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ABSTRACT

Epiphytic and rree-phase individuals of two hemiepiphytic figs (Ficas pertusa and F. trigonata) growing in a seasonally
dry palm savanna in central Venesuela were compared on the bases of leaf longevity and temporal patterns of leaf
production and loss. Epiphyric planes of both species produced new leaves more often and had a greater number of
transitions from leaf-bearing to leafless than conspecific trees during the two-year observation pericd. Leaf production
by epiphytic plants but not by trees of either species was positively correlated with rainfall received during the
fortnight prior to phenological observation. Epiphytic plants of both species were leafless or neatly so during more
of the year and had more separate episodes of becoming deciduous than conspecific trees. Periods of leaf loss geneeally
ceincided wich dry periods but the negative correlation wich rainfall <uring the previous fortnight was significant
only for I'. pertusa trees, Leaf life spans were shorter on epiphytic than on tree-phase figs. Patcerns of leaf production
and loss are interpreted o be responses to water deficies suffered by epiphytes, deficits that are at least partially
overcome when plants becomes deeply rooted in the ground,

RESUMEN

Se compararon la longevidad foliar y los patrones temporales de produccion y pérdida de hojas en individuos en la
fase epifita y drborea de dos higuerones estranguladores {Ficas perinsa y F. triganata) que habican la sabana estacional
Venezolana, Durante los dos afios de observacion, Ios epifitos de ambas especies produjeron hojas neuvas durante
mas tiempo y perdieton y recobraron sus hojas con més frecuencia que los drboles de %1 misma especie. En ambas
especies, Ja produccion de hojas en cpifitos (pere no en arboles) tuvo una correlacién positiva con Ia lluvia caida en
la quincena anterior a la obscrvacién fenoldgica. Los epifitos de ambas especies fueron decicluos o casi deciduos durante
més tiempo en el afio y perdicron las hojas en mas oportunidades que los acboles de la misma especic. La pérdida
de hojas coincidid, en general, con periodos de sequia, pero la correlacion negativa con lluvias en la quincena previa
fuc significativa sélo para atboles de . pertusa. La vida de las hojas fue mds cora en epifitos que en drboles. Tos
patrones de produecion y pérdida de hojas se interpretan como una respuesta af déficit de agua sufrido por los epifitos,
el cual es evitado, al menos parcialmente, cuando las plantas enfafzan profundamence en el suelo.
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PUCULIARITIES IN GROWTIL FORM AND REPRODUCTIVE
#oLOGY have arrracied many biologists to the study
of strangler figs (¢.g., Dobzhansky & Mur¢a-Pires
1954, Janzen 1979). Phenological studies of re-
productively mature figs, in particular, abound in
the litcrature (¢.g., Kjellberg & Maurice 1989) pre-
sumably due to the perceived role of figs as “key-
stone” specics in tropical frugivore communicies
(Terborgh 1986, but see Susilo 1993), Because
strangler figs are hemiepiphytes (i.e., they begin
their lives as epiphytes and only later become ter-

' Received 10 January 1994; revision accepted 25 June
1994,

restrial, free-standing trees) phenological compari-
sons of ¢piphytic- and terrestrial-phase individuals
may reveal insights into the consequences of epi-
phytism. Furthermore, if strangler fig populations
ate limited by seedling survival, phenological studies
that include epiphytic-phasc individuals may pro-
vide information useful in effores to maintain figs
in fragmented or otherwise disturbed forests (McKey
1989).

Hemiepiphytes provide an excellent ““natural
experiment’” on the effects of water availability on
phenology. While atmospheric conditions experi-
enced by individual plants often remain the same,
hemiepiphyte access to water is greatly increased
when epiphytic-phase plants become rooted in the
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ground (Putz & Holbrook 1986; Holbrook & Putz,
in press; Williams-Linera & Lawton, in press), Epi-
phytic figs at our study site in the Venezuelan llanos
(savanna) frequently suffer water deficits buc are
abundantly supplied with nucricnts, Water shorrage
is indicated by observations that epiphytic-phase
lcaves have lower stomaral densities and much lower
dry season transpiration rates than tree-phasc in-
dividuals of the same species (Holbrook & Putz, in
press). In conttast, foliar tissue and epiphytic soil
analyses indicate higher N, P, K, and Mg avail-
ability to epiphytic hemiepiphytes than to conspe-
cific tree-phase individuals (Pucz & Holbrook 1989).

