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Summary. Hemiepiphytic species in the genera Clusia and 
Ficus were investigated to study their mode of photosyn- 
thetic metabolism when growing under natural conditions. 
Despite growing sympatrically in many areas and having 
the same growth habit, some Clusia species show Crassula- 
cean acid metabolism (CAM) whereas all species of Ficus 
investigated are C3. This conclusion is based on diurnal 
CO2 fixation patterns, diurnal stomatal conductances, diur- 
nal titratable acidity fluctuations, and ~13C isotope ratios. 
Clusia minor, growing in the savannas adjacent to Barinas, 
Venezuela, shows all aspects of Crassulacean acid metabo- 
lism (CAM) on the basis of nocturnal gas exchange, stoma- 
tal conductance, total titratable acidity, and carbon isotope 
composition when measured during the dry season (Febru- 
ary 1986). During the wet season (June 1986), the plants 
shifted to C3-type gas exchange with all CO2 uptake occur- 
ring during the daylight hours. The carbon isotope compo- 
sition of new growth was - 2 8  to -29%0 typical of C3 
plants. 
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The "strangler" Clusia rosea shows aspects of Crassulacean 
acid metabolism (CAM) on the basis of 13C isotope compo- 
sition, diurnal titratable acid fluctuations, malic acid fluctu- 
ations, and leaf succulence (Ting et al. 1985). Clusia rosea 
is a hemiepiphyte, a growth form in which the seedling 
generally begins as an epiphyte growing on a tree and even- 
tually becomes a dominant, soil rooted, free-standing tree 
that completely replaces its host tree. The roots growing 
down from the epiphyte anastomoze around the host tree 
giving the appearance of strangulation. The observation 
of CAM in Clusia is important because it represents the 
first report of a true dicotyledonous tree with this adapta- 
tive photosynthetic metabolism (Kluge and Ting 1978). 
CAM was not completely unexpected in this genus because 
a high proportion of the tropical epiphytic angiosperms 
have CAM (Winter etal.  1983; Benzing 1984; Sinclair 
1984; Guralnick et al. 1986). Ficus (Moraceae) is another 
genus having "stranglers." Since Ficus frequently grows 
sympatricatly with Clusia, we wanted to compare photosyn- 
thesis in Clusia and hemiepiphytes in the Moraceae, 
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especially Ficus under natural field conditions using gas 
exchange parameters, titratable diurnal acidity fluctuations, 
and carbon-13 isotope compositions as indicators of CAM- 
or C3-photosynthesis. 

Clusia is a tropical genus in the family Clusiaceae (=  
Guttiferae) with perhaps over 200 species (Lawrence 1951). 
The species range in growth form from hemiepip]hytes, like 
C. rosea, through true epiphytes and species that grow as 
ordinary trees. The genus Ficus is larger than Clusia with 
an estimated 600 species (Lawrence 1951; Con,dit 1969), 
but also has species that show a complete range ,of growth 
habits including epiphytes, hemiepiphytes, and trees. The 
existence of hemiepiphytic species in the two unrelated gen- 
era raises the question of whether they have similar 
drought-tolerating or avoiding mechanisms (Putz and Hol- 
brook 1986). 

Materials and methods 

Plant material and study sites 

Four study sites were used in this investigation. The Virgin 
Islands National Park on St. John, U.S. Virgin Islands, 
was the site for the investigation of Clusia rosea and Ficus 
trigonata. Studies were conducted during a very dry period 
in July 1985, and during the beginning of the rainy season 
in August 1986. The Marie Selby Botanical Garden in Sara- 
sota, Florida was the site for the investigation of exotic 
Ficus species and the native F. aurea. These studies were 
conducted in January 1986. Five species of Clusia were in- 
vestigated in their native habitat at Finca La Selva, the 
Organization for Tropical Studies (OTS) site in Costa Rica 
in March 1986. Plants were considered to be epiphytic only 
if no root to soil connections existed. 

Finally, studies were conducted in the pastures and adja- 
cent grassland savannas of  the Caballeria Santa Rosa, lo- 
cated at 400 m elevation on the north slope of the Andes 
near the town of Quebrada Seca, Estado Barinas, Vene- 
zuela. The site is characterized by grass fields created by 
burning and clearing of the savannas that ordinarily would 
have woody or forest vegetation. Palms of the species Atta- 
lea maracaibensis remained and acted as the host species 
for the hemiepiphytes. The climate is characterized by a 
very dry, 4-month rainless season and a wet, rainy season 
that extends from April to November. Epiphytic and tree 
individuals of Clusia minor, and Ficus nymphaeifolia, F. ob- 
tusifolia, and Coussapoa villosa (all Moraceae), were stud- 
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ied. Plants in the epiphytic phase lacked terrestrial root 
connections. Tree individuals gave evidence of their epi- 
phytic origins, in that they were situated on the host palm, 
but were rooted in the soil and, thus, functioning physiolog- 
ically as trees. Only healthy, well-illuminated plants of  each 
species and life-form were included in the study. 

