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ABSTRACT

1,300 butterfly species were sampled on five field-trips to Pakitza
and are listed with their first dates of capturc and whether they have
been recorded at Tambopata, a reserve 235 km to the southeast.
Approximately one-third of Pakitza’s fauna are Hesperidae,
one-third Lycacnidac+Riodinidae, and onec-third Nym-
phalidac+Papilionidac +Pieridac, which we suggest may be gener-
ally ruce for Neotropical butterfly communides. Slightly more than
10% of the species appear to be taxonomically undescribed. Almost
2% of the specics have larvac that feed on plants other than
angiosperms, and about 28% have l[arvac that cat monocotyledons.
About onc-third of the Riodinidac belong to tribes with farvace that
arc myrmecophilous. Adule burterflies were arracted to many
substances, including wet sand, bird droppings, and flowers, but
; only about 10% of the fauna was attracted by decaying fruits,
- carrion, and excrement. Many of the most widespread, commeon
: Neotropical specics, which are typical of disturbed habitats, were
cither unrecorded or rarely recorded ar Pakitza. Burtterflics thar
were "fogged” from the canopy by insecticide were mosty specics

of open areas and also were collected by other methods.
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INTRODUCTION

Localities with the richest butterfly communities in the world occur in the
lowland drainages of the Rio Solimaes {Upper Amazon River} and Rio Madeira
in Colombia, Ecuador, Peri, and Brazil (Brown, 1984; Emmel & Austin, 1990,
Lamas et al., 1991; Robbins & Opler, 1996). More species may be found at
3.000-5,000 hectare sites in the Upper Amazon Basin than occur in most, if not
all, African or Indo-Australian countries (Robbins, 1993). These communities
arc of great scientific interest because of their unusually high species richness, but
they have not been been well-documented. The taxonomy of Amazonian
Hesperiidae, Lycaenidae, and Riodinidae is poorly known, so specific identification
has been difficult. Consequently, information on the taxonomic and ecological
composition of these communities is scarce {(but see Ebert, 1969; Drummond,
19763; Hutchings, 1991).

The purpose of this paper is to provide basic information on the composition
of the butterfly fauna of Pakitza, a biological station located in lowland rain forest
{356 m elevation) on the east bank of the Rio Manu in the Reserved Zone of
Parque Nacional Manu, Madre de Dios, Perd {11°56'47"S, 71°17'00"W). We list
1,300 identified species recorded on five field-trips, making Pakitza the richest
documented site in the world for butterflies, and overview the taxonomic and
ecological composition of Pakirza's fauna. We report on the diversity and
dynamics of this community clsewhere.

STUDY SITE AND METHODS

Erwin (1991) mapped the trail system and many major streams at Pakitza. We
sampled most of the forest types and other habitats that occur within 5 km of the
base camp (Erwin, 1991), but concentrated our efforts along the banks of the Rio
Manu and on the Tachigali, Castafial and Pacal trails. Consequently, the study
site for our project was roughly a semi-circle of radius 5 km with an area of
approximately 3,925 hectares. We usually collected within 10 m of trails in the
forest, so 3,925 hectares is an upper limit of the actual arca sampled.

Our field-work was limired 1o those short time-periods when the camp was
open. Most field-work was done in September and October during the transition
hetween the dry and wet seasons when Iycaenid, riodinid, and hesperiid burrerflies
are usually most common and diverse. Consequently, our comments about
<casonality are based primarily on Tambopata, a protected reserve 235 km ro the
southeast at similar elevation, where we collected at more different seasons than
Pakirza (Lamas, 1981, 1983, 1985; Lamas et al., 1991},

Five field-trips were made. 8-23 September 1989, 2-21 October 1990, 27
October-16 November 1990, 19 April-14 May 1991, and 26 September-20
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October 1991. There were two field-workers on each trip except 8-14 September
1989 (three people) and 26 September-20 October 1991 (four people). We
recorded data on 97 days, totalling 247 person-days, and 1,311 person-hours. No
data were taken on ten other days that were either too cold or rainy for butterfly
activity.

