
This article was downloaded by: [Daniel Dos Santos]
On: 16 June 2015, At: 14:44
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Click for updates

Systematics and Biodiversity
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/tsab20

Spatial patterns of caddisflies from Austral South
America
Daniel Andrés Dos Santosa, Paola Alejandra Rueda Martína & María Celina Reynagaa

a Instituto de Biodiversidad Neotropical (IBN), CONICET – UNT. Facultad de Ciencias
Naturales e Instituto Miguel Lillo, Universidad Nacional de Tucumán. Horco Molle S/N, Yerba
Buena, Tucumán, Argentina
Published online: 16 Jun 2015.

To cite this article: Daniel Andrés Dos Santos, Paola Alejandra Rueda Martín & María Celina Reynaga (2015): Spatial patterns
of caddisflies from Austral South America, Systematics and Biodiversity, DOI: 10.1080/14772000.2015.1045954

To link to this article:  http://dx.doi.org/10.1080/14772000.2015.1045954

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

http://crossmark.crossref.org/dialog/?doi=10.1080/14772000.2015.1045954&domain=pdf&date_stamp=2015-06-16
http://www.tandfonline.com/loi/tsab20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/14772000.2015.1045954
http://dx.doi.org/10.1080/14772000.2015.1045954
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Spatial patterns of caddisflies from Austral South America

DANIEL ANDR�ES DOS SANTOS, PAOLA ALEJANDRA RUEDA MART�IN & MAR�IA CELINA REYNAGA

Instituto de Biodiversidad Neotropical (IBN), CONICET � UNT. Facultad de Ciencias Naturales e Instituto Miguel Lillo, Universidad
Nacional de Tucum�an. Horco Molle S/N, Yerba Buena, Tucum�an, Argentina

(Received 8 May 2014; accepted 11 March 2015)

Trichoptera are relevant members of the freshwater benthos that can exploit a broad variety of habitats. We explored their
distribution patterns in Austral South America using a network quantitative approach applied on point occurrence data. The
primary goal was to recognize groups of species connected by strong links of sympatry and secondarily to evaluate the
structure of the sympatry network (patterns of connectivity) at higher taxonomic levels. We compiled 2,522 geographic
points associated with 446 species. The strength of sympatry links were inferred directly from dot maps. Using the
taxonomic resolution of species, we identified two major groups of co-occurring species that mimic in a geographic context
the classic zoogeographic division of the study area: the Andean�Patagonian complex (of “cold-adapted” organisms)
versus the Extra-Andean domain (of “warm-adapted” organisms) spanning the subtropical belt of the region. Within these
major divisions, groups of highly co-distributed species were also found which in turn show a variety of overlapping spatial
configurations. Overlap was centred at the following pivoting areas: Yungas of NW Argentina, Paranaense forest of NE
Argentina and Valdivian temperate forest of Patagonia. Three very interesting findings emerged from the analyses: (i)
Sierras Centrales of C�ordoba correspond to the southern portion of many subtropical elements occurring in NW Argentina,
(ii) some elements fit the disjunction between NW and NE Argentina and (iii) Uruguay is more closely related to NE
Argentina than to Buenos Aires, suggesting that the Pampas region (Uruguay C Buenos Aires) could be an ill-defined
biogeographic entity. Patterns at the species level become progressively blurred in going upward through the hierarchical
classification.

Key words: aquatic insects, biogeography, cleavogram, NAM, Trichoptera, sympatry

Introduction
Insects of the order Trichoptera constitute one of the main

groups of the freshwater benthos. The immature stages

are restricted to the aquatic environment and are usually a

conspicuous contributor to its total biomass (de Moor &

Ivanov, 2008). They can live under a wide range of eco-

logical conditions and are able to reside in a great number

of habitats (Ruiz Garc�ıa, Herrera Grao, & Ferreras-

Romero, 2006). The high diversity of the group is inter-

preted as an expression of the great ecological opportuni-

ties offered by the secretion of silk by caddisfly larvae

that enable them to exploit a variety of resources through

the construction of cases, retreats, nets and other struc-

tures (Mackay & Wiggins, 1979). On the other hand, cad-

disfly adults inhabit the riparian area and most of them are

weak fliers (Statzner, 1978; Waringer, 1991). They do not

disperse far from emergence sites. In considering the

worldwide distribution of Trichoptera, de Moor and Iva-

nov (2008) divided the palaeocontinent of Gondwana into

two closely related regions, namely (i) a temperate Gond-

wana involving Australia, New Zealand, Patagonia and

possibly the southern tip of Africa and southernmost part

of Madagascar; and (ii) a tropical Gondwana that includes

the remaining portions of South America in addition to

Africa, Madagascar and the Indian-part of the Oriental

region. Concerning the South American caddisfly fauna

inhabiting the area south of the Tropic of Capricorn, the

previous general framework agrees well with the primary

divisions presented by Flint (1983) who identified two

subregions (i.e., the Brazilian and Chilean) for the area.

The Chilean subregion includes all of Chile and a large

part of western and southern Argentina. The Brazilian

subregion, as far as Argentina is concerned, is further

divided into three nuclei of diversity differentiation: (1)

the main river basins in the central and eastern part of the

country known as the Platense area, (2) the northeastern

area or Misiones, and (3) the northwestern Andean area.

Flint (1983) drew his conclusions following an intuitive

approach on the grounds of a limited knowledge about the

local fauna. We address here Flint’s conjectures about dis-

tribution patterns in Austral South America using aCorrespondence to: Daniel Andr�es Dos Santo. E-mail:
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quantitative biogeographic analysis on an updated and

more complete data set.

The collection localities represent discrete data of the

highest available resolution to carry out any prediction

of distribution patterns. They can be represented as

points of occurrence in geographic space and treated

consequently as mathematical objects provided with

geographic coordinates. We avoid considering the inci-

dence of points onto predefined OGUs (operative geo-

graphic units) as a valid procedure to encode

distributions, because it entails loss of information and

implicitly brings together portions of the geographic

space in an authoritative way (e.g., a cell grid spanning

an entire archipelago would force one to consider that

archipelago as homogeneous when there is no reason to

accept that assumption). In this manner, geographic

ranges based on occupied OGUs generate large commis-

sion errors (when a species is mistakenly thought to be

present) because they assume homogeneous species dis-

tributions (Rondinini, Wilson, Boitani, Grantham, &

Possingham, 2006). In leaving aside the traditional pro-

cedure of using OGUs a new challenge emerges: the

analysis of patterns of overlap or sympatry that rely

exclusively on the point sets of taxa. The NAM

(Network Analysis Method) approach as conceived by

Dos Santos, Fern�andez, Cuezzo, and Dom�ınguez (2008)

and Dos Santos, Cuezzo, Reynaga, and Dom�ınguez
(2012) pursues the measurement of sympatric strength

between dot sets and the exploration of patterns of con-

nection from the respective sympatry network. NAM

seeks groups of species embedded into the global net-

work that are internally sustained by sympatric cohe-

siveness, but weakly connected (or disconnected) to

outgroup entities. These groups satisfying the duality of

within-group co-extensive sympatry and between-group

disassociation are called henceforth units of co-occur-

rence (UCs). The areas underlying the resulting UCs are

considered to be meaningful entities from a biogeo-

graphic standpoint since they are supported by a unique

repertoire of co-distributed species.

The aim of this paper is to analyse, through the NAM

approach, the sympatry network of Trichoptera from the

Southern Cone of South America. The primary goal is

to recognize spatial patterns derived from groups of spe-

cies connected by strong links of sympatry and second-

arily to evaluate the structure of the sympatry network

but using the taxonomic levels of genus and family as

units of study. More succinctly, we ask about the corre-

spondence between the hierarchy in taxonomic classifi-

cation and the resulting networks of spatial associations

between biological entities. In addition to the research

questions, we present an updated list of geographic

ranges for caddisflies occurring in Argentina, Chile and

Uruguay.

Materials and methods

Compiling records

Each species of Trichoptera was geographically character-

ized by the point localities of occurrence gathered from

the literature (Angrisano, 1983, 1984, 1986, 1989, 1993,

1994, 1995, 1997, 1998, 2000, 2001, 2002; Angrisano &

Burgos, 2002; Angrisano & Sganga, 2005, 2007; Banks,

1920; Bravo & Angrisano, 2003; Cohen, 2004; Flint,

1967a, 1967b, 1969, 1971, 1972, 1973, 1974a, 1974b,

1974c, 1978, 1979, 1980, 1982, 1983, 1989, 1990, 1992,

1997, 1998, 1999; Flint & Angrisano, 1985; Flint & Den-

ning, 1989; Flint, McAlpine, & Ross, 1987; Holzenthal,

1984, 1986, 1988a, 1988b; Jacquemart, 1963, 1980; Kel-

ley, 1983; Mangeaud, 1996; Mosely, 1934, 1939; Nav�as,
1918, 1920, 1923, 1930, 1934; Prather, 2004; Ross &

King, 1951; Rueda Mart�ın, 2006, 2008; Rueda Mart�ın &

Sganga, 2011; Rueda Mart�ın, Gibon, & Molina, 2011;

Schmid, 1949, 1955, 1957, 1958, 1964, 1989; Sganga &

Angrisano, 2005; Sganga & Fontanarrosa, 2006; Ulmer,

1904, 1905, 1907; Valverde & Abelando, 2006; Valverde

& Albari~no, 1999; Valverde & Miserendino, 1997;

Weyenbergh, 1881; Yamamoto, 1966). Other material

included in the data set is from the collection of the Insti-

tuto de Biodiversidad Neotropical (IBN), CONICET �
Facultad de Ciencias Naturales e Instituto Miguel Lillo,

UNT.

