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ABSTRACT. The Atlantic Forest is considered a biodiversity hotspot for conservation, because its fauna and flora are
highly endemic and suffer from loss of natural habitats. This study assessed the composition and diversity of tiger moths
(Lepidoptera: Arctiidae) in two floristic formations of the southern Atlantic Forest (grassland and Araucaria forest) and in
a transition zone (forest edge). The moths were attracted to UV light reflected onto a white sheet. A total of 3,574 tiger
moths were collected, representing 121 species. The rarefaction curves showed that the tiger-moth assemblage col-
lected in the grassland was more diverse than the assemblages from the Araucaria forest and the transition zone. The
assemblages in the forest and forest edge resembled each other, whereas the grassland assemblage was distinct. The
composition of the tiger-moth assemblages was related to the environmental characteristics [habitat type (grassland,
edge, or forest), altitude, temperature, air relative humidity] and the location of the sites. The faunal similarity decreased
in response to increasing environmental and geographical distances between the sites. The responsiveness of tiger
moths to small-scale variation in environmental and geographical parameters indicates their good potential as environ-

mental indicators.

KEY WORDS. Araucaria forest; Arctiinae; beta-diversity; Lithosiinae

The tiger moths comprise a large group, with almost
11,000 described species (Heppner 1991), 2,000 of which prob-
ably occur in Brazil (estimate of BrowN & Frerras 1999). Tiger
moths are divided into three subfamilies: Arctiinae, Lithosiinae,
and Syntominae (Jacosson & WEeLLER 2002). Studies on the beta-
diversity of tiger moth were mainly conducted between 2000-
2010 (e.g., Kitcuing et al. 2000, Hir & Fieprer 2005, 2006, Ferro
& Teston 2009). The majority of those studies showed that ti-
ger moths respond to gradients in the vegetation. Arctiid abun-
dance is higher in scrubland sites than in primary and secondary
forest sites (e.g., KitcHING et al. 2000). Arctiid species diversity
is significantly higher in early and late successional habitats
than in the forest understory (Hiur & Fieprer 2005), and rela-
tively poor in abandoned pastures (Hict & FiepLer 2006). How-
ever, the type of response to successional/disturbance stages
differs among arctiid subfamilies or tribes. For example, mem-
bers of Phaegopterini (with more host-generalist larvae) were
found to benefit from habitat disturbance, whereas Ctenuchini
(with more host-specialist larvae) were more closely associated
with undisturbed forest habitats (Hicr & Fieprer 2006).

The Atlantic Forest originally occupied an area of 1.3
million km? but has now been reduced to approximately 7% of
its original size, and the remaining forest continues to be un-
der severe anthropogenic pressure (MoreLato & Happap 2000).
The biome is considered a biodiversity hotspot for conserva-
tion because of the high level of endemism of the flora and
fauna, and the loss of natural habitats (Myers et al. 2000). The
Atlantic Forest is characterized by a wide range of conditions,
including latitudinal (from 6 to 30°S), altitudinal (from zero to
2,900 m), climatic (from tropical to subtropical, with annual
rainfall from 1,000 to 4,000 mm), and edaphic (soil types and
depths) (Ouivera-FitHo & Fontes 2000). The floristic composi-
tion is also extremely heterogeneous, ranging from dense
coastal forests, mangroves, restingas (coastal forests and scrub
on sandy soil), inland deciduous and semideciduous forests,
brejos (humid forests resulting from orographic rainfall in oth-
erwise semidesert scrub habitat in northeast Brazil), high-el-
evation grasslands, and araucaria forests (Araucaria pine and
Lauraceae-dominated forest) (Oriveira-FiLno & Fontes 2000,
TaBareLLI et al. 2005).
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The present study aimed to assess the richness, similar-
ity, and composition of the tiger moth fauna in two Atlantic
Forest vegetation formations (grassland and Araucaria forest)
and in the zone between them (hereafter referred to as edge).
We expected a higher richness in the Araucaria forest than in
the grassland because wooded habitats are more heterogeneous
than non-wooded habitats, and habitat heterogeneity and di-
versity are usually positively related (e.g., Tews et al. 2004). We
also analyzed whether the beta-diversity pattern of these moths
was more closely related to environmental or to geographical
distances between the sampling sites.