A variety of collecting methods was used, including standard insect nets with
pole extensions, baits, standard butterfly bait- traps, commercially obtained malaise
traps, and "imitation" bird droppings (Austin et al., 1993; Lamas et al., 1993).
Baits included rotting fish, decaying fruits, excrement, and withered Heliotropium
indicum L. (Botaginaceae), a source of pyrrolizidine alkaloids (Beebe, 1955; Pliske,
1976). Besides the species that we collected as part of our project, we also recorded
a few sightings of species which could be identified unambiguously. Additionally,
other scientists at Pakitza gave us butterflies that they had trapped or collected.

It would be hard to overemphasize that specimen preparation and species
identification were the most time-consuming and costly parts of this study.
Responsibility for identification was apportioned as follows: Casagrande for
Brassolinae: Lamas for other Nymphalidae, Pieridae, and Papilionidae; Mielke for
Hesperiidae; Harvey for Riodinidae; and Robbins for Lycaenidae. Specimens were
identified as well as possible using our taxonomic expertise, and the collections,
type photographs, and literature of our respective institutions, where all specimens
are being deposited. Even though we believe that our species list is the most
authoritative one ever made for a South or Central American localiry, some of the
identifications are still provisional, and some are based only on males.

TAXONOMIC COMPOSITION

We list the 1,300 identified butterfly species {Appendix) that were collected
at Pakitza (or positively identified by sight in 7 cases). There are 448 Hesperiidae,
25 Papilionidae, 31 Pieridae, 181 Lycaenidae, 246 Riodinidae, and 369
Nymphalidac. For each species, we note the first day on which it was sampled,
the first day of capture during the fifth field-trip, and whether or not the species
has been found at Tamhbopata, a protected reserve in Madre de Dios at a similar
elevation (Lamas, 1981, 1983, 1985, 1994; Lamas et al., 1991 ), where 1,234
species have now been recorded. Although quantification of the sampling method
and analysis of the resulting data are being published elsewhere, we present our
data here so that they are available. :

The taxonomic composition of the Pakitza sample (Table 1) is very close 1o
one-third Hesperiidae (34.5%), one-third Lycaenidae + Riodinidae (32.8%), and
one-third Papilionidac + Dieridae + Nymphalidae (32.7%). Similar partitions are
also found (Table 1) at Tambopata (Lamas, 1994), Panama {Robbins, 1982), and
Itatiaia, a park in Rie de Janeiro state (Zikan & Zikan, 1968). Although this 1:1:1
partition is not found in temperate North America (Miller & Brown, 1981} or in
Serra do Japi in southern Brazil {(Brown, 1992) (Table 1), primarily because
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Table 1. For Pakitza, Tambopata (Lamas, 1994), Panama riodind diversity is low, we
{Robbins and Small, 1981}, Ltatiaia {(Zikdn and Zikdn, 1968), suspect that it is a robust
Serria do Japi {Brown, 1992}, and North America {Milier and "rule of thumb" for the taxo-
Brown, 1981), the percentage of rtrue butterfly species nomic composition of lo-

{Papilionoidea) and of all burterflics (Papilionoidea +
Hespericndea) that belong 1o families Papilionidae, Pieridae,
and Nymphalidae.

wland Neotropical butter-
fly communities.

Although we doubt that

% QOF TRUE % OF ALL there is biological significance
LOCALITY BUTTERFLIES ~ BUTTERFLIES behind this non-phylogenetic
o partition of species richness, it

Pakitza 49.9% 32.7% ful f .
Tambopara 48.79% 11 4% may prove usetul for species
Panama 49 6% richness studies in the Neo-
lratiaia 51.3% 32.3% ; ; i
Sert do Japi oo 18.0% tropics. -Gw-en the taxono
United States 45.6% 40.2% mic difficulries that we had

in handling and identifying

1,300 species, future inves-
tigators who do not have a particular interest in Lycaenidae, Riodinidae, and
Hesperiidae can focus on Papilionidae, Pieridae, and Nymphalidae and mulciply
by 3 to get an estimate for the entire fauna. For example, at least 204 Papilionidae,
Pieridae, and Nympahlidae have been recorded from La Selva, a biological station
in Costa Rica (DeVries, 1994). The other {families have been largely unsampled,
but we would estimate that at least 612 butterfly species occur at La Selva,

Ofthe 1,300 species in the Pakitza list, we could not identify 144 species {11%)
that we believe are undescribed. These species belong to the Riodinidae (44),
Hesperiidae (39}, Lycacnidae (33), and to the nymphalid subfamilies Satyrinae
{25), Brassolinae {2), and Nymphalinae {1). This result is further reason for
limiting most diversity studies to Papilionidae, Pieridae, and Nymphalidae. Also,
since the South American fauna is more poarly-known raxonomically than others,
it is probably fair to conclude that at least 90% of the world’s butterfly fauna is
described.

