‘ International Journal of Speleology

| 42(1) | 57-63 | Tampa, FL (USA) |

January 2013

Available online at scholarcommons.usf.edu/ijs/ & wwuw.ijs.speleo.it

International Journal of Speleology

Official Journal of Union Internationale de Spéléologie

Phototactic behaviour of subterranean Copionodontinae
Pinna, 1992 catfishes (Siluriformes, Trichomycteridae)
from Chapada Diamantina, central Bahia, northeastern Brazil

Bianca Rantin' and Maria Elina Bichuette!

Laboratoério de Estudos Subterraneos, Universidade Federal de Sao Carlos, Sdo Carlos, Sao Paulo, Brasil. Rod. Washington Luis, km 235. CP. 676.
CEP: 13565-905. Web site: http:/ /www.biosub.ufscar.br

Abstract:

Keywords:

Citation:

The phototactic behaviour of three Copionodontinae (Trichomycteridae) catfish species
(two troglobites and one epigean) from Chapada Diamantina was studied in order to detect
modifications related to isolation in the subterranean environment. Differences in response
under different luminosities were detected and, unlike other cavefish, Copionodontinae
cave species have shown to be more photophobic than the epigean syntopic to them. The
troglobitic Glaphyropoma spinosum is the most photophobic, presenting this behaviour under
all light intensities, and more homogeneous regarding morphological characters. It suggests
that this population is probably isolated for a longer time in the subterranean environment
compared to Copionodon sp. n., the other cave species, which is only photophobic under
low light intensities. The indifference to light exhibited by the epigean species C. pecten
could be an answer to a recent predation pressure, an ecological aspect, and perhaps
this character-state is under fixation in this population. There are also evidences that
the skin has a relevant role in the perception of light for the Copionodontinae species.
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INTRODUCTION

Most troglobite specializations involve character
regression, frequently assigned to the loss of function
or to the relaxing of stabilizing selective pressure
(Wilkens, 1992). Besides the classic troglomorphisms
(changes in morphological characters), like eye and
melanic pigmentation regressions until total loss of
these characters, there are also regressions of some
behaviour patterns (Parzefall & Trajano, 2010).
Therefore, subterranean organisms are good models
for studies of ecology/behaviour and evolution
(Trajano & Bockmann, 1999).

Reaction to light represents the best studied
behaviour on subterranean organisms and,
considering the fishes, at least ten families were
studied regarding this aspect (Characidae - genus
Astyanax Baird & Girard 1854, Cyprinidae,
Balitoridae, Heptapteridae, Trichomycteridae,
Loricariidae, Clariidae, Amblyopsidae, Bythitidae, and
Poecilidae), with no taxonomic evidence in the obtained
results (e.g., Trajano & Gerhard, 1997; Parzefall,
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1998; Trajano & Borowsky, 2003; Parzefall & Trajano,
2010). According to Trajano & Gerhard (1997) the
phototactic behaviour displayed by some troglobite
catfishes may vary in the same species according to
the stimulus context, i.e., between controlled tests
with choice chamber in the laboratory and sudden
illumination in the natural environment. Therefore,
the responses are part of different behavioural traits,
displayed in different functional contexts and possibly
following independent evolutionary paths (Trajano &
Gerhard, 1997).

There are around 170 species of subterranean fishes
in the world and 25 of them occur in Brazil (15% of
the total richness) (Proudlove, 2010; G. Proudlove,
pers. comm.). Most of Brazilian subterranean
fishes belong to the Order Siluriformes: catfishes
(Trichomycteridae, Heptapteridae and Callichthyiidae
families) and armoured catfishes (Family Loricariidae)
(Proudlove, 2010). Considering the Trichomycteridae
catfishes, the subfamily Copionodontinae Pinna,
1992 is endemic of Chapada Diamantina, central
Bahia, and nowadays there are records of two genera
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and five species in the region, two of them occurring
and coexisting (syntopic) in the sandstone/quartzitic
caves of Chapada Diamantina, showing variability
in the troglomorphic characters (regression of eyes
and melanic pigmentation): Glaphyropoma spinosum
Bichuette, Pinna & Trajano, 2008 and Copionodon sp.,
this latter represents a new species, under description
(M. E. Bichuette, in prep.).