Distributional analyses

Dot maps were directly employed to infer the sympatry

network of included species. The R package SyNet (Dos

Santos, 2011), freely available on the website of the R

platform (http://www.cran-r.project), was used to analyse

the respective sympatry network under the NAM (Net-

work Analysis Method) approach (Dos Santos et al.,

2008, 2012). To explore patterns of spatial connections

between species, NAM relies exclusively on the distribu-

tional evidence provided by the geometrical layout of

point records. If two species are assumed to occupy a

common underlying area, their respective set of points

(or dot clouds) are expected to fulfil two geometric prop-

erties, namely proximity and interpenetration. NAM esti-

mates the coefficient of spatial association between point

sets by measuring the degree of proximity (through the

profiles of nearest neighbour distances) and interpenetra-

tion (through changes in the length of minimum spanning

trees) between the respective dot clouds. Once the

weighted network is constructed, meaningful links are fil-

tered via a thresholding operation. In the resulting sym-

patry network, a pair of species can be directly linked (1)

or not linked (0). NAM can compensate for sampling

bias. Indeed, it gives differential weights (or values of rel-

evance) to the different points of a dot cloud depending

2 D. A. Dos Santos et al.
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on how clumped or disaggregated they are. In doing so, the

contribution of many very close points to the overall profile

of nearest neighbour distances is lower than the contribution

of a few records broadly separated from each other. A bene-

ficial consequence of this procedure is that we can achieve

the skeleton or basic shape of a dot cloud by recruiting only

the subset of heaviest (most relevant) points.

Intermediary species facilitate links between pairs of

species otherwise disconnected from each other. By

removing intermediary species, NAM identifies groups of

species with the following duality: (1) intragroup cohesive

connection, and (2) intergroup disconnection. The ratio-

nale for this condition is that species groups spatially

shaped by common factors (either historical or ecological)

are compartmentalized into separable, connected clusters

of the sympatry network. The iterative removal of inter-

mediary species (guided by the betweenness score) leads

to a disaggregation of the sympatry network into compo-

nents successively smaller in size. The entire process of

node removal of the network can be summarized in a clea-

vogram (Dos Santos et al., 2012). This graphical tool

helps to visualize the different connected species groups

that emerge with the progressive removal of intermediary

species. We report here the main components emerging

during the removal process going from the more to the

less inclusive ones.

Colorimetric maps (Dos Santos, 2012) were generated

to show the geographic context of selected groups of con-

nected species. To generate these maps we established a

rectangular lattice of points over the study region (as

dense as possible depending on the computational limita-

tions) and then measured the geographic distance between

these imaginary sampling points and the dot clouds of

included species. For a given group composed of n spe-

cies, the intensity value I of a sampling point is obtained

through the summation of the species incidences on it.

The larger the gap between the species point set and the

sampling point, the lower the incidence of such species on

the sampling point. This inverse relationship can be trans-

lated mathematically by the following formula for calcu-

lating the intensity value I that corresponds to a given

sampling point m:

Im D
X

iD 1; n
minð1; r=dimÞ;

where dim denotes the shortest distance between the

sampling point m and the point set associated with the

species i of a given group. The parameter r (here 100 km)

represents a value of tolerance used in testing whether the

above spatial gap is negligible. Therefore, the proximity

of a given species to the sampling point at a distance

below the tolerance r means a perfect incidence ( D 1) of

that species over the sampling point m. The value of r

adopted is around the average arc length of the calculated

minimum spanning trees. Note that the maximum score

for Im equals the number of species considered. Thus, if

we consider a group comprised of 10 connected species,

the sampling point m will have an intensity score of 10 if

the totality of species converges towards the sampling

point under consideration. In the next step of map delinea-

tion, a contour map is derived and the respective levels

plotted by using the intensity previously calculated as

z-scores. The spatial expressions derived from colorimet-

ric maps were finally compared with current biogeo-

graphic schemes. Colorimetric maps help to understand

the geographic context of a given group in a continuous

spatial scenario. They also assist us in recognizing extra-

limital noise from the distributional core of each spatial

expression.

Although the taxonomic level of species represents the

desirable resolution to carry out biogeographic analysis

since species are evolutionary units, we are also interested

in the spatial patterns associated with the more inclusive

taxonomic categories of genus and family. Consequently,

we treat each taxonomic category by separate distribu-

tional analyses, pooling the records of involved species as

a way to infer the distribution of each genus or family

considered.

Statistical inference for species co-occurrence

We have devised a novel test statistic called Group Sepa-

rability (GS) as a single measure of the main network

attribute we are interested in: the arrangement of nodes

into disjoint and numerous clusters that are connected

within, but disconnected between them when intermediary

elements are removed. We will test if the calculated statis-

tic is larger than the value expected by chance alone. For

that purpose, the significance of GS should be established

by comparison with the statistic calculated on null-

hypothesis networks. Although randomly generated, null-

hypothesis networks preserve basic characteristics of the

original network. Here, null-hypothesis networks have

random topology (links between different nodes are

equally likely) and each edge is included with probability

p independent from every other edge (Erd€os�Renyi null

model). We set p equals to the density of the original net-

work (fraction of present connections to possible

connections).

Given a binary sympatry matrix S D [sij] and a cleavo-

gram associated with its NAM analysis, GS is defined in

terms of pairs of nodes with no direct link connecting

them (sij D 0) and the maximum size of disjoint cleavo-

gram branches to which those pairs belong to. Formally,

let Bi and Bj be two cleavogram branches that include the

species i and j respectively, and notation # standing for

Spatial patterns of caddisflies 3
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the size of such branches (i.e., number of species sub-

tended by them),

GS D
X

i> j; sij D 0

max
Bi \Bj D ;

ðBi C BjÞ

In order to normalize the GS score into the unit interval,

we calculate GS’ D 2GS/(n3¡n2) that represents the aver-

age value of GS across all pairs of species relative to the

total number of species ( D n). GS is sensitive to the

proper balance between presence and absence of links in a

network, that is to say, the trade-off of conditions that

make possible the emergence of clusters (i.e., presence of

intragroup links for cohesiveness and absence of inter-

group links for distinctiveness). In doing so, GS accounts

for the differential membership of nodes to mutually

exclusive sets of connected species. If large groups of spe-

cies can be separated from each other as the network is

deflated by nodes breaking off, then GS increases, sug-

gesting thus a modular structure that deserves to be stud-

ied more in depth.

Results
A data set consisting of 2,522 non-duplicated geographic

points associated with 446 species was constructed. The

assignment of each spatial record to the respective species

was carefully checked. A supplementary Table provides,

for each species, the ranges of occurrence in both latitude

and longitude (see online supplemental material, which is

available from the article’s Taylor & Francis Online page

at http://dx.doi.org/10.1080/14772000.2015.1045954).

Here, we consider the sympatry network at the taxo-

nomic level of species. The calculated GS score ( D 0.62)

departed significantly from chance expectation (Fig. 1)

after processing 100 random networks. The iterative

removal of intermediary species is summarized in the

cleavogram for species (Fig. 2), which is also coupled

with the colorimetric maps of selected branches. Since

each branch of the cleavogram represents a group of spa-

tially connected species differentiated from the remainder,

the respective colorimetric maps anchored on them repre-

sent the explicit geographic context behind those data

processed in terms of network analysis. Table 1 details the

species composition for each one of the selected branches

in the previous cleavogram. Selected branches follow a

nested sequence. Most inclusive branches are labelled in

capital letters, whereas intermediate and less inclusive

branches are denoted with Roman and Arabic numbers,

respectively. As a whole, patterns A and B match the

major zoogeographic division recognized for the study

area, namely an Andean-Patagonian pattern (or “cold-

adapted”) versus an Extra-Andean Brazilian pattern (or

“warm-adapted”) comprising mainly the subtropical belt

of the region. In turn, we can discriminate three compo-

nents within the elements that belong to pattern A; all of

them with the Valdivian region as a pivotal area of occu-

pancy. These include, group A-I restricted to this hotspot,

group A-II expanded northward and group A-III extended

southward. Further, we recognize three spatial nuclei

where the Extra-Andean elements are expressed. Pattern

B-IV conforms to the lower portion of the Uruguay river,

group B-V spans the forested area of Misiones, and group

B-VI occupies basically (but not necessarily confined to)

the freshwater environments of the Yungas rainforest in

northwestern Argentina, in addition to the Sierras de

C�ordoba. Interestingly, this last component can be further

divided into group B-VI-1 (its spatial core of occurrence

falls in the Yungas) and group B-VI-2 (with an affinity

between NW and NE Argentina).

