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ABSTRACT
Leaves of ten British fern species were tested for their tolerance of desiccation.
Asplenium ruta-muraria, A. septentrionale, A. trichomanes, A. ceterach,
Polypodium cambricum and P. interjectum withstood drying for periods of a
week or more to a relative water content (RWC) of c. 4–7%. This is far below
the RWC (c. 30%) at which most vascular-plant tissues are irretrievably
damaged. One population of Asplenium adiantum-nigrum was desiccation
tolerant, another was not. Aspelnium obovatum was fairly tolerant, behaviour
differing with intensity of desiccation and in old and young growth. Polypodium
cambricum and P interjectum were both highly tolerant. Polystichum aculeatum
was not tolerant. Recovery rates of RWC and the chlorophyll-fluorescence
parameter Fv/Fm did not vary greatly between species, with half-recovery times
around 2–4 h. The small Asplenium species and A. ceterach dried quickly (half-
drying times a few hours), suggesting little stomatal control over drying. The
much slower drying of the Polypodium species suggests that their stomata close
under water stress. Photosynthetic electron flow in most species saturated at a
quarter to a half of full summer sunlight. Asplenium ruta-muraria, A.
septentrionale and A. trichomanes showed a similar tendency to non-saturating
electron flow at high irradiances as many desiccation-tolerant bryophytes. In A.
ceterach and Polypodium cambricum electron flow was somewhat depressed at
high irradiances. The results are discussed in relation to their ecological and
evolutionary implications.

INTRODUCTION
The tolerance to desiccation of the rusty-back fern Asplenium ceterach L., the
widespread Mediterranean Notholaena marantae (L.) Desv. and the American
‘resurrection’ ferns Polypodium polypodioides (L.) Watt and P. virginiacum L. is well
known (Oppenheimer & Halevy, 1962; Schwab et al., 1989; Iljin, 1931; Potts &
Penfound, 1948; Stuart, 1968; Gildner & Larson, 1992; Muslin & Homann, 1992;
Reynolds & Bewley, 1993). Many other ferns have been reported as desiccation
tolerant, including a number of species of Cheilanthes, Pellaea, Asplenium and
Polypodium; a list with references was given by Proctor & Pence (2002) and further
species were added by Kessler & Siorak (2007). Most of these are essentially ferns of
seasonally arid regions, or saxicolous or epiphytic species of intermittently water-
stressed habitats. Kappen (1964) investigated freezing, heat and drought tolerance
round the seasons of the common ferns around Göttingen in central Germany. He found
no sharp line between poikilohydric, desiccation-tolerant ferns and homoiohydric, more
sensitive species, as did Kessler & Siorak in North America. In general, Kappen found
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the summer-green ferns were sensitive to drying at all times, but most winter-green
species were more tolerant of drying in the cold, dry Central European winter and
spring than from midsummer to autumn. The most desiccation-tolerant species (in
descending order of tolerance) were Polypodium vulgare, Asplenium septentrionale, A.
ruta-muraria and A. trichomanes. Perhaps paradoxically, there is as much physiological
information on desiccation tolerance of the moisture-loving Hymenophyllaceae as on
most other ferns (Shreve, 1911; Holloway, 1923a, b; Härtel, 1940a, b; Richards &
Evans, 1972; Proctor, 2003).

The response of Asplenium ceterach to desiccation and its ability to revive after rain
are very apparent in dry summers. The desiccation tolerance of the two common small
saxicolous Asplenium species is less obvious until they are observed closely. The
present project grew out of work on desiccation tolerance in bryophytes, and developed
over a number of years as opportunity offered or material came to hand. Its aims were
to establish which of our common ferns are tolerant to desiccation, and to collect data
on the desiccation-tolerance of ferns (in particular rates of drying and recovery) for
comparison with bryophytes and angiosperm ‘resurrection plants.’

