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Review article

The Occurrence of Plants with Crassulacean Acid
Metabolism (CAM) Photosynthesis in Tropical and
Subtropical Rain Forests with Very High Rainfall”

Craig E. Martin™
[ Summary ]

Crassulacean acid metabolism (CAM) is a photosynthetic pathway that conserves water by
restricting stomatal opening, hence water loss, to the night. Thus, it is not surprising to find that
floras of arid regions include a large number of CAM plants. In addition, CAM is common among
epiphytes in tropical and subtropical environments, where water is plentiful. Despite the latter,
evidence exists that comparatively short periods of drought, coupled with the unusual morphology
and/or microhabitat of such epiphytes, comprise stress substantial enough that the CAM pathway
proves highly adaptive.

It is more difficult to explain the adaptive significance of CAM in tropical and subtropical
rain forests with exceedingly high annual rainfall, i.e., in excess of 4 meters per year. This review
explores a variety of hypotheses proffered as explanations for this apparent conundrum. Such hy-
potheses include:

1. CAM allows an epiphytic CAM plant to capitalize on the high concentrations of atmospheric
CO, at night in the canopies of its host trees;

2. even in such rain forests, rainless periods are long enough and/or frequent enough that CAM
proves advantageous as a water conservation adaptation.

3. The ability of many CAM plants to assimilate CO, during both the day and night is advanta-
geous in such environments.

4. The increase in daytime CO, levels in CAM photosynthetic tissue prevents photoinhibition and
minimizes CO, losses during the day.

5. The high acid content of CAM photosynthetic tissue, at least early in the day, deters herbivory.

6. The stimulation of CO, uptake following wetting of the leaves reported for at least one epi-
phytic CAM plant is advantageous in such high-rainfall environments.
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7. The low demand for essential elements observed in at least one CAM plant increases the nu-
trient efficiency of such plants, which is adaptive in rain forests with excessive rainfall and,
hence, high levels of nutrient leaching from the leaf tissues.

8. Guttation resulting from osmotically-driven high tissue water contents benefits CAM plants
several ways.

9. Epiphytic CAM plants are well-adapted to shady microhabitats, comprising a valuable adapta-
tion to the cloudy environment of high-rainfall rain forests.

10. CAM is not beneficial for such plants in these environments for at least 3 possible reasons.
All of the hypotheses have only rarely been examined in past studies. Thus, all are in need of
further investigation.
Key words: adaptations, CO, concentration, CO, uptake, CAM (Crassulacean acid metabolism),
drought.
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INTRODUCTION

Most higher plants can be categorized
according to different suites of photosynthetic
and, in some cases, leaf anatomical criteria
as C;, C,, or CAM (Crassulacean Acid Me-
tabolism) plants (Black 1973, Edwards and
Walker 1983, Salisbury and Ross 1992). Not
surprisingly, numerous exceptions exist, typi-
cally plants that exhibit features intermediate
between 2 of these categories (Griffiths 1988,
Martin 1996, Guralnick et al. 2008, Voznesen-
skaya et al. 2008, Winter et al. 2008, Herrera
2009). It is widely accepted that plants with
CAM are especially well-adapted, with one
glaring exception, to arid environments or mi-
croenvironments (Kluge and Ting 1978, Os-
mond 1978, Winter 1985, Liittge 1987). The
primary feature of CAM plants that proves so
important in arid surroundings is a reversal in
diel stomatal activity, i.e., unlike in C, and C,
plants, the stomata of CAM plants are closed
throughout the warm, lower-humidity day
and are open during much of the cooler, more
humid night, resulting in very low amounts
of diel water loss from the photosynthetic
tissue. Of course, conserving water in this
manner creates a different problem in that the
high-energy compounds resulting from the
activity of the light reactions during the day
are not available for carbon reduction once
CO, is assimilated by the photosynthetic tis-
sue at night. As a result, CAM plants form
the 4-carbon malic acid from CO, uptake at
night, and this acid is stored in a vacuole until
its release and decarboxylation during the
subsequent daytime. The internally-released
CO, is then reduced to carbohydrate using

the high-energy compounds provided by the
light reactions in the light of the day. Despite
the added biochemical complexity associated
with nighttime CO, uptake, CAM plants are
very abundant, and their phylogenetic diversi-
ty can be remarkably high in arid regions and
dry microenvironments such as that typical of
epiphytes in tropical and subtropical environ-
ments (Kluge and Ting 1978, Griffiths 1989,
Winter and Smith 1996, Zotz and Ziegler
1997).

