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ABSTRACT 

Declining biological diversity and the scarcity of the resource freshwater in the 

world, provide the framework for elevating the priority for taxonomic and biological 

studies of freshwater organisms. One highly diverse ecosystem, rich in endemic species, 

is the Andean Montane forest. On the slopes of the Andes, the conditions for aquatic life 

are limited by fast flowing waters and rocky bottoms, which reduce the diversity of 

available of habitats and resources. Nevertheless, the species diversity is high for some 

fishes that inhabit these habitats, such as the catfish genus Chaetostoma. To date there are 

45 described species within the genus Chaetostoma, however the type species of the 

genus has not been used for comparisons in taxonomic studies. Other species are known 

only from the original description. Thus, a revision of the genus is needed and offers a 

model system for studying freshwater montane ecosystems in the Andes. The re-

description of two species: Chaetostoma loborhynchos, the type species of the genus, and 

C. marmorescens, a species with no known type specimen, is suggested after studying 

their morphology based on available material as the first step towards the revision of the 

group. Species assigned to the genus Chaetostoma have been considered to have 

restricted geographic distribution, usually to the basin they inhabit. However, 

Chaetostoma lineopunctatum was found widely distributed in the Ucayali and Madre de 

Dios River basins. The presence of cryptic species was tested using morphological 

divergence, molecular divergence, and phylogenetic structure of samples from both 

basins. No significant differences were found for morphological divergence (P>0.05) and 

molecular divergences (1.1%-1.5%) in cytochrome b gene sequences among the localities 
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tested. Phylogenetic structure suggests that the population from the Madre de Dios River 

basin is more closely related to the Río Tambo population than to the Río Urubamba 

population. Based on the evidence obtained, these populations are probably the result of 

recent geographic isolation (~1 Mya) and they should be considered as the same species. 

Environmental gradients have been suggested as a trigger for speciation. In the mountains 

of central Peru, two Chaetostoma species live in fast flowing waters of the Río Perené at 

two different elevation ranges. Chaetostoma lineopunctatum (300-600 m) and C. 

loborhynhos (1000-1500) were studied to test for phenotype divergence. Geometric 

morphometric data and interlandmark distances were obtained and analyzed by 

discriminant analysis. Differences between the phenotypes were significant between the 

groups (P<0.05). Traits of C. loborhynchos, such as smaller eyes and longer body, 

correspond to responses to lower temperatures and running waters. Furthermore, 

molecular divergence estimates were obtained for these species and the hypothesis that 

each of these two groups represent monophyletic lineages was tested against one 

Chaetostoma species from Venezuela, and rejected. The present work concludes that the 

revision of the genus Chaetostoma is important to address questions about speciation in 

the Andes Mountains. Taxonomic problems of genera that include numerous valid 

species, such as the genus Chaetostoma, need to be addressed using both morphometric 

and molecular tools to establish useful diagnoses, and phylogenetic hypotheses to the 

species level to aid in decision making towards a stable and universal use of scientific 

names and to better design conservation initiatives. 
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CHAPTER I 

INTRODUCTION 

 

"He impaired his vision by holding the object too close. He might see, perhaps, one or 

two points with unusual clearness, but in so doing he, necessarily, lost sight of the matter 

as a whole. Thus there is such a thing as being too profound.” Edgar Allen Poe, Murders 

in the Rue Morgue. 

 

There is great concern about climatic change that involve increasing of global 

temperatures, and in general, major changes in hydric cycle. Freshwater organisms would 

be among the most seriously affected by such a change, and yet they are the least known 

among vertebrates. Conservation initiatives are oriented toward the protection and study 

of charismatic vertebrates, such as amphibians, birds and mammals (Myers et al., 2000), 

but aquatic organisms (such as freshwater fish) must become a priority for study and 

conservation. 

When referring to conservation of biological diversity the most familiar unit of 

conservation is the species (Mace, 2004). However, there is considerable confusion 

between the evolutionary relationships among individuals and the names that are used for 

referring to the classes (on species as classes see Stamos, 2003) to which the individuals 

belong (e.g., Ennos et al. 2005; Isaac et al., 2004). This situation, complicated by the lack 

of realization by biologists of the importance of name bearing specimens, attempts 



Texas Tech University, Norma Salcedo, August 2007 

 2

against the stability and universality of the use of species names, by lumping and spliting 

taxonomic groups without following objective criteria. 

 

1.1. Species 

Biological individuals collected by reasearchers in nature are sorted and based on 

diverse methods are assigned to a class, most commonly the species (Mayden, 1997). 

Traditionally, species have been diagnosed based on suites of morphological characters, 

such as coloration patterns, measurements, counts, and absence/presence of structures. 

But this approach for describing species requires the accumulation of literature and 

knowledge through time, which is usually slow, and furthermore considerable ability and 

expertise, which takes additional time to train, cultivate and develop. 

Ultimately, the approaches for differentiating species mentioned above are based 

on the phenotype, which is the expression of genes and their interactions with the 

environment throughout the development of the organism. Thus, although the 

morphological phenotype of one species at one point of its life history (semaphoronts) 

can appear different in two different environments (i.e. adult fish with slender bodies in 

fast waters vs. plump bodies in slow waters), the genotype of the individuals from these 

two different environments should reveal the identity of one single genetic species with 

two morphological adaptations (known as phenotypic plasticity). In such a case, the only 

data that may allow us to elucidate the species boundaries are genetic (Baker and 

Bradley, 2006). 
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1.2. Taxonomy 

Nomenclature is the currency for communication among scientists and non-

scientists (Mace, 2004) about biological classes. Since the binomial system of 

nomenclature was proposed by Linnaeus (almost three hundred years ago), organisms are 

designated in the form of a two-word name: the species name. Species are then grouped 

into inclusive categories, (such as genus, family, etc.) which also have names.  

Names as an international biological currency are not effective if there is not a 

consensus about what the name refers to. Thus, soon after the establishment of the 

binomial nomenclature system for naming organisms, the basis for regulating 

nomenclatural acts was established by the construction of International Codes of 

Nomenclature (ICNs). 

The ICNs rule the nomenclatural acts based on principles of validity and priority, 

towards the stability and universality of scientific names (International Code of 

Zoological Nomenclature, 1999). Species names in particular are associated to one or a 

group of specimens: the name bearer specimen(s), which has to be deposited in an 

institution that can assure the care of the specimen to perpetuity. This is how the 

repeatability of the observations is assured. 
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1.3. Phylogenetic Systematics 

1.3.1. Systematics 

The study of biological systems started neither with the idea of common ancestry, 

nor with the proposal of the first classification system. The interest in knowing how 

living organisms can be organized in systems started before Aristotle published the first 

classification of biological organisms, but these systems were proposed on the basis of 

common morphological characteristics, common psychological characteristics (i.e., 

behavior), and even ethical principles (which is why humans were on top of Aristotle’s 

ladder), among others. In biology, the study of all living organisms in in an evolutionary 

context is known as systematics. 

 

1.3.2. Phylogeny 

After Darwin (1859) presented his revolutionary (by then) idea of the existance of 

a common ancestor for all living organisms, the study of systems was oriented towards 

reconstructing the ancestor-descendent relationships among organisms (phylogeny). In 

this context quantitative and molecular techniques aided to the development of ideas 

about how to construct this phylogenies. However, attempts to reconstruct the 

evolutionary history of organisms did not have a solid conceptual ground until Hennig 

(1966) presented concepts and definitions about relationships among individuals, and 

within and between species and higher taxa. The practice of proposing hypotheses of 
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relationships among organisms based on the evolutionary relationships (phylogeny), 

which is the basis for an informative classification, is known as phylogenetics. 

 

1.3.3. Phylogenetic systematics 

The organization of living organisms in systems is expressed as a classification. 

The naming of these classes is ruled by the ICNs. The classification system that we use 

now is the hierarchical system proposed by Linnaeus (1735). This system does not 

attempt to reflect phylogenetic relationships. Thus, this classification system is 

susceptible to changes under the scope of phylogenetic systematics and must change to 

reflect the evolutionary relationships of the organisms, but only if this will contribute to 

the stability and universality of the names in use. 

In this context, the production of phylogenies (hypotheses of relationship) and the 

proposal of changes of the classification system is an important task of scientist, but also 

an enormous responsibility, that should be done only if there is a consensus of evidence 

that points towards the stability of the proposed changes through time. Furthermore, the 

specimens that were the data source for the production of the phylogenies represent 

different taxonomic classes, and ultimately these specimens belong to a group of 

individuals that have an independent evolutionary trajectory, namely a species. 
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1.4. Species, taxonomy, and phylogenetic systematics 

For producing any phylogeny, individuals (which belong to a class) are included 

in an analysis. The individuals are identified and assigned names (class names, usually 

species names), according to their morphological characteristics, and are included in the 

analysis. Hypotheses of relationships result from the phylogenetic analyses. The results 

of a phylogenetic analysis will suggest relationships among individuals, which is 

interpreted as the relationships of the classes they belong to. Considering that robust 

(high values of support for the branch of interest) and congruent (based on different 

systems or genes) hypotheses are obtained, changes in the classification must be 

suggested. 

It is the task of taxonomy to include the suggested changes into the established 

classification following the regulations of the ICNs. This could easily be done assuming 

that each individual actually included in the phylogeny belongs to the class it was 

assigned to. This assumption is always made before the phylogenetic analysis is 

conducted, but it might be wrong considering the lack of accurate methods for identifying 

the class (usually species) a specimen belongs to, based on morphological (identification 

keys) or molecular (bar-coding) techniques that directly relate the name to the name-

bearing (type) specimens. 

Considering that the phenotype is the expression of the genotype, and that there 

are species that have not sufficiently differentiated morphologically (cryptic species) but 

have divergent evolutionary trajectories that can be translated into phylogenetic 

divergence values (Baker and Bradley, 2006), direct sequencing is a promising approach 
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for identifying fish species (Ward et al., 2005). However, to maintain stability and 

universality under the regulations of International Code of Zoological Nomenclature 

(ICZN) the specimens we should target to obtain molecular data from must be the type 

specimens (holotype, paratypes, syntypes), or specimens as similar as possible 

(morphologically, geographically, etc.) to the type specimens. 

All the information presented above can be summarized in a figure (Figure 1.1) in 

which the most important point is the stability and universality of the biological language 

(nomenclature). Taxonomy and phylogenetic studies are intimately connected (hollow 

arrows), but lie at opposite sides of the ‘stability and universality’ box. When individuals 

are included in phylogenetic studies, species names are used. When hypotheses of 

discrimination and relationships are elucidated, changes of the classification are 

proposed, but only those changes based on robust and congruent phylogenies should be 

translated into changes of the classification system. Ultimately, classification and 

nomenclature are the basis for information retrieval and are regulated by the ICNs, and 

names are based on type bearing specimens, which should be referred to when names are 

applied. 

 

1.5. The South American Loricariid Genus Chaetostoma 

In this context, the armored catishes of the genus Chaetostoma are a good 

example of a group in need of taxonomic work. Species of the genus Chaetostoma are 

distributed along the Andes in South America (Figure 1.2), considered a hotspot for 

conservation. Knowing the evolutionary relationships among the species could give an 
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insight into the possible speciation processes that the uplifting of the Andes produced on 

aquatic organisms. To study the phylogeny of the group we need to do first a systematic 

study at the species level. 

The starting point for a systematic study of a group with 45 valid species (Table 

1) is a taxonomic revision, and such a revision cannot be done until: 1) the type species of 

the genus is clearly diagnosed; and, 2) the identities of all the valid described species are 

made available in a comparable fashion. Towards these ends, Chapter II of this 

dissertation presents a detailed description of specimens assigned to the type species of 

the genus and a discussion on the importance of the findings, the basis for assigning 

species to the genus. Chapter III presents the problems associated with the absence of 

illustrated, detailed, comparable descriptions, and the lack of name-bearing (type) 

specimens.  

Species assigned to the genus Chaetostoma have been considered to have a 

restricted geographic distribution (Eigenmann and Allen, 1942; Salcedo, 2006a), with 

many species known only from the type locality (Ferraris, 2007; Fisch-Muller, 2003). 

Chapter IV describes one species, which although its populations are isolated by distance 

and a barrier, it is widely distributed in southeastern Peru. The populations are not 

differentiable based on morphology, and this chapter describes the use of molecular 

techniques to delineate this species. 

The study of a highly diverse fish group such as the genus Chaetostoma might 

provide a key to answering questions on speciation in montane Andean rivers. However, 

because of traditional preservation practices (formaldehyde fixation) and the limited 



Texas Tech University, Norma Salcedo, August 2007 

 9

tissue collections available to use for the molecular study of phylogenetic relationships, 

the possibilities today are limited to the study of morphology. Thus, Chapter V presents 

the study of two congeneric species that inhabit the headwaters of one montane river in 

central Peru. It explores the correlations among morphological variables and the 

possibility that environmental pressure played as important a role as the main factor that 

triggered speciation as the Andes Mountains raised. 
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Table 1.1. Valid species of Chaetostoma in cronological order of description. 

 Species name and authorship 

1 Chaetostoma loborhynchos Tschudi, 1845 

2 Chaetostoma microps Günther, 1864 

3 Chaetostoma sericeum Cope, 1972 

4 Chaetostoma nudirostre Lütken, 1874 

5 Chaetostoma stanii Lütken, 1874 

6 Chaetostoma fischeri Steindachner, 1879 

7 Chaetostoma branickii Steindachner, 1881 

8 Chaetostoma guairense Steindachner, 1881 

9 Chaetostoma taczanowskii Steindachner, 1882 

10 Chaetostoma dermorhynchum Boulenger, 1887 

11 Chaetostoma anomalum Regan, 1903 

12 Chaetostoma breve Regan, 1904 

13 Chaetostoma greeni Isbrücker, 2001, replacement name for C. maculatum Regan, 

1904 

14 Chaetostoma marcapatae Regan, 1904 

15 Chaetostoma marginatum Regan, 1904 

16 Chaetostoma thomsoni Regan, 1904 

17 Chaetostoma aburrense Posada, 1909 

18 Chaetostoma aequinoctiale Pellegrin, 1909 

19 Chaetostoma lepturum Regan, 1912 
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Table 1.1. (cont.) Valid species of Chaetostoma in cronological order of description. 

 Species name and authorship 

20 Chaetostoma palmeri Regan, 1912 

21 Chaetostoma paucispinis Regan, 1912 

22 Chaetostoma leucomelas Eigenmann, 1918 

23 Chaetostoma pearsei Eigenmann, 1920 

24 Chaetostoma dorsale Eigenmann, 1922 

25 Chaetostoma mollinasum Pearson, 1937 

26 Chaetostoma milesi Fowler, 1941 

27 Chaetostoma brevilabiatum Dahl, 1942 

28 Chaetostoma lineopunctatum Eigenmann and Allen, 1942 

29 Chaetostoma marmorescens Eigenmann and Allen, 1942 

30 Chaetostoma vagum Fowler, 1943 

31 Chaetostoma niveum Fowler, 1944 

32 Chaetostoma venezuelae (Schultz, 1944) 

33 Chaetostoma sovichthys Schultz, 1944 

34 Chaetostoma tachiraense Schultz, 1944 

35 Chaetostoma anale (Fowler, 1945) 

36 Chaetostoma dupouii Fernández-Yépez, 1945 

37 Chaetostoma alternifasciatum Fowler, 1945 

38 Chaetostoma patiae Fowler, 1945 

39 Chaetostoma machiquense Fernández-Yépez and Martín-Salazar, 1953 
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Table 1.1. (cont.) Valid species of Chaetostoma in cronological order of description. 

 Species name and authorship 

40 Chaetostoma jegui Rapp Py-Daniel, 1991 

41 Chaetostoma yurubiense Ceas and Page, 1996 

42 Chaetostoma vasquezi Lasso and Provenzano, 1998 

43 Chaetostoma changae Salcedo, 2006a 

44 Chaetostoma daidalmatos Salcedo, 2006b 

45 Chaetostoma stroumpoulos Salcedo, 2006b 
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Figure 1.1. Components of phylogenetic systematics. Hollow arrows, relationships 
between taxonomy (on top) and phylogeny (on bottom); solid arrows, relationships 
within taxonomy. 
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Figure 1.2. Physical map of South America. Red dots represent type localities of Chaetostoma species. 
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CHAPTER II 

RE-DESCRIPTION OF CHAETOSTOMA LOBORHYNCHOS, TYPE SPECIES OF THE 

GENUS CHAETOSTOMA, AND CHARACTERIZATION OF ONE 

MITOCHONDRIAL GENE 

 

2.1. Introduction 

Every nominal species (class) is assigned to belong to a more inclusive class: the 

genus. From a systematist’s viewpoint, the genus should include all the species that are 

part of a monophyletic group and that can be diagnosed on the basis of synapomorphies, 

as a result of a phylogenetic study using sound methodologies (e.g. Sites and Marshall, 

2003). But the assignment of a name (nominal genus) to groups of individuals (nominal 

species) is a nomenclatural act, and as such is ruled by the International Code of 

Zoological Nomenclature (International Commission on Zoological Nomenclature, 

1999). 

According to the International Code of Zoological Nomenclature (ICZN) “the 

name-bearing type of a nominal genus or subgenus is a nominal species called the ‘type 

species’” (ICZN, Title 67.1. Name-bearing types). When studying phylogenetic 

relationships among genera, representatives of the type species must be included in 

phylogenetic analyses; furthermore, the type specimen should be included in the study, to 

assure the proper use of names. 

Chaetostoma is one of the most diverse genera within the family Loricariidae 

(Siluriformes). The genus includes 45 valid nominal species (Fisch-Müller, 2003; 
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Salcedo, 2006b). Representatives of this genus have been included in phylogenetic 

analyses to address phylogenetic relationships within the family Loricariidae 

(Armbruster, 2004; Montoya-Burgos et al., 1998; Schaefer, 1986), but the type species of 

the genus has not been included in any previous study. Furthermore, most species 

descriptions lack thorough comparisons that include species previously described and 

included within Chaetostoma. Thus, the use of formal specific epithets is uncertain and a 

taxonomic revision of the genus is needed. 

The genus Chaetostoma was described by Tschudi (1845) based on the species 

Chaetostoma loborhynchos, thus the type species of the genus Chaetostoma is 

Chaetostoma loborhynchos by original designation (ICZN, Title 68.2.). There is only one 

known representative of C. loborhynchos: the type specimen (Figure 2.1). This holotype 

is not in good condition, which makes it difficult to use for comparison. Based on the 

Principle of Typification, the priority towards the revision of the genus is to delimit the 

species Chaetostoma loborhynchos to “provide[s] the objective standard of reference for 

the application of the name it bears” (ICZN, Article 61). 

The type specimen of Chaetostoma loborhynchos was collected in the Río 

Tulumayo in central Peru, and although numerous collections had been made in central 

Peru, it was not until 2004 that another specimen that matches the original description 

was collected in the Río Tulumayo. Sixteen individuals and tissue samples were 

ultimately collected from the Río Tulumayo upstream of the type locality in 2005. Based 

on these specimens the species Chaetostoma loborhynchos is re-described herein, 

including counts, measurements, descriptions of bony structures, and mitochondrial DNA 
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gene sequences, as baseline data towards the taxonomic revision of the genus using an 

integrative approach (Dayrat, 2005). 

 

2.2. Material and methods 

2.2.1. Specimens 

Specimens were collected from two localities: the Río Paucartambo and the Río 

Tulumayo (Figure 2.2), headwaters of the Río Ucayali basin. Tissue samples (muscle 

and/or branchial arches) were obtained from fresh specimens in the field and preserved in 

lysis buffer (Longmire et al., 1997). Specimens (including voucher specimens) were fixed 

in 10% formalin and transferred to 70% ethanol after 48 hours. All specimens collected 

are deposited in the Museo de Historia Natural of San Marcos (MUSM), Lima, Peru 

(Appendix A), and all tissue samples collected are deposited in the Natural Science 

Research Laboratory of Texas Tech University (NSRL) (Appendix B). 