MATERIALS AND METHODS
All the measurements in this paper were made on excised leaves. Material of Asplenium
trichomanes, A. ruta-muraria, A. ceterach and Polypodium cambricum was collected
from Devonian limestone rocks and walls near Chudleigh, Devon (most on 10
December 2000 and 5 January 2001; some A. ceterach in March–April 2008). Some
measurements were made on leaves of A. adiantum-nigrum from a mortared pebble
wall facing the sea at Budleigh Salterton, Devon (4 January 2001); most measurements
on this species were on material from a dry Permian conglomerate roadside bank at
Kennford, Devon (8 February 2006). A. obovatum was from schist outcrops on
Gammon Head, near East Prawle, Devon (30 April 2006). A. septentrionale was from
a slate dry-stone roadside wall south of Trefriw, Gwynedd (11 September 2005).
Polypodium interjectum was from a Permian roadside outcrop near Kennford, Devon (8
February 2006). Polystichum aculeatum came from Malham, Yorkshire (26 July 2006).

Chlorophyll fluorescence measurements using a modulated fluorometer (FMS-1,
Hansatech, King’s Lynn) were used throughout this work. Chlorophyll fluorescence
provides a simple and rapid non-invasive method of monitoring various aspects of the
photosynthetic performance of a plant. Schreiber et al., (1995) and Maxwell & Johnson
(2000) provide an introduction to the technique and explain the calculation of the
commonly used parameters. The parameter Fv/Fm measures the maximum quantum
efficiency of photosystem II; it is generally in the range 0.76–0.84 in dark-adapted
unstressed material, and is widely used as a quick general measure of ‘stress’ or
(conversely) ‘viability’, and is so used here. The non-photochemical quenching
parameter NPQ is largely a measure of photo-protection. The photochemical quenching
parameter qP is a measure of the oxidation state of the first electron acceptor QA of
photosystem II; it is often used (as here) in the inverse form 1–qP.

In the light, the effective quantum yield of photosystem II (FPSII) multiplied by the
irradiance in quantum units (PPFD) provides a relative measure of the rate of electron
transport through PSII, and hence of photosynthetic electron flow (RETR). This figure
includes not only electron transport resulting in carbon fixation, but also photo-
respiration and flow to any other electron sinks. However, under most conditions the
bulk of the electron flow will be to carbon fixation, so for many purposes RETR

265 FERN GAZ. 18(5): 264-282. 2009



PROCTOR: DESICCATION TOLERANCE IN SOME BRITISH FERNS 266

provides a convenient non-invasive surrogate measure of photosynthetic performance;
for comparisons of chlorophyll-fluorescence and gas-exchange data in bryophytes, see
Marschall & Proctor (2004) and Proctor et al. (2007).

In general, the recovery of both Fv/Fm and RWC were well fitted by logistic curves
on a logarithmic timescale. For the RWC curves, and in those cases where Fv/Fm for
the dry material was substantially >0.0, a 4-parameter logistic curve was appropriate.
This has a lower asymptote corresponding to the value of RWC or Fv/Fm in dry
material and an upper asymptote at the maximum (fully recovered) value of Fv/Fm.
Where Fv/Fm in dry material was ~0 or unknown, a 3-parameter logistic starting at 0
was fitted. In either case, the IC-50 value (point of inflection) of the curve was taken as
a measure of the time for ‘half-recovery’. The relation of RETR to irradiance is
generally well fitted by negative-exponential curve of the form y = (A – e–kx), where y
= RETR and x = PPFD and A and k are constants, at least at low irradiances (<400 mmol
m-2 s-1). Deviations may arise through electron flow to sinks other than photosynthetic
carbon fixation (bryophytes often show non-saturating electron flow of this kind
(Marschall & Proctor, 2004)), or through photoinhibition depressing electron flow at
high irradiances. A useful test of goodness-of-fit of the exponential curve is that the
product Ak should approximate to the dark-adapted value of Fv/Fm (c. 7.5–8.5). NPQ
is generally well fitted by a logistic curve starting at 0. The parameter 1–qP is also often
well fitted by a logistic curve, but the fit is very sensitive to the top few data points,
which can lead to misleading estimates of the upper asymptote and IC-50 value; suspect
values have been omitted from Table 4.