Gas exchange parameters 

Gas exchange parameters were measured with a Li-Cor 
Inc., model 6000 portable gas exchange system (Li-Cor Inc., 
PO Box 4425, Lincoln, NB 68504). The instrument mea- 
sures CO2 with a single path, nondispersive-type analyzer 
in a closed system, atmospheric water vapor with a Vaisala 
humidity sensor, light with a Li-Cor LI-1905-1 quantmn 
sensor sensitive over a waveband of 400 to 700 nm (PAR), 
and leaf and chamber temperatures with chromel-constan- 
tan thermocouples. A computer console performs appro- 
priate calculations of transpiration rates, CO2 fixation 
rates, internal leaf CO2, and stomatal conductances. Raw 
data are retrievable from the console. A I liter polycarbon- 
ate teflon-coated leaf chamber equipped with two fans for 
air circulation was used. Each datum point is the average 
of at least three radings taken from different leaves of  the 
same plant. Data were recorded every 6 s for 1 min in order 
to obtain each point. The CO2 drawdown was less than 
optimum, but was minimized in order to prevent leaf chan- 
ges while in the chamber. 

Acid titrations -~ 
I 

o~ 

Leaf disks were collected from mature leaves using a I cm 
diameter cork borer and the acid rapidly extracted either 
by grinding in distilled water with a hand-held, glass-glass y_ 
tissue grinder or by boiling in 80% alcohol (ethanol or 
propanol depending upon availability at the field sites) for 
several minutes. Acidity was titrated to a pH 7 endpoint 
with 0.01 N KOH. Each point represents the average of 
3 titrations from different leaves. Data are expressed as a 
geq acid per cm 2 of leaf surface. 

Isotope analyses 

Samples of plant material for 13C analysis were collected 
following the field observations, air dried, and returned to 
the laboratory for determination. In the laboratory, sam- 
ples were dried at 50 ~ C, further desiccated in a freeze-drier, 
and ground to a fine powder in a Wiley mill. Carbon isotope 
ratios were determined as previously described (Northfelt 
et al. 1981) and expressed as 6~3C values in units of ~o 
relative to a PDB standard. 

PEP carboxylase and malate enzyme assay 

Phosphoenolpyruvate (PEP) carboxylase activity was as- 
sayed in Clusia rosea and selected Ficus species all growing 
in a greenhouse at Riverside. Protein was extracted from 
approximately 1 g of leaf tissue by grinding in a tissue 
grinder in 10 ml of extraction buffer at 4~ containing 
100 M Hepes-NaOH, 10 mM MgClz, 10 mM DTT, and 
1% PVP 360 adjusted to pH 7.8. The extract was centri- 
fuged at 4000 rpm at 4 ~ C for 10 rain, and desalted by pas- 
sage through a small sephadex G-25 column pre-equili- 
brated in the Hepes-NaOH buffer. The PEP carboxylase 

activity was assayed spectrophotometrically at 340 nm in 
a buffer containing 50 mM Hepes-NaOH, pH 7.8, 10 mM 
MgC12, I mM NaHCO3, 0.2 mM NADH,  2 M PEP, and 
about 100 gl enzyme preparation. Malate enzyme was de- 
termined in the same preparation by following the reduction 
of NADP to NADPH at 340 nm. The assay preparation 
contained 25 mM Hepes-NaOH, 25 mM Bicine, 3 mM 
MgC12, 1 mM MnC12, 0.25 mM NADP, and 3 mM malate, 
all adjusted to pH 7.2. 

Results 

CIusia species 

Gas exchange parameters. Measurements taken in July, 
1985 on the island of St. John, indicated that the epiphytic, 
lithophytic (growing on rock outcrops), and free-standing 
trees of Clusia rosea had high stomatal conductance during 
the night with a maximum just after sunrise (Fig. 1). There 
was little stomatal conductance during the day. Significant 
CO2 uptake occurred only during the dark period and the 
early morning just after sunrise (Fig. I a). The gas exchange 
data obtained are typical of plants with CAM. 
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Fig. l a ,  b. CO2 uptake (PH) a and stomatal conductance (CS) 
b data for a rooted tree of Clusia rosea, an epiphytic form growing 
on a rock outcrop, and an unrooted epiphytic form growing on 
a host tree. The data indicate CAM photosynthesis with most  CO2 
uptake toward the end of the dark period and some during the 
early morning hours. Data  were obtained in July, 1985, on St. 
John, US Virgin Islands. Each point is the mean of 3 readings. 
The error bars are the SE of the means. The black bar  in the 
abscissa is the dark period 
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Fig. 3. Diurnal acidity patterns for Clusia rosea. The data were 
obtained from the plants used in Fig. 1. Each point is the mean 
of 3 readings. The error bars are the SE of the means 

did the epiphytes (Fig. 2b). Except for the early morning 
stomatal conductance, we obtained no evidence for daytime 
stomatal opening. 