Counts were made on the left side of the body, with the exception of teeth and 

hypertrophied odontodes on evertible cheek plates, which were counted on both sides. 

Measurements of bilaterally symmetrical features were made using digital calipers on the 

left side of the body, unless the structure in question was damaged. Body measurements 

are reported as percentages of standard length (SL) or head length (HL). Counts follow 

Salcedo (2006) and measurements are made based on the landmarks in Figures 2.3-2.5 

(Appendix C). 

Osteological observations were made on cleared-and-stained specimens (C&S), 

following Taylor and Van Dyke (1985). Osteological and muscular nomenclature follows 
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Schaefer (1987; 1997) Schaefer (1987; 1997). Infraorbital nomenclature follows 

Armbruster (2004). Sexual maturity of males was determined based on the presence of 

external secondary sexual characteristics, as described by Rapp Py-Daniel (1991). 

Drawings of osteological features were prepared with the aid of a camera lucida mounted 

on a Wild M5 dissecting microscope. Institutional abbreviations are as listed in Leviton et 

al. (1985), with the addition of Museo de Historia Natural, Universidad Nacional Mayor 

de San Marcos (MUSM). 

 

2.2.2. DNA extraction, gene amplification, and sequencing 

Genomic DNA from tissue samples was extracted following Longmire et al. 

(1997). Two primers were used to amplify the complete cytochrome b gene: GluDG.L 

(5’-TGA CCT GAA RAA CCA YCG TTG-3’) and H16460 (5’-CGA YTC TCG GAT 

TAC AAG ACC G-3’) (Perdices et al., 2002), with complementary sequences on the 

glutamine tRNA and threonine tRNA flanking regions, respectively. PCR products were 

produced in 25 µl reactions, using 5 µl 5X Clorless Go Taq® Flexi Buffer, 3 µl 25mM 

MgCl2, 0.25 µl GoTaq® FlexiDNA polymerase (Promega), 2.5 µl 2.5mM dNTP, 1.5 µl 

10mg/ml BSA, 1µl of each 10µM primer, 1-5 µl template DNA, and water. The PCR 

conditions follow Perdices et al. (2002).  

DNA sequences of the complete cytochrome b gene were obtained from each 

purified PCR product through double-stranded sequencing using GluDG.L and H16460 

as flanking primers and CB2.H (5’-CCC TCA GAA TGA TAT TTG TCC TCA-3’), 

CB3.H (5’-GGC AAA TAG GAA RTA TCA TTC-3’) (Palumbi, 1996), CB450.L (5’-
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TAC ATC GGA RAC AAC CTA G-3’), and CB738.L (5’-TAA CCT TCT AGG TGA 

CCC AG-3’), as internal primers. 

The complete cytochrome b gene sequence of Cranoglanis bouderius 

(Siluriformes: Cranoglanididae) and Ictalurus punctatus (Siluriformes: Ictaluridae) were 

obtained from GenBank and used for alignment purposes. These species were selected 

for being the only curated and complete mithochondrial catfish genome. Multiple 

sequence alignments were performed using AlignX® software with the default gap-cost 

ratio (15:6.66). The sequences obtained were translated to proteins using MacClade 4.06 

(Maddison and Maddison, 2003) to evaluate for the presence of stop codons within the 

sequence. 

 

2.3. Results 

2.3.1. Names used 

Chaetostoma loborhynchos Tschudi, 1845: 26, type locality: Rio Tulumayo, Peru 

(spelled Tullumayo in Tschudi, 1845: 29); Isbrücker, 1980: 59; Isbrücker, 2001: 26; 

Fisch-Muller, 2003; Salcedo, 2003: 138; Salcedo, 2006a: 66; Salcedo 2006b: 218; 

Ferraris, 2007: 239. 

Chaetostoma loborhyncha Eigenmann and Allen, 1942: 191; Schultz, 1944: 287. 

Chaetostoma loborhynchus Fowler, 1954: 145-146. 

Chaetostomus loborhynchos Regan, 1904: 246. 
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Chaetostomus loborhynchus Kner, 1854: 21; Günther, 1864: 250; Regan, 1904: 245-246; 

Eigenmann, 1922: 81. 

 

 

2.3.2. Description 

Morphometric characters in Table 2.1. Head robust and body slender, greatest 

body width at cleithrum. Cleithral width greater than head length. Head and body 

depressed, body depth greater than peduncle depth. Head profile straight from posterior 

border of naked snout to posterior border of supraoccipital. In some specimens profile is 

straight from posterior border of naked snout to anterior border of dorsal fin. Trunk 

profile straight to slightly convex from posterior border of supraoccipital to anterior 

border of dorsal fin, straight along base of dorsal fin with a shallow slope descending 

towards adipose fin, caudal peduncle slightly concave along dorsal margin towards 

anterior border of caudal fin. Ventral profile straight. Caudal peduncle triangular in cross-

section, with apex dorsally, caudal peduncle width 84.0-101.1 % of caudal peduncle 

depth. 

Dorsal fin reaching plate anterior to pre-adipose plate (7 specimens), pre-adipose 

plate (6 specimens), or base of adipose spine (2 specimens), when depressed. Dorsal fin 

with one spinelet and nine rays, first unbranched (Table 2.2). Adipose fin conspicuous, 

adipose spine rouned in crossed section. Anal fin conspicuous, always present. Anal fin 

with five rays, first one (10 specimens) or two (5 specimens) rays unbranched. First anal-

fin ray with two rows of odontodes embeded in conective tissue in some specimens. 
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Caudal fin truncated, most specimens with 16 rays, most-dorsal and most-ventral rays 

unbranched (two specimens with 12 and 13 branched rays, probably recoverying from 

lost of caudal fin). Posterior process of cleithrum partially exposed; exposed part of 

cleithrum more or less rectangular, oblique, posterior margin straight. Pectoral fin with 

one spine and six branched rays. Pectoral-fin spine reaching origin of pelvic fin when 

depressed. Pectoral-fin spine strong, with enlarged dorsally oriented odontodes on medial 

border. Pelvic fin with six rays, first unbranched. First simple pelvic-fin ray thick. 

Anterior margin of snout from rounded to irregular (depending on fixation and 

preservation) snout naked, covered with conspicuous, blister-like, round shaped papillae. 

Body dorsally and laterally covered by plates with odontodes; odontodes larger at 

posterior plate margin. Body naked ventrally from tip of snout to origin of anal fin. 

Caudal peduncle with a row of coalescent plates ventrally along mid-line, posterior to 

anal-fin base. Dense fat pads underneath the skin in snout. 

Head flat from posterior border of naked snout towards anterior border of narial 

openings. Flat to slightly convex from narial openings to anterior border of eyes. 

Posterior tip of supraoccipital covered with conective tissue. Oral disk densely covered 

by blister-shaped papillae, smaller than papillae on snout. Posterior lip margin with 

irregular lobes along its edge. Maxillary barbels conspicuous. 

Posterior soft border of each premaxilla smooth, with one to five blister-shaped 

papillae. Roof of mouth between premaxillae with fleshy digitiform buccal papilla, 

anterior to buccal valve. Blister-shaped papillae on middle third of anterior soft border of 

each dentary, short fleshy folds medially to them when present. 
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Teeth arranged in two rows on premaxilla and dentary, more numerous in dentary 

(Table 2.2). Teeth slender, asymmetrically bifid, cusp tips sharp. Medial tooth cusp twice 

as long as lateral tooth cusp. Lateral tooth cusp juxtaposed over medial cusp from 

bifurcation to almost its full length. 

Hypertrophied odontodes on evertible cheek-plates embedded in soft connective 

tissue overlaying thick fleshy flap. Evertible cheek-plates formed by three thick plates 

with three to six hypertrophied odontodes each. Hypertrophied odontodes straight to 

slightly curved. Exposed part of opercle triangular, its posterior free border with enlarged 

odontodes. Small opercular opening covered by fleshy flap, bordered posteriorly by 

exposed cleithrum. 

First infraorbital (IO1) small with short laminar expansions, embeded in fleshy 

snout. Area of second infraorbital (IO2) approximately five times larger than of first 

infraorbital. Distance between IO1 and IO2 almost the length of IO1 (Fig. 2.6). Third 

infraorbital (IO3) borders narial opening laterally. Fourth (IO4) through sixth (IO6) 

infraorbitals border orbit anterolaterally. Nasal bone greatly reduced to a long tube with 

almost no laminar projections. Frontal large and elongated, forming posterior border of 

nares and medial border of orbit. Sphenotic rectangular, with lateral projection in contact 

with IO6, forming posteromedial border of orbit. Pterotic-supracleithrum not forming 

posterior border of orbit. Suprapreopercle with short lateral projections, as a triangular 

canal-bearing plate. Presence of dermal plate between IO6 and suprapreopercle. Lateral 

line extending from posterior border of suprapreopercle to base of caudal fin on the 
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median series of plates along the bedy. First median plate half the length of second 

median plate. 

Vertebrae 30. Nine pairs of ribs, first pair thick and articulating directly with sixth 

centrum, ribs 2-9 articulating with 9-16 centra. Epural separated from fused hypurals 

(hypurals 3-5 + uroneural), as bladelike bone, articulating dorsally with base of 

posteriormost procurrent ray. 

Nuchal plate completely covered by bony plates. First dorsal-fin spinelet 

completely covered by skin. Dorsal fin supported by nine pterygiophores, with first 

pterygiophore articulating with neural spine of eighth vertebra. Anal fin supported by 

four pterygiophores, with first pterygiophore contacting hemal spine of sixteenth 

vertebra. 

 

2.3.3. Color in alcohol 

Head and body brown. Head dorsally covered with vermiculated light spots, 

width about one third the eye diameter, close to each other on a dark background, 

conspicuous on naked snout. Body with big dark blotches, about twelve on each side, 

evenly distributed, more noticeably on light colored specimens. Continous dark line on 

posterior margin of pterotic-supracleithrum. Black spot present on base of membrane 

between first unbranched and first branched dorsal-fin rays. Three to five dark bars on 

each ramified ray, membrane not pigmented, except in large specimens membrane 

margin with light smear-like pigment next to pigmented ramified ray. Anal fin pale 

brown, branched ramified, rays 2-5 with dark brown pigment in most specimens, 
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membrane not pigmented; anal fin uniformly pale brown in some specimens. Caudal fin 

with four to six dark bars on each ray. Pectoral-fin spine and rays dark brown dorsally, 

light specimens with four dark brown bars, membrane not pigmented. Pectoral fin light-

brown ventrally. Pelvic-fin rays with five to six dark brown bars dorsally along their 

lengths, membranes not pigmented. Pelvic fin light-brown ventrally, slightly colored by 

pigment on dorsal aspect. Ventral plates of caudal peduncle brown. 

 

2.3.4. Sexual dimorphism 

Mature males have well-developed naked snout, first four pelvic-fin rays with 

well developed fleshy folds along their dorsomedial edges. Females or immature males 

have a shorter naked snout. No developed pelvic and anal fins were found in mature 

males. 

 

2.3. 5. Distribution 

Chaetostoma loborhynchos is known from the upper Río Tulumayo and upper 

Río Paucartambo, Department of Junin and Pasco, respectively, Río Perené basin, in 

upper Ucayali River drainage, Peru. 

 

2.3.6. Molecular data 

The complete cytochrome b gene sequence has 1134 bp in all Chaetostoma 

specimens studied, from the start codon (ATG) to the stop codon (TAA or TAG), six 
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base pairs shorter than the sequence of Cranoglanis bouderius (NC008280 in Peng et al., 

2006) and Ictalurus lupus (NC003489 in Waldbieser et al., 2003), which correspond to 

the last two aminoacids of the cytochrome b gene sequence. Two haplotypes were found 

for Chaetostoma loborhynchos, one for the specimens collected in the Río Tulumayo, and 

another for individuals collected in the Río Paucartambo. The difference between 

haplotypes is one base-pair change, an AT transversion. 

 

2.4. Discussion 

The species Chaetostoma loborhynchos has been included in comparisons when 

describing new Chaetostoma species. However, few works address the lack of access to 

the type specimen and the use of the original description for comparison purposes 

(Günther, 1864; Regan, 1904). Most works are not as explicit about the source of 

information when describing new species and comparing it to C. loborhynchos (i e. 

Eigenmann and Allen, 1942). 

Tschudi (1845) found a fish that differed from the known genus Hypostomus 

(sensu Cuvier & Valenciennes, 1840) for its “plump shape and wide head, depressed, and 

the anterior border covered by small bony plates, and in some instances it is a fleshy 

stripe of smooth skin”. Tschudi (1845) also noticed on this new species the presence of a 

“tuft of rigid bristles, which are mobile in a hole under the mouth cover”, which 

correspond to the evertible cheek odontodes. Tschudi (1845) did not include this new 

species in the genus Hypostomus (sensu Cuvier & Valenciennes, 1840) because of the 

“triangular fleshy fold that covers the mouth opening”. Tschudi described the genus 
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Chaetostoma and diagnosed it based on the “single tip of the teeth in combination with 

the presence of dorsal and adipose fins”. 

Kner (1854) recognized the genus Chaetostoma and considered the ventrally 

expanded lip as the diagnostic character of it. Regan (1904) restricted the genus 

Chaetostoma from 63 species (sensu Günther, 1864) to 16 species, based on the absence 

of prominences on the head [tentacles], flat supraoccipital and interorbital regions, 

anterior margin of the snout naked moderately broad without tentacles, very wide mouth, 

short or rudimentary mouth barbels, and surface of head and abdomen naked. 

Armbruster (2004) proposed a diagnosis for the genus Chaetostoma, where he 

included Cordylancistrus platyrhynchus, based on: “loss of suture between the the 

pterotic-supracleithrum and hyomandibula[r], loss of the hyomandibula[r] angled 

mesially so that the opercle is held almost perpendicular to the body axis, the anterior 

process of pterotic-supracleithrum is slightly deflected mesially, reversal to narrow 

ventral process of sphenotic, and tip of transverse process of the complex centrum of the 

Weberian apparatus not contacting the pterotic-supracleithrum.” Armbruster (2004) 

based his decision on 17 specimens representing five Chaetostoma species included in 

the analysis (out of 42), without including the type species of the genus. 

To date the genus Chaetostoma is thought to differ from other genera by its wide 

naked snout without tentacles, well developed pre-maxillary and dentary, and naked 

abdomen (Regan, 1904; Burgues, 1989; Rapp Py-Daniel, 1991). The monophyly of the 

genus Chaetostoma has been considered as a fact. A phylogenetic analysis to test the 

monophyly of Chaetostoma (Salcedo, 2003) based on morphological characters of 19 
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nominal Chaetostoma species shows Chaetostoma as non-monophyletic; however, this 

phylogeny does not include a complete set of characters for C. loborhynchos, nor it 

includes all 45 nominal Chaetostoma species. 

Characterization of genes for different taxonomic groups is not a common 

practice and it might even be considered as not having merit, but as the techniques for 

obtaining DNA sequences for different studies become routine practices, less care is 

taken about the basic screening to confirm the nature of the sequence obtained. This is 

reflected on numerous sequences deposited in GenBank including ambiguous bases (N). 

Information from molecular data should be included as part of taxonomic work, as 

additional information towards the better characterization of species. 
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Table 2.1. Morphometric data (summary statistics) for Chaetostoma loborhynchos. 
 

 n = 15 

 
holotype 

range Mean SD 

Standard length (mm) 120.2 80.2-141.8 104.2 16.4 

Percents of standard length   

Head length 32.6 29.1 - 34.6 32.7 1.3 

Head depth 17.6 15.6 - 19.9 17.8 1.1 

Body depth 16.7 16.6 - 25.6 19.9 2.2 

Cleithral width 33.0 31.6 - 37.4 35.6 1.6 

Interbranchial width 25.3 24.3 - 30.6 27.3 1.5 

Pre-dorsal length 45.6 39.2 - 48.1 44.4 1.9 

Base of dorsal-fin length 24.6 21.7 - 25.8 23.9 1.3 

Dorsal-fin length broken 33.4 - 42.1 38.1 2.1 

First dorsal-fin ray length broken 17.5 - 23.5 21.5 1.6 

Last dorsal-fin ray length broken 13.1 - 18.2 15.6 1.2 

Dorsal-caudal length 28.5 26.3 - 32.9 30.4 1.7 

Dorsal-adipose length 19.2 14.5 - 19.2 17.0 1.4 

Adipose-spine length broken 4.4 - 7.1 5.8 0.8 

Adipose-caudal length 13.4 12.2 - 14.5 13.5 0.7 

 



Texas Tech University, Norma Salcedo, August 2007 

 29

Table 2.1. (cont.) Morphometric data (summary statistics) for Chaetostoma 
loborhynchos. 
 

 n = 15 

 
holotype 

range Mean SD 

Pectoral-pelvic length  18.1 - 25.9 23.4 1.8 

Pectoral spine length 24.8 21.6 - 27.8 24.7 1.6 

Interpelvic width broken 20.3 - 25.7 24.3 1.3 

First pelvic-fin ray length 22.71 21.7 - 28.4 25.4 1.7 

Pelvic-anus length damaged 14.8 - 18.8 17.2 0.9 

Pre-anus length damaged 49.8 - 62.8 60.2 3.2 

Anus-caudal length damaged 32.1 - 39.0 37.3 1.7 

Anus-anal length damaged 8.2 - 11.5 9.4 0.8 

Pelvic-anal length damaged 21.4 - 26.9 25.0 1.2 

Pre-anal length damaged 57.9 - 72.3 69.6 3.5 

Anal-caudal length damaged 24.5 - 30.3 28.1 1.4 

Caudal peduncle length damaged 21.5 - 26.3 25.2 1.2 

Caudal peduncle depth 11.2 9.9 - 12.0 11.4 0.5 
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Table 2.1. (cont.) Morphometric data (summary statistics) for Chaetostoma 
loborhynchos. 
 

 n = 15 

 
holotype 

range Mean SD 

Percents of head length   

Snout length 66.1 54.2 - 72.0 68.1 4.0 

Internostril width 9.0 5.0 – 9.0 7.2 1.0 

Interorbital width 31.3 22.5 - 32.1 30.1 2.3 

Nostril-orbit length 15.4 12.6 - 16.8 14.9 1.0 

Orbit diameter 12.6 8.3 - 13.0 11.5 1.1 

Premaxilla length covered 21.6 - 30.7 28.3 2.1 

Dentary length 34.9 25.1 - 34.9 32.6 2.3 
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Table 2.2. Meristic data (summary statistics) for Chaetostoma loborhynchos. 

 (n = 15) 

 
holotype 

range mean 

Lateral-line plates damaged 24-26 25 

Premaxillary teeth damaged 57-68 62.1 

Dentary teeth damaged 66-80 71.9 

Dorsal fin I+i+8 I+i+8 I+i+8 

Pectoral fin I+6 I+6 I+6 

Pelvic fin i+5 i+5 i+5 

Anal fin  i-ii+3-4 i-ii+3.6 

Caudal fin i+14+i i+12-14+i i+13.7+i 

Dorsal-fin base plates 8 8 8 

Inter-dorsal plates 6 5-6 5.8 

Plates between adipose and caudal fins 6 6-7 6.8 

Plates between anal and caudal fins covered 8-10 9.1 

Odontodes on evertible cheek plates covered 7-18 11.1 
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A     B  

 
Figure 2.1. (A) Chaetostoma loborhynchos, holotype, NMW 47190 (120.2 mm SL), Río Tulumayo, Peru (Photo by H. 
Wellendorf). (B) Chaetostoma loborhynchos, MUSM 20291(1), (120.3 mm SL), Río Tulumayo, Peru. 
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Figure 2.2. Map of Peru showing geographic distribution of Chaetostoma loborhynchos. 
Solid circle: Pacaybamba, Río Tulumayo (type locality); open circle: Yaupi, Río 
Paucartambo. 
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Figure 2.3. Landmarks for morphometric analysis, lateral view: (1) anterior tip of the 
mesethmoid; (2) posterior margin of bony nostril; (3) anterior margin of bony orbit; (4) 
posterior margin of bony orbit; (5) posterior tip of supraoccipital; (6) anterior margin of 
first dorsal-fin ray at base; (7) tip of first dorsal-fin ray; (8) posterior margin of last 
dorsal-fin ray at dorsal-fin base; (9) tip of last dorsal-fin ray; (10) posterior margin of pre-
adipose plate; (11) tip of adipose spine; (12) anterior margin of last dorsal procurrent ray; 
(13) posterior margin of the last median lateral plate; (14) posterior margin of last anal-
fin ray at base. 
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Figure 2.4. Landmarks for morphometric analysis, dorsal view: (15) medial margin of 
bony nostril; (16) medial margin of bony orbit; (17) lateral margin of exposed cleithrum.  
 