Compared to other trichomicterids, copionodontines
show plesiomorphic condition of many morphological
character-states, shared with its possible sister group
Trichogenes Britski & Ortega 1983 (for instance, the
complete infraorbital latero-sensory canal), and a unique
primitive condition that suggests its basal position
within Trichomycteridae (the more anteriorly located
dorsal fin) (Pinna, 1992). Many of these conditions are
relevant to understand the relationships among other
families of Siluriformes and also within the Loricarioidea
group (Pinna, 1997).

Behaviour studies of Brazilian subterranean fishes
included Heptapteridae catfishes - Pimelodella kronei
Miranda-Ribeiro 1907 (e.g. Trajano, 1989; Hoenen,
1996), Taunayia sp. (= Rhamdiopsis sp. 2) (Trajano
& Gerhard, 1997; Trajano & Bockmann, 1999) and
Rhamdiopsis krugi (Mendes, 1995; Bichuette, in
prep.); Trichomycteridae catfishes - Trichomycterus
itacarambiensis Trajano & Pinna 1996 (Trajano &
Gerhard, 1997), Ituglanis passensis Fernandez &

character-state. However, to polarize this character,
comparing the troglobitic species with at least two
other epigean taxa is necessary (Maddison et al., 1984).
Following this thought, Poulson (1964) and Romero
(1985) consider that the maintenance of photophobia
in troglobitic fishes is a relict of the epigean existence
and not an adaptation to the cave life.

In this study the reaction to light was analyzed
in laboratory, and eventual observations were
made in the natural environment, in order to
detect modifications related to the isolation in
the subterranean environment. Copionodontinae
catfishes probably represent a basal group in the
phylogeny of trichomycterid (Pinna, 1992) and
the study of behaviour traits can provide valuable
information to corroborate the relationships within
Trichomycteridae. Thus, we compare the response to
light in three copionodontine species from the same
region: Glaphyropoma spinosum and Copionodon new
species (both troglobites) and the epigean species
Copionodon pecten.

MATERIALS AND METHODS

Study area

Chapada Diamantina region (Fig. 1) is an extension
of Serra do Espinhaco and its relief is composed of
hills, mountains and subterranean galleries formed

Bichuette 2002, I. bambui Bichuette &
Trajano 2004, and I ramiroi Bichuette
& Trajano 2004 (Bichuette, 2003)
and Loricariidae armoured catfishes -
Ancistrus cryptophtalmus Reis 1987 and A.
formoso Sabino & Trajano 1992 (Trajano
& Souza, 1994; Bessa & Trajano, 2001).
A huge variation is observed in the
phototactic  behaviour of Brazilian
subterranean fishes: many species
exhibit from a photophobia to a tendency

to photofilia, with cases of indifference to (™
light [e.g., Taunayia sp. (= Rhamdiopsis sp. \

2 - Trajano & Gerhard, 1997)]. Moreover, a
variation in the response tolightis observed
for intraspecific and interspecific contexts
(populational and individual) and the = s
variability of this behaviour is related to
variation of morphological characters, for
example, eyes and melanic pigmentation
(e.g., for the armoured catfishes Ancistrus

spp. and Ituglanis catfishes - Bessa & o]

Trajano, 2001; Bichuette, 2003); and

to the developing life cycle (Secutti & *

Trajano, 2009). When compared to
the epigean relatives (in the case of
known and/or existing species), some
tendencies are observed, for example, the
epigean fish show marked photophobic
habits compared to the troglobitic ones
(Langecker, 1992; Trajano, 2003).
Langecker (1992) proposed that the
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maintenance of photophobia in the
troglobitic species could be a relictual
characteristic, being a plesiomorphic

Fig. 1 Map of Chapada Dimantina region, central Bahia, northeastern Brazil. In gray color
-Chapada Diamantina National Park: 1. Boudaries of the National Park; 2. Main Roads;
3. Secondary Roads; 4. Rivers and small drainages; 5. Cities; 6. Locality of occurence of
Copionodontinae catfishes: Povoado de Igatu, Andarai county, Bahia state.
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by metasedimentary rocks from the Paraguacu and
Chapada Diamantina groups. These rocks were
deposited one billion years ago and the dominant
lithologies are sandstone, siltstones, argillites,
conglomerates and pelites (Schobbenhaus et al.,
1999). The altitudes vary from 1,000 to 1,700 m,
representing a watershed between the Sao Francisco
and the East Basins. The climate is tropical semi-
arid, with distinct wet/dry periods, Aw according
to Koppen’s (1948) classification. Medium annual
temperature is around 20°C (Nimer, 1989).