The gas exchange measurements taken from epiphytic 
and tree forms of Clusia minor during the wet season did 
not reveal any indication of nocturnal COz uptake 
(Fig. 2c). Thus the plants had evidently shifted from CAM- 
like gas exchange in the dry season to C3-1ike gas exchange 
during the wet season. Because of extensive rains and very 
high humidity during the night (in excess of 9'5%), our 
stomatal conductance data were probably not reliable and 
are not reported. 
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Fig. 2a--e. Gas exchange parameters for Clusia minor, a COz ex- 
change for epiphytic and tree forms during dry season=CO2. 
b Stomatal conductance for the two forms during dry season (Cs = 
stomatal conductance), e Diurnal course of CO2 uptake for Clusia 
minor measured during the wet season. The error bars are the 
SE of the mean 

Gas exchange data for Clusia minor growing in the sa- 
vannas of Venezuela during the dry season indicated typical 
CAM (Fig. 2). CO2 uptake occurred during the night hours 
with no evidence of any daytime assimilation (Fig. 2a). CO2 
uptake rates by the epiphytes were lower than by the trees, 
which we interpret to mean better water balance by the 
trees than the epiphytes (Fig. 2a). This is also evident in 
the stomatal conductance data shown in Fig. 2b. Although 
the peak stomatal opening that occurred just after sunrise 
was comparable in the epiphytes and trees; the trees gener- 
ally had greater conductance throughout the night than 

Titratable acidity. Figure 3 shows the alternating acid fluxes 
for the three Clusia rosea types studied on St. John. All 
three show the typical acid fluctuation of CAM plants. 
Young, but fully expanded leaves had greater acid, but less 
diurnal fluctuation than older leaves (data not shown). 
These data are consistent with previous values reported for 
CAM plants (Kluge and Ting 1978). Much of the acid flux 
in C. rosea can be accounted for by malic acid, a pattern 
consistent with observations on other CAM plants (Ting 
et al. 1985). 

Of the five species of Clusia investigated at La Selva, 
Costa Rica, two, C. t iara  and C. uvitana, showed a marked 
diurnal fluctuation of titratable acidity (Fig. 4). The other 
three species investigated, C. gracilis, C. cylindrica and C. 
valerii, had titratable acidity levels greater than what would 
be expected in a usual C3 plant, but there was little evidence 
of any diurnal fluctuation. The general morphology of C. 

t iara  and C. uvitana was similar to C. rosea in that they 
are hemiepiphytes that eventually become large trees. These 
two species were growing in pastures. The leaves of the 
three species that did not show typical CAM are less succu- 
lent than the species with CAM. Clusia cylindrica was grow- 
ing epiphytically and did not have the appearance of a suc- 
culent plant. Clusia gracilis was epiphytic on a fallen tree 
in heavy forest and C. valerii was growing as a free-standing 
tree in a clearing. 

Total acidity measurements made in the middle of the 
dry season (February ~986) indicated that both the epi- 
phytic and tree forms of Clusia minor were CAM (Fig. 5). 
The epiphytic forms had less acid synthesis and less diurnal 
fluctuation. Measurements of total titratable acidity of Clu- 
sia minor during the wet season indicated that levels were 
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Fig. 4. Diurnal acidity data for 5 species of Clusia collected at 
Finca La Selva, Costa Rica in January, 1986. The unshaded bar 
is the evening measurement about 1600 h and the dark bar is the 
morning measurement from samples collected about 0600 h. The 
error bars are the SE of the means 
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Fig. 5. Determination of total titratable acidity during the dry sea- 
son (February 1986) for epiphytic and rooted forms of four differ- 
ent species of hemiepiphytes. Only Clusia shows evidence of CAM 
on the basis of diurnal acid fluctuation. The first bar in each pair 
represents measurements at the end of the day period, whereas 
the second bar is the end of the night period. The error bars are 
the SE of the mean; 1 Clusia minor tree; 2 Clusia minor epiphyte; 
3 Ficus nymphaeifolia tree; 4 Ficus nymphaeifolia epiphyte; 5 Ficus 
obtusifolia tree; 6 Fieus obtusifolia epiphyte; 7 Coussapoa villosa 
tree; 8 Coussapoa villosa epiphyte 