Figures 3, 4 show the cleavograms (with colorimetric

maps associated with relevant branches) obtained after

processing the sympatry networks for genera and families,

respectively. Ninety-one out of 98 genera included can be

split into two distributional configurations (cold temperate

versus subtropical) located respectively to the south and

north of a diagonal line in arid southern South America

from the Atacama Desert to the dry steppes of Patagonia.

Notwithstanding, this separation is equivocal and some

genera are on either side of it, such as Austrotinodes, Smi-

cridea, Iguazu, Metrichia, Polycentropus and Triplectides

grouped in a common cleavogram branch. At the family

level (Fig. 4), the two major groups of co-occurring taxa

overlap geographically in Patagonia.

Group separability
0.025 0.030 0.035 0.040
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Fig. 1. Statistical inference of species co-occurrence structure.
Histogram reflects the frequency distribution for normalized GS
(Group Separability) scores across 100 random replications.
Note the extreme value achieved by the observed network, sug-
gesting a non-random packing of species into mutually exclusive
clusters (sets of connected species).
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Fig. 2. Cleavogram associated with the sympatry network inferred from dot maps of austral South American Trichoptera species. Color-
imetric maps highlight the geographic context of selected groups of connected species. White dots represent the actual localities associ-
ated with the pooled set of records for the group under consideration. #spp: total number of species belonging to the selected branch of
the cleavogram (group of connected species). CumInc: cumulative incidence of taxa (expressed as a percentage of the theoretical maxi-
mum) derived from their geographic proximity to hypothetical sampling points scattered throughout the study area. See text for explana-
tion of incidence values represented in the accompanying colour scale bar.

Spatial patterns of caddisflies 5
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Table 1. Species composition for each of the selected branches in the cleavogram (Fig. 2). The correspondence between each branch and
the spatial core of their spatial expressions are as follows: A D Andean�Patagonian pattern, A-I D Concentrated in the Valdivian forest,
A-II D Valdivian, but expanded northward, A-III D Valdivian, but expanded southward; B D Extra-Andean pattern, B-IV D lower
portion of Uruguay river, B-V D forested area of Misiones, B-VI D Centred in the Yungas rainforest including Sierras Centrales of
C�ordoba, B-VI-1 D Circumscribed to Yungas in NW Argentina, B-VI-2 D Disjunction between NW and NE Argentina.

Species
Selected branches

of clivogram Species
Selected branches

of clivogram

Parasericostoma laterale A Smicridea (Rhyacophylax) argentina B-IV

Dolophilodes spinifera A Nectopsyche nigricapilla B-IV

Smicridea (Smicridea) tregala A Smicridea (Rhyacophylax) vilela B-IV

Verger curtior A Neotrichia salada B-IV

Tolhuaca cupulifera A Leptonema columbianum B-IV

Iguazu flavofuscum A Cyrnellus bifidus B-IV

Austrotinodes recta A Smicridea (Rhyacophylax) voluta B-IV

Metacosmoecus nigrofasciatus A Cernotina medioloba B-IV

Verger capillatus A Synoestropsis ecliptica B-IV

Clavichorema trancasicum A Ascotrichia frontalis B-IV

Austrotinodes cekalovici A Nectopsyche multilineata B-IV

Dolophilodes chilensis A Marilia salta B-IV

Smicridea (Smicridea) manzanara A Marilia lateralis B-IV

Clavichorema complicatissimum A Cernotina cacha B-IV

Brachysetodes trifidus A Bredinia alza B-IV

Verger affinis A Smicridea (Smicridea) travertinera B-IV

Parasericostoma rufum A Smicridea (Rhyacophylax) palmar B-IV

Austrotinodes lineatus A Rhyacopsyche yatay B-IV

Chiloecia lacustris A Polyplectropus paysandu B-IV

Polycentropus chilensis A Oxyethira ritae B-IV

Austrocentrus valgiformis A Oxyethira petei B-IV

Triplectides chilensis A Oxyethira mocoi B-IV

Triplectides nigripennis A Neotrichia charrua B-IV

Pangullia faziana A Nectopsyche muelleri B-IV

Clavichorema chiloeanum A Marilia alata B-IV

Heterochorema paradoxicum A Neotrichia brevispina B-IV

Stenochorema crassicostum A Cernotina fallaciosa B-IV

Apatanodes brachytergum A Cyrnellus mammillatus B-IV

Metachorema gregarium A Mortoniella unota B-IV

Celaenotrichia edwardsi A Neotrichia abbreviata B-IV

Austrotinodes picada A Acostatrichia plaumanni B-IV

Australobiosis araucanica A Neotrichia tertia B-IV

Microthremma bipartitum A Flintiella andreae B-IV

Microchorema penai A Hydroptila producta B-IV

Trichovespula macrocera A Betrichia hamulifera B-IV

Mastigoptila ruizi A Neotrichia dikeros B-IV

Notidobiella chacayana A Cernotina perpendicularis B-IV

Dolophilodes bispinosa A Neotrichia angulata B-IV

Polycentropus valdiviensis A Neotrichia chana B-IV

Isochorema flintorum A Cernotina carbonelli B-IV

Anomalopsyche minuta A Neotrichia aequispina B-IV

Helicopsyche caligata A Neotrichia noteuna B-IV

Androchorema chilense A Neotrichia durior B-IV

Dolophilodes elongatoides A Polycentropus sarandi B-IV

Dolophilodes appendiculata A Costatrichia noite B-IV

Metachorema griseum A Protoptila uruguayensis B-IV

(continued)
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Table 1. (Continued )

Species
Selected branches

of clivogram Species
Selected branches

of clivogram

Neoatopsyche chilensis A Neotrichia picada B-IV

Smicridea (Smicridea) mucronata A Neotrichia novara B-IV

Smicridea (Smicridea) frequens A Cyrnellus risi B-IV

Monocosmoecus obtusus A Cyrnellus rianus B-IV

Smicridea (Smicridea) decora A Smicridea (Smicridea) mesembrina B-IV

Apatanodes sociata A Neotrichia bullata B-IV

Verger obliquus A Austrotinodes uruguayensis B-IV

Monocosmoecus pulcher A Neotrichia filifera B-IV

Neoatopsyche brevispina A Cernotina sexpinosa B-IV

Austrocentrus bifidus A Cernotina artiguensis B-IV

Smicridea (Smicridea) redunca A-I Betrichia zilbra B-IV

Austrotinodes quadrispina A-I Acostatrichia simulans B-IV

Mystacopsyche longipilosa A-I Oxyethira obscura B-IV

Austrotinodes armiger A-I Orthotrichia cristata B-IV

Charadropsyche penicillata A-I Neotrichia lucrecia B-IV

Neochorema jaula A-I Oxyethira acegua B-IV

Microchorema extensum A-I Atopsyche (Atopsaura) uruguayensis B-IV

Dolophilodes spinosella A-I Abtrichia antennata B-IV

Polycentropus obtusus A-I Smicridea (Rhyacophylax) spinulosa B-IV

Nothotrichia cautinensis A-I Itauara plaumanni B-IV

Microthremma caudatum A-I Smicridea (Rhyacophylax) dentifera B-IV

Dolophilodes bifida A-I Marilia eleutheria B-IV

Microchorema larica A-I Cernotina verna B-IV

Mystacopsyche ochracea A-I Polyplectropus dubitatus B-IV

Contulma cranifer A-I Cyrnellus arotron B-IV

Smicridea (Smicridea) turgida A-I Betrichia argentinica B-IV

Pseuroradema spinosissima A-I Triplectides gracilis B-IV

Neochorema lobiferum A-I Smicridea (Rhyacophylax) discalis B-IV

Monocosmoecus minor A-I Smicridea (Rhyacophylax) appendiculata B-IV

Dolophilodes paxillifera A-I Oecetis punctipennis B-IV

Polycentropus quadrispinosus A-I Nyctiophylax neotropicalis B-IV

Brachysetodes bifurcatus A-I Nectopsyche separata B-IV

Nothotrichia illiesi A-I Achoropsyche duodecimpunctata B-IV

Clavichorema pillimpilli A-I Polyplectropus fuscatus B-IV

Alloecentrellodes obliquus A-I Nectopsyche muhni B-IV

Brachysetodes spinosus A-I Chimarra parana B-V

Austrotinodes triangularis A-I Leptonema viridianum B-V

Smicridea (Smicridea) complicatissima A-I Nectopsyche bruneofasciata B-V

Austrotinodes irwini A-I Smicridea (Rhyacophylax) unguiculata B-V

Austrotinodes brevis A-I Nectopsyche aureovittata B-V

Pseudostenopsyche gracilis A-I Smicridea (Rhyacophylax) vermiculata B-V

Pseudosericostoma simplississimum A-I Smicridea (Smicridea) paranensis B-V

Pomphochorema chilensis A-I Polyplectropus elongatus B-V

Polycentropus aspinosus A-I Nectopsyche splendida B-V

Parasericostoma drepanigerum A-I Marilia misionensis B-V

Parasericostoma corniculatum A-I Phylloicus pirapo B-V

Parasericostoma abruptum A-I Helicopsyche lobata B-V

Austrocentrus griseus A-I Chimarra ypsilon B-V

Neochorema sinuatum A-I Helicopsyche monda B-V

(continued)
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Table 1. (Continued )