Studied species

The troglobitic copionodontines (G. spinosum
and Copionodon new species) occur in the following
sandstone/quartzite caves: Cobras cave, Parede
Vermelha cave, Morro de Alvo System, Rio dos Pombos
cave, Torras System (Torras I e II caves), Criminoso
cave and Lobo cave. These caves are located inside
the Chapada Diamantina National Park. The epigean
species, C. pecten, occurs in the rivers Coisa Boa,
Xavier and Paraguacu, in the boundaries of the cave
localities. This epigean species was also recorded
inside some of the caves where the troglobites occur,
showing an interesting case of syntopy.

In natural environment, G. spinosum presents eyes
and pigmentation regression (showing iridescence),
with little variability in these characters, configuring
a homogeneous population (Bichuette et al., 2008
— Fig. 2). Considering Copionodon new species, a
higher morphological variability is observed, with not
so pronounced regression of eyes (from reduced to
normal eyes) and a mosaic of characters concerning
pigmentation, varying from pale yellow to light gray,
in its natural habitat (Fig. 3). The epigean species C.
pecten is homogeneous, showing developed black eyes
and typically light brown coloration, with dark and
iridescent lines in the body sides (Fig. 4).

Specimens collecting and laboratory maintenance

Copionodontinae catfishes were captured with
hand nets and transported in three liter gallons,
conditioned in thermal boxes, with low temperature
achieved with addition of recycled hipergel.

Intraspecific groups up to 10 individuals are
maintained in S50-liter aquaria with continuous
filtration, aeration and available shelters. The
aquaria are installed at the Laboratério de Estudos
Subterraneos (LES) at the Departamento de Ecologia
e Biologia Evolutiva of Universidade Federal de Sao
Carlos (UFSCar), in permanent darkness (except during
maintenance activities). The epigean Copionodontinae
are also maintained in the LES, but in a separate
compartment, covered with a black shield, where a
lamp attached to a timer simulates the day phase (12
hours per day). The catfishes have been fed once a
week with commercial food for carnivorous fishes (dry
or frozen Artemia salina) at no fixed days and times.

Reaction to light tests

The choice-chamber method was used in the tests
of light reaction, as in the study of other troglobitic
catfishes (Langecker, 1992; Trajano & Souza,
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Fig. 2 Glaphyropoma spinosum — alive specimen (Photo: Adriano
Gambarini).

Fig. 3 Copionodon sp. n. — alive specimen (Photo: Dante Fenolio).

Fig. 4 Copionodon pecten — alive specimen (Photo: Adriano Gambarini).

1994; Trajano & Gerhard, 1997; Bichuette, 2003;
Timmermann & Plath, 2009), which simulates
the interface between epigean and subterranean
environments (Trajano & Gerhard, 1997). The tests
were performed one month after the catfishes arrived
in the laboratory.

The test aquarium consisted in a 50-liter tank,
divided in two sectors by a black plastic screen with
openings in the middle and at the sides. One of these
sectors was illuminated by a white light bulb and the
other remained dark, covered with a black cardboard.
The plastic screen prevented the entrance of light, but
did not block the movements of the catfishes across
the aquarium floor and through the walls. We studied
the fishes reaction to light under 40 lux (twilight), 170
lux (beginning of twilight) and 1,700 [ux (cloudy day),
using a white fluorescent bulb. Twelve specimens of
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each species (G. spinosum, Copionodon new species
and C. pecten) were tested individually. Only the
individuals 13 and 25 were juveniles, the remaining
being adults.

In order to determine the acclimation time, we
made previous observations, which demonstrated
that an acclimation time of less than one hour
before the beginning of tests was enough, since the
individuals showed low and calm swimming and
opercular beating.

At the beginning of the tests, a focal fish was taken
from a stock tank and gently introduced into the test-
aquarium, where it had one hour to acclimate to the
new environment and to the light intensity. After this
period, the control test was initiated, with also one
hour duration, and we counted the total time that the
individual spent in the left sector of the aquarium (the
side that would be the lighted one during the actual
tests). During acclimation period and control, the
whole aquarium remained illuminated.

After the control, the right sector of the aquarium
was covered with black cardboard (dark chamber),
and the total time spent in the lighted sector of the
aquarium was recorded during one hour. The same
procedure was carried on for the other luminosities.
Between one test and the other, that is, before
changing light intensity, the light was turned off for
at least 20 minutes. The order of the light intensities
was always random, but never in an increasing or
decreasing order, to prevent biases in responses. The
phototactic tests were carried on in the same LES
room, between 8 am and 7 pm.