Some comment may be made on measures of water content and water availability.
The water content of desiccation-tolerant plants is often given as a percentage of dry
weight. This is useful for comparisons within a population of a single species, but not
for comparisons between different populations or different species because of
differences in the proportion of cell-wall materials and cell contents. Water content
relative to that at full turgor (RWC) is a much more widely useful measurement, and
has been emphasised here. Relative humidity (RH) of the air is only useful if the
temperature is known (in this paper c. 20°C), and its biological relevance is limited.
Evaporation rates depend on saturation deficit, the difference between the absolute
humidity of the air and the saturated absolute humidity at the same temperature (which
can be looked up in tables); it is usually expressed in terms of partial pressure of water
vapour (kPa). Water potential (Ψ) which defines the tendency for water to move from
one place to another, is usually expressed in pressure units (MPa); for air, it can be
calculated from relative humidity and temperature. For the physical and mathematical
relations between these quantities see, e.g., Slatyer (1967), Nobel (1974), Jones (1992).

RESULTS
Table 1 lists some water-content data for the ferns investigated, expressed as a
percentage of oven-dry weight, and as relative water content. Water content at full
turgor on a dry-weight basis varies widely even within the same species; at full turgor
RWC for all species is 1.0 by definition. A number of measurements were made on ‘air
dry’ material. The figures in the table show clearly that ‘air dry’ can embrace a
substantial range in actual water content measured as RWC; cold dry weather outdoors
will tend to give low absolute (and relative) humidity indoors, and warm or humid
weather the opposite. Fern material equilibrated in a desiccator at c. 74% RH had an
RWC around 0.14–0.16; material equlibrated at 43% RH showed RWC mostly below



0.10. Of the air dried material, Asplenium trichomanes (1) and Polypodium cambricum
(1) were probably dried to an equivalent of c.60–70% RH at 20 °C, and the other
samples at c.30–40% RH.

Three small saxicolous Asplenium species
The recovery of relative water content and the fluorescence parameter Fv/Fm on re-
wetting after a few days’ desiccation in Asplenium ruta-muraria L.and A. trichomanes
L. is shown in Figures 1a and 1b and Table 2. A. trichomanes that had been dried to 14%
RWC recovered rather faster than material dried to a RWC of 7.5%; the half-recovery
times of Fv/Fm in the fitted curves of Figure 1b are respectively 1.7 and 3.9 hours, but
the asymptotes of the two curves are not significantly different. A much rarer species
than either of these in Britain, A. septentrionale L. was reported as highly desiccation
tolerant by Kappen. Leaves collected from a population in North Wales in September
2005, were allowed to air dry. The chlorophyll fluorometer was not available from then
until January 2006, by which time the leaves had been dry for four months. However,
on re-wetting (12 Jan.) they recovered their normal fresh appearance and appeared fully
turgid the following day. Ten leaves re-wetted after 3 days moist followed by 2 days air
dry gave Fv/Fm 0.754 ± 0.035 after 24 h rehydration (Figure 1c). Of these three
Asplenium species, A. ruta-muraria showed the highest light-saturation level, followed
by A. septentrionale with A. trichomanes the lowest; all three showed at least some
indication of non-saturating electron flow at high irradiances (Figure 11a). 

Two further species of Asplenium 
Asplenium adiantum-nigrum L. sometimes accompanies the other small saxicolous
Asplenium species in crevices of rocks and walls, but usually avoids the most sun-
exposed and water-stressed situations. Leaves of this species from a mortared pebble
wall facing the sea at Budleigh Salterton were promisingly firm textured, and looked
possible candidates for desiccation tolerance. However, re-wetted after a few days’
desiccation at 43% RH they showed only slight temporary signs of recovery of Fv/Fm
for the first few hours, and by the following day it was clear they would not recover
further (Table 2.)

