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Jacquinia pungens, a Heliophile from the Understory of Tropical Deciduous
Forest

Daniel H. Janzen

Department of Biology, University of Chicago, Chicago, lllinais 60637 U.S.A.

ABSTRACT

The general ecology of the understory shtub Jacquinia pungenr is described, with special reference to its hehavior of
hearing leaves during the dry season {when the overhead forest canopy is deciduaus; and being deciducus during the
rainy seasgn. The bush is restricted to those stages of lowiand deciduous farest succession ranging from 10 o 50
vears of age, it appears to starve to death ar be competitively excluded from habitats where it 15 continuously inso-
lated, and from clder or wetter forest where it does aot receive enough sunlighe owing o light obstrucdion by the
deep canopy during the dey season.  As expected for a plant that is vegeracively active during the dry season, the
plant is especially well protecred from heebivares by needle-tipped leaves and toxic compounds in che foliage. Effec-
tively, J. pamgensr has invaded a seasonally available peairie and has the hush life form characeeristic of woody plants

tn such well-insolated habirats.

ALMOST ALL NON-RIPARIAN woody plants in Cen-
tral American deciduous rropical forest bear leaves
during the rainy seasan and are leafless or vegeta-
tively dormant during the major dry season (Janu-
ary-April).  An obvious way for a plaar to avoid
the intense interspecific vegetative campetition of
such a forest habicat is to bear leaves during the
dry season and to be deciduous during the rainy
seasan. A shrub, Jacquinia pungens A. Gray {Theo-
phrastaceae), does this and s thus Importaat in
illustrating how the number of species in 2 habirar
can be increased thraugh the invasion by a species
that uses resources unused by other members of the
habjat.

Jacquinia pungens is an uoderstory plant of
Central American semideciduous and deciduous for-
ests, where it may ateain a density of 0.1 ro 60 adult
plants per hectare. The highest density is attained
in 10- ro 50-year-old deciduous secand-growth re-
generation {old carn fields, pastures, and lumbered
areas}. Occasional plants are encountered in open
pastures; they are ignored by carile, apparently ow-
ing to their oneedle-tipped and extremely biteer
leaves, J. pangens and the equally well-pratected
swollea-tharn acacias (Janzen 196G) are sometimes
the only leafy pasture plants avoided by cattle during
a severe dry season.

The seudy reparced here deals with a small por-
tion of rhe large population here identified as [
pungens. Under contemporary agricultural diseurb-
ance of the dry Central American lowlands, this
large population Is essentially continuous from che
Pacific coast of Panama up to lowland Senora and
northern Veracruz in Mexico. After perusing the
large collection of Jacquinia in the United States
Nacional Herbarium, I would like to suggesc thar
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names such as J. pungens A. Gray, 1. auvantiaca Aic,
] macvocarpa Cav., J. angustifolia Oerst. {e.g., Stand-
ley 1924, 1938), 1. axillarir Qerst, ] cavacasana
Knuth, J. flammea Millsp., etc., are prabably all based
on type specimens callected from this same wide-
spread population. The range af varjatton in leaves,
fruits, flowers, and habic in these specimens can
be found in most subsets af the J. pungens popula-
ton rangiag over 100 miles of braken wpagraphy
and rainfall regimes ranging from one o two meters
per year. Willis (1966) notes some 50 species in
the neotrapical genus, but the Central American anes
are probably mostly synonyms. These statemenis are
not intended to apply to the many marphs of
Jacquinia ta be found on Caribhean islands.

LEAF PRODUCTION AND
PHENQOLOGY

Adult and juvenile plants of J. pungens begin to
drop their leaves approximately four weeks after the
rains begin, and approximately two weeks after the
overhead canopy has completely closed in. Leaf drap
is nearly complere within eight weeks afrer the first
heavy rains. In the Cafias area (Guanacaste Prov-
ince, Costa Rica), for example, the first rains come
in late April, and by the end of May the J. pangens
range from nearly leafless to fully leafed. Neatly
the entire population is almost completely leaflegs
by the first week in July (rable 1, fig. 1h), Leafless
shrubs are geoerally inconspicuous bur are made
abvious at this time by the circular patch of yellow-
white dead leaves an the ground below; within about
two maonths these have rotted beyond recogaition.
Because the shrub is leafless and therefare not naticed
during the rainy season, yet chvious during the dry



season, it has earned che common Spanish misnomer
of siempre verde.