MATERIAL AND METHODS

The study was carried out in the city of Sdo José dos
Ausentes (28°44’54”S, 50°03’57”W), northeastern Rio Grande
do Sul (RS), the southernmost Brazilian state (Fig. 1). The an-
nual mean temperature in the study area is 14.7°C. The warm-
est months are January and February, with mean temperatures
of approximately 19°C. Altitudes range from 1,100 to 1,400 m,
and the annual mean rainfall is 1,726 mm, with no dry season
(DEPARTAMENTO NACIONAL DE METEOROLOGIA 1992). The study area
is part of the Atlantic Forest biome. Mosaics of grassland and
Araucaria forest characterize the landscape.

We selected 12 sites in the grassland area, 12 in the Arau-
caria forest, and five in the edge. However, one of the grass-
land sites was excluded from the analyses because no moths
were collected, and the resulting total was 28 sites. The sites
were sampled during one (if more than 40 individuals were
collected) or two nights (if fewer than 40 individuals were col-
lected on the first night), totaling 47 sampling nights. The de-

tails and locations of the sites are given in Table I and Figure 2.
Because the study area has long been used for cattle ranching,
all sites showed some effects of the presence of cattle. How-
ever, the impacts of grazing were minor and were similarly dis-
tributed among all sites. The altitudes and geographical
coordinates of the sampling sites were measured using a global
positioning system. The temperature and air relative humidity
were measured hourly during each sampling occasion, with a
digital thermohygrometer positioned 1 m above the ground.
For subsequent analyses, the temperature and air relative hu-
midity readings were averaged over all sampling nights per site.

The tiger moths were attracted to a UV light (20 W tube,
Sylvania Blacklight) set 1.5 m above the ground and reflected
onto a 2 m high x 1.5 m wide white sheet. We also used a day-
light tube with the same intensity, to aid the collector in observ-
ing the moths. We selected a battery-powered, low-intensity light
in order to minimize the number of moths attracted from neigh-
boring areas. The attraction radius of light traps described in the
literature is variable, but most studies have shown that even
much stronger light sources than those used in this study at-
tract moths from a radius of 10-25 m (MUIRHEAD-THOMSON 1991).
Specimens were collected by hand using ammonia-loaded kill-
ing jars. During the summer of 2007 (January, February, and
December) and the summer of 2008 (February and March), sam-
pling was carried out from sunset to midnight, and was restricted
to moonless periods (YeLa & Horyoak 1997).

All specimens were mounted and identified using digital
images made by the first author from specimens deposited in
the Private Collection of Vitor Becker, and from available de-
scriptions and illustrations (Hampson 1898, 1900, 1901, 1914,
WatsoN & GoobpGer 1986, Pivas Rusio et al. 2000, Pixas Rusio &
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Figures 1-2. (1) Location of the study area. A arrow indicates Sdo José dos Ausentes city (SJA) (28°44'54"S, 50°03'57”W), Brazil. The
gray area corresponds to the original distribution of the Atlantic Forest biome. (2) Spatial distribution of the sampling sites. Circles
indicate grassland sites, triangles indicate forest sites, and squares indicate edge sites. The numbers of the sites are shown. Grassland site
number 10 was excluded from the study because no moths were collected.
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Table I. Geographical coordinates, altitude, vegetation type, mean temperature, mean relative humidity, species richness, abundance,
and dominance of tiger moths at each sampling site. Sdo José dos Ausentes, southern Brazil. Summers 2007-8.