Plants from another population, on a steep dry roadside bank near Kennford, Devon,
behaved quite differently. Figure 2 shows the rapid and progressive loss of weight of
leaf segments dried at 74% and 43% RH, with fitted exponential curves; the asymptotes
approximated to the figures in Table 1; the leaves dried quickly, losing half their water
within 6.2 h at 74% RH (–41 MPa) and 4.7 h at 43% RH (–114 MPa). The recovery of
Fv/Fm on re-wetting after the two desiccation regimes is shown in Figure 3. The data
and the fitted curves suggest that intensity of drying has a marked effect, but neither the
asymptotes nor the half-recovery times are significantly different, and the slope factor
just fails to reach significance at the 5% level. 

Asplenium obovatum Viv. dried rather more slowly than A. adiantum- nigrum; the
half-drying times seen in Figure 4 are around 11 h at 74% RH and 9 h at 43% RH
Recovery of Fv/Fm on re-wetting was both less complete and more variable than in the
Kennford A. adiantum-nigrum. After drying at 74% RH, the dark green leaves of the
previous season showed only a transient rise in Fv/Fm on re-wetting; further recovery
failed completely. However, in material dried at 43% RH, the older leaves recovered
consistently and well. The bright green new-season’s leaves recovered well from drying
at 74% RH, but very erratically from the 43% RH treatment (Figure 5).

267 FERN GAZ. 18(5): 264-282. 2009



PR
O

C
TO

R
: D

ESIC
C

ATIO
N

 TO
LERAN

C
E IN

 SO
M

E BRITISH
 FERN

S
268

Table 1. Water content of fern leaves at full turgor (as % oven-dry weight at 70°C), and ‘air dry’ and in equlibrium with air at 74% RH (c. –40
MPa at 20°C) and 43% RH (c. –114 MPa at 20°C) as % dry weight and as relative water content (RWC). The two sets of measurements on
Asplenium trichomanes and Polypodium cambricum were both from Chudleigh, in Dec. 2000 and Jan. 2001 respectively. A. adiantum-nigrum
(1) is from Budleigh Salterton; A. adiantum-nigrum (2) is from Kennford.

Water content at 43% RH
(-114 MPa)

RWC

-

-

-

-

0.106 ± 0.022

0.055 ± 0.035

-

-

0.072 ± 0.006

0.052 ± 0.015

%DW

-

-

-

-

17.4 ± 2.2

18.1 ± 5.0

-

-

15.8 ± 1.9

15.7 ± 4.6

Water content at 74% RH
(-41 MPa)

RWC

-

-

-

-

0.155 ± 0.045

0.106 ± 0.035

-

-

0.161 ± 0.026

0.142 ± 0.031

%DW

-

-

-

-

26.1 ± 4.7

33.9 ± 9.2

-

-

33.2 ± 5.7

44.3 ± 13.7

Water content ‘air dry’

RWC

0.068 ± 0.013

0.140 ± 0.037

0.075 ± 0.014

0.087 ± 0.017

-

-

0.063 ± 0.018

0.167 ± 0.056

-

-

%DW

20.9 ± 4.4

19.3 ± 4.6

7.9 ± 0.8

29.6 ± 2.9

-

-

9.4 ± 0.4

18.6 ± 8.3

-

-

Full
turgor%DW

409 ± 16

139 ± 4

108 ± 11

344 ± 36

170 ± 22

279 ± 82

156 ± 34

110 ± 16

213 ± 10

306 ± 35

Species

Asplenium ruta-muraria

A. trichomanes (1)

A. trichomanes (2)

A. adiantum-nigrum (1)

A. adiantum-nigrum (2)

A. obovatum

A. ceterach 

Polypodium cambricum (1)

Polypodium cambricum (2)

P. interjectum



The rusty-back fern, Asplenium ceterach 
The curling of the dry leaves in Asplenium ceterach initially prevented measurement of
Fv/Fm in the early stages of rehydration, so the data in Figure 6 are from leaves dried
under light pressure to keep them flat. The rise in Fv/Fm was rather slower to get going
in A. ceterach, but climbed more steeply once it had started. Light saturation was
reached at around half noon summer sunlight, but showed some depression of electron
flow at higher irradiances. 