Species
Selected branches

of clivogram Species
Selected branches

of clivogram

Microthremma villosum A-I Smicridea (Rhyacophylax) forcipata B-V

Microthremma griseum A-I Helicopsyche valligera B-V

Mastigoptila ecornuta A-I Nectopsyche pantosticta B-V

Dolophilodes spectabilis A-I Nectopsyche fuscumaculata B-V

Dolophilodes elongata A-I Cernotina chelifera B-V

Verger quadrispinus A-I Synoestropsis pedicillata B-V

Australobiosis bidens A-I Smicridea (Rhyacophylax) weidneri B-V

Parasericostoma dinocephalum A-I Smicridea (Rhyacophylax) pallidivittata B-V

Mastigoptila curvicornuta A-I Phylloicus plaumanni B-V

Dolophilodes pectinifera A-I Metrichia cuniapiru B-V

Parasericostoma acutum A-I Plectromacronema comptum B-V

Amphichorema monicae A-I Oxyethira misionensis B-V

Austrotinodes recurvatus A-I Macrostemun santaeritae B-V

Pseudostenopsyche davisorum A-I Smicridea (Smicridea) minima B-V

Polycentropus tuberculatus A-I Smicridea (Rhyacophylax) minuscula B-V

Mastigoptila bicornuta A-I Polyplectropus hamulus B-V

Isochorema curvispinum A-I Atopsyche (Atopsaura) longipennis B-V

Dolophilodes scopula A-I Leptonema aspersum B-V

Dolophilodes prolixa A-I Helicopsyche opalescens B-V

Dolophilodes dupliplex A-I Chimarra scopuloides B-V

Clavichorema purgatorium A-I Chimarra piraya B-V

Alloecentrellodes elongatus A-I Chimarra cultellata B-V

Psilopsyche chillana A-I Chimarra conica B-V

Notidobiella parallelipipeda A-I Triplectides misionensis B-V

Microthremma crassifimbriata A-I Smicridea (Rhyacophylax) nanda B-V

Microchorema recintoi A-I Smicridea (Rhyacophylax) iguazu B-V

Helicopsyche chilensis A-I Polyplectropus ulmeriana B-V

Clavichorema capillatum A-I Oecetis iguazu B-V

Parasericostoma peniai A-I Atopsyche (Atopsaura) misionensis B-V

Verger vespersus A-II Marilia infundibulum B-V

Myotrichia murina A-II Marilia humerosa B-V

Oxyethira andina A-II Leptonema pallidum B-V

Parasericostoma cristatum A-II Itauara guarani B-V

Neopsilochorema tricarinatum A-II Iguazu ulmeri B-V

Psilopsyche molinai A-II Helicopsyche lambda B-V

Austrotinodes nielseni A-II Grumichella aequiunguis B-V

Australobiosis glaciocincta A-II Cyrnellus misionensis B-V

Monocosmoecus aberrans A-II Alisotrichia gabriel B-V

Oxyethira bidentata A-II Protoptila truncata B-V

Schajovskoya neuquensis A-II Ithytrichia ferni B-VI

Neoatopsyche unispina A-II Helicopsyche turbida B-VI

Parasericostoma ovale A-II Nectopsyche jenseni B-VI

Monocosmoecus vanderweeli A-II Chimarra argentinica B-VI

Notidobiella inermis A-II Banyallarga argentinica B-VI

Smicridea (Smicridea) pucara A-II Oecetis knutsoni B-VI-1

Parachorema bifidum A-II Grumichella flaveola B-VI-1

Triplectides jaffuelli A-II Neotrichia baritu B-VI-1

Mastigoptila longicornuta A-II Mortoniella pocita B-VI-1

Psilopsyche kolbiana A-II Smicridea (Smicridea) piraya B-VI-1

(continued)
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Table 1. (Continued )

Species
Selected branches

of clivogram Species
Selected branches

of clivogram

Brachysetodes quadrifidus A-II Smicridea (Smicridea) nigerrima B-VI-1

Brachysetodes forcipatus A-II Oxyethira parce B-VI-1

Brachysetodes extensus A-II Anomalocosmoecus argentinicus B-VI-1

Smicridea (Smicridea) penai A-II Marilia flexuosa B-VI-1

Verger bispinus A-II Neotrichia gotera B-VI-1

Neoatopsyche spinosella A-II Neotrichia elongata B-VI-1

Eosericostoma inaequispinum A-II Leptonema boliviense boliviense B-VI-1

Dolophilodes flavipunctata A-II Hydroptila catamarcensis B-VI-1

Austrotinodes angustior A-II Smicridea (Smicridea) olivacea B-VI-1

Smicridea (Smicridea) annulicornis A-II Xiphocentron caenina B-VI-1

Hudsonema flaminii A-II Metrichia disparilis B-VI-1

Verger kuscheli A-II Leptonema boliviense plumosum B-VI-1

Phylloicus aculeatus A-II Protoptila julieta B-VI-1

Austrotinodes talcana A-II Leucotrichia alisensis B-VI-1

Smicridea (Smicridea) smilodon A-II Xiphocentron pintada B-VI-1

Smicridea (Smicridea) anticura A-II Xiphocentron cuyensis B-VI-1

Mastigoptila brevicornuta A-II Smicridea (Rhyacophylax) valeni B-VI-1

Neotrichia chilensis A-II Mortoniella punensis B-VI-1

Amphichorema costiferum A-II Mortoniella argentinica B-VI-1

Brachysetodes major A-II Merionoptila wygodzinskyi B-VI-1

Metrichia patagonica A-II Nectopsyche gemma B-VI-1

Metrichia bidentata A-II Nectopsyche flaveola B-VI-1

Scotiotrichia ocreata A-III Leptonema agraphum B-VI-1

Mastigoptila ventricornuta A-III Smicridea (Rhyacophylax) peruana B-VI-1

Platycosmoecus beaumonti A-III Marilia cinerea B-VI-1

Verger appendiculatus A-III Cailloma lucidula B-VI-1

Rheochorema robustum A-III Smicridea (Rhyacophylax) dithyra B-VI-1

Cailloma pumida A-III Metrichia neotropicalis B-VI-1

Cailloma rotunda A-III Metrichia argentinica B-VI-1

Verger lutzy A-III Polycentropus jorgenseni B-VI-1

Verger fuscovittata A-III Helicopsyche muelleri B-VI-1

Austrocosmoecus hirsutus A-III Atopsyche (Atopsaura) spinosa B-VI-1

Rheochorema tenuispinum A-III Smicridea (Smicridea) chicoana B-VI-1

Rheochorema lobuliferum A-III Smicridea (Rhyacophylax) bifida B-VI-1

Neoatopsyche obliqua A-III Neotrichia sala B-VI-1

Eosericostoma aequispinum A-III Smicridea (Rhyacophylax) elisae B-VI-1

Verger stenopterus A-III Leucotrichia lerma B-VI-1

Verger michaelseni A-III Banyallarga yunguensis B-VI-1

Mortoniella albolineata B Banyallarga loxana B-VI-1

Nectopsyche punctata B Atopsyche (Atopsyche) maxi B-VI-1

Protoptila dubitans B Mortoniella wygodzinskii B-VI-1

Smicridea (Rhyacophylax) mesembrina B Atopsyche (Atopsaura) callosa B-VI-1

Mortoniella teutonia B Hydroptila bidens B-VI-1

Hydroptila pulestoni B Hydroptila coscaroni B-VI-1

Smicridea (Rhyacophylax) coronata B Phylloicus lituratus B-VI-1

Smicridea (Rhyacophylax) pampeana B Oxyethira baritu B-VI-1

Nectopsyche bruchi B Atopsyche (Atopsyche) kamesa B-VI-1

Neotrichia tubulifera B Atopsyche (Atopsaura) yunguensis B-VI-1

Hydroptila sauca B Atopsyche (Atopsaura) lobosa B-VI-1

(continued)
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Discussion
In a broad survey of the diversity of Trichoptera around

the world, de Moor and Ivanov (2008) stressed the rele-

vance of mountainous landscapes or areas of high rainfall

as drivers of great concentration of species. Our results

favour this statement, since the cores of diversity across

the different taxonomic levels are expressed in humid for-

ested hills of austral South America, namely Andean Pata-

gonian forests, NW Argentina Yungas forests, and

Paranaense Atlantic forests. The same authors also men-

tioned a major faunistic split within South America, called

tropical (or Neotropical) and temperate (or Patagonian)

Gondwana. Strong linkages between family and genera

occur between temperate South America and the Austra-

lian regions. With regards to tropical South America,

there are meaningful phylogenetic links with Africa,

Madagascar and India (de Moor & Ivanov, 2008). The

division between tropical and temperate Gondwana runs

across our study area and matches the primary division of

the Neotropical region into Brazilian and Chilean subre-

gions proposed by Flint (1983). This continental bisection

is indeed pervasive throughout the biogeographic litera-

ture. For instance, Ringuelet (1961) recognizes two major

pools of aquatic insects (Chile and Patagonian elements)

and Posadas and Morrone (2003) refer to the Andean

region as a biotic complex separated from the rest of

South America. In our data, as we move from the family

to the species levels of analysis this division is also

evident (see spatial expressions of the most inclusive

branches in the cleavogram concerning species).