high, suggest ing C A M  activity,  bu t  var iab le  (data  n o t  
shown).  Whi le  acid f luc tua t ion  was measu red  in some  
plants ,  o the r  indiv iduals  were  basical ly cons t an t  in acidity.  
F u r t h e r m o r e ,  ind iv idual  p lants  va r ied  f rom day to day in 
the extent  o f  acid f luc tua t ion ,  and  the overal l  p r o p o r t i o n  
o f  indiv iduals  showing  m a r k e d  f luc tua t ions  appea red  to be 
unco r re l a t ed  wi th  e i ther  the p rev ious  day ' s  rainfall  or  de- 
gree o f  insola t ion.  

13C isotope composition. All o f  o u r  ava i lab le  da ta  for  Clusia 
rosea indica te  tha t  the  ~3C i so tope  c o m p o s i t i o n  is cons is ten t  
wi th  a C A M  plant  that  assimilates some  a tmosphe r i c  CO2 
dur ing  the dayl ight  pe r iod  by ca rboxy la t ion  ca ta lyzed  by 
r ibu lose -b i sphospha te  carboxylase  (Table  1). D a t a  col lected 
in 1984 f r o m  St. J o h n  are  s o m e w h a t  m o r e  posi t ive  than  
those  col lected in 1985 (Ting et al. 1985). W e  suspect  tha t  
C A M  m e t a b o l i s m  in Clusia is var iab le  and  responds  to 

Table l .  Carbon isotope compositions for Clusia and Fieus species 

Species Fla St. John Costa Rica Life form 

Ficus aurea - 28.5 epiphyte 
F. aurea - 28.3 tree 
F. trigonata --30.3 epiphyte 
F. trigonata -29 .0  tree 
t7. altissima - 31.6 tree 
F. benjamina - 32.1 tree 
F. carica - 29.1 tree 
F. macrophylla -28.1 tree 
F. microcarpa - 30.2 epiphyte 
F. microcarpa - 29.9 tree 
F. religiosa -- 30.7 tree 
F. virens -- 29.0 tree 
F. vogelli -29 .4  tree 
Clusia cylindrica - 25,0 epiphyte 
C. tiara - 14.8 tree 
C. gracilis - 28,1 epiphyte 
C. rosea - 19.2 tree 
C. rosea - 24.0 epiphyte 
C. rosea -24 .0  tree 
C. rosea - 17.7 epiphyte ~ 
C. uvitana - 21.2 tree 
C. valerii - 30.2 tree 
Hylocereus undatus - 12.4 epiphyte b 
H. trigonatus - 13.3 epiphyte b 

" previously reported (Ting et al. 1985) 
u known epiphytic CAM species 

Table 2. Carbon isotope ratios of hemiepiphytic species growing 
in a savanna (Quebrada Seca, Barinas, Venezuela) 

Species Life form 613C (%~ 

DS* WS" 

Clusia minor epiphyte - 24.1 
tree - 23.4 

Ficus nymphaeifolia epiphyte -- 23.8 
tree -- 29.1 

Ficus obtusifolia epiphyte - 29.6 
tree - 29.3 

Coussapoa villosa epiphyte - 28.4 
tree - 28.8 

A ttalea maracaibensis host palm - 26.t 

Rhipsalis sp. epiphytic CAM -13 .3  

Panicum maximum terrestrial C4 -12 .8  

- 29.4 
-28 .3  

-27 .4  
-29.1  

a DS=dry ,  WS =wet  season 

prec ip i ta t ion  as p rev ious ly  shown for  m a n y  o ther  C A M  
species in o the r  genera  (Szarek and  Ting  1974; H a n s c o m  
and Ting  1978; Win te r  et al. 1978; K o c h  and K e n n e d y  
1980). 

Samples  taken f r o m  bo th  epiphyt ic  and tree forms o f  
Clusia minor indica ted  a gra te r  ~ l aC  va lue  than  wha t  wou ld  
be expec ted  for  a typical  Ca p lan t  which wou ld  usual ly  
by lower  than  - 2 6 % o  (Table  2). These  values  o f  -24 .18%o 
for the ep iphyte  and  --23.4%o for  the tree f o r m  are consis- 
tent  results for  Clusia rosea. 