The plants remain leafless undl the rainy season
tapers off, and leaf wilt and some leaf drop begins
t¢ occur in the forest canopy. Throughout lowland
Guanacaste Province this means that the entire new
crop of leaves (fig. 1a) is produced in late Novem-
ber and early December, which is about five months
after leaf drop. The leafless J. pungens receive a
maximum of 20 to 200 foot-candles of light in cheir
most heavily populated habiracs during these five
monchs; during che dry season, light intensity in the
same crowns ranges from 200 ta 6000 foot-candles
in late morning on clear days (rable 1},

Almost all branch elongatan accurs at the time
of new leaf production. Qnly rarely is more than
one consecutive new long shaot praduced per branch
end in a given year, though several long branches
often radiate from one cluster of leal axils. New
branches range from 0.1 to 13 cm in length, with
two peaks in length frequency. The sharter branches,
with an average length of about 0.5 cm, bear ane w
seven leaves in a tight wharl (X = 3.6 leaves for
140 short branches from one plant) and do not
expand the volume of the crown. The long branches,
with an average length of about seven cm, bear 14
to 15 leaves arrayed along their distal half (¥ = 9.3
leaves for 163 long branches). It is these branches
that are respansible for a slight annual increase in
caown volume and height. When the 303 branches
sammpled from this adule plane (fig. lab) are
pooled, they yield an average af 7.34 leaves per
new hranch {sd. = 3.30}. The new lang branches
are almost all on the upper surface of the canapy;
the range of three to 74 per adult planc in rable 1
is representative of the general population.

Flower buds are evident within about ane month
after leaf production, and nearly all flowers are apen
within ewo months (fig. 2.a). The flawers are stiff,
waxy, orange-red, and mildly fragranc. ‘They are
probably pollinated by hummingbirds. However,
during many days and nights of working around
these plants, 1 have observed only two humming-
bird visitors and no other potential pollinatars. One
of these birds visited upwards of 30 flawers on three
bushes in the space of a few minures. As can he
seen by comparing the upper and younger flowers
in figure 2a with the lower and older flower, the
flowers are nat self-pollinated; when the anthers
first open, they cover the stigma (the humming-
bird's upper bill would then carry pallen at ies
center}, After several days, the anthers move out-
ward and press the pollen-bearing surfaces againsc
the corolla, thus exposing the scigma so as ta con-

tact the bird's hill in che same place as the anchers
did.

Larger J. pungens generally bear more flowers
than smaller anes, but there is great variation in
the size of the flawer crop {wble 1). The total
number of flawers for an average-sized and shaded
shrub (normal habicat) ranges between 100 and
900. In 1969, each adult plaat in table 1 set 0 to
15 fruits {fig. 2,b}. The low number could be due
to lack of cross-pollination {humminghirds have
become extremely rare at this site during the pasc
two years}. However, the following abservation
suggests it is mare likely due to a lack of sufficient
food reserves to mature the fruits. A four-merer [
pungens, with a crown volume of about four times
that af the largest tree in cable 1, bare 70 fruits in
1969 and was almost ia the center of the plor.

Green fruits remain on the tree throughouc che
dry season and ac least chree manths of the rainy
season. Turning sweet during the [ast chree manths
hefore the end of the rainy season, the orange fruirs
are apparentdy eaten by birds or rodents.

LIFE FORM

No matter how tall or old, J. famgenr has a shrub
life-form with heavy muldple trunks and branches
(fig. 1b; mble 1). This is in strong contrast ©
adjacear understory woody plants of other species.
These characreristically have a few layers of a few
large leaves (adulis), or are tall and chin “poles”
(saplings of canopy-member species). The spherical
and bushy life-form of J. pangens is very similar to
that of fully insolated woody shrubs in arid regions,
ar to the swollen-thorn acacias thar have little larera]
canopy competition because of their occupant ants'
pruning acrivities on rneighboring plants (Janzen
1966, 19692). 1. pusgens lives in a seasonally avail-
able savantia, as far ar insolation is concerned. Just
as with ather woody plants that are normally fully
insolated, it rarely grows more than four meters tall.

