REPRINTED FROM
Tropical Ecology 18 (2) 1977

INTENSITY OF PREDATION ON PITHECELLOBIUM SAMAN (I GGUMI-
NOSAE) SEEDS BY MEROBRUCHUS COLUMBINUS AND ST. TOR
LIMBATUS (BRUCHIDAL) IN COSTA RICAN DECIDUOUS FOREST

DanNIEL H. JaNzZEN

Department of Biology, University of Pennsylvania, Philadelphia, Pennsylvania 19104,
: US.A. :



INTENSITY OF PREDATION ON PI/THECELLOBIUM .SAMAN (LEGUMI-
NOSAE) SEEDS BY MIEROBRUCHUS COLUMBINUS AND STATOR
LIMBATUS (BRUCHIDAE) IN COSTA RICAN DECIDUOUS FOREST

Danier H. JA'N?‘EN

Department of Biology, University ofPemzsylvama Philadelphia, Penmylama 19104,
U.S.A.

(Accepted for publication on November 14, 1977)

INTRODUCTION

The rain tree, or “genizaro” (“‘cenizaro’) (Pithecellobium saman (Jacq.) Benth.
=Samanea saman (Jacq.) Merrill) is common throughout the lowlands of Central
America and much of South America, and has been introduced throughout the low-
land tropics. This mimosaceous legume is indigenous to the Pacific coastal lowland
deciduous and riparian forests of Guanacaste Province, Costa Rica, where I have
been studying its natural history since 1963. In this paper I describe the intensity
of sced predation by two specics of bruchid beetles in the sced crops of 81 large adult
trees growing in 6 diflerent habitats. T intend this data to augment the slowly grow-
‘ing body of information on the pattern and intensity of seed predation in Costa Rican
tropical forests (Janzen 1969, 1970a, 1971a, 1971h, 1971c, 1972, 1974, 1975a, 1975,
1975¢, 1976a, 1977a, 1977h, 1977¢ ; Wilson and ]an/cn 1972 ; Hatheway and Baker

1970) and thereby to be of use in und(‘rstanqu the po((nllal impact of sced pre-
dation on tropical forest structure.

THE TRELLE

In Guanacastc, an adult £. saman may be as much as 1.5 m DBil and attain
a height of 40 m in dense riparian or otherwise well-watered sotl. It is common
in open pastures where it develops a broadly spreading crown and rarcly grows more
than 20 m tall (Fig. 1a) ; in closed tall forest it takes on the more clongate life-form
of any other tall canopy-member tree. Flowering ‘(and fruit Learing) occurs wer
the entire upper surface of the crown except where shaded by other crowns.  1low -rs
(Fig. 1b) are produced during the last half of the dry scason (late March through
May ; the drier the site, the later the flowering period). At this tine the fruits from
the previous year have just fallen or are falling and the new leal crop has been pro-
duced. T do not know at what sizc P. saman starts flowering (or fruit bearing), but
100%, of 86 large trees examined  in the last two weeks of May 1976 in Santa Rosa
National Park (norvthern Guanacaste Province) were just finishing bearing a heavy
flower crop that had begun during the first two weeks of March 1976, To date,
there is no indication that P. saman adults with insolated crowns fail to fruit in normal
years, although following a scvere drought in southern Guanacaste in June-July of
1971, numcrous P. saman aborted their cntire crop of immature fruits.

The fruits do not mature until late in the first half of the dry scason (February-
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March) a ycar after the dry scason in which the flowers were produced.  Th: fruits
remain only 2-3 cm in length until the end of the rainy scason (Fig. lc) ; for example
on May 15, 1976, 20 pods from onc branch had a mean length ol 24 mm (s. d.==3 mm)
and an average dry weight of 0.08 g 5 on ' December of the same yoar, 35 pods from
the same branch had increased to only an average length of 34 mm (s.d.=7 mm)
and an average dry weight of 0.10 g The mature pods on a neighbouring branch,
on 26 February 1977, were 121 mm in length (n=30, s.d.==48) and their average
dry weight was 3.89 g (including dry sceds).

Fig. L. (a) Anadult Pithecellobium saman that has grown free of crown
competition for all of its life 5 this tree can bear as many as 30,000 fruits
(Rosa National Park, Guanacaste Province, Costa Rica). (&) Inflorescence
ol P.saman.  (¢) Inlrutescence of P. saman with small fruits as they will appear
for the next 7 months. (All photographs May 15, 1976).