nursritt?er* Coordinates Alt(ir:J)de Vegetation Temi)oecr;ature Relative(oz;midity Richness Abundance (Siﬁ%?ci?ﬁ!fﬂix)
1 28°36'52"S, 49°48'51"W 1260 grassland 16.5 87.7 11 25 0.1584
2 28°35'18"S, 49°58'32"W 1217 forest 18.1 90.6 24 126 0.1120
3 29°3711"S, 49°51'10"W 1205 grassland 15.2 92.3 13 25 0.1200
4 28°32'07"S, 49°56'21"W 1253 forest 18.8 87.5 27 165 0.0984
5 28°34'36"S, 49°52'41"W 1178 forest 13.8 91.2 42 188 0.1051
6 28°32'58"S, 49°52'22"W 1131 edge 12.9 88.3 39 266 0.1433
7 28°32'47"S, 49°52'18"W 1184 forest 16.1 92.0 33 136 0.0707
8 28°40'07"S, 49°50'32"W 1307 grassland 17.8 96.3 3 8 0.5937
9 28°29'39"S, 49°56'18"W 1263 forest 15.8 92.2 46 330 0.1012
1 28°34'30"S, 49°50'54"W 1210 forest 13.8 86.8 24 130 0.1395
12 28°30°49"S, 49°46'20"W 1184 forest 19.2 88.3 13 45 0.2485
13 28°35'28"S, 49°48'05"W 1244 grassland 15.1 87.9 16 182 0.7385
14 28°35'02"S, 49°57'19"W 1270 forest 14.0 86.7 27 152 0.1800
15 28°34'34"S, 49°55'12"W 1250 edge 13.8 90.5 35 163 0.1122
16 28°35'55"S, 49°56'10"W 1164 grassland 14.4 84.2 3 3 0.3333
17 28°36'19"S, 49°51'44"W 1198 grassland 121 85.7 9 24 0.2431
18 28°34'26"S, 49°55'29"W 1300 forest 13.4 88.5 34 272 0.1249
19 28°35'48"S, 49°55'37"W 1183 forest 13.7 85.5 15 54 0.1516
20 28°36'06"S, 49°45'46"W 1248 forest 13.2 78.8 32 184 0.1856
21 28°36'15"S, 49°45'44"W 1238 forest 13.1 85.7 28 129 0.2074
22 28°41'59"S, 49°52'55"W 1227 edge 14.1 88.0 22 46 0.0699
23 28°41'34"S, 49°51'31"W 1213 grassland 13.6 80.6 32 68 0.0683
24 28°33'58"S, 49°44'41"W 1133 grassland 13.0 90.4 11 56 0.3782
25 28°34'23"S, 49°50'35"W 1250 edge 17.1 80.5 47 413 0.1736
26 28°33'59"S, 49°50'31"W 1187 edge 16.4 86.2 41 255 0.1560
27 28°35'36"S, 49°47'23"W 1277 grassland 14.8 82.7 20 95 0.3270
28 28°37'19"S, 49°54'15"W 1180 grassland 13.4 80.5 11 15 0.1250
29 28°37'30"S, 49°53'50"W 1180 grassland 14.5 77.1 9 19 0.1634

* Grassland site number 10 was excluded from the study because no moths were collected.

Manzano 2003). Vouchers of all species collected in this study
were deposited in the Colecao Zooldgica of the Universidade
Federal de Goias (Goiania).

We used non-parametric estimators (second-order Jack-
knife and Chao 2) to estimate the total tiger moth richness of
the study area. Rarefaction was used to compare the richness
among the habitats (grassland, edge, and Araucaria forest), as
the sampling effort (taken as the number of individuals) dif-
fered between the habitats. The abundance and proportion of
singletons were compared between habitats by ANOVA, and
dominance (Simpson index) using Kruskal-Wallis tests.

The composition of the tiger moth assemblage was also
assessed through multivariate analyses (Non-Metric Multidi-

mensional Scaling - NMDS, and Unweighted Pair-Groups
Method using arithmetic Averages —- UPGMA). The Bray-Curtis
index was used as the dissimilarity measure in these analyses.
Partial Canonical Correspondence Analysis (pCCA) (LEGENDRE
etal. 2005) was used to assess whether the species composition
of sites was related to spatial position or to environmental char-
acteristics [habitat type (grassland, edge or forest), altitude, tem-
perature, relative humidity]. Mantel tests were applied using
the Spearman correlation coefficient and 1,000 permutations
to assess the statistical significance between the faunal dissimi-
larity and the geographical and environmental matrices. Sta-
tistical analyses were performed using Systar 9 (1998) and PAST
(Hammer et al. 2007) software.
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RESULTS

We collected 3,574 tiger moths from the two Neotropi-
cal subfamilies (Arctiinae and Lithosiinae), representing 121
species. Of these, 91 (75%) were identified to the species level,
24 (20%) to genus, and 6 (5%) to subfamily. Of the identified
species, 22 (18.2%) were recorded for the first time from the
state of Rio Grande do Sul (Tab. II). This proportion was higher
(25.8%) for Lithosiinae than for Arctiinae (15.5%). The abun-
dance and species richness for each site are presented in Table
I, and the species are listed in Table II.

Second-order Jackknife estimated 180 species, indicating
the occurrence of a minimum of 59 additional species in the
sample area. The Chao 2 estimator produced a slightly lower
value (162), suggesting 41 additional species. These analyses
indicated that we collected between 67% (second-order Jack-
knife) and 74% (Chao 2) of the estimated total species richness
in the study area.