Although the great majority of CAM
plants clearly appear to be well-adapted to dry
habitats, there is at least one notable excep-
tion — that of CAM plants that are submerged
aquatics and presumably never experience dry
periods (Griffiths 1988, Boston et al. 1989,
Keeley 1996). In these plants, CAM appears
to constitute an adaptation to CO, availability
in the water and not to water conservation.
CAM allows CO, assimilation from the water
at night when aqueous CO, concentrations
are higher as a result of greater gas solubil-
ity in the cooler water at night, as well as the
release of respiratory CO, into the water from
surrounding non-CAM aquatic plants. During
the day, CO, availability in the water is sub-
stantially reduced as a result of higher water
temperatures and the use of CO, in photosyn-
thesis by non-CAM aquatic neighbors, yet
CAM provides a source of CO, internally in
the photosynthetic tissues of these aquatic
CAM plants (Liittge 1987, Griffiths 1988,
Boston et al. 1989, Keeley 1996).

Until the above aqueous CO, availability
scenario was fully understood, the presence
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of CAM in submerged aquatic plants was
puzzling to many investigators. Nearly as
puzzling is the geographically widespread oc-
currence of CAM plants in tropical and sub-
tropical rain forests that receive exception-
ally high amounts of rain (e.g., over several
meters annually; Pierce et al. 2002, Martin et
al. 2005). Clearly, the term “drought”, even
if short-term, seems inappropriate for such
environments. Given the 2 disparate adaptive
benefits conferred by CAM to plants growing
in arid habitats or submerged in water, several
hypotheses have been offered to explain the
presence of CAM in high-rainfall tropical and
subtropical rain forests. First, as was suggest-
ed previously by Knauft and Arditti (1969),
Martin et al. (2005), and Hsu et al. (2006),
CAM may have evolved in such plants, par-
ticularly epiphytic CAM plants, in response to
diel changes in CO, concentrations in the air
surrounding such plants. For example, atmo-
spheric CO, concentrations in the canopies of
tropical and subtropical forest trees are higher
at night (see below) as a result of respiratory
release by the tree leaves, whereas during the
day, these leaves photosynthesize, reducing
the CO, concentrations of the tree canopy air.
An epiphyte with CAM should then be able
to capitalize on the higher nighttime CO, con-
centrations.

A second possible benefit of CAM in
tropical and subtropical rain forests with high
rainfall reflects the more traditional role of
CAM in plants growing in arid lands, that of
water conservation. Although “drought”, as
traditionally defined, is a rare event in these
forests, periods without rain occur frequently,
and such periods vary greatly in length from
a day to more than a week (see below). Fur-
thermore, most CAM epiphytes are not rooted
in much soil, or even lack absorptive roots,
and often lack tissue succulence, and those
with morphological adaptations that impound

water usually lack CAM (Benzing 1990,
Martin 1994). These factors may have com-
prised a strong selective pressure during the
evolution of such plants, resulting in CAM as
a water-conservation feature.

Distilling the above, coupled with other
considerations, including those offered by
Pierce et al. (2002), a number of hypotheses
are forwarded here in an attempt to explain
the adaptive significance of the widespread
occurrence of CAM plants, especially among
epiphytic taxa, in tropical and subtropical rain
forests with unusually high annual rainfall
where one would least expect to find such
plants. A focus on epiphytes is appropriate, as
many of the CAM plants found in subtropi-
cal and tropical rain forests are, with some
notable exceptions, epiphytic (Winter et al.
1986, Earnshaw et al. 1987, Zotz and Ziegler
1997, Zotz 2004; also compare Kress 1986,
1989 with Smith and Winter 1996 and Sayed
2001).

Hypotheses
Hypotheses That CAM Plants Are Better

Adapted to Any Epiphytic Habitat (Not Just
in High-Rainfall Rain Forests) Than Are C,
Plants.
Hypothesis I: CAM comprises an adaptation
that allows such plants, particularly CAM
epiphytes, to capitalize on higher CO, con-
centrations found in tree canopies at night,
relative to those during the day. {Note: this
hypothesis is based on theoretical consider-
ations, not experimental data}.

