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ABSTRACT
Trichomanes speciosum Willd. (Hymenophyllaceae) is one of the rarest species
in the British Isles. One aim of the research programme of which this study
formed a part was to understand the requirements for, or tolerance of, extremely
deep shade by T. speciosum gametophytes. A specific aim was to determine the
extent to which macro- and micro-morphological features, in particular
reproduction via gemmae, might contribute to the success of this species in deep
shade habitats. Another specific aim was to understand how gametophyte
growth is affected by different light and temperature conditions. 

Gemmae are highly variable in cell number and shape, but typically
spindle-shaped or bar-shaped. Once detached, there is no set pattern of growth
but photosynthetic cells are typically formed before rhizoids. The highest
numbers of photosynthetic cells were produced by gemmae grown in the lowest
light level employed in the study: 5µmolm-2s-1, PAR. Most gemmae proved
unable to grow in 60 or 90µmolm-2s-1. Gemmae grown at 24ºC generated the
greatest number of photosynthetic cells and rhizoids in the temperature tested;
those grown at 28ºC produced the fewest in both light levels tested (5 and
30µmolm-2s-1 PAR). Of the conditions tested, PAR of 5µmolm-2s-1 and a
temperature of 24ºC generated optimum gametophyte growth from gemmae
cultured on the media used. This is significantly higher than the ambient light
levels and temperatures found for most of the time in British field sites, and in
line with predictions for a sub-tropical species on the edge of its range.
Implications for site and climate perturbation are discussed. 

INTRODUCTION
Killarney Fern, or Bristle Fern, (Trichomanes speciosum Willd.), is a filmy fern in the
Hymenophyllaceae. This fern has been described as one of the rarest in the British flora
and was also listed as one of Britain’s most vulnerable species in the British Red Data
Book (Perring & Farrell, 1983; Ratcliffe et al., 1993). The rarity of the sporophyte of
species in Britain has been caused not only by climatic factors that limit its distribution
and dispersal (Rumsey et al., 1999), but also through removal by collectors. In the early
nineteenth century sporophytes occurred in local profusion, subsequently being reduced
considerably by the predation of gardeners, dealers and tourists. Disturbance to
microhabitats through visitation still arguably poses threats to the survival of
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sporophytes (Rumsey et al., 1998). The plant is protected under the Wildlife and
Countryside Act, 1981 in Great Britain and under the Flora Protection Order, 1987 and
the Wildlife (NI) Order, 1985 in Ireland (Jermy and Camus, 1993). 

It has recently become clear that although the sporophyte is extremely rare and
vulnerable in Europe, colonies of gametophytes are sufficiently genetically diverse,
numerous and widespread to indicate that “the species is [not] threatened with
extinction” (Rumsey et al., 1999; 2005). The significant difference between the
generations that accounts for this is their ability to reproduce. The sporophytes are
rarely fertile in Britain. Ratcliffe et al. (1993) reported that T. speciosum sporophyte
colonies in Britain do not produce fertile fronds every year, even when growing in what
seemed to be favourable habitats. They found only 1 out of 13 British colonies and 4
out of 30 Irish colonies to be fertile at any time. When the (green) spores are produced,
they have limited viability and germinate and grow very slowly (Page, 1982; Yoroi,
1972). Gametophytes of this species, on the other hand, are invariably found in a
reproductive state (Rumsey, Raine & Sheffield, 1992). The reproduction in question is
asexual (sexual organs are very rarely produced) but as genetic diversity between
colonies is high (Rumsey et al., 1999), vegetative propagation prevents genetic erosion
and can ensure survival of the species.

Most ferns produce gametophytes which are flat, green, cordate and short-lived.
Those of Trichomanes are branched, filamentous and perennial, ultimately forming
extensive mats. The filaments can produce asexual propagules called gemmae. These
structures detach readily and may be dispersed well beyond the range of the parent
plant. The aim of this study was to find out how they ‘germinate’ once detached, and to
identify conditions conducive to successful growth.

Gametophytes typically occur in habitats subject to mean levels of
photosynthetically active radiation (PAR) below 1µmolm-2s-1 and are restricted to
sunless, sheltered aspects of sites in Britain (Rumsey, 1994 & Rumsey et al., 1998).
However, sporophytes grow in higher PAR in the Azores than they do in Britain and this
may also hold for gametophytes (Rumsey, pers. comm.). So one important question we
sought to answer was whether British gametophytes are capable of growth in higher
light levels than they usually experience.