 

 

Figure 2.5. Landmarks for morphometric analysis, ventral view: (18) medial margin of 
premaxilla; (19) lateral margin of premaxilla; (20) medial margin of dentary; (21) lateral 
margin of dentary; (22) medial edge of branchial opening; (23) anterior margin of 
pectoral spine at base; (24) bony tip of pectoral spine; (25) anterior margin of first pelvic-
fin ray; (26) tip of first pelvic-fin ray; (27) base of urogenital papilla; (28) anterior margin 
of first anal-fin ray at base; (29) anterior margin of last ventral procurrent ray. 
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Figure 2.6. Chaetostoma loborhynchos, MUSM 20291, 72.3 mm SL. Infraorbital series, 
dorsal view, left side, anterior top. F, frontal; IO1-6, infraorbitals; N, nasal; SP, 
sphenotic; SPO, suprapreopercle; nr, nostril; or, orbit. Scale bar 5 mm. 
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CHAPTER III 

IS CHAETOSTOMA MARMORESCENS A SINGLE SPECIES OCCURRING AT HIGH 

AND LOW ELEVATIONS OR IS IT TWO CRYPTIC SPECIES? 

3.1. Introduction 

Biodiversity, in terms of the number of organisms that populate our planet 

(Wilson, 1988), is considered to be decreasing, perhaps towards a new massive extinction 

episode, due mostly to human activities resulting in destruction of habitats that support 

high numbers of species per unit area. One of these important habitats is the montane 

forest in the Andes Mountains, inhabited by numerous endemic species (Myers at al., 

2000). Although the available area of the Andes montane forests is decreasing due to the 

growth of human settlements, the number of species known to inhabit these mountains is 

increasing as researchers study specimens from previously unknown areas (Willmot et 

al., 2001), and increase efforts to discover and describing all new species worldwide, 

through initiatives such as the All Catfish Species Inventory Project (NSF DEB-

0315963). 

New species are designated to be those that are found to be different from all 

previously described ones, where the previously described species have valid names (a 

nomenclatural act) and one or more specimens upon which the diagnosis was made (type 

specimens), and against which the new species is compared and diagnosed when 

proposed. Thus, to describe a new species, a systematist needs to know the species that 

already have been described and which of these described species have been assigned 
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names (categories), and must compare and diagnose the new species against the valid 

described ones (specimens). 

Chaetostoma is one of few catfish genera that inhabit the fast-flowing waters in 

the Andes (Schaefer, 2003). Only last year, three new Chaetostoma species were 

described from the Huallaga Río basin based on the presence of dark dots on their bodies 

and differences in body proportions (Salcedo, 2006a; 2006b). The number of 

Chaetostoma species is increasing as new species are being discovered by studying 

material deposited in museum collections. However, the lack of type material makes it 

difficult or even impossible to decide whether to consider a group of specimens a new 

species, especially when they exhibit morphological characteristics, such as coloration 

pattern, similar to the ones reported in the original descriptions. 

Specimens that match the original description of Chaetostoma marmorescens, 

such as: “naked part of snout densely covered with warts a little larger than those on the 

lip; interopercle with 8-16 nearly or quite straight spines” and the coloration pattern 

without dots or other conspicuous mark on the body (Eigenmann and Allen, 1942), were 

found deposited in three museum collections. However, the presence of the adipose 

spine, although reported as well developed in the original description, is variable in 

specimens from some sampling localities. 

Thus, the objectives of the present study were to: 1) detect and quantify 

morphological differences among specimens from the Río Huallaga that match the 

original description of Chaetostoma marmorescens; and 2) evaluate the need for 

assigning a name-bearing specimen for Chaetostoma marmorescens: neotype 
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(International Commission on Zoological Nomenclature, 1999: Article 75). All the 

material collected by Allen (Eigenmann and Allen, 1942) from the localities reported in 

the original description of Chaetostoma marmorescens was studied, as well as the entries 

in the catalog ledger (Indiana University) where Eigenmann (based on handwritting 

comparisons) assigned numbers to the types-to-be of Chaetostoma marmorescens. 

 

3.2. Material and Methods 

Counts were made on the left side of the body, with the exception of teeth and 

hypertrophied odontodes on evertible cheek plates, which were counted on both sides. 

Measurements of bilaterally symmetrical features were made using digital calipers on the 

left side of the body, unless the structure in question was damaged. Body measurements 

are reported as percentages of standard length (SL) or head length (HL). Counts follow 

Salcedo (2006a) and 34 measurements (Appendix C, except anal-spine length) were 

made based on the landmarks in Figures 2.3-2.5. Studies specimens are deposited in the 

following institutions: Academy of Natural Sciences of Phyladelphia (ANSP), California 

Academy of Sciences (CAS), and Museo de Historia Natural, Universidad Nacional 

Mayor de San Marcos (MUSM). 

To explore the information obtained from the specimens, morphometric data were 

analyzed with the program Sheared PCA for Macintosh, written by N. MacLeod, 

available at http://www.nhm.ac.uk/hosted_sites/paleonet/ftp/ftp.html, which implements 

the Shear PCA method (Humphries et al., 1981) described in Rohlf and Bookstein (1987) 

for size correction. 

http://www.nhm.ac.uk/hosted_sites/paleonet/ftp/ftp.html
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All measurements were log-transformed to natural logarithms and included in a 

stepwise discriminant analysis, which introduces variables so as to maximize the Lawley-

Hotelling trace (Rao’s V or Hotelling’s generalized T2) at each step to determine the best 

subset of variables to include in statistical analyses. From this analysis variables were 

ranked, and the most discriminatory variables were included in the multivariate analysis 

of variance (MANOVA) for specimen groups. 

A multivariate analysis of variance (MANOVA) was conducted to determine the 

significance of the differences between Chaetostoma marmorescens specimens from 

Provincia de Huánuco and Provincia de Leoncio Prado, based on log-transformed data. 

The number of variables included in the MANOVA was determined by the maximum 

number of variables that do not return a singular matrix when running the analysis, minus 

one variable. 

The same number of variables included in the MANOVAs was used for the 

corresponding discriminant analyses. Discriminant functions for Chaetostoma specimens 

from Provincia de Huánuco and Provincia de Leoncio Prado were estimated based on 

interlandmark distances (log-transformed values), as well as on size-invariant (“size-

free”) interlandmark distances, where the log-transformed values of each character are 

regressed separately on the first pooled within-group principal component (dos Reis et 

al., 1990; Olivera, 1998). All morphometric analyses were performed using programs 

written in Matlab 6.5 (The Mathworks, http://www.mathworks.com/products/matlab/), 

mainly on the library functions developed by Dr. Richard Strauss, available at 

http://www.biol.ttu.edu/strauss/Matlab/Matlab.htlm. 
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Institutional abbreviations are as listed in Leviton et al. (1985), with the addition 

of Museo de Historia Natural, Universidad Nacional Mayor de San Marcos (MUSM). 

 

3.3. Results 

Sheared principal component analysis of thirty-four morphometric measurements 

obtained for 87 specimens deposited in the ANSP (32), CAS (47), and MUSM (8) 

indicated two groups of specimens based on body shape components (Figure 3.1). From 

the sheared PCA analysis, the first three components extracted account for 95.4 

cumulative percent variance, with their respective eigenvalue and total variance 

accounted for, as follows: PC I (0.64, 94.33), PC II (0.01, 2.15), and PC III (0.003, 0.42). 

The first principal component (PC I) corresponds to the size vector, the second and third 

components (PC II and PC III) are the principal components that were sheared and 

correspond to shape variation. Most variation in PC II is explained by premaxilla length 

(-0.507), and most variation in PC III is explained by internaris width (0.737) (Table 3.1). 

The stepwise discriminant analyses show a logarithmic increase of discrimination 

as variables are added. This corresponds to a trend of minimum decrease of the values for 

discrimination by variable (discrimination divided by the number of variables included at 

each step) after the addition of the 16th variable (Figure 3.1). The most discriminatory 

measurements are: pre-dorsal length, body depth, interorbital width, dorsal-adipose 

length, and first pelvic-fin ray length (Table 3.2). The 16 most discriminatory 

measurements were included in the MANOVA, which indicate significant differences 
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(Wilks’ λ=0.030; F=224.83; DF1=16; DF2=112) between the two groups of C. 

marmorescens specimens. 

The discriminant analysis resulted in one discriminant function (DF1) that 

classifies all specimens unambiguously (Figure 3.3 A). A plot of the correlation vectors 

with the first two discriminant functions indicate that all interlandmark distances are 

highly correlated, as all of them exhibit similar loading vectors of correlation with DF1 

(Figure 3.3 B). The size-free discriminant analysis also resulted in one discriminant 

function (SF-DF1) that classifies all specimens unambiguously (Figure 3.4 A), and the 

plot of the correlation vectors with the first two discriminant functions pictures 

uncorrelated interlandmark distances (Figure 3.4 B). Thus the re-description of 

Chaetostoma marmorescens should be based only on the specimens collected from the 

type locality. 

3.4. Re-description of Chaetostoma marmorescens 

3.4.1. Names used 

Chaetostoma marmorescens.- Eigenmann and Allen, 1942: 193; Isbrücker, 1980: 62; 

Isbrücker, 2001: 26; Fisch-Muller, 2003: 381; Ferraris, 2007: 229; Ortega and Vari, 1986: 

17; Ortega, 1992: 43; Salcedo, 2003: 138. 

Chaetostoma taczanowskii.- Eigenmann and Allen, 1942: 192. 

 

3.4.2. Description 
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Morphometric characters in Table 3.3. Head and body slender, head robust and 

body slender on larger specimen, greatest body width at cleithrum. Head as long as wide. 

Head and body depressed, body depth greater than peduncle depth. Head profile slightly 

convex from posterior border of naked snout to posterior border of supraoccipital. Trunk 

profile slightly convex from posterior border of supraoccipital to anterior border of dorsal 

fin, straight along base of dorsal fin with a shallow slope descending towards anterior 

border of pre-adipose plate, caudal peduncle slightly concave along dorsal margin 

towards anterior border of caudal fin. Ventral profile straight. Caudal peduncle triangular 

in cross-section, with apex dorsally, caudal peduncle width 67.4 % of caudal peduncle 

depth on average (Figure 3.5 A). 

Dorsal fin reaching pre-adipose plate or base of adipose spine, when depressed. 

Dorsal fin with one spinelet and eight rays (78 specimens) or nine rays (13 specimens), 

first unbranched (Table 3.4). Adipose fin conspicuous, adipose spine rouned in crossed 

section. Anal fin conspicuous, always present. Anal fin with three (2 specimen), four (13 

specimens), five (66 specimens) or six (1 specimen), first one (80 specimens) or two (2 

specimens) rays unbranched. First anal-fin ray with no odontodes to two rows of 

odontodes. Caudal fin truncated with 16 rays, most-dorsal and most-ventral rays 

unbranched. Posterior process of cleithrum partially exposed; exposed part of cleithrum 

more or less rectangular, oblique, posterior margin straight to slightly convex. Pectoral 

fin with one spine and six branched rays. Pectoral-fin spine reaching origin of pelvic fin 

when depressed and extending through proximal fourth of pelvic fin. Pectoral-fin spine 
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strong, with enlarged odontodes on dorsal and lateral surface. Pelvic fin with six rays, 

first unbranched. First simple pelvic-fin ray thick. 

Anterior margin of snout from rounded to triangular, snout naked, covered with 

conspicuous, blister-like, round shaped papillae. Body dorsally and laterally covered by 

plates with odontodes; odontodes in rows on mid-ventral lateral plate series. Body naked 

ventrally from tip of snout to origin of anal fin. Caudal peduncle with a row of coalescent 

plates ventrally along mid-line, posterior to anal-fin base. Fat pads underneath the skin in 

snout. 

Head flat from posterior border of naked snout towards anterior border of narial 

openings. Flat to slightly convex from narial openings to anterior border of eyes. 

Posterior tip of supraoccipital covered with conective tissue. Oral disk densely covered 

by blister-shaped papillae, smaller than papillae on snout. Posterior lip margin with 

irregular lobes along its edge. Maxillary barbels conspicuous. 

Posterior soft border of each premaxilla smooth. Roof of mouth between 

premaxillae with fleshy digitiform buccal papilla, anterior to buccal valve. Blister-shaped 

papillae on middle third of anterior soft border of each dentary. 

Teeth arranged in two rows on premaxilla and dentary, more numerous in dentary 

(Table 3.4). Teeth slender, asymmetrically bifid, cusp tips sharp. Medial tooth cusp two 

and a half times as long as lateral tooth cusp. Lateral tooth cusp from lateral to juxtaposed 

over medial cusp from bifurcation to almost its full length. 

Hypertrophied odontodes on evertible cheek-plates embedded in soft connective 

tissue overlaying thin fleshy flap. Evertible cheek-plates formed by three thick plates 
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with one to six hypertrophied odontodes each. Hypertrophied odontodes straight, of 

which one to two posteriormost odontodes are longer, slightly stronger, and slightly 

curved. Exposed part of opercle triangular, its posterior free border with enlarged 

odontodes. Small opercular opening covered by fleshy flap, bordered posteriorly by 

exposed cleithrum. 

First infraorbital (IO1) small with none to short laminar expansions, embeded in 

fleshy snout. Second infraorbital (IO2) its area approximately ten times larger than of 

first infraorbital. Distance between IO1 and IO2 from half to full length of IO1. Third 

infraorbital (IO3) borders narial opening laterally. Fourth (IO4) through sixth (IO6) 

infraorbitals border orbit anterolaterally. Nasal bone greatly reduced to a long tube with 

no laminar projections. Frontal large and elongated, forming posterior border of nares and 

medial border of orbit. Sphenotic rectangular, with lateral projection in contact with IO6, 

forming posteromedial border of orbit. Pterotic-supracleithrum not forming posterior 

border of orbit. Suprapreopercle as a restangular to square canal-bearing plate. Absence 

of dermal plate between IO6 and suprapreopercle. Lateral line extending from posterior 

border of suprapreopercle to base of caudal fin on two specimens, to third and second 

plates anterior to base of caudal fin on one specimen, on the median series of plates along 

the body. First median plate half the length of second median plate on two specimens, 

one fourth to one third the length of second median plate on one specimen. 

Vertebrae 28. Nine pairs of ribs, first pair thick and articulating directly with sixth 

centrum, ribs 2-9 articulating with 8-15 centra. Epural separated from fused hypurals 
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(hypurals 3-5 + uroneural), as bladelike bone, articulating dorsally with base of 

posteriormost procurrent ray. 

Nuchal plate completely covered by bony plates. First dorsal-fin spinelet 

completely covered by skin. Dorsal fin supported by ten pterygiophores, with first 

pterygiophore articulating with neural spine of seventh vertebra. Anal fin supported by 

three pterygiophores, with first pterygiophore contacting hemal spine of fifteenth 

vertebra. 

 

3.4.3. Color in alcohol 

Head and body brown. Black spot present on base of membrane between first 

unbranched and first branched dorsal-fin rays. Three to six dark bars on each ramified 

ray, membrane not pigmented. Anal fin uniformly pale brown. Caudal fin with four to 

seven dark bars on each ray. Pectoral-fin spine and rays brown dorsally. Pectoral fin 

light-brown ventrally. Pelvic-fin rays with four to five dark brown bars dorsally along 

their length, membranes not pigmented. Pelvic fin light-brown ventrally. Ventral plates of 

caudal peduncle light brown. 

 

3.4.4. Sexual dimorphism 

Mature males have fourth and fifth pelvic-fin rays elongated. Females or 

immature males have a truncated pelvic fin. 
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3.5. Description of Chaetostoma sp. 

3.5.1. Names used 

Chaetostoma marmorescens.- Salcedo, 2003: 138. 

 

3.5.2. Description 

Morphometric characters in Table 3.3. Head and body robust, greatest body width 

at cleithrum. Cleithral width slightly greater than head length. Head and body depressed, 

body depth greater than peduncle depth. Head profile convex from posterior border of 

naked snout to posterior border of supraoccipital. Trunk profile straight to slightly convex 

from posterior border of supraoccipital to anterior border of dorsal fin, straight along base 

of dorsal fin with a shallow slope descending towards adipose fin, caudal peduncle 

slightly concave along dorsal margin towards anterior border of caudal fin. Ventral 

profile straight. Caudal peduncle triangular in cross-section, with apex dorsally, caudal 

peduncle width 77.6 % of caudal peduncle depth on average (Figure 3.5 B). 

Dorsal fin reaching plate anterior to pre-adipose plate, pre-adipose plate, or base 

of adipose spine, when depressed. Dorsal fin with one spinelet and eight (11 specimens), 

nine (86 specimens) or ten (5 specimens) rays, first unbranched (Table 3.4). Adipose fin 

small to absent, adipose spine rouned in crossed section when present. Anal fin small to 

very small, always present. Anal fin with two (1 specimen), three (27 specimenes), or 

four (44 specimens) rays, first one (68 specimens), two (1 specimen) or three (3 

specimens) rays unbranched. First anal-fin ray with two rows of odontodes embeded in 

conective tissue in some specimens. Caudal fin obliquely truncated, with 16 rays, most-
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dorsal and most-ventral rays unbranched. Posterior process of cleithrum partially 

exposed; exposed part of cleithrum more or less rectangular, oblique, posterior margin 

straight. Pectoral fin with one spine and six branched rays. Pectoral-fin spine reaching 

origin of pelvic fin when depressed and extending through proximal fourth of pelvic fin. 

Pectoral-fin spine strong, with enlarged dorsally oriented odontodes on medial border. 

Pelvic fin with six rays, first unbranched. First simple pelvic-fin ray thick, depressed. 

Anterior margin of snout from rounded, snout naked, covered with blister-like, 

round shaped papillae. Body dorsally and laterally covered by plates with odontodes. 

Body naked ventrally from tip of snout to origin of anal fin. Caudal peduncle with a row 

of coalescent plates ventrally along mid-line, posterior to anal-fin base. Fat pads 

underneath the skin in snout. 

Head flat from posterior border of naked snout towards anterior border of narial 

openings. Flat to slightly convex from narial openings to anterior border of eyes. 

Posterior tip of supraoccipital covered with conective tissue. Oral disk densely covered 

by blister-shaped papillae, smaller than papillae on snout. Posterior lip margin with 

irregular lobes along its edge. Maxillary barbels conspicuous. 

Posterior soft border of each premaxilla smooth. Roof of mouth between 

premaxillae with very small fleshy triangular buccal papilla, anterior to buccal valve. 

Blister-shaped papillae on middle third of anterior soft border of each dentary, short 

fleshy folds medially to them when present. 