Samples  o f  Clusia t aken  f r o m  new g rowth  dur ing  the 
wet  season showed  ~13C values  in the range  o f  - 2 8  to 
- 29~o typical  o f  Ca-plants .  
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Fig. 6. Correlation between carbon isotope composition and total 
morning titratable acidity from the 5 species of Clusia collected 
at La Selva. (r=0.99) 

Table 3. Phosphoenolpyruvate carboxylase (PEPC) and malate en- 
zyme (ME) activities in Clusia and Ficus 

Species PEPC * ME 

Clusia rosea 19.5 + 0.31 3.4 -- 0.32 
Ficus elastica 1.8 + 0.03 0.6 + 0.02 
Ficus benjamina 1.1 _+ 0.11 1.3 _+ 0.16 

a ~tmol/mg Chl/min 

A graph of 613C versus maximum morning titratable 
acidity for the five species studied at La Selva is linear 
with high acidity correlating with a less negative (more 
CAM-like) isotope ratio (Fig. 6). Because of limited data, 
we do not know if the graph is fortuitous; however, based 
on previous information about ~3C isotope compositions 
in CAM plants, (O'Leary 1981), and their malic acid stor- 
age capacity (Teeri et al. 1981), this pattern is expected. 

PEP carboxylase and malate enzyme. Assay of PEP carbox- 
ylase activity extracted from Clusia rosea seedlings grown 
from seed in the greenhouse at Riverside indicated high 
activity (Table 3) and comparable to CAM plants (Ting 
and Osmond 1973). Malate enzyme was also high, consis- 
tent with a plant that decarboxylates with this enzyme (Ting 
1985). 

Ficus species 

Gas exchange parameters. Gas exchange parameters for Fi- 
cus aurea measured at the Marie Selby Garden in September 
are quite unlike those of Clusia inasmuch as F. aurea shows 
typical C3-type gas exchange with all CO/ uptake during 
the day (Fig. 7). The data for the epiphyte and free standing 
tree are similar except that the tree showed greater stomatal 
conductance and CO/assimilation than the epiphyte. There 
was some stomatal conductance toward the beginning of 
the night period, but this was not accompanied by CO2 
uptake. We were unable to obtain any gas exchange mea- 
surements of Ficus on St. John because the leaves were 
not accessible. 

Measurements of Ficus nymphaeifolia at Barinas, Vene- 
zuela, revealed typical C3-type gas exchange with all CO2 
uptake during the day (Fig. 8). Similarly to Clusia minor, 
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Fig. 7a, b. CO2 uptake (PH) a and stomatal conductance (CS) 
b for epiphytic and rooted Ficus aurea growing at the Marie Selby 
Botanical Garden, Sarasota, Florida. Data obtained in September, 
1985. Each part is the means of 3 measurements. The error bars 
are the SE of the means 

the trees were more active than the epiphytes (Fig. 8a). 
Although neither form exhibited much CO2 uptake in the 
early morning, this represented the peak value for the epi- 
phytic forms. The stomatal conductance data were consis- 
tent with the COz uptake data, although for both life-forms, 
the early morning peak of conductance did not correspond 
with the maximum CO2 uptake rates (Fig. 8b). 

The gas exchange data obtained during the wet season 
for Ficus nymphaeifolia were consistent with the data taken 
during the dry season except the CO2 uptake rates were 
generally greater (Fig. 8 c). Similarly to the dry season mea- 
surements, the tree forms had greater rates of C()2 uptake. 
Wet season rates of the tree forms were approximately 
1.5 times higher than in the dry season and 4 to 5 times 
greater for epiphytic forms. 

Titratable acidity. No evidence for a diurnal fluctuation 
of titratable acidity was obtained for Ficus species either 
in the field at Selby Gardens or Barinas, or in the laboratory 
with F. elastica, F. benjamina, and F. lyrata. Leaf extracts 
from the native Ficus aurea studied at the Selby Gardens 
were alkaline and could not be titrated for acids. Coussapoa 
showed no acid flux. 

13 C isotope composition. Carbon isotope ratios from several 
species of Ficus collected in the Selby Gardens fell within 
the range typical of C3 plants (Table 1). Both epiphytic 
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Fig. 8a-c .  Gas exchange parameters for Ficus nyphaeifolia, a CO2 
exchange for epiphytic and tree forms (PH=CO2). b StomataI 
conductance for the two forms collected during the dry season. 
(Cs=stomatal conductance), c The error bars are the SE of the 
mean 

and free-standing trees of Ficus trigonata growing on St. 
John had C3-1ike 61aC values. With the exception of the 
epiphytic form of Fieus nymphaeifolia which had an isotope 
composition of -23%0 during the dry season in Barinas, 
the Ficus species and Coussapoa villosa had typical Ca-like 
carbon isotope compositions (Table 2). The host Attalea 
had a composition of -26.08%0. Rhipsalis, a known CAM 
plant, growing epiphytically on Attalea had an isotope com- 
position of - 13.3~o. 

