh. ,  remai ned 
for many years in  dou bt and our knowledge of the genus in  the is lands as a whole has 
been based on very few specimens and was inevitably incomplete. 

Recently Tmesipteris has been fou nd again on Tanna, Aneityum and, for the first 
time, on Espir itu Santo. The new mater ia l  from Tanna has a lready c lar if ied the 
typ ifi cation and identity of T. tannensis. l t  differs from the species i l l ustrated by 
Bernhardi ( 1 801 ) and Ch i nnock ( 1 976) has provided conv incing ev idence to show that 
the Forster spec imen described and i l l ustrated by Bernhardi in fact came from Dusky 
Sou nd, New Zealand, and has suggested that the reference to Tanna by Sprengel was 
probably an error. The Bernhardi i l lustrat ion is, therefore, selected as the neotype of L. 

tannense Spreng. and the type species is now cons idered to be restr icted to New 
Zealand. 

The present paper g ives a more complete account, inc lud ing cytological and 
anatomical studies, of  Tmesipteris in Van u atu .  The material  from Tan n a  belongs to the 
T. /anceolata group and is described as a new species, T. oblongifo/ia, which is also 
found on Aneityu m. Two further species are a lso recogn ised in the archipelago, 
namely, T. vanuatensis A.Braith. a new species proposed for m ater ia l  from Esp•ir itu 
Santo, and T. oblanceolata (R.Br.) Desv. from Aneityu m and Espiritu Santo. 

MATE RIALS AND METHODS 
The m aterial  was collected by the author dur ing the 1 97 1  Royal Society and Percy 
Sladen Exped it ion to the New Hebrides. The deta i ls  of the local it ies of the col lect ions 
are given in Table 1 .  At each local ity plants were collected for herbari u m  specimens 
and preserved in 70% a lcohol for anatomica l  studies. When ava i l able, sporangia l  
mater ia l  was also fixed in the f ie ld in 1 :3  acet ic-a lcohol and despatched by a i r  to the 
U.K.  where it  was stored in  a deep freeze. Meiot ic  preparat ions for chromosome counts 
were s u bseq uently made using the acetocarmine squash method. The mater ia l  for 
anatomical studies was em bedded in paraffi n wax and the sections sta ined in safran in  
and l i g ht green or an i l ine  b lue .  Spore samples were taken from dried herbari u m  
specimens and mou nted in g u m  chioral for measurement. Herbar i u m  m aterial  o f  each 
species is deposited in  the Herbar ium,  Royal  Botanic Gardens, Kew, 
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CYTOLOGY 
The resu lts of the chromosome cou nts are summarised in Table 1 and representative 
cells are i l l ustrated in Figs. 1 & 2. lt is diff icu lt to produce absolutely uneq u ivocal 
cou nts in the genus because of a) the h igh chromosome nu mbers, b) var iation in the 
size of chromosomes and c) the somet imes pecu l i a r  shapes of the biva lents. The l atter 
has genera l ly been attributed to a l axity in the spiral  structure (Manton 1 950, Lovis 
1 977). Nevertheless the cou nts l isted in Table 1 are accurate to with in  one or two 
chromosomes except where i ndicated, and even in these cases the order of the 
chromosome n u m ber is not in doubt. 

TABLE 1 .  Chromosome Nu mbers in Tmesipteris from Va n uatu 

Species Local ity Chromosome Spore length* Length of 

n u mber ()J m )  Stomata• ()J m) 

T. oblongifolia RSNH 2 1 46. Woptiabo. n = 1 04 62.7 ± 4. 2 96.0 

Aneityum 

RSNH 2204. Mt. Toukos meru, n = 1 04 57. 5 ± 3.3 92.5 

Tanna 

R S N H  221 1 ,  Mt. Toukosmer u ,  n = 1 04 57.4 ± 3.8 

Tanna 

T. vanuatensis R S N H  2354, Apouna Va lley, n = 1 04 6 2.0 ± 3.6 93 , 2 

Espiritu Santo 

R S N H  2382, Mt. Tabwemasana, n = c. 1 04 58.6 ± 3.6 92.3 

Espiritu Santo 

T. oblanceolata RSNH 2 1 1 2, lnrero, n = 208 82.8 ± 4. 1 1 33 . 4  

Aneityum 

RSNH 2 1 52, Nezwon Nelgon, n = c , 208 8 1 . 5 ± 4.3 1 23.6 

Aneityum 

* Data based on 1 00 measu rements from one specimen from each collection. 

The nu mbers recorded here fa l l  i nto the cytological pattern a lready establ ished for 
the genus by Barber ( 1 957) from Austra l i a n  mater ia l  oftwo groups with n = 1 04 and n = 
208 respectively. These relat ively high nu mbers have in the past been designated as 
various Ieveis of polyploidy but are here i nterpreted in terms of the lowest extant 
number known in the Ps i lota les, which is n = 52 (Lovis 1 977). Thus T. oblongifolia and 
T. vanuatensis are tetraploids and T. oblanceolata is an octoploid. 

The mean length of spores and stomata are also given in  Table 1. lt is clear from 
this data that the spores and stomata of the octoploid, T. oblanceolata, are considerably 
larger than those of the tetraploids, T. oblongifolia and T. vanuatensis. Although the 
samples are s mal l ,  the data do suggest that these microcharacters are potent ia l ly 
usefu l  in Vanuatu as polyploid indicators. 

ANATOM V 
The species from Van u atu show the basic vascular  pattern described from other 
Tmesipteris species (Sykes 1 908, Sahni  1 925). Thus the solid core of tracheids in the 
rh izome becomes medul lated and breaks up  in the transition region to form a variable 
nu mber of groups of tracheids arranged around a central  p ith. The representative 
sections i l l ustrated in Fig. 3 show the typical arrangement of the stele at the top ofthe 
transit ion region. ln al l  three species groups of tracheids can be seen surrounding a 
weil defined pith.  There are, however, differences in the nature of the pith cells and 
two basic types can be recogn ised. 
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FIGURE 1 .  Permanent acetocarmine preparations for meiosis. X 760. a) T. oblongifolia RSNH 
2204. b) Explanatory diagram showing 1 04 bivalents. c) T. vanuatensis RSNH 2354. d) Explanatory 
diagram showing 1 04 bivalents. 
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a 

b 

FIGURE 2. Permanent acetocarmine preparation of meiosis. X 750. a) T. oblanceolata RSNH 21 1 2  
b) Explanatory diagram showing 208 bivalents. 
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FIGURE 3. Transverse sections of aerial shoots of Tmes ipteris species from Vanuatu. X 1 00. a) T. 
oblongifolia RSNH 2204. b) T. vanuatensis RSNH 2382. c) & d) T. oblanceolata RSNH 2 1 1 2. a, b 
& c from top of transition region; d from distal part of aerial shoot. 
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The first type is i l l ustrated by T. oblongifolia (F ig .  3a) and T. vanuatensis (Fig. 3b). l n  
these speci es t he p ith  i s  smal l  and made up of narrow th ick wal led, l i gn ified cells 
which in  transverse sections have the same appearance as fi bres or sclerenchyma.  
The tracheids arau nd t he pith are by cantrast th inner wal led and the tracheid bundles 
can be located i n  the sections by the i r  mesarch protoxylem. The second type of pith is 
character ist ic  of T. ob/anceo/ata (Fig.  3c,d). Here the groups of tracheids surround a 
relatively large p it h  made u p  of th in  wal led parenchymatous or s l ight ly 
col lenchymatous cells. Even in the d istal parts of the leafy shoot, where the n u m ber of 
tracheid bundles and p ith  are much reduced, the p it h  cel ls are st i l l  essent ia l ly 
parenchymatous (Fig.  3d). Medu l l ary xylem has been fou nq associ ated with th is type of 
pith in T. vieillardii (Sa h n i  1 925) from New Caledo n i a  and T. oblanceo/ata (Braithwaite 
1 973) from the Solomon ls lands, but none has been fou nd i n  the mater i a l  from 
Vanuatu .  On present ev idence the p ith type appears to be constant for each species. 

Var iations in the p ith cel ls in  the stems of other Tmesipteris species have been 
reported by a n u mber of previous i nvestigators, notably Dangeard ( 1 890- 9 1 ), Sahn i  
( 1  925) and Bra it hwaite ( 1  973). ln  a l l  cases two types of  p i th composed of  either 
parenchym atous cel ls or sclerenchymatous cel ls have been recognised. The 
cons istency of the observat ions so far suggests that this recently rather neglected 
anatomical character perhaps merits further invest igation to establ ish whether it may 
be usefu l as a taxonom ic ind icator, either at the species Ievei or for the group ing  of 
species. 

ECOLOGY AND DISTRIBUTION 
Dur ing the 1 97 1  Royal Society and Percy S l aden Expedition to the New Hebrides 
Tmesipteris was encou ntered only sporadical ly in montane forest at a lt i tudes of 475-
745m on Aneityum and Tanna in the south and 900- 1 650m on Esp ir itu  Santo in the 
north .  However, many of the other I arger is lands i n  the group atta in  a lt itudes i n  excess 
of 500m so that it can perhaps be antic ipated that further col lect ing wi l l  extend its 
distribution with i n  the is lands. 

T. oblongifo/ia and T. vanuatensis were confi ned al most exclus ively to the lower 
parts of the tree fern t runks belang ing to the genus Cyathea. 8oth species were 
recorded from C. lunulata, but they were also col lected from other Cyathea species so 
that they do not appear to be confi ned to any part icu lar species. 

Unl ike the other two species, T. oblanceolata was never found on tree ferns. lt 
grew among mosses and f i lmy ferns on the tru nks of ang iospermous trees such as 
Metrosideros and Weinmannia (see Fig.  1 b i n  Bra ithwaite 1 975) or out of organic  
accumu lations beneath epiphyt ic  ferns such as Asplenium nidus. T. oblanceolata has 
a lso been recorded on decayed wood on the forest floor (Mi lne 272K). Non-tree-fern 
su bstrates have been reported for Tmesipteris species elsewhere; notably T. vieillardii 
of New Caledon ia  (Sah n i  1 92 5), T. tannensis (Spreng . )  Bernh. s. strict. i n  New Zealand 
(Ch i nnock 1 976) and T. oblanceo/ata from the Solomon ls lands (Brait hwaite 1 973). 

lt is becoming i ncreas ingly clear that speciat ion within the genus has been 
accompanied by some ecolog ical d ifferent i at ion,  a lthough the extent to which the 
l atter may be usefu l i n  del im it ing species or determ i n ing species relationsh ips is at  
present not clear. 
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KEY TO THE SPECIES 
Aer ia l  shoots 6- 1 6cm long, leaves ovate-oblong or narrowly oblong to e l l i pt ic. 

Leaves ovate-oblong with obtuse apices, 
I /b ratio < 3, distichously arranged 
beyond the sporophylls. 

Leaves narrowly oblong to e l l ipt ic  with 
acute apices, I /b rat io > 3, spiral ly 
arranged beyend the sporophylls. 

Aer ia l  shoots 1 5- 38cm, leaves narrowly 
reetangu lar  to narrowly obovate with 
tru ncate or rou nded apices. 

Tmesipteris oblongifol ia  A. Braith.  sp. nov. 

T. oblongifolia 

T. vanuatensis 

T. ob/anceolata 

Plante epiphytica in truncis f i l icum arborum.  Surcul is aer ius  s implex, pendu l us, (6-)8-
1 4(- 1 6)cm longus, per unum crescemem maturescens, fo l io  magno termi nati. Fol ia 
i nfra sporophyl la spiraliter dlsposita, supra sporophylla disticha disposlta, subcor i acea, 
(7-)9· 1 3(- 1 5)mm longa, (3· )3. 5- 4. 5(· 5)mm lata, ovato-oblonga, a picibus rotundalis 
obtusis m u cronatis. Sporophyl la  spiralher disposita, medianum cau l is foliosi 
occupantes, longitudlne fol ia  aequantla .  Synang i u m  2-4mm longum,  sporang i is lobi is 
aequalibus. Sporae bi laterales, monoletae, concavo-convexae, ( 5 1 - ) 57- 62(-73)J.J m  
longae, ( 1 8-) 2  1 - 2 2(· 25)).J m latae. Chromosomsturn nu merus gametophyticae 1 04. 

Holotype: Tanna, W ridge of Mt. Toukosmeru ( 1 9°33'5 1 69°2 1  'E). 500m, epiphyte on 
Cyathea trunk (same sp. as RSNH 2 1 84), 28 Jul .  1 97 1 .  A.F. Bra ithwaite RSNH 2204 
(K). 

Plant epiphytic on  trunks of tree ferns. Aerial shoots simple, pendulous, (6·)8· 1 4(-
1 6)crn long, maturing in one growing season and term inating in !arge leaf- l ike 
appendage, Leaves spirally arranged below the sporophylls, dlstichously arranged i n  
portion ot leafy shoot distal to the sporophytls, 3-4 per c m  stem, subcoriaceous, (7- )9-
1 3(- 1 5)mm Ieng, ( 3-)3. 5-4.5(-5)mm wide, ovate·oblong with rou nded obtuse 
mucronate apex. Sporophy lls spira l ly arra nged, 5 per cm stem, occupying the m iddl!! of 
the leafy part of the shoot or throughout the upper two thlrds, ± equ a l  in length or 
slightly shorter than the leaves. Synangia 2-4mm long, 1 - 1 . 5m m  high, with Iobes of 
sporangle apji)roxi mately equal, ± g lobular. Spores bi lateral. monolete, concavo
convex, ( 5 1 -) 57- 62(-73)J.J m long, ( 1 8•)2 1 - 22(· 25)J.J m broad. Chromosome number n = 
1 04. 

T. oblongifo l i a  is closely a l l ied to T. lanceo/ata from New Ca ledon ia  and New 
Zea land. The two species are s imi lar in  s ize and share a distichous arrangement of 
l eaves in  that portion of the leafy shoot distal to the sporophyl ls .  The two species a lso 
possess the same pith type in the stem and chromosome n u mber. Dangeard ( 1 890- 9 1 )  
descr ibes and i l l ustrates the p ith cel ls of T. lanceo/ata as "fibres medu l la i res" and 
u npub l ished chromosome counts by the author  show it  to be a tetrap loid.  T. 
oblongifo/ia can however be dist ingu ished by its th inner texture, ovate-oblong leaves 
with an obtuse apex and  by the position of the sporophylls, which are fou nd in the 
middle or upper two th i rds of the l eafy shoot and never on ly at the base or i n  the lower 
half as in T. /anceolata. 

Distribution : Ph i l ippines, Vanu atu and the M arquesas. 

