Notes On Phenological Patterns of Flowering and Flower-Feeding Beetles
(Coleoptera: Chrysomelidae) in Two Clones of Cacao (Sterculiaceae:
Theobroma cacao 1..) in Costa Rica’

ABSTRACT

For five successive years, freshfy opened flowers and
flowers damaged {rom feeding by chrysomelid beetles,
chiefly Colaspis sp. and Monolepta sp. beetles (Coleoptera:
Chrysomelidae) were measured for 35 mature trees each of
two commercially-propagated clones (“'Pound-7" and
“UF-613"Y of Theobroma cacgo Linnaeus (Sterculiaceae) at
Finca Experimental La Lofa in Costa Rica. The purpose
of this study was to assess the relationship befween temporal
patterns of floral abundance. floral herbivory and
beetle abundance in each cacao clone, and to evaluate the
possible impact of floral herbivory in cacao on the potential
for natural pollination. Although the abundance of flowers
varied greatly at different times, total number of flowers
produced was very similar between the two clones, as was
the very low incidence (4-5% range) of floral herbivory for
the entire study period. No positive correlations were found
in either cacao clone between (1) abundance of flowers and
beeties, (2} total flowers and the incidence of damaged
flowers, or (3) the incidence of damaged flowers and the
abundance of beetles, The observed very low numbers of
Colasprs and Monolepta on alt of 14 censuses, even though
the former species was 2-4 times as numerous as the latter,
may have preciuded detecting a positive relationship between
flowers and bectles, Yet the extent {o which these beetles
are specific to cacao flowers cannot be ascertained, even
though both species were also oceasionally found feeding
on flowers of Theobroma siwilarum Donn. Smith und T,
speciosum Willd. at La Lola, Observed levels of both beetles
and floral damage from their herbivory are too low to have
a significant negative impact on natural pollination in T
cacdo Because no noticeable differences were found between
the two clones studied for the numbers of Colaspis and
Monolepta, it is concluded that marked differences in floral
pigmentation (reddish flowers in “UF-613" and whitish
flowers in “Pound-7"") did not influence floral feeding
preferences by these beetle species for these clones,
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COMPENDIO

En la Finca Experimental La Lola de Costa Rica, durante
un periodo de cinco afios, se hizo un estudio de las flores de
70 arboles maduros de Theobroma cacae Linnaeus (Stercu-
fiaceae). De éstus, 35 eran delf cloy comercial Pound-7 y 35
del clon comercial UF-613. Se registrd la abundancia de flo-
res nuevas ¥ de tlores dafiadas por los coledpteros, especial
mente los Colaspis sp. y los Monolepta sp. (Coleoptera: Chry-
somelidae). Este estudio busca caleular la relacién entre fa
aparicion y la zbundancia de las flores, el grado de destruc-
cion de las flores por los coledpteros kerbivoros y Ia abun-
dancia de éstos en cada clon de cacao. También se buscod
evaluar {a posible reduccidn en la polinizacion natural 2 cansa
de ka destruccion de cierta cantidad de flores por los coléop-
teros herbivoros, La abundancia de las flores varié mucho.
Sin embargo, ambos grupos de drboles produjeron cantida-
des casi iguales de flores. Los dos grepos mostraron baja des-
truccion de flores por los coledpteros herbivoros, constite-
vendo enire 4 y 5% duante fos cinco afios del estudio. No se
encontré en ninguno de os clones correlacion posifiva entre
los siguientes factores: 1) abundanciz de flores y abundancia
de coléopteros; 2) mimero fotal de flores y niimero total de
flores dnfiadas; 3) nimero de tlores dafiadas y abundancia
de coledpteros. Ef hecho de no haber observado correlacidon
positiva entre las cantidades de flores y los coledpteros puede
deberse al indice bajo de Colespis v de Monolepra en los
catorce recuentos gue se hicieron: esto a pesar de que el pt-
mero de Colespis excedit el de Monolepta en dos a cuatro
veces. No se puede afiemar hasta qué pento estos coledpteros
limitan a las flores de cacao, aungue las dos especies en La
Lolz, también se alitmenian ocasionalmente de flores de
Theobroma simigrunt Donn. Smith ¥ de 72 speciosin Wilkd,
Lus cantidades de coledpteros y de flores daitadas por coledp-
teros herbivoros sen tan bajas que estos dafios no representan
un peligro para la polinizacion de T cacoo Puesto que no
hubo diferencia significativa cuntre el nimero de Colaspls
v de Monoleptn que se encontraron en {os dos ¢lones, se con-
cluye que Ins diferencias de pigmentacion de las flores (rojiza
en UIF-613 y blanuzea en Pound-7) no influyeron en las pre-
ferencins de estos coledpteros herbivoros.