PEP carboxylase and malate enzyme assay. The Ficus spe- 
cies tested for PEP carboxylase and malate enzyme activity 

showed levels comparable to Ca plants (Ting and Osmond 
1973) supporting the conclusion that Fieus shows only Ca 
photosynthesis. 

Discussion 

All of the data that we have available indicate that certain 
species of Clusia show CAM. However, since the genus 
is large with 200 or more species, we can not make a broad 
generalization at this time regarding the extent of CAM 
in Clusia. Of the seven species that we have investigated, 
C. rosea, C. minor, C. flava, and C. uvitana have shown 
definite CAM characteristics. C. cylindrica shows aspects 
of  CAM, while there was little suggestion of CAM in C. 
gracilis and C. valerii except that titratable acids were higher 
than what would be expected in typical C3 plants. High 
acidity may be an indication of potential or latent CAM 
as is the case with Portulacaria afra (Ting and Hanscom 
1977). An additional study by Tinoco and Vazquez-Yanes 
(1983) showed that C. lundelli has several physiological as- 
pects of CAM. 

Our data indicate that Clusia, as evidenced here by mea- 
surements with C. minor, is yet another group with the 
capacity of shifting from C3-type photosynthesis to CAM- 
photosynthesis. During the wet season when ample water 
is available, C. minor functions as a Ca plant with more 
efficient CO2 uptake during the daylight hours. Maximum 
CO2 uptake rates by the trees during the Ca, wet-season 
phase of the life cycle of C. minor are over twice that mea- 
sured for the nocturnal COz uptake during the CAM phase 
in the dry season. For the epiphytes, the rates are nearly 
4 times as high. 

In some respects, CAM was expected in Clusia since 
it grows as a tropical epiphyte and CAM is common in 
tropical epiphytes (Medina 1974; Winter etal.  1983; 
McWilliams 1970; Sinclair 1984; Ting et al. 1985; Gural- 
nick et al. 1986). The species of Clusia with CAM tend 
to have more succulent leaves. Paradoxically, however, as 
likely as CAM is in the epiphytic forms of Clusia, it is 
equally unlikely in the free-standing tree forms since CAM 
has not previously been reported to occur in true dicotyle- 
donous trees (Szarek and Ting 1977; Szarek 1979; Ting 
et al. 1985). Thus, the finding of CAM in Clusia trees is 
unique among the dicotyledons (Klug and Ting 1978). 

The carbon-13 isotope composition of Clusia is variable 
even within a single species and among the various species. 
Interspecific variability could be accounted for by assuming 
that not all species in the genus are CAM and thus species 
would be expected to have 613C values ranging from values 
typical of  C3 species to those typical of  full CAM plants 
depending on their photosynthetic mode (O'Leary 1981). 
An alternate hypothesis is that all species in the genus are 
potentially CAM, but only express CAM metabolism dur- 
ing certain developmental stages or environmental condi- 
tions as shown here for C. minor. The variable isotope com- 
positions may thus be the integrative result of Ca and CAM 
produced biomass. The gas exchange data clearly indicate 
a substantial amount of CO2 uptake during the early morn- 
ing, which would dilute the contribution of CAM to the 
isotope composition rendering the actual value as an inter- 
mediate number. 

Our gas exchange, titration, and carbon-13 isotope com- 
position, and PEP carboxylase data all support the conten- 
tion that Ficus has Ca photosynthesis. All of the Ficus spe- 
cies listed in Tables 1 and 2, except possibly for the common 
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commercial  fig, F. carica, evidently are stranglers in their 
native habitat .  However,  F. carica is occasionally found 
growing epiphytical ly where it is cult ivated and, in humid 
environments,  produces  aerial roots  typical of  stranglers 
that  develop into banyans  (Condi t  1969). Thus two unre- 
lated genera which both  have hemiepiphytic  species with 
the strangler habi t  and frequently grow sympatrically,  have 
different modes  of  photosynthesis .  Clusia has species that  
are C A M  and all species of  Ficus so far tested are C3. 