Specimens exam ined: 
VANUATU. Aneityum, r idge I eeding to Woptiabo, c . 5km ENE of Anelcau hat (20° 1 3'5 
1 69°49'E). 487m, epiphytic on Cyathea lunu/ata in ridge side forest, 23 Jul.  1 97 1 .  
Braithwaite RSNH 2 1 46 (K). Tanna, W ridge of Mt. Toukosmeru ( 1 9°33'5 1 69°2 1 'E), 
644m, epiphytic on base of I arge Cyatllea lunulata, 28 Jul. 1 97 1 .  Braithwaite RSNH 
22 1 1  (K). 
MARQUESAS. Fean i ,  vieux sentrer 'Atuona ä Hanamenu, haute vall�e cöte 
Hanamenu. 850m, brousse fougeres arborescentes et Freycinetia, �piphyte sur les 
bases de Ieugeres arborescentes. assay rare, 5 Mar. 1 975, Schafer & O l i ne 5272 (K); 
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Chemin d'Omoa a Han avave, crete pr incipale,  mont Morat ina (Mt. Boise de Ia  carte), 
670m, brousse assay h u mide avec Cyathea, Crossosty/is, sur bases de Cyathea, assay 
rare, 1 8  Sept. 1 975, Schafer 5758 (K); Feani ,  montagnes entre Ia  haute val lee de 
Hanamenu et Ia crete de Temeti u ,  900m, petit haut val lee a foret tres humide :  
Crossostylis, Cyathea, Pandanaceae, Weinmannia, Myrsine, sur  troncs de Cyathea. 
assay rare, 23 Oct. 1 975, Schafer 591 4 (K); Nukuh iva, Quayle 1 305 (K). 
PHILIPPINES.  Mindanao, Davao D ist: Mt. Apo 6000ft, epiphyte always on tru nks of tree 
ferns, Oct. 1 904, Capeland 1 433 (K); Mt. Apo, May 1 909, E i mer 1 0600 (BM, K); Mt. 
Apo, 9000ft, Feb. 1 929, Hachisaka s.n. (BM); Mt. Apo, 1 800m, 1 932, Capeland 203 
(BM).  

Tmesipteris vanuatensis A. Bra ith . sp. nov. 
Planta epiphytica in truncis f i l i cum arboru m. Surcu l is aer ius simplex, pendulus, (6-)8-
1 5(- 1 6)cm longus, fol i i s  et sporophyl l is  spiral iter dispositis et fo l io magno term i natis. 
Fo l i a  su bcoriacea, 8- 1 4mm l onga, 2. 5- 3.5mm lata, anguste oblonga vel anguste 
el l iptica, apic ibus  acutis et m ucrone setaceo 0. 5- 1 . Omm longo. Sporophy l la  medianum 
cau l is  fo l iosi occupantes, longitudine fol ia  su baequantia.  Synang i u m  parvum, 3-
3. 5mm l ongum, g lobosum, sporangi is  lobis aequant ibus. Sporae monoletae, concavo
convexae, (50-) 59- 62(- 67)J..l m  longae, ( 1 8-)2 1 (- 25)}J m l atae. Chromosomatum 
nu merus gametophyticae 1 04. 

Holotype. Espiritu Santo, crest of NW ridge of Mt.Tabwemasana, c. 1 600m, epiphyte on 
Cyathea sp. in  ridge top Metrosideros- Weinmannia forest, 2 Sept. 1 97 1 ,  A.F .  
Braithwaite RSNH 2382 (K) .  

Plant epiphytic on the trunks of tree ferns. Aer ia l  shoots s i mple, pendu lous, (6- )8- 1 5(-
1 6)cm lang, maturing in one growing season, w ith leaves and sporophyl ls  spira l ly  
arranged and terminating i n  a large leaf- l i ke appendage. Leaves subcoriaceous, 8-
1 4mm l ong, 2. 5- 3. 5mm, narrowly oblong Or ovate-oblong to narrowly e l l iptical with 
acute apices and brist le- l i ke mucro 0. 5- 1 . 0rnm lang. Sporophylls occupying the m iddle 
or throug hout leafy part of shoot, eq ual  to or s l ightly shorter than the leaves. Synangia 
3-3.  5mm lang, g lobose, persistent, with two eq ual  sporangial lobes. Spores monolete, 
concavo-convex, (50-)59- 62(- 67)}J m lang, ( 1 8-) 2 1  (-25)}J m broad. Chromosome 
n u mber n = 1 04. 

T. vanuatensis can be dist ingu ished from T. oblongifo/ia by its spira l ly arranged 
nar rowly oblong to a lmost e l l ipt ica l  leaves with a l arger length/breadth ratio and 
general ly acute ap ices. The leaves are also more widely spaced and arise from the 
stem at  a more acute angle g iv ing the plant a genera l ly more l ax and s lender 
appearance than T. oblongifolia (Fig. 4). 
Known only from Mt. Tabwemasana, Espi ritu Santo. 

Other specimen exam ined: 
Espiritu Santo. Camp site no. 4, Nokovula Vi l lage, 23k SSW of Malau,  B ig  Bay ( 1 5°20'S 
1 66°44'E), disturbed forest area below v i l l age, c.  900m, epiphyte on Cyathea lunulata, 
1 Sept. 1 97 1 ,  Braithwaite RSNH 2354 (K). 

Tmesipteris ob/anceolata Copel . ,  Ph i l ip.  J. Sei. 60: 99 ( 1 936); A. Braith. ,  Br it. Fern G az. 
1 0: 296 ( 1 973). 

Type: Solomon ls lands, Gu adalcanal, Tutuve Mt, 1 700m, Kajewski 2632 (A). 

Plants epiphytic on angiospermous tree trunks or growing on moss covered decaying 
wood on forest floor. Aer ia l  shoots simple, pendulous or occasional ly sub-erect, 
( 1 5-)20-30(-38)cm l ang, matur ing in a s ing le  growing season and terminated by a 
smal l  leaf- l i ke appendage; transition region (4- )5- 1 0(- 1 1 )cm lang; leaves and 
sporophyl ls spiral ly arranged and often tending to decrease i n  size towards the apex_ 
Leaves (1 0- ) 1 1 - 1 4(- 1 6)mm lang, 2_ 5-3.5mm broad, cor iaceous to subcoriaceous, 
(4-)5(-6) per cm stem, narrowly oblong or reetangular but narrowing towards the base 
to narrowly obovate, ± falcate, apex truncate and somet i mes bilobed to rounded, 
mucronale; mucro stiff, 1 -2mm lang. Sporophylls de.veloped in mid region or 
throughout upper two th irds of leafy shoot, eq ua l  in  length to leaves; synangia 3-4mm 
lang, 1 .5-2mm high, persistent, bi locular, sporangia l  Iobes ± eq ual .  Spores monolete, 
concavo-convex, (73-)81 -83(- 94)}Jm lang, (25- )31 (-36)u m broad. Chromosome 
number n = 208. 
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FIGURE 4. a) T. oblongifolia RSNH 2204. b) T. vanuatensis RSNH 2382. Specimens preserved in  
alcohol. X 1 /2. 

T. oblanceolata in Vanuatu is rather var iable with respect to length of the aer ia l  
shoot and in  s ize and shape of the leaves. The p lants from Espir itu  Santo with aer ia l  
shoots up to 26cm lang bear ing short narrowly obovate leaves with rounded apices, 
are virtual ly i ndistingu ishable from T. ob/anceolata Copel. from the Solomon ls lands, 
except that medu l lary xylem found in  specimens from the Solomon ls lands 
(Bra it hwaite 1 973) was not fou nd in the s ing le  speci men ava i l able for sect ion i ng from 
Espir itu Santo. The p it h  is otherwise of a s i m i lar  parenchymatous type. The more 
extens ive collections from Aneityum have aerial shoots up  to 38cm l ang, some 
possessing narrow sl ight ly obovate leaves with rou nded apices, w h i l e  the m ajority 
have langer, narrowly reetangular  l eaves with truncate apices. S im i la r  var iat ion is 
ev ident in materia l  attr ibuted here to T. oblanceo/ata from New Caledon i a  and Samoa. 

The p lants from Aneityum, with leaves with markedly tru ncate somet imes a lmost 
bi lobed ap ices, are very s imi la r  to the Austra l i a n  species T. truncata (R . Br. )  Desv. They 
a lso share the same chromosome n u mber. B arber ( 1 957) reported a chromosome 
n u mber of n = 201 - 2 1 1 for T. truncata from several different localit ies in New South 
Wales and n = 208 has been fou nd here i n  mater ia l  from Aneityu m. There are however 
some ecolog ica l  and anatomical differences. The pl ants from Aneityum are e ither 
ep iphytic on ang iospermous trees or terrestr ia l  on decayed wood whi le T. truncata 
from Austral ia  is general ly, though not exc lus ively, epiphyt ic  on tree ferns. There are 
two speci mens from Austra l i a  at Kew col lected from non-tree-fern substrates; one 
with typical tru ncate l eaves Iabe i ied "Macq uar ie Harbour, humid rocky banks B 
mou nta i ns i n  s haded woods, 1 825, C u n n i ngham 92"; and the other wit h  more 
oblanceolate leaves Iabe i ied "Head of C lyde River, 25 m i les SSW of Howra, 2000ft, on 
mossy ledge of sandstone cl iff, 2 M ay 1 937, Rodway 2369".  The anatomical  difference 
concerns the p it h  type i n  the stem. Dangeard ( 1 890- 9 1 )  reported a sclerenchymatous  
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pit h  type in T. truncata from Austra l i a  which differs from the parenchymatous pith 
fou nd here i n  the mater ia l  from Van u atu .  However Dangeard ( in contrast to the often 
very deta i l ed drawings from the stems of the other species he exam i ned) shows on ly a 
very smal l  out l ine t issue sketch for the stem of T. truncata (Pi ate XIV, F ig .  1 1 ) and it 
wou ld  be des irable to have the deta i l  confirmed for mater ia l  both from t ree-fern tru n ks 
and from non-tree-fern su bstrates. lt is possib le that var iat ion i n  the pith type may be 
correlated with differences in ecology. 

T. oblanceolata and T. truncata are clearly very closely related and they probably 
represent forms of the same species. However on present evidence it is difficu lt to 
assess the extent or taxonomic s ign ificance of their ecolog ical an.d anatomical  
differences. Future studies may weil confi rm their  conspecifi city but it is considered 
preferable for the t ime being to segregate the Pacif ic mater ia l  u nder T. oblanceolata. 

Distr ibution : New Caledonia, Vanuatu,  Solomon ls lands, F i j i ,  Samoa. 

Specimens exam ined: 
VANUATU. Aneity u m :  r idge crest N of Wopt iabo, S E:nd of N ithuon N elvau (20° 1 3'S 
1 69°49'E), 640m. r idge top forest witll Metrosideros, epiphyi icon !arge leaning tree on 
r idge top growing u nderneath a large plant of Asplenium nidus, 23 J u l .  1 97 1 .  
Bra ithwaite RSNH 21 52 (K); c .  5km N E  by N of Anelcauhaut, o n  crest of r idge runn ing S 
from l nrero (20° 1 1 'S 1 69°4 TE), 745m, epiphyt ic on trunk of Metrosideros. 
occasionally on forest floor. 2 1  J u l. 1 97 1 ,  Braithwaite RSNH 2 1 1 2  {K); high grounds, 
decayed trees. Nov. 1 853. Mi lne 272 (K); 1 854. Seeman s. n .  (BM); cri�te S de l ' lnrero, 
alt. 750m, epiphyte au bas de troncs, fronde portee ± horizontalement, 23 Jul. 1 97 1 ,  
Raynal RSNH 1 6 1 4  7 (K). Espiritu Santo: northern ridge of Mt. Tabwemasana ( 1 5°22'5 
1 66°45'E). 1 650m. low forest on r idge crest, Weinmannia do minant, 4 Sept. 1 971  
Raynal RSNH 1 6386 (P). 
SOLOMON ISLAN DS. G uadalcanal ,  Mt. Popomanaseu, ha lfway between upper camp 
and Vunuvelakama, c.  5000ft, growing erect i n  moss areund base of trees in r idge top 
moss forest, 3 Nov. 1 965, Braithwaite RSS 4782 (K). 
NEW CALEDONIA. Mt. Koghi, kauri  ft. 1 OOOft. on prostrate decaying trunk coveredwith 
l iverworts, 1 3  Jun.  1 9 1 4, Compton 764 (B M ). 
LOR D  HOWE ISLAND. Epiphyte on the top of Mt. Gower in m ist forest, 2600ft, Aug.  
1 965, G ame 65/1 /SN (K). 
SAMOA. May 1 876, Whitmee s .n .  (K). 
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EFFE CTS OF SALINITY ON GAMETOPH YTE GROWTH OF 
A CROS TICHUM A UREUM A N D  A. DA NA EIFOLIUM 

R O B E RT M. LLOYD & DO NALD P. B UCKLEY 
Department of Bot a ny, Ohio U n ivers ity, At hens, O h io 45701, U. S.A. 

ABSTRACT 
Spore germination and gametophyte growth u nder sa l i n ity regi mes varying from 
0. 0 to 3.0% Na Cl  was studied to determine the stress tolerance of the gametophyte 
generat ion. Responses of both New World species of A crostichum are s im i lar to 
those of other mangrove species which have been studied. A. aureum has s l ightly 
greater tolerance to i ncreased sa l i n ity than A. danaeifolium. Growth responses of 
A. aureum suggest it can be classified as a true halophyte, whereas those of A. 
danaeifolium suggest it is a sem i-halophyte. The response of the gametophyte 
generation of these species to sa l in ity para l l els the natural habitats of the 
sporophyte generation. 

I NTROD UCTION 
Halophytes are notably rare i n  pteridophytes. The most wei l  known example is the 
mangrove fern genus A crostichum. There are t hree species circu mscribed in  th is  
genus, each with  different apparent tolerance to  sal  in  ity. The observed habitat 
var iation of the species forms a cont i n u u  m from fresh water to inu ndation by t ides and 
sea water. The most widely d istr ibuted species is A. aureum L., c irc u mtropical in 
d istr ibution and frequent ly forming large colon ies in  mangrove swamps, salt- and 
brackish-marshes, and low ham mocks near sea water (Holtt u m  1 955; Smal l  1 938; 
Walsh 1 974). The remai n i n g  two species are much more restr icted i n  distr ibution. l n  
tropical Asia a n d  Austra l ia, A.  speciosum Wi l ld. occurs in  mangroves (Walsh 1 974) 

frequ ently i n u ndated by t ides and has a greater tolerance for sea water thanA.  aureum 
(Holttum 1 955). A crostichum danaeifo/ium Langsd. & Fisch.  is distr ibuted in t he New 
World trop ics and subtrop ics in  fresh or brackish  water swamps, lakes, and ditches and 
along canal margins (Adams and Tom l inson 1 979). This species is frequ ently found 
i n land from coastal  regions, someti m es associ ated wi th  p ines and  pa lms or  other 
g lycophytes. 