INTRODUCTION

everai genera of chrysomelid beetles (Coleopte-
ra: Chrysomelidae), including Colaspis, feed
on the leaves of IMeobroma cacao 1. (Stercu-
lizceae) in the American tropics (3, 7, 11} Although
some species of Colaspis are apparently host-specific
for cacao and other tropical crops (4, 13), flower-
feeding by these and other chrysomelids associated
with cacao has not been previously reported In this
paper 1 report the abundance of two species of
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chrysomelid beetles, Colaspis sp (Eumolpinae) and
Monolepta sp (Galerycinae) feeding on the flowers
of two commercially-propagated clones of cacao,
“Pound-7" and “UF-613," ia Costa Rica, as observed
periodically over a five-year period, and in relation to
flowering phenology in cacao trees Although chryso-
melid beetles associated with the flowers of other
species of plants may be peliinators (6), the general
perception that fioral herbivory from these beetles
can be detrimental (15) prompted the present study
My data, and observations of the association of these
and other chrysomelids with other species of Theo-
broma at the study site, indicate a temporally
persistent low-level population density of these floral
herbivores on flowers, independently of flowering
cycles in cacao

MATERIALS AND METHODS

This study was conducied at Finca Experimental
La Lola (35 m above sea level), near Siquirres (10°
06N, 83°30'W), Limon Province, Costa Rica At
intermittent 3-5 month intervals between July 1982
and TJuly 1987, the numbers of {reshly-opened
flowers and the numbers of beetles observed feeding
on flowers were recorded individually for each of
35 trees of “Pound-7" and 35 trees of
“UF-613" cacao in the Clonal Garden, La Lola. These
two clones were chosen for study of beetle floral
herbivory because the pigmentation of the flowers is
markedly different between them: flowers of
“Pound-7"" are whitish, while those of “UF-613" are
distinctly reddish. 1 was interested in determining
whether or not beetles exhibifed a definite feeding
preference for flowers of one clone over the other,
given this noticeable difference in color and other
floral features between these clones (17) In terms of
floral colors, these two clones represent two basic
classes of flowers characteristic on many clones and
varieties of commercially-propagated cacao through-
out the world.

At each census of flowers and beetles, the same
trees were examined, for a total of fifteen censuses
within the five-year study period Censuses of flowers
and beetles were taken during both dry and rainy
seasons over the five-year period, given the moder-
ately dry period that occurs in February and March
ench vear at La Lola (20) Occasional searches for
beetles feeding on the leaves of cacao trees in the
study area were also made to determine indirectly the
apparent specificity of the adult stages for floral-feed-
ing I also opportunistically examined the flowers of
other species of Theobroma growing in a “‘study
garden’ at La Lola for beetles, to determine if these
insects were host-specific {or T' cacao alone. Every
atternpt was made to count flowers and beetles ex-
haustively on all 70 trees. Censuses were usually

performed from 0800-1200 h in sunny weather A
census consisted of walking between rows of cacao
trees, Sstopping at each tree and examining open
flowers for both beetles and traces of beetle-feeding
damage to floral structures (Fig. 1). Given the small
body length (4-5 mm} of the beetles found in flowers,
it was often difficult to locate beetles in flowers in
the upper branches of cacao trees, undoubtedly
introducing some bias into the results. Yet this error
was consistent for all trees studied At various times
during the study, voucher specimens of beetles were
collected for taxenomic determination Behavior of
beetles other than feeding, such as mating (Tig 1),
were also noted The number of flowers exhibiting
noticeable signs of feeding damage {chewing damage)
from beetles were also recorded. Based on observing
the feeding behavior of beetles, it was possible to
discern damage from their feeding even when they
were not present. Notes were also made as to specific
floral parts fed upon by bestles.