Raine and Sheffield (1997) observed that gemmae cultured in aseptic medium grew
well in PAR of 2 and of 6µmolm-2 s-1, but were bleached, with swollen cells in a “PAR
of >10µmolm-2s-1”. However, these authors provided no indication of how far their PAR
was in excess of 10µmolm-2s-1 and no previous or subsequent work has quantified the
PAR requirement or tolerances of gametophytes.

The microsites occupied by gametophytes do not experience the same fluctuations
in humidity as the external environment (RH is typically above 90%), and the same is
true for temperature. The annual means of air temperature at two microsites regularly
monitored were 7.6ºC and 8.4ºC. The minimum temperatures were 1.6ºC and 1.4ºC and
the maximum temperatures recorded were 12.7ºC and 15ºC (Rumsey, 1994). External
temperatures rose to at least 27ºC in the locality during the period of study. The species
is thermophilous, however, and Raine and Sheffield (1997) reported that gemmae in
culture produced greater biomass when kept at 20ºC than at 12ºC, as might be expected
for a predominantly tropical species at the edge of its range in Britain. Another
important question addressed by our study was therefore whether British gametophytes
are capable of even better growth at temperatures in excess of 20ºC.
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Raine and Sheffield (1997) established T. speciosum gametophyte cultures by using
gemmae and a limited range of defined media including Moore’s (1903) and
Hoagland’s (Reuter, 1953), at full and one-tenth strength, with and without 2% sucrose
and solidified with 0.8% agar. They reported that gemmae germinated and grew on all
the media tested, but that the most rapid growth occurred on one-tenth strength
Hoagland’s with sucrose. The latter defined medium was therefore chosen as the basal
medium for gemma cultures in this study to determine the effects of environmental
conditions of light and temperature on gametophyte growth.

MATERIALS AND METHODS
Specimens were collected (under licence) from a woodland site near Hebden

Bridge, Yorkshire, England (SD980 262). Samples were placed on a sterilized sand
surface overlaid with Levington M2 Compost, and dampened with distilled water. Glass
crystallising dishes were used as compost culture vessels and were placed in an
incubator at 20ºC±2ºC. Light was supplied by fluorescent daylight tubes and the
containers of plants were covered with filter film (Lee filters No. 211) to give PAR of
5µmolm-2s-1 in a 12 h light and 12 h dark cycle. 

Gametophytes obtained from the same site were also maintained in cultivation on
defined medium in aseptic conditions. These plants were subcultured in 9cm diameter
petri dishes on agar following the method described in Raine and Sheffield (1997):
one-tenth strength Hoagland’s medium with 2% (w/v) sucrose (BDH) was the basal
medium, adjusted to pH 5.9 and solidified with 0.8% (w/v) bacteriological agar (Oxoid
No.1). The plants were maintained in the same conditions as the plants on compost
cultures.

Light and temperature experiments.
The experiments employed the same aseptic cultures and media as used for long term
cultivation. Inside a laminar flow unit, gemmae were shaken from agar cultures on to
the surface such that each 9cm petri dish contained at least 10 gemmae. The dishes were
sealed with laboratory film (Nescofilm), labelled and incubated in a 12h light and 12h
dark cycle in which illumination was provided by fluorescent daylight tubes. Different
levels of PAR at the level of the dishes were generated by covering the dishes with filter
film (Lee filters: No. 209, 210, 211). The gemmae consisted of different numbers of
cells when detached, so the cells of each gemma in each plate were counted and the
plate lid was demarcated to show the area occupied by each gemma such that it could
be relocated. Growth was monitored using a steromicroscope and the number of
photosynthetic cells per original gemma cell and the number of rhizoids per original
gemma cell recorded.

Light experiment I.
This tested the null hypothesis that four levels of PAR ranging from 5-90 mol m-2 s-1 do
not differ in their effects on gametophyte growth, as measured by production of
photosynthetic cells and rhizoids after gemmae have been cultured for 70 days. Dishes
were placed in an incubator at 20ºC±2ºC; PAR values at the level of the dishes were 5,
30, 60 and 90µmolm-2s-1. Three dishes per treatment with at least 10 gemmae in each
plate were used as replicates. Cells were counted for each gemma every two weeks for
70 days.
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Light experiment II.
The null hypothesis tested was that four levels of PAR ranging from 5-30µmolm-2s-1 do
not differ in their effects on gametophyte growth, as measured by production of
photosynthetic cells and rhizoids after gemmae have been cultured for 120 days. This
was set up in the same manner as light experiment I using PAR of 5, 10, 20 and
30µmolm-2s-1. Five dishes per treatment with at least 6 gemmae in each plate were
recorded. Cells were counted on each gemma every two weeks for 70 days and then at
90 and 120 days.