An experiment with Polystichum aculeatum (L.) Roth
Pinnae of Polystichum aculeatum dried rather quickly, giving half-drying times of 12.9
h at 74% RH and 8.4 h at 43% RH, reaching practical equilibrium with the atmosphere
in the desiccator in the course of a week. The corresponding equilibrium water contents
(asymptotes of the curves) were 0.109 and 0.069 RWC. Remoistened after 9 days, they
showed small but erratic increases of Fv/Fm for an hour or two, but these were not
maintained and by the following day it was clear that all the pinnae were moribund.

The polypodies, Polypodium cambricum L. and P. interjectum Shivas
These two species were very tolerant of desiccation, and differ in important respects
from the ferns just considered. They dried very much more slowly (Figure 7); the half-
drying times for P. interjectum at 74% RH (–41 MPa) and 43% RH (–114 MPa} were
respectively 2.33 days (56 h) and 1.4 days (34 h). These drying times are almost an
order of magnitude longer than those seen in Asplenium adiantum-nigrum, around five
times longer than in A. obovatum. As a consequence, the asymptotes of the exponential
curves, 0.074 and 0.037 RWC respectively, are substantially below the figures in Table
1 from weighings after a week’s drying. Clearly these latter figures do not reflect
equilibrium with the air. 

The recovery curves of Fv/Fm in Figures 8 and 9 thus start from relative water
contents above equilibrium with the ambient air – but still well below levels at which
normal metabolism is possible, or survivable by typical vascular-plant mesophyll
tissues. The curves differ significantly only in the initial level of Fv/Fm. Little sign of
recovery is apparent in the first hour after re-wetting, either in the physical appearance
of the leaves (Figure 10) or in Fv/Fm, but after that recovery is rapid. The half-recovery
times are around 2h, and in the same range as in the other species examined (Table 3).

Photosynthetic electron flow saturated at around 40% of noon summer sunlight, but
was markedly depressed at high irradiances so that the effective saturation irradiance
must be below the PPFD95% figure in Table 4 (Figure 11b).

DISCUSSION
The results confirm that the leaves of some ferns are remarkably tolerant to desiccation,
recovering well from drying for a week or more to a water content of 15–20% of their
dry weight, and a tissue relative water content (RWC) of 4–7%. The mesophyll of
typical vascular plants is generally damaged beyond recovery if RWC falls below about
30% (or a water potential below about –7 MPa), so these ferns are far more tolerant of
desiccation than most drought-tolerant vascular plants (Larcher 1995). Their tolerance
is comparable with such mosses as Tortula (Syntrichia) ruralis or Racomitrium
lanuginosum. However it is also clear there are degrees of desiccation tolerance, and
that tolerance may vary within species. Of our Asplenium species, A. septentrionale is
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Figure 1. Recovery on remoistening of (a) Fv/Fm and RWC in air-dry leaves of
Asplenium ruta-muraria. Fitted logistic curves. Mean ± s.d., n = 3, (b) Fv/Fm in two
samples of air-dry leaves of A. trichomanes (sample (1) from 0.140 RWC, (2) from
0.075 RWC), and recovery of RWC for sample (1). Means (n = 3), error bars omitted
for clarity (log scale), (c) Fv/Fm in A. septentrionale after four months air dry, with
fitted 4-parameter logistic curve. Mean ± s.d., n = 6.
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Table 2. Fv/Fm at full turgor before desiccation and 24 h after rehydration. 

Fv/Fm after 24 h rehydration 

43% RH (-114 MPa) 

-

-

-

-

0.646 ± 0.075

0.417 ± 0.113

0.789 ± 0.023

-

0.769 ± 0.047

0.813 ± 0.019

74% RH (-41 MPa) 

-

-

-

-

0.735 ± 0.053

0.520 ± 0.122*

0.812 ± 0.004

-

0.832 ± 0.033

0.824 ± 0.010

‘Air-dry’

0.756 ± 0.035

0.796 ± 0.020

0.707 ± 0.059

0.075 ± 0.059

-

-

-

0.703 ± 0.109

-

-

Fv/Fm at full turgor before
desiccation

-

-

-

-

0.785 ± 0.037

0.800 ± 0.017

0.816 ± 0.018

-

0.868 ± 0.012

0.821 ± 0.017

Species

Asplenium ruta-muraria

A. trichomanes (1)

A. trichomanes (2)

A. adiantum-nigrum (1)

A. adiantum-nigrum (2)

A. obovatum

A. ceterach 

Polypodium cambricum (1)

Polypodium cambricum (2)

P. interjectum
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Figure 2. Drying data for leaves of Asplenium adiantum-nigrum in desiccators at ~74%
and 43% RH (–41 and –114 MPa); the fitted exponential curves give half-drying times
of respectively 6.2 h and 4.7 h. Means ± s.d., n = 6.