RESULES
Feeding Behavior

Two species of Chrysomelidae {Coleoptera), Colas-
pis sp. and Monolepta sp. (M. sp near bipartita
Jacoby) were seen feeding on floral tissues on trees
belonging to both clones (Fig. 1} Occasionally, an
additional chrysomelid, Sphinterophyta (= Chrysodi-

Fig 1. Ciockwise, beginning in upper left corser: View
threugh the “‘Pound-7" cacao trees in the clonal
garden at La Lola; freshly-cpened flowers of cacao;
pair of copulating Monolepte beeties on a cacao
flower at the study site; Monolepta beetle feeding on
sepal of a cacao flower
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na) sp. {near C servula Lefevre) (Eumolpinae) was
found feeding on flowers, but clearly Colaspis and
Monolepta dominated the samples of beetles found
in flowers in this study. Although adults of both
genera are about the same size, Colaspis beetles are
reddish while Monolepta are metallic dark blue,
greatly facilitating field censuses of both species
Sphinterophyta beetles are similar in size to the other
species, but black and more roundish.

Both Colaspis and Monolepta adults feed heavily
on these floral structures of T cacao’ sepals, petal
ligules, petal pouches Anthers and pollen sacs are
sometimes completely destroyed on individual
flowers, but staminodes and pistils are generally not
fed upon There appears to be no divergence in feed-
ing chains between these beetle genera and species
Feeding by these beeties leaves characteristic evidence
of chewing on partly-devoured structures such as
sepals (Fig. 1} For petal ligules, petal pouches and
sepals combined, a range of approximately 10% to
75% of the combined tissue surface area represented
by these floral structures was destroyed per flower
on & given census as a resuit of herbivory from these
beetles. However, an estimated 60% of all flowers
with damage from this herbivory on a given census
date had approximately 25% of these floral tissues
destroyed. Rarely were individual lowers found that
had virtually all of these floral structures completely
destroyed by these beetles, a feeding behavior clearly

distinguishable from that of leaf-cutter ants, Atte spp.
(Hymenoptera: Formicidae: Attinae)

An examination of approximately 500 flowers
from each clone for the entire study period failed to
turn up any chrysomelid farvae in flowers, and beetles
were not found feeding on leaves of cacao trees
Feedings beetles are easily disturbed and fly off
quickly or drop to the pround. Yet mating pairs of
both Colaspis and Monolepta have been found in
flowers (Fig. 1) Both single individuals and copulat-
ing pairs of Monolepte sp near bipartita have aiso
been found occasionally in the freshly opened flowers
of Thevbroma simigrum Donn. Smith and T spe-
cfostnr Willd at La Lola during this study A single
individual of Colaspis sp. was found feeding on petals
of T simiarium

Flowering Phenology and Beetle Abundance

Although the abundance of open flowers in both
clones of T cacao varied greatly among the various
census periods, the shifts in abundance of both Colas-
pis and Monolepta did not follow the same pattern
(Tables 1 and 2) Rainy months, such as July through
November each year (20), tended to be periods of
high flowering in both clones, although numbers of
beetles on flowers were not always highest at these
times Even though Colaspis beetles were aimost two

Table 1.  Phenoltogical patferns of flowering, floral damage from insect herbivory, and abundance of two species of floral-feeding Chry-
somelidze (Coleopter), at widely scattered dates for a five-year period i a stand of "‘Pound-7"" clone trees (N=35) of Theobro-
ma cacao 1., (Sterculiageac) in Costa Rica.