Ninety species belonged to the Arctiinae and 31 to the
Lithosiinae. The most widespread species were Agylla sp. 1,
Machadoia xanthosticta (Hampson, 1901) (both sampled at 22
sites), Cisthene triplaga Hampson, 1905 (20 sites), and Philoros
rubriceps (Walker, 1854) (19 sites) (Tab. II). The abundance was
highly variable among the sites, varying from three to 413 in-
dividuals (Tab. I). The most abundant species were M.
xanthosticta (722 individuals), Agylla sp. 1 (534), C. triplaga (361),
and Romualdia opharina (Schaus, 1921) (326). These four spe-
cies together accounted for 54.4% of all individuals sampled.

When the variance was partitioned using pCCA, 33.8%
of the total variability was explained by the environmental and
geographical matrices. The environmental matrix, alone, ex-
plained 19.5% of the total variability; the matrix of geographi-
cal coordinates explained 13.1%; and only 1.2% of the variation
was shared between the two matrices. This analysis suggested
that both environmental characteristics and geographical dis-
tance influenced the beta diversity pattern of the tiger moths,
and that habitat characteristics were slightly more important.

The correlations between tiger moth beta diversity and
the environmental dissimilarity, and between tiger moth beta
diversity and the geographical distances were positive in the
Mantel tests (r = 0.71 for habitat, r = 0.84 for geographical dis-
tance, p = 0.001 for both). This indicated that the faunal simi-
larity decreased in response to increasing environmental
dissimilarity and geographical distance among the sites.

Differences among vegetation formations

The total number of individuals collected was 520 in the
grassland, 1,143 in the edge, and 1,911 in the forest (Tab. II).
Mean abundance was significantly higher in the edge and for-
est (228 and 159 individuals, respectively) than in the grass-
land (47) (F = 9.710, d.f. = 2, p < 0.001). Dominance did not
differ significantly among the vegetation formations (H = 4.832,
d.f.=2, p=0.089). In the grassland, the most abundant species
was M. xanthosticta, totaling 254 individuals (49% of the total
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abundance). In the edge and forest, the most abundant species
were M. xanthosticta, Agylla sp. 1, C. triplaga, and R. opharina;
these four species comprised 53.8% of all individuals collected
in these two vegetation formations.

Forty percent of the species (49) were recorded from all
three vegetation formations. The lowest proportion of species
recorded in only one vegetation formation was obtained for
the edge (eight species, 6.6%); whereas in the forest and grass-
land, about 16% (20 and 19, respectively) of the species were
recorded exclusively in each of these habitats. The number of
species shared between the forest and edge (18) was more than
four times higher than the number shared between the forest
and grassland (four) and the edge and grassland (three). The
mean proportion of singletons was significantly higher in the
grassland (63%) than in either the edge (45%) or the forest
(44%) (F =7.396, d.f. =2, p = 0.003).

The observed richness was 91 species in the forest, 78 in
the edge, and 75 in the grassland (Tab. II). However, second-
order Jackknife estimated 143.1 species for the grassland, 107.6
for the edge, and 127.6 for the forest. Therefore, 52.4% of the
estimated tiger moth fauna was collected in the grassland,
72.5% in the edge, and 71.3% in the forest. Similarly, the Chao
2 estimates were 143.1 for the grassland, 97.7 for the edge, and
114.4 for the forest, indicating that 52.4% of the estimated
tiger moth fauna was recorded in the grassland, 79.8% in the
edge, and 79.5% in the forest. Similarly to the results obtained
with the species richness estimators, when differences in the
sampling effort were corrected through rarefaction, the curves
indicated that the grassland fauna was more diverse than the
faunas from the other two vegetation formations (Fig. 3).
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Figure 3. Rarefaction curves with the confidence limits for the three
habitats sampled. Solid black line indicates forest, solid gray line
indicates edge, and dotted line indicates grassland.

The forest and edge faunas appeared to be similar to each
other (except for one edge site, which grouped with the grass-
land sites), whereas the grassland fauna was separated as a dis-
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Table II. List of tiger moths of Sdo José dos Ausentes and their abundance in the three habitats.