Figure 3. Recovery of Fv/Fm on re-wetting leaves of Asplenium adiantum-nigrum
after 6 days drying at 74% RH (–41 MPa; circles and full line) and 43% RH (–114
MPa; triangles and broken line; error bars omitted for clarity), with fitted 4-parameter
logistic curves. Means ± s.d., n = 6.



probably the most tolerant, followed by A. ruta-muraria and A. trichomanes. In A.
adiantum-nigrum it appears that some populations are tolerant, but others are not, or
perhaps that tolerance varies with season, as Kappen found. A. obovatum seems (from
one sample) to be less tolerant than A. adiantum-nigrum, and to show some differences
between young and old leaves. Two leaves of A. marinum L. from near Kynance Cove,
Cornwall in early June 2001 did not recover after drying, but this species should be
tested from more sites. Kappen (1964) found the leaves of summer-green ferns such as
Dryopteris filix-mas are similar to flowering plant leaves in their sensitivity to drying,
with little variation through the season. Species which remained green through the
winter were in general more tolerant in the winter and spring months, but the limiting
leaf saturation-deficit given by Kappen for Polystichum lobatum (aculeatum) is little
different from his corresponding figure for Dryopteris filix-mas. The experiment
reported here gave no indication of desiccation tolerance in P. aculeatum. A high degree
of desiccation tolerance is seen in Polypodium cambricum and P. interjectum; the
‘Polypodium vulgare’ that Kappen found the most desiccation tolerant of all his ferns
was probably P. vulgare L. sensu stricto.

The Asplenium species dried quickly, with a half-drying time of a few hours, and
there is clearly little stomatal control over water loss; six leaves of A. ceterach gave
half-drying times ranging from 2.5 to 9.0 h (depending on size), with a mean of 4.8 ±
2.3 h. Drying of Polystichum aculeatum was only a little slower. The Polypodium
species dried much more slowly, with half-drying times in P. interjectum of a day or
two, suggesting that the stomata close under water stress. This may be related to the
habitats of the plants. The Asplenium species primarily occupy open, brightly lit and
often sunny rock-crevice habitats. In bright sunshine in summer, a small Asplenium is
sitting immovably in the steep temperature gradient close to the ground surface. In this
situation a turgid, actively metabolising plant needs the cooling effect of transpiration
to keep its leaves from reaching lethal temperatures (c.45–50°C), and leaves of these
small ferns are correspondingly dependent on a constant supply of water from the root
system to maintain turgor. Once air dry, desiccation-tolerant plants can withstand much
higher temperatures. Plants tall and open enough for the air to circulate freely around
their leaves do not face this overheating hazard, and Polypodium leaves, held free of the
substratum on flexible petioles would be expected to be more closely coupled to the
temperature of the air. Perhaps Asplenium ceterach, with its dry leaves curved away
from the substratum and protected by their thick scaly covering, comes somewhere
between A. ruta-muraria and Polypodium cambricum in this respect. In their
photosynthetic responses, the small Asplenium species have something in common the
desiccation-tolerant mosses in the same habitats. In this they differ from A. ceterach and
P. cambricum, but these latter two are still not, photosynthetically, unequivocal sun
plants.

The ferns rooted in rock crevices can probably all draw on substantial reserves of
water at depth, which dry up only in hot dry spells in summer. Polypodium is probably
drawing mainly on a more superficial reserve of water, which both dries up and is
replenished more frequently, and this must underlie its success as an epiphyte (Zotz &
Hietz, 2001). Recovery took place at similar rates in all the ferns examined, with half-
recovery times around 2–4 hours, in contrast to the wide range of recovery rates in
bryophytes (Table 3).