Since it appears  likely that  C A M  in Clusia is an adap ta -  
t ion to water  stress and /o r  drought  (Kluge and Ting 1978; 
Sinclair 1984), the question arises as to the nature  of  
drought  adap ta t ion  in the strangler Ficus species. Ficus, 
like Clusia, appears  to be adapted  to severe water  stress, 
yet Ficus has typical  C3 gas exchange with all CO2 uptake  
during the dayl ight  hours.  We do not  know the answer 
to the question of  drought  adap ta t ion  in Ficus except to 
note that  the more water-stressed epiphytic stage has a 
lower s tomatal  conductance and, hence, less water  loss. The 
more  positive 613C value measured for F. nymphaeifolia 
during the dry season could be the result of  lower s tomatal  
conductances in the l abora to ry  with other hemiepiphytic  
species of  Ficus suggest that  the s tomata  are extremely sensi- 
tive to water  deprivat ion.  

Hemiepiphytes  growing in seasonally dry climates, such 
as savannas,  may  experience drought  in two ways, annual ly 
during the dry season ( N o v e m b e ~ A p r i l )  and developmen- 
tally during the epiphytic  phase of  their life cycle, when 
frequent and severe per iods  o f  low water  availabil i ty occur 
(Benzing 1984; Sinclair 1984). While  both the epiphytic  and 
tree phases of  the life cycle of  Clusia minor can exhibit  
C A M ,  it would appear  that  the consequences of  C A M  
would be more relevant to the epiphytic phase (Winter  et al. 
1983; Benzing 1984). The epiphytic  phase of  the life cycle 
of  hemiepiphytes is among the few woody,  t ropical  savanna 
plants  that  actual ly experience seasonal drought .  Mos t  
woody savanna species, par t icular ly  trees, have physiologi-  
cal and /o r  ecological mechanisms that  circumvent seasonal 
shortages in soil water  availabili ty.  Some savanna trees are 
drought-deciduous,  d ropping  their leaves before the onset 
of  the dry season. Evergreen savanna trees, on the other  
hand,  renew leaves during the middle of  the dry season, 
a per iod that  would seem least likely for leaf expansion.  
Several studies in the Brasil ian and Venezuelan savannas 
indicate that  evergreen species access the deeper, abundan t  
soil water  during the entire year  (Sarmiento et al. 1985; 
Goldste in  et al. 1986). Meinzer et al. (1983) have shown 
that  despite the scleromorphic appearance  o f  their leaves, 
several evergreen woody species growing in seasonal savan- 
nas located close to the present  study site, were adapted  
only to shor t - term diurnal  water  deficits. Evergreen and 
deciduous savanna trees have typical  Ca photosynthet ic  me- 
tabolism. 

Evidently C A M  is not  common  among the genera show- 
ing the strangler habit.  Blakea grandifoHa (Melas tomata-  
ceae) growing at  La Selva did not  show aspects of  CAM,  
nor  did Coussapoa villosa growing in the savannas of  the 
Andes.  The hemiephytic life history is found in over 300 
species (10 families) of  flowering plants  (Putz and H o l b r o o k  
1986), but  to date we have evidence for C A M  only in the 
genus Clusia. 

Acknowledgments. This research was generated and supported in 
part by the University of California Research Expedition (UREP) 
program for which IPT is greatly indebted. Expedition I (1984) 

resulted in the find that Clusia rosea was CAM. Expedition II 
(1985) was conducted for the purposes of further studying the 
CAM metabolism in Clusia. Participants for Expedition II were 
L. Blose, R.E. Bonning, J.C. Broyles, D.W. Stewart, and J.A. Za- 
bilski. Participants for Expedition I are listed in Ting et al. 1985. 
The research was supported in part by NSF grant DMB-8416981 
to IPT, the University of California, Riverside, Division of the 
Academic Senate, and a University of Florida Presidential Re- 
search Fellowship to N.M.H. We also thank the Marie Selby Bo- 
tanical Garden, Sarasota, Florida; the US National Park Service 
for allowing us to work in the Virgin Islands National Park, St. 
John, USVI, and The Organization for Tropical Studies (OTS) 
for allowing us to conduct research at their station at La Selva, 
Costa Rica. We thank the Jardin Botanica, Universidad Nacional 
Experimental de los Llanos Occidentales, Barinas, Venezuela, and 
Dr. Eliseo Costellano, Director, for allowing us to use their facili- 
ties. We thank the Grupo Ecologia V~getal of the Universidad 
de los Andes in Merida for their logistic support and J. Cavalier 
and H. Saavedra for field assistance. Finally, we thank the staff 
of Caballeria Santa Rosa for allowing us to work on their property. 