One of the pr imary factors deter m i n ing the growth and d istr i bution of p lants in salt  
m arsh habitats is the Ievei of soi l  s a l i n ity (Jeffer ies et a/. 1 979). Other factors incl ude 
both int raspecific and i nterspecific competit ion,  especia l ly when species may be on ly 
facu ltative ha lophytes. Barbour  ( 1 970) has quest ioned whether a l l  halophytes are just 
facu ltative ha lophytes and has suggested that the abi l ity to reproduce under 
"halophytic" condit ions should be the  u lt imate cr iterion of salt tolerance. l n  halophyt ic 
pter idophytes, for sexual  reproduction to be successfu l the gametophytic and 
sporophytic generation must succeed. Therefore, both generations should exh ibit 
paral le l  toleran ces to stress u nder soil sa l in ity, assu ming that the soil sa l i n ity 
conditions of t he gametophytic and sporophytic habitats paral le l  one another. 
However, Ungar ( 1 978) has reported that surface soils may have sa l i n it ies from two to 
1 00 t imes that of subsoi ls .  Thus, the gametophytic  stage may be crit ical  if a species is 
to successful ly inhabit a sa l ine environment.  

ln the N ew World, col lect ions have been made of both A crostichum species. 
G a m etophytes orig i n at ing  from spores of these p lants as weil as from the fres h water 
aquatic, Ceratopteds thalictroides (L. )  Tod., have been grown u nder a var iety of sa l in ity 
conditions to test the hypothesis that tolerance to sa l in ity by the gametophyt ic 
generat ion wi l l  paral lel  the habitat condit ions i n  wh ich the sporophytes occur. 
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MATERIALS AND METHODS 
Spores ut i l ized in  th is  study were collected from the following locat ions:  A. aureum: 

cu lture 1 90, Jama ica, Westmoreland Par ish, 0. 25 mi le  east ot Negri l  on road to 
Savana Ia M ar. P lants occur densely in a I arge popu lation in a lowland coastal swamp 
which is periodical ly i n undated by t ides; culture 1 93, Panama (Cana l  Zone), very I a rge 
popu lation of over 3000 individu als i n  mangrove swam p  about 0. 2 m i le  from road to 
Colon on road to Coco Solo; cu lture 1 50, Florida, Dade Co.,  30. 5 m i l es southwest ot 
entrance of Everglades N ational Park, at road to West lake, growing i n  Rh izophora
swamp; A.  danaeifo/ium: culture 204, Florida, open marsh wit h about 40 indiv iduals, 
Col l ier Co., 0. 7 mi fe  south of state route 92on U .S .  H ighway 4 1 ,  a bout 3. 5 mi les in land 
from coast; Ceratopteris thalictroides: culture 1 74, G uyana, two m i les east of 
Georgetown on main coastaf  publ i c  road, i n  wet marsh w it h  Nymphaea next to 
gasol ine station; cu lture H awai i ,  taro patches, H awai ian lsl an ds, i n u n dated weekly 
with fresh water. Adscript n u m bers and fetters designate spore progenies from 
different individua l  sporophytes collected at each location. 

Spores were sown and gametophytes grown on i norgan ic  n utrient mediu m  
sol idified wit h 1 %  agar (see Klekowski 1 969, for composit ion) in  1 00 x 1 5mm petri  
d is hes u nder cont inuous i l l u m inat ion from f luorescent and i ncandescent famps at 
about 23°C. N utr ient media were supplemented with  Na Cl  prior tothe addition of agar, 
yielding concentrations of 0. 5 to 3. 0%. NaCI  concentrat ion was ascertained by 
conduct ivity measu rements (from 0. Sm mhos/cm at 25°C in control to 44mmhos /cm 
in  3. 0% NaC I . )  Conduct ivity was measured with a Radiometer C D M 2  conduct iv ity 
meter. Data for 1 90-D / 1 93-B (Table 4) represent gametophytes of both progenies 
transferred o n  to s ingfe petr i dis hes. 

TABLE 1 
Percent spore germination in Acrostichum ( 1 5  days following sowing) and Ceratopteris ( 1 2  days 
following sow i ng) at sa l in ity reg i mes vary ing from 0.0% to 3. 0% NaCI .  (Sample size = 1 00). 

Species and C u lture N u mber 

A. aureum A. danaeifolium C. thalictroides 

NaCI 1 90- D 1 93-B 1 93-K 204-2 204- 8 1 74-A Hawaii- Hawaii-
(%) A B 

0.0 69(1 00*) 66(96) 76( 1 00) 99 89(1 00) 86(96) 95( 1 00) 90( 1 00) 
0. 5 5 5( 80) 69(1 00) 6 1 (80) 9 9  67(75) 90( 1 00) 50( 52) 20(22) 
1 . 0  5 1 (74) 60(87) 47(62) 92 72(8 1 )  85(94) 30(32) 0 
1 . 25 1 9(28) 44(64) 54(7 1 )  72 54( 6 1 )  84(93) 0 0 
1 . 5 1 1  ( 1 6) 43(62) 56(74) 24 2 1 (24) 1 9( 2 1 )  0 0 
1. 75 3(4) 1 9(28) 1 7(22) 28 8(9) 1 1  ( 1 2) 0 0 
2.0 1 ( 1 . 4) 8(1 2) 1 7(22) 1 8  1 ( 1 )  2(2. 2) 0 0 
2. 25 2(3) 2(3) 5(7) 3 0 0 0 0 
2. 5 0 1 ( 1 . 4) 4(5) 0 0 0 0 0 
2. 75 0 0 1 ( 1 . 3) 0 0 0 0 0 
3.0 0 1 ( 1 . 4) 1 ( 1 . 3) 0 0 0 0 0 

*Values given in () are adjusted to 1 00% to adjust for var iation in intersporophytic spore viabil ity. 
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RESULTS 
Spore ger minat ion in a l l  t hree species i n i t ia l ly occu rred five to s ix days fol lowing 
sowing and was h ighest i n  the control and the lowest Na Cl concentrat ion .  There was a 
d ifferential  response of spare progen i es from ind iv idual  sporophytes of each species to 
each of the cu lture reg imes.  ln A crostichum. germination rates differ s l ightly at the 
h igh  er Na Cl  concentrations (Table 1 ) . Spore progenies of  both species exh ibited 
consistent but decreas ing  I eveis of ger m i n at ion up  to 1 .  25% Na Cl. At sal i n it ies above 
1 . 25 a nd 1 . 5%, respect ively, i n A.  danaeifolium and A. aureum, there are s ign if icant 
decreases in germi nat ion .  At NaCI concentrat ions between 2. 25 and 3. 0%, spore 
progen ies of A.  aureum exh i bited low Ieveis of ger m i n at ion,  whereas in the other 
species ger m i n at ion did not occur .  There are ind ications of bi modal ity (stress pu lses)  i n  
three of t h e  five dose response curves ( 1  93-K, 204-2, 204- 8 a t  sa l i n it ies of 1 .  25- 1 . 5%, 
1 .  75%, and 1 .  0% respectively). l f th is  pattern is real  it could res u lt from the  operat ion of 
two physiolog ical  processes whose reaction opt i m a  occur at different Ieveis of sa l i n ity. 

ln Ceratopteris, ger m i n at ion was great ly i n h ibited in Hawa i i a n  Spore progenies at 
a l l  NaCI  concentrat ions and did not occur above 1 . 0%. The Guyana sample is of 
potentia l  interest, however, as ger m i n ation responses were s i m i l a r  to those of A .  

danaeifolium. 
The fraction of gametophytes to atta in  !wo-di mensional  growth wit h i n  1 5  days of 

sowing  was deter m i n ed in order to eva luate the  effect of sa l i n ity on developmental 
rat es (Table 2).  There is no appreciable difference in  the two species of A crostichum at 
the lower sa l in it ies wit h  a lmost al l  gametophytes reaching t h e two-dim ensional  stage. 
The reaction cu rves for developmenta l  rate versus sa l in ity are markedly b imodal for 
the spore progen ies of A. aureum tested. Developmental rates decreased 
synchronously for all fou r  samples from both species between 1 . 0  and 1 . 25% NaCI .  
The second range of sal i n it ies ( 1 .  25 to 1 .  75%) which resu lted in rapid gametophyte 
development for A.  aureum produced reduced development in  cu lture 204- 2 and 
severely i n h i bited development at  1 .  75% NaCI  in  cu lture 204- 8 of A. danaeifolium. The 
phenomenon respons ib le  for the higher developmental rate i n  h igher sal i n it i es for A.  
aureum appears to extend th is  speci es '  maxi m u m  s a l i n ity tolerance beyond that of  A.  
danaeifolium. However, i t  was not determi ned what proport ion of  1 5  day old one
d imensional  gametophytes later atta i ned the  two-di mensional  stage u nder 
hypersa l in ity conditions. 

TABLE 2 
Mean percent atta in ment of !wo-dimensional  morphology in gametophytes of A crostichum 
grown u nder varying sa l in ity regimes 1 5  days following sowing.  

Species and Culture Number 

A. aureum A. danaeifolium 

NaCI (%) 1 93-B 1 93-K 204-2 204-8 

0.0 1 00 97 1 00 1 00 
0.5 1 00 96 1 00 1 00 
1 .0 1 00 97 97 98 
1 .25 90 84 85 93 
1 . 5 97 90 80 87 
1 .75 97 86 83 1 4  
2.0 75 54 0 0 
2.25 0 0 0 0 

Sampie size variable and dependent upon n u mber of ava i lable gametophytes: 30-45 in 0.0% to 
1 .75%; ( 1 ) 1 0-29 in 2.00%; 1 1 - 1 4  in 2. 25%; less than 5 in remain ing regimes. 
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TAB LE 3 
Maximum and (mean) gametophyte s ize ( in  sq. mm) atta i ned in cu ltures ofA crostichum at sa l in ity 

reg imes vary ing from 0. 0% to 2. 25%. Sampie s ize = 1 0. 
Species and Cu lture Nu mber 

A. aureum 

NaCI (%) 1 90- D *  1 93- B *  

0.0 2. 8( 1 . 4) 1 0. 9(3 .8) 
0. 5 1 . 9( 1 . 0) 5. 9(2. 8) 
1 . 0  2. 0(0. 9) 4. 0( 1 . 8) 
1 . 25 0.4(0.3) 2 5( 1 . 2) 
1 . 5  1 . 1 (0. 6) 1 . 2(0.7) 
1 . 75 --- 0. 6(0. 4) 
2.0 0. 1 (0. 1 )  
2. 25 ---- 0. 2(0. 1 )  

sampled 1 9  days following sowi ng. 
sampled 1 8  days fol lowing sowing. 

• • •  sampled 21 days fol lowing sowing. 

A. danaeifolium 

1 93- K * *  204- 2 *** 204- 8*** 

4. 1 (2 .4) 1 1 . 8(5. 1 )  6. 3(4. 3) 
1 3. 9(2. 0) 6.0(3. 1 )  8. 5(3. 2) 

4. 5(2 .0) 4.0(2. 1 )  2.8( 1 . 2) 
1 . 8(0. 8) 2. 4( 1 . 2) 1 . 9(0.9) 
0. 4(0.2) 0. 7(0. 4) 0.8(0. 4) 
0. 4(0. 4) ---- 0.09(0. 08) 
0. 2(0. 1 ) ----

0. 09(0. 07) ---

TABLE 4 
Mean percent non-chlorot ic  t issue in gametophytes of A. aureum grown 70 days in n utrient 

control medi u m  and then transferred to var iable s a l i n ity regimes.  

1 50- 8 :  Days from transfer 1 90-D / 1 93-8 :  Days from transfer 

NaCI (%) 3 1 4  2 1  4 7 1 5  

0. 0 99 9 1  9 1  1 00 1 00 1 00 
1 . 0  1 00 99 99 1 00 1 00 1 00 
1 . 25 94 86 94 1 00 99 92 
1 . 75 9 1  80 83 97 91 69 
2.0 71 74 75 97 90 72 
2. 25 73 62 58 87 74 6 9  
2. 5 40 27 0 76 81  3 9  
2.75 45 3 1  0 38 25 1 3  
3.0 40 30 0 32 23 0 

M ax i m u m  and mean gametophyte area was measu red 1 8  to 2 1  days fol lowing 
sowing to  eva luate the effect of  sa l i n ity on growth rates (Table 3). The growth rate of  A.  
danaeifo/ium appears to be greatest i n  the 0% NaCI controls and then decreases 
l i n early with i n creasing I eveis of s a l i n ity. Low NaCI con centrat ions (0. 5 and 1 . 0%) 
reduced growth rat es of A. danaeifo/ium to a greater extent than those of A. aureum. 

For example, reduct ion of m ean gametophyte s ize (compared to 0. 0% NaCI)  of A.  

aureum progen i es varies from 1 6. 7  to 52.  7%, whereas reduction i n  s ize of A. danaei

folium progen ies is 58. 9 to 72. 1 %. 
Salt stress and development of ch lorotic tiss u e  was measured in gametophytes of 

A. aureum (Table 4). These gametophytes were grown to·  matur ity for 70 days on 
control media and then transferred to various sal i n ity reg i m es. ln  culture 1 508, below 
2. 0% NaCI  there is no apparent difference over t ime but only with sa l in ity 
concentrat ion .  The effect appears to be i n i t ia l  and then pers istent. There is some 
i nd ication of a stress pu lse at 1 . 25 to 2. 0% NaCI  with gametophyt ic  t issue recovery 
after 2 1  days. Above 2. 25%, the sal i n ity effects are progressive over t ime. ln culture 
1 90/ 1 93, effects appear to be absent below 1 . 25% N aCI .  At Ieveis of 1 . 25% and above, 
there is a progress ive increase in chlorot ic  gametophyt ic t issue with both t ime and 
NaCI  concentration. 
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D ISCUSSION 
The toler ance to sal  in ity of gametophytes of both species of A crostichum appears to be 
s ign ificantly greater than  two of the three progenies of the g lycophyte Ceratopteris 

thalictroides. Warne and H ickok (pers. comm.)  have also studied NaCI  effects on spore 
progenies of C. thalictroides. They analyzed spore germinat ion and gametophyte 
surv ival of progenies from ten sporophytes from various parts of the World.  These 
progen ies exh i bit a wide range of tolerance to Na C l .  At 0. 8% Na Cl, spore germinat ion 
in  s ix of  the ten progenies was reduced by 4. 0 to 1 5. 9  (mean = 7.  53%) compared to the 
controls (0. 0% N aCI) .  ln the rema in ing  four  progenies, germination was redu ced 48. 8 
to 97. 3 (mean = 77. 7)%. Twenty-one days fol lowing sowing, gametophytes of the 
former group were 2. 5 to 1 0% the s ize of control gametop hytes, whereas 
gametophytes of the latter group fa i led to s u rv ive. These resu lts indicate that some 
popu l at ions of Ceratopteris may have sa l in ity tolerance approaching t hat exhibited by 
A. danaeifolium. Recently, Petersen ( 1 985) reported that spores of A. danaeifolium 

were capable of germinat ing in  up  to 2. 5% Na Cl  whereas spores of the g lycophyt ic 
species Osmunda spp.  and Onoc/ea sensibilis ceased germinat ion at 0.  6% N aCI .  

l n  A crostichum, there is a w ide range of  tolerance to s a l i n ity, a lthou ghA. aureum 
consistently shows a s l ight ly greater tolerance at s l i ghtly h igher NaCI Ievels. ln spore 
germination, two of the three progeny samples of A. aureum show 50% germi nat ion at 
NaCI  concentrations of 1 .  5 and 1 .  75%. ln  A. danaeifolium. 50% germination occurs 
between 1 .  25 and 1 .  5%. S im i larly, the critical s a l i n ity Ievei for atta in ment of !wo
dimensional  morphology is 1 .  75 to 2. 0% Na Cl i n  A. aureum and 1 .  5 to 1 .  75% in A.  
danaeifolium. l n  addit ion, some progenies of  m ature gametophytes of  A.  aureum can 
talerate prolonged exposure to sa l in it ies of 2. 0 to 2. 25%. These res u lts suggest that 
the crit ical soi l  sa l in ity which wil l  I i m it gametophyte survival of A. danaeifolium wil l  be 
about 1 . 5% and of some pl ants of A. aureum, about 1 .  75 to 2. 0%. However, due to the 
extremely I arge n u mber of spores produced by individua l  sporophytes of these species, 
even very low percentages of survival at h igher sa l i n it ies could res u lt in m i l l ions of 
successfu l gametophytes. 