Upon maturing, the indchiscent walls of the pods contain a chocolate-brown
molasses-like sweet goo ;5 this sticky material is not, however, in the dry cavitics con-
taining the clean dry sceds (I'ig. 2). "The pods fall when ripe and are caten entirve by
cattle in contemporary pasturcs. The sceds apparently pass through the gut un-
harmed.  The sceds that 1 haved picked out of cattle dung usually germinate as
soon as they are placed in moist soil.  Sceds taken from the pods and placed in moist
soil may not germinate for at least three months and often wait much longer.  Small
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Fig. 2. Upper—fruit (pod) of Pithecellobium saman split open to show

lilled sceds and Tull-sized aborted seeds v situ.  Lower—intact indehiscent
fruit of P. saman with exit holes of adwit Alerobruchus columbinus — (ruler
in mm).

rodents also carry ofl the [allen pods and sat ofl the outer material ; they discard
the core, whichi contains the sceds.  Presumably, the original large dispersal agents
were Baird’s tapir (Tapirus bairdi), the two species of peccaries (Tayassu tajacu, 1.
pecart), and white-tailed deer (Odocoileus virginianus).  In captivity all four will chew
up cntire pods of P. saman and swallow the seeds along with the masticated pod.

A large . saman produces several thousand pods (70,000 is the maximum 1 have
counted, Janzen 1969) and cach pod normally contains 5 to 20 filled seeds.  Whien
the pods fall, they often break into picces 5 to 15 em in length.  If not caten by
animals, the pod walls rot away during the rainy scason, and most of the sceds are
liberated into the sced bank directly below the parent. With wrees in pasture this
rarcly occurs, as cattle arc avid consumers of P. saman pods. ‘

When collected in the ficld, less than one percent of the mature {ruit contain
microlepidopteran larvac that cat the region between the epidermis and the wall ;
ol the cavity containing the sced ; on rare occasions the larvae also consiume an in--
tact sced, but the more usual case is that they feed on sced fragments left « fter the
bruchids have left the sceds.

Aside from digestion of intact mature sceds as they pass through a large
mammal, the known sced predators of P saman seeds are an unidentified galling insect
in pods a few weeks old, parrots that split the full-sized green pod and cat parts of
the still soft sceds, and two species of bruchid beetles.  In this paper T will deal only
with the latter two pre-dispersal sced predators.

THE BRUCHIDS
Merobruchus  columbinus  (Sharp) (sce Kingsolver 1975). 'This large bruchid
(Tig. 1) has never been rcared from any other sced than those of Pithecellobium saman
(records in the United States National Mascum of Natural History) and has been
collected in Honduras, Ll Salvador, Nicaragua, Costa Rica, Trinidad, Venczuela
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and Colombia (records in the U.S.N.M.N.H.). I have not found it in any other
secd crops than those of P, saman, and have reared the insects (if any be) from at least
one large seed sample of all Guanacaste species of plants. with seeds large cnough to
support a larva of A. columbinus. ,

The female beetles appear at the fruits when they are full-sized and contain
full-sized seeds. The seed coats are still soft at this time. Single cggs arce glued to
the surface of the pod, and the first instar larvae hatch within two weeks.  They drill
through the fruit wall and into a sced. - Many larvac may enter a sinele sced, but
only onc emerges as an adult (larval losses arc presumably duc to cannibalism).
The larva cuts a circular groove in the sced coat before it pupates, and the newly
emerged adult cuts/pushes out this escape hateh. It then cuts an exit hole directly
through the wall of the ripe fruit. Many adults cmerge while the pod is still on the
tree, but only slightly before the pods are ready to fall.. A sample collected just alter
the pods have fallen still generates many bectles.  This sloppiness in the timing of
emergence suggests that in natural circumstances, the: pods were not caten imme-
diately upon falling but may have remained on the ground for weeks before taken
by a dispersal agent. :

The newly emerged adults leave the immediate vicinity of the tree and I have
collected them in sweepnet samples, Malaise traps and at sugar baits sprayed on
leaves in May, June, July, Scptember and November.  They are presumably | assing
the time until the next pod crop ripens, and probably visit flowers for nect o and
pollen when possible.  There is no rcason to believe that an adult Jives more than
onc year. They fly well, and can live in the laboratory for at least 7 months with
no more than dilute honey for sustenance.  Normally there is only one gencration

per year. )
No parasitc has cver been reaved from M. columbinus larvac or adults, but 1 have
not searched for egg parasites. 'There are occasional braconid parasites in the fruit
samples, hut in all cases to date, the parasite cocoons have. been found associated
with microlepidopteran frass and the characteristic microlepidopteran fruit damage.
"~ Stator limbatus Horn. This small black bruchid is the most omnivorous of the
Guanacaste bruchids. It is the sole bruchid sced predator of the undescribed “mmimesa
big leaf” (known only from Santa Rosa National Park) and Pithecellobium ollongum
Benth., and shares sced predation with other bruchids at least in Acacia enuifolia
(L.) Willd., Albizzia caribaea (Urh.) Britt. and Rose, Albizzia adinocephala (Donn.
Smith) Britt. and Rose, and Lypsiloma spp. In the driest parts of Guanacaste (Santa
Rosa National Park and vicinity), it occurs as a rare animal in most . saman fruit
crops, often killing some number less than 59, of the sceds by the time the fruits have
been on the ground for several weeks to a month.