Based on phenological comparisons of plancs
growing in dry and wet tropical forests (Frankic ef
@l. 1974, Opler et 4. 1980) and comparative stud-
ies of gas exchange in epiphytic and terceserial hem-
iepiphytes (Ting ef @/, 1987), and evidence in the
literature thar leaf [ongevity vaties with IN concen-
teation and specific leaf area (cm?/g; e.g., Chabot
& Hicks 1982), we expected epiphytic- and ter-
restrial-phase individuals to differ phenologically. In
particular, we expected the epiphytes 1o be leafless
for longet periods, more resiricted in season of leaf
production, and to have shotter leaf life spans than
tree-phase conspecifics; this paper reports the results
of tests of these hypotheses,

STUDY SITE AND METHODS

This study was conducted in a palm savanna 45
km south of Calabozo, Venezucla (8°34'N,
67°35"W) at an elevation of abour 70 m above sea
level. Precipitation is markedly seasonal (Fig. le)
with an annval mean of 1450 mm {Troth 1979).
Much of the study atea is flooded to a depth of
3050 ¢m during the April-to-October rainy sea-
son. The vegetation consists primarily of a grass-
dominated ground layer overtopped by 100-200
Copernicia tectornm (FHL.BK.) Mart, palms /ha.
Hemiepiphytic {(strangler) figs (Ficus pestusa 1.£.
and F. trigonata L.) grow on 41 percent of the
palms (Purz & Holbrook 1989); both che figs and
palms grow to be 6—7 m call, The figs starc their
lives as epiphytes buc grow to be large, free-standing
teees. Durtation of the epiphytic phase varies a great
deal bur averages abour 10~20 vyears; it takes an-
other few years for tree-phasc individuals to pene-
trate the soil down to che permanent water table
(pers. obs,),

Phenological comparisons of strangler figs in the
epiphytic and tree phases are based on observations
made within a 10-ha area ac fifteen-day intervals
from May 1985 to May 1987, (Missing dara for
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FIGURE L. The proportion of individuals producing

new leaves: Ficws pertusa epiphytes (N = 26} and rrees
(N = 22), and, F. irigonata epiphytes (N = 18} and
trees (N = 20). Bi-monthly precipitation received ac che
study site beginning one month prior to commencement
of phenological ohservations and continuing through the
1985-1987 study period.

19 November 1985 and 1 March 1986 were ap-
proximated by interpolating berween the preceding
and subsequent observations.) Censused individuals
wete selected on the basis of accessibility and ease
of observation from the ground, Timing of leaf
production and loss was monitored on 33 epiphytes
and 22 trees of F. pertuss and 20 epiphytes and
20 trees of F, trigonara. Reproducdon was also
monitored but the flowering and fruiting stages of
reproductive structure (sycmua) development were
not distinguished.

Ta estimare leaf life spans, newly emerged leaves
were marked on 2—3 branches 24 m from che
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FIGURE 2a—d, Proportion of individuals wich different
classes of leaf cover: stippled = full leaf (>90%); diagonal
lines 70—90%:; horizontal lines = 40-70%; cross-hatched
= 20~-40%; and open ~ decicluons {<20% see Fig. 1
legend or text for sample sizes),
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ground on each of 9 cpiphytes (median = 50 leaves /
individual) and 10 trees {(median = 26 leaves/
individual) of F. pertwsa and 9 epiphyees (median
= 14 leaves /individual} and 8 trees (median = 34
leaves /individual) of F. trigonata. The macked leaves
wete exposed to full sun ac lease part of the day
and were monitored at 15-day intervals from emer-
gence until abscission. Newly expanded leaves were
marked throughoue the ficst year of observation.
Within-species comparisons of leaf life spans on
epiphytes and trees ate based on the number of
census periods between expansion and abscission for
half of the marked leaves on each individual (L,,).

RESULTS

Mortality rates of the monitored figs were higher
for epiphytes than for trees. While there was no
maortality of trees in either species during the 25-
month observation period, 7 of 33 epiphytic F.
pertuia and 2 of 20 epiphytic F. trigonata died,
Cause of death could not be determined in mosc
cases, but several cpiphytes were dislodged when
leaf bases of the host palms were shed,

Epiphytic plants tended to produce leaves dur-
ing more of ¢the year but had shotrer ¢pisodes of
leaf production than conspecific trees (I'shle 1). Leaf
production by epiphytes and trees of both fig species
was concentrated during, but not restricted to, wet
petiods (Fig, 1), The proportion of individuals pro-
ducing new leaves was positively correlated (P <
0.05) with minfall received doring the preceding
fifteen days in epiphytes of both F. pertrsa and F.
trigenata (r, = Q.58 and 0.43, respectively) but not

TABLE 1. Leaf phenclogy of epiphytic and tree phase individnals of Ficus pertusa and B. trigonata during a two-year
peried in central Venezuela (means and SB). Within specier~contparisons based on Student's t-te5ts; variances
were pooled when snequal (* P < 0.05; ¥ P < 0.01). The intervad was 154 and the data prestnted cover

the entive ohservation period (49 censuses).