Teeth arranged in two rows on premaxilla and dentary, more numerous in dentary 

(Table 3.4). Teeth slender, asymmetrically bifid, cusp tips sharp. Medial tooth cusp two 
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and a half times as long as lateral tooth cusp. Lateral tooth cusp from lateral to juxtaposed 

over medial cusp from bifurcation to almost its full length. 

Hypertrophied odontodes on evertible cheek-plates embedded in soft connective 

tissue. Evertible cheek-plates formed by three thick plates with one to six hypertrophied 

odontodes each. Hypertrophied odontodes straight. Thick fleshy flap posterior and 

ventrally to evertible cheek plates, not underlaying hypertrophied odontodes. Exposed 

part of opercle triangular, its posterior free border with enlarged odontodes. Small 

opercular opening covered by fleshy flap, bordered posteriorly by exposed cleithrum. 

First infraorbital (IO1) small tube without laminar expansions, embeded in fleshy 

snout. Second infraorbital (IO2) its area approximately four times larger than of first 

infraorbital. Distance between IO1 and IO2 almost the length of IO1. Third infraorbital 

(IO3) borders narial opening laterally. Fourth (IO4) through sixth (IO6) infraorbitals 

border orbit anterolaterally. Nasal bone greatly reduced to a long tube with no laminar 

projections. Frontal large and elongated, forming posterior border of nares and medial 

border of orbit. Sphenotic rectangular, with lateral projection in contact with IO6, 

forming posteromedial border of orbit. Pterotic-supracleithrum not forming posterior 

border of orbit. Suprapreopercle with short lateral projections, as a romboid canal-bearing 

plate. Absence of dermal plate between IO6 and suprapreopercle. Lateral line extending 

from posterior border of suprapreopercle to base of caudal fin on the median series of 

plates along the bedy. First median plate one fifth the length of second median plate. 

Vertebrae 27. Eleven pairs of ribs, first pair thick and articulating directly with 

sixth centrum, ribs 2-11 articulating with 8-17 centra. Epural separated from fused 
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hypurals (hypurals 3-5 + uroneural), as bladelike bone, articulating dorsally with base of 

posteriormost procurrent ray. 

Nuchal plate completely covered by bony plates. First dorsal-fin spinelet 

completely covered by skin. Dorsal fin supported by eleven pterygiophores, with first 

pterygiophore articulating with neural spine of seventh vertebra. Anal fin supported by 

three pterygiophores, with first pterygiophore contacting hemal spine of sixteenth 

vertebra. 

 

3.5.3. Color in alcohol 

Head and body brown. Longitudinal dark stripe along median lateral plate series. 

Head dorsally covered with very small light spots to about about one third the eye 

diameter on naked snout, on a dark background. Body with light blotches of about the 

eye diameter, not conspicuous in most specimens. Continuous dark line between 

posterior margin of pterotic-supracleithrum and exposed cleithrum. Black spot present on 

base of membrane between first unbranched and first branched dorsal-fin rays. Two to 

four dark bars on each ramified ray, membrane not pigmented. Anal fin uniformly pale 

brown. Caudal fin with three to four dark bars on each ray. Pectoral-fin spine and rays 

dark brown dorsally, light specimens with four dark brown bars, membrane not 

pigmented. Pectoral fin light-brown ventrally. Pelvic-fin rays with two to three dark 

brown bars dorsally along their lengths, membranes not pigmented. Pelvic fin light-

brown ventrally. Ventral plates of caudal peduncle pale brown, with two dark brown 

lines, parallel to each other and to midline, from anal-fin base to caudal-fin base. 
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3.5.4. Sexual dimorphism 

Not detected. Not developed anal fins were found. 

 

3.6. Discussion 

Significant differences between the specimens from the Provincia de Huánuco, and 

Provincia de Leoncio Prado suggests that these groups can be differentiated based on 

morphological characteristics. Thus, the specimens from these provinces are proposed to 

be different species and to inhabit different regions along the Río Huallaga basin (Figure 

3.6). However, one fish lot deposited in MUSM (MUSM 729) that morphologically 

corresponds to specimens collected in the Provincia de Huánuco was collected in 

Provincia de Leoncio Prado. This might correspond to a wide distribution pattern, 

perhaps associated with seasonal migration (November is the beginning of rainy season 

in that region) or a clerical misidentification of the collection locality. 

Among the material studied, two morphological species are present in the Río 

Huallaga, one of them corresponding to the described Chaetostoma marmorescens. To 

assign the name C. marmorescens, the studied specimens must be compared with the type 

specimens of the species. The Indiana University collections were acquired by the 

California Academy of Sciences in 1929, and moved to its facilities in San Francisco 

without loss of any specimens (Eigenmann and Allen, 1942, p. xii). However, the type 



Texas Tech University, Norma Salcedo, August 2007 

 52

holotype and paratype specimens of Chaetostoma marmorescens were reported to not be 

at CAS in 1997 (Eschmeyer, 2007; Ferraris, 2007). 

Six lots at the CAS correspond to Chaetostoma specimens collected from the Río 

Huallaga by Allen. According to the labels in the jars, four of them were collected during 

the Irwin Expedition in 1918, and two lots were collected during the Centennial 

Expedition in 1920. During the Irwin Expedition (organized and conducted by 

Eigenmann), Allen conducted collections in the upper Rio Huallaga on his own (Allen, 

1920; Eigenmann, 1919, 1920; Eigenmann and Allen, 1942). However, the Centennial 

Expedition collections, conducted by Allen as well, were carried out in the mouth and 

lower portions of the Río Huallaga (Allen, 1920), not near Huánuco, as stated on the 

labels of these two lots. Thus, all Chaetostoma specimens studied were collected during 

the Irwin Expedition in 1918. 

Together with the printed CAS labels, one original label in Eigenmann’s handwriting 

includes IU 15417 and IU 15418 identified as Chaetostoma taczanowskii (Figure 3.7). 

Although the locality data on this label matches the data reported in Eigenmann and 

Allen (1942) for both accession numbers, the number of specimens in the handwritten 

label does not match the number reported for IU 15417. The handwritten label reports 

three specimens (total length on label=86-187) from the Río Tingo (IU 15417), and 

“many” (total length on label=42-137) from Huancachupa Creek (IU 15418). 

This handwritten label is in the lot CAS 77112. This lot corresponds to six specimens 

(total length=83-155 mm), collected by Allen from the Río Tingo, and reported as IU 

15417 (total length reported=85-153 mm) by Eigenmann and Allen (1942, p. 192). 
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However, 15417 and 15418 in the Indiana University catalog correspond to Sterpopygus 

macrurus from Puerto Bermudez and Hypopomus brevisrostris from Yurimaguas, 

collected in 1920 during the Centennial Expedition, respectively. 

The information about the lots with assigned numbers 15417 and 15418 identified by 

Eigenmann as Chaetostoma taczanowskii was never entered in the Indiana University 

Catalog (Figure 3.8). However, the locality information on the handwritten label 

corresponds, word for word, to the information reported by Eigenmann and Allen (1942, 

p. 193) for the two lots of Chaetostoma marmorescens. It is possible that Eigenmann first 

recognized the specimens as new, described them, assigned numbers to the types-to-be 

(15402 and 15403), filled the information in the catalog, but later himself recognized the 

same specimens as an already described species, so he transcribed the label (an misread 

107, writing 187 mm instead for the Río Tingo lot) assigning new numbers on a new 

label, but leaving the de-accession of 15402 and 15403 and the accession of 15417 and 

15418 for later, which was never done. Differences in ink patterns between accessions 

15416 and 15417 support this hypothesis. 

The original description reports 88 specimens collected by Allen from Río Tingo and 

Huancachupa Creek, of which 81 specimens were found at CAS. The seven missing 

specimens correspond to five specimens with nine branches dorsal-fin rays and two 

specimens with seven branched dorsal-fin rays. None of the specimens from 

Huancachupa Creek match the total length reported by Eigenmann for the type specimen 

(total length=135 mm). Clerical problems at the time Eigenmann wrote the manuscript 
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describing the new species seem to be the reason for the seemingly apparent loss of the 

type specimens. 

Because of the need of comparative material of the species Chaetostoma 

marmorescens, the probable loss of the assigned holotype, the uncertainty about the lot of 

the assigned holotype, the recognition of material collected in the type locality probably 

part of the lot that included the assigned holotype, and the recognition of this material as 

probably used for the original description, a neotype should be designated for the species 

Chaetostoma marmorescens according to the Article 75 of the International Code of 

Zoological Nomenclature (International Commission on Zoological Nomenclature, 

1999). A detailed description of this species will allow the definition of valid species and 

the description of new species. 
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Table 3.1. Variable loadings on the first three principal components from measurements 
of Chaetostoma marmorescens (n = 88). Three highest loadings for each component in 
bold. 
 

  PC I PC II (sheared) PC III (sheared) 
1 Standard Length  0.169 -0.004 -0.001 

2 Head length 0.156 -0.137 0.109 

3 Head depth 0.162 -0.106 0.057 

4 Body depth 0.175 -0.133 0.061 

5 Cleithral width 0.184 0.051 0.035 

6 Interbranchial width 0.178 0.156 0.024 

7 Pre-dorsal length 0.186 0.025 0.032 

8 Base of dorsal-fin length 0.189 0.049 -0.008 

9 Dorsal-fin base 0.185 0.164 0.013 

10 First dorsal-fin ray length 0.148 -0.223 0.080 

11 Last dorsal-fin ray length 0.202 -0.356 0.054 

12 Dorsal-caudal length 0.107 0.088 0.077 

13 Dorsal-adipose length 0.167 -0.053 0.106 

14 Adipose-caudal length 0.165 0.299 -0.037 

15 Pectoral-pelvic length 0.170 -0.071 -0.235 

16 Pectoral spine length 0.173 0.082 0.102 

17 Interpelvic width 0.179 0.238 -0.083 
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Table 3.1. (cont.) Variable loadings on the first three principal components from 
measurements of Chaetostoma marmorescens (n = 88). Three highest loadings for each 
component in bold. 
 

  PC I PC II (sheared) PC III (sheared) 
18 First pelvic-fin ray length 0.154 -0.203 -0.453 

19 Pelvic-anus length 0.197 0.086 -0.058 

20 Pre-anus length 0.166 -0.007 0.026 

21 Anus-caudal length 0.158 -0.111 -0.024 

22 Anus-anal length 0.176 0.216 -0.084 

23 Pelvic-anal length 0.173 0.010 -0.066 

24 Pre-anal length 0.172 -0.040 -0.022 

25 Anal-caudal length 0.158 -0.061 0.006 

26 Caudal peduncle length 0.170 0.012 0.001 

27 Caudal peduncle depth 0.178 0.186 -0.277 

28 Snout length 0.180 -0.117 0.050 

29 Internaris width 0.129 0.167 0.737 

30 Interorbital width 0.183 0.178 -0.030 

31 Nostril-orbit length 0.183 0.187 -0.112 

32 Bony orbit diameter 0.177 -0.180 0.028 

33 Premaxilla length 0.175 -0.507 0.071 

34 Dentary length 0.174 -0.063 -0.014 
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Table 3.2. Ranking of variables from most discriminatory to least discriminatory. 

 Variable   Variable   Variable 

1 Pre-dorsal length  13 Pelvic-anus length  25 Pectoral spine length  

2 Body depth  14 Anus-anal length  26 Caudal peduncle depth  

3 Interorbit width  15 Pelvic-anal length  27 Pectoral-pelvic length 

4 Dorsal-adipose length  16 Dorsal-fin length  28 Caudal peduncle length 

5 First pelvic-fin ray 

length 

 17 Pre-anal length  29 Snout length 

6 Head length  18 Pre-anus length  30 Dorsal-caudal length  

7 Head depth  19 Premaxilla length  31 Adipose-caudal length 

8 Interpelvic width  20 First dorsal-fin ray 

length  

 32 Interbranchial width 

9 Standard length  21 Internostril width   33 Eye 

10 Nostril-orbit length  22 Dentary length  34 Cleithral width 

11 Last dorsal-fin ray length  23 Base of dorsal-fin length    

12 Anal-caudal length  24 Anal-caudal length     
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Table 3.3. Morphometric data (summary statistics) for Chaetostoma marmorescens and Chaetostoma sp. A 

 C. marmorescens  Chaetostoma sp. A 

 (n = 59)  (n = 70) 

 

CAS 

45783(2) Range Mean SD  

ANSP 

138975(1) Range mean SD 

Standard length (mm) 74.5 34.6-118.9 59.6   62.5 31.2-66.7 50.9  

Percents of standard length        

Head length 32.9 32.0-38.8 35.2 1.7  32.4 30.4-35.7 33.1 1.1 

Head depth 17.1 16.3-20.8 18.0 0.9  16.1 15.5-19.5 17.1 0.8 

Body depth 18.4 16.2-26.2 19.0 1.6  16.0 15.0-21.8 17.6 1.2 

Cleithral width 36.6 33.2-41.2 36.1 1.7  37.1 33.5-39.7 36.8 1.3 

Interbranchial width 27.6 25.3-32.2 27.5 1.4  30.3 25.9-32.3 30.0 1.3 

Pre-dorsal length 45.5 34.4-50.3 46.8 1.6  42.5 42.1-48.7 45.9 1.4 

Base of dorsal-fin length 23.4 19.5-31.2 23.2 1.7  27.9 21.8-30.1 27.3 1.5 

Dorsal-fin length 37.6 31.8-41.8 36.0 2.1  42.8 36.3-44.2 40.4 1.8 
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 Table 3.3. (cont.) Morphometric data (summary statistics) for Chaetostoma marmorescens and Chaetostoma sp. 

 C. marmorescens  Chaetostoma sp. 

 (n = 59)  (n = 70) 

 

CAS  

45783(2) Range Mean SD  

ANSP 

138975(1) Range mean SD 

First dorsal-fin ray length 26.0 13.3-28.8 24.6 2.2  22.4 18.9-27.7 22.3 1.2 

Last dorsal-fin ray length 16.1 11.9-22.2 14.8 1.7  16.8 12.6-17.1 15.2 1.1 

Dorsal-caudal length 34.6 28.2-36.0 31.9 1.6  28.8 24.8-33.0 29.0 1.6 

Dorsal-adipose length 18.9 13.2-20.6 16.3 1.6  16.9 13.6-20.8 16.9 1.5 

Adipose-spine length 6.7 12.2-24.3 19.5 2.3  5.3 12.6-21.2 16.5 1.6 

Adipose-caudal length 15.9 13.0-18.0 15.7 1.1  12.1 9.1-14.3 12.1 1.0 

Pectoral-pelvic length 24.7 21.2-27.7 24.9 1.3  24.2 21.2-27.7 24.4 1.5 

Pectoral spine length 27.4 22.3-27.5 24.6 1.3  28.3 23.8-30.2 27.6 1.4 

Interpelvic width 25.4 22.7-29.9 25.0 1.7  28.1 22.1-28.9 27.2 1.0 

First pelvic-fin ray length 27.2 20.3-29.1 25.4 1.5  23.4 19.2-28.1 24.4 1.4 
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Table 3.3. (cont.) Morphometric data (summary statistics) for Chaetostoma marmorescens and Chaetostoma sp. 

 C. marmorescens  Chaetostoma sp. 

 (n = 59)  (n = 70) 

 

CAS 

45783(2) Range Mean SD  

ANSP 

138975(1) Range mean SD 

Pelvic-anus length 17.4 14.5-19.3 16.6 1.0  18.0 16.8-20.1 18.2 0.7 

Pre-anus length 58.3 56.8-64.2 60.7 1.5  60.2 57.6-63.8 61.1 1.4 

Anus-caudal length 38.2 34.9-42.0 38.5 1.3  40.1 35.4-40.5 38.2 1.1 

Anus-anal length 9.3 7.0-10.9 8.9 0.9  9.7 7.8-11.4 9.6 0.8 

Pelvic-anal length 24.5 19.8-26.6 23.5 1.3  26.1 23.3-28.2 25.8 0.9 

Pre-anal length 68.1 66.7-73.6 69.4 1.3  69.2 66.8-73.4 70.1 1.5 

Anal-caudal length 29.3 26.7-33.4 29.9 1.1  30.2 26.6-31.5 28.9 1.1 

Caudal peduncle length 26.8 24.4-29.3 27.0 1.0  26.7 23.9-29.1 26.0 1.1 

Caudal peduncle depth 11.7 10.8-12.9 11.9 0.5  11.1 10.0-12.7 11.1 0.6 
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Table 3.3. (cont.) Morphometric data (summary statistics) for Chaetostoma marmorescens and Chaetostoma sp. 

 C. marmorescens  Chaetostoma sp. 

 (n = 59)  (n = 70) 

 

CAS 

45783(2) Range Mean SD  

ANSP 

138975(1) Range mean SD 

Percents of head length        

Snout length 66.7 55.7-69.0 63.0 1.7  63.1 59.4-67.9 62.8 1.7 

Internostril width 7.7 5.7-9.9 7.7 0.8  8.8 7.1-10.4 9.2 0.7 

Interorbital width 30.6 28.1- 34.0 31.1 1.2  27.9 26.1-32.4 29.5 1.5 

Nostril-orbit length 16.3 11.9-17.3 14.2 1.4  12.1 10.7-14.0 12.3 0.8 

Orbit diameter 12.9 11.2- 17.6 14.4 1.6  15.9 14.5-18.7 16.5 1.0 

Premaxilla length 28.2 22.2-31.4 26.4 2.4  28.3 23.6-31.8 28.4 1.8 

Dentary length 31.0 24.2-35.2 30.0 2.9  34.1 28.6-37.9 32.8 1.9 
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Table 3.4. Meristic data (summary statistics) for Chaetostoma marmorescens and Chaetostoma sp. A 

 C. marmorescens  Chaetostoma sp. A 

 (n = 36)  (n = 20) 

 

CAS 

45783(2) Range Mean  

ANSP 

138975(1) Range mean 

Lateral-line plates 25 24-26 24.7  23 22-23 22.8 

Premaxillary teeth 61 41-71 53.9  51 38-52 44.9 

Dentary teeth ? 50-70 62.7  62 52-67 58.2 

Dorsal fin* I+i+8 I+i+8-9 I+i+8.1  I+i+9 I+i+8-10 I+i+8.9 

Pectoral fin I+6 I+5-6 I+6  I+6 I+6 I+6 

Pelvic fin i+5 i+5 i+5  i+5 i+5 i+5 

Anal fin i+3 i-ii+1-5+0i-i 1.06i+3.4+0.1i  i+3 i-iii+0-3+0i-i 1.4i+2+0.3i 

Caudal fin i+14+i i+13-14+i i+13.9+i  i+14+i i+14+i i+14+i 

Dorsal-fin base plates 7 7-10 7.9  8 7-10 8.3 

Inter-dorsal plates 7 4-7 5.6  6 4-6 5 

Plates between adipose and 
caudal fins 

7 6-8 6.7  5 4-5 4.8 

Plates between anal and 
caudal fins 

10 9-11 9.8  8 8-9 8.1 

Odontodes on evertible 
cheek plates 

11 5-17 11.3  8 3-16 8.6 
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Figure 3.1. Plot of scores for sheared principal component II vs. sheared principal 
component III for studied specimens from Huánuco ( ) and TingoMaría ( ). 
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Figure 3.2. Plots of maximal stepwise discrimination (Lawley-Hotelling trace) for 34 
variables of Chaetostoma marmorescens and Chaetostoma sp. specimens. 
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A         B  

Figure 3.3. Plots of scores for discriminant functions (DF1 vs. DF2) and loading vectors 
of most discriminatory interlandmark distances for Chaetostoma marmorescens ( ) and 
Chaetostoma sp. ( ).  
 