S. limbatus is a specialist on seeds free of the fruit (as often are other members
of its genus).  In P. saman, it lays eggs on sceds that have been exposed by pod break-
age, mining of microlepidoptera larvae, and M. columbinus cxit holes in the pod wall.
A sced previously occupicd by AL columbinus does not contain edibles but by entering
the cavity it occupics, the S limbatus can sometimes squecze or chew its way into
adjacent seed cavities.  The eggs are glued directly to the sced coat ; the larva drills
through the bottom of the egg and the sced coat directly helow the egg.  The full-

88
grown larva cuts a circular groove in the seed coat before pupating, and the newly



166 INTENSITY OF PREDATION [TROP. ECOL. vOL. 18
emerged adult completes the job.  As many as six adults have been recorded to
emerge from one sced, but the more usual number is -2, T doubt that the adult ever
cuts an exit hole through the fruit wall ; if the female can get to the sced to lay an
cgg, itis likely that the newly emerging adult can leave by the same route. Presumably
the newly emerged adult can mate and then oviposit on sceds remaining in the fruit
from which she emerged ; multiple gencrations within the year should occur until the
sced crop is exhausted. :

Ovwing to its manner of finding seeds, S. limbatus has a potential direct hut onc-way
interaction with the dispersal agents of P. saman. 1 doubt that the vertebrates would
notice the presence of S. fimbatus larvac or adults, but once the fruit is consumed the
sceds are no Jonger available to S. limbatus unless it will oviposit on them in dung.
On the other hand, it is quite possible that a S. limbatus Invva would he killed by passage
of its sced through the gut of a vertebrate.  (cf. Lai. prey el al. 19/ 1),

The longer the dry season, the more sceds S. lmbatus may kill. A long dry
scason may mcan that mammals arc at a lower density and  thus slower to get the
P. saman fruits. A long dry season is generally associated with a greater proportion
of wind-dispersed fruits (specics and individuals) in the habitat, and those of thesc
that §. limbatus can attack will increasc its total available food. Finally, the longer
the dry season the longer the seeds are on the ground hefore the rains moisten the
habitat and take them away from -§. limbaius by germination - nd burial in moist
litter. S, limbatus is one of the bruchids that might display 1 rise in population
density with increased human usc of the habitat, except that humans usually mean

cows, loss of its other sced prey species, and (perhaps) reimoval of the adults’ nectar
and pollen hosts.

METHODS

Large adult trees were located visually from a distance, and all trees sc found
were sampled. At a distance there is no way to know the intensity of sced predation,
so the data cannot be biased through tree sclection.  However, such a method does
bias toward large trees and thus large fruit crops, which in turn may have diflerent
degrees of sced predation than small trees.

Samples were taken by standing in one place and picking up all .he pod fragments
visible on the ground. The herbacecous vegetation was largely dead, leafless and beige
in colour at this time of year, so the chocolate-hrown pods were casy to sece.  How-
cver, fragments less than 2-3 cm in length arc sometimes missed by this method. In
short, the pod collector was getting about what a large mammal, such as a cow or
tapir, would get if it scarched only visually.  An intact pod is 15-20 ¢cm in length,
but many break in half or into quarter-sized lengths in the teec or after falling. The
collectors were instructed to pick up about 2 litres of pods below each tree.  This
quantity usually means about 100 pod fragments.

Wlen a sample was brought in from the ficld, it was ticd compactly and tightly
in a plastic bag. This closed bag was then hung inside a larger inflated plastic bag,
and the whole contraption hung from a cciling for at least three months.  The bectles
emerged from the pods, cut a hole through the first plastic bag, and spent the rest of
their lives walking about the inside of the sccond plastic bag.  Stnce Merobruchus
columbinus oviposits in nature on the pods while they are green and just beginning
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to mature, it did not re-oviposit on the pods it emerged from_cven if it did not leave
the inner plastic bag. Stator lmbatus in naturc oviposits on mature sceds that have
been exposed by breakage of mature fruits.  Under appropriate culture conditions,
it will probably re-cycle through fruits until all available sceds has  been destroyed.
However, under the rcaring conditions described above, it cxited through the first
plastic bag and did not continue to breed. There were occasional larvae of small
moths in the fruits at the time of collection ; they confined their feeding largely to
the fruit wall, but on rare occasions ate secds. In no sample did they kill more than
0.5%, of the seeds, so I have nct included their prescnce in Table 1 or other records
of the sample. At times they confused the picture by cating the remains of a sced
after a bruchid had left it. Again, under appropriate breeding conditions, the moths
mlght well consume many secds as they run out of fruit in continuous culture, but Lh(‘y
did not do this in the double-bagged samples.

Though slightly moist at the time of collection, naturally fallen (mature)
Pithecellobium saman fruits do not rot cven il placed in closed plastic bags during the
dry season in Guanacaste. The oldest samples were in bags for four years and seemed
as moist, fresh and odoriferous as the day they were collected.  This suggests power-
ful but unknown anti-fungal and anti-bactcrial traits of the fruit wall and its thick
molasses-like fluid.