Ficns pertusa Ficus tigonata
Epiphytes Trees Epiphyees Trees
(N =28) (N = 22) (N =18) (N =20
Census periods with 15.0 il 7.5 14.6 12.5
new leaves (D.86G) (0.44) {1,290 {1.00)
Number of discrete episodes 6.7 il 4.3 8.1 i 5.6
of leaf production (0.28) (0.22) {6.67) ((1.45)
Census periods when 12.0 * 8.6 7.9 6.7
completely deciduous (L.14) 0.97) {1.46) {1.00)
Census periods with 21.3 bl 12.2 14.8 * 11.0
<25% leaf cover (1.03%) (L.on {1.34) (1L.09)
Number of discrete episodes 4.8 il 34 3.6 & 227
with <25% leaf cover (1.40) (1.14) {1.65) (0.73)
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FIGURE3. Leafsurvivorship curves for epiphyte and tree-phase individuals of F. pertwra (N=9and 10, respectively)

and P. trigonata epiphytes and trees (N = 9 and 8, respec

tively).

in rrees of either spedies (7 = 0.20 and —0.15,
respectively).

Epiphytic-phase individuals of both species
tended to be leafless or neatly so for longer periods
than eree-phase individuals (Fig, 2) and had more
discrete cpisodes of lcaf loss than conspecific trees
(Table 1). More plants in both phases were leafless
or nearly so during dry scasons, bhut accasionally
shed all their leaves when it was very wet. Corre-
Intions between the proportion of individuals going
leafless and rainfall during the preceding fifreen days
were significantly negative for F. trigonata epiphytes
(,=—-047, P < 0.05) and F pertusa wrees (r, =
—0.56, P < 0.01) bur not for F. trigonata trees
or F. pertusa epiphytes (r, = —0.33 and —-0.22,
respectively). We also observed on several occasions
complete defoliation of several F. #igonata trees by
larvae of an unidentified Lepidopteta among indi-
viduals not included in the phenological study.
Howler monkeys (Alouatta seniculus) were ob-
served removing leaves and cating the petioles of
epiphytes and trees of both species.

Leaf life spans wete generally longer on erees
than on epiphytes of the same species (Fig. 3). Mean

leaf lifespan (Ly) on 8 censused P. trigonata teees
was 158.0 days (SE = 17.69); whercas, the mean
for F. srigonata epiphytes (N = 9) was only 93.8
days SE=8.14; t =34 P < 0.01), Mean leaf
life spans on F. pertusa trees (L, = 144.4 days,
SE = 11.84, N = 10) were much longer than on
epiphytes (L,, = 58.7 days, SE = 6.80, N = 9,
£=6.1, P < 001,

With the exception of the late 1985 rainy sca-
son, reproductive individuals were observed
throughout the year (Fig. 4). Reproduction among
F. pertusa trecs was more frequent and remporally
more evenly distributed than observed in F. srigon-
dta. Frequency of reproduction was not correlated
with trunk diameter in cither species but epiphytes
of neither species reproduced. Reproductive episodes
were occasionally curtailed and did not result in seed
production because birds and howler monkeys re-
moved the immatre syconia.

DISCUSSION

Differences between epiphytic and terreserial stran-
gler figs in leaf phenology suppore the idea thar
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FIGURE 4. Syconia {flower and fruit} production by Ficar perensa and F. trigonata trces thar reproduced at least
once during che 25-month observation period. Each horizontal line actoss the figure represents one individual.

epiphytic individuals suffer water deficics more fre-
quently than do tree-phase individuals, As hypoth-
esized, cpiphytic-phase plants less frequently ex-
panded leaves during dry periods, more frequently
went deciduons, and had shorter-lived leaves than
conspecific trees, Given the lengeh and severity of
the dry period at the study site and the fact that
epiphytes have access only to water collected in che
crown of the host whereas trees have roots down
to the water table (Putz & Holbrook 1989), it is
surprising that the differences ace not more marked.,
The majority of tree specics in the study atea are
leaftess during much of the dry season (Troth 1979).
Thus, the existence of epiphytic-phase scrangler figs
that expand or even maintain leaves during the dry
season was not expecred,