Moths species Grassland Edge Forest Total
Arctiinae
Aclytia heber (Cramer, 1780) 1 0 0 1
Aclytia terra Schaus, 1896 1 1 1 3
Aemilia pagana (Schaus, 1894) t 2 0 0 2
Agaraea uniformis (Hampson, 1898) t 0 1 3 4
Baritius acuminatus (Walker, 1865) 4 3 1 8
Bertholdia almeidai Travassos, 1950 f 4 11 16 31
Biturix rectilinia (Burmeister, 1878) 3 19 29 51
Carales maculifrons Walker, 1855 F 9 7 5 21
Cosmosoma centralis (Walker, 1854) 13 14 10 37
Cosmosoma sp. 1 1 1 24 26
Ctenucha vittigera (Blanch, 1852) 0 1 0 1
Cyanopepla jucunda (Walker, 1854) 0 0 1 1
Cyanopepla sp. 1 0 0 2 2
Dysschema hilarina (Weymer, 1914) 0 0 3 3
Dysschema lucifer (Butler, 1873) 0 1 0 1
Dysschema luctuosum (Dognin, 1919) 0 7 18 25
Dysschema trapeziata (Walker, 1865) 0 0 1 1
Echeta minerva (Schaus, 1915) § 1 0 0 1
Elysius intensa Rothschild, 1935 1 0 0 1
Elysius ordinarius (Schaus, 1894) 1 5 10 16
Elysius pyrosticta Hampson, 1905 2 1 6
Episcepsis endodasia Hampson, 1898 1 0 0
Erruca hanga (Herrich-Schaeffer, [1854]) 1 3 25 29
Eucereon apicalis (Walker, 1856) 3 6 5 14
Eucereon ladas Schaus, 1892 2 6 39 47
Eucereon nubilosa Rothschild, 1912 } 1 1 0 2
Eucereon punctatum (Guérin, 1844) 1 0 0 1
Eucereon rosa (Walker, 1854) 1 0 0 1
Eucereon striata (Druce, 1889) 1 0 0 1
Euchaetes rizoma (Schaus, 1896) 1 0 0 1
Eurota schausi Hampson, 1898 1 14 11 26
Galethalea pica (Walker, 1855) 0 1 0 1
Halysidota pearsoni Watson, 1980 0 1 1 2
Halysidota striata Jones, 1908 8 34 73 115
Hemihyalea extincta Reich, 1935 1 2 34 37
Hypercompe sp. 1 2 2 3 7
Hypercompe sp. 2 1 0 0 1
Hypidalia enervis Schaus, 1894 2 3 7 12
Ichoria tricincta (Herrich-Schaeffer, [1855]) 3 18 36 57
Idalus agastus Dyar, 1910 0 0 2 2
Idalus sp. 1 0 0 1 1
Ischnocampa lithosioides (Rothschild, 1912) 1 0 0 1
Continue
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Table Il. Continued.

Moths species Grassland Edge Forest Total
Isia alcumena (Berg, 1882)% 0 0 4 4
Ixylasia trogonoides (Walker, 1864) 0 1 0 1
Lepidolutzia baucia (Dalman, 1823) 1 0 0 1
Lepypiranga albiceps (Rothschild, 1933) t 1 0 0 1
Leucanopsis citrina (Sepp, 1852) 0 0 1 1
Leucanopsis dalipa (Jones, 1908) T 1 2 10 13
Leucanopsis leucanina (Felder & Rogenhofer, 1874) 0 4 7 11
Leucanopsis oruba (Schaus, 1892) 1 3 13 17
Leucanopsis pectina (Schaus, 1896) T 2 13 28 43
Leucanopsis pulverea (Schaus, 1896) 0 2 5
Leucanopsis romoloa (Schaus, 1933) 7 8 18 33
Leucanopsis sp. 1 0 0 7
Leucanopsis sp. 2 0 2 5
Leucanopsis terola (Schaus, 1941) 0 4 11
Lophocampa ronda (Jones, 1908) 1 0 1 2
Lophocampa sp. 1 3 12 29 44
Machadoia xanthosticta (Hampson, 1901) 254 277 187 718
Mazaeras francki Schaus, 1896 1 1 13 15
Mirandisca harpalyce (Schaus, 1892) 0 0 1 1
Napata castra Hampson, 1898 0 0 1 1
Nelphe confinis (Herrich-Schaeffer, [1855]) 1 0 0 1
Neritos repanda Walker, 1855 1 0 0 1
Opharus basalis Walker, 1856 0 1 0 1
Opharus procroides Walker, 1855 1 0 2 3
Opharus sp. 1 0 1 0 1
Paracles aurantiaca (Rothschild, 1910)} 3 0 0 3
Paracles sp. 1 5 2 0 7
Paracles sp. 2 7 9 4 20
Pelochyta cinerea (Walker, 1855) 25 10 10 45
Phaegoptera chorima Schaus, 1896 3 7 20 30
Phaegoptera granifera Schaus, 1892 2 6 80 88
Phaegoptera punctularis (Herrich-Schaeffer, [1855]) 4 10 13 27
Philoros rubriceps (Walker, 1854) 14 15 48 77
Rhynchopyga meisteri (Berg, 1883) 1 0 3 4
Romualdia opharina Schaus, 1921 9 77 240 326
Saurita sp. 1 0 0 1 1
Sphecosoma aenetus (Schaus, 1896) 0 8 1 9
Symphlebia lophocampoides Felder, 1874 1 6 14 21
Symphlebia sp. 1 1 0 2 3
Symphlebia sp. 2 0 1 1 2
Symphlebia sp. 3 0 1 1 2
Symphlebia sp. 4 0 0 2 2
Tessella semivaria (Walker, 1856) 0 3 5 8