Over-a period of 4 years I dissccted the samiples one by one.  Without knowing
the source of the bag, I blindly sclected handfils of fruit for disscction from cach bag.
T stopped once T had dissccted 30 pod fragments, It can be scen from Table | that
these fragments averaged 3.9 to 7.0 filled seeds cach, which is about half the number
to be found in an intact pod. About half the secd cavitics contained only a tiny
shrivelled remnant of a seed. These were not counted.  All sceds large enough to
have an approximately [ull-sized sced coat were saved. If very flat or distorted,
they were discarded as aborted.  All remaining seeds from the 30 pod fragments
were pooled and sorted into four categories @ those with Merobruchus columbinus exit
holes, those with Stator limbatus cxit holes, those chewed: into by moth larvae, and
those apparently intact. The appﬁrcntly intact sceds were then X-rayed (using
mammography RPL  X-ray filin, Radclin HR screens, filter removed, 35KV,
0.6 mm focal spot, 1/360 scc., at 40 inch distance ; also, sce Kamra 1976) in the
hospitals of the University of Michigan and University of Pennsylvania. In an
X-ray photograph, the intact (solid white), aborted (white irregular centre surrounded
by black, or dull gray) and attacked (white with round to oval dark cavitics) secds
were casily identified. In an early sample these determinations were verified by
opening the seeds as well.  There are two reasons why the pods cannot be easily
X-rayed directly.  First, they are strongly curved and would have to be broken into
picces to lay flat.  Second, one cannot distinguish in an X-ray between a seed from
which the beetle has exited, and a sced in which the beetle died.

‘The question of how many sceds to examine per sample is diflicult, If many
sceds or fruit fragments are examined, then few samples can be examined.  The
go:\.l of the present study was Lo understand the intensity and variation of sced pre-
dation over a wide geographic and habitat range, and among the members of the
P. saman population. In two preliminary samples, where several hundred fruits
were dissccted, I was Ieft with the impression that after about 20 fruit fragments, the
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percent sced mortality in the sample was not changing. I arbitrarily chose 30 fruit
fragments as a samplc size that would optimize the compromisc between number
of samples and sample size. To quantify the above impressicns, for onc tree a bushel
of fruits was collected and the fruits sampled cumulatively in groups of 30. The
cumulative percent of the filled sceds that were killed by Merobruchus columbinus was
the following : 26, 24, 25, 25, ... 9 morc times. Tor 14 individual 30-fruit samplecs,
the mecan was 25% (s.d.==3.7). Given the small variation among the 14 30-fruit
samples from one tree, and given the subjective impression that this homogencity
of damage among fruits is representative of the other trees sampled, T am willing
to accept a 30-fruit sample as representative of the entire fruit crop from a tree, at
the level of questions asked in this paper.

All statistical comparisons of percentages are based on arc-sin transformations
of the raw percentages (Sokal and Rohlf 1969).

The following habitats were sampled ; all are in the lowlands of Guanacaste
Province, Costa Rica.

Taboga Riparian : P. saman growing in closed-canopy forest along the south-
cast cdge of the riparian [orest bordering the Rio Higucron on the property of the
experiment station of the Ministerio de Agricultura y Ganaderia in Finca Taboga.
This site is about 10 km south and 10 km west of Cafas. The exact site is area 11T
described in Janzen and Schocner 19 and immediately to the northwest i the Taboga
Forest Site described in Janzen (1973). The forest is evergreen to s mi-evergreen,
with a heavily shaded understory during most of the year.

Taboga Pasture : P. saman growing as isolated and fully-insolated individuals
in moderately grazed grass pastures (cut from deciduous forest) along the dirt road
from the Pan American Highway (about 10 km south of Cafias) to the government
experiment station mentioned above.  These trees are 1 to 8 Lin from those growing
in the Taboga Riparian habitat. They arc exposed to strong and continuous dry
scason winds, and the grass and dicot herbs below them are parched and dry for at
least 5 months of the year.  “I'his site is the same as that described as Taboga Paswre
in Janzen (1973).

Finca La Pacifica Woods : P. saman growing in fully closed canopy deciduous
forest on low hills in the northern portion of Finca La Pacifica and about 9 km north
of Cafias along the Pan Amecrican Highway.- The forest in this arci has now beer
cut and converted to grain ficlds and pasture. At the time of collection, some of
the trees were in the forest edge near, but not in, pastures. This forest 1s like that
described by Fleming (1974}, and Janzen (1970b) but several kilometers away from it.

Palo Verde Forest : P, saman growing in fully closed canopy deciduous forest on
low hilly terrain along the “Becehive Road” from Palo Verde to El Colmenar along
the edge of the Tempisque river basin in the western end of the COMELCO ranch
(15 km SW of Bagaces). "T'his forest scems to be about as dry as that in the Finca
La Pacifica Woods habitat. It is described in Urankic et e, (1974). Somc trees
were in the forest edge near, but not in, a 3 ha pasture cut out of the forest.