Colaspis Monolepta
Flowers with  %Ilowers Beetles Feeding Beetles Feeding
Census Open Flowers Beetle Damage  Damauged on Flowers on Flowers
Date I X:Sk, T XzS.k. T X t8SE % T X ¢ 8.E o

16-ViIi-82 684 1656+ 233 90 250:055 i3.16 3 005:003 1671 25  057:014 89 .29

8-XiI-82 1265 3677+ 317 131 291045 10 87 5 0.15:006 83.13 1 002:00% 16 67
15-111-83 738 2346+ 503 48 171:034 6.50 B 0.25:011 88.89 1 002:001 1111

4-VIII-83 2 666 66.65+108% 43 110:032 161 4 013306 10009 0 - -

6-XI-83 2214 5532x 607 94 235:039 4.25 5 §.15:006 62 50 3 005:003 37.50
12-111-84 856 2194x 317 35 100+025 4.09 0 - - 1 002:001 100.00
10-VI11-84 927 2435« 288 79 208:047 852 10 0.25:001 5882 7 002:008 41.18
16-X1-84 474 128i+ 1535 163 286056 2173 16 0452013 69.57 7 020:008 3043

7-111-85 148 493+ 1.52 5 0211013 3.38 2 006:004 100.00 0 - -
26-XIV-B5 2670 7216+13.44 91 3 48:072 341 14 0372016 10400 0 ~ -
22-11-86 787 2713+ 497 35 1314034 4 45 0 - - 0 - -
28-VIi-86 418 1492« 245 48 1711034 11.48 2 006004 10000 0 - -
10-X1I-86 523 i6 87+ 297 8 0342013 1.53 0 - - 0 - -

2-111-87 72 3206+ 581 72 2.25:059% 702 8 025:01% 10000 0 - -

1-VII-87 1519 4746 6.84 77  240+0061 507 2 006004 6667 1 §02:001 33.33
TOTAL 16 BBS 959 79 46
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Table 2. Phenological patterns of flowering, floral damage from insect herbivory, and abundance of two species of Floral-feeding Chry-

sometidae {Coleoptera), at widely scattered dats for a five-year period, in a stand of “UF-613" clone tress (N=35) of Theobro-
mg cacgo L (Sterculiacea) in Costa Rica.
Colaspis Monolepta
Flowers with % Flowers Beetles Feeding Reetles Feeding
Census Open Flowers Beetle Damage  Damaged on Flowers on Flowers
Date T X2 SH, i X:$E 1 Xz 8k, b 1 X z B.E, %

16-V11-82 131 403« 101 14 037z0.16 1157 3 8.05:0.03 75.60 1 0.02:00 25,00

8-X11-82 361 1484+ 263 76 324:068 2105 1 0.02:0.0t 100.00 0 - -
15-111-83 855 2937+ 401 36 103:028 421 6 0.18:0.08 100.00 0 - -

4-V1II-83 2254 753261471 30 1.00:0.27 1.33 4 {13006 66 67 2 806:004 33 .33

6-X1-83 1829 60958066 67 223:032 3.66 4 0132006 80.00 1 0.02:0 01 2000
12-111-84 1081 3487: 596 29 093:0.18 1.68 Q - - 1 4.02:03] 100.00
[0-V111-84 642 17.02: 290 58 165:035 §.03 7 020008 igge 11 831009 6111
16-X1-84 438 1327+ 194 86 260:062 1963 15 0451019 1560 5 §.15:006 20.00

7-111-85 931 2660« 337 70 2122043 7.52 17 0.47:0.14 10000 0 - -
26-XIV-85 2531 B727+1252 159 54823100 6.28 21 079001 10000 0 - -
22-11-86 2382 6805+ 776 53 155034 2.23 0 - - 0 - -
18-VIi-86 443 14.33:x 198 19 0632018 4.29 2 006x0.04 10000 0 - -
10-X1i-86 454 1297+ 233 8 024:x11 1.76 0 - - 0 - -