The lateral roots of J. pungens do nae grow into
the top 20 to 50 cm of the soil, where most raors
of ather equal-sized woody plants are encountered.
The taproat extends dowaward ac least 0.5 to 1.5
m with less than a 235 percent decrease in diameter.
The first few lateral roots are found below chis
depth, penewranng the socky gray clay char com-
monly underlies the rich surface soil of Flatland
Cetitral  American deciduous farests. The taproat
penetrates to at least three meters for adule plancs
two meters tall. This type of “roat canapy” is not
surptising since the plant is photasynthetically dor-
mant when sutrface moisture is available; it appears
that there is almost na toot competition herween
1. pungenr and adjacent understory planes.

A Heliophile of Tropical Deciduous Farest 113



TABLE 1. Ecalogical natistics for 36 adult and rubadalt Jacquinia puagens growing under 15- ta 30-year-old decidwons

forest?
Number
Heighe new Number Circumfeeence Numhber
Mumber Mumbec leaves Foot-candles at bush rap Upperimose clangating majar callese stem of vines
Plan: flomers nade {cm) branches srems 10 «m abgve on
aumhbert L4970 1969 149370 1969« 149740 19459 1974 1969  ground 196491 bushe
1 242 0 2320 1040 5000 137 34 4 106 3
2 0 0 7640 40 4500 1335 17 2 64 3
E) 324 4] 7870 30 3000 183 a7 3 259 3
4 348 0 3870 60 4000 143 39 3 96 3
3 38 0 1260 20 200 33 21 I 2 0
G 421 0 1320 60 3300 147 49 1 3 3
7 73 a 140 30 3000 6l 22 3 ? 0]
3 18 I 1340 70 4500 167 52 3 111 3
9 0 1 1340 84 G000 16 52 3 91 1
10 332 1 4220 50 1340 181 74 4 135 4
11 48 2 730 ] 3000 106 3 2 39 0
2 43 3 1490 100 2000 162 29 4 S8 7
13 0 4 1860 30 6000 139 36 4 73 2
14 a G 340 70 &00 133 14 ! 40 3
15 7 10 220 ad 500 135 18 3 47 3
16 57 13 760 35 30040 73 38 3 ? 0
17 98 19 400 35 2000 42 18 1 2 0
13 0 20 30 10 2000 64 4 1 31 4]
19 134 21 4400 60 2000 173 37 7 62 4
20 148 27 1820 3a 3040 1460 at ! 2 0
21 ] 31 13640 23 4000 a2 12 2 ? 0
22 91 34 780 140 4500 49 21 2 3 0
23 0 i3 840 20 6000 28 3 G 2 o]
24 43 43 730 33 800 a5 i1 1 ? a
23 33 43 a10 70 3300 30 30 1 2 0
26 0 79 1690 114 4000 143 33 3 123 !
27 a 93 12940 110 404 112 20 3 45 I
23 225 143 2410 110 23500 [76 36 I 120 3
29 189 115 1530 200 1500 219 43 4 104 3
30 0 136 170 a0 200 41 3 2 16 1
31 391 147 2210 45 4500 139 14§ 3 a3 A
32 46 184 1540 70 A0a0 133 45 2 108 3
33 150 427 2040 40 L300 185 63 7 123 4
34 75 347 13350 100 3000 141 37 3 92 b
35 0 383 1030 105 3000 175 36 2 46 3
34 1983 2996 1470 1540 400 193 a4 3 a2 3

" Distuebance ranged fram light selective to heavy lagaing 300 m east of main ranch house, Finca La Pacifica, 7 km
narchwest of Cadias, Guanaceste Pravinee, Costa Rica.  Recarded an July 9, 1969 (rainy seasan) or Februaey 12, 1970

{dry season).

bé x 107 foor-candles in adjacene full iosolation, 10:30-11-30 a.m.

¢ Number of different major vine branches using bush as a standard.