References 

Benzing DH (1984) Epiphytic vegetation: A profile and suggestions 
for future inquires. In : Medina E, Mooney HA, Vasquez-Yanes 
C (eds) Physiological Ecology of the Wet Tropics. Dr. Junk 
Publ. The Hague-Boston pp 155 171 

Condit IJ (1969) Ficus, the exotic species. University of California 
Division of Agricultural Sciences. Berkeley, CA p 363 

Goldstein G, Sarmiento G, Meinzer F (1986) Patrones diarios y 
estacionales en las ralaciones hidricias de arboles siempreverdes 
de la sabana tropical. Acta Oecologica/Oecol Plant 7:102119 

Guralnick L J, Ting IP, Lord EM (I 986) Crassulacean acid metabo- 
lism in the Gesneriaceae. Am J Bot 73 : 336-345 

Hanscom Z, Ting IP (1978) Irrigation magnifies CAM-photosyn- 
thesis in Opuntia basilaris (Cactaceae). Oecologia (Berlin) 
33:1-15 

Ktuge M, Ting IP (1978) Crassulacean acid metaboism: Analysis 
of an Ecological Adaptation. Springer, Berlin Heidelberg New 
York 

Koch KE, Kennedy RA (1980) Effects of seasonal changes in the 
Mid-west on Crassulacean acid metabolism (CAM) in Opuntia 
humufsa Raf. Oecologia (Berlin) 45 : 390 395 

Lawrence GHM (1951) Taxonomy of Vascular Plants. The Mac- 
Millan Co New York p 823 

McWilliams EL (1970) Comparative rates of dark CO2 uptake 
and acidification in the Bromeliaceae, Orchidaceae, and Eu- 
phorbiaceae. Bot Gaz 131:285 290 

Medina E (1974) Dark COz fixation, habitat preference and evolu- 
tion within the Bromeliaceae. Evolution 28 : 67-686 

Meinzer F, Seymour V, Goldstein G (1983) Water balance in devel- 
oping leaves of four tropical savanna woody species. Oecologia 
(Berlin) 60 : 237-243 

Northfelt DW, DeNiro MJ, Epstein S (1981) Hydrogen and carbon 
isotopic ratios of the cellulose nitrate and saponifiable lipid 
fractions of annual growth rings of California redwood. Geo- 
chim Cosmochim Acta 45:1895-1898 

O'Leary MH (1981) Carbon isotope fractionation in plants. Phyto- 
chemistry 20:553-567 

Putz FE, Holbrook NM (1986) Notes on the natural history of 
hemiephytes. Selbyana 9:61-69 

Sarmiento G, Goldstein G, Meinzer F (1985) Adaptive strategies 
of woody species in neotropical savannas. Biol Rev 60:315 355 

Sinclair R (1984) Water relations of tropical epiphytes. III. Evi- 
dence for Crassulacean acid metabolism. J Exp Bot 33 : 1-7 

Szarek SR (1979) The occurrence of CAM: A supplementary list 
during 1976-1979. Photosynthetica 11:330-342 

Szarek SR, Ting IP (1974) Seasonal patterns of acid metabolism 
and gas exchange in Opuntia basilaris. Plant Physiol 54:76-81 

Szarek SR, Ting IP (1977) The occurrence of Crassulacean acid 
metabolism among plants. Photosynthetica 11 : 339-342 



346 

Teeri JA, Tonsor SJ, Turner M (1981) Leaf thickness and carbon 
isotope composition in Crassulaceae. Oecologia (Berlin) 
50:104-107 

Ting IP (1985) Crassulacean acid metabolism. Ann Rev Plant Phys- 
iol 35:595-622 

Ting IP, Hanscom Z (I 977) Induction of acid metabolism in Portu- 
lacaria afra. Plant Physiol 59: 511-514 

Ting IP, Lord EM, Sternberg L da SL, DeNiro MJ (1985) Crassula- 
cean acid metabolism in the strangler Clusia rosea Jacq. Science 
229 : 969-971 

Ting IP, Osmond CB (1973) Photosynthetic phosphoenolpyruvate 
carboxylase. Characteristics of alloenzymes from leaves of C3 
and Ca plants. Plant Physiol 51:439~447 

Tinoco Ojanguren C, Vazquez-Yanes C (1983) Especies CAM in 
la selva humeda tropical de Los Tuxtlas, Veracruz. Bol Soc 
Bot Mexico 45:150~153 

Winter K, Luttge U, Winter E (1978) Seasonal shift from C3 photo- 
synthesis to Crassulacean acid metabolism in Mesembryanthe- 
mum crystallinum growing in its natural environment. Oecolo- 
gia (Berlin) 34: 225537 

Winter K, Wallace BJ, Stocker GC, Roksandic Z (1983) Crassula- 
cean acid metabolism in Australian vascular epiphytes and 
some related species. Oecologia (Berlin) 57:129-473 

Received March 19, 1987 


