ARTHROPODS OBTAINED FROM THE AMAZONIAN TREE
SPECIES “CUPIUBA” (Goupia glabra) BY REPEATED CANOPY
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ABSTRACT — Two canopies of a widely distributed Amazonian tree species, Goupia glabra Aubl.
{Celastraceae, height 38 and 45m) were fogged several times with 1% natural pyrethrum during the
rainy and dry scasons (1991-1994) in the Adolpho Ducke Forest Reserve near Manaus/Brazil. Be-
tween 50 and 158 ind./m’ of arthropods were obtained per tree and fogging event. Hymenoptera,
mostly Formicidae, and Diptera dominated. A total of 95 ant species occurred on a single tree. Most
ants were permanently foraging in the canopy and their recolonization after fogging seems to fol-
low stochastic pathways. Data indicated an interaction between -1} predating Formicidae and gall
building Cecidomyiidae and -2) Cecidomyiidae and the parasitic Hymenoptera.

Key words: Canopy fogging, pyrethrum, arthropods, recolonization, interactions, Amazon,
Neotropics.

Artropodos Obtidos Através de Nebulizacio Repetitiva da Copa de nma Arvore Amazénica,
“Cupiuba” (Goupia glabra), com Piretroéiide Natural,

RESUMO — Duas copas de uma espécie de arvore amplamente distribuida na Amazonia, Goupia glabra
Aubl. (Celastraceae, altura 38 ¢ 45m) foram renebulizadas vérias vezes com piretro natural 1%, durante o
periodo chuvoso e seco (1991-94) na Reserva Florestal Adolpho Ducke préximo de Manaus/Brasil. Entre
50 ¢ 158 ind/m’ de artrdpodos foram obtidos por drvore e evento de nebulizacio, Hymenoptera, na sua
maioria Formicidae, e Diptera dominaram. Um total de 95 espécies de formigas ocorreram numa tnica
arvore. A maioria das formigas estava permanenterente forrageando na copa e a sua recolonizagio depois
a nebulizagio parece seguir vias estocasticas. Os dados sugerem uma interagio entre Formicidae e
Cecidomyiidae (construindo galhas) e Cecidomyiidae ¢ Hymenoptera parasitica.

Palavras-chave: Nebulizacio de copas, piretro, artrépodos, recolonizagio, interagdes, Amazodnia,
Neotropicos.

INTRODUCTION called stochastic non-equlilibrium

models assume that the presence of a

One possibility to explain the species at a vacant site is important.

high within-community diversity of
arthropods in the tropical canopy is
that continuous stochastic local distur-
bances in nature are assumed to pre-
vent the achievement of any long-term
equilibrium (climax) state. These so-
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This may represent an advantage
against all species that arrive later.
Niche overlaps are assumed to be very
common within species-rich commu-
nities. As a result, neither successional
stages nor a climax community can
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emerge. This is in contrast to the so-
called deterministic equilibrium mod-
els which are based on the ecological
niche. Each organism maintains a de-
fined position in its environment and,
driven by competition, the system runs
through defined successional stages
and ends up with a structurally pre-
dictable climax equilibrium (see
Linsenmair (1990) for details).

The purpose of this study was to cause
local disturbances and make sites va-
cant by refogging the canopy of a
widely distributed Amazonian tree spe-
cies. Data allow a first insight into the
composition and interaction of the ar-
thropod guild in the Neotropical canopy.
In particular, into the patterns and dy-
namics of recolonization by species of
common arthropod groups. In this con-
tribution we focus on Hymenoptera, es-
pecially the Formicidae and Diptera.

MATERIAL AND METHODS

Our study area, the Adolpho
Ducke Forest Reserve (“Reserva
Ducke™) is covered by 90 km? of mostly
undisturbed rainforest on terra firme
latosol and is located 26 km north-east
of Manaus (02°55°S, 59°59°W). It be-
longs to the National Institute for Ama-
zonian Research (INPA) and represents
one of the most intensively studied up-
land forest sites in Central Amazonia
(e.g. Adis et al., 1984, 1997; Hero, 1990;
Hofer ef ai., 1994; Penny & Arias, 1982;
Prance, 1990; Willis, 1977).

