


We prepared male and female genitalia for obser-
vation using lactic acid as outlined by Blahnik et al.
(2007), and identified species using the work of Flint
(1989). For each species or putative new species of
Smicridea (Smicridea) in our collections, we selected up
to 15 specimens from all sampling sites where the
species was collected for final sampling (final sam-
pling scheme is described in Table 1 and Appendix 1;
available online from: http://dx.doi.org/10.1899/
09-108.1.s1.

We extracted whole genomic DNA from individual
legs of identified specimens following the procedures
of Ivanova et al. (2006) or from unprepared abdomens
as follows. We removed abdomens and placed them
in tissue lysis buffer (ATL) and Proteinase K for 12 to
24 h (DNeasy extraction protocol; Qiagen, Hilden,
Germany). We extracted DNA with DNeasy Tissue
Kits or QIAamp Micro Kit (Qiagen) following the
manufacturer’s protocol. We assigned prepared ab-
domens and the remaining specimens unique 9-digit
accession numbers beginning with the prefix UMSP
and entered taxonomic, collection, and locality data in
the University of Minnesota Biota (Colwell 2003)
database(http://www.entomology.umn.edu/museum/
databases/BIOTAdatabase.html) and the Barcode of
Life Data System (BOLD; http://www.boldsystems.
org/). We followed methods described by Hebert et al.
(2003) for polymerase chain reaction (PCR) amplifica-
tion and sequencing protocols. We amplified full-
length COI DNA barcodes (658 bp) with 2 primer sets:

LepF1/LepR1 (Hebert et al. 2004) and LCO1490/
HCO2198 (Folmer et al. 1994). Sequences of the COI
barcode region (Hebert et al. 2003) were generated at
the Canadian Centre for DNA Barcoding (CCDB),
University of Guelph, the University of Minnesota
Biomedical and Genomics Center (BMGC), or Func-
tional Bioscience (Madison, Wisconsin). Sequences
were edited and aligned in Sequencher 4.9 (Gene
Codes, Ann Arbor, Michigan).

Data analysis

We included only sequences with � 1% ambigu-
ous data in the analyses. All acceptable sequences
were collapsed into unique haplotypes using Col-
lapse (version 1.2; http://darwin.uvigo.es/software/
collapse.html). To examine the utility of DNA barcode
data for identifying and delimiting Smicridea species,
we compared intra- and interspecific variation for
each species of Chilean Smicridea (Smicridea). We
calculated absolute pairwise distances between all
haplotypes with PAUP* 4.0b10 (Swofford 2003) and
generated a histogram of intraspecific and interspe-
cific differences based on current morphological
taxonomic assessment. Our goal in this simple
analysis was to identify a potential barcode gap
(Hebert et al. 2003).

We did a Bayesian Markov-Chain Monte-Carlo
(B/MCMC) phylogenetic analysis with MrBayes
v3.1.2 (Ronquist and Huelsenbeck 2003) and the most

TABLE 1. Summary of sampling of Chilean Smicridea (S.) specimens showing the number of sites (N [sites]) and individuals (N
[ind]) sampled for each species from each region. Detailed information on sites and individuals is given in Appendix 1.

Species

Coast Andes Chiloé Valle Central Total

N [sites] N [ind] N [sites] N [ind] N [sites] N [ind] N [sites] N [ind] N [ind]

annulicornis 1 2 6 19 1 2 – – 23
cf. annulicornis 2 6 16 73 – – 2 6 85
anticura – – 1 5 – – – – 5
cf. anticura – – 3 3 – – – – 3
decora – – 6 14 – – – – 14
cf. decora – – 1 2 – – 1 4 6
figueroai – – 1 1 – – – – 1
frequens 1 4 11 23 1 1 1 1 29
lourditae n. sp. 1 2 – – – – – – 2
manzanara 1 8 – – – – – 8
cf. manzanara 1 1 2 23 – – – – 24
mucronata 4 18 11 72 1 8 – – 98
patinae n. sp. 1 1 – – – – – – 1
penai – – 4 14 1 7 1 1 22
cf. penai – – 3 10 – – 1 1 11
pucara 5 29 6 27 – – – – 56
redunca 1 1 – – – – – – 1
smilodon – – 4 5 1 1 – – 6
turgida 1 10 – – – – – – 10
Total 8 82 32 291 1 19 2 13 405

1060 S. U. PAULS ET AL. [Volume 29





� 39 bp (5.9%), whereas interspecific differences and
differences between cf. lineages and nominal species
were generally � 53 bp (8.05%; for exceptions see
below). Several peaks occurred within both groups, a
result indicating that differences within and among
species varied by taxon and taxon comparisons.