 

A         B  

Figure 3.4. Plots of scores for size-free discriminant functions (SF-DF1 vs. SF-DF2) and 
loading vectors of most discriminatory interlandmark distances for Chaetostoma 
marmorescens ( ) and Chaetostoma sp. ( ). 
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A      B  

 
Figure 3.5. (A) Chaetostoma marmorescens, CAS 77112(3), 73.8 mm SL, Río Tingo, Huánuco, Peru. (B) Chaetostoma sp., 
ANSP 138975(1), 62.5 mm, Río Rondos, Tingo María, Peru. 
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Figure 3.6. Map of Peru showing type locality of Chaetostoma marmorescens ( ) and 
distribution of Chaetostoma sp. ( ). 
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Figure 3.7. Handwritten and printed labels with CAS 77112 Chaetostoma marmorescens 
lot. 
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Figure 3.8. Accession numbers 15402, 15403, 15407, and 15408 (in dashed boxes) in the Catalog of Fishes of the Indiana 
University Museum at California Academy of Sciences. 
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CHAPTER IV 

IS WIDELY DISTRIBUTED SPECIES CHAETOSTOMA LINEOPUNCTATUM  

A SINGLE OR SEVERAL CRYPTIC SPECIES? 

 

4.1. Introduction 

The identification of areas for conservation is based (along with other criteria) on 

the high number of species (species richness) that inhabit a geographic area. Assessments 

of species richness are in turn dependant on the criteria (concept) used that lead to the 

classification of a group of individuals within the most commonly used taxonomic 

category: the species. Numerous criteria for delimiting a species have been proposed, but 

we are far from a consensus on which is the best or most appropriate concept to use. 

Nevertheless, concern about discovering and describing the biological diversity on the 

planet to better understand how to protect it before much of it goes extinct might pressure 

decision making and concerns on new species assignments. 

When a new species is recognized, its description follows a two-step process: 1) 

the description of characteristics of the new species: a set of diagnostic characters, a 

detailed (according to the researcher’s criteria and species concepts used) description, 

measurements and counts tables, and illustrations; and, 2) following the regulations of the 

International Code of Zoological Nomenclature (ICZN, 1999) the assignment of name 

that is associated with a type specimen: the specimen(s) that will be deposited in an 

accredited institution (museum) and that will serve as a reference for posterior 

comparison with other specimens to test the inclusion of the latter in the species category 
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that the type series represent. Thus, based on current standards, even if the characteristics 

used for differentiating two species are behavioral, the comparative baseline is 

morphology. 

The genus Chaetostoma (Siluriformes: Loricariidae) includes 45 described 

species. All the descriptions are based on morphological traits, and most voucher 

specimens deposited in museum collections have not yet been identified to species. This 

problem stems from the lack of revisionary work since 1904 and thus no synthetic study 

of interspecific and intraspecific variation. However, there are traits that help identify 

some Chaetostoma species, such as the spotted pattern of the dorsal fin found on 

Chaetostoma lineopunctatum, which differentiates this species from all other known 

Chaetostoma species described so far. 

Chaetostoma lineopunctatum was described based on two specimens from the Río 

Azupizú (Eigenmann and Allen, 1942), a stream in the Río Pachitea basin in central Peru. 

Among the characteristics that the authors included in the original description is the 

unique coloration pattern among Chaetostoma species that allows us to identify 

specimens as Chaetostoma lineopunctatum, as follows: “...a series of spots between the 

dorsal spine and the first ray, two series of spots between the rays, the spots conspicuous, 

of the size of those on the center of the caudal peduncle; each membrane of the caudal, 

anal, pectoral, and ventral fins with dark longitudinal line bordered by hyaline; tip of the 

upper and lower caudal lobes rusty.” 

Based on these coloration characteristics, as well as other morphological 

characteristics of the holotype (Figure 4.1) and paratype, specimens from two localities in 
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the Río Pachitea Basin have been identified as Chaetostoma lineopunctatum, as well as 

specimens from the Río Tambo and the Río Urubamba basins. These river basins drain 

into the Ucayali River and ultimately into the Amazon. Specimens from the Río Inambari 

and the Río Tambopata basins have been also identified as Chaetostoma lineopunctatum, 

although the latter rivers drain into the Río Madre de Dios, a basin separated from the Río 

Urubamba basin by a series of small mountains known as the Fitzcarrald Isthmus. 

A hypothesis about different Chaetostoma species inhabiting each geographically 

isolated basin in the Andes mountains has been proposed (Eigenmann and Allen, 1942), 

and it was followed towards the description of new Chaetostoma species (e.g., Ceas and 

Page, 1992; Schultz, 1944), where specimen comparisons have been restricted to 

geographically nearby regions and connected river systems. Considering vicariance as an 

important mechanism of speciation, specimens with similar morphological characteristics 

on both sides of the Fitzcarrald Isthmus might indicate the presence of at least two cryptic 

Chaetostoma species currently recognized as conspecific with C. lineopunctatum. 

The objectives of the present work were to study specimens identified as 

Chaetostoma lineopunctatum that inhabit the Río Ucayali and Río Madre de Dios basins 

in order 1) to detect and quantify morphological divergence between specimens from the 

Río Pachitea, Río Tambo, Río Urubamba, and Río Inambari basins based on 

morphometric variables, 2) to quantify molecular divergence among specimens that 

inhabit the Río Tambo, Río Urubamba, and Río Inambari basins based on cytocrome b 

sequences, and 3) to test the allopatric-speciation hypothesis based on phylogenetic 

analysis of the obtained molecular data. 
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4.2 Material and Methods 

4.2.1. Sampling 

Specimens were collected from two localities in the Río Tambo basin, three 

localities in the Río Urubamba basin, and three localities in the Río Madre de Dios basin 

(Fig. 4.2). Specimens (including voucher specimens) were fixed in 10% formalin and 

transferred to 70% ethanol after 48 hours. Tissue samples (muscle and/or gill rakers) 

were obtained from fresh specimens in the field, preserved in 95% ethanol or lysis buffer 

(Longmire et al., 1997). Specimens collected are deposited in the Academy of Natural 

Sciences of Philadelphia (ANSP); Auburn University Museum (AUM); Instituto 

Nacional de Pesquisas da Amazonia (INPA), and Museo de Historia Natural of San 

Marcos University (MUSM), Lima, Peru (Appendix A). All tissue samples collected are 

deposited in the Natural Science Research Laboratory of Texas Tech University (NSRL) 

(Appendix B). Additionally type specimens of Chaetostoma lineopunctatum deposited at 

the California Academy of Sciences (CAS) were studied, as well as specimens collected 

in the Río Pachitea basin, deposited at the Museo de Historia Natural of San Marcos 

University (MUSM), Lima, Peru. 

4.2.2. Morphometric data 

A set of 35 linear measurements was obtained from each specimen based on 29 

landmarks (Figures 2.3-2.5) using digital calipers on the left side of the body, unless the 

structure in question was damaged, in which case the measurement was made on the right 
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side. Trunk measurements of mobile structures (pectoral-pelvic, pelvic-anus, and pelvic-

anal lengths) were estimated as an average of right and left sides. Measurements were 

made as indicated in Appendix C. All mensural data were transformed to natural 

logarithms for analysis. Missing data due to damaged specimens were estimated by using 

the maximum likelihood expectation-maximization algorithm (Dempster at al., 1977; 

Little and Rubin, 1987). 

All measurements were included in a stepwise discriminant analysis, which 

introduces variables so as to maximize the Lawley-Hotelling trace (Rao’s V or 

Hotelling’s generalized T2) at each step to determine the best subset of variables to 

include in statistical analyses. From this analysis variables were ranked by their 

contribution to discrimination, and a subset of the most discriminatory variables was 

included in the multivariate analysis of variance (MANOVA) for specimen groups. 

Two separate MANOVAs were performed to determine the degree of statistical 

significance of the differences among specimens grouped by locality and by basin. The 

number of variables included in each MANOVA was determined by the maximum 

number of variables that did not return a singular matrix in the MANOVA analysis. 

The same subset of variables included in the MANOVAs was used in the 

discriminant analyses. Discriminant functions for specimens grouped by locality, and 

specimens grouped by basin were calculated based on measurements (natural log-

transformed values), as well as on size-invariant (“size-free”) measurements, where the 

log-transformed values of each character are regressed separately on the first pooled 

within-group principal component (dos Reis et al., 1990; Olivera, 1998). 
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Mahalanobis distances, based on the pooled covariance matrix among all groups 

(Mahalanobis, 1948), were estimated for all pairs of samples grouped by locality, both for 

the original log-transformed measurements, and for size-invariant (“size-free”) data. 

Based on these distance values, clusters were estimated by finding an additive tree 

network using the Saitou & Nei (1987) neighbor-joining method, simplified as in Studier 

& Kepler (1988). This method uses the Kuhner and Felsenstein (1994) method to adjust 

negative branch lengths. As the network has no specified outgroup, Farris’ (1972: 658) 

minimum rate-heterogeneity criterion is used to estimate the root, which returns an 

ancestor function and vector of corresponding branch length. 

Mahalanobis distances were also estimated for pairs of samples, excluding small 

samples, grouped by locality, for the original log-transformed data, and for size-invariant 

(“size-free”) measurements (dos Reis et al., 1990). Based on these distance values, 

clusters were estimated following the same criteria described above. Covariance matrices 

of all these samples were bootstrapped and the values are reported on the corresponding 

cladograms. All morphometric analyses were performed using programs written in 

Matlab (The Mathworks, http://www.mathworks.com/products/matlab/), mainly on the 

library functions developed by Dr. Richard Strauss, available at 

http://www.biol.ttu.edu/strauss/Matlab/Matlab.htlm. 

 

4.2.3. DNA extraction, gene amplification, and sequencing 

Genomic DNA from tissue samples was extracted following Longmire et al. 

(1997). Two primers were used to amplify the complete cytochrome b gene: GluDG.L 
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(5’-TGA CCT GAA RAA CCA YCG TTG-3’) (modified from Palumbi, 1996) and 

H16460 (5’-CGA YTC TCG GAT TAC AAG ACC G-3’) (Perdices et al. 2002), with 

complementary sequences on the glutamine tRNA and threonine tRNA flanking regions, 

respectively. One internal primer was used with GluDG.L to amplify an approximately 

900-bp fragment of the cytochrome b gene on all specimens from the Río Urubamba 

basin: CB3.H (5’-GGC AAA TAG GAA RTA TCA TTC-3’) (Palumbi, 1996). PCR 

products were produced in 25 µl reactions, using 5 µl 5X Colorless Go Taq® Flexi 

Buffer, 3 µl 25mM MgCl2, 0.25 µl GoTaq® FlexiDNA polymerase (Promega), 2.5 µl 

2.5mM dNTP, 1.5 µl 10mg/ml BSA, 1µl of each 10µM primer, 1-5 µl template DNA, 

and water. The PCR conditions follow Perdices et al. (2002). DNA sequence of the first 

810 bp of cytochrome b gene was obtained from each purified PCR product through 

double-stranded sequencing using GluDG.L and CB3.H as flanking primers and 

CB450.L (5’-TAC ATC GGA RAC AAC CTA G-3’) and CB2.H (5’-CCC TCA GAA 

TGA TAT TTG TCC TCA-3’) (Palumbi, 1996) as internal primers. 

The complete curated cytochrome b gene sequences for Cranoglanis bouderius 

(Peng et al. 2006) and Ictalurus punctatus (Waldbieser et al. 2003) were obtained from 

GenBank and used for alignment, performed using AlignX® software with the default 

gap-cost ratio (15:6.66). Specimens identified as Chaetostoma loborhynchos were 

included in the study as a closely related outgroup for the phylogenetic analysis. All 

sequences were aligned and trimmed to the shortest available sequence length. The 

sequences obtained were translated into predicted amino-acid sequences using MacClade 

4.06 (Maddison and Maddison, 2003) to evaluate for the presence of stop codons. 
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Phylogenetic relationships were estimated using both maximum parsimony and 

maximum likelihood criteria using PAUP* v. 4.0.b10 (Swofford, 2001). For the 

maximum likelihood criterion the best-fitting model of evolution for the data was 

estimated using Modeltest 3.7 (Posada and Crandall, 1998). Nodal support for the 

maximum parsimony and maximum likelihood analyses were estimated using non-

parametric bootstrapping (1000 pseudo-replicates). 

 

4.3. Results 

A total of 126 specimens were included in the morphometric analysis: 25 

specimens from the Río Pachitea basin (10 from Pozuzo, 15 from Pto. Bermudez); 21 

specimens from the Río Tambo basin (6 from Perené, 15 from Pichanaki); 40 from the 

Río Urubamba basin (8 from Coribeni, 30 from Igoritoshiari, 2 from Manogali); and 40 

from the Río Inambari basin (30 from Huajiumbre, 2 from Inambari, 8 from Nusinscato) 

(Appendix A). Tissue samples from five specimens from the Río Tambo basin, nine 

specimens from the Río Urubamba basin, and ten specimens from the Río Inambari basin 

were collected and sequenced as above (Appendix B). 

4.3.1. Morphometric analysis 

The stepwise discriminant analysis incidcated an increase of discrimination as 

variables were added for the 35 measurements, with a significant increase in 

discrimination per variable until the addition of the 5th variable, and with smaller 

increases of discrimination per variable as more variables are added (Figure 4.3 A). This 
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corresponds to a trend of small decrease of the values for discrimination by variable 

(discrimination divided by the number of variables included at each step) after the 

addition of the 15th variable (Figure 4.3 B). 

The 15 most discriminatory measurements for all specimens studied (Table 4.1) 

were included in two MANOVAs, which indicate levels of statistical significance among 

specimens grouped by locality (P<0.025) and by basin (P<0.025) (Table 4.2). 

The first three discriminant functions account for 82.8% and 100% discrimination 

among groups by locality and by basin, respectively (Figure 4.4). Plots of scores for 

discriminant functions (DF1 vs. DF2 and DF2 vs. DF3) for specimens grouped by 

localities and by basin show scatters that overlap among groups, although the group 

centroids are significantly heterogeneous on all discriminant axes. The size-free 

discriminant analysis resulted in the first three discriminant functions accounting for 

84.9% and 99.9% discrimination among groups by locality and by basin, respectively. 

Plots of scores for size-free discriminant functions (SF-DF1 vs. SF-DF2 and SF-DF2 vs. 

SF-DF3) for specimens grouped by localities and by basin also show scatters that overlap 

among groups but are significantly heterogeneous (Figure 4.5). 

Plots of the correlation vectors with the first two discriminant functions indicate 

that all measurements are highly correlated for specimens grouped by locality and by 

basin, as all characters exhibit similar loading vectors of correlation with DF1 (Figure 4.6 

A and C). Plots of the correlation vectors with the first two size-free discriminant 

functions for specimens grouped by locality and by basin show suites of uncorrelated 

measurements (Figure 4.6 B and D). 
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Mahalanobis distances among ten localities, represented as neighbor-joining trees 

for log-transformed measurements and size-free data show almost the exact same 

branching pattern: Coribeni and Perene, Manogali and Pozuzo, and Huajiumbre and 

Nusiniscato, are paired together; Igoritoshiari is grouped with Coribeni and Perené, and 

Pichanaki is grouped with the pairs Manogali-Pozuzo and Huajiumbre-Nusiniscato; 

Inambari is grouped to all the localities mentioned above, and Puerto Bermudez is 

grouped to all the localities (Figure 4.7 A and C). The localities do not group according to 

basins. 

Mahalanobis distances among eight localities (Table 4.3), represented as 

neighbor-joining trees, also show similar branching pattern between each other: Coribeni 

and Perené are paired, Igoritoshiari Puerto Bermudez, Pichanaki and Pozuzo are 

successively grouped to this pair. Nusiniscato and Huajidumbre are grouped to all the 

other localities as a pair for the original measurements, and one at a time for the log-

transformed size-free data (Figure 4.7 B and D). Bootstrap values are significant (87%) 

only for the pair Huajiumbre-Nusiniscato, although this pair does not appear in all the 

possible topologies found. The localities do not group according to basins, except for 

Huajiumbre-Nusiniscato from the Río Inambari basin. 

 

4.3.2. Molecular analyses 

The complete cytochrome b gene sequence for Chaetostoma lineopunctatum is 

1134 bp long, from, a presumed start codon (ATG) to a stop codon. The first 801 bp, 

which correspond to 267 amino acids, were included in the analysis. One haplotype was 
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found in individuals of Chaetostoma lineopunctatum collected in the Río Tambo basin, 

one haplotype for individuals from the Río Urubamba basin, and four haplotypes for 

individuals from the Río Inambari basin. Divergence values among haplotypes from the 

Río Inambari basin varied from 0.1% to 0.4%, the divergence between haplotypes from 

the Río Urubamba and Río Tambo basins was 1.2%, and between any of these the 

haplotypes from the Río Inambari basin ranged between 1.1 and 1.5% (Table 4.4). 

The aligned sequences were arranged in a data matrix that included 801 characters 

(bp) for 26 specimens. The Hasegawa-Kishino-Yano (1985) model was selected as the 

most appropriate model of evolution for these data for the maximum likelihood analysis. 

Parsimony (Figure 4.8), and maximum likelihood (Figure 4.9) criteria both retrieved all 

haplotypes from the Río Inambari basin grouped in one clade, closely related to the 

haplotype from the Río Tambo basin. The haplotype from the Río Urubamba basin is 

basal to all other haplotypes. 

 

4.4. Discussion 

Although significant differences among specimens grouped by locality and by 

basin are reported, discriminant analysis among groups does not discriminate all groups 

with 100% confidence. Also, Mahalanobis distances do not show a structure on the 

morphological divergences that can be associated with one different morphotype for each 

basin. The changing pattern of association among localities and the low bootstrap support 

values found for each node do not support the hypothesis of substantial morphological 



Texas Tech University, Norma Salcedo, August 2007 

 81

differences among Chaetostoma lineopunctatum specimens from the Ucayali and the 

Madre de Dios basin. 

Fish species that are widely distributed usually show morphological traits that 

differentiate according to the habitats they are found in, such as streamlined bodies in 

flowing waters, compared to deep bodies on specimens collected in ponds (Langerhans et 

al., 2003; Sidlauskas et al., 2006). However, the genus Chaetostoma is restricted to 

highland, fast flowing waters along the slopes of the Andes Mountains and the Guyana 

shield. These species are adapted to high concentrations of dissolved oxygen, rapid flow, 

and rocky substrates to which they attach with their big sucker mouths and where they 

feed by grasping algae that grows on the rocks (Ortaz, 1992). 

The significant differences among specimens grouped by locality and by basin 

might represent the morphological variation within Chaetostoma lineopunctatum among 

localities and basins, which has never been reported for a Chaetostoma species. This lack 

of discriminatory power based on morphological traits could be related to the similar 

physical condition of the localities the samples were collected from, which although not 

quantified, correspond in general to fast flowing waters with substrates composed mainly 

of pebbles between 10-30 cm in diameter. 

The Andean uplift, dates from around 90 million years (Lundberg et al., 1998), 

but the Fitzcarrald Isthmus is probably the result of more recent (<1 million year) 

uplifting events, as suggested by the Holocene deposits in the Madre de Dios region 

(Frailey et al., 1988). The southernmost distribution of the genus Chaetostoma is 

probably the result of a recent vicariance event that isolated populations on both sides of 
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the Fitzcarrald Isthmus. It is not surprising then to find no substantial morphological 

divergence between geographically isolated populations (Sites et al., 2004) such as 

Chaetostoma lineopunctatum in the headwaters of the Ucayali River and the Madre de 

Dios River basins. 

Molecular data resulted in divergence values similar to each other among the 

three sampled localities, which correspond to an approximately 0.73-1 Mya divergence 

(Perdices et al., 2002) between the Madre de Dios and both the Urubamba and Tambo 

populations. The divergence between the Tambo and the Urubamba populations 

corresponds to an 0.8 Mya separation. The molecular divergence values correspond to 

population divergence values considered for other catfish species for data that include 

cytochrome b sequences (Perdices et al., 2002). Thus, based on the available evidence, I 

consider the molecular divergence values not significant for differentiating species 

(Baker and Bradley, 2006). 