After tests, standard-length and eye diameter
of each specimen were measured with a digital
caliper, 0.001 millimeters of precision. The eyes were
considered as reduced when less than 0.1 millimeter
of diameter, and as developed when between 0.1 and
1.0 millimeter. Also, the pigmentation was observed
under white light and the fishes were divided in four
classes of coloration: light gray with iridescence,
medium gray, dark gray and purple.

Responses to light were divided in four photophobia
degrees: photophilia (more than 31 minutes in lighted
chamber), photophobia (between 29 and 11 minutes
in lighted chamber), marked photophobia (10 minutes
or less in lighted chamber) and indifference to light
(30 minutes in each chamber).

Statistical analysis

Statistically significant differences between the
total time spent in the illuminated sector in tests and
in control were detected by One-way ANOVA Repeated
measures with a=5% (Zar, 1996).

RESULTS

The troglobitic species G. spinosum is photophobic
under the three light intensities, confirmed by
statistically significant differences between control
and tests (40 lux, p=0.03073; 170 lux, p=0.00014;
1,700 lux, p=0.00495 - Fig. 5). Copionodon sp. n.,
the other troglobitic species, is only photophobic
under the lower light intensities (40 lux, p=0.03732;

170 lux, p=0.01941- Fig. 6). The epigean species, C.
pecten, showed indifference under all light intensities,
corroborated by the statistical results of the One-
way ANOVA with repeated measures tests, which did
not show significance (40 lux, p=0.9935; 170 lux,
p=0.4403; 1,700 lux, p=0.7907 - Fig. 7).

Thus, there is a photophobia degree exhibited by
the three Copionodontinae species: the troglobite G.
spinosum is the most photophobic one, followed by
the new species of Copionodon and finally the epigean
species C. pecten, which reacted indifferently under
the three intensities.

Comparing light reaction to morphologic characters,
we note that G. spinosum, which has regressed eyes
size and pigmentation, exhibited strong avoidance
under the three light intensities. Copionodon sp. n.
only showed response to light in the lower intensities
(40 and 170 lux), and also presents variability for
eyes and pigmentation. The epigean species C.
pecten, clearly homogeneous in relation to eyes and
pigmentation, showed indifference in the response to
light in all intensities.

DISCUSSION

Most troglobitic catfishes studied concerning
phototactic behaviour present epigean relatives
displaying photophobia (Parzefall & Trajano,
2010). However, for the epigean Copionodontinae,
C. pecten, we observed an inverse pattern: the
troglobitic species, G. spinosum and Copionodon
sp. n. displayed more photophobic habits than
the epigean one, which is indifferent to light. This
inverted pattern was also observed for Balitoridae
(Eurasian Cypriniformes fishes) from Thailand:
while the epigean is generally diurnal and non-
cryptobiotic/benthonic, the troglobitic species
Schistura oedipus Kottelat 1988 shows indifference
to light and a weak photophobia to lower light
intensities plus strong photophobia to higher light
intensities (Trajano et al., 2002). This inverted
pattern can raise the hypothesis that the cave
species probably originated from an ancestral
which showed twilight or nocturnal activities.

Furthermore, some ecological hypotheses can be
considered. Additional data from observation and
collecting in the same locality of occurrence of the
epigean species indicated the existence of two major
nocturnal predators coexisting with C. pecten: the
trahiras Hoplerythrinus unitaeniatus Spix & Agassiz,
1829 and the catfish Trachelyopterus galeatus
Linnaeus, 1766. Thus, a predation pressure,
probably recent (Hoplerythrinus unitaeniatus is an
exotic fish and was introduced about 180 years
ago — R. C. Santos, pers. comm.), must be the
principal triggering process for this indifference to
light behaviour in C. pecten. Indeed, groups of C.
pecten gather either in exposed and hidden places
during the day phase. Thus, it is possible that, if C.
pecten has once had photophobic behaviour, it is in
process of inversion, due to this predation pression
at night, which would force them to forage during
the day.
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Fig. 5 Box-plot with medians and means of time spent in lighted sector of aquarium, under 40 lux. A. Control, B. Test.
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Fig. 6 Box-plot with medians and means of time spent in lighted sector of aquarium, under 170 lux. A. Control, B. Test.
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Fig. 7 Box-plot with medians and means of time spent in lighted sector of aquarium, under 1,700 lux. A. Control, B. Test.

