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The bosque chiquitano or Chiquitano dry forest in the Department of Santa Cruz (Bolivia) is one 
of the main ecoregions in the Bolivian lowlands. Although many taxa of the bosque chiquitano 
are also present in the neighbouring ecoregions of the Gran Chaco and the southwestern Amazon, 
it is clearly distinguishable by its unique floral and faunal composition and geo-ecological 
characteristics (Ibisch & Mérida 2004). Bolivia itself belongs to the countries with the highest levels 
of biodiversity and endemism worldwide (Ibisch & Mérida 2004). Despite its huge biodiversity 
and unique ecosystems, Bolivia is also threatened by rapid deforestation and conversion of natural 
landscapes. The area around the Bolivian city of Santa Cruz is especially considered one of the 
world’s main hotspots of deforestation with rates reaching up to 117,000 ha annually (Morales 
1996, Achard et al. 1998). 

Hawkmoths (Sphingidae) are among the best surveyed Lepidoptera worldwide (Kitching 
& Cadiou 2000). Detailed information exists about the distribution and ranges for most species 
(Kitching & Cadiou 2000). There are ca. 1,350 hawkmoth species worldwide distributed on all 
continents and island groups with the exception of Antarctica. However, the highest diversity of 
hawkmoth is found in tropical biomes (Kitching & Cadiou 2000). Recent estimations of species 
richness indicate the presence of 189 species in Bolivia of which at least 111 species occur in 
the Department of Santa Cruz (Kitching et al. 2001). Hawkmoths are of high importance for the 
ecosystem acting as pollinators but also as important agricultural pests (Kitching & Cadiou 2000). 
The present work aims to describe the hawkmoth species richness from the bosque chiquitano’s 
area of Santa Cruz.

We surveyed hawkmoth species richness around Santa Cruz city (17°47`01 S, 63°10`57 W) 
in the lowlands of Bolivia; at an elevation of 420-450 m. Study sites were located in five forest 
fragments in and around the Parque Regional Lomas de Arena and the Jardín Botánico Santa 
Cruz, their sizes are indicated in Table 1. The matrix around the forest fragments was mostly 
farmland and pasture, with slight deviations (partly experimental fields with different crops 
around the 137 ha forest fragment). To account for any influence of the forested area around the 
study sites, the forested area was measured using satellite images taken from Google Earth and 
georeferenced using Spatial Analyst in ESRI ARCVIEW 3.2a. This data was validated with GPS 
measurements from the field to ensure that satellite images reflected the conditions at the time 
of the study. Large tree fall gaps, fields or clearings >10 m in diameter within the fragments were 
subtracted from the forest area. 
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Table 1. Forest-fragments sampled in the surrounding area of Santa Cruz (Bolivia).

Fragment name abbr. Coordinates size [ha]

Jardin Botanico (JB) 17°46’58.8” S 63°3’52.9” W 400

Lomas de Arena 1 (FA) 17°54’23.9” S 63°9’10.3” W 137
Lomas de Arena 2 (ME) 17°55’33.4” S 63°9’56.0” W 99
Lomas de Arena 3 (SF) 17°54’48.5” S 63°9’39.0” W 5
Lomas de Arena 4 (OL) 17°54’51.8” S 63°10’14.7” W 0.1

Hawkmoths were collected with a light trap 
consisting of two 20 W tubular fluorescent light 
tubes with either two fluorescent ultraviolet 
or fluorescent white light tubes. Lamps were 
connected to a 12 V car battery powered by a 
car engine via a voltage converter to ensure 
stable voltage output. Lamps where placed 50 
cm above ground and 1.5 m in front of a white 
cloth sheet (3 x 2 m). Additionally, a white cloth 
sheet (3 x 2 m) was placed on the ground in 
front of the vertical sheet. The fluorescent light 
tubes were placed so that most of the light was 
directed towards the sheets. This installation 
was placed at the forest edge with the white 
sheet facing the forest so that only the light 
reflected by the sheets was visible from the 
forest. On the side of the sheet facing away 
from the forest we placed the car to stabilize the 
trap under windy conditions and to shield the 
light towards the surrounding habitat matrix.