# Circumference used gwiag ca {rregular shape of cross-section.

¢ Planes chosen by picking a 1-2 acre arez and censusing all f. pawgens present.

FOOD STORAGE

Just as with plants chat are dormane during the dry
season, J. pungeny muse store enough energy reserves
to carry it through the inimical (rainy) season and
praduce a leaf crop in November-December. At
the rime of leaf drap (early rainy season), the
twigs, branches, trunks, and chick aproor of 1. pun-
gens have an extremely high starch conrent. Dilute
solurions of I in KI stain at least 90 percear of the
surface area of cross-sections very dark black, and
the starch granules are obvious in parenchymaraus
cells. Abour one manth after the new crap of leaves
and ar the time of first flower producrion (January
of the following year), cells throughoue rhe planc
stain anly pale gray with very scrong Kl; obwious
starch granules are gone fram the cells. The plant
reserves are probably lowese at this time.
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HABITATS OCCUPIED BY [. PUNGENS

The fate of J. pangenr in various habirats illuserates
the many environmeneal challenges that are involved
in controlling ics relative abundance. Jacquinia pun-
geny is absear as a reproducing adult fram micro-
habicats thar are insolared year-around. This can
be partly cxplained by examining pasture habirats.
When the forest is cur such thac J. pangens adules
are insolated year-round, the tap of the bush dies
back at such a rare thar in abour three years there
are only a few 10- ta 50-¢m sprouts remaining of
a once-large bush. The upper branches appear to
be starving to death. At the time of leaf drop, these
insolared bushes appear to have the same amount
aof starch in them as their shaded neighbors. Abour
2.5 monrhs larer tissues of the insolated upper
branches show virtually no staining reaction with



iodine, while tssues from J. pznrgens branches in
the adjacent forest stain dark black. The midday
air temperatures (q the open range anly 1 w0 3° C
higher in the open than in the shade. However,
the insolared branches of J. pamgens may attain
surface temperatures of 33 w 38° C ducing the five
or six midday hours; while shaded branches in the
adjacent forese are ar air remperature (27 w 30° C)
during the same houts. It is possible that the meta-
bolic rate in the insolated branches is so high chat
they are depleted of food reserves before the dme
of new leaf production, '

When the [ pangens bushes are cur with the
fatest, the effece an the population depends on the
time of year. If cut shorty after the leaf and flower
crap has beea produced, J. pangens disappears from
the hahitac. Nac ooly are its reserves for the pro-
duction of a new canopy excremely limited ar this
time, but maost of its woody neighbors will respond
to the catting with many leafy suckers thar heavily
shade the new J. pangens sprauts. The other species
of plants are operating on the reserves thac had
been stored for dry-season maintenance metabolism,
flowering {Janzen 1967}, erc. If cur ac the begin-
ning of the rainy season, J. pangens generally persists
in the community {fig. 1c} for two ta 10 years,
especially if the site is heavily grazed by catde. The
I pungens stumps vsually remain dormant through
the rest of the rainy season and then sprour vigor-
ausly ar the anser of dry weather. However, the
effect of direce insolation during the following rainy
season, coupled with poor photasynthesis during that
first dry season (aowing to the common failure of
other woody plants to drop thelr foliage from young
sucker shoots), is probably what causes the eventual
death of the branches. The more heavily grazed
the site, the mare photosyathesis can occur during
the dey season. However, grazing also leads to more
direct insolation on J. pungens during the rainy
season.

In pastures, the 10- to 50-cm sucker shoots of
J. pungens retain cheir leaves during the rainy season,
sa that insolation ar this time may be of value during
the very early stages of succession. Hawever, by
the second rainy season they adopt the aduit be-
haviar of rainy-season deciduousness.