Sampling was conducted on two
specimens of the tree species Goupia
glabra Aubl. (Celastraceae; common
name “Cupiuba”) which has a high
local abundance and is widely distrib-
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uted in Amazonian upland forests (Bra-
zil, Colombia, Venezuela and the
Guianas; Loureiro & Silva, 1968).

The first tree sampled, Cupiuba 59
(height 45m, crown diameter approxi-
mately 15m, contact to neighbouring
tree canopies sporadical, no lianes nor
epiphytes) was fogged with a Swingfog
SN 50 two times per day in August 1991
(dry season; Ribeiro & Adis, 1984) on
two consecutive days. The fogging ma-
chine was hoisted into the lower canopy
on arope and pulley system early in the
morning. Release of the insecticide (Fig.
1) was controlled from the ground by
radio-control. Subsequently, the fog was
directed to all parts of the crown by ro-
tating the fogger round 180° with the
rope from which it was suspended
(Erwin, 1983). As knockdown agent, a
1% solution of natural pyrethrum (with-
out synergist) diluted in diesel oil was
used for the first three fogging events
and synthetic pyrethrum Baythroid
0.15% for the fourth fogging. The
knockdown effect of the killing agent
Baythroid was stated by the manufac-
turer (Bayer, Leverkusen/Germany, per-
sonal communication) to be 10 times
more effective than that of the non-kill-
ing natural pyrethrum. After each fog-
ging, arthropods were intercepted in 18
funnel-shaped collecting trays placed di-
rectly under the canopy. They were
made of a fine, smooth nylon fabric on
a metal frame (Stork & Brendell, 1990).
They hung about 1m above the ground
and up to Sm from the tree trunk on a
web of ropes tied about head-height on
available tree trunks (Fig. 2). At the end
of each drop period (1 or 2 hrs), speci-
mens were washed down the funnel
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Figure 1. A cloud or natural pyretnrum tog 1s produced by a toggimg machine at dawn and
rises through the canopy of a 45m high Goupia glabra (Cupiuba 59; photo J. Adis).

Figure 2. Funnel-shaped collecting trays are suspended from ropes under the canopy of Goupia
glabra (Cupiuba 59; photo J. Adis)
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walls with a garden sprayer filled with
70% ethanol into plastic bottles at-
tached to the funnel outlet (Erwin,
1989). Cupiuba 59 was refogged after
6 or 24 months with 1% natural pyre-
thrum (without synergist) during the
rainy season (February, 1992) and the
dry season (August, 1992 and July,
1994).

A second tree specimen, Cupiuba
64 (height 38m, crown diameter about
14m, contact to neighbouring trees
sporadical, no lianes nor epiphytes) was
fogged for the first time with 1% natu-
ral pyrethrum (without synergist) in
February, 1992 (rainy season) and
refogged 6 and 24 month later during
the dry season (August, 1992 and July,
1994). This tree was about | km distant
from Cupiuba 59. Further details of
study site and fogging methodology are
given in Adis ef al., (1997). Relative
abundances (ind./m?) represent the cal-
culated mean of arthropods obtained in
the 18 collecting trays which were in-
stalled below the canopy of each tree
per fogging event.

RESULTS AND DISCUSSION

Between 898 and 2850
arthropods (50 -158 ind./m?) were col-
lected per fogging event during the dry
and rainy seasons in the 18 trays in-
stalled below the canopies of Cupiuba
59 and 64 (Figs. 3. 4). Hymenoptera
(51%), mostly Formicidae (45%) and
Diptera (58%) dominated. The higher
proportion of Coleoptera during the
rainy season (February, 1992) on
Cupiuba 59 was due to Chrysomelidae
(12 spp.). Atotal of 95 ant species were
obtained from the canopy of one single
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tree (Tab. 2: Cupiuba 59; cf, Harada &
Adis, 1997). This is close to the total
number of ant species recorded from
Germany (n=105; Seifert, 1993).