I.1. Diel changes in CO, concentrations in
subtropical and tropical rain forest tree
canopy atmospheres
As stated earlier, atmospheric CO, con-

centrations in the canopies of tropical and

subtropical rain forests are substantially high-
er at night than during the day (Table 1). This
diel fluctuation in canopy CO, concentrations
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Table 1. Day and night CO, concentrations (in ppm) and night-day change in the canopy of
tropical and subtropical rain forests. All values were estimated from figures (occasionally
the text) in the references cited

Study Location Day [CO,] Night [CO,] Diel Change

Lemon et al. 1970 Costa Rica 285 330 45
Odum et al. 1970 Puerto Rico* 325 345 20
Aoki et al. 1975, 1978 Malaysia 310 430 120
Fan et al. 1990 Brazil 340 380 40
Delmas et al. 1992 Congo 285 335 50
Grace et al. 1995, 1996 Brazil' 485 360 125
Lloyd et al. 1996 Brazil' 345 430 85
Culf et al. 1997 Brazil 360 486 126
Hsu et al. 2006 Taiwan* 370 405~415 35~45
De Aratijo et al. 2008 Brazil 365~375 410~430 45~55
Fisch et al. 2000 Brazil 380 430 50
Overall range Global 310~380 330~486 20~126
Average* Global 350 (53) 394 (49) 67° (37)
Pierce et al. 2002 Panama* [unknown] [unknown] 6~20

* rain forest known to have very high (over several m) annual rainfall.

" different studies of the same forest.

" mid-point used for ranges given (standard deviations in parentheses; N = 12).
¥ Day and night averages different at P < 0.05 (result of paired r-test).

is attributable to daytime photosynthetic CO,

uptake, followed by nighttime respiratory

CO, release, by the leaves of the canopy trees,

all of which are C, plants.

[.2. Diel changes in atmospheric CO, con-
centrations as a strong selection pressure
in the evolution of CAM in subtropical
and tropical rain forests
The rationale of Hsu et al. (2006) is fol-

lowed here. If day/night fluctuations in atmo-

spheric CO, concentrations in the tree cano-
pies of epiphytes were indeed the primary
selective agent that resulted in the evolution
of CAM in epiphytes, then it seems reason-
able to expect that epiphytes should still be
capable of utilizing the CO, added by the host
tree to the canopy atmosphere at night. This
possibility can be (and has been) investigated
through the use of stable carbon isotopes. CO,
respired by the host tree will be enriched in

C, relative to CO, in air unaffected by tree
respiration (Griffiths 1992, 1993). Thus, if a
CAM epiphyte uses canopy CO, at night, its
tissue 8"°C/"°C value should reflect a greater
enrichment in °C than another individual of
that species growing where the atmospheric
CO, is not influenced by tree respiration at
night.

Although Hsu et al. (2006) used this ap-
proach and found no evidence for the uptake
of host-respired CO, by Hoya carnosa, an
epiphytic CAM vine in a high-rainfall sub-
tropical rain forest, more such work with ad-
ditional species is needed before firm conclu-
sions can be drawn.

Hypothesis II: CAM constitutes an adapta-
tion that conserves water, allowing survival
and avoidance of drought stress injury dur-
ing episodic rainless periods in these forests.
{Note: this hypothesis is based on a great deal
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of experimental data with both terrestrial and

epiphytic plants}.

I1.1. Rainless periods in subtropical and tropi-
cal rain forests with high rainfall

CAM, by definition, entails stomatal
closure during the day, followed by opening
at night, resulting in greater water conserva-
tion, relative to non-CAM plants. Further-
more, the biochemical events of CAM should
minimize the potential for photoinhibition
during the day, during which most or all of
the photochemical energy harvested by the
photosynthetic pigments is dissipated by the
utilization of high concentrations of CO, pro-
duced by the decarboxylation of malic acid
during the day. Evidence that CAM minimiz-
es photoinhibition during the day has been
reported in a number of studies (Liittge 1987,
Griffiths 1989, Pierce et al. 2002, Osmond et
al. 2008, Herrera 2009).

If CAM benefits plants in high-rainfall
forests as a result of its drought tolerance fea-
tures, the question arises about how frequent
and severe are droughts in high-rainfall rain
forests. Ignoring some exceptions, rainless

periods occur in the majority of tropical and
subtropical rain forests with high yearly pre-
cipitation totals. These rainless periods vary
in length, depending on the geographic loca-
tion, topography, time of year, and particular
year. Table 2 presents the frequency of rain-
less periods of varying lengths for the Fushan

Experimental Forest, a high-rainfall (annual

amount over several m) subtropical rain forest

in northeastern Taiwan. In Table 3 the same

drought frequency data are presented for a

high-rainfall tropical rain forest at El Verde,

Puerto Rico.