2-411-87 1412 3B16: 405 105 2 83:051 7 44 10 027010 10000 0 - -

L-VI-87 2438 677221023 83 2171052 3.40 1 0.02£0.01 10000 0 - -
FTOTAL 18172 893 91 21

{on “Pound-7") or four times {on “UF-613") as
abundant as Monolepta for all censuses combined
{Tables 1 and 2), Colaspiy abundance did not vary in
accordance with fioral abundance. The highest
numbers of either Colaspis or Monolepta may oceur
even when floral numbers on both clones of T
cacao are low {Tables 1 and 2} For beetle abundances
on flowers of both clones, there was no significant
positive correlation between the abundance of
beetles and fowers (Pearson’s coefficients r = (.32
and r = 039, both at p > 0.02) For all censuses of
both clones of T cacgo, all but one indicated a
grezter abundance of Colaspis adult beetles over Mo-
nolepta (Tables 1 and 2) Although levels of flower
damage {rom beetle herbivory varied greatly at dif-
ferent census of both clones of T caceo (Tables |
and 23, there was an absence of a significant positive
correlation between total numbers of flowers and
numbers of damaged flowers (r = 028, p > 0.1},
and between numbers of damaged flowers and the
combined abundances of beetles (r=035p>072)
For the entire study, only 5.69% of the open flowers
of *Pound-7" and 4.91% of “UF-613" flowers of T
cacao were damaged by beetle herbivory

DISCUSSICN

These data indicate a consistently low level of

abundance of two species of flower-feeding Chryso-
melidae associated with the flowers of T cacao at La

Lola Given the low numbers observed on flowers for
both species of beetles, the data further suggest an
absence of a definitive preference for association by
either species with one or the other cacac clones
examined. | therefore tentatively conclude that for
these two particular clones, floral pigmentation dif-
ferences between clones is not a factor selecting for
floral feeding habits in Colaspis and Monolepta
species associated with 1 cacao Low numbers of
Colaspis and Monolepta were found in “Pherocon
AM Sticky Traps” in the La Lola cacan plantation
late in the rainy season (23) Little information is
available on the biology of these beetles, although
Colaspis species have been previously reported to be
associated with 7. cacao in Central America (4)
Given the observed intermittent association of other
chrysomelids such as Sphintherophyta with cacao
flowers in my study, and the low density of beetles
found in the flowers of other species of Theobroma
planted at [.a Lola, the question of fioral host
specificity in these herbivorous species remains to
be defined more clearly by further reszarch studies,

The observed wide discrepancy between actual
numbers of beetles censused and the incidence of
floral damage at each census may reflect unobserved
peak feeding by these insects at other times of the
day-night cycle A different species of Monolepta
was ohserved to be active at night in visiting the
flowers of Syzygivn cormiflorum (F. Muell ) B
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Hyland (Myrtaceae) in Australian tropical rain forest
(3). Flower-feeding in beetles in the present study
may indicate an opportunistic habit in associztion
with leal-feeding as well, as known for many chryso-
melids {21) Yet the observed absence of both Colas-
pis and Monolepta on leaves of T. cacao in my study,
in spite of the opportunistic sampling program, may
suggest a specialization for floral-feeding Given what
is generally known about the insect-mediated natural
poilination of T cacao at La Lola (8, 16, 22}, it is
likely that floral herbivory of cacao flowers by Colas-
pis, Monolepta, and other insects reduces the effect-
iveness of the [loral attractant-reward system (24)
and negatively impacts on pollination. Yet given the
observed very low zbundance of these insects in this
study, such a negative effect on pollination is expect-
ed to be minimal My study did not include a careful,
systematic survey of insects feeding on flush leaves of
T cacan, which may be a preferred {ood resource
for Colaspis ornata germar at Bahia, Brazil (3)
Certainly the well-known association of Colaspis
beetles with T cacao would sugpest a more general-
ized feeding association with this tree, especially in
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