Continue
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Table Il. Continued.

Moths species Grassland Edge Forest Total
Tessella sertata (Berg, 1882) 0 0 1 1
Theages leucophaea (Walker, 1855) 0 0 1 1
Tipulodes ima Boisduval, 1832 0 0 1 1
Virbia fasciata Rothschild, 1910 § 1 12 17 30
Virbia ovata Rothschild, 1910 } 0 0 1 1
Lithosiinae
Agylla argentea (Felder, 1874) 0 0 3 3
Agylla argentifera (Walker, 1866) T 3 1 0 4
Agylla involuta (Hampson, 1900) ¥ 0 1 8 9
Agylla separata (Schaus, 1894) 17 20 16 53
Agylla sp. 1 28 230 276 534
Agylla sp. 2 6 5 3 14
Agylla sp. 3 2 3 4 9
Agylla sp. 4 3 2 18 23
Agylla sp. 5 0 0 3 3
Agylla venosa (Schaus, 1894) T 2 0 2
Cisthene calochroma (Snellen, 1878) F 1 8 52 61
Cisthene ruficollis (Hibner, 1824) 1 15 3 19
Cisthene triplaga Hampson, 1905 5 135 221 361
Dipaene incontenta Schaus, 1905 0 2 4 6
Eudesmia ruficollis Donovan, 1798 5 9 2 16
Eugonosia sp. 1 0 1 1 2
Euthyone grisescens (Schaus, 1911) 1 0 0 1
Euthyone purpurea (Jones, 1914) T 2 5 21 28
Ilice sp. 1 0 2 16 18
Illice sp. 2 1 15 69 85
Lamprostola olivacea (Schaus, 1896) 1 5 8 14
Lycomorphodes suspecta (Felder, 1875) t 0 2 0 2
Metalobosia cuprea (Schaus, 1896) T 0 0 2 2
NI1 4 8 1 13
NI 2 10 1 6 17
NI 3 0 1 1 2
NI 4 0 1 0 1
NI 5 0 6 19 25
NI 6 0 0 1 1
Nodozana endoxantha Jones, 1908 } 2 27 25 54
Rhabdathomis mandana Dyar, 1907 1 0 0 1
Total abundance 520 1143 1911 3574
Total species richness 75 78 91 121

T New record for the state of Rio Grande do Sul. NI = species not identified.

tinct group by the NMDS analysis (Fig. 4). The similarity among  All grassland sites (in addition to one edge and one forest site)
the grassland sites was lower than among the edge/forest sites. ~ were separated from the edge and forest sites in the first four

The UPGMA analysis (Fig. 5) corroborated the NMDS analysis.  divisions.
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Figure 4. Non-Metric Multidimensional Scaling plot of faunal simi-
larity among sites in three vegetation types in an Atlantic Forest
area based on the Bray-Curtis index. Circles indicate grassland sites,
triangles indicate forest sites, and squares indicate edge sites.