Temperature experiment I.
The null hypothesis tested was that temperatures ranging from 20ºC to 28ºC do not
differ in their effects on gametophyte growth after gemmae have been cultured in PAR
of 5µmolm-2s-1 for 120 days. Incubators were set up at 20ºC, 24ºC and 28ºC and the
experimental dishes covered with filter film (Lee filters No. 211) to give PAR of
5µmolm-2s-1. Five experimental dishes per treatment with at least 6 gemmae in each
plate were recorded, as in light experiment II.

Temperature experiment II.
The null hypothesis tested was that temperatures ranging from 20ºC to 28ºC do not
differ in their effects on gametophyte growth after gemmae have been cultured in PAR
of 30µmolm-2s-1 for 120 days. Incubators were set up at 20ºC, 24ºC and 28ºC and the
dishes covered with filter film (Lee filters No. 209) to give PAR of 30µmolm-2s-1. Four
dishes per treatment with at least 6 gemmae in each plate were recorded, as in light
experiment II.

Statistical analysis.
Data were analysed using one-way analysis of variance. The least significant difference
(LSD) test was used to detect significant differences between the means from different
treatments. For light experiments and temperature experiment I, the mean number of
photosynthetic cells per original gemma cell and the mean number of rhizoids per
original gemma cell of each treatment were calculated from 30 gemmae. For
temperature experiment II, the mean number of photosynthetic cells per original gemma
cell and the mean number of rhizoids per original gemma cell of each treatment were
calculated from 24 gemmae.

A two-way analysis of variance (Simple Factorial) was used to determine significant
differences between mean number of cells per original gemma cell from 30 gemmae
cultured in PAR of 5µmolm-2s-1 at each of three different temperatures (20ºC, 24ºC,
28ºC) (obtained from temperature experiment I), and of 24 gemmae cultured in PAR of
30µmolm-2s-1 at the same temperature (obtained from temperature experiment II), when
gemmae were cultured for 120 days. 

Microscopy.
Cultures were examined and photographed using a Leica wild stereo microscope and a
Cambridge S200 SEM fitted with a Hexland Cryotrans CT1000 chamber (see Sheffield
& Farrar, 1988).

RESULTS
Gametophyte and gemma morphology.
Trichomanes speciosum gametophytes are branched filaments, forming mats that are
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bright green. No differences of overall mat structure, cellular orientation or content
were detected between field-collected specimens and specimens cultured on agar or on
potting compost. Gemmae were found on all specimens, including cultures grown from
gemmae for only 8 months. They consisted of 1-20 cells and were typically
spindle-shaped; some were bar-shaped (Fig 1 a & b). Some spindle-shaped gemmae had
two end cells smaller than the other cells. Some gemmae had 3 or 4 arms, referred to as
“branched gemmae” (Fig. 1 c & d).

‘Germination’ of gemmae was invariably slow, and cell division occurred in cells at
both ends of the gemmae or occasionally in central cells. The initial stages of growth in
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Figure 1. Light and scanning electron micrographs of T. speciosum gametophytes
showing gemma features (a) Filaments bearing typical spindle-shaped gemmae
(arrowheads) and a bar-shaped gemma (arrow) (Bar = 100 µm). (b) A fully developed
spindle-shaped gemma has almost detached from the gemmifer and one arm is longer
than other (Bar = 50 µm). (c) A branched gemma with 4 arms (Bar = 100 µm). (d) A
branched gemma with 4 arms (arrow) with a typical spindle-shaped gemma below
(arrowhead) (Bar = 100 µm).

d
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all levels of PAR were similar. Most gemmae produced photosynthetic cells initially but
some produced rhizoids first. Growth from the healthiest gemmae then took the form of
branched filaments which generated both horizontal and erect branches by the time they
had been cultured for 70 days. Rhizoids were positively geotropic and many were able
to grow into the medium and anchor the gametophytes. More photosynthetic cells were
produced than rhizoids in all gemmae that grew. 