COMMUNITY STRUCTURE

Although the purpose of this study was to assess the butterfly diversity of
Pakirza, we also recorded incidental data on behavior and ecology. We present
this information, even though it is incomplete, because we helieve that it is the
first attempt to look at the community structure of all burterfites at a Neotropical
site.

Approximately 28% of the butterfly species at Pakiwza feed as larvae on
monocotyledons while most of the rest eat dicotyledons. The monocot feeders
include 101 Satyrinae (excluding Euptychia), 22 Brassolinae, 225 Hesperiinae, and
abour 20 species in other subfamilies. A noteworthy feature of the Pakitza fauna
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is the 30 species of Splendeuprychia and Caeruleuprychia, nearly half of which are
undescribed. Larvae of Splendeuptychia eat bamboo (Kendall, 1978; D. Murray,
pers. comm.), which is very common at Pakitza (Erwin, 1991), while larvae of
Caeruleuprychia eat palms (K. Brown, pers. comm.). Pakitza is one of the richest
known sites for Ithomiinae {62 species), most of whose larvae feed on Solanaceae.

A small proportion of Pakitza's butterflies have larvae that do not eat
angiosperms. Two species of Eumaeus (Lycaenidae)} presumably feed on cycads
(the foodplant of their sister species) (Robbins, in preparation); some species of
Calycopis (Lycaenidae) and Charis (Riodinidae) appear to be detritivores (S.
Johnson, 1985; Harvey, unpubl.); ten species of Sarota probably eat epiphylls
(DeVries, 1988); and larvae of Euptychia (Nymphalidae) eat Selaginella or mosses
(Singer et al., 1971, 1983, 1986). About 30 larvae and pupae of Mimocastmia
rothschildi (Riodinidae) were found in an ant nest {Cephalotes atratus) in a dead
branch. Larval feeding was not observed, but larvae may have been fed by ants
(Harvey, in preparation). At least some species of Setabis (Riodinidae} have been
reported as predacecus on Homoptera (Harvey, 1987).

Myrmecophily (symbiotic relationships between butterfly larvae and ants) is
restricted, with few exceptions, in the Riodinidae to tribes Eurybiini, Lemoniini,
and Nymphidiint (Harvey, 1987). Thus, a third of the riodinids at Pakitza (82
species) are expected to be myrmecophilous, which 1sa bit higher than most other
Neotropical mainland areas, but less than Trinidad (Harvey, 1987). The
distribution of myrmecophily in Lycaenidae is roo poorly-known to allow similar
estimates for them.

A conspicuous adult-feeding behavior at Pakitza was "puddling”, in which
males that appear to be freshly eclosed sip moisture in sunny spots from the dirt
banks of the Rio Manu and some streams inside the forest. Most "puddlers” appear
to be species of open arcas, such as tree-fall gaps, river edges, and the upper canopy,
and not, as a general rule, species resericied to undisturbed forest. Sodium in the
<oil artracts males, prolongs their feeding, and is transferred, in part, to females
during mating (Arms et al,, 1974; Adler & Pearson, 1982; Pivnick & McNeil,
1987; Lederhouse et al., 1990). Occasionally females also may "puddle”, such as
Eunica (Nymphalidae) in October 1991. Also, both sexes of Minisoymon zilda and
M. cleon {Lycaenidae) regularly "puddle” in the late afternoon along the Rio
Manu.

Perhaps the easiest way to summarize the extent of "puddling" behavior is to
list those raxa in which it was not observed. They are Parides {P. sesostris puddles
at other Amazonian sites, K. Brown, pers. comm.} (Papilionidae); Dismorphia, but
not Enantia and Pseudopieris (Pieridae); all Lycaenidae except some Ministrymon
and Oxcaria ocrisia; most Riodinidae with Lvropteryx, Rhetus, Ancyharis, Monethe,
Parcella, Lasaia, Bacotis, and Melanis being exceptions; Ithomiinae; Satyrinae; and
Brassolinae. The phylogenetic incidence of "puddling” among Hesperiidae is not
evident except that it occurs in all subfanuilies at Pakitza.