Germinat ion  and growth in Acrostichum para l lels that of other m angrove species 
which have been studied and have opt imal  growth between 0. 6 and 1 .  5% NaCI  
(Connor 1 969; Pann ier 1 959; Pat i l  1 964). 

The spore germinat ion and gametophyte growth patterns of A. danaeifolium are 
s im i la r  to those described for sem i-halophytes by Waisel ( 1 972). Sem i -halophytes 
show a s low decrease in growth at i n it ia l  stages of sal i n ity i ncrease, fol lowed by a 
steady decrease with i n creas ing sa l in ity. On the other hand, i n  A. aureum. the stress
pu lse growth phases fol lowed by a steady decrease in growth with  i n creas ing 
sal i n it ies is s imi lar  to the pat�ern of  t rue halophytes. These studies indicate, therefore, 
that species of A crostichum can be considered to be semi-halophytes or halophytes 
and t hat the sa l in ity tolerance by the gametophyte generation is an integra l part of 
their  l ife-h istory. 
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THE ECOLOGY OF PTERIDOPHYTE S IN THE MWANIHANA 
FORE ST RESERVE, TANZANIA 

J . C .  LOVETT a nd D . W. TH O MA S  
M issour i  Bot a n ical  G arden, P .O.  B o x  2 9 9 ,  S t  Lou is ,  M isso u r i ,  63166, U .  S . A .  

ABSTRACT 
A collection of pteridophytes made in the Mwanihana Forest Reserve, Tanzania is 
described and related to the ecology of the forest. Jn all 78 species were collected. 
demonstrat ing the rlchness of the area in  comparison with t h e  total number of 500 
species estimated for t h e  whole of tropical Afr ica. 

I NTROD UCTION 
The Mwanihana Forest Reserve (1°50'S 36°55'E) is located on the steep east facing  
escarpment of  the Uzu ngwa Mts, overlook ing the K i lombero Va l ley and Seiaus Game 
Reserve. These mounts i ns are  composed of  Pre-Cambr ian crysta l l i ne gneiss, and have 
probably been in ex istence s inee the Cretaeeous.  The ra i nfa l l  is relat ively h igh  for 
Tanza n i a, being est imated to be 2, 000- 2. 500m m a year with one wet season reeeiv ing 
greater than 1 OOm m of ra i n  a month between November and May on average, whieh 
has a peak i n  March and Apr i l  (DHV. 1 982). The dry season,  between J u ly and Oetober, 
reeeives less than 50mm of monthly ra in  on average, with months of no ra in  eommon. 

Despite the marked dry season the escarpment is eovered by eont i n uous elosed 
moist forest from an altitude of 450m to 1 .  800m, and in the past extended i nto the 
K i lombero flood p la in  w here it has now been replaeed by sugar p lantation. These 
forests are part of the Eastern Are group (Lovett, in press) whieh are notable for the 
h igh degree of endemis m they eontain,  and it is now hoped that the Mwa n ihana Forest 
Reserve wi l l  beeome a National  Park in order to proteet many rare p lants and a n imals.  

Du ring the eourse of survey ing the Reserve as part of the 1 984 Uzungwa 
expedition supported by the National Geograph ie  Society and World Wi ldl ife Fund, a 
substantial  eol l eet ion of p lants was made. Th is col leet ion inel uded some 78 species of 
pter idophytes from the Mwanihana and nearby forest reserves whieh are presented 
here div ided i nto various eeolog ical  eategor ies, and as a eheck- l ist. The eol lect ions 
made were far from exhaust ive, and there are probably someth ing  in  the region of 1 00 
species of pteridophyte i n  the area. This is h igh for Tropieal  Afr i ca, which is est imated 
to conta i n  only 500 species a ltogether (Parr is, 1 985). Thus the s m a l l  area of the 
Mwanihana Forest Reserve may cont a i n  as much as 20% of the total Trop ical Afr ican 
pteriodophyte f lora.  

' 

Despite t he incompleteness of the collections and the br ief nat u re of the 
ecological  observat ions it was thought necessary to  publ ish t hem i n  order to draw 
attention to the h igh species r ichness of the Mwanihana Forest Reserve in the hope 
that further work may be st imu lated. 

ECOLOGY 
The vegetat ion of Afr i ca has been div ided into a n u  mber of phytochor ia  based on plant 
speeies distribution and physiognomie types whieh are deseribed by White ( 1 983). 
Although the broad seope of this work renders it i naecurate at the sma l l  seale, it is 
usefu l  as a general pattern within whieh to des ignate arbitrary eeo logical bou ndaries. 
Five types of forest ean be recognised in  the Mwan ihana  Forest Reserve aeeording to 
this system, and they are briefly deseribed below for the forest reserve u s i ng White's 
terminology. Ten examples of tree species w h i eh oeeur in  eaeh forest type in  the 
reserve are  also given. 
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Wit h i n  each forest type the pter idophyte habitat is divided i nto terrestr ia l ,  
l it hophytic, and epiphytic. Addit ion al  notes on the habitat fo l low the species name in  
parenthesis  when necessary. Al l  pter idophytes were growing i n  forest shade u n l ess 
noted. These notes are self exp lanatory except for the fo l low i n g :  an exposed habitat is 
one in part ia l  shade; a stream habitat is on rocks in streams and r iver beds flowing 
through the forest. A "C" in parenthesis i nd icates that the species was col lected at 
Ch ita (8° 30' S 35° 55' E), a local ity to the south ofthe reserve, but a lso in the Uzungwa 
mounta ins.  Al l  other species were col lected i n  the reserve. 

Zanzibar- l nhambane Lowland Forest 
A lt itud ina l  range 450- 750m, canopy height 25- 30m with emergents to 40m. Large 
trees include :  Afrosersalisia cerasifera; A lbizia adianthifolia; Aningeria pseudo

racemosa; Chlorophora excelsa; Dialium holtzi1> Erythrophleum suaveolens; Funtumia 

africana; Lettowianthus stellatus; Newtonia paucijuga; Terminalia sambesica. 

Terrestr ia l :  8olbitis acrostichoides, (C)*; Christel/a hispidula, (C); Microlepia 

speluncae; Pel/aea doniana, (exposed). 
Lithophyt ic :  A diantum capil/us-veneris, (exposed); 8olbitis sp. aff. acrostichoides, (C); 
Nephrolepis biserrata, (C). 

Zanzibar- lnhambane I ntermediate Forest 
Altitud ina l  range 750- 1 ,  200m, canopy height 25- 30m with emergents to 40m. Large 
trees i n c l u de; Anisophylla obtusifolia; Cassia angolensis; Cephalosphaera 

usambarensis; Ochna holstii; Octoknema orientalis; Sibangea pleioneura; Syzygium 

guineens e; Tabernaemontana holstii; Trithilia dregeana; Uap aca pallidosa. 
Terrestr ia l :  A mphineuron opulent um; Asplenium blastophorum; A. obscurum, (C); 
8olbitis auriculata; 8. gemmifera; Christella gueintziana, (C) (swamp); Lonchitis 

occidentalis; Pteris sp. aff. mildbraedii; P. sp. aff. prolifera; P. quadriaurita s u bsp. 
friesi1;· Tectaria gemmifera. 
Lithophyt ic : A ntrophyum mannianum, (C) (stream);Asplenium formosum, (stream);A. 
inaequilaterale; A.  unilaterale; 8olbitis sp. aff. acrostichoides; Christella sp. aff. 
gueintziana, (stream); Elaphoglossum spathulatum, (stream); Menisorus pauciflorus, 

(stream); Sphaerostephanos arbuscula subsp. africanus, (stream).  
Epiphytic :  Lycopodium phlegmaria, (canopy). 

Afromontane Ra in-Forest 
Altitud ina l  range 1 , 200- 1 , 700m, canopy he ight 25- 30m, with emergents to 35m. 
Large trees include: A llanblackia stuhlmannii; 8eilschmiedia kweo; Cassipourea 

gummiflua; Cleistanthus polystachyus; Chrysophyllum gorungosanum; Myrianthus 
holstii; Newtonia buchanani1> Ocotea kenyensis; Parinari excelsa; Strombosia 

scheffleri. 
Terrestr i a l :  Asplenium christii; A.  sp. aff. gilpinae; A. hypomelas; A .  monanthes; A. 
?volkensii; A thyrium scandicinum; 81echnum attenuatum; 8. ivohibense; 81otiella 

natalensis; Ctenitis languinosa; Cyathea humilis, (ravine); Cyathea mossambicensis; 

Didymochlaena trunculata; Diplazium nemorale; D. pseudoporrectum; Dryopteris 

inaequalis; D. kilemensis; Histiopteris incisa; Microlepia fadenii; Polystichum 
zambesiacum; Pneumatopteris usambarensis; Pteris buchananii; P. preussii; P. 
pteridioides; Tectaria gemmifera; Trichomanes cupressiodes; T. giganteum. 
Lithophytic :  A splenium boltoni1; (damp, exposed); Elaphoglossum phanerophlebium; 
Hymenophyllum splendidum; Pellaea angulosa; Trichomanes borbonicum. 
Epiphytic :  Asplenium aethiopicum; A. dregeanum; A. rutifolium; 8elvisia spicata; 
Elaphoglossum acrostichoides; Hymenophyllum polyanthos var. kuhnii; H. sib
thorpioides; H. splendidum; Lamariopsis warneckei; Lycopodium verticil/atum; 

Trichomanes giganteum. 

* = collected at Chita (see text above). 
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Afromontane Undifferenti ated Forest 
Altitudina l  range 1 , 200- 1 ,  BOOm, canopy height 1 5-25m. This forest type represents a 
drier or more exposed type of Afromonate Rain-Forest. Large trees include : Aph/oia 
theriformis; Bequaetiodendron magalismontanum; Cryptocaria liebertiana; Ficalhoa 

laurifolia; Hirtella megacarpa; /soberlinia scheffleri; Psydrax vulgare subsp. 
rubrocristatum; Rapanea melanophloeos; Xylopia aethiopica; Xymalos monospora. 

Terrestr ia l : Schizaea dichotoma; Dicranopteris linearis, (exposed). 

Afromontane evergreen bushland and th icket 
Altitudina l  range 1 ,  700- 1 , 800m, canopy height 5- 1 Om. ln the reserve th is  forest type 
is better referred to as E lfin Forest, and  h as been described for the nearby U luguru 
mou ntains by Pocs ( 1 976). l t  is a var iant of  Afromontane u ndifferentiated forest but is  
dist inguished by the low canopy and r ich cover of  epiphyt ic bryophytes, indicating that 
a great deal of maisture must come from mist. Large trees include: A llanblackia 

ulugurensis; Apodytes dimidiata; Faurea saligna; Maytenus acuminata; Ocotea 

usambarensis; 0/inia rochetiana; Podocarpus latifolius; Syzygium cordatum; 

Ternstroemia polypetala; Trichocladus goetzei. 

Terrestria l :  Blechnum punctulatum. 
Lithophytic :  Elaphoglossum macropodium. 
Epiphytic: Ctenopteris sp. aff. villosissima; Elaphoglossum macropodium; Grammitis 

kyimbilensis; G. nanodes; Lycopodium ophioglossoides; L. dacrydioides; Pleopeltis 

excavata; Xiphopteris strangeana. 

Collection List 
The fol lowing is a I ist of the pteridophyte collections m ade in the Mwan ihana  Forest 
Reserve and Ch ita forests of the Uzungwa scarp. The n u m bers are those of D .W. 
Thomas' col lections. The col lection is at MO,  with dupl icates at D S M  and K. Al l  the 
species mentioned in  t his I ist are a lso cited in  the ecology section of  th is  paper. 

Pteridophyta 

Fi l icopsida 

Adiantaceae 
A diantum capillus-veneris L. , 3933 
Peflaea angulosa (Bory ex Wi l ld . )  Bak., 3861 
P. doniana J.  Sm. ex Hook., 3934 

Aspidiaceae 
Ctenitis lanuginosa (Willd. ex Kau lf.) Copel . ,  3862 
Didymochlaena trunculata (Sw.) J .  Sm., 391 8 
Dryopteris inaequalis (Schlachtend.) Kuntze var. inaequalis, 3802, 3881 
D. kilemensis (Kuhn) Kuntze, 3880 
Tectaria gemmifera (Fee) Alston, 3685, 3895 
Pofystichum zambesiacum Schelpe, 380 1 ,  3925 

Aspleniaceae 
Asplenium aethiopicum (Burm. f . )  Becherer, 3923 
A. blastophorum Hieron., 3688 
A.  boltonii Hook. ex Schelpe, 3878 
A. christii Hieron., 3676 
A.  dregeanum Kunze, 3856 
A. formosum Willd., 3696 
A. hypomelas Kuhn, 3885 
A. inaequilaterale Willd., 3697 
A. monanthes L., 3855, 3858 
A. obscurum BI., 3955 
A. rutifolium (Berg . )  Kunze, 3854 
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A. unilaterale Lam., 3686 
A. ?volkensii Hieron., 3883 
A. sp. aff. gilpinae Bak., 3 9 1 9 

Athyriaceae 
A thyrium scandicinum (Wil ld.)  C .  Presl. 3864 
Diplazium nemorale (Bak.) Schelpe, 3863, 391 7 
D. pseudoporrectum Hieron., 3857 

B lechnaceae 
81echnum attenuatum (Sw.) Mett., 3891 
8. ivohibense C.  Chr., 3884 
8. punctulatum Sw., 381 3 

Cyatheaceae 
Cyathea humilis Hieron., 3886 
C. mossambicensis Bak.,  3889 

Daval l iaceae 
Nephrolepis biserrata (Sw.) Schott, 3974 

Dennstaedt iaceae 
81otiel/a natalensis (Hook.) Tryon, 3675 
Histiopteris incisa (Thunb.)  J .  Sm.,  3859 
Lonchitis occidentalis Bak., 3683 
Microlepia fadenii Pie. Ser., 3869 
M. speluncae (L.) Moore, 3932 

Gleicheniaceae 
Dicranopteris linearis (Burm. f.) Underw., 3709 

Grammitidaceae 
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Ctenopteris sp. aff. villosissima (Hook.) Harley, 381 5 
Grammitis kyimbilensis (Brause) Copel . ,  381 7A 
G. nanodes (A. Peter) Ch ing, 381 7 
Xiphopteris strangeana Pie. Ser., 381 8, 3847A 

Hymenophyllaceae 
Hymenophyllum polyanthos Sw. var. kuhnii (C. Chr.) Schelpe, 3866 
H. sibthorpioides (Bory ex Willd.) Mett. ex Kuhn, 3865 
H. splendidum v.d. Bosch, 3867 
Trichomanes borbonicum v.d. Bosch, 3868 
T. cupressoides Desv., 3681 
T. giganteum Bory ex Wil ld . ,  3682 