Light experiment I.
Most gemmae grown in PAR of 5 and 30µmolm-2s-1 had produced both photosynthetic
cells and rhizoids after they had been cultured for 70 days (see Fig. 2a). Very few
gemmae grown in the higher PAR levels of 60 and 90µmolm-2s-1 produced any new
cells. Some cells of all gemmae in these conditions, including both original gemma cells
and new photosynthetic cells, became brown during culture between 42 and 70 days
(see Fig. 2b). After 70 days in culture, gemmae grown in PAR of 5 and 30µmolm-2s-1,
had produced ca. 1 photosynthetic cell and slightly less than 1 rhizoid per original
gemma cell. Gemmae which did grow in the higher light levels had a slightly higher
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Figure 2. T. speciosum gemmae after 70 days in culture at 20C in PAR of 5 and
60µmolm-2s-1. (a) A gemma (9 original cells), typical of those cultured in PAR of
5µmolm-2s-1, which had produced many photosynthetic cells (arrows) and rhizoids
(arrowheads). (b) A gemma (6 original cells), typical of those cultured in PAR of
60µmolm-2s-1, some original gemma cells (e.g. arrow) and new photosynthetic cells
(e.g. arrowhead) had become brown. (Bars = 100 µm)

a

b
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proportion of rhizoids to photosynthetic cells but far lower numbers of each than
gemmae in lower light levels.

Photosynthetic cell production.
A few gemmae had divided to produce photosynthetic cells when gemmae had been
cultured for only 14 days but others delayed production in all levels of PAR tested. By
42 days of culture, gemmae grown in 5 and 30µmolm-2s-1 had generated a significantly
greater number of photosynthetic cells than gemmae grown in higher PAR levels
(P<0.05). The mean numbers of photosynthetic cells increased (from ca. 0.34 to ca. 1.32
cells per original gemma cell) in gemmae grown in 5µmolm-2s-1 and similarly (from ca.
0.22 to ca. 1.01) in gemmae grown in 30µmolm-2s-1 between 28 and 70 days (see Fig.
3).

Rhizoid production.
After 14 days in culture, some gemmae grown in all levels of PAR from 5 to 90µmolm-2s-1

had begun to produce rhizoids. By 42 days of culture gemmae, grown in 5 and 30µmolm-2s-1

had generated a significantly greater number than gemmae grown in higher PAR levels
(P<0.05). The mean numbers of rhizoids increased from ca. 0.18 to ca. 0.57 rhizoids per
original gemma cell of gemmae grown in 5µmolm-2s-1, and from ca. 0.17 to ca. 0.67
rhizoids per original gemma cell of gemmae grown in 30µmolm-2s-1. Gemmae grown in
PAR of 60 and 90µmolm-2s-1 produced significantly fewer rhizoids, only ca. 0.09, and
ca. 0.05 rhizoids per original gemma cell after 42 days respectively (P<0.05). There was
no increase in the number of rhizoids produced by gemmae cultured in either PAR of
60 or 90µmolm-2s-1 during culture between 42 and 70 days. There were no statistically
significant differences between the mean numbers of rhizoids per original gemma cell
of gemmae grown in 5 and 30µmolm-2s-1 at any point in the experiment (P<0.05 or 60
and 90µmolm-2s-1).
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Figure 3. Mean number of photosynthetic cells per original gemma cell (+ standard
error) of T. speciosum gemmae cultured at 20ºC in 4 different PAR levels (5-
90µmolm-2s-1) against time in culture.
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Light experiment II.
Up to 70 days the results mirrored those obtained at the lower light level used in
experiment I. After 120 days in culture, most gemmae grown in all levels of PAR tested
had produced richly branched filaments in many planes, and rhizoids. Gemmae grown
in 5µmolm-2s-1 generated the most photosynthetic cells, but all had similar numbers of
rhizoids. 

Photosynthetic cell production.
After 120 days in culture, gemmae grown in 5µmolm-2s-1 had generated significantly
greater numbers of photosynthetic cells per original gemma cell (ca. 10.40 cells per
original gemma cell) than the others (P<0.05) (see Table 1). There was no significant
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Table 1: The mean number of photosynthetic cells per original gemma cell of T.
speciosum gemmae cultured in 4 different PAR levels (5-30µmolm-2s-1) for 120 days.
The letters signify numbers which are significantly different from numbers with other
letters as tested by one-way ANOVA with LSD test (P<0.05), n = 120.