The zoogeographic proposals of Flint (1983), as far as

Trichoptera found south of the Tropic of Capricorn are

concerned, are the most adequate reference point to under-

stand the relevance of our results. Flint (1983) speculated

on three marked divisions in the Brazilian fauna of Argen-

tina: one centred in the Andean area of NW Argentina, a

very small division centred in Misiones in NE Argentina,

and another centred in the main river basins of the central

and eastern part of the country. Although Misiones has

been confirmed as a distinctive centre of diversification,

previous appraisals about the biogeographic nature of the

central and western portions of the country need to be

revised. Examination of different branches of the cleavo-

grams at different taxonomic levels suggests that austral

South America is a complex landscape where different

structures of distribution arise. Important findings are the

hybrid nature of Patagonia at the family level, but clearly

differentiated from the rest at the species level. Families

restricted to Patagonia in Fig. 4 have either a southern

Gondwana distribution (Helicophidae, Tasimiidae, Philor-

heithridae, Kokiriidae) or are common in other temperate

cold-water habitats (Limnephilidae, Sericostomatidae,

Stenopsychidae). Anomalopsychidae is the only caddisfly

family fully endemic to the Neotropics, distributed in for-

ested mountainous regions as well as above the tree line

in the northern Andes (Holzenthal & Robertson, 2006).

Table 1. (Continued )

Species
Selected branches

of clivogram Species
Selected branches

of clivogram

Ochrotrichia cebollati B Leucotrichia yungarum B-VI-1

Chimarra plaumani B Anchitrichia trifurcata B-VI-1

Rhyacopsyche hagenii B Alisotrichia benji B-VI-1

Nyctiophylax tacuarembo B Smicridea (Rhyacophylax) thermophila B-VI-1

Nectopsyche adusta B Oxyethira lagunita B-VI-2

Blepharopus diaphanus B Hydroptila argentinica B-VI-2

Leptonema crassum B Cyrnellus ulmeri B-VI-2

Chimarra hyoeides B Smicridea (Rhyacophylax) atrobasis B-VI-2

Cyrnellus collaris B-IV Phylloicus angustior B-VI-2

Neotrichia palma B-IV Oxyethira circaverna B-VI-2

Itauara brasiliana B-IV Marilia elongata B-VI-2

Polyplectropus flavicornis B-IV Oxyethira ulmeri B-VI-2

Leptonema rostratum B-IV Protoptila misionensis B-VI-2

Oxyethira zilaba B-IV Oecetis excisa B-VI-2

Betrichia uruguayensis B-IV Nectopsyche flavofasciata B-VI-2

Oecetis paranensis B-IV Oxyethira argentinensis B-VI-2

Neotrichia abbreviatoides B-IV Chimarra brasiliana B-VI-2

Cyrnellus fraternus B-IV Oxyethira santiaguensis B-VI-2

Oecetis amazonica B-IV
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Consequently, the interaction between historical and eco-

logical factors can be thought as the operating mechanism

behind the diversity of caddisflies in Patagonia.

In the cleavogram based on genera, the successive divi-

sion of the subtropical group ends up separating a compo-

nent centred in NE Argentina. In general, these taxa also

have representatives in other tropical areas of South

America, but mostly to the east. Another component

retrieved by the analysis occupies the northern portion of

Argentina in a broad sense (including Sierras Centrales of

C�ordoba). Here, supporting genera are commonly found

throughout the mountainous running waters from the

Andean ranges, in high gradient channels (steeply sloped

streams), going as far north as Central America. Notice-

ably, a genus with a marked functional role predator,

Atopsyche, is replaced by other genera of Hydrobiosidae

in Patagonia (Holzenthal & Cressa, 2002). Finally, a

group conformed by widespread genera is also recog-

nized. Austrotinodes, Smicridea, Metrichia and Triplecti-

des are present in all America, whereas Polycentropus is

cosmopolitan. Iguazu has two described species; one for

Patagonia and the other from Misiones, but probably the

latter has been mislabelled (Flint, Holzenthal, & Harris,

1999). Because of their wide distribution and geographic

segregation of included species, these genera are valuable

to carry out phylogeographic studies as well as

Fig. 3. Cleavogram and colorimetric maps obtained after processing the sympatry network between caddisfly genera. White dots repre-
sent the actual localities associated with the pooled set of records for the group under consideration. #spp: total number of species
belonging to the selected branch of the cleavogram (group of connected species). CumInc: cumulative incidence of taxa (expressed as a
percentage of the theoretical maximum) derived from their geographic proximity to hypothetical sampling points scattered throughout
the study area. See text for explanation of incidence values represented in the accompanying colour scale bar.
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ecogeographic analysis of traits. Thus, for example, the

Andean�Patagonian species of Austrotinodes are mor-

phologically different to the Paranaense group. A similar

situation follows for Smicridea.

At the species level, NW Argentina seems to be a conflu-

ence area for many species, some of them restricted there

and others with ranges extending either southward to Sier-

ras de C�ordoba or eastward to Misiones. Northeast Argen-

tina has its own suite of species and also shares elements

with Uruguay, a remarkable Paranaense linkage recovered

even with records pooled by common membership to gen-

era. Uruguay has been included in the Pampas region by

Morrone (2006), but we disagree with that interpretation.

The Trichoptera fauna of Uruguay is more closely related

to NE Argentina than to the humid pampas of Buenos

Aires. The same conclusion was reached by Emmerich

(2012) after analysing the distribution of Ephemeroptera.

Caddisflies contribute to many of the ecosystem services

intrinsic to freshwater systems, so knowledge of their dis-

tribution is critical for delineating priority areas for conser-

vation of freshwater resources. We consider that four

sources of information are needed to guide conservation

decisions, namely knowledge of the richness, phylogeny,

life history, and distribution of taxa occurring in the target

area. A certain measure of diversity can be derived from

each source, but distributional diversity is usually not

included in assessments of priority conservation areas.

Thus, if a given area holds a mix of species with different

types of distributions (i.e., species spread across different

branches of the cleavogram), that area could be considered

high priority because it is likely supported by a heteroge-

neous set of species in the sense of their life histories. This

is the case, for instance, for the Yungas of NW Argentina.

Although we have made progress since Flint’s (1983)

assessment, our knowledge of the Trichoptera fauna of

South America’s Southern Cone is incomplete. We still

lack a complete picture of the fauna’s taxonomic richness

and distributional patterns. Some large areas are almost

devoid of records, including the high altitude Puna grass-

lands and the various environments of the Chacoan

region. The patterns presented here may change when

additional records are analysed. Notwithstanding, we

have made progress in the urgent task of outlining the spa-

tial structure of the area’s known Trichoptera biodiversity.

Concluding, our findings strengthen and broaden Flint’s

conjectures: (1) peaks of diversity occur across the for-

ested dense drainage networks of the study area (under

the influence of Valdivian, Southern Andean Yungas and

Paranaense rainforests), (2) different sets of strongly co-

distributed species overlap in these diversity nuclei (they

act as pivot areas of different distributional patterns),

(3) Sierras Centrales of C�ordoba and Uruguay seem to be

Fig. 4. Cleavogram and colorimetric maps obtained after processing the sympatry network between caddisfly families. White dots repre-
sent the actual localities associated with the pooled set of records for the group under consideration. #spp: total number of species
belonging to the selected branch of the cleavogram (group of connected species). CumInc: cumulative incidence of taxa (expressed as a
percentage of the theoretical maximum) derived from their geographic proximity to hypothetical sampling points scattered throughout
the study area. See text for explanation of incidence value represented in the accompanying colour scale bar.
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the southern limit of subtropical elements, (4) the diver-

gence between Andean�Patagonian and Brazilian ele-

ments is marked at the species level but became

somewhat blurred in considering more inclusive taxa like

families. However, the presence of families unique to the

Andean�Patagonian domain reveals once again the singu-

larity of this region compared with the rest of the conti-

nental landmass.