The composition of the arthro-
pod fauna in the canopy may differ
between tree species. For example, in
contrast to the results obtained from
Cupiuba, the sample density of Hy-
menoptera and Coleoptera collected
from the canopies of Eschweilera cf.
odora (Lecythidaceae; height 30-35m)
and Dipteryx alata (Leguminosae;
height 30m) in the same forest reserve
was higher than that of Diptera. Half
the species of ants obtained from D.
alata did not occur on E. cf. odora
(Adis et al., 1984).

In our study, each fogging event
represented a local disturbance. The oc-
currence of ants in the Cupiuba canopy
after fogging seems to be incidental and
to follow stochastic pathways. Most of
the highly mobile ants are permanently
foraging in the canopy. This is indicated
by the high amount of singletons and
dubletons per species (Tab. 3; cf. Harada
& Adis, 1997). At least 69% of them
represented arboricolous species. There
was evidence that ants immigrated
within 24 hours after canopy fogging
from neighbouring trees with overlap-
ping canopies, from the lower trunk re-
gion, and from the forest floor (Harada
& Adis, 1997). A species turnover of
50% between fogging events (Tab. 3)
mainly concerned the rare species.
Results are different from fogging
studies in the canopy of understorey
trees (3 sp.; height 28m) in a lowland
forest in Sabah, Malaysia (Floren &
Linsenmair, 1997a,b). Here, only few
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Figure 3. Dominance, total number and. abundance of arthropods obtained by fogging the
canopy of Cupiuba 539 (Goupia glabra) with 1% natural pyrethrum between 1991 and 1994 at
Reserva Ducke near Manaus.
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Figure 4. Dominance, total number and abundance of arthropods obtained by fogging the
canopy of Cupiuba 64 (Goupia glabra) with 1% natural pyrethrum between 1992 and 1994
at Reserva Ducke near Manaus,
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Table 1.

Numbers and percentage of Diptera families obtained by fogging the canopy of two

Cupiuba trees (Goupia glabra) with 1% natural pyrethrum between 1992 and 1994 at Reserva

Ducke near Manaus.

Cupiuba 59 Cupiuba 64 Cupiuba 59 & 64
],DIF‘TERA 02/92 | 08/92 | 07/94 | Total % 02/92 | 08/92 | 07/94 | Tofal % SUM %
[Nematncera 57 1159 812 2028 92.1 100 195 1505 1800 918 3828 918
Cecidomyiidae 27 850 385 1262 573 50 118 766 935 47.6 2197 52.7
Ceratopogonidae 2 32 133 167 76 1 1 428 440 22.4 607 146
GChironomidae 8 89 213 310 14.1 21 14 224 259 132 569 137
Sciaridae 14 167 45 226 10.3 22 35 52 109 5.5 335 8.0
Tipulidae - 5 7 12 05 - 1 18 19 1.0 31 0.7
Culicidae 1 3 5 9 04 - 1 4 5 0.2 14 0.3
Mycetophilidae 1 3 11 15 0.7 1 13 6 20 1.0 35 0.8
Psychodidae 4 10 13 27 1.2 5 1 7 13 07 40 1.0
Brachycera H 39 94 174 738 37 3B 93 165 8.4 339 8.1
Dolichcpodidae 1 8 52 61 2.8 & 10 64 80 4.1 141 3.4
Phoridae 17 8 13 38 17 8 14 7 o7 14 €5 1.6
Empididae 1 8 1 10 05 - - 1 1 <0.1 11 0.3
Milichidae 2 1 13 16 0.7 - 5 13 18 09 34 08
Drosephilidae 14 4 2 20 0.9 4 1 5 10 05 30 0.7
Others 6 10 13 29 13 Fil 5 3 29 1.5 58 14
SUM 98 1198 906 2202 | 1000 137 230 | 1598 | 1965 | 1000 || 4167 | 100.0
1% 45 544 411 | 1000 | - 70 117 | 813 | 1000 - = -

additional species were recorded after
refogging of trees and most ant spe-
cies represented trunk inhabitants that
had survived the fogging events.