Days in culturePAR

( molm
-2

s
-1

) 0 14 28 42 56 70 90 120

5 0 0.11 0.45 0.97 1.88 2.64 4.79a 10.40a

10 0 0.15 0.39 0.74 1.25 2.03 3.50b 8.02b

20 0 0.13 0.50 1.04 1.75 2.41 3.89ab 8.12b

30 0 0.11 0.41 0.81 1.45 1.93 2.94b 5.32c

Figure 4. Mean number of photosynthetic cells per original gemma cell (+ standard
error) of T. speciosum gemmae cultured at 20ºC in 4 different PAR levels
(5-30µmolm-2s-1) against time in culture.
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difference in mean numbers of photosynthetic cells per original gemma cell between
gemmae grown in 10 and 20µmolm-2s-1 (ca. 8.02 and ca. 8.12 cells per original gemma
cell, respectively). Significantly lower mean numbers of photosynthetic cells per
original gemma cell (ca. 5.32 cells per original gemma cell) were found in gemmae
cultured in 30µmolm-2s-1 for 120 days (P<0.05) (see Table 1 & Fig. 4). 

Rhizoid production.
The mean rate of rhizoid production remained similar in gemmae grown in all levels of
PAR during the experiment (ca. 0.01-0.02 rhizoids per original gemma cell per day)
(see fig 5). There were no statistically significant differences between the mean
numbers of rhizoids per original gemma cell of gemmae grown in all levels of PAR
tested by the end of the experiment (P<0.05).

Temperature experiment I.
The initial stages of growth of gemmae grown at all temperatures tested were similar.
Most gemmae produced photosynthetic cells initially but some of them produced
rhizoids first. Most gemmae grown at all temperatures tested produced both
photosynthetic cells and rhizoids; more photosynthetic cells were produced than
rhizoids in all gemmae that grew.

Photosynthetic cell production.
Significantly fewer photosynthetic cells were produced by gemmae cultured at 28ºC
than those cultured at 20ºC and 24ºC, even at 28 days (P<0.05) (see Table 2). The mean
numbers of cells per original gemma cell were: 20ºC, ca. 0.67; 24ºC, ca. 0.81; 28ºC, ca.
0.24. The mean numbers of photosynthetic cells per original gemma cell increased
slightly in gemmae grown at 20ºC and 24ºC (from ca. 1.36 to ca. 4.35 and from ca. 1.70
to ca. 5.94 cells, respectively) between 42 and 70 days. Between 70 and 120 days in
culture, the numbers increased dramatically in gemmae grown at 20ºC and 24ºC (from
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Figure 5. Mean number of photosynthetic cells per original gemma cell (+ standard
error) of T. speciosum gemmae cultured at 20ºC in 4 different PAR levels
(5-30µmolm-2s-1) against time in culture.
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ca. 4.35 to ca. 15.23 and from ca. 5.94 to ca. 17.96 cells per original gemma cell,
respectively). The numbers increased only slightly (from ca. 0.38 to ca. 0.78) in
gemmae cultured at 28ºC from 42–120 days (see Table 2 and Fig. 6).

Rhizoid production.
Even by 28 days gemmae grown at 24ºC had generated a significantly greater number
of rhizoids (ca. 0.29 rhizoids per original gemma cell) than gemmae grown at 20ºC and
28ºC (ca. 0.17 and ca. 0.04 respectively) (P<0.05). Between 42 and 120 days in culture,
rhizoid numbers increased dramatically in gemmae grown at 20ºC and 24ºC (from ca.
0.29 to ca. 1.77 and from ca. 0.50 to ca. 2.17 per original gemma cell, respectively). The
mean numbers of rhizoid cells per gemma cell increased only slightly (from ca. 0.11 to
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Table 2: The mean number of photosynthetic cells per original gemma cell of T.
speciosum gemmae cultured at three different temperatures (20, 24, 28C) in PAR of
5µmolm-2s-1 for 120 days. The letters signify numbers which are significantly different
from numbers with other letters as tested by one-way ANOVA with LSD test (P<0.05),
n = 90.