The morphology of 2 specimens (UMSP000113424
and UMSP000133009) was intermediate between S.

annulicornis and S. cf. annulicornis, but the specimens
were morphologically closer to the nominal species
and were identified as such. However, these individ-
uals clustered within S. cf. annulicornis (Appendix 2).
Thus, intraspecific differences between these speci-
mens and other S. annulicornis haplotypes ranged
from 63 to 75 bp, whereas interspecific differences
between these specimens and S. cf. annulicornis were
� 14 bp.

In all other cases differences between the nominal
and the cf. taxon exceeded the barcode gap: between
S. anticura and S. cf. anticura the difference was 68 bp
(10.3%); between S. penai and S. cf. penai, and S. decora
and S. cf. decora the difference ranged from 73 to 79 bp
(11.1–12.0%); and between S. manzanara and S. cf.
manzanara the difference ranged from 86 to 94 bp
(13.1–14.3%). The minimum distance observed among
the species that were clearly distinguishable based on
morphology was between S. cf. decora and S.
annulicornis and between S. cf. decora and S. cf.
annulicornis (both 53 bp, 8.05%). The maximum
distance was between S. penai and S. patinae, new
species (143 bp, 21.7%).

Haplotype phylogeny

The 2 independent B/MCMC analyses yielded the
same topology and the same significantly supported
clades (pp § 0.95). The result of the 1st analysis for the
haplotypes is shown in Fig. 3 and depicts both pp and
NJ bs support values. The base of the tree consisted of
3 lineages of Asmicridea edwardsii, which were selected
as outgroups to root the tree. Smicrophylax parvula was
sister to a strongly supported clade (pp = 1.0, bs = 96)
of Smicridea. The relationship among the 2 subgenera
Smicridea (Smicridea) and Smicridea (Rhyacophylax) was
unresolved. The 3 species of Smicridea (Rhyacophylax)
formed a strongly supported clade (pp = 1.0, bs = 97),
whereas Smicridea (Smicridea) species fell into several
lineages. Only 2 of these lineages were resolved with
fairly strong and strong support, respectively: a clade
of Chilean Smicridea (Smicridea) species (pp = 1.0, bs
= 83), and 1 clade with 2 subclades consisting of
Smicridea (S.) palifera Flint 1981 + (Smicridea (S.)
holzenthali Flint and Denning 1989 + Smicridea (S.)
nigripennis Banks 1920 + Smicridea (S.) turrialbana Flint
and Denning 1989 + Smicridea (S.) ulva Flint 1974b) (pp
= 0.96, bs = not applicable [n.a.]; pp = 1.0, bs = 100,
respectively). The 2 subclades collectively conformed
to the nigripennis group (Flint 1974b, Flint and
Denning 1989). Within the Chilean clade, several
multispecies clades had fairly strong support (pp §
0.97, bs § 84). These clades did not always group
with the morphologically most similar taxa. For

FIG. 1. Map of central Chile indicating relief and
sampling localities of Smicridea (S.) samples used in our
study. Collection sites are coded by geographic region:
Coastal Range (white), Chiloé (grey), Valle Central
(hatched), Andes (black). + marks the holotype locality of
Smicridea (S.) lourditae, new species, and Smicridea (S.)
patinae, new species.
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example, S. lourditae, new species is morphologically
closest to S. pucara, but it grouped with S. cf. penai and
S. penai as its closest relatives (Fig. 3). In other cases,
the morphologically most similar species (e.g., S.
turgida and S. patinae) or the nominal and the cf. forms
(e.g., S. anticura and S. cf. anticura) were sister taxa.