Palo Verde Creek : P. saman growing along the permancent creck about 3 km
cnst of the Organization for Tropical Studies field station at Palo Verde in the west end
of the COMELCO ranch.  These trees are surrounded by brushy pasture but within
100 m of permanent water and 200 m ol a closed canopy swamp forest. The site
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should be viewed as generally more moist than cither the Finca La Pacifica Woods
or Palo Verde Forest habitats,

Santa Rosa River Bottom : P. saman growing on the banks of the lowland rivers
in the western lowlands of Santa Rosa National Park. Thesc trees ave part of a deci-
duous forest 'along seasonally dry rivers. During the dry scason the habitat is as dry
as the three deciduous forest sites described above, but.is less windy.

Taken as a group, it is my subjective impression that the dryness of these sites,
as measurcd by the difliculty of an inscct surviving the dry scason, i Taboga Riparian
—Palo Verde Creck—Finca La Pacifica Woods—DPalo Verde Forest--Santa Rosa
River Bottom—Taboga Pasturc (wcttest to driest).

RESULTS

Abortions : Pithecellobium saman fruits regularly contain a large number of seed
cavitics that contain only a tiny shrivelled remnant of a sced. Often these empty
cavities cannot be recognized without fruit disscction, as the fruit develops normally
in their vicinity if there were filled sceds in the empty cavitics. 1These abortions were
not counted in the present study and their cause is unknown. They could be caused
by sucking Hemiptera or galling insects when the pod is young, by total pollination
failurc, andfor by physiological rejection of sceds pollinated by low quality pollen.
In the total of 2430 pod fragments examined, only 14 contained no full-sized seeds.
This indicates that the trce does not normally make {ruits-or long fruit scctions with
no secds. .

) ~ Of the sceds large enough to potentially be filled, the average of their percent
abortion per crop ranged from 11 to 31 percent in the 6 habitats (Table 1). The

TasLe 1. Paramelers of seed predation in 81 30-fruit samples of Plthecellobium saman
seed crops in 1972 in Guanacaste Province, Costa Rica (see text for delails)

Number i ‘%-H[[(:(l sceds 94 filled seeds % of sceds
Habitat of filled % sceds killed by killed by with AL
(number secds large but Merobruchus Stator columbinus
of trees) per . aborted columbinus limbatus that pro-
fruit duced
fraginent » bruchids
X X S.D. b S.D. X SD X S.D.
(1) 'Taboga Riparian .. 3.9 18 m 70 15 1.5 2.0 55 23-
(n
(2) Taboga Pasture .. 7.0 11 8 47 18 0.4 0.6 75 . 21
(14
(3) Finca La Pacifica .. 7.4 16 9 41 27 2.5 5.5 170 21
Woods (8) .
(4) Palo Verde Forest .. 6.0 31 18 44 15 4.4 5.0 75 19
(2H
(5) Palo Verde Creek .. 6.3 17 12 52 12 4.7 6.0 54 24
Q) :
(6) Santa Rosit River .. 5.6 18 15 40 17 3.0 2573 14

Bottom (17)
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value of 319, (s.d.=18%,) (Palo Verde Forest) is significantly different from any of
the other 5 (t test, p< .01), but none of the other five differ from each other. Since
at lcast half the sced cavities of most pods do not contair. sceds large enough to be
counted as potentially filled, the abortion values in Table 1 n-an that about 60 to
909, of the ovules in a fruit do not produce filled seeds.  For all sceds pooled, 224
were large enough to be filled but were aborted. :

The cause of abortions of full-sized (potentially filled) sceds is unknown. The
causc may be physiological or due to sucking by Hemiptera at the time when the
sced is ncarly full-sized but not yet hard enough to resist their-penetration. It is
also possible that in somc cases a Merobruchus columbinus larva entered: the sced too
carly, and the plant responded to the damage by cutting off nutricnt flow to that sced
(thereby aborting the sced and killing the bruchid larva).  Such an ability by the
plant would quickly sclect for bruchids that waited until e sced contamed cnough
nutricnts for a larva to develop, before it entered the sced. '

Bruchids : Merobruchus columbinus was present in all 81 samples.  However, the
pereent of the filled secds in a crop that were killed by this beetle ranged from 5 to
939;. Of the total sample of 14,419 sceds, 439, were killed by M. columbinus.  How-
cver, as noted above, this is probably a'low estimate since some of the abortions of
full-sized seeds could have been caused by carly entry of M. columbinus larvac. Only
the Taboga Riparian habitat had a pereent mortality per sample the s significantly
different (greater) from the other five sites (t test, p<.01). Ther is no way that
I can suggest what multitude of ccological diflerences between the Taboga Riparian
babitat and the other habitats lcad to this diflerence.