All fragments were surveyed for six days 
between 18:00 h and 24:00 h, three days 
each using the ultraviolet and white lamps, 
respectively. All Sphingidae attracted to the 
light-trap were caught. Hawkmoths were 
killed using injections of 1-5 ml of 99% ethanol 
solution into the metathorax. Location and flight 
time were noted and the moths were stored for 
later preparation and species determination. 
Identifications were made with reference to 
illustrations and identification keys (D’Abrera 
1986, Moré et al. 2005). Nomenclature and 
classification follows Kitching & Cadiou 

(2000). The species-area relationship (number 
of species/fragment size) was analyzed using 
linear regression in R 2.9.1 (R Development Core 
Team 2009). Total species richness was estimated 
using EstimateS (Colwell 2005) (Table 2).

In total, we collected 194 hawkmoths 
belonging to 29 species and three subfamilies 
(Table 2). The forest fragment SF showed the 
highest richness and abundance of Sphingidae 
while the forest fragment FA showed the 
lowest abundance and richness (Figs. 1a-b). 
Macroglossinae formed the major subfamily 
of Sphingidae at all sampling sites accounting 
for the majority of species and individuals. 
Sphinginae were only present at the sampling 
sites ME, OL, SF while Smerinthinae were only 
absent at the sampling site JB. 

Most species were captured between 19:00 
h and 20:00 h. Towards midnight there was a 
steady decline in individuals captured, with 
the minimum number between 23:00 h and 
24:00 h (Fig. 1c). Abundance of species also 
steadily declined from 18:00 h to 24:00 h, with 
the lowest amount of species flying between 
23:00 h and 24:00 h.

The number of species decreased with 
the area of forest around the sampling sites, 
although this pattern was only marginally 
significant (linear regression, R² 0.70, p = 
0.078) (Fig. 2). However, when we corrected 
species numbers for uneven sampling intensity 
between the fragments, the species richness-
fragment size relationship became significant 
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Table 2.  Species, location of collection and abundance of the collected specimen. Legend: * = 
Marks possible new records for Bolivia, FA = Lomas de Arena 1, ME = Lomas de Arena 
2, SF = Lomas de Arena 3, OL = Lomas de Arena 4, JB = Jardin Botanico.   

Location

Species FA JB ME OL SF

Macroglossinae
Callionima denticulata (Schaus 1895) 1
Callionima falcifera (Gehlen 1943)* 1
Callionima pan (Cramer 1779) 1 1 5

Callionima parce (Fabricius 1775) 1 3 13
Enyo lugubris (Linnaeus 1771) 4 5
Enyo ocypete (Linnaeus 1758) 1 3 7 37
Erinnyis ello (Linnaeus 1758) 1 1 12 3
Erinnyis obscura (Fabricius 1775) 1 1
Erinnyis oenotrus (Cramer 1780) 2
Eumorpha anchemolus (Cramer 1779) 1
Eumorpha labruscae (Linnaeus 1758) 1
Eumorpha analis (Rothschild & Jordan, 1903) 8 1
Eumorpha vitis (Linnaeus 1758) 2 2 2 5
Madoryx oiclus(Cramer 1779) 1
Pachylia ficus (Linnaeus 1758) 1
Pachylioides resumens (Walker 1856) 2 8 3 4
Perigonia lusca (Fabricius 1777) 1 1 1
Perigonia stulta (Herrich-Schäffer 1854) 1 4
Pseudosphinx tetrio (Linnaeus 1771) 2
Xylophanes pluto (Fabricius 1777) 1 2 2 7

Smerinthinae
Adhemarius gannascus (Stoll 1790) 1 3 1 1
Protambulyx strigilis (Linnaeus 1771) 1