Many Lycaenidae, particularly Calveopis cevata and Celmia celmus, congregartce
at drying stream beds ar the end of the dry season. Individuals wsually alight on
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vegetation, but alse may land on moist dirt banks, where they sip moisture. In
retrospect, it was our impression that this behavior occurred most often during the
hottest part of the day and may have been a thermoregulatory behavior. It does
not appear to be the same behavior as “puddling”.

Many butterflies in primary Neorropical forest are associated with army ants
(Zik4n, 1929; Drummond, 1976b; Ray & Andrews, 1980; Lamas. 1983; Austin et
al., 1993). These butterflies sip liquid from the ground or from bird droppings on
leaves. Although Agrias (Charaxinae}, Satyrinae, Euselasia (Riodinidace), and
others were associated with army ants at Pakitza, Hesperiidae seemed to be the
major butterfly participants, and "imitation” bird droppings attracted many more
Hesperiidae than other butterflies (Lamas er al., 1993).

Few flowers at Pakitza attracted many butterflies, but we found adults feeding
on other substances. As mentioned, many Hesperiidae and others eat bird
"droppings”, even when not associated with army ants (Lamas et al., 1993). About
10% of the species at Pakitza were attracted by decaying fruits, carrion, and
excrement. Withered Heliorropium indicum L. (Boraginaceac) attracted many
species of Ithomiinae in October 1990, but was less successful in other years.

Pakitza and Tambopata have a marked dry season from April-May to
September-October. The abundance and diversity of most hutterflies is highest
during the transition between dry and wet seasons and lowest during the wet
season. This pattern is particularly true for Lycaenidae and, to a lesser extent, for
Riodinidae and Hesperiidae. However, adults of some species appear to fly only
during the wet season, such as Morpho menelaus (Nymphalidae), or are most
common at this time, such as Saliana (Hesperiidae). Most Nymphalinac and
Limeniridinae (Nymphalidae) are conspicuous in the middle of the dry season,
such as Hamadryas and Eunica maja noevma, and are often very worn by Seprember,
indicating that some of them may be in reproductive diapause.

Many of the most widespread, common, and weedy Neotropical butterflies,
which are common in the vicinity of Puerto Maldonado, are absent or rare at
Pakitza. Danaus plexippus, D. gilippus (Danainae ), Anartia jarrophae {Nymphalinae),
Rekoa palegon, Strymon mulucha, Leptotes, and Hemiargus {Lycaenidae) are
unrecorded ar Pakitza, and Phoehis sennae (Pieridae) was collected only twice.
Conseguently, sites in the Rio Madcira drainage that include a greater amount of
Jisturbed habicat than at Pakitza would be expected to have more than 1,300
species. The biologically important question, though, is whether other sites have
as many species of undisturbed habitats. These species are less able to survive in

areas that have been modified by man and have more restricted distributions than
specics of disturbed habitats (Thomas, 1991; Spitzer et al., 1993).

Because butterflies in some groups fly primarily in one verticat setatum (Medina
et al.. 1996), a major question is whether our sampling methods missed a set of
specics restricted to the forest canopy. Fortunately, our colleagues, T. Erwin and
M. DPague, segregated butterflies that they "fogged" with insecnicide trom the forest
canopy {Erwin 1983, 1990). Most of these species were widespread taxa of open
areas, such as Rekoa meton (Lycaenidae), not species restricted to the canopy.
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Further, we collected each of the "fogged" canopy species by other means.

Butterfly Community at Pakitza

Although some species may live only in the upper strata of the forest, we have no
evidence that such a fauna, if it exists, is very large.
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APPENDIX

Taxonomic list of the Pakitza butterflies. Species names with an asterisk {*}
belong to groups in which only males were used for identification. Higher
taxonomic categories follow Evans (1951- 1955) for Hesperiidae, Miller (1987) for
Papilionidae, Klors {1933) for Pieridae, Eliot {1973) for Lycaenidae, Harvey
(1987) for Riodinidae, and Harvey (1991} for Nymphalidae.

The column "1st Day" lists the first day of capture for that species. 1f it was
not collected as part of our project, we note whether it was a sight record {SR} ot
collected by anather scientist (XX). The column "5¢h Trip" lists the first day of
capture during the fifth field-trip or if it was not captured on this trip (NC). The

column "Tambopata” notes whether or not the species was collected at Tambopata.
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