The phylogenetic relationships among haplotypes from the sampled localities 

suggested that the Urubamba population is basal to the Tambo and the Inambari 

populations. The Río Urubamba is geographically closer to the Río Inambari than the Río 

Tambo, and although the sampling is not complete for the region or for the group the 

phylogenetic relationships among these populations point to a history of Chaetostoma 

more complex than previously imagined. 

The absence of morphological traits that can discriminate geographic populations 

within Chaetostoma lineopunctatum, together with low values of genetic divergence and 

the monophyly of the group considering all three populations studied, the differences 
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found among the samples studies are considered as result of variation within the species 

and as such will be considered in revisionary work. 
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Table 4.1. Ranking of variables from most discriminatory to least discriminatory based 
on a stepwise discriminant analysis for studied Chaetostoma lineopunctatum specimens. 
 

 Variable   Variable   Variable 

1 Internostril width  13 Bony orbit length  25 Standard length 

2 Pectoral spine length  14 Cleithral width  26 Anus-caudal length 

3 Dentary length  15 Base of dorsal-fin elngth  27 Pre-anus length 

4 Interpelvic width  16 Lastdorsal-fin ray length  28 Nostril-orbit length 

5 Snout length  17 Premaxilla length  29 Dorsal-fin length 

6 Caudal peduncle length  18 Dorsal-caudal length  30 Pelvic-anal length 

7 Interorbit width  19 Body depth  31 Pectoral-pelvic length 

8 Pre-anal length  20 Anus-anal length  32 Caudal peduncle length 

9 Adipose spine length  21 Pre-dorsal length  33 Dorsal-adipose length 

10 Pelvic-anus length  22 Head length  34 First pelvic-fin ray length 

11 First dorsal-fin ray 

length 

 23 Interbranchial width  35 Head depth 

12 Adipose-caudal length  24 Anal-caudal length    
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Table 4.2. Results from multivariate analyses of variance (MANOVA) of 15 most 
discriminatory log transformed distances, partitioned by locality and by basin. 
 

 Wilk’s 

λ 

df 

among 

group 

Df 

within 

group 

df 

total 

F DF 

1 

DF 

2 

P value 

Locality 0.0022 9 116 125 7.1431 135 808 <0.001 

Basin 0.0469 3 122 125 12.8437 45 321 <0.001 
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Table 4.3. Mahalonobis distances among Chaetostoma lineopunctatum specimens from eight localities. 
 

Basin Ucayali Madre de Dios 

Sub-basin Pachitea Tambo Urubamba Inambari 

Locality Pto. 
Bermudez 

Pozuzo Perené Pichanaki Coribeni Igoritoshiari Huajidumbre Nusinisato 

Pto. 
Bermudez 

- 35.69 30.31 28.05 52.98 34.06 48.15 33.18 

Pozuzo 35.69 - 37.23 13.59 39.04 29.69 20.47 17.01 

Perené 30.31 37.23 - 15.96 26.33 34.80 57.26 57.15 

Pichanaki 28,05 13.59 15.96 - 33.69 18.56 21.98 21.65 

Coribeni 52.98 39.04 26.33 33.69 - 22.71 44.35 52.99 

Igoritoshiari 34.06 29.69 34.80 18.56 22.71 - 22.47 15.57 

Huajidumbre 48.15 20.47 57.26 21.98 44.35 22.47 - 11.56 

Nusiniscato 33.18 17.01 57.16 21.65 52.99 15.57 11.56 - 
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Table 4.4. Genetic (cytochrome b, 801 bp) divergence values among haplotypes of Chaetostoma lineopunctatum. Above 
diagonal, mean character differences; below diagonal, total character differences. 
 

Basin Ucayali Madre de Dios 

Sub-basin Tambo Urubamba Inambari 

Locality 
Perené 

Pichanaki 

Coribeni 

Igoritoshiari 

Manogali 

Huajidumbre

Inambari, 

Nusinuscato 

Huajidumbre Inambari 

TK70564, TK70566-8, TK 70571 - 0.01248 0.01373 0.01498 0.01498 0.01124 

P4772-3, TK94299-301, 

TK94305-308 
10 - 0.01373 0.01498 0.01498 0.01124 

P4814-5, TK94311-14, TK94316 11 11 - 0.00125 0.00125 0.00250 

TK94309 12 12 1 - 0.00250 0.00375 

TK94310 12 12 1 2 - 0.00375 

TK94315 9 9 2 3 3 - 
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Figure 4.1. Chaetostoma lineopunctatum Eigenmann and Allen, 1942, holotype. CAS 
64650 (110.8 mm SL), Río Azupizú, Peru. Courtesy CAS fish collection. 
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Figure 4.2. Map of Peru showing localities from where specimens of Chaetostoma 
lineopunctatum included in the present study were collected from: Río Pachitea ( ); Río 
Perené ( ); Río Urubamba ( ); and Río Inambari ( ). 
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A  

 

B  

 

Figure 4.3. Plots of maximal stepwise discrimination (Lawley-Hotelling trace) for 35 
variables of Chaetostoma lineopunctatum specimens from ten localities. (A) Total 
discrimination, (B) total discrimination per variable. 
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A           B  

 

C         D  

 

Figure 4.4. Plot of scores for the first three discriminant functions of log-transformed 
measurements (DF1 vs. DF2 and DF2 vs. DF3) for Chaetostoma lineopunctatum 
specimens grouped by: (A, B) locality; (C, D) basin. Localities color coded by basin: 
(CO) Coribeni; (HU) Huajiumbre; (IG) Igoritoshiari; (IN) Inambari; (MA) Manogali; 
(NU) Nusiniscato; (PE) Perené; (PI) Pichanaki; (PO) Pozuzo; (PT) Puerto Bermudez. 
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A         B  

C         D  

 

Figure 4.5. Plots of scores for the first three discriminant functions for size-free data (SF-
DF1 vs. SF-DF2 and SF-DF2 vs. SF-DF3) for Chaetostoma lineopunctatum specimens 
grouped by: (A, B) locality; (C, D) basins. Localities color coded by basin: (CO) 
Coribeni; (HU) Huajiumbre; (IG) Igoritoshiari; (IN) Inambari; (MA) Manogali; (NU) 
Nusiniscato; (PE) Perené; (PI) Pichanaki; (PO) Pozuzo; (PT) Puerto Bermudez. 



Texas Tech University, Norma Salcedo, August 2007 

 93

 

A       B  

 

 

C       D  

 

Figure 4.6. Loading vectors of 15 most discriminatory variables for Chaetostoma 
lineopunctatum specimens, according to their correlations with DF1-2 and SF-DF1-2 for 
specimens grouped by: (A, B) locality; (C, D) basin.  
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A         B    

C        D    

 

Figure 4.7. Neighbor joining trees based on Mahalanobis distance values for specimens 
of Chaetostoma lineopuctatum from four river basins: (–) Río Pachitea; (–) Río Tambo; 
(–) Río Urubamba; (–) Río Inambari. (A, C) ten localities; (B, D) eight localities (small 
sample size localities excluded). (A, B) log-transformed measurements; (C, D) size-free. 
Values above branches indicate bootstrap support. (CO) Coribeni; (HU) Huajiumbre; 
(IG) Igoritoshiari; (IN) Inambari; (MA) Manogali; (NU) Nusiniscato; (PE) Perené; (PI) 
Pichanaki; (PO) Pozuzo; (PT) Puerto Bermudez. 
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Figure 4.8. Results of parsimony analysis of cytochrome b sequence data. All character 
states are treated as unordered. Numbers on branches denote bootstrap values. Bootstrap 
values are only shown when ≥ 50%. 
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Figure 4.9. Results of maximum likelihood analysis (HKY) of cytochrome b data. Mean 
model parameters: Lnl= -1192.8221; Ti/tv ratio = 17.1371; ΠA = 0.2995; ΠC = 0.2796; 
ΠG = 0.1288; ΠT = 0.2921; Pinv = 0; equal rates for all sites. Numbers on branches denote 
bootstrap values. Bootstrap values are only shown when ≥ 50%. 
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CHAPTER V 

MORPHOLOGICAL AND MOLECULAR DIVERGENCE OF TWO CHAETOSTOMA 

SPECIES ALONG AN ELEVATIONAL GRADIENT IN CENTRAL PERU 

5.1.  Introduction 

The world’s highest number of endemic vertebrates and vascular plants is found 

along the highlands of the Andes Mountains within the tropics of western South America 

(from 17º–18ºS in Bolivia to 10ºN in Venezuela). This huge geographic area, with a great 

variety of climates along elevation and latitudinal gradients (Sarmiento, 1986), is 

experiencing exceptional loss of habitat. Because of this it is considered to be not only a 

biodiversity hotspot, but a hyper-hot candidate for conservation (Myers et al., 2000). 

Two different mechanisms of speciation have been suggested for organisms with 

distributions restricted to montane habitats: speciation across elevational gradient, and 

speciation within montane regions (Willmot et al. 2001; gradient and refugia in Moritz et 

al. 2000, respectively). These mechanisms have been tested using a phylogenetic 

approach. Thus, endemic groups of butterflies (Willmott et al., 2001), birds (Arctander 

and Fjeldså, 1994), and small mammals (Patton and Smith, 1992) have illustrated 

patterns of allopatric speciation within montane region in the Andes. 

The genus Chaetostoma, which includes 42 valid species (Fisch-Muller, 2003), is 

one of the most diverse genera within the armored catfishes. This is the only group within 

the loricariids that exhibits a distribution restricted to rocky-bottom streams, highly 

oxygenated, fast-flowing waters (Ceas and Page, 1996), from 300 m to 1500 m elevation 

in the mountains of South America. Forty Chaetostoma species are distributed along both 
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sides of the Andes Mountains slopes, on the western slopes from northern Peru to 

Panama, and on the eastern slopes from Southern Peru to Northern Colombia and 

Venezuela. Two species inhabit the slopes of the Guiana Shield, one on the northern 

slopes in Venezuela and one on southern slopes in Brazil. 

For fishes, the evolution of the Andes Mountains is an important process that 

encompasses the history of speciation by formation of new watershed divides and 

elevational gradients (Lundberg et al., 1998). We could test alternative mechanisms of 

speciation mentioned above for the genus Chaetostoma by including all species in a 

phylogenetic analysis. However, lack of taxonomic revisions of Andean fish groups 

(Schaefer, 2003) hinders the study of phylogenetic relationships among Andean fish 

species. 

Nevertheless, a phylogenetic analysis based on morphological data including 15 

Chaetostoma species (Salcedo, 2003) suggested that there are two monophyletic clades 

within Chaetostoma: a clade of species restricted to elevations above 1000 meters, and a 

clade of species distributed between 300 and 600 meters (Fig. 5.1), suggesting that the 

history of speciation and endemism among Chaetostoma species may correspond to 

allopatric speciation among montane regions. 

The objective of this chapte is to study two Chaetostoma species that inhabit the 

main channel of one montane river, to 1) detect and quantify phenotypic divergence 

between specimens from elevations above 1000 meters and between 300 to 600 m, 2) 

quantify molecular divergence among specimens that inhabit the same river basin, and 3) 

test the allopatric speciation hypothesis based on molecular data. 



Texas Tech University, Norma Salcedo, August 2007 

 99

 

5.2. Material and methods 

5.2.1. Sampling 

Specimens were collected from four localities in four rivers: Tulumayo, 

Paucartambo, Pichanaki and Perené, headwaters of the Río Ucayali. All specimens 

(including vouchers) were fixed in 10% formalin and transferred to 70% ethanol after 48 

hours. Tissue samples (muscle and/or gill rakers) were obtained from fresh specimens in 

the field and preserved in lysis buffer (Longmire et al., 1997). All specimens collected 

are deposited in the Museo de Historia Natural of San Marcos University (MUSM), 

Lima, Peru, and all tissue samples collected are deposited in the Natural Science 

Research Laboratory of Texas Tech University (NSRL) (Appendix B). The complete 

cytochrome b gene sequence of Cranoglanis bouderius and Ictalurus punctatus were 

obtained from GenBank and used for alignment and rooting. 

5.2.2. Morphometric data collection 

Images of all specimens were captured using a SONY DSC-W1 digital camera 

suspended on a copy stand (No. CS-3, Testrite Inst. Co, INC), leveled to the horizontal 

plane. Specimens were placed right below the center of the camera lens so as to avoid 

any effect of shape distortion by the camera lens. A 100-millimeter scale bar was placed 

on the stage next to the specimen. Images were captured at a resolution of 5.1 

megapixels. In order to account for the total shape variation three pictures were obtained 

for each specimen: lateral, dorsal, and ventral views. Modeling clay was used to hold the 
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specimens in place for lateral and ventral views (and in some instances for dorsal views) 

in order to set the specimen horizontally leveled at the desired plane. Insect pins were 

inserted to mark the locations of landmarks 1, 8, 9, 10, 11, 12, 13, 14, 15, and 16 in 

lateral view; 6, 7, and 13 in dorsal view; and 5, 6, 9, 10, and 11 in ventral view (Figures 

5.2, 5.3, and 5.4). Landmarks were digitized from photographed images using tpsDig ver 

2.05 (Rohlf, 2006). 

5.2.3. Geometric morphometric analysis 

Relative warps (RW) and estimates of centroid size were obtained using tpsRelw 

ver 1.45 (Rohlf, 2007) for each view. For bilaterally symmetric views (dorsal and ventral) 

landmarks of one side only were included for the statistical analysis. For illustration 

purposes, relative warps were estimated by including all the points for all views, although 

the values reported for the extreme eigenvectors scores correspond to the values included 

in the statistical analyses. Because relative warps (α=0) are principal components of 

partial warp scores (Zelditch et al., 2004), the few first warps capture most of the 

information on shape variation. Thus, the first eight relative warps were arbitrarily 

selected and included in statistical analyses. 

Correlations between centroid size and relative warps were estimated 

independently for each warp; resulting probabilities were corrected with the sequential 

Bonferroni adjustment (Holm, 1979; Miller, 1981; Rice, 1989) to identify allometric 

warps. Univariate analyses of variance (one-way ANOVAs) for the relative warps for 

Chaetostoma lineopunctatum and C. loborhynchos were estimated independently for each 

relative warp, and the resulting probabilities were corrected with the sequential 
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Bonferroni adjustment (Holm, 1979; Miller, 1981; Rice, 1989) to identify significantly 

different warps between species.  

Discriminant functions including eight relative warps were estimated to determine 

the most discriminatory warps for Chaetostoma lineopunctatum and C. loborhynchos. 

5.2.4. Interlandmark distances 

A matrix of connected landmarks was obtained by Delaunay triangulation based 

on all the landmarks for each view (Figures 5.2b, 5.3b, and 5.4b). Interlandmark 

distances were calculated based on two extra landmarks that correspond to a reference 

scale (40 mm) included in the photograph. For bilaterally symmetric views (dorsal and 

ventral), only information from one side of the animal was used in the analyses to prevent 

redundancy. All interlandmark distances were included in a stepwise discriminant 

analysis, which introduces variables so as to maximize the Lawley-Hotelling trace (Rao’s 

V or Hotelling’s generalized T2) at each step to determine the best subset of variables to 

include in statistical analyses. 

Three separate multivariate analyses of variance (MANOVAs) were conducted 

for Chaetostoma lineopunctatum and C. loborhynchos, to determine the significance of 

the differences between the two species based on the most discriminatory variables for 

each view. The number of variables included in each MANOVA (one for each view) was 

determined by the maximum number of variables that did not return a singular matrix for 

the MANOVA, minus one variable. 

The same number of variables (for each view) included in the MANOVAs was 

used for the discriminant analyses. Discriminant functions for Chaetostoma 
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lineopunctatum and C. loborhynchos were estimated based on interlandmark distances 

(natural log-transformed values), as well as on size-invariant (“size-free”) interlandmark 

distances, where the log-transformed values of each character are regressed separately on 

the first pooled within-group principal component (dos Reis et al., 1990; Olivera, 1998). 

All morphometric analyses were performed using programs written in Matlab (The 

Mathworks, http://www.mathworks.com/products/matlab/), primarily based on the library 

functions developed by Dr. Richard Strauss, available at 

http://www.biol.ttu.edu/strauss/Matlab/Matlab.htlm. 

5.2.5. DNA extraction, gene amplification, and sequencing 

Genomic DNA from tissue samples was extracted following Longmire et al. 

(1997). Two primers were used to amplify the complete cytochrome b gene: GluDG.L 

(5’-TGA CCT GAA RAA CCA YCG TTG-3’) and H16460 (5’-CGA YTC TCG GAT 

TAC AAG ACC G-3’) (Perdices et al., 2002), with complementary sequences on the 

glutamine tRNA and threonine tRNA flanking regions, respectively. PCR products were 

produced in 25 µl reactions, using 5 µl 5X Clorless Go Taq® Flexi Buffer, 3 µl 25mM 

MgCl2, 0.25 µl GoTaq® FlexiDNA polymerase (Promega), 2.5 µl 2.5mM dNTP, 1.5 µl 

10mg/ml BSA, 1µl of each 10µM primer, 1-5 µl template DNA, and water. The PCR 

conditions follow Perdices et al. (2002). 

DNA sequences of the complete cytochrome b gene were obtained from each 

purified PCR product through double-stranded sequencing using GluDG.L and H16460 

as flanking primers and CB2.H (5’-CCC TCA GAA TGA TAT TTG TCC TCA-3’), 

CB3.H (5’-GGC AAA TAG GAA RTA TCA TTC-3’) (Palumbi, 1996), CB450.L (5’-
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TAC ATC GGA RAC AAC CTA G-3’), and CB738.L (5’-TAA CCT TCT AGG TGA 

CCC AG-3’), as internal primers. 

Multiple sequence alignments were performed using Clustal X® software 

(Thompson et al., 1997) with the default gap-cost ratio (15:6.66). The sequences obtained 

were translated into corresponding amino-acid sequences using MacClade 4.06 

(Maddison and Maddison, 2003) to evaluate for the presence of stop codons within the 

sequence. Additional Chaetostoma sequences were obtained from GenBank using the 

nucleotide-nucleotide BLAST search (http://www.ncbi.nlm.nih.gov/BLAST/). For 

thoroughness, additional sequences were obtained for one outgroup species from a 

closely related genus, based on previous phylogenetic analyses. 

Sequences were aligned and trimmed to the shortest available sequence length. 

Phylogenetic relationships were estimated with these data using distance, parsimony, and 

maximum-likelihood criteria using PAUP* v. 4.0.b10 (Swofford, 2001). For the 

maximum likelihood criterion the best-fitting model of evolution for the data was 

estimated using Modeltest 3.7 (Posada and Crandall, 1998). Nodal support for the 

maximum parsimony and maximum likelihood analyses were estimated using non-

parametric bootstrapping (1000 pseudo-replicates). 

 

5.3. Results 

Sample sets of 21 Chaetostoma lineopunctatum and 15 C. loborhynchos 

specimens were collected in the Río Perené basin (Appendix 1). All specimens were 

photographed, digitized, and included in the geometric morphometric and interlandmark 
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distances analyses. Tissue samples from five C. lineopunctatum and six C. loborhychos 

specimens were collected and sequenced (Appendix 2). 

5.3.1. Geometric morphometric analysis 

Correlations between centroid size and relative warps exhibited significant values 

for RW1 (the first relative warp) in lateral view, RW1 and RW2 in dorsal view, and RW5 

in ventral view, after sequential Bonferroni correction (P < 0.05) (Table 5.1). One-way 

ANOVAs for each RW (1-8) yielded significant values for RW1 and RW3 in lateral 

view, RW1 in dorsal view, and RW2 in ventral view, after sequential Bonferroni 

correction (P < 0.05) (Table 5.2).  

