American Fisheries Society Symposium 45:587-602, 2005
© 2005 by the American Fisheries Society

Historical Changes in the Rio das Velhas
Fish Fauna—Brazil

CARLOS BERNARDO M. ALVES' AND PAULO S. POMPEU

Projeto Manuelzdo — Universidade Federal de Minas Gerais, Avenida Alfredo Balena,
190 /10.012 Belo Horizonte (MG) Brasil 30130-100

Abstract.—The Rio das Velhas is a tributary of the Rio Sio Francisco, one of Brazil’s
largest rivers. It is the Rio SZo Francisco’s second most important tributary in water volume
(mean annual discharge of 631 m?/s), with a drainage area of 27,867 km?, length of 761
km, and mean width of 38 m. Like many other rivers around the world, it became heavily
polluted in the 1900s. The Rio das Velhas is the most polluted river of Minas Gerais state
because the basin contains approximately 4.5 million people. Unlike other Brazilian rivers,
its fish fauna was studied from 1850 to 1856. Fifty-five fish species were recorded; 20 of
them were first described at that time, when there were previously no more than 40
known species in the entire Sao Francisco basin. Recent fish collections, approximately
150 years later, indicate 107 fish species, but some may be locally extinct. There are good
prospects of rehabilitating this fauna because of the connectivity of the Rio das Velhas
with the S3o Francisco main stem, its well-preserved tributaries, and increased investments

in sewage treatment.

Introduction

The neotropical biogeographic area is the world’s
richest fish species region (around 8,000 species,
Schaefer 1998), but also one of the least known
(Menezes 1996). Despite having one of the richest
fish faunas in the world, there are few published
studies regarding the past richness, distribution, and
ecology of Brazilian fishes. Many of these studies are
associated with modifications resulting from dam
construction; for example, in the Parand basin, com-
partmentalization and flow regulation significantly
altered fish populations, especially of migratory spe-
cies (Agostinho and Julio, Jr. 1999).

In Brazil, untreated sewage effluents, defores-
tation, mining, dam construction, siltation, intro-
duction of nonnative species, and water diversions
contributed to rapid declines in fish species rich-
ness and altered spatial distributions (Agostinho and

" Corresponding author: curimata@uai.com.br

Zalewski 1996). This scenario is common to many
areas of the country and is worst in highly industri-
alized or urbanized areas.

The aim of this chapter is to evaluate the
changes in the fish assemblage of the Rio das Velhas
basin in the past 150 years and associate those
changes with environmental disturbances.

Methods

Study Area

The Rio das Velhas, located in central Minas Gerais
state (Figure 1), is one of the most important tribu-
taries of the Rio Sdo Francisco, one of Brazil’s larg-
estrivers. It is the second most important tributary
in water volume (mean annual discharge of 631
m?®/s), with a basin area of 27,867 km?, length of
761 km, mean width of 38 m (CETEC 1983;
PLANVASF 1986), and maximum width of 400
m (Silvia Magalhaes, Projeto Manuelzao, personal
communication). The Rio das Velhas basin has the
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Figure 1.—Rio das Velhas basin, present sampling stations, and relative position in Minas Gerais state and Brazil.

The shaded area indicates the probable collecting area of J. T. Reinhardt in the 19th century. (modified from Alves and
Pompeu 2001)
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largest metropolitan region, the highest gross domes-
tic product, the largest human population, and the
longest river course in the Sao Francisco basin. Its
headwaters occur at 1,520 m above sea level and its
confluence with the Rio Sao Francisco at an altitude
of 478 m. Mean annual precipitation ranges from
110 to 160 cm (www.codevast.gov.br). There are no
available data on river depths, although it was navi-
gable up to Sabard, near the Metropolitan Region of
Belo Horizonte (MRBH), in the 19th century (Bur-
ton 1977). Presently, many stretches are heavily silted,
allowing one to wade across the river.

The Rio das Velhas’ headwaters are located in a
transition zone between the Atlantic rainforest and
cerrado, which is the typical savanna-like vegetation
of central Brazil. Both biomes are identified as world
diversity hotspots because they have exceptional con-
centrations of endemic species undergoing excep-
tional loss of habitat (Myers et al. 2000). Below its
headwaters to its mouth, Rio das Velhas flows only
through cerrado. Another vegetation formation oc-
curs near high elevation headwaters: the campos
rupestres (literally, rock fields), a type of shrubby
montane savanna, such as seen in the Rio Cipd, one
of its most important tributaries. This formation is
very rich in floral and faunal species, with high diver-
sity and endemism (Costa et al. 1998).