I1.2. Effects of drought on epiphytic CAM
plants growing in tropical/subtropical
forest with high rainfall
Although a number of studies have

examined the effects of drought stress on

epiphytic CAM plants in or collected from
tropical environments with moderate amounts

of rainfall (Fu and Hew 1982, Sinclair 1983,

Zheng et al. 1992, Sekizuka et al. 1995, Zotz

and Tyree 1996), few studies have investi-

gated the effects of drought stress on CAM
epiphytes growing in high-rainfall tropical

Table 2. Frequency of rainless periods at the Fushan Experimental Forest, a high-rainfall
(annual amount over several m) subtropical rain forest in northeastern Taiwan (unpublished

data provided by Y-J Hsia)

Length of Number of rainless  Number of rainless Resultant days Days without
rainless period, d periods in 3 yr periods per yr without rain in 3 yr rain per yr
1 67 22.3 67 22.3
2 27 8.3 54 18.0
3 21 7.0 63 21.0
4 9 3.0 36 12.0
5 9 3.0 45 15.0
6 5 1.7 30 10.0
7 4 1.3 28 9.3
8 1 0.3 8 2.7
9 3 1.0 27 9.0
11 1 0.3 11 3.7
16 1 0.3 16 5.3
1~16 148 49.2 385 128.3
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Table 3. Frequency of rainless periods at a high-rainfall (annual amount over several m)
tropical rain forest at El Verde, Puerto Rico (data estimated from figures in Odum et al.

1970)
Length of Number of rainless Number Resultant days Days without
rainless period, d periods in 2 yr* per yr* without rain in 2 yr* rain per yr*
<8 28 224 112
ca. 8 9 72 36
ca. 10 6 60 30
>15 4 >60 >30
<8~=>15 47 >416 >138

* data presented are maxima based on data in first column.

and subtropical rain forests, perhaps because
droughts seem highly unlikely in such high-
rainfall forests (yet see above section). Photo-
synthetic CO, exchange in 2 CAM ferns col-
lected from tropical rain forests in Singapore
and measured under controlled conditions in
Germany was very sensitive to short drought
periods; rates fell to zero within 5~6 d without
water (Ong et al. 1986). In contrast, the CAM
species Aechmea dactylina maintained higher
photosynthetic electron transport capability
and daily carbon gain than did the C; epiphyte
Werauhia capitata during a month-long dry
season in a high-rainfall tropical rain forest
in Panama (Pierce et al. 2002). The results
of these 2 studies appear contradictory, and
serve to emphasize the need for more work of
this nature.

Other potential benefits of CAM in trop-
ical and subtropical forests with high
rainfall
Pierce et al. (2002) compared the eco-
physiology of CAM and C, epiphytic brome-
liads in an extremely wet tropical cloud forest
in Panama and reported evidence for the fol-
lowing benefits of CAM over C, photosynthe-
sis in these plants.
Hypothesis 111.1.: CAM allows higher diel
carbon gain as a result of CO, uptake
during both the night and day. {Note:

this hypothesis is based on limited ex-
perimental data, i.e., Pierce et al. 2002}.
Although most CAM plants assimilate
the majority of their atmospheric carbon
at night (“Phase I” gas exchange; Osmond
1978), they also can absorb substantial
amounts of CO, during the daytime, either
early in the morning (“Phase II” gas ex-
change) and/or late in the afternoon (“Phase
IV” gas exchange). The combination of
daytime and nighttime CO, uptake may al-
low for the assimilation of more CO, during
a 24-h period than is possible in C, plants, in
which CO, uptake is restricted to the daytime.
Although this was true in the Aechmea-Wer-
auhia CAM-C, comparison made by Pierce
et al. (2002) in Panama, this is not always
the case, however, as different rates of CO,
uptake (e.g., lower CO, uptake rates in CAM,
relative to C; plants, as is often observed)
may counterbalance these differences in peri-
ods of uptake. Thus, this hypothesis requires
further investigation, requiring more compar-
ative studies of CAM and C, species in high-
rainfall tropical and subtropical forests.
Hypothesis 111.2.: CAM allows higher diel
carbon gain as a result of respiratory CO,
recycling during periods when atmo-
spheric CO, uptake does not occur. {Note:
this hypothesis is based on limited ex-
perimental data, i.e., Pierce et al. 2002}.
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In the Aechmea-Werauhia CAM-C,
comparison made by Pierce et al. (2002) in
Panama, both species exhibited stomatal
closure during the day, the CAM response
being typical of CAM gas exchange (“Phase
III”), and the C, response being typical of C,
plants under stress (“mid-day depression” of
gas exchange as a result of excessive water
loss, high air vapor pressure deficits, or both).
Both species intercepted high irradiances at
this time, resulting in evidence of photoin-
hibition in the C; plant, but not in the CAM
plant, presumably a result of its high internal
CO, concentration characteristic of CAM at
mid-day (see above). Because the CAM plant
remained photosynthetically active at mid-
day, albeit without assimilating atmospheric
CO,, only the CAM plant was capable of
minimizing respiratory CO, losses at mid-day
(see also Martin 1996 and Maxwell 2002).
As a result, the diel carbon budget of the C,
plant suffered losses, while that of the CAM
plant did not. Of course, if this hypothesis
is to apply to C,-CAM comparisons in other
tropical and subtropical rain forests with high
amounts of rainfall, periods of drought must
be long enough to effect stress-caused mid-
day stomatal closure in the C, taxa.
Hypothesis I11.3.: The accumulation of malic