DISCUSSION

The total of 121 species of tiger moths found in our study
represents approximately 40% of the total recorded from Rio
Grande do Sul (Biezanko 1983, 1985, Teston & Corseuil 2002,
2003a, b, Ferro & Teston 2009), 10% of the total species num-
ber from the Brazilian Atlantic Forest (Ferro & MtLo 2011), and
8.7% of the total known from Brazil (Ferro & Diniz 2010). The
tiger moth richness (considered as number of species) observed
in our study was lower than those found in Boracéia, another
Atlantic Forest site (237 species, latitude = 23°S, altitude = 800
m) (Ferro & Dmviz 2007a); and in a montane cloud forest in
Ecuador (287 species, latitude = 3°S, altitude = 1,800-2,800 m)
(Hier & Fieprer 2005). However, our study area is at a higher
altitude (1,200 m) and latitude (28.7°S), and the annual tem-
perature varies more widely than at Boracéia; and the latitude
is higher than that of the Ecuadorian site.

Most of the species collected belong to Arctiinae. This
was expected, because this subfamily is markedly more diverse
in the Neotropical Region (4,761 species) than is Lithosiinae
(1,170 species) (Heppner 1991). The Arctiinae richness at Sdo
José dos Ausentes represents almost 30% of the total number
of species of Arctiinae recorded from Rio Grande do Sul (Teston
& CorstulL 2002, 2003a, b, Ferro & Teston 2009). Thirty-one
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Figure 5. Unweighted Pair-Groups Method using arithmetic Avera-
ges plot of faunal similarity among sites in three vegetation types in
an Atlantic Forest area, based on the Bray-Curtis index. (G) Grass-
land, (E) edge, (F) forest. For site numbers see Table |. Grassland site
number 10 was excluded from the study because no moths were
collected.

species of Lithosiinae were collected at Sdo José dos Ausentes.
Biezanko (1983, 1985) recorded an identical number of species
in this subfamily for the entire state of Rio Grande do Sul.

No species occurred at all sites, and 40 species (33%) were
collected only at a single site. Similarly high proportions of
rare species have also been observed for herbivorous insects
(Novorny & Basser 2000), moths (CamarGo & Becker 1999), and
larvae of Lepidoptera (Maraquis et al. 2002).

The mean proportion of singletons was significantly
higher in the grassland than in the edge and forest. Previous
studies have reported a high proportion of moth singletons in
forest habitats (WiLLor 1999, Rickerts et al. 2001, Brenwm et al.
2003, Hier & Fieprer 2005, Hiur et al. 2006). We suggest that the
relatively low density of individuals in the grassland is the most
probable factor accounting for the observation of a higher pro-
portion of singletons in this habitat.

The rarefaction curves showed that the grassland fauna
was richer than those of the other two habitats. This result
contradicted what we expected. According to the habitat het-
erogeneity hypothesis (Bazzaz 1975), more complex habitats
have more niches, and thus, increased diversity. More com-
plex habitats generally provide a greater diversity of food re-
sources, more stable microclimate, higher humidity, and larger
numbers and kinds of refuges against predators (VALLEjO et al.
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1987). We expected to find the highest richness in the forest,
which is a more heterogeneous habitat (greater range of veg-
etation height and light incidence, for example) than the grass-
land. Several studies have found a positive relationship between
habitat heterogeneity and animal diversity (Habpap et al. 2001,
PourseN 2002, WiLLiams et al. 2002, Brose 2003, Tews et al. 2004,
Lassau et al. 2005). To our knowledge, this is the first study that
observed a higher arthropod diversity in a grassland than in a
forest habitat. For example, Barpissera et al. (2004) found that
the richness of spiders was 150% lower in a grassland habitat
than at the edge and inside an araucaria forest, and Hivr et al.
(2006) recorded the lowest geometrid moth diversity at sites
without woody vegetation. For microarthropods, Menta et al.
(2011) recorded a higher Shannon-Weiner diversity index in
woodland than in grassland.

There are three possible explanations for the relatively
high number of moth species found in the grassland. The first
is the spatial distribution of food resources for larvae and adults.
Larvae of many species of Arctiinae (74% of the species recorded
in this study) feed on plants of Asteraceae, Poaceae, and
Fabaceae (DmNiz et al. 2001), and the flowers of Asteraceae are
often much visited by adults of Lepidoptera (BrowN Jr 1992).
These three plant families are the most diverse in the southern
Brazilian grasslands (BoLprint 1997). In addition, many species
of Arctiinae feed on herbaceous plants (ScosLe 1992), which
are more abundant in open habitats than in dense woodlands.
Larvae of Lithosiinae mainly use lichens as host plants (ScosLe
1992). Lichens were abundant on the trunks of Araucaria
angustifolia (Bertol.) Kuntze trees in the forest habitat, and also
occur, though at lower frequencies, on rocks in the grassland
habitat (BoLprint et al. 2008). In fact, the fauna of Lithosiinae
was less diverse in the grassland (only 95 individuals and 19
species) than in the forest (783 individuals and 25 species).