Lomariopsidaceae 
8olbitis acrostichoides (Swartz) Ch ing, 3972 
8. auriculata (Lam.)  Alston, 3661 
8. gemmifera (H ieron. )  C. Chr.,  3742A 
8. sp. aff. acrostichoides (Swartz) Ch ing, 3658, 3659, 3973 
Elaphoglossum acrostichoides (Hook. & G rev.) Schelpe, 3821 
E. macropodium (Fee) Moore, 381 4 
E. phanerophlebium C. C hr. ,  3849 
E. spathulatum (Bory) Moore, 3659A 
Lamariopsis warheckei (Hieron . )  Alston, 3890 

Polypodiaceae 
8elvisia spicata (L.f.) M irb., 381 4A 
Pleopeltis excavata (Bory ex Wi l ld . )  S ledge, 381 6 

Pteridaceae 
Pteris buchananii Bak. ex Sim, 3887 
P. preussii H i eron . ,  3888 
P. pteridioides (Hook.) Bal lard, 3860 
P. quadriaurita Retz. spp. friesii (Hieron.) Schelpe, 3689 
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P. sp. aff. mildbraedii/atrovirens, 3695 
P. sp. aff. prolifera H i eron, 3742 

Schizaeaceae 
Schizaea dichotoma (l.) Smith. 3699 

Thelypteridaceae 
Amphineuron opulentum (Kau lf.) Holtt., 3743 
Christella gueintziana (Mett.) Holtt., 3946 
C. hispidula (Decne) Holtt., 3971 
C. sp. aff. gueintziana (Mett.) Holtt., 3694 
Menisorus pauciflorus (Hook.) Alston, 3655 
Sphaerostephanos arbuscula (Wi l ld. )  Holtt. ssp.  africanus Holtt., 3693 
Pneumatopteris usambarensis Holtt., 3920 

Vittariaceae 
Antrophyum mannianum Hook . •  3945 

Lycopsida 

Lycopodiaceae 
L. dacrydioides Bak . . 3807 
L. ophioglossoides Lam., 3765 
L. phlegmaria L., 3654 
L. verticillatum L.f . . 3808 
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REVIEW 

INDEX FILICUM - SUPPLEMENTUM QUIN TUM PRO A NNIS 1 96 1 - 1 9 75 by 
F. M. Jarrett, with T. A .  Bence, J. W. Grimes, B. S. Parris and J. L. M. Pinner. Pp. 
245. Clarendon Press, Oxford. 1 985. ISBN 0- 1 9-8545 79- 7. Price [25. 00. 

Fern taxonom ists have been wei l  served by the provision of I ndices giving the deta i ls  of 
the publ i cation of n ames. Index Filicum ( 1 905- 1 906) was compi led by Carl 
Chr istensen who updated it by producing Supplements i n  1 9 1 3, 1 9 1 7  and 1 934. This 
valuable work was cont i nued by a comm ittee of I .A. P .T. who publ ished in 1 965 the 
Fourth Supplement cover ing the period from 1 934 to 1 960. 

The present F itth Supplement has been compi led at Kew u nder the di rect ion of Dr 
Frances Jarrett who u ndertook the onerous task of extract ing names from the 
I iterature from 1 961  to 1 970, this being cont in ued by her col laborators to complete the 
period covered by this work. 

The Supplement l ists new names at a l l  ranks between fam i ly and species but does 
not make taxonomic  j u dgements as did Chr istensen 's work. l nfra-specif ic categories 
are not i n cluded as a general ru le  a lthough they are quoted where they form the 
basionym for a new name.  Where hybrids have been named their  parentage is g iven 
and cross-referenced, for example Oryopteris x gotenbaensis N aka ike is quoted in fu l l  
tagether with the informat ion that it is the hybrid of  0.  hondoensis x uniformis. A 
further entry for 0. hondoensis x uniformis refers the reader to the name 0. x 
gotenbaensis. Thus, hav ing either the name of the hybr id  or its parentage the other can 
be found - a very usefu l  feature when it increas ingly is becoming comrnon pract ice to 
g ive formal names to hybrids. 

All previous parts of the Index have dealt excl us ively with ferns, a somewhat 
restr ictive pract ice as fern workers are usua l ly i nvolved with the pteridophytes as a 
whole. Compi lat ions of names for the fern a l l i es have appeared in a variety of places at 
d ifferent t im es and it is a great convenience for them to be i nc luded along with the 
ferns as has been done i n  th is  F ifth Supplem ent for the f i rst t ime .  

Users of  the  Index owe a great debt to  the  Compi lers for the  met i cu lous way i n  
which t h e  work has been carried out. The publ ishers are a lso to be congratu lated o n  
t h e  overal l presentation a n d  t h e  qua l ity of t h e  type face. 

T. G .  WALKER 
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GEORGE GARDNE R ' S  PTE RIDOPHYTE HE R BA RIUM 
AND LECTOTY PES OF GARDNE R ' S  NEW FE RN S PECIES 

B . S. PAR A I S  
Bota ny Schoo l ,  Down i n g  St reet, Ca m bridge C B 2  3 EA, E n g l a n d *  

AB STRACT 
George Gardner's or ig inal  pteridophyte collections are at CG E and not with h is  
pha nerogam mater ia l  (Brazi l i an  specimens at BM, Ceylon speci mens at K). 

I NTRODUCTION 
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George Gardner ( 1 8 1 2- 1 849) is well -known as a bota n ica l  explorer in Brazi l who later 
beca me Superintendent of the Peradeniya Bota nic  Garden in  Ceylon. His col lections 
from both cou ntries a re large and important. The or ig i na ls  of his Brazi l i a n  mater ia l  are 
stated to be in  the Brit ish Museum (Natura l  History) (BM), whi le those of his Ceylon 
plants are said to be in  the herbar ium of the Roya l Botan ic  Gardens, Kew (K) (Stafleu & 
Cowan 1 976). These were presu mably part of the herbar ium affered for sale by 
Samuel Stevens and described in  the Gardeners' Chronic le of 3 1 st May 1 85 1  (Anon . 
1 85 1  ) . The dispos ition of Gardner's higher pla nts is u ndoubtedly as g iven above, but it 
is not so for the pteridophytes. Although both BM and K hold good sets of h is  
pteridophyte n u m bers t hey are a l l  dupl icates and the or ig ina l  col lections a re held in  
the  h erbari u m  of the Botany School ,  University of Ca mbridge (CGE).  

A c lue to how this may have come about i s  provided by a small  pr inted Iabei 
attached to some of the sheets which reads "Presented by Dr Churc h i l l  Babington ". 
Dr Babington is known to have had an interest in  cryptogams a nd presu mably 
purchased the pteridophyte part of Gardner's col lections either di rectly or ind i rectly 
from Sa muel Stevens for h is  own use. ln 1 865 he became Professor of Archaeology at 
the University of Cam bridge At that t ime his cousin Charles Cardale Babi ngton was 
Professor of Botany at Cambridge ( Desmond 1 977) a nd was acqu i r ing dupl icates of the 
major plant col lections then ava i lable for the Un iversity Herba r i u m; doubtless 
Churc h i l l  Babington presented them to the Bota ny School as a g ift to the herbar ium 
which was rapidly expanding under h is cous in 's admin istrat ion.  

The c .  1 990 sheets of Gardner's mater ia l  are mounted on a distinctive b lue l i ned 
paper and incl ude not only his own gatherings but a lso dupl icates from a var iety of 
other col lectors. I propose to docu ment the latter in a subseq uent paper. His own 
numbered or ig ina l  col lections are represented, tagether with many un-numbered 
sheets which were presumably unicates or p lants col lected in too sma l l  a quantity to 
be n u m bered and distr ibuted as dupl i cates . These are from Brazi l ,  Brit ish lsles, Ceylon, 
lndia a nd Maur it ius .  None of the sheets of h i s  own col lections bear his name,  but the 
handwriting is u ndoubtedly Gardner's and matc hes exactly that on his dupl i cates and 
in  his notebooks kept at CGE, a nd the names and nu mbers on the dupl icates (of which 
there are four  incomplete sets in CGE) a lways correspond with those of the origi nals. 
The dupl icates a re widespread in  herbaria (Stafleu & Cowan 1 976) and usua l ly have 
the p lant name and n u m ber written in Gardner's hand; sometimes local ity a nd date of 
col lection is indicated, but ecological  information is lacki ng. Th is is often present on 
the origi nals and is usua l ly q uoted verbat im in h i s  descriptions of new species. 

Gardner described 1 6  new species of fern and now that h is orig inal pteridophyte 
col lect ions have come to l ight (with the exception of one type) i t  seems expedient to 
choose lectotypes for them.  

*Present address: Royal Botanic Gardens, Kew, R ichmond, Surrey TW9 3AE, England 



1 1 0 FERN GAZETIE : VOLUME 1 3  PART 2 ( 1 986) 

The lectotypes of George Gardner's fern species at CGE.  
I nformation in q uotation marks is written in Gardner's hand on the herbar ium sheets. 

A crostichum alpestre Gardner 
in  Fielding & Gardner, Sert. PI. t .25 ( 1 844). 
[Gardner] "5924. On shady rocks near the summit of the Organ Mountai ns. March 1 841 . 
Acrostich u m  alpestre. G ardn. "  
Lectotype chosen here. 

Adiantum filiforme Gardner 
in  Hocker, lc. PI. t. 503 ( 1 843). 
[Gardner] "239 1 . Shady cl iffs of Sandstone rocks. Oeiras, P iauhy. 1 839. 
Adiantu m fil iforme, Gardn." 
Lectotype and 3 isolectotypes chosen here. 

Adiantum sinuosum Gardner 
in  Hocker, lc. PI. t . 504 ( 1 843). 
[Gardner] "3552. Serra de Natividade. Goyaz, Braz i l .  Jany. 1 839. 
Adiantum sinuosum, Gardn." 
Lectotype and 3 isolectotypes chosen here. 

Anemia dentata Gardner 
in Fielding & Gardner, Sert. PI. ad t.70 ( 1 844). 
[Gardner] "2387. Between Cana brava & Tra nqu iera, Province of Piauhy, Brazi l .  1 839. 
Anem ia dentata, Gardn ."  
Lectotype and 3 isolectotypes chosen here. 

Anemia glareosa Gardner 
i n  F ie lding & Gardner, Sert. PI. t.70 ( 1 844). 
[Gardner] "4086. Dry open campos, Goyaz, Brazi l .  Near N atividade and Arrayas. 1 840. 
Anem ia g lareosa, Gardn . "  
Lectotype a nd 2 isolectotoypes chosen here. 

Anemia palfida Gardner 
in Fielding & Gardner, Sert. PI. ad t. 70 ( 1 844). 
[Gardner] "3560 bis. On rocks in woods. Natividade, Goyaz. Jany. 1 840. 
Anemia pal l ida, G ardn."  
Lectotype a nd 2 isolectotypes chosen here. 

Anemia wightiana Gardner 
i n  Calcutta Jour.Nat. Hist. 7: 1 0, t. 1 -2 ( 1 847). 
[Gardner s .n . ]  
"Open rocky places on the Ma labar slopes of the N eelgherries. Feby. 1 845. 
Anemia wightiana. Gardner in Calcutta Journ." 
Lectotype and isolectotype chosen here. 

Asplenium woodwardioideum G ardner 
in  Lond.Jour.Bot.(Hooker) 1 :547 ( 1 842). 
[Gardner] "43. Corcovado, Rio de Janeiro. 1 836. 
Asplenium woodwardioideum, Gardn." 
Lectotype chosen here. 

Cassebeera gleichenioides Gardner 
i n  Hooker, lc. PI. t. 507 ( 1 843). 
[Gardner] "5295. B ushy rocky places. D iamond district. Aug. 1 840. 
Cassebeera gleichenioides, Gardn. "  
Lectotype a nd 2 isolectotypes chosen here. 

Cheilanthes monticola Gardner 
i n  Hooker, lc. PI. t .487 ( 1 842). 
[Gardner] "3557. Summit of the Serra de N atividade. Province of Goyaz. Brazil. Jany. 1 840. 
Chei lanthes monticola, G ardn ."  
Lectotype a nd 3 isolectotypes chosen here. 
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Coptophyllum buniifolium Gardner 
i n  Lond.Jour. Bot. (Hooker) 1 : 1 33 (Jan. 1 842). 
[Gardner) "4084. Serra de Natividade, Goyaz, Brazi l, 1 840. 
Coptophyl l u m  buni ifol i u m, Gardn." 
Lectotype and 3 isolectotypes chosen here. 

Coptophyllum millefolium G ardner 
in  Lond.Jour. Bot. (Hooker) 1: 1 33 (Jan. 1 842). 
[Gardner) "4083. Vi l la  de Arrayas, Goyaz, Brazil, 1 840. 
Coptophyl lum mi l lefol ium, G ardn. " 
Lectotype a nd 4 isolectotypes chosen here. 

Grammitis organensis Gardner 
i n  Hooker, lc. PI. t. 509 ( 1 843). 

1 1 1  

[Gardner) "59 1 3. On rocks and on the stems of trees near the summit of the Organ Mountains, 
March. 1 841 . 
Grammitis organensis, Gardn. "  
Lectotype a nd 2 isolectotypes chosen here. 

Polystichum pallidum Gardner 
in  Lond.Jour.Bot. (Hooker): 1:547 ( 1 842). 
[Gardner] "54. Woods, Corcovado, Rio de Janeiro, 1 836. 
Polystich um pal l idum, Gardn." 
Lectotype chosen here. 

Trochopteris elegans G ardner 
in  Lond.Jour. Bot. (Hooker) 1 :74 (Jan.  1 842). 
[Gardner) "4085. Serra de Natividade, Goyaz, Brazi l .  Feby. 1 840. 
Trochopteris elegans, Gardn. " 
Lectotype and 3 isolectotypes chosen here. 

O n ly one species described by G ardner is not lectotypified here. Adiantum 

calcareum Gardner in Hooker, lc .PI .  t .467 ( 1  842) was based on G a rdner no. 355 1 ,  but 
there is no original  m aterial  of this nu mber at present in CGE.  Although dupl icates 
exist (two of them in CGE) it is possible that the or iginal  may yet be found at CGE and 
typification should ideally wait  u ntil then.  
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REVIEW 

ILLUS TRIER TE FL ORA VON MITTELEUROPA /G US TA V  HEGt Bd I Teil I 
P TERIDOPHYTA, 3rd fully revised edition by Kar/ U. Kramer. 309 pp., 1 1  
coloured p/ates, 2 75 figs. 200 x 268mm. Paul Parey, Berlin & Hamburg. ISBN 
3-489-500020-2. Price DM 228. ( 1 984). (Pub/. 1 983). 