Sphinginae
Agrius cingulata (Fabricius 1775) 3 2
Cocytius antaeus (Drury 1773) 1 3
Neococytus cluentius (Cramer 1775) 1
Manduca contracta (Butler 1875) 1
Manduca occulta (Rothschild & Jordan 1903)* 1 1 1
Manduca rustica (Fabricius 1775) 1 2
Manduca vestalis (Jordan 1917)* 1
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Figure 1. Abundance and species richness at all five sampling locations as well as overall 
abundance during the six sampling hours (all locations combined). Abundance of 

species sectioned into the three main clades of hawkmoth within all sampled forest 
fragments (a). Species richness sectioned into the three main clades of hawkmoths 
within all forest fragments (b). Abundance of hawkmoths during capturing hours 

across all forest fragments (c). Fragment abbreviations are listed in Tab. 1.

Figure 2. Species richness and fragment size for observed species richness (Sobs, continuous 
line, black squares) and estimated species richness (Sest, dashed line, open squares). 

Lines were fitted using ordinary least square regression
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(linear regression, R² = 0.81, p = 0.038). The 
number of individuals strongly decreased with 
increasing forest area, but the relationship was 
not significant (linear regression, R² = 0.50, p= 
0.18). 

In our rapid assessment, we were able to 
collect around 26% of the known 112 hawkmoth 
species from Santa Cruz department (Kitching 
et al. 2001). This represents only a small 
fraction of the overall diversity of hawkmoth 
in the department as noted by Kitching et al. 
(2001). The low amount of species captured 
might be caused by the limited timeframe of 
the study, which did not allow us to capture 
hawkmoths flying during the rainy season 
or are more active in the mornings. Three 
of the species collected: Callionima falcifera 
(Gehlen 1943), Manduca occulta (Rothschild 
& Jordan 1903), and Manduca vestalis (Jordan 
1917) have not been recorded for Bolivia 
before (Kitching et al. 2001). The number of 
hawkmoth species declined markedly from 
the small to the large forest fragments (Fig. 2). 
This pattern contradicts the typically observed 
decline of species richness with increasing 
fragmentation (e.g., Klein 1989, Creighton et 
al. 2009), although some other studies have 
also found increasing numbers for other 
groups than Sphingidae (e.g., hummingbirds: 
Stouffer & Bierregaard 1995, polyphagous 
lepidoptera: Tscharntke et al. 2002). Probably, 
these differences reflect the degree to which 
the studied taxon depends on forest habitats. 
Forest specialists, particularly if they have 
difficulty moving between fragments, 
will show negative richness-fragment size 
relationships, whereas species that can also or 
even preferentially survive in open habitats, 
may be favored by forest fragmentation.

Our observations may be explained as a 
result of the ecology of hawkmoths. Sphingids 
are strong flyers that forage widely in search 
of food resources. Forest edges and disturbed 
forests tend to have a higher abundance of 
flowering plants than closed forests (Linhart et 
al. 1987). Accordingly, small forest fragments 

are likely to have more food resources for 
hawkmoths than large patches. Therefore, 
it might be the case that most of the species 
caught are mostly non forest species usually 
living in open habitats, which only forage in 
the forest. 

Previous studies have found limited 
responses of sphingids to forest degradation 
(Schulze & Fiedler 2003, Beck et al. 2006). Beck 
et al. (2006) concluded that species that do not 
feed as adults are more susceptible to forest 
degradation than thosethat feed as adults. In 
our study, all species recorded belong to the 
latter group, which may explain the observed 
pattern. Nevertheless, this does not explain 
why there are so few species within the large 
forest fragments. Other factors might play a 
role here, but due to the limited data we are 
currently unable to determine any ecological 
explanation of the observed pattern.

We found that forest fragmentation in our 
study area does not lead to a reduction of 
hawkmoth abundances and diversity; rather, 
it increases in small fragments. We believe 
that this mainly reflects the high mobility of 
these large insects and the higher abundance 
of their food plants along forest edges and 
in disturbed forests. It must be borne in 
mind, however, that our study was limited to 
adults. To which degree these species depend 
on forest-inhabiting plants as larvae, and 
hence, how forest fragmentation negatively 
influences them, needs further investigation.
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