The species composition of ants
in each of the two Cupiuba canopies
sampled were distinct. Fifty-seven
(46.0%) out of the total 124 ant spe-
cies were obtained solely from
Cupiuba 59 and 28 species (22.6%)
only from Cupiuba 64 (data calculated
from Table 17.1 in Harada & Adis
(1997) and from Table 2 in this study).
Adis ef al. (1984) found 43% of the
total ant species (n=21, 2580 ind.) to
occur only in the canopy of one tree
of E. ¢f. odora and 24% solely in a
second tree canopy of this species.

Only 2-6 nests were obtained per
Cupiuba tree and fogging event, and
(re)colonization (cf. Tab. 3), i.e. nidi-
fication of ant species, was low. In the
case of Cephalotes atratus (Tab. 2),
the reason might be the presence of
Membracidae (Homoptera) like
Richteria peruviana (Funkhouser)
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which live in the canopy of various
Neotropical tree species and produce
honeydew the ants feed on (Striimpel,
1985). A low number of ant nests was
also found in the canopy of Cupiuba
trees at the Rio Orinoco in Venezuela,
based on visual observations from a
crane (Schmiicke & Morawetz, per-
sonal communication).

At fogging intervals of six
months, the number of ants collected
decreased continuously (from 45% to
5% of the total catch), whereas the
amount of Diptera (in particular gall
building Cecidomyiidae; cf. Table 1)
and other (mainly parasitic) Hy-
menoptera increased (from 12% to
58% and from 6% to 12% (except in
August, 1992), respectively). This ten-
dency was also observed after a fog-
ging interval of two years (1992-94)
if only few ants had returned to for-
age in the tree canopy. This was irue
in Cupiuba 64 (Fig. 5: bottom), where
both number of specimens and species
were similar in August, 1992 compared to

Adis et al.



Table 2. Ant species obtained from two Cupiuba trees (Goupia glabra) at Reserva Ducke near Manaus by
refogging the canopy after two years with 1% natural pyrethrum during the dry season (July, 1992). Data
on ant species collected during previous fogging events are given in Harada & Adis (1997).

FORMICIDAE Cupiuba 59 | Cupiuba 64 | Total | X a t 73
Subf. Dolichoderinae

° Azteca nr. delpini - 2] 9 2,6 x?
Dolichoderus diversus 1 g 1 51 X
Dolichoderus lutosus 4 - 4 3.4 X

° Dolichoderus rugosus 1 - 1 10,6 X

° Tapinoma amazonicum 1 2 3 1.5 x?

° Tapinoma ramulorum | - 3 3 1.8 x?
Subf. Formicinae |

. Camponotus abdominalis A - 1 1 6,5 X

| _Camponotus alboannulatus A 1 = 1 4.8 X
‘Camponolus albcannulatus B - 1 1 45 X

° Carnponotus brasiliensis 1 32 33 | 32 | x X

° Camponotus coptobregma 2 - 2 5,7 X

" Camponotus crassus 28 - | 28 3,7 x?

° Camponotus eurynota 6 s | B 33 X

° Camponctus femuratus 1 - i 47 | x
Camponotus nr. abdominalis - 1 1 5 X

° Camponotus luederwaldti 2 - 2 31 X
Camponolus nr. bidens 1 7 23 30 3 X

° Camponotus pittier ! 44 12 56 3 X

_Camponotus rapax - 1 1 79 | x?
Camponotus sp. 34 7 - 7 3.7 X

° Camponoius sp.49 1 - 1 7 X
Dendromyrmex fabricii 1 - i1 5,7 X
Subf. Myrmicinae
Cephalotes atralus 129 15 144 | 10,1 X

__Procryptocerus goeldii 6 T4 13 4 X
Procryptocerus marginatus 15 5 | 20 58 X
Zacryptocerus duckei 1 - 1 3 X

° Zactyptocerus sp. 22 2 - | 2 2,5 x?
Crematogaster sp. 1 i - 1 1 2 x?
Crematogaster sp. 2 11 1 [ 12 122 ] x?