Our concepts i n  species del i m itat ions, d ist r ibution and general systematic relat ion
sh ips in Pteridophyta have changed cons iderably over the l ast 35 years and so th is 
completely rewritten work (by J. Dosta l ,  T. Reichstein,  C. R. Fraser-Jenkins & K.U. 
Kra m er) of th is  c lassic regional F lora, previously produced in 1 935, is long overdue and 
greatly welcomed. Geographica l ly the area of the Flora (shown in map-form on t he end 
papers) i s  diffi cu lt to equ ate with present-day pol it ical  bounder ies, being or ig i na l ly 
based on the German and Austr ian Emp ires with the addit ion of Switzerland. Thus 
Alsace- Lorraine (France), S lovenija (Yu gos lavia), Bohemia/Morav ia  (Czechoslovakia), 
Posen and Prussia (Po land) are i ncluded. This is hardly a florist i c  zone and one cou l d  
ask why not inc lude the whole of Poland a n d  Czechos lovakia - a n d  also H ungary? 

After a br ief but concise general a ccou nt of the group the book descr ibes 39 
genera in  23 fam i l ies.  Comprehens ive and deta i led descr ipt ions of genera and species 
are i l l ustrated with l i ne  drawings and/or s i l houettes and photographs of the plants in 
situ. Most spec ies are s hown in the e leven excel lent colou red p lates. At the taxonomic 
Ievei, fu l l  synonymy, with references, and infra-specif i c variation is given; ecology, 
with associated species and both general (w ith maps) and deta i led (in the area of the 
Flora) d istr ibut ion is discussed. Vernacular names, inc luding Engl ish, a re a lso l isted as 
are many relevant references to all chapters and subheads. Hybr ids are treated less 
fu l ly but st i l l  in considerable deta i l .  

A comprehens ive work such as th is, written by experts and edited with  such 
thorough ness by Kar I Kram er is ,  of cou rse, a mi le-stone in  regional Floras. l t  wi l l  also 
be used as a reference book in a wider context e.g.  for gu idance to fam i ly names and 
c lassif ication. At this Ievei it wou l d  have been useful  to give synonymy of fam i ly names 
and a l itt le discussion. l n  the reviewer's opinion the names and concepts used are 
sound and I hope that they w i l l  be taken up by other forthcoming  European Floras. 

One cannot fau lt a book l ike this except on m inor points. The i l l ust rations vary: 
some are precise and pert inent e.g.  i n  Polystichum; others not so helpfu l, e.g. the l ine  
drawings of  Diphasiastrum do not show as much as  the photographs and cou l d  have 
shown the important differences in  lower leaves. Professor Kramer's eagle eye has 
e l im inated even smal l  errors but I noticed, under Ophiog/ossum azoricum, 0. 
vulgatum subsp. ambiguum (Cross. et G erm.)  E .F .  Warburg being quoted as publ ished 
in  C.T.W. F l .  Br it .  ls les ( 1 962). Warburg pu blished the combinat i on in  Watsonia 4: 4 1  
( 1 957). Much more unfortu nate is t h e  u s e  of often u nclear l ight microscope 
photographs of spores when surely SEM pictures would have sa id  everyth ing, and on 
Pl ate 5 the individu a l  f igures are incorrectly Iabei ied in rel ation to the key on p. 1 60. 

A.C. JERMY 
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A NEW DRYOP TERIS HYBRID FROM SPAIN 

C H R ISTO P H E R  R. F RASE R-J E N KI N S  a n d  MARY G I B B Y  
Department o f  Botany, Br it ish Museu m (Natural  H istory), Cro mwel l  Road, 

London SW7 580 

ABSTRACT 
A new Dryopteris hybrid, D. x asturiensis Fraser-Jenkins & Gibby, is descri bed, and 
the cytology of this hybrid and D. corleyi Fraser-Jenklns is discussed. 

The northern coastal region of Spain is part icu lar ly r ich in Oryopteris species, 
inc luding the recently described endem ic 0. corleyi Fraser-Jenkins ( 1 983) and 0. 
guanchica G i bby & Jermy, known only from the lber ian peninsu la  and the Canary 
lslands, and thus provides opportunities for hybridization. A recently discovered hybrid 
from this area is 0. x fraser-jenkinsii G ibby & Widen ( 1 983), the hybrid between 0. 
affinis (Lowe) Fraser-Jenkins subsp. affinis and probably 0. guanchica. although  the 
second parent cou ld  poss ibly be 0. di/atata (Hoffm. )  Gray. A second hybrid involving 0. 
affinis has been found i n  N Spain recently, and although s im i l ar in morphology to 0. x 
fraser-jenkinsii. differs in certa in characters, and part icu larly in its cytology. 8oth  
hybrids are  tetraploid, and produce some 8-cel led sporangia w i th  1 64 biva lents at 
meios is, and are capable of l i m ited reproduction by spores, th is  apomictic character 
being i n herited from 0. affinis. However, 0. x fraser-jenkinsii shows no chromosome 
pair ing at  meiosis in  1 6-cel led sporangia,  whereas the new hybrid has 4 1  bivalents 
and 82 u n ivalents at first m etaphase in 1 6-cel led sporang ia  (Fig. 1 ) . Morphological 
compar ison suggests that the new hybr id m ay be 0. affinis subsp. affinis x 0. cor/ey1; 

.with which it grows. 0. corleyi is a tetraploid species (Fig. 2) that m ay h ave origi nated 
from the diploid species 0. oreades Fomin and 0. aemula (Ait.) 0. Ktze. (this is at 
present u nder invest igation). Such a parentage cou ld be compat ible with the pair ing 
seen in the hybr id, the bivalents being for med between the two 'oreades' genomes, 
one from 0. affinis s u bsp. affinis and one from 0. corleyi. 

Dryopteris x asturiensis Fraser-Jenkins & G ibby hybr. nov. 
(= 0. affinis subsp. affinis x 0. corley1) 
Planta hybrida morphologia Intermedia inter parentes. Stipes et rhachis crassiores 
quam in D. corleyi paleis fulvis basibus valde densioribus vestitis. Frons deltato
lanceolata, p innat a; p i nnae sessi les, infimae e pinnul is basalibus Iongis gradatim 
decrescentes; p innulae infernae valde sed non profunde lo!>atae usque ad dimidium 
latitudinis inter costam et marginem. lobi lati  rectangulares, superi non- lobati vel lobis 
minoribus rotundatloribus; apices pinnu laru m late rotundati vel in plantis minor lbus 
rotundato-truncati, lobi et apices pinnularu m al iquot crenas vel dentes non manifestos 
ferentes, velut saepe apicibus acutls. l ndusia valde decurvata ad marg ines eorum, 
a l lquantum crassae et persistentia. Sporae abortivae, sed aliquot sporae magnae non
abortivee praesentiae. 

Holotype:  Dryopteris x asturiensis Fraser-Jenkins & G ibby. c. 1 OOm, in wood an 
sandstone 2km below Puron, c. 7km SE of Llanes, Oviedo to Santander, Oviedo 
(Asturias), Spa!n. C .R .  Fraser-Jenkins 1 0835. 5 Oct. 1 981  (BM) Fig. 3. 

lsotypes : D itto (MA; Herb. T. Reichstein, Basel). 

Paratypes: c. 50m, in wood an sa ndstone a bove mein Oviedo to Santander road, above 
Pendueles vi ll age, c. 2k.m E of Vidiago, E of Uanes, Oviedo to Santander, Oviedo 
(Asturias), Spain. C.R.  Fraser-Jenkins 1 0778 (B M I  Kl MAl PI), 1 0779 (BM I), 1 0780 
(BM I), 1 0781 (BM I), 1 0798 (B M I  Herb. M. lalnz, G i)6n Universltyl). 

Plants occurr ing with both parents and also 0. dilatata, 0. affinis subsp. borreri 
(Newm.)  Fraser-Jenkins and 0. filix-mas ( L. )  Schott. Morphology intermediate 
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F IGURE 3 Dryopteris x asturiensis CRFJ 1 0835 holotype. 
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FIGURE 1 a  Dryoptelis x asturiensis C �FJ 1 0835 spore mother cel l  from 1 6-celled spora ng ium 
at  diakinesis showing 41 bivalents and 82 un ivalents; b expla natory diagram with bivalents in 
black, univalents outllned, x 750. 

FIGUAE 2a Dryopteris corleyi CRFJ 1 0782 spore mother cell at d iakinesis showi ng 82 biva lents; 
b explanatory diagram, x 750. 

between the parents. St ipe 13nd rhachis th icker than in D. cor/eyi and m arkedly more 
densely clothed in l i ght brown sca les with dark bases. Frond deltate- l anceolate, once 
p innate; pinnae sessi le,  the lowest ones gradua l ly tapering from lang basa l  p inni.Jies; 
lower p innu les m arkedly but shal lowly lobed up to half the widt h  between the midr ib 
and margin with wide, reetangu lar Iobes, upper p innu les un lobed or with smal ler, 
more rou nded Iobes; p innu le  apices broadly rou nded, or in sma l ler plants, rounded
truncate, the Iobes and p innu le  apices bear ing a few insignif icant cren ations or obtuse 
teeth, though often with poi nted apices. l ndusia strongly curved down at their  
margi ns, somewhat t h i ck and persistent. Spores abortive but w it h  a few large, good 
spores present. Differs from D. affinis in its lang stipe, deltate- l anceolate frond, lang 
lowest opposite pair of p innu les on the lower few pairs of p innae, m uch more deeply 
lobed p innu les, the lower ones with narrewer apices, and mostly a bortive spores. 
D iffers from D. corleyi in its denser and browner sca les, many with dark bases, its 
th icker stipe and rhach is, more sessi le pinnae and p innu les, less lobed Iobes or divided 
p innu les, markedly broader p innu le  ap ices, th icker indusia and mostly abortive spores. 
Differs tro m D. x fraser-jenkinsii in its s l ightly pa ler stipe scales, m arkedly broader, less 
po inted p innu le apices, more rou nded p innule Iobes with shorter, less acuteteeth,  and 
a genera l ly flatter Iamina  w it h  less twisted segments. 
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REVIEWS 

MED - CHECKL IS T  1 P TERID O P H Y TA (e d. 2) G YMNO S PERMA E 
DICO TYLEDONES (A CANTHACEA E-CNEORA CEAE) edited by W Greuter, 
H. M. Burdet & G. Lang. 330+ C pp. 3 1 2  x 2 1  Omm. Published by Conservatoire 
et Jardin botaniques, Ville de Geneve, Med-Checklist Trust of OPTIMA, 
Geneve ISBN 2-82 77-0 1 5 1 -0, ISBN 2-82 79-0004- 1, 1 984. 

This is a checkt ist of vascu l ar plants from a l l  the cou ntries that border on the 
Mediterranean, p lus Portugal ,  Bu lgar ia ,  the Cr imea and Jordan.  The taxonomic 
advisers for pteridophytes are C .R .  Fraser-Jenkins, A.C. Jer my and T.  Reichstein, and 
the book i nc ludes over 1 50 fern species. For each species the n ame, authority and 
source is g iven and synonyms, and the distribution (by country) with in  the 
Mediterranean region.  For recent or doubtfu l records the reference is g iven in  the 
appendix. Unfortu n ately some of the names used in  th is checkt ist are not those found 
in  Hegi 's I l l ustrierte F lora von Mitte leuropa ( Kramer 1 983; see review p. 1 1 2) which 
was publ ished in  the same year ,  and th is must reflect an editor ia l  dec ision,  since C.R.  
Fraser-Jenkins and T.  Reichstein were pteridophyte advisers for Hegi .  For example, 
the Med-Checkl ist uses Lycopodium for a l l  the Lycopodiaceae, whereas Hegi uses 
Lycopodiella, Diphasiastrum etc. ,  and such disagreement is frustrat ing for a l l  
pteridologists. However, the Med-Checkl ist, which uses a computer ized system for 
information processing, format ing etc. and t h us m i n i m iz ing typographical  errors, 
provides a valuable reference source. 

M. GIBBY 

E VOL UTIONARY CLADIS TICS OF MARA TTIALEA N  FERNS by Christopher R. 
Hilf & Josephine M. Camus. Buffetin of the British Museum (Natural History), 
Botany series Vol. 1 4  No. 4. 27 February 1 986. Price f 1 4. 50. 

The appl ication of cladist ic m et hods to problems of fern taxonomy has not, as yet, been 
widespread. l t  is encouraging, therefore, to read th is paper on the classification of 
Maratt ia les which rel ies on cladist ics to resolve relationsh ips with in the order. The 
concepts and terminology of the met hod are g iven, which is usefu l for t hose readers 
u nfa m i l i ar with cladist ics. A l l  species of the order have not been included, but the 23 
species selected cover the range of var iation in each of the extant genera; 73 
characters are used ranging from the stelar anatomy of the adult stem to the shape of 
the exine spines of the spores. The resu lt ing cladogram indicates the distinctness of 
both Christensenia and Danaea, and the paraphyletic nat u re of Marattia, 
Macroglossum, A ngiopteris and Archangiopteris. As a check on the taxonomic 
relat ionsh ips defined by the cladogram the authors have used strat igraphy, phyto
geography and ontogeny, and present a convincing case for their  conclusions. I Iook 
torward very much to seeing their  further work on revis ing the genera and species of 
M a ratt iaceae. 

B.S. PARAIS 
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SUB GENERIC NAMES IN SELA GINELLA 

A. C. J E R MY 
Brit ish M u se u m  ( Natural  History), Cromwe l l  Road, London SW7 580 

ABSTRACT 
ln an account of Selag ine l laceae to be publ ished in  The Fa m i l ies and Genera of 
Plants : Pteridophyta (ed. Kramer et  a l . )  the author proposes live Subgenera in the 
sole genus Selaginella: Selaginella. Ericetorum Jermy, Tetragonostachys Jermy, 
Stachygynandrum ( P. Beauv. ) Baker and Heterostachys Baker. ln this briet synopsis 
the names Ericetorum Jermy a nd Tetragonostachys Jermy are described a nd 
validated. 

INTRODUCTION 

1 1 7 

The genus Selaginella conta ins  approx imately 700 species for the most part 
concentrated i n  the tropical areas of the world.  Botan ists of the late eighteenth century 
(e .g .  Ada nson, Boeh mer, Pa l isot de Bea uvo i r ) descr ib ing the relatively smal l  n umber of 
spec ies ava i lable to them at that t ime saw generic distinctions that ca nnot be upheld 
today. Kuntze ( 1 89 1  ), in the bel ief that Lycopodioides Boehmer was the ear l iest name 
for the genus,  publ ished some 320 new combinat ions i n  that genus.  Rothma ler ( 1 944) 
proposed acceptance of these ear l ier  generic names but large-scale nomenclatural 
cha nges have not been publ ished without the broad revision of the c lassif ication of the 
fami ly  that is needed. The present a uthor, having studied Selaginella i n  some deta i l  
throughout i ts  range, has.proposed i n  a forthcoming book (The Fam i l ies a nd Genera of 
Plants: Pter idophyta , ed. K . U .  Kramer et a l . )  the following i nfrageneric class ification 
wh ich is publ ished here i n  synopsis only in  order to va l idate two of the names used. A 
fu l l  account of the morphology and relationships of these taxa is in preparation .  

SELA GINELLA P. Bea uv. 
Pa l isot de Beauvoir, Magasin Encyc l .  5: 478 ( 1 804); Prod . fam . Aetheog . 1 0 1  ( 1 805), 
em . Spring in  Flora (Regensb . )  2 1 : 1 48 ( 1 838); nomen conserv. 