However, a comparison of the Taboga Riparian with the Taloga Pasture’'makes
some biological sense.” "T'he Taboga Riparian habitat, forested with Jargely ever-
green (rees and containing nearly year-round flowing water, is representative of
the moister riparian sites to he found in the Guanacaste lowlands.  During the three
months of the dry scason following emergence {rom the Pithecellobium saman pods, the
adult free-living beetles are minimally exposed to desiccation (and food ?) problens
in such a habitat. Furthermore, Merobruchus columbinus adults undoubtedly move into
this moist sitc from ncarby deciduous forest, and this may lead to an increase of th»
general M. columbinus density when the pods become available many months later.
The Taboga Pasture habitat represents the opposite extreme yeU is casily witl in
flight range of the Taboga Riparian habitat. During the dry scason, these isolate |
trees are exposed to the full blast of dry'scuson winds, there is no humid cover in the
dried pasturcs, and it is 2 to 4 kilomecters to the necarest. moist riverbed.  The 11
trees sampled in the Taboga Riparian site averaged 70%, mortality to their sceds
(s.d.=15) by M. columbinus while the 14 Taboga Pasture samples averaged 479
(s.d.=18) ; these mean values arce highly significantly  diflerent (tyy 1L ==3.45),
I sugpect the Taboga Pasture and Taboga Riparian becetles are all part of the same
large population, and the diflerences in sced predation reflect how they re-assort
themselves during the time between sced crops.  However, T should also note that
the Iruit crops in the open pasture may on the average be farger than those in the
orested riparian site (owing to reduced crown competition in the open), and thus
the difference be due to greater predator satiation in the pasture than in the forest,

Stalor limbatus appears to be a-wivial source ol Pithecellobiwm saman sced mortality
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in the study arca. It was present in 799, of the samples, but it only killed 3%, of the
filled sceds. There are several reasons for believing that any (hﬂcronccs in sced
predation among the samples by 8. limbatus are impossible to interpret. First, this
bruchid has more specics of hosts (8 known) in Guanacaste than any other spccies
of bruchid ; therefore its density will be a function of how many individuals of other
host specics are present.  Second, the number of seeds it kills is related to how frac-
tured are the pods ; in habitats where pods fall withotit breaking, there will be little or
no infestation by §. limbatus ; in habitats where the pods are blown violently from
and through the trec crowns, or onto hard rocks or dirt, there is much greater oppor-
tunity for this beetle to oviposit. Third, the longer the pods are on the ground, the
_greater the opportunity for oviposition by this beetle.  The length of this period is
a complex function of frugivore activity in the area and wher: the samples were taken
in the temporal fruiting distribution of individual trees. Since different individuals
drop their fruits at differcnt times over a period of several months, at the time of
sampling some crops could have had much time for oviposition by §. limbatus and
others none.

As P. saman becomes increasingly a pasture trec, and as natural dispersal agents
become very rare, I expect §. limbatus to take an increasing pereent of the sceds.
However, cows are very fond of P. saman pods normally cating them a'most as soon
as they fall. The cow may be even more effective than wild animal:  at removing
secds from susceptibility to Stator limbatus.

It has been my impression that in southern Guanacaste, Pithecellobium saman

fruits less frequently have Stator limbatus in them than do those in the arca from
Bagaces to Santa Rosa. Several aspects of these samples arc in agreement with this
impression. Of the 33 samples from the southern three sites (Taboga Riparian,
Taboga Pasture, Finca La Pacifica Woods), only 329, had S. limbatus in them ; of
the 48 samples from the more northern sites, 969%, had §. limbatus in them. If the
percentages attacked by . limbatus are pooled for the 3 southern samples, the mean
sample percent is only 1.24 (s.d.=2.96) ; for the northern 48 samples, the figure is
3.96 (s.d.=4.41). These mcans arc highly significantly different (tg, d.f.=6.93.
p<.001).

As T cannot distinguish in an X-ray (or by disscclion) a Merobruchus columbinus
larva that died while young from a dead larva of the much smaller Stator limbatus,
I cannot know what fraction of the sceds attacked by Stator limbaius generated adult
beetles. The picture is further complicated by the fact that several S. limbatus
may develop in one sced.  However, if we count all damaged seeds without exit holes
as being duc'to M. columbinus, some idea can be obtained of the success of M. columbinus
once it has done enough damage to show up in an X-ray (Table 1).- Tour habitats
had indistinguishable fledging success. for M. columbinus ; Palo Verde Forest, Santa
Rosa River Bottom, I'inca La Pacifica Woods and Taboga: Pasture. 'The two small
values (Palo Verde Creck, Taboga Riparian) arc likewise indistinguishable from
cach other ; each is significantly lower than the four higher values (t test).

I know nothing of why bruchids such as AL columbinus die in sccds. As no
arthropod parasite has cver been reared from a larva or adult M. columbinus,
arthropod parasites are not the cause.  When such animals are dissccted out of the
sced, they do not have the appearance of having been killed by fungus or bacteria.
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However, 25 to 469, scems like a rather high rate of developmental fail ire.