Acknowledgements
We are grateful to the National Scientific and Technical

Research Council (CONICET) and the National Agency

for the Promotion of Science and Technology of Argen-

tina (ANPCYT) for supporting much of this work via

postdoctoral grants and research projects PICT-2012-

1910, PICT-2012-2281 and PICT-2012-1067. We are

grateful to the Associate Editor Dimitar Dimitrov and two

anonymous reviewers for feedback, corrections and

insightful comments.

Supplemental data
Supplemental data for this article can be accessed http://dx.doi.
org/10.1080/14772000.2015.1045954.

Disclosure Statement
No potential conflict of interest was reported by the authors.

References
Angrisano, E. B. (1983). Estados preimaginales de Magellomyia

limnophilus (Schmid 1955) y Magellomyia appendiculata
(Ulmer 1904) (Trichoptera: Limnephilidae). Revista de la
Sociedad Entomol�ogica Argentina, 42, 325‒334.

Angrisano, E. B. (1984). Nuevas especies de Hydroptilidae
Argentinos (Trichoptera). Revista de la Sociedad Ento-
mol�ogica Argentina, 43, 1‒5.

Angrisano, E. B. (1986). Descripci�on de la hembra y la larva de
Magellomyia bruchina (Trichoptera, Limnephilidae). Physis,
Secc.B., 44, 1‒5.

Angrisano, E. B. (1989). Rhyacopsyche yatay, una nueva especie
de Hydroptilidae de la Argentina (Trichoptera). Revista de
la Sociedad Entomol�ogica Argentina, 46, 157‒159.

Angrisano, E. B. (1993). Contribuci�on al conocimiento del
g�enero Antoptila Mosely (Trichoptera: Glossosomatidae).
Revista de la Sociedad Entomol�ogica Argentina, 52, 57‒62.

Angrisano, E. B. (1994). Contribuci�on al conocimiento de los
Trichoptera de Uruguay. I: Familias Ecnomidae y Polycen-
tropodidae. Revista de la Sociedad Entomol�ogica Argentina,
53, 129‒139.

Angrisano, E. B. (1995). Contribuci�on al conocimiento de los
Trichoptera del Uruguay. II. Familia Hydroptilidae. Revista
Brasileira de Entomologia, 39, 501‒516.

Angrisano, E. B. (1997). Contribution to the knowledge of the lar-
vae of Hydrobiosidae. I Neopsilochorema tricarinatum and
Australochorema rectispinum. In R. Holzenthal & O. S. Flint

Jr (Eds.), Proceedings of the 8th International Symposium on
Trichoptera (pp. 15�17). Ohio: Ohio Biological Survey.

Angrisano, E. B. (1998). Los estados immaduros de Neoatop-
syche (Trichoptera: Hydrobiosidae). Revista de la Sociedad
Entomol�ogica Argentina, 57, 121�125.

Angrisano, E. B. (2000). Description of the preimaginal stages of
the Stenochorema crassicostum. Aquatic Insects, 23, 289‒
295.

Angrisano, E. B. (2001). Las larvas de Rheochorema e Iguazu
(Trichoptera: Hydrobiosidae). Revista de la Sociedad Ento-
mol�ogica Argentina, 60, 195‒202.

Angrisano, E. B. (2002). Contribution to the knowledge on Tri-
choptera of El Palmar National Park (Argentina). Descrip-
tion of the immature stages of Bredinia sp. and
Rhyacopsyche yatay (Hydroptilidae). Nova Supplementa
Entomologica (Proceedings of the 10th International Sym-
posium on Trichoptera), 15, 395‒406.

Angrisano, E. B., & Burgos, G. N. (2002). Contribuci�on para el
conocimiento de los Leucotrichiini (Trichoptera: Hydroptili-
dae). Tres especies nuevas de la Argentina. Revista de la
Sociedad Entomol�ogica Argentina, 61, 103‒109.

Angrisano, E. B., & Sganga, J. V. (2005). Contribution to the
knowledge of the genus Metrichia Ross from Argentina
(Trichoptera: Hydroptilidae: Ochrotrichiini). Aquatic
Insects, 27, 113‒123. doi:10.1080/01650420500062782

Angrisano, E. B., & Sganga, J. V. (2007). Gu�ıa para la
identificaci�on de los tric�opteros (Insecta) del Parque Nacio-
nal El Palmar (Provincia Entre R�ıos, Rep�ublica Argentina).
Natura Neotropicalis, 38, 1‒55. doi:10.14409/natura.
v1i38.3858

Banks, N. (1920). New Neuropteroid insects. Bulletin of the
Museum of Comparative Zoology, 64, 297‒362.

Bravo, W. R., & Angrisano, E. B. (2003). Contribution to the
Knowledge of the Pre-imaginal Stages of Neotropical Hydro-
biosidae (Trichoptera): Metachorema griseum Shmid. Aquatic
Insects, 25, 203‒209. doi:10.1076/aqin.25.3.203.15257

Cohen, S. A. (2004). Tric�opteros depositados en la Colecci�on del
Instituto Miguel Lillo (Tucum�an, Argentina). Acta Zoo-
l�ogica Lilloana, 48, 73‒80.

de Moor, F. C., & Ivanov, V. D. (2008). Global diversity of cad-
disflies (Trichoptera: Insecta) in freshwater. Hydrobiologia,
595, 393‒407. doi:10.1007/s10750-007-9113-2

Dos Santos, D. A. (2011). SyNet ver 2.0: Inference and analysis
of sympatry networks. Retrieved from http://cran.r-project.
org/ (accessed 28 December 2014).

Dos Santos, D. A. (2012). An�alisis espacial basado en redes bio-
geogr�aficas de simpatr�ıa. Desarrollo metodol�ogico y
aplicaci�on a insectos acu�aticos de Argentina (Unpublished
doctoral dissertation thesis). Facultad de Ciencias Naturales
e IML, Tucum�an, Argentina.

Dos Santos, D. A., Fern�andez, H. R., Cuezzo, M. G., & Dom�ın-
guez, E. (2008). Sympatry inference and network analysis in
biogeography. Systematic Biology, 57, 432‒448. doi:10.1080/
10635150802172192

Dos Santos, D. A., Cuezzo, M. G., Reynaga, M. C., & Dom�ın-
guez, E. (2012). Towards a dynamic analysis of weighted
networks in biogeography. Systematic Biology, 61, 240‒
252. doi:10.1093/sysbio/syr098

Emmerich, D. (2012). Taxonom�ıa y Biogeograf�ıa de los Ephem-
eroptera en arroyos de baja jerarqu�ıa del Uruguay. (Unpub-
lished doctoral dissertation thesis). Facultad de Ciencias,
Universidad de la Rep�ublica de Montevideo, Uruguay.

Flint, O. S. (1967a). Studies of the Neotropical Caddisflies, V:
Types of the species described by Banks and Hagen. Pro-
ceedings of the United States National Museum, 123, 1‒38.

Spatial patterns of caddisflies 13

D
ow

nl
oa

de
d 

by
 [

D
an

ie
l D

os
 S

an
to

s]
 a

t 1
4:

44
 1

6 
Ju

ne
 2

01
5 

http://dx.doi.org/10.1080/14772000.2015.1045954
http://dx.doi.org/10.1080/14772000.2015.1045954
http://dx.doi.org/10.1080/01650420500062782
http://dx.doi.org/10.14409/natura.v1i38.3858
http://dx.doi.org/10.14409/natura.v1i38.3858
http://dx.doi.org/10.1076/aqin.25.3.203.15257
http://dx.doi.org/10.1007/s10750-007-9113-2
http://cran.r-project.org/
http://cran.r-project.org/
http://dx.doi.org/10.1080/10635150<!?re3,j?>802172192
http://dx.doi.org/10.1080/10635150<!?re3,j?>802172192
http://dx.doi.org/10.1093/sysbio/syr098


Flint, O. S. (1967b). Studies of the Neotropical Caddisflies, II:
Trichoptera collected by prof. Dr. J. Illies in the Chilean
Subregion. Proceedings of the United States National
Museum, 123, 45‒68.

Flint, O. S. (1969). Studies of the Neotropical Caddisflies, IX:
New genera and species from the Chilean Region. Proceed-
ings of the Entomological Society of Washington, 71, 497‒
514.

Flint, O. S. (1971). Studies of Neotropical Caddisflies, XII:
Rhyacophilidae, Glossosomatidae, Philopotamidae, and Psy-
chomyiidae from the Amazon Basin (Trichoptera). Amazoni-
ana, III, 1‒67.

Flint, O. S. (1972). Studies of Neotropical Caddisflies, XIV: On
a collection from Northern Argentina. Proceedings of the
Biological Society of Washington, 85, 223‒248.