Subgenus  Selaginella. Type-species Selaginella spinosa P. Beauv. = Selaginella 

selaginoides (l . )  Li nk. 

Syn . :  Subgen .  Homoeoph yllum (Spring) Hiera n .  & Sadeb. in  Engler & Prantl ,  Nat. 
Pflanz.  1 (4): 669 ( 1 902) p .p .  

Sterns erect. new pr imary shoots ar ising from the base upon maturation of  the single 
terminal strobi l us, rooting from a basal hypocotular node; leaves and sporophylls 
spirally arranged, un iform and herbaceous. 
Two species: S. selaginoides - circumboreal in  the Northern Hemisphere. south to the 
Canary lslands; S. deflexa Brackenridge - e ndemic to Hawai ian lslands. 

Subgenus Ericetorum Jermy subgen. nov. 

Syn . :  Subgen .  Homoeophyllum (Spr ing)  Hieran . & Sadeb. i n  Engler & Prantl, Nat. 
Pflanz. 1 (4): 669 ( 1 902) p.p. 

Rami erecti. aut ramosi aut rar ius simpl.ices, e caule repenti solenostelam continenti 
procumbente, exorientes; folia aequabi l ia,  saltem ad basin decussata. p lus minusve 
herbacea, Iamina ovata vel ovato-la nceolata; sporophylla tetrasticha. 
Type -species Selaginella uliginosa (labif l . }  Spring, Bul l . Acad.  R.  Belg. 1 0: 1 36 ( 1 843). 
Sterns erect. either unbranched or more compound. arising from a creeping 
solenostelic stem :  Jeaves uniform, decussately a rranged at least below. more or less 
herbaceaus with an ova te or ovate·fanceolate Iamina: sporophylls tetrastichous. 
Three species: S. uliginosa - Australia and Tasma nia; S. gracillima (Ku nze) Spring 
SE Australia; S. pygmaea (Kaulf .) Alston - southern Africa. 
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Subgenus Tetragonostachys Jermy subgen. nov. 

Syn . :  Subgen .  Homoeophyllum (Spr ing)  Hieran .  & Sadeb. in Engler & Prantl ,  Nat. 
Pf lanz. 1 (4):  669 ( 1 902) p.p.  

Pla nta repens, caul ibus pleuriramosis, per totam longitudinem radices em ittentibus, 
prostrata et saepe tegetes formans, vef h u m i l is ra m is erectis; folia spiral iter disposita , 
aeq uab i l ia vef in ramis prostratis dimorphescentia,  plerumque coriacea, l i near i 
lanceolata ,  apice a l iquando acicularia vel  apice p i lum praedita; sporophylla tetrasticha . 
Type -species Selaginella rupestris (L.) Spring, Flora 2 1 : 1 49 and 1 82 ( 1 838). 
Plants creeping, stems m uch-branched. rooting throughout thei r  length, prostrate a nd 
often mat-forming or with short erect branches; leaves spira l ly  arra nged, s im i lar ,  or on 
prostrate branches slightly d im orphic, usua l ly  coriaceous, l inear- la nceolate, apex 
sharp or bearing a hair; sporophyl ls tetrastichous. 
About 50 species ranging from southern North America through the tropics of South 
America, Africa and the Indian subcontinent to N China and Japan .  

Subgenus Stachygynandrum (P .  Bea uv.)  Baker, J. Bot. ,  Lond. 2 1  :3 ( 1 883) emend. 
Jermy, Fern Gaz. 1 3 : 1 1 8  ( 1 986). Bas ionym : Stachygynandrum P. Beauv. ex Mi rbei in 
Lam .  & Mirbel ,  Hist .  Nat.  Veg . 3: 477 ( 1 802). Type -species Lycopodium f/abel/atum L. = 

Selaginella flabellata (L . )  Spring.  

Syn . :  Subgen .  Heterophyllum Hieran .  & Sadeb. in Engler & Prantl ,  Nat. Pf lanz.  1 (4) :  
673 ( 1 902); subgen. Homostachys Baker, J .  Bot . ,  Lond. 2 1 : 4  ( 1 883).  

Sterns either creeping with prostrate branches, or erect with va rious a nd often complex 
bra nching systems, leaves di morphic, at least on the secondary branches, in four 
distinct rows, those of the upper rows bei ng distinctly smal ler; sporophylls uniform, or 
i n  a few cases showing sl ight d imorphism, tetrastichous. 
Baker's concept is enlarged to incl t.ide those species (S. ciliaris (Retz.) Spring; S. 
pallidissima Spring) he separated as being in his fourth subgen., Homostachys. Those 
species and others. such as those incl uded in that subgenus by Walton & Alston ( 1 938). 
have loose strobi l l  with sporophyl ls that begi n  to show some d imorphism. ln  my 
opinion, a nd i n  that of N. Qua nsah (pers. com m . ) who has studied the African species i n  
deta i l  these c a n  rightly b e  i ncl uded in subgen .  Stachygynandrum. 
About 600 species ranging throughout the tropics of a l l  continents. 

Subgenus Heterostachys Baker, J.  Bot . ,  Land . 2 1 : 4 ( 1 883). Lectotype-species 
Selaginella heterostachys Baker, J .  Bot . ,  Land. 23: 1 77 ( 1 885).  

Syn. subgen.  Heterophyllum Hieran.  & Sadeb . in  Engler & Pra nt l ,  Nat. Pf la nz. 1 (4): 673 

( 1 902). 

Sterns creeping and m uch-bra nched, or secondary bra nches erect a nd suffruticose, 
rooting i ll bra nch axlls; leaves as in subgen.  Stachygynandrum; strob i l i  complanate. 
sporophyl ls dimorphic, tetrastichous, those on the ventra l side smal ler than those on 
the upper side of the shoot. 
About 60 species wlth a distribution range sim llar to ·that of subgen. Stachygynandrum. 

REFEREN CES 
KUNTZE, 0. 1 89 1 .  Revisio Generum Plantarum, 1 :  824-827. 
PALISOT OE BEAUVOIR .  1 805. Prodromus de Ia famille Aetheogamie. Pp. 1 1 2. Paris . 
ROTHMALER, W. 1 944. Pter idophyten-Studien I. Feddes Repert. 54: 55-82. 
WAL TON, J. & ALSTON, A. H .G .  1 938. Lycopodi inae. Chap. XVII i n  Manual of Pteridology (ed . F. 

Verdoorn). N ijhoff, The Hague. 



FERN GAZ. 1 3(2) 1 986 1 1 9 

SHORT NOTES 

THE OCCURRENCE OF SCHIZAEA DICHO TOMA IN TANZANIA 

Th� curious and pr imit ive fern Schizaea dichotoma (L . )  S m ith has been discovered 
recently in the Uzungwa mounta ins of Tanzan ia  in the Mwanihana  Forest Reserve 
above Sanje v i i J age at l atitude 7°50'$ and longitude 36°55'E.  lt is now known from 
t hree col lect ions, wh ich represent the first records oft he species in  continental Africa. 
lts previous known range was M adagascar to Polynes ia  and Austra l ia  (Holttu m, 1 968), 
where it is widespread and frequently collected. 

ln Tanzania it grows on the forest floor in  leaf l itter under a canopy of A lbizia 
gummifera, Filicum decipiens, Funtumia africana, and Parinari excelsa, with the 
saprophytic herb Seychellaria africana. at an  alt itude of between 900- 1 200m. The 
forests themselves occur  on the east facing s lopes of the ancient crysta l l ine Uzungwa 
mou ntains in an ann u a l  ra infa l l  of 2000- 2500mm, and are wei l known for the h igh  
degree of  endemism they conta in  (Lovett, i n  press). 

ln view of the previous known range of Schizaea dichotoma. the question ar ises as 
to whether its distr ibution pattern is a rel ict which predates the break up of 
Gondwanaland and the separation of M adagascar from continental  Afr ica, or w hether 
its occurrence in  Tanzania  is a res u lt of l ater lang distance dispersal from M adagascar. 
The former idea has been suggested to expla in  the distribution ofthe bryophyte fam i ly 
Rutenbergiaceae which a lso occurs on the ancient crysta l l ine East Afr ica n  mountains 
and M adagascar (Pocs, 1 975).  However, for Schizaea dichotoma, lang distance 
dispersal is perhaps more l i kely in  v iew of i ts l i m ited distribution in Tanzania,  and its 
spores might be carr ied by the preva i l ing winds from M adagascar to Tanzania .  

l nterest ingly enough the associate of  Schizaea dichotoma. Seychellaria africana, 

which is currently only known from the Uzu ngwa mountains, belongs to a genus 
which is otherwise on ly found on M adagascar and adjacent is lands (Vol lesen, 1 980). 
Perhaps it too reached Tanzan ia  by long distance dispersa l  of its smal l  seeds. The 
associat ion of Schizaea and Seychel/aria is even more cur ious in  that it has been noted 
in the Neotropics that Schizaea is  fou nd in  association with saprophyt ic p lants in the 
same fami ly as Seychellaria. the Triu r idaceae (Maas, 1 979), and the fact that this 
condition is a lso found in  Tanzan ia  may suggest that Schizaea is a lso saprophyt ic to 
some degree. 

I am gratefu l  for the ass istance of Barbara Parris in the identifi cat ion of Tanzan ian  
ferns, and  the Tanzania N at iona l  Scientific Research Cou nci l  who very kindly gave me 
permission to  conduct field work in  Tanzan ia .  The  National Geograph ie  Society and 
World Wildlife F u nd generously provided the support for the f ie ld  work. 

Col lect ion n u m bers from the Tanzanian local ity are: Lovett 244, (K, DSM) Stuart & 
Rodgers 838 (K, DSM), Thomas 3699 (K, MO).  
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A CHROMOSOME COUNT FOR ANO GRA MMA LEP TOPHYLLA 

IN MADEIRA 

A com prehensive study of the cytology of the native ferns of Madeira has rece ntly been 
completed ( M a nton et a l .  1 986).  However, for one fern ,  Anogramma leptophylla (L . )  
L i n k, a def i n itive count  proved d iff i c u lt, owing i n  part to a tende ncy for  c lumping of the 

Ch romosomes but a lso to the a n n u a l  h abit ofthe fe rn . l n  early S p r i ng of t h is yea r J . F . M . 
a nd M .J.  Can non made fixings in the w i ld (Madeira :  Levada from Boco do R isco east to 

C a n ic a l  t u n ne l  e ntra nce. C a n non & Cannon 5 1 69, 1 0  M a rc h  1 98 6 .  B M ), a nd a 

c h romosome count of 26 biva lents at m e iosis has now been confi rmed ( F ig . 1 ). T h i s  is 

i n  a g reement with Fabbri ( 1 963)  quoting Tutin as 'n = 26?' for mate r i a l  from Jersey, 
and K urita ( 1 97 1 ) who g ives n = 26 for materia l from E u rope without g iv i ng a prec i se 

loca l ity, and contrasts with co u nts of n = 29 for th is  species from New Zea l a n d  
(Brow n l i e  1 958) a n d  S o u t h  Afr ica (Ba routsis & G astony 1 978), a nd n=56- 7 ( M e h r a  & 
Ver m a  1 960) a n d  n =5 8  (Verma, q u oted by M a nton et a l .  1 986) from l ndia  . 
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F I G U R E  1 a Spore mother cel l  of Anogramma /eptophyl/a at meta p h ase 1 showing 26 bival ents; 
b exp l anatory diagram, x 1 000. 
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C YS TOPTERIS IN THE CAPE VERDE AND CANARY IS LANDS 

The specimens of Cystopteris which I collected in  the Cape Verde lslands have been 
publ ished by me as C. fragilis sens. lat. (Lobin,  1 982). 

Now, using the vein character of Rocha Afonsa ( 1 982) and the spore characters I 
myself have observed, I can say that the Fogo (Cape Verde lslands) spec imens are C. 

fragilis (L. ) Bernh. and that the spec imens which I collected on Tenerife (Canary 
ls lands) are C. viridula (Desv.) Desv. The key characters I used are:  

Veins ending in  the apex of the teeth; spores ech inate, loosely covered with 
spines ± equal  in s ize and s hape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C.  fragilis 

Veins ending in  the s inus between two teeth; spores spiny- lacunar, so densely 
covered with spines u nequa l  in s ize and shape and connected at their  base, t hat 
they obscure the s u rface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. viridu/a 

C. fragilis was discovered in  the Cape Verde lslands i n  1 863 by A. Stübel (Bol le, 
1 866). A second col lect ion of th is rare fern was made by Cheva l ier ( 1 935) a n d t he t h ird 
by Barbosa (Nogueira,  1 975). I fou nd the species growing at Fogo in  the wal ls of small  
shady h u mid va l leys ( r ibe iras) at about 800to 1 200m a lt. and apart from one specimen 
in  the southwest, a l l  on the north s ide. 
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CYS TOPTERIS VIRIDULA IN MAINLAND AFRICA 

Although known from t he Cape Verdes, M acaronesia, south-west E urope, west 
M editerranean Europe, Morocco and Algeria, Cystopteris viridula (Desv.) Desv. has not 
so far been reported from main land Africa ( in  the floristic sense). My tather and I 
recently found it on M o u nt Oku in North-West Province, Cameroon :  above road on N E  
side o f  M t .  Oku, c .  4km SE o f  O k u  on Kumbo road, N E  o f  Bamenda, c .  2300m alt. , on 
moss-covered boulder in  dense natura l  forest by stream, above encroaching potato 
fields. Col l :  CDFJ & CRFJ 1 1 489, 6 J u ne 1 985 (BM,  H) .  

Th is  suggests that t h is species cou ld be yet a nother example of  the African affinity 
of much of the M acrones ian and Atlantic European floristic element in ferns, which I 
see as secondari ly invadi ng south-western E urope in many cases, though often with 
presumed more ancient Asian connections, somet imes via Africa.  I h ave not yet been 
able to invest igate other west or central African populations of the Cystopteris fragilis 

(L.)  Bernh.  group from t he Tibesti, Hoggar etc. 
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FIRST RECORD OF EQU/SETUM x D YCEI 

IN CONTINENTAL EUROPE 

Du r ing a botanical  survey of p lants growing in the "Maxi mi l ianpark" in the vic in ity of 
H amm (North R h ine-Westphal ia, Federal Republ ic  of G ermany) one of us (U .P . )  
col lected a strange looking horsetai l  w h ich at  f irst was thought to represent Equisetum 

x litorale K ü h l ew. ex R upr. Further stu dies revea led, however, that the p lants showed 
closer relationships to E. palustre L. than to E. arvense L. Our  tentative determination 
as E. x dycei C. N .  Page was subsequently confirmed by C.N.  Pageto whom we sent our 
plants for exam i n ation.  As far as we know this is the first record of E. x dycei outside the 
British lsles and the first for continental  Europe. D iagnostic features of  this hybr id are 
given by Page ( 1 982). 