It is also important to point out that we observed
changes in pigmentation pattern in all cave
copionodontine individuals that remained in
captivity: all specimens of G. spinosum changed
from pale yellow to purple 10-15 days after arrival
from the field, indicating that this species may
perceive light by the skin, a typical extraocular
photoreception (EOP), very common in vertebrates
(Langecker, 1992). Indeed, these pigmentation
changes cannot be related to food, since the food
varies during maintenance in laboratory, nor
to changes related to aging, since pigmentation

manifested in both juvenile and adult specimens.
Several authors have suggested that the skin of
some cave vertebrates may mediate light reactions,
for instance, the characidae Astyanax fasciatus
Cuvier, 1819 (Kahling, 1961), the amblyopsidae
Amblyopsis spelaea DeKay, 1842 (Payne, 1907) and
the salamander Proteus anguineus Laurenti, 1819
(Hawes, 1946). For Copionodon sp. n., however, the
pigmentation changes were subtle, changing from
light gray to medium or dark gray, suggesting that
the eyes must still be the main light receptor in this
species.
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Moreover, this study reinforces the idea of different
reactions to light according to the stimuli context
(gradation in laboratory and sudden stimuli in natural
habitat) since Copionodontinae catfishes did not
show any reactions under lantern light in the natural
environment. The same was observed for trichomycterid
catfishes I. bambui and T. itacarambiensis, heptapterid
catfishes P. kronei, and armoured loricariid catfishes
A. formoso (Bichuette, 2003; Trajano & Gerhard,
1997), besides the balitoriid cave fishes from Thailand
S. oedipus (Trajano et al., 2002).

Finally, there is, apparently, some correlation
between morphological traits and reaction to light
regarding G. spinosum. The fact that this species,
morphologically homogeneous, reacts similarly under
the three light intensities suggests that the response
is related to its low variation degree of eyes and
pigmentation. On the other hand, Copionodon sp.
n., a heterogeneous population, reacted differently
under the three lights intensities, which could be due
to individual differences. It suggests that this latter
species has been isolated in the hypogean realm for a
longer time when compared to the more homogenous
(regarding both morphological and behavioural
aspects) G. spinosum.

In fact, for some Brazilian cave catfishes the type
of response could be related to some individual
characteristics: depigmented specimens of P.
kronei, for instance, were photophilic, whereas
semipigmented and pigmented ones were photophobic
(Trajano & Gerhard, 1997). On the contrary, albino T.
itacarambiensis individuals were more photonegative
than the pigmented ones (Trajano & Gerhard, 1997).
However, for the vast majority of Brazilian cavefishes,
variability in phototactic response is usually related
to variation in morphological traits, such as in the
troglobitic catfish P. kronei, which shows a mosaic
of eye size and melanic pigmentation and a weak
photophobia, with intrapopulation variability (Trajano
& Gerhard, 1997); the armoured catfish Ancistrus
formoso shows a mosaic for behaviour and morphology,
varying from indifference to light to photophobia
(Bessa & Trajano, 2001). For the Trichomycteridae
catfishes, Ituglanis and Trichomycterus genera, the
same pattern was observed: photophobia is variable
among populations and correlated to eye size and
pigmentation for the former (Ituglanis spp.) and
weak photophobia for the latter (T. itacarambiensis),
which is variable in many morphological levels,
including true albinism (Bichuette, 2003; Trajano
& Gerhard, 1997). Nevertheless, for a correlation
between phototactic behaviour and morphological
data regarding cave Copionodontinae, new tests with
focal-groups and other statistical analysis, focusing
categorical variables, are required.

ACKNOWLEDGEMENTS

We are grateful to several colleagues and friends
who helped us during the field and laboratory work,
specially to Raimundo C. dos Santos (“Xiquinho”), our
guide in Igatu, J. E. Gallao, L. B. Simdes and T. L. C.
Scatolini for help in the fieldwork. We also thank P.