acid and its resultant low pH in CAM
leaf tissue might deter herbivory during
the early part of each day by insects and
other herbivores. {Note: this hypothesis
is based solely on theoretical consider-
ations.}.

Although little or no empirical evidence
exists for this hypothesis, it is, nonetheless,
an attractive one. The tissue of CAM plants
is highly acidic (e.g., with pH values as low
as 3~4) for hours before and after sunrise.
Such acidic tissue may prove too bitter for
consumption by herbivores, thus preventing
tissue losses in CAM plants as a result.

Hypotheses that CAM plants are better
adapted to the epiphytic habitat than are C,
plants solely in high-rainfall rain forests.
Hypothesis I11.4.: CAM minimizes inhibition

of gas exchange resulting from wet leaf

surfaces. {Note: this hypothesis is based
on limited experimental data, i.e., Pierce

et al. 2002}.

Pierce et al. (2002) found that gas ex-
change in both the CAM plant Aechmea dac-
tylina and the C, Werauhia capitata in Pana-
ma was similarly inhibited by wetting of the
leaf surfaces, a frequent event in high-rainfall
tropical and subtropical rain forests, yet only
in the CAM plant was CO, uptake stimulated
once the leaves dried. The mechanism of this
stimulation has not been investigated. None-
theless, this could prove to be an important
benefit of the CAM pathway in tropical and
subtropical rainforests characterized by very
high amounts of annual precipitation, yet this
phenomenon has rarely been investigated.
Hypothesis I11.5.: CAM results in higher

nutrient-use efficiencies than does C,

photosynthesis. {Note: this hypothesis is

based on limited experimental data, i.e.,

Pierce et al. 2002}.

For the reasons described in Hypotheses
III.1 through II1.3 above, the CAM plant in
the C;-CAM comparison made by Pierce et
al. (2002) in Panama exhibited greater diel
net carbon uptake, relative to the C, plant.
As a result of this and the greater mineral
nutrient concentrations in leaves of the latter
species, the CAM plant had greater nutrient-
use efficiencies than did the C; plant. Given
the general paucity of available nutrients in
tropical and subtropical rainforests, which is
exacerbated by leaching due to excessive rain-
fall in high-rainfall rain forests, this difference
may be an important benefit of CAM in these
environments. Of course, this suggestion is
predicated on the simultaneous occurrence of
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all the C;-CAM differences described above
applying to other C;-CAM comparisons in oth-
er high-rainfall tropical and subtropical forests.
Hypothesis I11.6.: The accumulation of malic
acid in CAM leaf tissue will decrease
tissue osmotic potential with beneficial
effects. {Note: this hypothesis is based
solely on theoretical considerations}.

The decreased osmotic potential (hence,
water potential) should effect potentially ex-
cessive water uptake, at least for the early half
of each day during which tissue malic acid
levels are high. The resultant high leaf turgor
might result in high levels of guttation by the
CAM leaves, possibly avoiding flooding of
the leaf tissue (Feild et al. 2005), removing
leaf toxins (Chen and Chen 2007), inhibit-
ing leaf surface pathogens (Fukui et al. 1999,
Grunwald et al. 2003), and/or enhancing the
uptake and movement of essential elements
(Singh et al. 2008) in these CAM epiphytes.
Hypothesis II1.7.: CAM epiphytes are par-

ticularly well-adapted to the low-light
conditions characteristic of rain forests
with exceptionally high rainfall. {Note:
this hypothesis is based on experimental
data in many studies}.