These desiccation-tolerant ferns are interesting in an ecological and evolutionary
context. Proctor & Tuba (2002) postulated two strategies for plant life on land,
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Figure 4. The course of RWC during drying and re-wetting with (a) desiccation at 74%
RH (–41 MPa) and (b) at 43% RH (–114 MPa). Note in (a) the lower final RWC and
less complete recovery of new leaves, and lack of significant difference between old
and new growth in (b); half-drying times in (a) are about 11 h, and in (b) abour 9 h.
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Figure 6. Recovery of Fv/Fm and RWC (from different samples) in Asplenium
ceterach. (data set (2) of Table 3) Mean ± s.d., n = 2 (Fv/Fm), n = 3 (RWC). Fitted 4-
parameter logistic curves. Note the very wide error bars in the lower part of the curve,
reflecting the variation between replicates in the ‘latent’ time before recovery of Fv/Fm
begins.

Figure 5. The course of Fv/Fm over the duration of the experiment. Note more rapid
decline in Fv/Fm in the new growth, parallelling its faster drying, and the varied
recovery of old and new growth following the two desiccation treatments.
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Figure 7. Drying data for RWC in Polypodium interjectum at 74 and 43% RH (–41 and
–114 MPa), with fitted exponential curves.

Figure 8. Recovery of Fv/Fm following re-wetting of Polypodium cambricum after 8
days’ drying at 74% and 43% RH (–41 and –114 MPa). The only significant difference
in the parameters of the fitted curves is in their lower limit.
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Figure 9. Recovery of Fv/Fm following re-wetting of Polypodium interjectum after 8
days’ drying at 74% and 43% RH (–41 and –114 MPa). As in P. cambricum, the only
significant difference between the fitted curves is in their lower limit.

Figure 10. The 74% RH recovery curve of Figure 10 annotated with the appearance
of the leaves at intervals during re-wetting; the comments relate to the successive data
points. The mean value of Fv/Fm in dry leaves is arbitrarily plotted at 0.01 h.
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Figure 11. Light response of photosynthetic electron flow in (a) Asplenium
trichomanes, showing (very variable) non-saturating electron flow at high irradiance,
and (b) Polypodium cambricum, showing (consistent) depression of electron flow at
high irradiance. 
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Table 3. Parameters of logistic curves fitted to Fv/Fm recovery data; fitted values ± standard errors. Upper and lower asymptotes are given for
4-parameter curves; logistic curves starting from zero have only an upper asymptote, estimating fully-recovered Fv/Fm. The figures for A.
ceterach are from Spring 2008 data.

Upper and lower asymptotes 

Lower limit

0.04 ± 0.06

-

-

0.25 ± 0.01

-

-

0.04 ± 0.02

0.08 ± 0.02

0.48 ± 0.01

0.04 ± 0.03

0.18 ± 0.02

0.02 ± 0.05

Upper limit

0.79 ± 0.10

0.88 ± 0.04

0.87 ± 0.0.02

0.75 ± 0.02

0.79 ± 0.02

0.86 ± 0.17

0.94 ± 0.16

0.75 ± 0.05

0.84 ± 0.02

0.85 ± 0.05

0.81 ± 0.05

0.80 ± 0.11

Rate (slope) parameter

-1.34 ± 0.28

-0.86 ± 0.11

-0.81 ± 0.03

-1.11 ± 0.06

-1.12 ± 0.11

-0.68 ± 0.20

-1.97 ± 0.27

-3.07 ± 0.44

-3.68 ± 0.55

-1.09 ± 0.13

-2.43 ± 0.43

-1.51 ± 0.50

Half-recovery
(IC-50) /h

3.05 ± 0.48

1.73 ± 0.27

3.90 ± 0.22

1.64 ± 0.08

2.11 ± 0.20

4.46 ± 3.42

3.59 ± 0.27

5.80 ± 0.33

2.92 ± 0.20

2.45 ± 0.27

2.03 ± 0.18

1.87 ± 0.43

Species

Asplenium ruta-muraria

A. trichomanes (1)

A. trichomanes (2)

A. septentrionale

A. adiantum-nigrum (2) [-41 MPa]

A. adiantum-nigrum (2) [-114 MPa]

A. ceterach (1)

A. ceterach (2)

Polypodium cambricum (-41 MPa)