Dodonov for help in statistical analysis. This work is
part of the Master degree of Bianca Rantin and part ofa
major research project of Maria E. Bichuette, both were
financially supported by the Fundacao de Amparo a
Pesquisa no Estado de Sao Paulo (FAPESP, processes
numbers 2008 /08910-8 and 2008 /05678-7). Thanks
also to the environmental governmental agency
ICMBIO (Instituto Chico Mendes de Biodiversidade)
for the collecting permission document (license
number 20165-1) and to PPGERN/UFSCar (Programa
de Pos Graduacao em Ecologia e Recursos Naturais da
Universidade Federal de Sdo Carlos/ Brasil), for the
infrastructure to develop this work. Eleonora Trajano
(IBUSP), Nivaldo Nordi (UFSCar), Andréa Peripato
(UFSCar) and Lilian Casatti (UNESP) contributed
with suggestions and critical considerations for the
manuscript.

REFERENCES

Bessa E. & Trajano E., 2001 - Light reaction and
cryptobiotic habits in armoured catfishes, genus
Ancistrus, from caves in central and northwest Brazil
(Siluriformes: Loricariidae). Mémoires de Biospéleologie,
28: 29-37.

Bichuette M. E., 2003. Distribui¢do, biologia, ecologia
populacional e comportamento de peixes subterraneos,
géneros Ituglanis (Siluriformes: Trichomycteridae)
e Eigenmannia (Gymnotiformes: Sternopygidae) da
area carstica de Sdo Domingos, Nordeste de Goids.
Unpublished Ph.D. Thesis, Universidade de Sao Paulo,
Sao Paulo, 330 p.

Bichuette M.E., Pinna M.C.C. & Trajano E., 2008 - A
new species of Glaphyropoma: The first subterranean
copionodontine catfish and the first occurrence of
opercular odontodes in the subfamily (Siluriformes:
Trichomycteridae). Neotropicallchthyology, 6:301-306.
http://dx.doi.org/10.1590/S1679-62252008000300002

Hawes R.S., 1946 - On the eyes and reaction to light of
Proteus anguinus. Quarterly Journal of Microbiology
Science, 86: 1-53.

Hoenen S.M.M., 1996 - Behavioural studies on Pimelodella
kronei from Bombas Resurgence, southeastern Brazil
(Siluriformes: Pimelodidae). Mémoires de Biospéleologie
22: 57-63.

Holsinger J.R. & Culver D.C., 1988 - The invertebrate
cave fauna of Virginia part of Eastern Tennessee:
Zoogeography and ecology. Brimleyana, 14: 1-162.

Kahling J., 1961 - Untersuchungen iber den Lichtsinn und
dessen Lokalisation bei dem Héhlenfisch Anoptichthys
jordani Hubbs & Innes (Characidae). In: Camacho A.I
(Ed.), The Natural History of Biospeleology. Madrid:
Museo de Ciencias Naturales: 642 p.

Koppen W., 1948 - Climatologia. Fondo de Cultura
Economica, Mexico city, 478 p.

Langecker T.G., 1992 - Light sensitivity of cave
vertebrates—behavioral and morphological aspects. In:
Camacho A.l. (Ed.), The Natural History of Biospeleology.
Madrid: Museo de Ciencias Naturales: 642 p.

Maddison W.P., Donoghue M.J. & Maddison D.R., 1984 -
Outgroup analysis and parsimony. Systematic Zoology,
33: 83-103. http://dx.doi.org/10.2307/2413134

Mendes L.F., 1995 - Observations on the ecology and
behavior of a new species of troglobitic catfish from
northeastern  Brazil (Siluriformes:  Pimelodidae).
Mémoires de Biospéleologie, 22: 99-101.

International Journal of Speleology, 42 (1), 57-63. Tampa, FL (USA) January 2013



Phototatic behaviour of cave Copionodontinae from NE Brazil 63

Nimer E., 1989 - Climatologia do Brasil. SUPREN, Rio de
Janeiro, 421 p.

Payne F., 1907 - The reactions of the blind fish,
Amblyopsis spelaeus, to light. Biological Bulletin
Marine  Biological = Laboratory, 13: 317-323.
http://dx.doi.org/10.2307/1535607

Parzefall J., 1998 - Behavioral adaptation of cavefishes.
In: Trajano E., Bichuette M.E. & Kapoor B.G. (Eds.).
Biology of Subterranean Fishes. Enfield, USA: Science
Publishers, Inc.: 480 p.