The second explanation is the usually erroneous idea that
grassland has homogeneous vegetation. BorLprint (1997) de-
scribed six physiognomic regions of grassland vegetation in
Rio Grande do Sul, considering local floristic variations associ-
ated with climate, topographic variation, and soil heterogene-
ity. Moreover, the grassland flora in southern Brazil is rich, with
estimates ranging from 3,000 to 4,000 species (OVERBECK et al.
2007), and several studies have found a positive relationship
between plant and animal diversity (e.g., RopiNnsoN & Tuck 1993).

The last reason for the relatively high richness found in
the grassland habitat may be the occurrence of tourist species.
However, the sampling design used in this study attempted to
minimize the attraction of moths from neighboring sites (use
of a low-intensity light source, and sites separated by at least
200 m). Furthermore, several species were collected only in the
grassland, and few grassland species were shared with the for-
est and the edge. This pattern does not support the explana-
tion of tourist species.

Both the NMDS and UPGMA analyses showed that the
forest and edge faunas were similar to each other, and that the

grassland fauna was a distinct group. Several other studies have
also described a typical grassland fauna. Ferro & Diniz (2007b)
observed that the grassland arctiid assemblage differed from
the assemblages in the vegetation types that contain trees, in
the Brazilian Cerrado biome. A similar pattern was recorded for
Ecuadorian arctiid (Hiet & Fieprer 2005) and geometrid (Hicr et
al. 2006) moths, and for Indonesian dung beetles (SHAHABUDDIN
etal. 2010). The NMDS analysis also indicated that the similar-
ity among the grassland sites was lower than among the edge/
forest sites. The fewer individuals sampled (and high number
of singletons) in this habitat probably influenced the estimate
of lower similarity among the grassland sites.

All multivariate analyses suggested that the habitat type
and the spatial proximity between the sites explained the ob-
served beta diversity pattern. Stemitz et al. (2006) also observed
a positive correlation between bird and slug faunas, and envi-
ronmental and geographical distances. However, the study area
sampled by Stemitz et al. (2006) had much larger environmen-
tal (e.g., precipitation ranging from 32 to 1,238 mm) and geo-
graphical (e.g., from about 10 km to more than 300 km)
distances than in our study. This suggests that tiger moths re-
spond to small habitat changes, because within a small range
of variation in habitat and geographical distances (the differ-
ence in altitudes between the sites was only 123 m, and the
longest geographical distance between the sites was 21.5 km),
it was possible to observe statistical differences among the as-
semblages of the sampling sites. These results reinforce the
importance of these moths as a bioindicator group (KitcHING et
al. 2000, SUmMERVILLE et al. 2004, Hirt & FiepLer 2005).

This study provided the first records of 22 species (18.2%)
from Rio Grande do Sul. This proportion is particularly high
for Arctiidae. Teston & CorseulL (2004), for example, reported
that only 1.5% of the records for tiger moths in six localities of
the Atlantic Forest in Rio Grande do Sul were new. In addition,
the possibilities that some of the 30 undetermined tiger moth
species have not yet been described, and that a large number
of species remain to be found (a minimum of 59 additional
species, according to the second-order Jackknife) also empha-
size the importance of the study area. The fauna of the region
has a relatively high number of endemic species (Bonp-Buckupr
2008); and the region is home to many species of endangered
birds, including globally endangered species (Fontana et al.
2008). In spite of the considerable biological importance of
this region, faunal studies are few, particularly for invertebrates.

The results presented here demonstrate that the grass-
land vegetation supports an exclusive and rich tiger moth fauna,
reinforcing the importance of continued scientific investiga-
tions and of conservation of this type of vegetation. The pro-
tection of grassland ecosystems is much neglected, considering
the many threats to their diversity. Less than 0.5% of the south-
ern Brazilian grassland is legally protected as part of conserva-
tion units (OverBeck et al. 2007). The introduction of exotic
species (such as trout, grasses, and trees) has strongly impacted
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the native biota, and poses a serious threat to the conservation
of diversity in the region (Overseck et al. 2007, Bonp-Buckur
2008). Additional studies of the impact of exotic species on
the fauna and flora of this region are urgently needed. These
investigations will form a basis for conservation planning and
for the future creation of conservation units in this region.
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