Polypodium cambricum (-114 MPa)

P. interjectum (-41 MPa)

P. interjectum (-114 MPa)
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Table 4. Light-response parameters of some desiccation tolerant ferns. The 95% saturation values (mean ± SD) are calculated from negative-
exponential curves fitted to the data-points for irradiances below 400 mmol m-2 s-1; all the species give a good fit to this part of the curve. At
higher irradiances, Asplenium ruta-muraria, A. trichomanes and A. septentrionale all show the non-saturating electron flow commonly
observed in desiccation-tolerant bryophytes (Marschall & Proctor, 2004). Most of the other species show at least some depression of
photosynthetic electron flow at high irradiance, so that Asplenium ceterach and Polypodium cambricum may in practice seldom reach the ‘95%
saturation’ values given above. All species show high NPQ values by typical vascular-plant standards. Parameters have been given for 1-qP
only when the logistic curves gave a sufficiently satisfactory fit to the data; the fit of the curves is very sensitive to error in the highest few data
points.

1 - qP

IC-50

1543

[>1000]

-

299

1201

573

[>500]

[>1000]

[>1000]

839

y-range

0.87

-

-

0.74

1.21

0.94

-

-

-

1.02

NPQ

IC-50

511

1077

1813

487

368

295

440

772

644

400

y-range

10.68

10.91

7.91

7.91

5.56

4.99

6.12

7.85

8.33

5.43

PPFD95%
/ì mol m-2 s-1

821 ± 40

772 ± 192

566 ± 82

405 ± 41

524 ± 301

421 ± 81

550 ± 91

1142 ± 104

834 ± 84

772 ± 215

Species and comments

Asplenium ruta-muraria, Chudleigh, Dec 2000

Asplenium ruta-muraria, Chudleigh, Jan 2001

Asplenium septentrionale, Trefriw, Sep 2004

Asplenium trichomanes, Chudleigh, Dec 2000

Asplenium adiantum-nigrum, Budleigh Salterton, Jan 2001

Asplenium obovatum, Gammon Head, (last season’s growth)

Asplenium obovatum, Gammon Head (new-season’s leaves)

Asplenium ceterach, Chudleigh, Jan 2001 (last season’s growth)

Asplenium ceterach, Chudleigh, Jan 2001 (new-season’s leaves)

Polypodium cambricum, Chudleigh, Jan 2001



exemplified by the homoiohydric mainstream vascular plants on the one hand, and the
poikilohydric, desiccation-tolerant bryophytes on the other. Alongside the contrast
between homoiohydry and poikilohydry there is another contrast, between endohydry
and ectohydry. In vascular plants the physiologically important free water is in the
xylem; they are endohydric, and the plant body is isolated from its surroundings by a
waterproof and water-repellent epidermis. In most bryophytes, the physiologically
important water is in capillary spaces outside the plant; they are ectohydric. The
desiccation tolerant fern sporophytes considered in this paper withstand drying (and are
to that extent poikilohydric), but are endohydric. This is also true of most other vascular
‘resurrection plants’. All of these plants function as normal vascular plants when water
is freely available, but they have added to their repertoire of responses the fall-back
option of desiccation tolerance (already inherent in their spores) when the water supply
fails. We are in a region of ecological niche-space where several adaptive strategies
converge, and none is optimal. Desiccation-tolerant ferns share their habitat with fully
poikilohydric (and ectohydric) mosses and liverworts, with small succulents, and
(seasonally) with winter annuals. Fern gametophytes, on the other hand are
unequivocally poikilohydric and ectohydric, and take their place alongside bryophytes
in a diversity of habitats where some of them are as desiccation tolerant as their
bryophyte neighbours (Watkins et al., 2007).
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