Significant correlations between centroid size and relative warps indicate that the 

warps are correlated with body size. Significance values for the ANOVA analyses 

suggest that relative warps are significantly different for the two species. There is 

congruence between both values for RW1 in dorsal view and RW2 in ventral view. RW1 

in lateral view, RW1 in dorsal view and, and RW2 in ventral view are the most 

discriminatory relative warps, which is congruent with the results from the ANOVAs. 

These relative warps are also correlated with centroid size, except for ventral view. 

The discriminant analysis including the first eight relative warps resulted in one 

discriminant function (DF1) that classifies all specimens unambiguously (Figure 5.5 A, 

C, and E). A plot of the correlation vectors of the relative warps with the first two 

discriminant functions (Figure 5.5 B, D, and F) illustrates the uncorrelated nature of the 

shape information described by the warps. The discriminant analysis also identified the 

most discriminatory warps (Table 5.3): RW1 in lateral view, RW1 in dorsal view, and 
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RW2 in ventral view as the most discriminatory warps for Chaetostoma lineopunctatum 

and C. loborhynchos.  

The extremes of shape variation along these most discriminatory relative warps 

are illustrated for each view (Figure 5.6). In lateral view the extreme negative eigenvector 

score for RW1 (-0.051) corresponds to a C. lineopunctatum specimen (Figure 5.6 A), and 

the extreme positive eigenvector score (0.089) corresponds to a C. loborhynchos 

specimen (Figure 5.6 B). In dorsal view the extreme positive eigenvector score for RW1 

(0.077) corresponds to a C. lineopunctatum specimen (Figure 5.6 C), and the extreme 

negative eigenvector score (-0.064) corresponds to a C. loborhynchos specimen (Figure 

5.6 D). In ventral view the extreme positive eigenvector score for RW2 (0.034) 

corresponds to a C. lineopunctatum specimen (Figure 5.6 E), and the extreme negative 

eigenvector score (-0.036) corresponds to a C. loborhynchos specimen (Figure 5.6 F). 

 In lateral view, as values become more negative, snout length and pectoral-pelvic 

length decrease, while the nostril-eye distance and the bony orbit length increase. As 

values become more positive, snout length and pectoral-pelvic length increase while the 

nostril-eye distance and bony orbit length decrease. In dorsal view, as values become 

more positive the snout length decreases, and the internostril width and the length of the 

head posterior to the eyes increase. As values become more negative the snout length 

increases, and the internostril width and the length of the head posterior to the eyes 

decrease. In ventral view, as values become positive the snout length decreases, and the 

overall body width increases. As values become negative the snout length increases, and 

the overall body width decreases. 
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5.3.2. Interlandmark distances 

The stepwise discriminant analysis shows an exponential increase of values for 

discrimination as variables are added for the 33 variables obtained from the Delaunay 

triangulation for lateral view (Figure 5.6 A). Furthermore, after the addition of the 10th 

variable the values for discrimination per variable declines until the addition of a 29th 

variable, which notably increases the discrimination divided by the number of variables. 

This trend continues with the addition of variables (Figure 4.5 B). The stepwise 

discriminant analyses show a logarithmic increase in discrimination as variables are 

added for the 17 and 15 variables found from the Delaunay triangulation for dorsal and 

ventral views, respectively (Figures 5.6 C and E). This corresponds to a trend of minimal 

decrease in the values for discrimination per variable (discrimination divided by the 

number of variables included at each step) after the addition of the 8th and 7th variables 

for dorsal and ventral views, respectively (Figures 5.6 D and F). 

In lateral view, the most discriminatory interlandmark distances are the distances 

from the posterior margin of last dorsal-fin ray to the anterior margin of first anal-fin ray, 

from the anterior margin of bony orbit to the posterior margin of bony orbit, and from the 

anterior margin of first pelvic-fin ray at base to the anterior margin of pectoral spine at 

base (Table 5.4). In dorsal view, the most discriminatory interlandmark distances are 

from the right medial margin of body orbit to the left medial margin of body orbit, from 

the posterior tip of supraoccipital to the posterior margin of first dorsal-fin spinelet, and 

from the right medial margin of bony nostril to the left medial margin of bony nostril 

(Table 5.5). In ventral view, the most discriminatory interlandmark distances are from the 
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anterior tip of the mesethmoid to the medial margin of dentary bones, from the anterior 

margin of first pelvic-fin ray at base to base of urogenital papilla, and from the lateral 

margin of exposed cleithrum to the anterior margin of first pelvic-fin ray at base. 

The nine, seven, and six most discriminatory landmark distances for the lateral, 

dorsal, and ventral views, respectively (Tables 5.4-5.6), were included in three 

MANOVAs, which indicate significant differences between C. lineopunctatum and C. 

loborhynchos (P<0.025) (Table 5.7). 

The discriminant analysis resulted in one discriminant function (DF1) that 

classifies all specimens unambiguously (Figure 5.7 A, C, and E). A plot of the correlation 

vectors for the first two discriminant functions indicated that all interlandmark distances 

are highly correlated as all them exhibit similar loading vectors of correlation with DF1 

(Figure 5.7 B, D, and F). The size-free discriminant analysis also resulted in one 

discriminant function (DF1) that classifies all specimens unambiguously (Figure 5.8 A, 

C, and E), and the plot of the correlation vectors with the first two discriminant functions 

portrays uncorrelated interlandmark distances (Figure 5.8 B, D, and F). 

The complete cytochrome b gene sequences for Chaetostoma lineopunctatum and 

C. loborhynchos are both 1134 bp long from an ATG codon to a stop codon. One 

haplotype was found in Chaetostoma lineopunctatum individuals collected in the Río 

Perene and Río Pichanaki. Two haplotypes were found in C. loborhynchos individuals, 

one for the specimens collected in the Río Tulumayo, and another one for individuals 

collected in Río the Paucartambo. The divergence within C. loborhynchos is 0.08% 
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which accounts for one base-pair change: an AT transversion. The divergence between 

the two species that inhabit the same river basin is 8.6% (Table 5.8). 

Twelve sequences of species closely related to Chaetostoma were obtained from 

GenBank, including one Chaetostoma species (C. anomala) and representatives of the 

following genera: Acanthicus, Ancistrus, Aphanotorulus, Cochliodon, Dekeyseria, 

Hemiancistrus, Hypostomus, Lasiancistrus, Leporacanthicus, Panaque, and 

Pterygoplichthys. Two curated sequences were included as outgroups: Cranoglanis and 

Ictalurus. The matrix size obtained was 985 characters for 16 specimens. 

The general time-reversible model (GTR) + among-site rate variation proportion 

of invariable sites (I) + gamma distribution with shape parameter (G) was the best fitting 

model of evolution selected for the maximum-likelihood analysis. Trees based on 

distance (Figure 5.9), parsimony (Figure 5.10), and maximum-likelihood (Figure 5.11) 

criteria all indicated that Chaetostoma lineopunctatum and C. loborhynchos are closely 

related to each other, with C. anomala basal to both of them. 

 

5.4. Discussion 

The two species studied: Chaetostoma lineopunctatum and C. loborhynchos are 

significantly different based on the geometric morphometric and interlandmark distance 

analyses. Both kinds of analyses indicate smaller eyes, closer nostrils, nostrils closer to 

eyes, and an overall shorter braincase (posterior to eye) for C. loborhynchos than for C. 

lineopunctatum. C. loborhynchos also exhibits a more streamlined body (longer snout, 

longer and narrower body) than C. lineopunctatum. 



Texas Tech University, Norma Salcedo, August 2007 

 109

All Chaetostoma species inhabit fast flowing waters. They possess a big sucker 

mouth and depressed bodies that prevent them from being swept away by the current. 

Although both Chaetostoma species that I am studying have a sucker mouth that they use 

to attach themselves to rocks, water velocities in the Río Paucartambo and Río Tulumayo 

are faster than in the Río Perené and Río Pichanaki. Water velocity is probably correlated 

to the relative steepness of slope (steeper in the Río Tulumayo and Río Paucartambo). 

This, at the same time, is correlated with the waterbed width (50 m in the Río 

Paucartambo and Río Tulumayo vs. 100 m in the Río Perené and Río Pichanaki), which 

also influences the substrate size, composed of big rocks and stones of about 50 cm, in 

the Río Paucartambo and Río Tulumayo vs. boulders of about 15 cm in the Río Perené 

and Río Pichanaki. 

C. loborhynchos inhabits the upper elevational range for Chaetostoma in the Río 

Perené basin (Figure 5.12); therefore, it is exposed to colder temperatures and faster 

waters than C. lineopunctatum. Interestingly, the eye and head reduction of C. 

loborhynchos correspond to two morphological fish responses to low temperatures, 

according to laboratory and field studies (Chernoff, 1982; Beacham, 1990; Leslie and 

Grant, 1994), and its streamlined body has been found to be a typical response of fish 

exposed to swift waters (Claytor et al., 1991; McLaughlin and Grant, 1994; Imre et al., 

2002). However, the studies referred to above involved individuals of the same species 

exposed to different environmental variables (phenotypic plasticity). 

The level of genetic divergence of the cytochrome b gene between Chaetostoma 

lineopunctatum and C. loborhynchos specimens (97-98 bp or 8.6% divergence) is 
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consistent with their identity as two different species. Thus the hypothesis that the fish 

morphologies between 1000-1500 m and 300-600 m are phenotypic responses to 

different environmental conditions is not supported. 

The two different morphologies might be the result either of vicariance, allopatric 

divergence, and speciation by isolation of two fish populations along an elevational 

gradient, or by gradual adaptation of the fish population inhabiting the extremes of the 

distribution to extreme conditions that became more differentiated as the Andes 

continued rising. In the latter case the environmental differences became more dramatic 

until reaching current conditions. Thus this might be an initial parapatric speciation, 

which culminated into morphological and genetic differentiation. 

The results of the phylogenetic analyses reject the hypothesis of two 

monophyletic groups within Chaetostoma. It might be that species within this genus 

originated during the early uplifting of the Andes, thus producing many species and the 

observed divergence. Furthermore, fish are not as vagile as birds, butterflies or mammals, 

and are limited in their abilities to disperse and differentiate within montane regions. 

However, studies including all species will be necessary to aim a less speculative 

conclusion. 
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Table 5.1. Correlations between relative warps (RW1-8) and centroid size for 
Chaetostoma lineopunctatum and C. loborhynchos (n=36).  
 

  Lateral view  Dorsal view  Ventral view 

Warp  R P value  R P value  R P value 

RW1  0.5105 0.0015*  -0.4813 0.0030*  -0.0422 0.8071 

RW2  -0.3887 0.0192  0.5502 0.0005*  -0.2700 0.1112 

RW3  0.2576 0.1293  -0.0587 0.7336  0.1282 0.4562 

RW4  -0.3060 0.0696  -0.3517 0.0354  0.0419 0.8084 

RW5  -0.2934 0.0825  -0.1694 0.3232  -0.4734 0.0035* 

RW6  -0.1698 0.3220  0.1921 0.2617  0.3204 0.0567 

RW7  -0.0700 0.6848  -0.0466 0.7874  -0.1324 0.4415 

RW8  -0.0830 0.6303  -0.0440 0.7988  -0.1657 0.3341 

 

*Significant P values after sequential Bonferroni correction for group type I error rates of 
5%. 
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Table 5.2. Results from separate one-way analyses of variance (ANOVAs) of relative 
warps (RW1-8) for Chaetostoma lineopunctatum (n=21) and C. loborhynchos (n=15).  
 

  Lateral view  Dorsal view  Ventral view 

Warp  F P value  F P value  F P value 

RW1  24.5521 0.0000*  27.0046 0.0000*  2.4496 0.1268 

RW2  1.8871 0.1785  8.6120 0.0059  36.9631 0.0000* 

RW3  18.0159 0.0002*  1.4150 0.2425  0.2215 0.6409 

RW4  2.1945 0.1477  1.4587 0.2355  0.1714 0.6815 

RW5  0.2617 0.6123  1.5545 0.2210  2.3286 0.1363 

RW6  0.0602 0.8077  0.6245 0.4349  1.1459 0.2920 

RW7  0.1371 0.7135  0.0923 0.7631  0.1072 0.7453 

RW8  0.2244 0.6387  0.0615 0.8057  0.0494 0.8255 

 

* Significant P values after sequential Bonferroni correction for group type I error rates 
of 5%. 
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Table 5.3. Ranking of relative warps (RW1-8) according to discriminatory power for 
Chaetostoma lineopunctatum (n=21) and C. loborhynchos (n=15). 
 

Ranking Lateral view Dorsal view Ventral view 

1 RW1 RW1 RW2 

2 RW3 RW2 RW1 

3 RW4 RW5 RW5 

4 RW2 RW4 RW6 

5 RW5 RW3 RW3 

6 RW8 RW6 RW4 

7 RW7 RW7 RW7 

8 RW6 RW8 RW8 
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Table 5.4. Most discriminatory interlandmark distances in lateral view. 

Ranking Landmarks Description 

1 10-14 Posterior margin of last dorsal-fin ray to anterior margin of first 

anal-fin ray. 

2 4-5 Anterior margin of bony orbit to posterior margin of bony orbit. 

3 16-17 Anterior margin of first pelvic-fin ray at base to anterior margin 

of pectoral spine at base. 

4 3-6 Posterior margin of bony nostril to anterior margin of bony 

opercle. 

5 1-2 Anterior tip of mesethmoid to anterior margin of bony nostril. 

6 11-13 Posterior margin of pre-adipose plate to posterior margin of last 

ventral plate anterior to first ventral procurrent ray. 

7 3-5 Posterior margin of bony nostril to posterior margin of bony 

orbit. 

8 2-3 Anterior margin of bony nostril to posterior margin of bony 

nostril. 

9 1-6 Anterior tip of mesethmoid to anterior margin of bony opercle. 

 



Texas Tech University, Norma Salcedo, August 2007 

 115

Table 5.5. Most discriminatory interlandmark distances in dorsal view. 

Landmarks Ranking 

Left Midline Right 

Description 

1  4-5  Right medial margin of body orbit to left medial 

margin of body orbit. 

2  12-13  Posterior tip of supraoccipital to posterior margin 

of first dorsal-fin spinelet. 

3  2-3  Right medial margin of bony nostril to left medial 

margin of bony nostril. 

4 5-11  4-10 Medial margin of bony orbit to posterior superior 

angle of exposed cleithrum. 

5 11-12  10-12 Posterior superior angle of exposed cleithrum to 

posterior tip of supraoccipital. 

6 3-12  2-12 Medial margin of bony nostril to posterior tip of 

supraoccipital. 

7 1-7  1-6 Anterior tip of the mesethmoid to anterior margin 

of bony opercle. 
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Table 5.6. Most discriminatory interlandmark distances in ventral view. 

Landmarks Ranking 

Left Midline Right 

Description 

1  1-4  Anterior tip of the mesethmoid to medial margin 

of dentary bones. 

2 10-11  9-11 Anterior margin of first pelvic-fin ray at base to 

base of urogenital papilla. 

3 8-10  7-9 Lateral margin of exposed cleithrum to anterior 

margin of first pelvic-fin ray at base. 

4  5-6  Medial edge of left branchial opening to medial 

edge of right branchial opening. 

5 6-8  5-7 Medial edge of branchial opening to lateral 

margin of exposed cleithrum.  

6 4-10  4-9 Medial margin of dentary bones to anterior 

margin of first pelvic-fin ray at base. 
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Table 5.7. Results from multivariate analyses of variance (MANOVA) of most 
discriminatory interlandmark distances for Chaetostoma lineopunctatum and C. 
loborhynchos. 
 

View Wilks’ 

λ 

df 

among 

group 

df 

within 

group 

Df 

total 

F DF 

1 

DF 

2 

P value 

Lateral 0.0472 1 34 35 58.3294 9 26 <0.001 

Dorsal 0.0710 1 34 35 52.3062 7 28 <0.001 

Ventral 0.0516 1 34 35 88.8429 6 29 <0.001 
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Table 5.8. Genetic (cytochrome b, 1138 bp) divergence values within species and among Chaetostoma lineopunctatum 
specimens from two localities in the Río Perené (Perené and Pichanaki), and C. loborhynchos specimens from Río 
Paucartambo and Río Tulumayo (Yaupi and Pacaybamba, respectively). 
 

Species Chaetostoma lineopunctatum Chaetostoma loborhynchos 

Locality Perené Pichanaki Yaupi Pacaybamba 
specimens TK 70568 TK 70571 TK 70564 TK 70566 TK 70567 TK 70579 TK 70580 TK 70581 TK 70582 TK 70561 TK 70563 

TK 70568 - 0.0 0.0 0.0 0.0 0.0864 0.0864 0.0864 0.0864 0.0855 0.0855 

TK 70571 0 - 0.0 0.0 0.0 0.0864 0.0864 0.0864 0.0864 0.0855 0.0855 

TK 70564 0 0 - 0.0 0.0 0.0864 0.0864 0.0864 0.0864 0.0855 0.0855 

TK 70566 0 0 0 - 0.0 0.0864 0.0864 0.0864 0.0864 0.0855 0.0855 

TK 70567 0 0 0 0 - 0.0864 0.0864 0.0864 0.0864 0.0855 0.0855 

TK 70579 98 98 98 98 98 - 0.0 0.0 0.0 0.0009 0.0009 

TK 70580 98 98 98 98 98 0 - 0.0 0.0 0.0009 0.0009 

TK 70581 98 98 98 98 98 0 0 - 0.0 0.0009 0.0009 

TK 70582 98 98 98 98 98 0 0 0 - 0.0009 0.0009 

TK 70561 97 97 97 97 97 1 1 1 1 - 0.0 

TK 70563 97 97 97 97 97 1 1 1 1 0 - 
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Figure 5.1. Phylogenetic relationships of 16 Chaetostoma species based on 103 
morphological characters (modified from Salcedo, 2003). 
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A  

B     

 

Figure 5.2. Landmarks for Chaetostoma specimens in lateral view: (1) anterior tip of the 
mesethmoid; (2) anterior margin of bony nostril; (3) posterior margin of bony nostril; (4) 
anterior margin of bony orbit; (5) posterior margin of bony orbit; (6) anterior margin of 
bony opercle; (7) posterior superior angle of exposed cleithrum; (8) posterior tip of 
supraoccipital; (9) anterior margin of first dorsal-fin ray at base; (10) posterior margin of 
last dorsal-fin ray at base; (11) posterior margin of pre-adipose plate; (12) posterior 
margin of last dorsal plate anterior to first dorsal procurrent-ray; (13) posterior margin of 
last ventral plate anterior to first ventral procurrent-ray; (14) anterior margin of first anal-
fin ray; (15) base of urogenital papilla; (16) anterior margin of first pelvic-fin ray at base; 
(17) anterior margin of pectoral spine at base. (A) landmarks on fish; (B) interlandmark 
distances. 
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A 

B        

 

Figure 5.3. Landmarks for Chaetostoma specimens in dorsal view: (1) anterior tip of the 
mesethmoid; (2) right medial margin of bony nostril; (3) left medial margin of bony 
nostril; (4) right medial margin of bony orbit; (5) left medial margin of bony orbit; (6) 
right anterior margin of bony opercle; (7) left anterior margin of bony opercle; (8) right 
lateral margin of exposed cleithrum; (9) left lateral margin of exposed cleithrum; (10) 
right posterior superior angle of exposed cleithrum; (11) left posterior superior angle of 
exposed cleithrum; (12) posterior tip of supraoccipital; (13) posterior margin of first 
dorsal-fin spinelet. (A) landmarks on fish; (B) interlandmark distances. 
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B       

Figure 5.4. Landmarks for Chaetostoma specimens in ventral view: (1) anterior tip of the 
mesethmoid; (2) lateral margin of left dentary bone; (3) lateral margin of left dentary 
bone; (4) medial margin of dentary bones; (5) medial edge of left branchial opening; (6) 
medial edge of right branchial opening; (7) left lateral margin of exposed cleithrum; (8) 
right lateral margin of exposed cleithrum; (9) anterior margin of first left pelvic-fin ray at 
base; (10) anterior margin of first right pelvic-fin ray at base; (11) base of urogenital 
papilla. (A) landmarks on fish; (B) interlandmark distances. 
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   A         B  

   C         D  

   E         F  

Figure 5.6. Plots of scores for discriminant functions (DF1 vs. DF2) and correlation-
loading vectors of eight relative warps (1-8) for Chaetostoma lineopunctatum and C. 
loborhynchos. (A, B) lateral view; (C, D) dorsal view; (E, F) ventral view. 