Days in cultureTemp

( C) 0 14 28 42 56 70 90 120

20 0 0.17a 0.67a 1.36a 2.32a 4.35a 7.69a 15.23a

24 0 0.13ab 0.81a 1.70b 3.01b 5.94b 11.36b 17.96b

28 0 0.07b 0.24b 0.38c 0.46c 0.57c 0.71c 0.78c

Figure 6. Mean number of photosynthetic cells per original gemma cell (+ standard
error) of T. speciosum gemmae cultured at three different temperatures (20ºC, 24ºC,
28ºC) in PAR of 5µmolm-2s-1) against time in culture.
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ca. 0.51) in gemmae grown at 28ºC. After 120 days, the mean numbers of rhizoids per
original gemma cell of gemmae cultured at all temperatures tested were significantly
different (P<0.05). Gemmae grown at 24ºC had generated the most, those grown 20ºC
were next, and those at 28ºC had produced the fewest.

Temperature experiment II and comparative analysis.
(For full data see Makgomol, 2001.) After 120 days in culture: fewer photosynthetic
cells were produced in 30 than 5µmolm-2s-1, for all temperatures tested but the
differences were not statistically significant for 28ºC; slightly more rhizoids were
produced in the higher PAR cultures grown at 20ºC and 24ºC, similar numbers at 28ºC
but there were no statistically significant differences in any of the rhizoid data (see Figs
7 & 8).

DISCUSSION
Gemma ‘germination’.
The slow start to growth and the variable position of cells in which division begins
mirrors spore germination in Hymenophyllaceae. Gemma germination has not
previously been described for T. speciosum, but has been reported in T. holopterum by
Farrar and Wagner (1968). The production of photosynthetic cells before rhizoids
mirrors spore germination of many species of Hymenophyllum and Trichomanes
(Stokey, 1940). As in spore germination of Trichomanes, there is no regular sequence
of events in gametophyte growth from gemmae such as is found in typical fern
gametophytes of cordate form after spore germination (see also Holloway, 1930; Stokey
1940). Gemmae of T. speciosum produce branched filaments which generate both
horizontal and erect branches with some rhizoids by around two months in the most
favourable conditions supplied in this study, and more filament cells than rhizoids are
always produced.
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Figure 7. Mean number of photosynthetic cells per original gemma cell (+ standard
error) of T. speciosum gemmae cultured at three different temperatures (20ºC, 24ºC,
28ºC) in PAR of 5 and 30µmolm-2s-1 for 120 days.
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As noted by Yoroi (1972) and observed during this study, T. speciosum
gametophytes grow extremely slowly. They take around eight months to produce
further gemmae from gemmae cultured, even in the high temperature, light and aseptic
conditions used here. We speculate that T. speciosum gametophytes must be incredibly
slow growing in British field sites, as gametophytes occur in habitats subject to far
lower mean levels of PAR and maximum temperatures than used in our study.

Although some rhizoids were short during the initial stages of cultivation on agar,
many became as long as those of field-collected specimens. This means that the rhizoid
system of T. speciosum is long-lived and extensive, which differs markedly from that of
the only other Trichomanes gametophyte that has been studied in detail, T. holopterum.
Rhizoids of T. holopterum (Farrar and Wagner, 1968) appear to be too short to function
in anchorage or absorption in the manner usually attributed to rhizoids. The finding that
those of T. speciosum are not geotropic is in line with life in the species’ natural habitats,
which include floors, walls and frequently roofs of caves. Rhizoid functions of T.
speciosum are assumed to include absorption and anchoring the gametophytes.

Light experiments.
In the conditions employed herein, levels of PAR in excess of 60µmolm-2 s-1 damaged
photosynthetic cells of gametophytes. Gemmae grown in PAR of 5µmolm-2s-1 generated
the most photosynthetic cells but gemmae in all levels of PAR up to 30µmolm-2s-1 were
able to grow. After 120 days in culture, the number of photosynthetic cells generated by
gemmae grown in 30µmolm-2s-1 was, however, ca. half the number of photosynthetic
cells produced by gemmae grown in 5µmolm-2s-1. This finding is in line with the results
of Johnson et al. (2000), who found no evidence of acclimation of T. speciosum,
collected in Britain, to different light and temperature conditions. Measurements of gas
exchange and chlorophyll fluorescence show that such plants have optimal
photosynthesis in PAR levels around 5 to 10µmolm-2s-1, the highest light to which the
gametophyte is normally exposed in its natural environment in Britain. This study
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Figure 8. Mean number of rhizoids per original gemma cell (+ standard error) of T.
speciosum gemmae cultured at three different temperatures (20ºC, 24ºC, 28ºC) in PAR
of 5 and 30µmolm-2s-1 for 120 days.
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supports the contention that the optimal PAR levels for gametophyte growth of British
specimens may be around 5µmolm-2s-1.