Reproductive adules of J. pungens are rotally

FIGURE 1, a—¢. 2 Representative crown of Jacguinia pun-
gens (at least eight years old) during the dry season. &
Same crown as in «, but with 1970 leaves and twig growth
removed to simulate rainy seasan { [969) appearance (a and
b are to same scale). o Lightly grazed pasture dotted with
ane-year-old sucker shooes of f. prugens from old root
stock left when land cleared eight years previously. All
photas, February 13, 1970; 7 km northwest of Canas,
Guanacaste Pravince, Casta Rica
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FIGURE 2. &« «a Upper two flowers of J pungens,
younger, wich anthers clased over stigma in center of flawer;
lower flower, alder, with anthers flexed outward and stigma
expased. b, Braken fruit of J. pangens with marure seeds
paccally implanted in sweer pulp (hull on left). & Needle
tips on leaves of [. pungens. All phoros same site and dare
as in figure 1.

ahsent from evergreen riparian forest. Seedlings are
very rarely encountered along the interface of hill-
side deciduous forest with riparian forest; they ma-
tuce only when under large trees chat are deciduous,
even if growing on moderately wee soil [eg., under
Eutevolobium cyclocarpum (Jacq.} Griseb.l.
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Adule J. pungens are generally present but ex-
tremely rare in corally undisturbed deciduous forese.
These scarrered plants are usually in the spaces left
by ald windchrows that involved several large erees,
ar undet a major dip in the general canopy surface.
Under fully developed deciduous forest canopies,
the increase in insolation during the dry season is
nat nearly as striking as in 10- to 50-year-old
regeneration (as in table 1). The complex of
branches and vines, coupled with occasional ever-
green trees (e.g, Hymenaez courbaril 1), obstruces
much of rthe sunlight. The large old trees may also
provide severe root competition at the normal depths
af J. pungens taproots.

The effect of fire is strongly dependent an its
pericdicity and on habirat structure. Anoually burned
sites are lacking J. paumgens unless the fire comes
just before the rains; in the latter case, enough
reserves have been stored to allow stump sprouts.
The grasses in annually burned sites die back during
the dry season so chat the sprouts are insolated (in

" contrast to the woody succession following widely

spaced fires). However, these plants never atain
reproductive starus (fig. 1,c). When ground fires
pass under deciduous forest, the pre-fire dengity of
adule J. pungens appears to be regained within about
five or six years. Undetstary vegeration does not
sprout heavily after fire, and chus provides litile
dry-season competition for the maturing [ pangens
SEUMLP SPLouts.

VEGETATIVE DEFENSES

Being green throughout the dry season, J. puugens
may be expected to exhibit subswantial defenses
against leaf eaters. The tips of the sdff scleraphyllous
leaves are armed with an extremely sharp spine
(fig. 2,c). Wirth the multple layers of inflexible
leaves pointing in all directions (fig. 1.a), che plant
is effectively a cactus with spines five o 10 ¢m
long. Neither tame brocker deer (Mazama ameri-
canz Erxleben) nor white-tailed deer ¢ Odocoiless viv-
gindana Zimmermann) will eat the leaves of J.
pungens, even if the spines ate clipped from the leaf
ends and the animal has starved for a day (brockec
deer test done in Veracruz, Mexico, June 1964, white
railed deer test done on Finca La Pacifica, 7 km north
of Cafias, July 1969). The hispid corton rat (Sig-
niodon bispidar Say and Ord) will not eat the leaves
even if starved for two days (rest in Veracruz, Mexi-
<o, June 1964). The leaves taste extremely bitter and
are ground up for fish poison in lowland Veracruz,
Mexico. Standley (1924, 1930) implies chat this 15 2
generic trait. Of significance in recognizing the roxic
compound (s} as primarily defensive is the ohserva-
tion by Mexican fishermen thac the freshly dehisced



leaves lack the toxic principle, indicating clearly that
it is not a waste product to the plant.

Being the only member of its family in the
habitat, there Is not a large cammunity of insects
on congeneric species ta serve as potential herbivor-
ous threats. The entire leaf crop of many individual
bushes often remains zotally undamaged throughout
the dry season. This is so in spite of the fact thar
the early part of the dry season has a large com-
munity of insects that pass the dry season as active
leaf-eating adults. They use a wide variety of
“greenery" for warter and some nutrition (insects if
reproductive diapause are generally much less specific
about their host planes chan are reproducing adulis).
In striking contrast to J. pungens, adjacent woody
plants of many species characteristically suffer heavy
damage to any new foliage produced during the
early part of the dry season.