Cloud cover in the sky above high-rain-
fall rain forests is frequently heavy and con-
stant; thus, epiphytes are shaded by clouds,
as well as by their host canopy. Many CAM
epiphytes are well-adapted to such low-light
conditions (Martin et al. 1985, 1986, Winter
et al. 1986, Adams et al. 1987, 1988, Adams
1988, Griffiths et al. 1989, Martin et al. 1989,
Adams et al. 1992, 1996, Skillman and Win-
ter 1997, Martin et al. 1999). There are too
few comparative studies, however, to know
whether CAM epiphytes are better adapted to
shade than are C, epiphytes.

Hypothesis IV: CAM may offer no special
benefits to an epiphyte in high-rainfall
rain forests for one or more of the fol-

11

lowing reasons: {Note: these hypotheses
are based solely on theoretical consid-
erations and lack specific experimental
support. They are presented here as po-
tential jumping-points for further consid-
eration and research}.

IV.1. CAM epiphytes invaded rain forests
with exceptionally high rainfall from
surrounding habitats with lower annual
amounts of rainfall. {This possibility has
not been investigated}.

IV.2. CAM epiphytes are currently present
in rain forests with exceptionally high
rainfall as a result of their presence in
the area when annual amounts of rainfall
were much lower. {This possibility has
also not been investigated}. Although
examples of such instances are not
known to this author, this possibility was
included because current plant distribu-
tions do occasionally reflect past cli-
mates that differ from modern conditions
in that geographic area, e.g., the flora of
arid regions of Australia (Cox and Moore
2005).

IV.3. CAM epiphytes in high-rainfall forests
might be on the verge of losing CAM
and reverting to C, photosynthesis or C;-
CAM intermediacy. {This possibility has
also not been investigated}.

Because CAM may provide little to no
adaptive value (but see above), such CAM
taxa in tropical and subtropical rain forests
with exceedingly high rainfall may, over time,
“revert” to C, photosynthesis, which should
allow higher growth rates, especially with
such an abundant supply of water. Several
phylogenetic surveys of families in which nu-
merous CAM taxa are found provide evidence
of putative CAM-to-C; “reversions” (Crayn
et al. 2004, Mort et al. 2007). Thus, in the dis-
tant future, it is possible that high-rainfall rain
forests will be devoid of CAM taxa. Further
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phylogenetic analyses may allow identifica-
tion of taxa particularly susceptible to such a
dramatic evolutionary change.

DISCUSSION

It is clear from this review that an an-
swer to the question about why CAM plants
are often found in tropical and subtropical
rain forests characterized by excessive annual
rainfall remains elusive, primarily as a result
of inadequate data addressing the hypotheses
presented above. Although all such hypoth-
eses generate intrigue, and some support
exists for several of these hypotheses, more
comparative studies of CAM and C, plants
are required before one or more of these hy-
potheses can be accepted as an explanation
for the occurrence of CAM plants in high-
rainfall rain forests.

Dr. Craig E. Martin is a senior professor of
the Department of Ecology and Evolutionary Bi-
ology at the University of Kansas. Dr. Martin is
a plant ecophysiologist and has been working on
CAM plants for more than 30 years. Ever since
his first visit to Taiwan in 1994 he loves Taiwan
and enjoys the friendship that he has built over the
last two decades with many scientists. By Febru-
ary 2010 he has visited Taiwan approximately 10
times and each time he visited Taiwan he spent
time at Fushan Experimental Forest studying plant
ecophysiology especially epiphytic CAM plants,
with most of them ferns. Fushan is now one of his
major research sites and likely his favorite one. He
has already published with local scientists approxi-
mately 10 papers that involved research projects
at Fushan but he still thinks that there is a lot more
ecophysiological mysteries waiting for discovery
and solving. He would be more than happy to
explore these mysteries and others in Taiwan in
general and specifically at Fushan with friends
in Taiwan and from all over the world. Over the

last decade he helped and enjoyed working with
many students in Taiwan developing and conduct-
ing their research projects. Anyone interested in
plant ecophysiology is encouraged to contact Dr.
Craig Martin for future collaboration. I believe that
anyone working with Dr. Craig Martin would find
him intelligent, interesting, inspiring and, equally
important, fun to work with. (by Teng-Chiu Lin,
Professor, National Taiwan Normal University,

Department of Life Science).
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