Temperature experiments.
It is well established that temperature affects both the pattern and the rate of
gametophyte development in ferns (Dyer, 1979). T. speciosum gemmae grown at a
temperature higher than that used in any previous experiments viz 24ºC, in PAR of both
5 and 30µmolm-2s-1 generated a greater number of photosynthetic cells and rhizoids
than those grown at either 20ºC or 28ºC. Optimal temperatures for T. speciosum
gametophyte growth may therefore be around 24ºC, although this is currently of no
direct ecological relevance in British field sites. It does have relevance, however, with
regard to the interaction between temperature and light on gametophyte growth.
Gemmae grown at 24ºC in PAR of 5µmolm-2s-1 generated more photosynthetic cells
than those grown in PAR of 30µmolm-2s-1. The same was observed at 20ºC, which
indicates that even at what must be lower rates of respiration, the plants are not able to
make use of the extra PAR. In 30µmolm-2s-1 PAR rhizoids appeared to be slightly more
numerous than in 5µmolm-2s-1 but as the differences were not statistically significant it
would be unwise to speculate on the possible reasons for this. Different environmental
conditions are well known to influence root:shoot ratios in plants and further
experimentation on this aspect of the T. speciosum response to temperature seems
warranted. 

Trichomanes speciosum is largely restricted to sunless, sheltered aspects of British
sites but with increasing altitude becomes reliant on sunny aspects, thus the altitudinal
and geographical distribution suggest that the species is thermophilous (Ratcliffe et al.,
1993; Rumsey, 1994). Accordingly, the distribution of T. speciosum in the British Isles
within Europe as a whole suggests a relationship with both humidity and temperature.
Although this species is also found in the Azores in sites where the recorded PAR levels
are higher than the British field sites, only permanently moist places are colonised.
Recording in British field sites during the year 1992-1993 gave a relative humidity
above 90% for the majority of the year (see Rumsey, 1994), a condition necessarily
replicated in the culture dishes used in our experiments. Thus, the prime determinant for
this species’ survival may be continual high humidity (see Ratcliffe et al., 1993;
Rumsey, 1994), with temperature and light having significant and inter-dependent
influences. 

CONCLUSIONS
This study has provided a vastly more successful suite of conditions for growing
gametophytes of T. speciosum than any previous work. Constant high humidity, 5µmolm-2s-1

PAR and 24ºC are suggested for optimum gametophyte growth from gemmae cultured
in the media used herein, and could provide the means to raise prolific growth of this
rare species. The light compensation point for both the gametophytes and sporophytes
of T. speciosum was stated to be ca. 2 to 5µmolm-2s-1 at 20ºC by Johnson et al. (2000),
and experimental evidence in our study confirmed that British specimens cannot
acclimate to higher light levels, even at higher temperatures. Disturbance of habitats
(such as tree removal) in habitats could cause a potentially disastrous increase in light
(and decrease in humidity).

On the other hand, the establishment of a temperature optimum far higher than
ambient temperatures in Britain has implications related to the effects of increasing
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amounts of carbon dioxide in the earth’s atmosphere. Mean global temperature is
increasing as a result of increased concentrations of carbon dioxide from fossil fuel
burning, deforestation, and other human activities. Climate changes are likely to vary
dramatically from country to country (eg Goldemberg et al., 1995), but it seems likely
that Britain will become warmer and wetter in the near future. There will be direct
effects of increasing carbon dioxide concentrations on plant growth (Cannell, 1990).
Marrs (1990) suggested that vegetation change would involve either the colonisation by
new species typical of warmer climates, or the extinction of species typical of colder
climates. Bringing together field observations, laboratory-based findings, and
distribution data, we can speculate about probable changes to T. speciosum in Britain
and Europe. The increased periods of drought that are predicted to accompany future
global warming in some models would suppress gametophyte colonies and sporophytes
could well become extinct (in view of their lower tolerance of environmental extremes
than gametophytes, and their rarity). If, on the other hand, increased temperatures are
accompanied by higher precipitation in Britain, as predicted by most models, the future
for this species looks bright.
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