\_Crematogaster sp. 3 14 1 15 ] 22 | x?

. Crematogaster limata 3 - 3 27 X?

| Crermatogaster sp. 7 8 - 8 26 | x?
Crematogaster sp. 8 - 6 & 2.5 x?
Crematogaster sp. 8 il - b 2 x?
Crematogaster sp. 10 88 g2 97 1,9 x?
Leptothorax (Nesomyrmex) sp. 2 19 1 20 1,6 x?

° Leptothorax (Nesomyrmex) sp. 9 | - i 1 3 x?

° Megalomyrmex balzani | - 2 1 2 76 | x

° Pheidole sp. 17 11 - 11 1,4 x?

® Pheidole sp. 15 - 5 | 5 1,4 x?

° Pheidole sp. 18 - 13 13 1,1 X?

® Pheidole sp. 55 1 - 1 1,6 x?

° Pheidole sp. 68 - 1* 1 3,2 x?
Solenopsis (Diplorhoptrum) sp. 8 . 1 1 1,1 X7?

° Cyphomyrmex dentatus - 2 2 1,9 x?
Subf. Pseudomyrmecinae

° Pseudomyrmex elongatus 1 - 1 3,1 x7?

° Pseudomyrmex cculatus 1 - 1 4.1 x?
Pseudomyrmex pupa 3 - 3 6.5 X
Subf. Ponerinae

° Discothyrea sexarticulata - 1% 1 1,3 x7

|° Hypoponera sp. 33 - 1* 1 28 | x?
Total no. of ants 422 158 580
Total no. of species 33 28 | 50 37| 2 |12

{_Total no. of genera 11 13 I 17 16| 2 2

¢ = collected for the first time; X = mean body length (mm); a = arboricolous;
t = terricolous; ? = habitat uncertain; * = queen; - = no records

.
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Table 3. Comparison of the ant fauna obtained from two Cupiuba trees (Goupia glabra) at Reserva Ducke
near Manaus by fogging the canopy between 1991 and 1994, Data based on ant species given in Table
17.1 of Harada & Adis (1997) and in Table 2 of this study. (The insecticide applicd was 1% natural pyre-
thrum, except at the fourth fogging event in August, 1991 during which synthetic pyrethrum Baythroid
0.15% was used; < > = data of the first fog event; see text for details).

| Cupiuba 59 Cupiuba 64
FORMICIDAE 8191 1w T s 7194 Total 282 8/92 794 Total

no. of fegging events 4 <dx 1x 1x 1% 73 ix 1x 1x 3x

no. of ants 1718 <905> 334 85 422 2559 328 148 158 634

no. of species | 7 A3 | % 20 33 9 3 B_| » 59

ratio antsfspecies | 258 <21.0> 134 4.3 128 26.9 9.9 53 | 56 10.7

no. of genera 18 <15> 14 1 11 18 12 12 13 19
[singletons perspecles | 27 | <1t 13 11 13 40 13 10 13 7|
{40.3%) | <(25.6%)> | (52.0%) | (55.0%) | (39.4%) | (49.4%) (39.4%) | (35.7%) | {464%) | (27.9%) |
dubletons per species 8 <5> 3 6 3 1 4 i 3 1 \‘
(11.9%) |<(11.6%)> | (12.0%) | (30.0%) (8.8%) | {13.6%) (12.1%) | (21.4%) | (10.7%) | (164%) |
abundant species 6 <6> 2 1 4 14 3 0 18 4 |
(>25ind.) (9.0%) |<(14.9%)> | (8.0%) (5.0%) | (11.8%) | (14.4%) 9.1%) 0.0%) | (64.3%) {6.6%) ‘
spacies tumover 5 - 9 3 14 . . 14 1 -
(36.0%) | (30.0%) | (42.4%) . - (50.0%) | (3.6%} - |
recolonization of - - 0 1 3 - - 0 2 -
specles (7.1%) J
colonization of . - 0 0 2 - - 0 46 -
additional species i