Flint, O. S. (1973). Studies of neotropical caddisflies, XVI: The
genus Austrotinodes (Trichoptera: Psychomyiidae). Proceed-
ings of the Biological Society of Washington, 86, 127‒142.

Flint, O. S. (1974a). Checklist of the Trichoptera, or caddsflies,
of Chile. Revista Chilena de Entomologia, 8, 83‒93.

Flint, O. S. (1974b). Studies of Neotropical Caddisflies, XVIII:
New species of Rhyacophilidae and Glossosomatidae (Tri-
choptera). Smithsonian Contribution to Zoology, 169, 1‒30.

Flint, O. S. (1974c). Studies of Neotropical Caddisflies, XIX:
The genus Cailloma (Trichoptera: Rhyacophilidae). Pro-
ceedings of the Biological Society of Washington, 87, 473‒
484.

Flint, O. S. (1978). Studies of Neotropical Caddisflies, XXII:
Hydropsychidae of the Amazon Basin (Trichoptera). Ama-
zoniana, VI, 373‒421.

Flint, O. S. (1979). Studies of Neotropical caddisflies XXIII:
New genera from the Chilean Region. Proceedings of the
Biological Society of Washington, 92, 640‒649.

Flint, O. S. (1980). Studies of the Neotropical Caddisflies,
XXVI: New species from Argentina (Trichoptera). Revista
de la Sociedad Entomologica Argentina, 39, 137‒142.

Flint, O. S. (1982). Studies of Neotropical Caddisflies, XXXI:
Five new species from Argentina (Trichoptera). Entomologi-
cal News, 93, 43‒47.

Flint, O. S. (1983). Studies of Neotropical caddisflies, XXXIII:
New species from austral South America (Trichoptera).
Smithsonian Contributions to Zoology, 377, 1‒100.

Flint, O. S. (1989). Studies of Neotropical Caddisflies, XXXIX:
The genus Smicridea in the Chilean Subregion (trichoptera:
Hydropsychidae). Smithsonian Contribution to Zooloy, 472,
1‒44.

Flint, O. S. (1990). Studies of Neotropical Caddisflies, XLIII:
Trichoptera collected in Chile by S. Jacquemart from 1975
to 1977. Bulletin de l’Intitut Royal des Sciences Naturelles
de Belgique (Entomologie), 60, 115‒121.

Flint, O. S. (1992). Studies of Neotropical caddisflies, XLIX:
The taxonomy and relationship of the genus Eosericostoma,
with descriptions of the immature stages (Trichoptera: Heli-
cophidae). Proceedings of the Biological Society of Wash-
ington, 105, 494‒511.

Flint, O. S. (1997). Studies of Neotropical Caddisflies, LIV: The
Patagonian genus Austrocentrus, with the description of its
immature stages (Trichoptera: Helicophidae). Proceedings of
the 8th International Symposium on Trichoptera, 1, 99‒108.

Flint, O. S. (1998). Studies of Neotropical Caddisflies, LIII: A
taxonomic revision of the subgenus Curgia of the genus Chi-
marra (Trichoptera: Philopotamidae). Smithsonian Contri-
bution to Zoology, 594, 1‒130.

Flint, O. S. (1999). The Chilean genus Charadropsyche, with the
description of its immature stages (Trichoptera: Tasimiidae).

Proceedings of the 9th International Symposium on Trichop-
tera, 1, 99‒105.

Flint, O. S., & Angrisano, E. B. (1985). Studies of Neotropical
Caddisflies XXXV: The immature stages of Banyallarga
argentinica Flint (Trichoptera: Calamoceratidae). Proceed-
ings of the Biological Society of Washington, 98, 687‒697.

Flint, O. S., & Denning, D. G. (1989). Studies of Neotropical
Caddisflies, XLI: New species and records of Austrotinodes
(Trichoptera: Psychomyidae). Pan-Pacific Entomologist, 65,
108‒122.

Flint, O. S., Holzenthal, R. W., & Harris, S. C. (1999). Catalog
of the Neotropical Caddisflies (Trichoptera). Columbus,
Ohio: Ohio Biological Survey.

Flint, O. S., McAlpine, J. F., & Ross, H. H. (1987). A revision of
the genus Leptonema Gu�erin (Trichoptera: Hydropsychidae:
Macronematinae). Smithsonian Contributions to Zoology,
450, 1‒193.

Holzenthal, R. W. (1984). Studies in Neotropical Leptoceridae
(Trichoptera), I: Achoropsyche, a new genus. Proceedings
4th International Symposium on Trichoptera, 30, 181‒184.

Holzenthal, R. W. (1986). Studies in Neotropical Leptoceridae
(Trichoptera), IV: A revision of Brachysetodes Schmid.
Transactions of the American Entomological Society, 111,
407‒440.

Holzenthal, R. W. (1988a). Systematics of Neotropical Triplecti-
des (Trichoptera: Leptoceridae). Annals of the Entomologi-
cal Society of America, 81, 187‒208.

Holzenthal, R. W. (1988b). Studies in Neotropical Leptoceridae
(Trichoptera), VIII: The genera Atanatolica Mosely and Gru-
michella M€uller (Triplectidinae: Grumichellini). Transactions
of the American Entomological Society, 114, 71‒127.

Holzenthal, R. W., & Cressa, C. (2002). The Trichoptera, caddis-
flies, of Venezuela: Three new species and records of
Atopsyche Banks (Hydrobiosidae). Studies on Neotropical
Fauna and Environment, 37, 133�143 doi:10.1076/snfe.
37.2.133.8578

Holzenthal, R. W., & Robertson, D. R. (2006). Four new species
of Contulma from South America (Trichoptera: Anomalop-
sychidae). Zootaxa, 1355, 49�59. Retrieved from http://
www.mapress.com/zootaxa/2006f/z01355p059f.pdf
(accessed 21 November 2014).

Jacquemart, S. (1963). Deux Trichopt�eres nouveaux d’Argentine.
In D. Delamare & E. Rapaport (Eds.), Biologie de l’Amerique
Australe (pp. 339�342). Paris: Centre National de la
Recherche Scientifique.

Jacquemart, S. (1980). Un Trichoptere Hydroptilide nouveaux
du norde du Chili: Metrichia thirysae sp.n. Brenesia, 17,
303‒318.

Kelley, R. W. (1983). New Neotropical species of Oxyethira
(Trichoptera: Hydroptilidae). Proceedings of the Entomolog-
ical Society of Washington, 85, 41‒54.

Mangeaud, A. (1996). Trichopterans in a river of the Gran
Chaco, Argentina. Studies on Neotropical Fauna & Environ-
ment, 31, 155. doi:10.1076/snfe.31.3.152.13343

Mackay, R. J., & Wigging, G. B. (1979). Ecological diversity in
Trichoptera. Annual Review of Entomology, 24, 185‒208.
doi:10.1146/annurev.en.24.010179.001153

Morrone, J. J. (2006). Biogeographic areas and transition zones
of Latin America and the Caribbean islands based on pan-
biogeographic and cladistic analysis of the entomofauna.
Annual Review of Entomology, 51, 467‒494. doi:10.1146/
annurev.ento.50.071803.130447

Mosely, M. E. (1934). New exotic Hydroptilidae. Transactions
of the Royal Entomological Society of London, 82, 137‒163.
doi:10.1111/j.1365-2311.1934.tb00031.x

14 D. A. Dos Santos et al.

D
ow

nl
oa

de
d 

by
 [

D
an

ie
l D

os
 S

an
to

s]
 a

t 1
4:

44
 1

6 
Ju

ne
 2

01
5 

http://dx.doi.org/10.1076/snfe.<?re3,j?>37.2.133.8578
http://dx.doi.org/10.1076/snfe.<?re3,j?>37.2.133.8578
http://www.mapress.com/zootaxa/2006f/z01355p059f.pdf
http://www.mapress.com/zootaxa/2006f/z01355p059f.pdf
http://dx.doi.org/10.1076/snfe.31.3.152.13343
http://dx.doi.org/10.1146/annurev.en.24.010179.001153
http://dx.doi.org/10.1146/annurev.ento.50.071803.130447
http://dx.doi.org/10.1146/annurev.ento.50.071803.130447
http://dx.doi.org/10.1111/j.1365-2311.1934.tb00031.x


Mosely, M. E. (1939). The Brazilian Hydroptilidae (Trichop-
tera). Novitates Zoologicae, 41, 217‒239.

Nav�as, L. (1918). Insectos Chilenos. Bolet�ın de la Sociedad Ara-
gonesa de Ciencias Naturales, 17, 212‒230.

Nav�as, L. (1920). Insectos Sudamericanos (1a, 2a y 3a serie).
Anales de la Sociedad Cient�ıfica Argentina, 90, 33‒72.

Nav�as, L. (1923). Estodis sobre Neur�opters (Insectes). Arxius de
l’Institut de Ci�encies, 7, 179‒203.