An unidentified moth larva, that eats the epi-
dermis and adjacent cells off the leaf, is found on
about one out of every five bushes. [t narmally
destroys faur to 10 leaves while marwring. It is
probably host specific to J. pungens, ar least on a
seasonal basis.

SEED DEFENSES

The immature fruits, green throughout, taste “soapy-
bitter” like the leaves, but with much grearer
intensity. Jusc touching the juices of a crushed fruic
to one's tongue is an extremely unpleasant experi-
ence. Standley (1924} reports their use as fish
poisons in western Mexico. J. pangens is among a
minority of tropical woody planes in having virally
no predation on its immarure or newly matured
seeds by insects or vertebrates. Of 143 full-sized
fruits, with nearly mature seeds borne by 81 plans
in early June, 1969 {in the general area of the [
pungens in table 1}, only one had been hored intg
This was done by the same caterpillar mentioned
ahove that feeds on the leaves (it killed three of
the seven seeds in the fruit). Once mature, how-
ever, the fruit mrns yellowish and the inner pulp
is then extremely sweet. The hard seeds (fig. 2)b)
appear as though they would pass through a bird
gur undamaged. They germinate in abour 14 days
without scarification, Green fruits are rejected by
tame pacas {Canicutus paca L.}, squirrels (Seinrus
variegatoides Ogilby), coatis (Naswa narica L.),
white-tailed deer (Odocoilens virginiana), and
agoutis (Dasyprocta pumciata Gray}; all of these are
potential predators on green fruirs in the usual habi-
tats of J. pungens. They are also potenrial seed-dis-
persal agents inasmuch as they eat fruirs readily. The
rodents either spit the seeds out or appear to swallow
them inract.

Since there is almost no seed predarion, J. pan-
gens places as many viable seeds in the habirar as
do many other planis of similar size, but ic only
produces a ciny fraction of the number of seeds
that they do. A neighboring representative of Acacia
collingii Safford (bird dispersed with seeds almost
identical to those of J. pungens), twa meters tll,
loses about 95 percent of its seed crop to bruchid
heetle larvae that eat seeds. Its tatal seed crop usu-
ally ranges between 500 and 3000, and escape is by
predator satiation (Janzen 1969b). . pungens bushes
of equal size produce abouc nine to 90 seeds (based
on a sample of 102 fruits of J. pungens, with average
of 9.56 seeds per fruit, s.d. = 2.76). Seven J. pun-
gews seeds had an average weight of 0.0598 grams.

DISCUSSION

In contrast to some herhaceous plants of temperate
hardwood forests which carry out most of their
photosynthesis during the few spring weeks before
the overhead canapy leafs ouc (eg., Sparling 1947),
1. pungens is restricted to an inrermediate stage in
forest succession, Even in undisturbed forest, repro-
ducing adults are limited to micro-successional com-
munities associated with breaks in the general canopy.
Mast of the contemporary population is ta be found
in 10- te 50-year-old secondary succession. Prior to
the intraduction of European agriculture and lum-
bering methods, J. pangens was probably much rarer
than now. Not only was there muéh less total acreage
of suitable habirar, but, since it was highly frag-
mented, many seeds probably failed because they had
landed in forest unsuitable only in respect © suc-
cessional stage. In che large cracts of rather uni-
formly disturbed forest presently commeon in the dry
lowlands of Central America, a much higher fraction
of the seed crop will land in suitable habitat. In
view of the lack of compecition with ocher plants,
J. pungens could be expanding its population at close
0 an exponential rate 1o appropriate hahitats. It is
relevant thac there is no empirical evidence that
predacion or parasitization rates by herbivores will
fincrease wich increased density of adule J. pangens
or their fruit crops (cf, Janzen 1970 for a discus-
sion of the more usual opposite case).