Parzefall J. & Trajano E., 2010 - Behavioral Patterns
in Subterranean Fishes. In: Trajano E., Bichuette
M.E. & Kapoor B.G. (Eds.). Biology of Subterranean
Fishes. Enfield, USA: Science Publishers, Inc.: 480 p.
http://dx.doi.org/10.1201 /EBK1578086702-c4

Pinna M.C.C., 1992 - A new subfamily of
Trichomycteridae  (Teleostei,  Siluriformes), lower
loricarioid relationships and a discussion on the impact
of additional taxa for phylogenetic analysis. Zoological
Journal of the Linnean Society, 106: 175-229.
http://dx.doi.org/10.1111/j.1096-3642.1992.tb01247.x

Pinna M.C.C., 1997 - Behavioral characters in phylogeny
reconstruction. Anais de etologia, 15: 109-124.

Poulson T.L., 1964 - Animals in aquatic environments:
Animals in caves. In: Camacho A.l. (Ed.), The Natural
History of Biospeleology. Madrid: Museo de Ciencias
Naturales: 642 p.

Proudlove G S., 2010 - Biodiversity and Distribution of the
SubterraneanFishesofthe World.In: TrajanoE.,Bichuette
M.E. & Kapoor B.G. (Eds.). Biology of Subterranean
Fishes. Enfield, USA: Science Publishers, Inc.: 480 p.
http://dx.doi.org/10.1201 /EBK1578086702-c2

Romero A., 1985 - Can evolution regress? In: Camacho
A.l. (Ed.), The Natural History of Biospeleology. Museo
de Ciencias Naturales, Madrid, 642 p.

Secutti S. & Trajano E., 2009 - Reproductive
behavior, development and eye regression in the
cave armored catfish, Ancistrus cryptophthalmus
Reis, 1987 (Siluriformes: Loricariidae), bred in
laboratory. Neotropical Ichthyology, 7: 479-490.
http://dx.doi.org/10.1590/S1679-62252009000300016

Schobbenhaus C., Campos D.A., Queiroz E.T., Winge M. &
Berbert-Born M. 1999. Morro do Pai Indcio, Bahia. Sitios
Geolégicos e Paleontolégicos do Brasil. Available from
http:/ /www.unb.br/ig/sigep/sitio072/sitio072.htm
(last accessed 23 August 2010).

Trajano E., 1989 - Estudo do comportamento espontaneo
e alimentar e da dieta do bagre cavernicola, Pimelodella
kronei, e seu provdvel ancestral epigeo, Pimelodella
transitoria (Siluriformes, Pimelodidae). Revista Brasileira
de Biologia, 49: 757-769.

Trajano E., 2003 - Ecology and Ethology of subterranean
Catfishes. In: Arratia G., Kapoor B.G., Chardon M.
& Diogo R. (Eds.), Catfishes. Enfield, USA: Science
Publishers, Inc.: 603 p.

Trajano E. & Bockmann F.A., 1999 - Evolution of ecology
and behavior in Brazilian Heptapterine cave catfishes,
based on cladistic analysis (Teleostei: Siluriformes).
Mémoires de Biospéleologie, 26: 123-129.

Trajano E. & Borowsky R., 2003 - Biological rhythms in
cave fishes from Thailand. In: Trajano E., Bichuette
M.E. & Kapoor B.G. (Eds.). Biology of Subterranean
Fishes. Enfield, USA: Science Publishers, Inc.: 480 p.

Trajano E. & Gerhard P., 1997 - Light reaction in Brazilian
cave fishes (Siluriformes: Pimelodidae, Trichomycteridae,
Loricariidae). Mémoires de Biospéleologie, 24: 127-138.

Trajano E. & Souza M.A., 1994 - Behaviour of Ancistrus
cryptophthalmus, an armoured blind catfish from caves
of central Brazil, with notes on syntopic Trichomycterus
sp. (Siluriformes, Loricariidae, Trichomycteridae).
Mémoires de Biospéleologie, 21: 151-159.

Trajano E., Mugue N., Krrejca J., Vidthayanon C.,
Smart D. & Borowsky R., 2002 - Habitat, distribution,
ecology and behavior of cave batilorids from Thailand
(Teleostei: Cypriniformes). Ichthyological Exploration of
Freshwaters, 13: 169-184.

Wilkens H., 1992 - Neutral mutations and evolutionary
progress. In: Camacho A.l. (Ed.), The Natural History of
Biospeleology. Madrid: Museo de Ciencias Naturales:
642 p.

Zar J.H., 1996 - Biostatistical Analysis. Prentice Hall,
Englewood Cliffs, 322 p.

International Journal of Speleology, 42 (1), 57-63. Tampa, FL (USA) January 2013