The secds attacked by M. columbinus are not viable. If the bruchid developed
to full size, the seed is devoid of edible contents. - Sceds that have half-grown larvac
in them germinate only very rarcly when planted, and even then T-suspect they would
have very low fitness in the ficld owing to depleted reserves and tissue damage (cf.

Janzen 1976D).
' DISCUSSION

For want of a single figurc, 43%, may he taken as the Pithecellobium saman sced
mortality by Merobruchus columbinus in 1972 in the lowlands of Guanacaste Province,
Closta Rica.- While such intense predation is probably not trivial to the parent plant,

“and certainly not trivial to the seeds killed, its pattern is probably more important

than its intensity in its effect on the P. saman population. Taken at 10 percentage
point intervals (0-10, 11-20, 21-30, ctc.), the frequency distribution of percent seed
mortality by M. columbinus was 1, 3, 13, 18, 13, 12, 10, 7, 3, and 1 (n=81). The
mode is thercfore 31-4094 (below the average) and the median 41-309%, (on the
average). With respect to percent sced mortality, the intensity of sced predation
scems spread fairly well through the population ; while certain trecs fost a very high
fraction or a very low fraction of their sceds to AL ¢columbinus, the most common class
‘of damage (31-409%,) only involved 22°; of the trees. I all sced crops were the same
size, it could not be stated that a few trees were contributing most of tae viable sceds
to the population while the remainder were largely feeding bruchids.

However, not all sced crops arc the same size.  On P saman they can range
from as few as 100 to as many as 70,000 fruits (and probably more). I have no in-
formation on the sizes of the sced crops sampled o this study. T thercfore cannot
reject the hypothesis that the large seed crops are clustered ac one end or the other
of the frequency distribution on percent sced mortality. I suspect that the large
secd crops are at the low end of the frequeney distribution (owing to predator satiation
with large sced crops), and thus it may be that those few tices with peicent sced
mortality of 309 or less (219 of the trees) have very large absolute numbers of °
surviving seeds and thus are contributing disproportionately to the seed pool of the
habitat. - ,

The data in Table 1 lTeads me to suggest that the riparian P. saman adults
undisturbed forest may generally sustain a lower percent sced mortality by AL
eolumbinus than thosc in drier adjacent habitats.  Towever, P. saman in riparian sites
generally appear larger and more healthy than® those in dvy sites. Tt is therefore
possible that the portion of the population with' the healthiest appearing adults is
contributing the smallest amount of genctic information to future genciations. How-
ever, examination of this possibility will require data on absolute seed crop sizes coupled
with percent seed mortality by M. columbins. _