Nav�as, L. (1930). Algunos insectos de Chile, serie 4a (10).
Revista Chilena de Historia Natural, 34, 350‒366.

Nav�as, L. (1934). Insectos Suramericanos, Octava Serie. Revista
de la Academia de Ciencias de Madrid, 31, 9‒28.

Posadas, P., & Morrone, J. J. (2003). Biogeograf�ıa hist�orica de la
familia Curculionidae (Coleoptera) en las subregiones Sub-
ant�artica y Chilena Central. Revista de la Sociedad Entomo-
logica Argentina, 62, 75‒84.

Prather, A. L. (2004). Revision of the Neotropical caddisfly
genus Banyallarga (Trichoptera: Calamoceratidae). Zootaxa,
435, 1‒76. Retrieved from http://www.mapress.com/zoo
taxa/2004f/z00435f.pdf (accessed 26 September 2014).

Ringuelet, R. A. (1961). Rasgos fundamentales de la Zoo-
geograf�ıa de la Argentina. Physis, 22, 151‒170.

Rondinini, C., Wilson, K. A., Boitani, L., Grantham, H., & Pos-
singham, H. P. (2006). Tradeoffs of different types of spe-
cies occurrence data for use in systematic conservation
planning. Ecology letters, 9, 1136‒1145. doi:10.1111/
j.1461-0248.2006.00970.x

Ross, H. H., & King, E. W. (1951). A key to the world genera of
the caddisfly tribe Hydrobiosini (Trichoptera, Rhyacophili-
dae). Acta Zool�ogica Lilloana, 12, 501‒508.

Rueda Mart�ın, P. A. (2006). Associations, new records, and a
new species of Atopsyche from northwestern Argentina and
southern Bolivia (Trichoptera: Hydrobiosidae). Zootaxa,
1367, 51‒62. Retrieved from http://www.mapress.com/zoo
taxa/2006f/z01367p062f.pdf (accessed 31 October 2014).

Rueda Mart�ın, P. A. (2008). Morfolog�ıa y biolog�ıa de los estados
inmaduros de Marilia cinerea y M. elongata, con
redescripci�on del macho adulto de M. cinerea (Trichoptera:
Odontoceridae). Revista de la Sociedad Entomol�ogica
Argentina, 67, 11‒20.

Rueda Mart�ın, P., Gibon, F. M., & Molina, C. I. (2011). The
genus Oecetis McLachlan in Bolivia and northwestern
Argentina (Trichoptera: Leptoceridae), with new species
and identification key for males of Oecetis species from
Mexico, Central and South America. Zootaxa, 2821, 19‒38.
Retrieved from http://www.mapress.com/zootaxa/2011/f/
z02821p038f.pdf (accessed 31 October 2014).

Rueda Mart�ın, P. A., & Sganga, J. V. (2011). Smicridea McLa-
chlan (Trichoptera: Hydropsychidae) from northwestern
Argentina and Bolivia new species, redescription, associa-
tion and new records. Journal of Natural History, 45, 2219‒
2234. doi:10.1080/00222933.2011.590947

Ruiz Garc�ıa, A., Herrera Grao, A. F., & Ferreras-Romero, M.
(2006). Distribution of Trichoptera communities in the Hoz-
garganta catchment (Los Alcornocales Natural Park, SW
Spain). International Review of Hydrobiology, 91, 71‒85.
doi:10.1002/iroh.200510822

Schmid, F. (1949). Les Trichopt�eres de la collection Nav�as.
Revista Espa~nola de Entomolog�ıa, 25, 305‒426.

Schmid, F. (1955). Contribution �a la connaissance des
Trichopt�eres n�eotropicaux.M�emoires de la Soci�et�e Vaudoise
des Sciences Naturelles, 11, 117‒160.

Schmid, F. (1957). Contribution a l’etude des Trichopt�eres Neo-
tropicaux II. Beitr€age zur Entomologie, 7, 379‒398.

Schmid, F. (1958). Contribution a l’etude des Trichopt�eres
Neotropicaux III. Mitteilungen der Zoologischen Museum
Berlin, 34, 186‒217. doi:10.1002/mmnz.19580340110

Schmid, F. (1964). Contribution k l’etude des Trichopteres
neotropicaux V. Tijdschrift voor Entomologie Amsterdam,
107, 307‒339. Retrieved from http://www.archive.org/
details/cbarchive_121678_contributionaletudedestrichopt1964
(accessed 28 August 2014).

Schmid, F. (1989). Les hydrobiosides (Trichoptera, Annulipal-
pia). Bulletin de l’Institute Royal des Sciences Naturelles de
Belgique, Entomologie, 59, 1‒154.

Sganga, J. V., & Angrisano, E. B. (2005). El g�enero Smicridea
(Trichoptera: Hydropsychidae: Smicrideinae) en el Uruguay.
Revista de la Sociedad Entomol�ogica Argentina, 64, 131‒139.

Sganga, J. V., & Fontanarrosa, M. S. (2006). Contribution to the
knowledge of the preimaginal stages of the genus Smicridea
McLachlan in South America (Trichoptera: Hydropsychi-
dae: Smicrideinae). Zootaxa, 1258, 1‒15. Retrieved from
http://www.mapress.com/zootaxa/2006f/z01258p015f.pdf
(accessed 22 September 2014).

Statzner, B. (1978). Effects of flight behavior on larval abun-
dance of Trichoptera in Schierenseebrooks (North Ger-
many). In M. I. Crichton (Ed.), Proceedings of the Second
International Symposium on Trichoptera (pp. 121�134).
The Hague: Dr. W. Junk.

Ulmer, G. (1904). Trichopteren. Hamburger Magalhaensische
Sammelreise. Vol. 2., Hamburg: L. Friederichsen & Co.

Ulmer, G. (1905). Zur Kenntniss aussereurop€aischer Trichopte-
ren. Stettiner Entomologische Zeitung, 66, 1‒119.

Ulmer, G. (1907). Neue Trichopteren. Notes from the Leyden
Museum, 29, 1‒53.

Valverde, A. C., & Abelando, M. I. (2006). Caracterizaci�on de
los estados preimaginales de Protoptila dubitans y Proto-
ptila misionensis (Trichoptera: Glossosomatidae). Revista
de la Sociedad Entomol�ogica Argentina, 65, 11‒17.

Valverde, A. C., & Albari~no, R. J. (1999). Descripci�on de los
estados inmaduros de Myotrichia murina y Parasericostoma
cristatum (Trichoptera: Sericostomatidae). Revista de la
Sociedad Entomol�ogica Argentina, 58, 11‒16.

Valverde, A. C., & Miserendino, M. L. (1997). Los estados
inmaduros de Parasericostoma ovale (Trichoptera: Sericos-
tomatidae). Revista de la Sociedad Entomol�ogica Argentina,
56, 33‒37.

Waringer, J. A. (1991). Phenology and the influence of meteoro-
logical parameters on the catching success of light trapping
for Trichoptera. Freshwater Biology, 25, 307�319.
doi:10.1111/j.1365-2427.1991.tb00493.x

Weyenbergh, H. (1881). Over Argentijnsche Trichoptera. Tijds-
chrift voor Entomologie, 24, 132‒140.

Yamamoto, T. (1966). Five new species of the caddisfly genus
Polycentropus from South America (Trichoptera: Polycen-
tropodidae). Canadian Entomologist, 98, 908‒912.

Associate Editor: Dimitar Dimitrov

Spatial patterns of caddisflies 15

D
ow

nl
oa

de
d 

by
 [

D
an

ie
l D

os
 S

an
to

s]
 a

t 1
4:

44
 1

6 
Ju

ne
 2

01
5 

http://www.mapress.com/zootaxa/2004f/z00435f.pdf
http://www.mapress.com/zootaxa/2004f/z00435f.pdf
http://dx.doi.org/10.1111/j.1461-0248.2006.00970.x
http://dx.doi.org/10.1111/j.1461-0248.2006.00970.x
http://www.mapress.com/zootaxa/2006f/z01367p062f.pdf
http://www.mapress.com/zootaxa/2006f/z01367p062f.pdf
http://www.mapress.com/zootaxa/2011/f/z02821p038f.pdf
http://www.mapress.com/zootaxa/2011/f/z02821p038f.pdf
http://dx.doi.org/10.1080/00222933.2011.590947
http://dx.doi.org/10.1002/iroh.200510822
http://dx.doi.org/10.1002/mmnz.19580340110
http://www.archive.org/details/cbarchive_121678_contributionaletudedestrichopt1964
http://www.archive.org/details/cbarchive_121678_contributionaletudedestrichopt1964
http://www.mapress.com/zootaxa/2006f/z01258p015f.pdf
http://dx.doi.org/10.1111/j.1365-2427.1991.tb00493.x

	Abstract
	Introduction
	Materials and methods
	Compiling records
	Distributional analyses
	Statistical inference for species co-occurrence

	Results
	Discussion
	Acknowledgements
	Supplemental data
	Disclosure Statement
	References