July, 1994 (Tab. 3). The number of
Cecidomyiidae, however, increased (from
119 to 766 specimens; Tab. 1). The
opposite was observed in Cupiuba 59:
the number of ant specimens and spe-
cies had increased (from 88 to 422 and
from 20 to 33, respectively; Tab. 3) but
the amount of Cecidomyiidae had de-
creased (from 850 to 385 specimens
(Tab. 1), results at species level not yet
available; ¢f. Fig. 5: top). Data indi-
cate a biotic interaction between - 1)
predating ants (probably
Crematogaster spp.) and the gall
building Cecidomyiidae and - 2) be-
tween Cecidomyiidae and the parasitic
Hymenoptera. This was not known
from previous studies in the tropical
canopy. To our knowledge (Adis ef al.,
1998), there are no field data showing
the specific predation of Diptera (eggs,
larvae, pupae, “galls”) by ants.

Some ecological investigations,
however, have led to the assumption
that -1) the population density of leaf-

280

mining larvae of Diptera and Lepi-
doptera is being non-selectively con-
trolled by ants; -2) the exclusion of
ants can have a direct effect on the
attack of parasitoids if ants interfere
with searching by the adult parasitoid.
Thus herbivores tended by ants have
been shown to suffer less parasitoid at-
tack than untended herbivores (see re-
view in Memmott er al., 1993).

Stork (1988, 1991) obtained a
low number of ant species (n=10-32;
3.1% of the total arthropod species)
from each of ten Bornean canopies in
a lowland floodplain forest, but a high
number of species of other Hy-
menoptera (n=37-267; 23% of the to-
tal arthropod species), predominantly
parasitic Chalcidoidea (739 species).
The families of Nematocera known (o
parasitise the galls of Cecidomyiidae in
Central Amazonian tree canopies
(Eulophidae, Eurytomidae, Pteromalidac,
Torymidae; Adis er al., 1998) represented
40% (n=298) of the Chalcidoidea species
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Figure 5. Percentage of Diptera, Cecidomyiidae, Formicidae and other (mainly parasitic) Hy-
menoptera of the total number of arthropods (N) obtained by canopy fogging between 1991 and
1994 from two Cupiuba trees (Goupia glabra) at Reserva Ducke near Manaus (refogging inter-
vals 6 or 24 months).
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and 46% (n=667) of all specimens ob-
tained on Borneo. The Diptera on
Borneo amounted to 22% of the arthro-
pod species and specimens collected.
The Cecidomyiidae, Ceratopognidae,
Chironomidae and Sciaridae repre-
sented 91% (n=3362) of the specimens
and 69% (n=119) of the species of all the
Nematocera obtained. At Manaus (Tab. 1),
specimens of these groups amounted to
89% of the total Nematocera. The
Cecidomyiidae represented 47 - 62% of the
Nematocera specimens collected and at
least 13 species (preliminary classification
on morphospecies level). On Bormeo, 26
species of Cecidomyiidae represented 15%
of the total Nematocera specimens.

The data from tree canopies on
Borneo suggest that a low number of ant
species might result in a reduced predation
of Cecidomyiidae galls by ants, which
favours an interaction primarily between
the parasitic Hymenoptera and the
Cecidomyiidae. Field experiments might
elucidate the general interactions between
Formicidae, Cecidomyiidae and parasitic
Hymenoptera in both Neotropical and
Southeast Asian canopies of tropical low-
land forests. At Manaus and at the Rio
Orinoco, twigs of trees with Cecido-
myiidae galls could be protected from ant
attacks, e.g. by mesh-bags. On Borneo,
carton nests of non-competitive ant species
could be added to the canopy (Maschwitz,
personal communication) and the response
of gall building Cecidomyiidae monitored.
In both cases, however, results have to be
compared on species level.
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