At the terminal branches of the tree, most species
formed monophyletic groups with strong support (pp
= 1.0, bs = 100). Species typically showed deep
divergence from congeners. The only exceptions were
Smicridea (S.) albosignata Ulmer 1907, which was
monophyletic, but with a bootstrap value of 71 (pp =

0.99), and S. cf. annulicornis, which contained 2
specimens identified as S. annulicornis (UMSP000113424
and UMSP000133009) (see above and Discussion).

We tallied fixed (i.e., observed in all individuals),
nonsynonymous mutations among cf. taxa and the
respective nominal forms and between the new

species and the morphologically closest taxa (Table 2).
In addition, unique fixed amino acid residues were
identified for other species of Chilean Smicridea (S.)
(Table 2). Fixed amino acid residues were not
observed between S. anticura and S. cf. anticura or
between S. lourditae, new species, S. pucara, S. cf. penai
and S. penai.

Larval association

The specimen-level NJ analysis is presented in
Appendix 2. All 31 larvae were unambiguously
associated to a species according to the association
criteria outlined by Zhou et al. (2007). Many larvae
shared identical haplotypes with adult males (criteri-
on 1). All larvae that did not share identical
haplotypes were nested within sequences from male
specimens and within strongly supported monospe-

FIG. 2. Histogram of intraspecific and interspecific differences observed in Chilean Smicridea (S.) species. The black, white, and
grey data series indicate interspecific divergence, intraspecific divergence, and divergence between cf. and nominal
taxa, respectively.
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FIG. 3. Bayesian phylogeny of 203 haplotypes recovered in our study. The multihaplotype species-level tip clades were
collapsed into triangles (see Appendix 1 for specimen-level details). Height of the triangles is relative to the number of haplotypes
within the collapsed clade. Width of triangles indicates degree of divergence among haplotypes within the collapsed clade.
Values on branches indicate posterior probabilities §0.95 (bold) and NJ bootstrap support values §75 (italics). Smicridea
(Smicridea) are shaded in grey.
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ment of their distinctiveness. Here, we formally
describe these new species.

Smicridea (S.) lourditae Pauls, Blahnik,
Holzenthal, new species

(Fig. 4A–C)

Diagnosis

Smicridea lourditae is most similar to S. pucara, with
which it was collected in sympatry. The 2 species are
genetically clearly distinct (not sister in the phylogeny
and diverged by 12.3–14.4%). The differences in
morphology between the 2 species are slight but
consistent. Smicridea pucara has much more heavily
mottled forewings and has strikingly darker hair on
the 1st and 2nd tibiae than does S. lourditae. There also
are consistent differences in the male genitalia, i.e.,
tergum X, the shape of the stem of the phallus, which
is slightly more inflated in ventral view in S. lourditae,
and the shape of the lateral plates and dorsolateral

lobes at the apex of the phallus. In S. lourditae, the
inner ventral margin of the lateral plates is more
strongly retracted, so that the lateral plates seem to be
more open in ventral view than in S. pucara. The
dorsolateral lobes are shorter and more quadrate in S.
lourditae. In dorsal view tergum X of S. lourditae is more
rounded laterally than in S. pucara. Apically, tergum X
is more abruptly narrowed, with the inner margin of
the dorsal cleft angled in S. lourditae. In S. pucara,
tergum X is gradually narrowed, with an almost
straight inner margin of the dorsal cleft.

Description

Length of forewing 9.5–10 mm. Body color brown;
appendages paler; antennae annulate; forewings brown
with few markings. Eye of male in frontal aspect with
diameter ½ of interocular distance. Sternum V with
anterolateral processes slightly longer than sternum V.
Abdominal segments VI and VII with 2 pairs of internal
sacs; both pairs as long as their segments.

FIG. 4. Smicridea (S.) lourditae, new species, male genitalia, holotype (UMSP000113378). A.—Lateral. B.—Dorsal.
C.—Phallus, ventral.
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We refrain from describing any of these 5 lineages
as new species at this time. Taxonomic description
should be based on multiple lines of corroborating
evidence and should provide clear diagnostic charac-
ters that are useful in identifying and describing
diversity. The DNA barcode might provide 1 clearly
distinct character, but it is of little use to most
biologists assessing diversity based on morphological
specimen identification. We think a species descrip-
tion also should be useful in this respect.