Physiological measurements of F. pertusa and
F. trigenata indicate that leaf rargor pressures above
zeto thronghout the day, even during the dry season
(Holbrook & Putz, in press), Indeed, wilted leaves
of either epiphytic or tree-phase plants were not
observed. Due to the effect of the high cvaporative
demand during the dry season on che relatively
exposed cpiphytic substrate as well as on leaves,
turgor maintenance is apparently achieved by strong
stomatal control in epiphytic plants, whereas the
trees extract watet from deep in the soil (Holbrook
& Putz, in press). During the dry season, stomaral
opening in epiphytic plants accurred only for a brief
periad in the morning, with stomatal conductances
much lower chan in conspecific trees; stomates on
tree-phase figs remained open throughout the day.
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Epiphytic plants are also bettet able than tree-phase
individuals to rerard water loss through leaf surfaces
once the stomata ate closed (Holbrook & Putz, in
press).

The observation that epiphytic plants retain
leaves during dry seasons suggests thac they are able
10 maintain a positive carbon balance. Considering
that during the dry season stomata on epiphytic
plants open each day for only a bricf period, the
epiphytes are expected to have characteristics thart
enbance net catbon gain such as a high inerinsic
capacity for CO, fixation and low leaf construction /
maintenance costs. Although we do not have any
field measurements of CO;, uprake in chese species,
there are matked differences in leaf structure be-
tween conspecific epiphytes and trees. Specific leaf
area (cm? leaf surface area /g dry leaf mass) of epi-
phytic plants is 2.4 to 2.8 cimes greater than in
conspecific trees (Putz & Holbrook 1989); this
should contribute to the overall carbon budget by
reducing the cost of producing leaf sutfaces, Shorter
leaf life spans are also consistent with the teduced
investment in leaf structure in epiphytic individuals
(e.g., Chabot & Hicks 1982, Reich 1993) and with
their higher N concentration (on a dry mass basis).
Nitrogen concenttation is often considered to be
indicative of maintenance respitation {Ficld & Moo-
ney 1986) and is negatively correlated with leaf life
spans in many multi-species studies (e.g., Reich
1993}, The small magnicude of che differences in
leaf phenologies reported in this study was unex-
pected and may in part be explained by the obser-
vation that the two growth forms have similat leaf
nitrogen contents per unit sutface area (Puez & Hol-
brook 1989).

Epiphytic phase individuals displayed more
phenological plasticity than did co-occutring con-
specific trees. Episodes of leaf production and loss
occurted more frequently and were temporatly more
tightly linked with rainfall events in epiphytes than
in crees, The apparent responsiveness of gpiphytic
plants to shote-term environmental changes may be
due 1o their growth habir as well as their relatively
small size. Palm leaves funnel water towards the
trunk and consequently even modest rainfall events

are probably sufficient to saturate epiphyte rhizo-
spheres, This same substtate, however, is relatively
exposed to the atmosphete and dries quickly. Sub-
stantial drying may take place even between rains
during the wet scason as well as during the pro-
longed dty season. The swollen, rather fleshy stem
bases of epiphytic strangler figs may allow water
scavenged from the epiphytic humus to be stored,
and then slowly lost through che stomata {(Holbrook
& Putz, in press),

Reproduction of F. pestase and P trigonata
apparently commences only after individuals are
well-tooted in the ground; epiphytes were never
observed with syconia. Flowering was not associated
with any patticulat leaf phenophase; young syconia
were observed on deciduous erees, trees with young
leaves, and trees with maoure leaves. Like other
tropical figs that have been studied (e.g., Windsor
et al. 1989), F. pertusa and F. trigonata are faitly
aseasonal in reproduction presumably because the
wasps upon which they depend for pollination do
not survive long outside syconia (Galil 1977, Kjell-
berg ot 4/, 1988).

Trees monitored for leaf change and reproduc-
tion showed clear within-ctown phenological syn-
chrony, but ewo large F, trigonata trees not included
in this study displayed marked phenological asyn-
chrony. The shapes of the trunks of these trees
suggest that they each represent cwo individuals that
fused together. This observadion provides further
support for the idea thar individual strangler fig
trees can be composed of several distinct individuals
(Thomson e &, 1991). The rarity wicth which we
observed within crown phenological asynchrony,
however, suggests that either fig fusion is rare or
that fused individuals become physiclogically in-
tegrated and phenologically coordinated,
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