There is ane majar unknown in the system,
hawever. The number of 20- to 50-cm-eall seedlings
in habitats containing reproductive adults is easily
less than 1 percenc of the viable seeds that these
adults have produced during the previous three years.
Samething is killing a large number of the very young
seedlings. Older seedlings and adults appear to be
essencially immune to predation, parasitization, and
disease. It is perhaps relevanc that J. pangens seed-
lings grow extremely slowly. Well-watered, un-
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crowded, and fully insclated seedlings in the green-
houses of the Universicy of Chicago grew 0.3 to
3 em caall in five months following germination.
It may well be that seed reserves are not adequate
for the deep taproot development rthat musc be
needed ta gec through the first dry season. In this
case anly the occasional seed chat landed aver a very
local rise in the water table would survive. Tem-
poral hahitat hererogeneity could help here; the
seedling could pass ies first dry season in very local
heavy shade, but then graow oucr of it in later dry
seasons. The ideal test site would he one that had
been held at an intermediate successional stage for
many years. It is significans that the highese density
of J. pungen: appears to be in the ald brush lots
with scattered large trees.

We may visualize [ pangens as having invaded/
evolved into irs present tempaoral and spatial habitar
from either of two quite different habicars. It could
have been an ordinary deciduous forest understory
shrub thac retained its leaves langer iaro the dry
season (accompanied by sclerophylly, needle-tipped
leaves, very toxic defensive compaunds). When it
reached the point where further specialization for
a leaf active in the dry season (desiceation resistant,
requiring high insolacion) made that leaf uneco-
namical during the very heavily shaded rainy season,
1 mutant with rainy-seasan leaf drop was favored.
Or, the plane could have praduced its leaves pro-
gressively earlier before the first rains and then
drapped them when the rains finally came. Many
trees leaf out one to four weeks before the rainy
seasan begins.

On the other hand, it could have been a dry-
land plant that found water conditians during the
dry seasan in deciduous forest to be raughly equiv-
alent to wet-season condittons in drier areas. Here
again, the selective pressure for leaf drop would be
the inefficiency of 2 heavily shaded leaf that is
spectalized for high insolation.

The distribution of other members of the genus
is not helpful in deciding which of rhese two alter-
natives ta choose. The passible other Ceneral Amer-
ican species are either from very dry areas such as
the Yucatan peninsula or wet areas such as Pana-
manian wet farest. The many Caribbean island
species cauld be derived fram a single emigration of
I pungens from the Cenrral American mainland,
or by island-hopping from Trinidad by one of the
South American species so similar to [ purngenr,
On the other hand, the whole complex could have
evolved first as dey-land Caribbean endemics, one
of which later immigrated to Central ar South
America.
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It 15 not clear why the leafing behavior of [
pungens 15 not displayed by many species of decidu-
ous forest understory plants, just as there are many
species of springtime berbaceous plants in temperate
hardwood forests.  All other plaats in the forest
occupted by J. pungens, with the exceptian of an
occasional columnar cactus, have their majar vege-
tative growth pertod during the rainy seasan. A few
of these phorosynthesize during the dry seasan, but
this likely produces only a small fraction of the
annual phacosyathate (eg., green-barked Bursera
rmargba (L) Sarg.; evergreen Hymenaea courbavil,
Curatella americana 1., Byrsoninia cvassifolia (1.}
Rich., Acaciz callingii, erc.).

I prngens affords an opportunity to touch briefly
on several general questions of community structure.
Should J. pusgens be regarded as a member of the
general community if its presence has little or no
effect on the presence of ather plants in rhe habirat?
At best 1t is a peripheral member, inasmuch as ies
flowers may suppore a tiny part of the hummingbird
complex and frugivarous bird or mammal complex.
We may also ask if che resources it uses are really
unavailahle to the other plants in the habitar. In
ane sense they are avatlable, just as all resources
are potentially available to all organisms in the
community. However, in specializing to harvest,
sequester, and disperse any resource, the organism
automatically cuts iself off from other resources.
In this sense then, all ather plants in the habitat
are too specialized tw be able w use the resaurces
that J. pangens harvests. Finally, we may ask if chis
is still the same communicy if J. pangens is added
te the species lise for this spatial/temporal habicar.
A habitac is probahbly about as similar to the original
habitar (pre-J. pangens) afrer the addition of rhis
new species as is passible, and clearly represenrs che
apposite end of the gradient thar terminares with
the extreme change that would be brought aboue by
adding anather large tree species such as Euserolo-
binnt cyelocarpuan ta the general canopy.
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