With our new species, the total number of formally
described Chilean Smicridea (Smicridea) species has
increased to 17. Our barcode data and morphological
assessment suggest the potential for 5 additional
species in Chile. If verified, they would bring the
number of known species to 22, an increase in known
species diversity of nearly 47%. These results show
that even in recently revised caddisfly taxa from fairly
well known regions (i.e., temperate central Chile
compared to most of tropical South America), many
species are yet to be discovered and described. Our
study shows that DNA taxonomy can facilitate and
expedite the process of identifying and characterizing
this diversity. However, our study also clearly shows
the limitations of using only DNA barcode data to
identify or circumscribe diversity. We can recognize
distinct evolutionary units based on the DNA, but we
cannot currently circumscribe or even describe the
diversity in a meaningful way that allows biologists
without access to DNA facilities to identify species,
e.g., for water-quality monitoring or stream assess-
ment.

Phylogenetic relationships within Smicrideinae

Our study was not designed to resolve phylogenetic
relationships among species of Smicridea or genera of
Smicrideinae, and the sole gene region we used was
insufficient to resolve these relationships with phylo-
genetic rigor or confidence. However, our analyses
support monophyly of the subgenus Smicridea (Rhya-
cophylax) and monophyly of the Chilean clade of
Smicridea (Smicridea). The subgenus Smicridea (Smicri-
dea) is paraphyletic in our analysis but this relation-
ship was not supported by high posterior probabili-
ties (Fig. 3). These results should be treated with
caution because our sampling of taxa or genetic data
was insufficient to resolve deeper relationships fully.
Accordingly, only very few basal nodes were highly
supported in the B/MCMC analysis. Our analysis did
provide interpretable results at the species and
population level. In addition to lending support for
the monophyly of a Chilean clade of Smicridea
(Smicridea), the B/MCMC analysis of haplotypes

showed that most morphologically distinguished
species also were genetically distinct and formed
strongly supported monophyletic clades. Exceptions
within Chilean Smicridea (Smicridea) were discussed in
detail above. Our outgroup taxa, S. albosignata and A.
edwardsii, exhibited striking intraspecific divergences
or were not monophyletic, respectively (Fig. 3).
However, these taxa are not the focus of our study,
and we have insufficient data to draw conclusions.

Larval associations in Chilean Smicridea

We were able to associate unambiguously the
larvae of S. annulicornis and 5 previously undescribed
larvae to species (S. cf. annulicornis, S. decora, S. cf.
manzanara, S. pucara, S. smilodon). Our associations
fulfilled the rigorous nesting criteria outlined by Zhou
et al. (2007). However, Zhou et al. (2007) recommend-
ed using more than a single gene for life-stage
associations. We only used a single locus, but we
are confident in our associations, which were based
on deep divergences observed among closely related
congeneric species, comprehensive taxon sampling of
the focal region, and fulfillment of the association
criteria outlined in the methods section. Authors of
other studies have used a single marker to associate
caddisfly life stages successfully (Graf et al. 2005,
2009, Waringer et al. 2007, 2008). However, when no
clear barcode gap or lineage sorting is observed, e.g.,
for Chinese Hydropsychidae (Zhou et al. 2007), life-
stage associations should be based on more than a
single locus.

Our associations provided us with another oppor-
tunity to examine morphological differences among
some of the cryptic species outlined above. Among S.
annulicornis and S. cf. annulicornis larvae, we observed
differences in the head coloration (distinctive light
and dark markings on the head capsule in S.
annulicornis and more or less uniformly brown in S.
cf. annulicornis), and in the scale hairs on the body
surface (broader and more truncated in S. annulicornis
than in S. cf. annulicornis). Among S. manzanara and S.
cf. manzanara, we noticed differences in coloration of
the head capsule, pronotum, and mesonotum and
differences in the scale hairs on the body surface.
However, we found considerable variation in these
characters between 2 populations of S. cf. manzanara.
Although these larval differences support the hypoth-
esis that both S. annulicornis/S. cf. annulicornis and S.
manzanara/S. cf. manzanara represent pairs of distinct
species, the number of specimens and geographic
variation in our current larval data set was too limited
to draw conclusions about diagnostic larval charac-
ters.
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