_ I should also note that within onc habitat, with two . saman of apparently
cqual size only 100 m apart, the percent sced mortality can be as much as 80 per-
centage points apart.  While T have no data here to clucidate the causes of such
extreme intra-habitat variation, the natural history of the tree and the beetle suggest
a number of mutuilly compatible causes. (1) The fruit crop of one tree may ripen
several weceks before the other, resulting in the M. columbinus in the immediate vicinity
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exhausting their egg supply on the fruit crop of one trce and leaving the oth-r largely
unattacked. (2) If the fruit crops are of equal age, and both moderately small,
the larger of the two may produce a larger odour cue and resalt in disproportionately
high attack. (3) If the fruit crops are of cqual age, and both muderately large, the
larger of the two may have disproportionately lower seed damage owing to predator
satiation (oviposition satiation). (4) Trees may vary genctically in their sensitivity
to abort sceds following entry of beetles first instar larvae, in their seed and pod de-
fensive chemistry, and in the degree of synchronization of the fruit ripening within
the crown; variation in all three ‘traits could easily lead to consistent intra-habitat
variation in percent seed predation. : » »
Why do P. saman trecs mature fruits that contain about 224, large yct aborted
'seeds and have another 509, of the seed cavitics with shrivelled ovules (if there is any
trace of a seed at all) ?  Concommitantly, only 0.01% of the pods or pod fragments
lacked full-sized secds (potentially filled sceds). That the fruit wall is often fully
developed in the vicinity of secd cavitics eontaining no sced or aborted full-sized sceds
suggests that the interaction with dispersal agents is probably important to this ques-
tion. For a mammal-dispersed seed in an indechiscent fruit or fruit segment, the
ratio of seed to reward is undoubtedly important in determining (a) if the fruit will
be eaten and () if all or somc of the seeds will be spit out (directly or when chewing
“a cud) or cracked with thc molars. Onc way to evolutionarily engincer a higher
fruit/seed ratio is to abort sceds. Fven potentially filled sceds ol P. saman are
generally much thinner and casily broken when compared with filled seeds.  While
it might be expected that this would cventually sclect for a [ruit with an initial lower
number of ovules, there is the counter sclection for a larger nuinber of  ovules
which allows more freedom in maternal parental choice among zygotes. A second
way to evolutionarily engincer a higher fruit/seed ratio is to hold the seed-ovule
dynamics constant and incrcasc the fruit pulp amount or quality: Both processes
seem likely and cannot be further analyzed with the data at hand.
The interaction with M. columbinus may also influence the retention of iruits with
a large number of aborted secds or ovules. If the bruchid cannot determine exactly
the location of the filled sceds, owing to a lack of external fruit differentiation in their
vicinity, it may have to lay many more cggs per fruit than would be the casc if one cgg
could be placed immediately above each filled sced. TFruits con'aining aborted
seeds and ovules therefore increase the predatoi satiation capacity of a fruit. This
is an advantage that would not be realized were the fruit/sced iatio to be increased
by increasing the amount or quality of fruit pulp of a fruit that contained a filled seed
in each cavity. . k
- Why does Merobruchus columbinus prey only on the seeds of Pithecellobium saman,
and not also on the cqual-sized sceds of many other plants in the habitat (Acacia spp.,
Pithecellobium spp., Calliandra spp., Lonchocarpus spp., Albizzia spp., Enterolobium
cyclocarpum, etc.) ?, Until the chemical analyses are available for all of these seeds,
the specifics of the question cannot be dealt with. However, the gencral answer
is probably thdit (a) the sced contains a number of toxic sccondary compounds
(protease inhibitors, lectins, non-protein amino acids), the combination of which
M. columbinus has the biochemistry to deal with, and (b) M. columbinus is probably
dependent on the constructive use of certain byproducts of the detoxification in its own
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catabolism (as has been found with Caryedes brasiliensis feeding on the canavanine-rich
seeds of Dioclea megacarpa in the same habitat, Rosenthal et al. (1976, 1977). Here,
then, M. columbinus is expected to be restricted to P. sanan becausc it can detoxify
only its seeds and bcceause it can get only from its seeds the nutrients it nceds. To
date we know. that . saman seeds contain 4-89, dry weight albizziine (E. A. Bell,
personal communication, Krauss. and Reinbothe 1973), and a trace of Djenkolic
acid and “moderate” amounts of 4- hydroxyplpecollc acid (Krauss and Reinbothe
1973) ; all three of these non-protein amino acids are toxic to the larvae of at least
one species of bruchid beetle (Janzen et al. 1977a). However,-none of these com-
ments help with the general question of why can’t a species of bruchid have the
ability to do each of these things to two quite differcnt species of seed, cach with
quite different seed chemistry ?

I should add that by specializing on P. saman, M. columbinus has a food source
that is present every year at a regular time (there is no evidence of supra-annual
synchrony of P. saman seed crops or sterile years, if indeed they occur at all). Further-
more, P. saman is one of the largest trees in the habitat and has a very large seed crop ;
as deciduous forest trees go, it represents one of the largest seed resources on which a
bruchid can specialize (I do not intend to suggest, however, that bruchids do not
specialize on scarze secd resources in this habitat). '

However, given the previous paragraph, I find it particularl, cnigmatic that
larval M. columbinus have no host-specific hymenopterous parasites (though the eggs
may). I have only one suggestion. There may be occasional years when many
P. saman fail to bear mature fruit owing to a generalized carly rainy seasoi. drought
such as occurred in 1971. If the prey (seeds) are very scarce in such years, the
“parasitoids” on these prey should be even much scarcer, and therefore “hyper-
parasitoids” in the form of specialist parasitic hymenoptera are likely to get pruned
off the end of the food chain. This does not help understand why more generalized
hymenopterous parasites do not attack M. columbinus. The most roubst hypothesis
at the moment is that the larvae, by virtue of feeding on a food gene ally toxic to
animals are themselves rendered immune to generalists. On the other hand, the high
death rates of M. columbinus in seeds (329, of all bruchids large enough to consume a
large part of the seed did not emerge) suggests that there might be a bacterial or viral
~ disease in the population (as is apparently the case with the hymenopterous parasite-
free bruchids of Scheelea rostrate palm n_;its (Janzen 1951b). If, as seems reasonab’e,
there is a ceiling to the parasite load that a bruchid can carry, then there may not
be ecological space for a hymenopterous parasite of M. columbinus.

SUMMARY

In samples from 81 fruit crops of Pithecellobium saman (a mimosaceous legume)
from the Pacific coastal lowlands of Costa Rica in 1972, at least 439, of the seeds
were killed by larvae of the bruchid Merobruchus columbinus and 1-3%, by the larvae
of the bruchid Stator limbatus. M. columbinus was present in all 81 seed crops. The
moistest habitat, a riparian one, had the most intense sced predation by M. columbinus.
About half the ovules (or small zygotes) in the fruits were aborted, and 229, of the full-
sized seeds were also aborted. The variation in seed predation between and within
habitats, host-specificity of the bruchid, and fruit enginecring dynamics were discussed.
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