Texas Tech University, Norma Salcedo, August 2007 

 124

 

Chaetostoma lineopunctatum Chaetostoma loborhynchos 

A  
(-0.051) 

 

B  
(0.089) 

 

C  
(0.077) 

 

D  
(-0.059) 

 

E  
F  

(0.034) (-0.036) 
 

Figure 5.6. Extremes of the shape variation described by most discriminatory relative 
warp. Values indicate the diagrammed eigenvector scores. (A, B) RW1, lateral view; (C, 
D) RW1, dorsal view; (E, F) RW2, ventral view. 
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A       B  

C       D  

E       F  

Figure 5.7. Plots of maximal stepwise discrimination (Lawley-Hotelling trace) for 
landmark distances of Chaetostoma lineopunctatum and C. loborhynchos. (A, B) lateral 
view; (C, D) dorsal view; (E, F) ventral view. 



Texas Tech University, Norma Salcedo, August 2007 

 126

 

      A       B  

      C       D  

      E       F  

Figure 5.8. Plots of scores for discriminant functions (DF1 vs. DF2) and loading vectors 
of most discriminatory interlandmark distances for Chaetostoma lineopunctatum ( ) and 
C. loborhynchos ( ). (A, B) lateral view; (C, D) dorsal view; (E, F) ventral view. 
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A         B  

C         D  

E         F  

Figure 5.9. Plots of scores for size-free discriminant functions (SF-DF1 vs. SF-DF2) and 
loading vectors of most discriminatory interlandmark distances for Chaetostoma 
lineopunctatum ( ) and C. loborhynchos ( ). (A, B) lateral view; (C, D) dorsal view; 
(E, F) ventral view. 
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Figure 5.10. Results of parsimony analysis of cytochrome b data. All characters are 
treated as unordered. Numbers on branches denote bootstrap values. Bootstrap values are 
only shown when ≥ 50%. 
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Figure 5.11. Results of maximum likelihood analysis (HKY) of cytochrome b data. Mean 
model parameters: Lnl= -2075.0056; Ti/tv ratio = 6.6584; ΠA = 0.2915; ΠC = 0.2802; ΠG 
= 0.1270; ΠT = 0.3013; Pinv = 0; equal rates for all sites. Numbers on branches denote 
bootstrap values. Bootstrap values are only shown when ≥ 50%. 
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Figure 5.12. Map of Peru showing localities for Chaetostoma loborhynchos ( ) and C. 
lineopunctatum ( ) in the Río Perené. 
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CHAPTER VI 

CONCLUSIONS 

Based on morphological and molecular data, Chaetostoma loborhynchos, the type 

species of the genus, was identified and re-described from material collected in the Río 

Tulumayo, type locality. This finding provides the baseline for revisionary work of one 

of the most diverse armored catfish groups. 

Based on morphological data, two cryptic species were found in the Río Huallaga, 

one of them corresponding to a valid nominal species. Problems related to the lack of 

type specimens and accurate documentation of specimen accession and deaccession must 

be addressed and taxonomic decisions must be made according to the regulations of the 

ICZN, in order to advance knowledge of this group. 

External morphology on its own does not provide enough information about 

diagnostic characters to differentiate species of Chaetostoma. Description of internal 

morphology (soft anatomy and osteology) must be included in the descriptions of such a 

cryptic group. The use of discriminant fuctions as diagnostic tools should be explored. 

Geographical isolation on its own has not been sufficient to produce 

morphological differentiation of Chaetostoma lineopunctatum. Although molecular data 

could be used to determine the identity of species groups, the species category must be 

diagnosed based on a unique combination of morphological characters, and aditional 

molecular data when available, to be considered as a valid nomenclatural act. 

Elevational gradients on the Andes slopes seem to have triggered speciation 

processes in the genus Chaetostoma. Ecological variables such as temperature and 
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current velocity might have influenced the differentiation of two groups of fishes in the 

same river basin. The pattern observed in the Río Perené basin should be tested in other 

River basins along the Andes to provide more evidence relating to this hypothesis. 

With advances of technology, molecular techniques are now available to test the 

hypothesis that a group of specimens with similar phenotypes belong to the species class. 

This can be accomplished by testing discrimination using morphological and molecular 

data. Including DNA sequences of specimens of the hypothesized species from different 

localities into a phylogenetic analysis and analyzing the phylogenetic structure should be 

considered for making decisions about the inclusion or exclusion of specimens into the 

species category. 

Molecular data provide invaluable information about the variation within the 

taxonomic category named species, and even the technical aspects of obtaining the 

information from the samples is becoming more automated and less expensive. However, 

the availability of tissue samples is still a rare event for some groups of organisms, such 

these Andean fish. Advances in the study of such fishes should follow increases in 

systematic collection and care to perpetuity frozen tissue samples to allow the study of 

both simple and complex questions based on resources that must be available to the 

scientific community. 
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Appendix A 

SPECIMENS EXAMINED 

Chaetostoma lineopunctatum 

Río Pachitea basin: Peru: Departamento de Pasco, Provincia de Oxapampa: CAS 64650, 

HOLOTYPE, 110.77 mm SL; Rio Azupizu; W. R. Allen; July 1920. No. IU 15373. 

MUSM 17226, 1, 54.37 mm SL; Santa Rosa (500 m) Rio Palcazu; P. Hocking; 30 

September 1988. MUSM 1801, 1, 47.01 mm SL; Villa América, Río Maíz; P. Hocking; 

September 1983. MUSM 19301, 1, 68.31 mm SL; Pto. Bermudez, Qda. Km. 8; H. Ortega 

et al.; 09 July 2001. MUSM 20568, 1, 45.73 mm SL; Pto. Bermudez, Qda. Atas; Earth 

Watch-Team III; 09 August 2002. MUSM 20581, 1, 53.65 mm SL; Pto. Bermudez, Qda. 

Soldado; Earthwatch-Team III; 09 August 2002. MUSM 26563, 2, 66.0-70.51 mm SL; 

Yanahuanca, Rio Sta. Cruz; E. Castro et al.; 20 October 2005. MUSM 26572, 7, 25.93-

48.71 mm SL; Pozuzo, Sta. Rosa, Río Pozuzo; E. Castro et al.; 21 October 2005. MUSM 

26579, 1, 34.6 mm SL; Pozuzo, Rio Pozuzo; E. Castro et al.; 21 October 2005. MUSM 

26582 (26382?), 2, 33.42-35.4 mm SL; Pozuzo, Qda. Ceso; E. Castro et al.; 21 October 

2005. Departamento de Huánuco, Provincia de Puerto Inca: MUSM 10621, 8, 30.81 mm 

SL; Pachitea, Yuyapichis, 2 km from mouth; E. Holm et al.; 29 July 1988. MUSM 

12799, 2, 26.64-44.05 mm SL; Pachitea, Yuyapichis, Qda. 1.5 km de la boca 

(09°37’90”S 74°55’90”W); E. Holm; 27 July 1988. MUSM 12905, 1, 40.86 mm SL; 

Pachitea, Rio Pachitea, Rio Huambi; E. Holm; 28 July 1988. 
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Río Tambo basin: Peru: Departamento de Junin, Provincia de Satipo: MUSM 20301, 15, 

46.82-70.7 mm SL; Pichanaki, Río Perené; N. Salcedo and B. Sidlauskas; date. MUSM 

20305, 7, 15.15-67.65 mm SL; Pichanaki, Rio Pichanaki; N. Salcedo and B. Sidlauskas. 

Río Urubamba basin: Peru: Departamento de Cusco, Provincia de La Convención: ANSP 

180442, 6, 30.8-79.3 mm SL; Coribeni; TCEP04-32. ANSP 180446, 1, 57.06 mm SL; 

Manogali; TCEP04-38. ANSP 180447, 10, 22.82-67.79 mm SL; Igoritoshiari; TCEP04-

37. AUM uncataloged, 10, 17.37-52.78 mm SL; Igoritoshiari; TCEP04-37. INPA 

uncataloged, 10, 18.62-57.68 mm SL; Igoritoshiari; TCEP04-37. MUSM uncataloged, 4, 

29.96-69.94 mm SL; Coribeni; TCEP04-32. MUSM uncataloged, 30, 15-60.2 mm SL; 

Igoritoshiari; TCEP04-37. MUSM uncataloged, 1, 38.01 mm SL; Manogali; TCEP04-38. 

Río Inambari basin: Peru: Departamento de Cusco: Provincia de Quispicanchi: ANSP 

180441, 8, 20.83-62.49 mm SL; Nusiniscato; TCEP04-48. ANSP 180448, 7, 39.17-88.77 

mm SL; Qda. Huajidumbre; TCEP04-47; AUM uncat., 4, 51.42-92.27 mm SL; Qda. 

Huajidumbre; TCEP04-47. INPA uncataloged, 4, 42.62- 89.67 mm SL; Qda. 

Huajidumbre; TCEP04-47. MUSM uncataloged, 15, 46.79-86.18 mm SL; Qda. 

Huajidumbre; TCEP04-47. MUSM uncataloged, 9, 16.65-62.94 mm SL; Nusiniscato; 

TCEP04-48. Departamento de Madre de Dios, Provincia de Tambopata: ANSP 180445, 

1, 47.67 mm SL; Inambari; TCEP04-50. MUSM uncataloged, 1, 44.21 mm SL; Inambari; 

TCEP04-50. 

 

Chaetostoma loborhynchos. Peru. Departamento de Junín: NMW 47190, 1, holotype 

(photograph), 120.2 mm SL; Eastern slope of the Andes, Vitoc Mountain, Río Tulumayo. 
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Departamento de Junín, Provincia de Jauja: MUSM 20288, 1, 98.95 mm SL; Río 

Tulumayo, downstream Chimay dam; I. Samanez; 2002. MUSM 20291, 5, 85.5-120.34 

mm SL, 1 c&s, 72.3 mm; Pacaybamba, Río Tulumayo (11˚22’07”S, 75˚16’06”); N. 

Salcedo & B. Sidlauskas; 07 August 2003. Departamento de Pasco, Provincia de Pasco: 

MUSM 20289, 3, 91.39-141.76 mm SL; Yaupi, Río Paucartambo; L. Chocano & M. 

Lunberg; 2002. MUSM 20307, 6, 80.19-121.24 mm SL; Yaupi, Rio Paucartambo 

(10˚44’35”S 75˚31’56”W); N. Salcedo et al.; 09 August 2003. 

 

Chaetostoma marmorescens. Peru: Departamento de Huánuco: Provincia de Huánuco: 

CAS 45783, 52, 27.1-78.68 mm SL, 2 C&S, 36.4-51.8 mm SL; Huancachupa Creek, near 

Huánuco and Huallaga; W. R. Allen, October 1918. CAS 64526 [ex IU 15418], 3, 37.62-

86.12 mm SL; Huancachupa Creek, near Huánuco; W. R. Allen, October 1918. CAS 

77109 [ex IU 17832], 2, 54.2-57.18 mm SL; Río Huallaga; W. R. Allen, October 1918. 

CAS 77111 [ex IU 15418 (copied from CAS 64526 as 15418?)], 3, 38.45-81.79 mm SL; 

Huancachupa Creek, near Huánuco; W. R. Allen; October 1918. CAS 77112 [IU 15402], 

6, 63.53-118.93 mm SL; Huánuco, (Río Tingo?) near Huallaga, elev. 2000 m; W. R. 

Allen, October 1918. CAS 77113, 15, 27.74-87.44 mm SL, 1 C&S, 40.15 mm SL; 

Huancachupa Creek, near Huánuco and Huallaga, elevation 2000 m; W. R. Allen, 

October 1918. MUSM 2961, 4, 67.6-104.55 mm SL, 1 C&S, 62.9 mm SL; Río Huallaga 

20 km. northeast of Huánuco, Puente Taruca (09º51’S 76º09’W); E. Maldonado; 

February 1949. MUSM 13251, 3, 88.4-102.95 mm SL, 1C&S, 85.8 mm SL; Río 

Huallaga, Churubamba, 2100 m (09º43’S 76º05’W); A. Tovar, 05 June 1965. 
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Departamento de Huánuco, Provincia de Leoncio Prado: MUSM 729, 3, 51.85-68.02 mm 

SL; Tingo María, Río Huallaga; F. Ancieta and C. Prentice, 15 November 1952. 

 

Chaetostoma sp. Peru: Departamento de Huánuco, Provincia de Leoncio Prado: 

ANSP 138948, 6, 20.8-52.3 mm SL; vicinity of Tingo María, Cueva de Pavos; 

Catherwood Expedition; 29 September 1955. ANSP 138949, 3, 25.2-49.1 mm SL; 

vicinity of Tingo María, Río Bella; Catherwood Expedition; 02 October 1955. 

ANSP 138975, 85, 15.8-64.2 mm SL; vicinity of Tingo María, Río Rondos; Catherwood 

Expedition; 29 September 1955. ANSP 138978, 3, 45.5-66.2 mm SL; vicinity of Tingo 

María, Cueva de Pavos; Catherwood Expedition; 29 September 1955. ANSP 138979, 6, 

39.3-66.7 mm SL; vicinity of Tingo María, Río Rondos; Catherwood Expedition; 29 

September 1955. ANSP 138980, 1, 17.6mm SL; vicinity of Tingo María, Río Bella; 

Catherwood Expedition; 02 October 1955. 
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Appendix B 

VOUCHER SPECIMENS 

Each tissue sample has a voucher specimen, which can be identified by tissue number on 

the tag attached to the voucher specimen. Lot information refers to the lot of specimens 

collected at the same collection event, where the voucher specimen is included.  

Basin Locality Lot No. Tissue No. 

Chaetostoma lineopunctatum   

Ucayali Junín, Chanchamayo, Pichanaki, Río Perené MUSM 20305 TK 70568 

   TK 70571 

 Junín, Chanchamayo, Pichanaki, Río 

Pichanaki 

MUSM 20301 TK 70564 

   TK 70566 

   TK 70567 

 Cusco, La Convención, Coribeni, Río 

Coribeni 

ANSP 180442 TK 94299 

   TK 94300 

   TK 94301 

 Cusco, La Convención, Río Igoritoshiari ANSP 180447 TK 94305 

   TK 94306 

   TK 94307 

   TK 94308 

 Cusco, La Convención, Río Manogali ANSP 180446 P4772 

  MUSM uncat. P4773 
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Basin Locality Lot No. Tissue No. 

Madre 

de Dios 

Cusco, Quispicanchi, Qda. Huajidumbre ANSP 180448 P4814 

   P4815 

   TK 94309 

   TK 94310 

   TK 94311 

   TK 94312 

 Madre de Dios, Tambopata, Río Inambari ANSP 180445 TK 94315 

   TK 94316 

 Cusco, Quispicanchi, Río Nusiniscato ANSP 180441 TK 94313 

   TK 94314 

Chaetostoma loborhynchos   

Ucayali Pasco, Pasco, Yaupi, Río Paucartambo MUSM 20307 TK 70579 

   TK 70580 

   TK 70581 

   TK 70582 

 Junín, Tarma, Pacaybamba, Río Tulumayo MUSM 20291 TK 70561 

   TK 70562 

   TK 70563 
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Appendix C 

CALIPER MEASUREMENTS 

1) Standard length (SL), from anterior tip of mesethmoid to posterior margin of last 

median lateral plate; 

2) Head length (HL), from anterior tip of mesethmoid to posterior tip of supraoccipital;  

3) Head depth (HD), from posterior tip of supraoccipital to ventral surface of body in a 

straight angle;  

4) Body depth (BD), from anterior margin of first dorsal-fin ray at base to ventral surface 

of body in a straight angle;  

5) Cleithral width (CW), from left to right lateral margins of exposed cleithrum;  

6) Interbranchial width (IBW), from left to right medial edges of branchial openings;  

7) Pre-dorsal length (PD), from anterior tip of mesethmoid to anterior margin of first 

dorsal-fin ray at base;  

8) Base of dorsal-fin length (DB), from anterior margin of first dorsal-fin ray at base to 

posterior margin of last dorsal-fin ray at dorsal-fin base;  

9) Dorsal-fin length (DL), from anterior margin of first dorsal-fin ray at base to tip of last 

dorsal-fin ray;  

10) First dorsal-fin ray length (FDR), from anterior margin of first dorsal-fin ray at base 

to its tip;  

11) Last dorsal-fin ray length (LDR), from posterior margin of last dorsal-fin ray at 

dorsal-fin base to its tip;  
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12) Dorsal-caudal length (DC); from posterior margin of last dorsal-fin ray at dorsal-fin 

base to anteior margin of last dorsal procurrent ray;  

13) Dorsal-adipose length (DAd), from posterior margin of last dorsal-fin ray at dorsal-

fin base to posterior margin of pre-adipose plate;  

14) Adipose-spine length (AdS), from posterior margin of pre-adipose plate to tip of 

adipose spine;  

15) Adipose-caudal length (AdC), from posterir margin of pre-adipose plate to anteior 

margin of last dorsal procurrent ray;  

16) Pectoral-pelvic length (PPv), from anterior margin of pectoral spine at base to 

anterior margin of first pelvic-fin ray at base;  

17) Pectoral spine length (PS), from anterior margin of pectoral spine at base to its bony 

tip; 

18) Interpelvic width (IPv), from left to right anterior margin of first pelvic-fin ray at 

base;  

19) First pelvic-fin ray length (PvFR), from anterior margin of first pelvic-fin ray at base 

to its tip;  

20) Pelvic-anus length (PvUL), from anterior margin of first pelvic-fin ray at base to base 

of uro-genital papilla;  

21) Pre-anus length (PU), from anterior tip of mesethmoid to base of uro-genital papilla;  

22) Anus-caudal length (UC), from base of uro-genital papilla to anteior margin of last 

ventral procurrent ray;  
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23) Anus-anal length (UA), from base of uro-genital papilla to anterior margin of first 

anal-fin ray at base;  

24) Pelvic-anal length (PvAL), from anterior margin of first pelvic-fin ray at base to 

anterior margin of first anal-fin ray at base;  

25) Pre-anal length (PA), from anterior tip of mesethmoid to anterior margin of first anal-

fin ray at base;  

26) Anal-caudal length (AC) from anterior margin of first anal-fin ray at base to anteior 

margin of last ventral procurrent ray;  

27) Caudal peduncle length (CPL), from posterior margin of last ventral-fin ray at base to 

anteior margin of last ventral procurrent ray;  

28) Caudal peduncle depth (CPD), shallowest depth of the caudal peduncle in a straight 

angle;  

29) Snout length (SnL) from anterior tip of mesethmoid to anterior margin of bony orbit;  

30) Internostril width (IN), shortest distance between left and right medial margin of 

bony nostrils;  

31) Interorbit width (IO), shortest distance between left and right medial margin of bony 

orbit;  

32) Nostril-orbit length (NE), shortest distance between posterior margin of left bony 

nostrils to anterior margin of left bony orbit;  

33) Bony orbit length (E), maximum distance between anteriormost margin of bony orbit 

to posteriormost margin of bony orbit;  

34) Premaxilla length (PML), from medial margin of premaxilla to its lateral margin;  
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35) Dentary length (DnL), from medial margin of dentary to its lateral margin. 
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