The environmental conditions of the E. x dycei stand in Hamm are s imi lar  tothose 
described by Page ( 1 985) for the Brit ish and l r ish local it ies. lt is a wet habitat being 
permanently flooded by sha l low water and has been disturbed or at least modified in 
some degree by man. This occurred recently du r ing the development of t he whole area 
for the "Landesgartenschau", an open air display of ornamental flowers exhibit ing 
modern trends and features of garden arch itectu re, which took place in  1 984. l n  the 
course of  the work the site where E.  x dycei grows was covered with loamy soi l  and a n  
artif icial water reg ime insta l lad to keep the s ite flooded. Addit ional ly, severa l  species 
of macrophytes (e.g. Lythrum salicaria, Typha angustifolia, Carex acutiformis) were 
planted to re-create a vegetation cover. Both parental species of E. x dyce1; E. palustre 
and E. fluviatile L., are present, but only a smal l  nu mber of shoots; these have not been 
planted. The vegetation is sti l l  very scarce and open, and this is another common 
teature with the Scottish and lrish loca l it ies. Here the rather few (about 20), small and 
weakly growing shoots of E. x dycei persist This hybrid appears to be a weak 
competitor and disappears as soon as other p lants start to grow more vigorously and 
vegetation becomes more dense. Th is  is  very much in contrast to E. x litorale which can 
form large co lon iss and seems to  compete q u ite successfu l ly with many other plant 
species. The whole circu mstances suggest that the E. x dycei stand in  Hamm 
orig inated there on ly  a few years ago. 

Although it is diff icult to make any predictions on the future development of the 
popu lation we are inc l ined to bel ieve that the plants wi l l  not survive for a very long 
t ime.  The stand cou l d  be adversely affected by both enhanced growth of other 
m acrophytes and possible  disturba nce of the habitat by recreational activities. 

Regarding the d istr ibution of E. x dycei we fu l ly agree with  the Statement of Page 
( 1 985) that E. x dycei can very eas i ly be overlooked and it m ay wei l  turn out that it is 
more frequent on the E u ropean cont inent than this one reported loca l ity suggests. 
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AN ANOMAL V OF BO TRYCHIUM MA TRICA RIIFOLIUM 

ln August 1 985 the a uthor found o n e  specimen of 8otrychium matricariifolium A. Br. 
ex Koch in the h i l ls of the Ceskomoravska Vrchovina about 70km northwest of Brno 
(Czechoslovakia) .  lt was surpris ing to see that it bore sporangia an the ster i le  part of its 
frond. 

S ince this specimen was rather old when it was fou nd it was i mposs ible to 
determine the correct species at once so it was sent to Prof. Dr .  Fal lmann (Köln) for 
deta i led ana lysis. He ascerta ined the abnorma l sporangia to be stu nted a nd the 
n umber of chromosomes to be about 1 80.  As 8. virginianum (L.) Sw. m ust be 
e l im inated because of its very different habit the specimen can o n ly be 8. 
matricariifolium. 

For further deta i ls  the a uthor may be contacted. Spec ia l  thanks a re due to Prof. Dr.  
Fa l lmann for h is efforts. 

HARALD SCHUMANN 
Bentalerstrasse 8, 0-4400 M ünster, West Germany 

CORRECTIONS TO INDEX FILICUM 

Index filicum is now produced by the Royal Bota nic Gardens, Kew, and as the new 
editor I am keen to correct the errors in the origi nal  a nd subsequent supplements. l a m  
aware of a number  of these but a m  sure that others a re a s  yet u ndetected. I very much 
wel come i nformation on a ny omissions a nd m istakes known to my col leag ues. 
lnfraspecific names a re to be incl uded in the next Supplement, which will run from 
1 976-1 985. From 1 986, new names of pteridophytes wi l l  be publ ished a n n ual ly, as a n  
appendix of a n  annua l lndex Kewensis, but Index Filicum wil l  cont i n ue to be publ ished 
at 5 or 1 0  year interva ls. 

B.S. PARAIS 
The Herbarium, Royal Beta nie Gardens, Kew, Richmond, Surrey TW9 3AE 
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OBITUARY 

PROFESSOR E.A.C.L .E .  SCHELPE 

Professor Edmund Andre Charles Lois E loi ('Ted') Schelpe died after a sudden heart 
attack at h is home on Saturday 1 2th October 1 985. Professor Schelpe was born i n  
D u rban o n  27th Ju ly 1 924. He completed a B S c  with dist inction i n  Botany at Natal 
Un iversity in  1 943 and at the same U n iversity obtained an MSc (Ciass I )  i n  1 946. He 
obta ined the DPhi l  degree of Oxford Un iversity (Wadham College) in 1 952. He held the 
fol lowing posts at the Un iversity of Cape Town:  Lecturer in  Botany, 1 953- 1 954; Senior 
Lecturer and Curator of the Bolus Herbar ium, 1 954- 1 958; Associate Professor and 
Curator of the Bolus Herbar ium, 1 968- 1 973, the title Curator being changed to 
Director from 1 970; Professor (ad hominem) and D i rector of the Bolus Herbar i u m, 
1 973- 1 985. Professor Schelpe was a n  elected Fel low of the Roya l Society of South 
Africa, the L innean Society of London, and the Un iversity of Cape Town. From 1 964 he 
had been a Member of the Committee on Pteridophyta ofthe International Associ at ion 
of Plant Taxonomists. Professor Schelpe h as made m ajor contributions to the 
systematics of Pteridophyta in  southern Afr ica. A few days before he passed away he 
f inished checking the f inal  proofs of the Pteridophyta volume for the Fiora of Southern 
A frica. This was a cu lmination of studies in the course of which he published the 
accounts of  the Pteridophyta for  the Flora Zambesiaca, the Flora de Mocambique and 
the Conspectus Florae A ngolensis. He publ ished over 1 OOscientific papers and books, 
which bes ides Pteridophyta covered topics in orch ids, bryophytes, p lant ecology and 
phytogeography. Professor Schelpe was a distingu ished and internat ional ly wel l
known botan ist and his passing away is a sad loss to the scientifi c commu n ity. 

Information suppl ied by A.V. HALL 
Bolus Herbarium, Rondebosch, 7700 South Africa 
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REVIEWS 

FERNS OF JA MAICA by G. R. Proctor. 63 1 pp., 1 35 figures, 22 maps, 1 75 x 
250mm. British Museum (Natural History), London. ISBN: 0-565-00895- 1.  
1 985. Price f50. 00. 

Jamaica is a n  is land especia l ly rich in  ferns for which no adeq u ate modern handbook 
was ava i lab le. The defect has now been remedied in a very authoritative manner by the 
publ ication of this book. Al l  groups of pteridophytes are covered and some idea of the 
rlchness of the flora and the techical  problems facing the author can be galned from 
the fact that 579 species and a further 30 clear varieties are described. 

A very va luabl e  feature of the s hort l ntroduction is  the l isting ofthe 1 78 col lectors 
known to have gathered ferns in Jamaica, tagether with their col lect ing dates and 
herbar ia  where the author has seen thelr specimens. 

The ma in  text is easy to read and wei l  la id-out - thus for each fam i ly there is a 
generat account and a note on any specia l  l iterature, fol l owed by clear keys to the 
genera. The species entr ies are concise and i nformative, giving the deta i led authority, 
the type specimen. basionym and synonyms, species description, generat range and 
Jamaican distr ibution and  a short entry on habitat, tagether with comment as to 
relative abundance in  Jama ica. 

The specific descript ions average some 1 0- 1 2  l ines and are clear proof of Dr  
Proctor's fam il iar ity with the p lants in  the field. Use has been m ade of  publ ished 
cytological evidence where th is has thrown l ight on a particu l ar taxonomic aspect such 
as the separation of taxa and the recognition of hybrids, etc. 

ln taking a wide view of such genera as Thelypteris, Polypodium Grammitis, 
Cyathea, etc., and by mainta in ing a h ierarchy based on the subgenus, Proctor is of the 
opin ion that the ends of classification are thus best served. All the keys are clear and 
wel l -constructed and avo id the use of comparative terms which are an u nfortunate 
feature of some works and are of l ittle use un less the student has both taxa to examine. 
The acid test of any key is how easy and accurate it is in use and I selected eight of the 
l argest genera and from t hese pu l led out at random folders of 20 species, a l l  of which 
keyed out satisfactorily. There was one discrepancy, namely in  the key leading to 
Polypodium loriceum where t he r hizome was said to be "bear ing a few scattered 
appressed sca les, otherwise naked" whi lst the specific description (p. 529) describes 
the r hizome as bear ing nu merous appressed sca les. lndeed, in the same fotder of P. 
loriceum that I examined, some specimens had nu merous rhizome scales whi lst 
others had very few. N evertheless despite th is difficu lty the keying process st i l l  gave 
the r ight answer because of the other a lternatives. 

A del ightfu l  feature of the book is in the I l l ustrations. Seventy five of the 83 native 
genera are del ineated and a very skilful choice has been made to demanstrete a range 
of artistic styles and printing methods - some old such as t hose from Rovirosa, 
Hooker, Schkuhr, etc . ,  and otherz modern from Smal l ,  Stolze and A. R. Smith for 
example. ln a nu mber of cases excel lent origi nal  drawings by P.J. Edwards are 
included. 

ln summary, this is an inva luable work written by the leading authority on 
Jamaican ferns who has bu i l t  up an i nt imate knowledge of these p lants in the field 
over many years and who has put this to use in a very clear and concise manner. No 
one who has an interest in these ferns can afford to be without this book, a lthough the 
price is somewhat daunting. I hope that we m ay I ook torward to sequels cover ing the 
history of plant col lecting in Jamaica and an account of the ecology and behaviour of 
these ferns. 
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lt may be so m ewh at c h u r l ish to adversely com ment on a featu re of s u ch a n  
excel lent book, especi a l ly as i t  i s  not t h e  responsibi l ity of t h e  author, but mention m u st 

be made of the b i n d i n g  Books of this type w h i c h  are g o i n g  to be u s ed extensively both 

in the I a baratory a n d  the field w i l l  be s u bject to q u ite heavy wear a nd tear. A first 
essen t i a l  is to provide covers w h i ch w i l l  stan d  up to this  a nd which preferably should 

be waterproof or w i p eable.  i n  t h e  s hort t ime I h av e  had my copy (which h as o n ly been 

used i n  the l a boratory) the cover is showin g  dirty m a r ks and o n  attempt i n g  to wipe 

t hem off the red dye has come away. ln add it ion the corners are fray i n g .  S urely more 

thou ght cou ld be put by p u b l i s h ers to the use to which a book is going to be put a nd 

provide more appropriate covers, particu l ar ly i n  v iew of t h e  h i g h  pr ice of books i n  

gener a l .  
T. G .  WALKER 

GAMETOPHYTES OF OPH/OGL OSSACEA E  by 0.0. Pant, 0.0. Nautiyal and 
O. R. Misra. Phyta Monograph 1: 1 ·  1 1 1 . 1 984. 1 80 x  250mm. Publishedby the 
Society of Indian Plant Taxonomists, A llahabad, 2 1 1 002. fndia. Price not 

given. 

This is a t horo u g h  descriptive accou nt of the g a m etophytes of six species of 

Qphioglossum, fou r  of Botrychium a n d  Hefminthostachys zeylanica, a n d  an h istorical  

review of work on the s u bject. The g a m etophytes of Ophiog lossaceae are geoph i lous, 

cyl i ndr ical ,  f leshy a n d  t u bero us, a nd for the most part monoecious.  Xylem stands are 

shown to be present in the centre of the prot h a l l u s  of H. zeylanicum a n d  comparisons 

are suggested with the fossil  Rhynia gwynnevaughanii, t ho u g ht by someto be a h i g h ly 

organ ised p rotha l l us .  The book ls wei l  i l l ustrated both with photo micrographs a nd weil  

executed l i n e  draw i n gs. 
A.C. JERMY 
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BRITISH PTERIDOPHYTE RECORDS 

Compi led by A.J.  Worla nd 

Since the appearance of the 'Atlas of Ferns' ,  a n  annua l l ist of additions and corrections 
has been compi led from information suppl ied by the B iological  Records Centre, BSBI 
vice-county recorders and members of the BPS and BSBI. Lists have been publ ished in 
the B PS 'Bu l let in '  up  to and inc luding 1 982 and s u bsequ ently annua l ly in the Fern 

Gazette. 
The records are presented thus:  1 OOkm squ a re ( letters are used for l r ish grid 

squares to avoid confusion )/1  Okm squ a re fol lowed by the recorder's name. 
Nomenclature follows the Atlas. The fol lowing additions have been received up to the 
end of March 1 986. 

POST 1 980 
2. 1 
5. 2 
7. 1 
7. 1 x2 
7. 2 
7.3 
8. 1 
1 4. 1  
1 6. 1  
1 6. 2  
1 6. 2x 1  
1 7. 1 
1 8. 1  
20. 1 
2 1 . 1  
2 1 . 2  
2 1 . 6  
2 1 . 7a 
2 1 . 1 1  
22. 1 
26. 2x3 
26. 3 
27. 2 
27. 3 
27. 3 
27. 3 
27. 5 
27. 6 
27. 8 
27. 9x8 
30. 1 

Lycopodiella inundata E C u m berland, R.W.M .  Corner 
Selaginella kraussiana 36/67 E.P. Beatt ie  
Equisetum hyemale 37/41 N . F. Stewart 
E. x trachyodon 35/37 G. Ha l l iday, 35/78 G .A. Swan 
E.  variegatum H 1 2/37 F. Bonham 
E.  fluviatile 53/04 N.J . Hards 
Botrychium lunaria 25/67 V. McCi ive 
Hymenophyllum tunbrigense 2 6/25 B.  S impson 
Polypodium vulgare 52/94 E .M.  Hyde, 62/ 1 3  E .M.  Hyde 
P. interjectum 53/05 N.J .  Hards 
P. x mantoniae 52/94, 62/03, 62/ 1 3  E . M. Hyde 
Pteridium aquilinum 53/24 N.J. Hards 
Thelypteris thelypteroides 22/93 R.G . Woods, H 1 2/27 F. Bonham 
Oreopteris limbosperma 34/86 N.J.  Hards, 5 1 /04 M.D.  Reed 
Asplenium scolopendrium 53/04 N.J. Hards 
A. adiantum-nigrum 43/97. 53/04. 53/ 1 4  N.J. Hards 
A. marinum 36/68 M .  McAffer 
A. trichomanes subsp. trichomanes 22/72 R .N .  Str i nger & I . K. Morgan 
A. ceterach 26/40 B.  S impson 
Athyrium filix-femina 48/02 A.O. Chater, 53/34 N.J. H ards 
Polystichum x bicknellii 1 8/52 M. Barren, 22/40 I .K .  Morgan 
P. setiferum 43/97. 53/34 N.J. Hards 
Oryopteris filix-mas 53/24 N.J. Hards 
0. affinis subsp. affinis 22/40 I .K .  Morgan 
0 .  affinis subsp. borreri 22/40 I.K. Morgan 
0. affinis subsp. stillupensis 22/72 I .K.  Morgan 
0 .  aemula 41 /22 F .  Rose & R.J.  Hornby 
0. villarii subsp. submontana 3 5/90 R .G .  Jefferson 
0. carthusiana 34/85 N.J .  Hards 
0. deweveri 22/63 I .K. Morgan, 34/85 N .J .  Hards 
Azolla filiculoides 33/ 1 0  C.J. Harris, 33/20 M. Wai nwright & E .D .  Pugh. 

44/63 E .  Chicken 