Like many other rivers around the world, the
Rio das Velhas became heavily polluted in the 20th
century. The Rio das Velhas is the most polluted river
of Minas Gerais state, partly because the basin has a
total human population of 4.5 million people (IBGE
2000), and domestic sewage and industrial wastes of
the MRBH are only partially treated (Table 1). The
sewage of 3.2 million people is collected, but only
27.5% of it is primarily treated (www.copasa.com.br).
New sewage treatment plants (STPs) and wastewater
conveyances are being built to increase the rate of
sewage treatment.

Fish Sampling

Johannes T. Reinhardt collected fish in two trips to
Brazil, between 1850 and 1856. All specimens were

! The Metropolitan Region of Belo Horizonte is formed by
34 counties located around the Minas Gerais state capital,
representing a total area of approximately 9,500 km®.
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sent to the Zoological Museum of Copenhagen
University (Denmark). The sampling methods were
not formally described, but Reinhardt did travel to
many locations with local fishermen, and they
brought him any different, rare, or interesting fish
species. Reinhardt assigned Christian E Liitken the
rights to publish the monograph describing his col-
lections (Liitken 1875). Not only the fishes, butalso
all field annotations, preliminary studies, and draw-
ings were donated to Liitken. The expected sam-
pling area of Reinhardt’s collections is drawn in Fig-
ure 1 as a polygon formed by each cited collection
location in Liitken’s book. In the introduction of his
monograph, the author pointed out the importance
of the material:

“... that was the first time ichthyological
material was collected in the South Ameri-
can continent, as a result of a long stay of a
naturalist in a single area, which permit-
ted the local freshwater fish to be the sub-
ject of a specific study.”

Present sampling stations include six sites on the
Rio das Velhas main stem and other six sites on the
five tributaries. The mean distance between Rio das
Velhas collecting sites was 59 km (ranging from 27
to 95 km). Each tributary had only one sampling
site, except Rio Cipé with two sites because of its
greater length. All sites were selected depending on
access and distance between upstream and down-
stream sites (main channel) in order to represent
upper, medium, and lower river stretches. One
tributary (Rio Cipd) and three main stem stations
approximate Reinhardt’s collection locations, justi-
fying their selection for temporal comparisons. Ex-
cept for Rio Cipd, which was sampled five times,
every site was visited two or three times since 1999
to represent both dry and wet seasons.

Fish were caught with gill nets (20 m long, with
3-16 cm stretch measure mesh), seines (5 m long, 1
mm mesh), cast nets (3 cm stretch measure mesh),
and kick nets (1 mm mesh). Gill nets were fished in
the water column for 14 h overnight. Seines were
used in shallow areas or littoral zones, kick nets were
employed in near-shore aquatic macrophytes (both
shorelines) and in riffles, and cast nets were used in
habitats too deep to wade. The three latter methods
were employed for 1-3 h. They were used only quali-
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tatively to provide a more complete species richness
list. Site lengths were 50-100 m, depending on water
depth and velocity.

Results

Present samples in the basin have produced 107 spe-
cies, 81 of which occurred in Reinhardt’s study area
(Figure 1). Liitken (2001) described 55 species in
the Rio das Velhas basin, 46 were found in the main
stem, and 24 in tributaries near Lagoa Santa and
the Rio Cipé. Three levels of comparison with
Liitken were performed: (1) all data together, (2)
only the Rio das Velhas main stem, and (3) only the
Rio Cipé (Figure 2). Rio Cipé had been chosen for
analysis because it was the most cited tributary in
the past work. Presently, it is one of the most pre-
served rivers and has a national park in its headwa-
ters. For all data together, 34 species were reported
by both Liitken and us, 21 species were reported
only by Liitken, and 47 species were collected only
by us. In the Rio das Velhas, 16 species were col-
lected in both our studies, 27 species were reported
only by Liitken, and 28 species were collected only
by us. In the Rio Cip6, 13 species were collected in
both studies, 11 species had occurred only in
Liitken’s report, and 48 species occurred only in our
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collections. We have added 26 fish species to
Liitken’s list, the great majority consisting of small-
sized fishes with adults less than 10 cm long (Figure
3).

Ecological attributes have been reported for
20 extinct species in Reinhardt’s study area (Table
2). Only a few of these attributes appear relevant
to the species’ extinctions. For example, the
Siluriformes represent less than 35% of the Rio
das Velhas basin fish fauna, but 70% of the locally
extinct fish species.

Discussion

Surveys of fish species richness provide information
for analysis of spatial-temporal and community
structure patterns, assessment of biological integrity,
and conservation of biodiversity (Cao etal. 2001).
The number of samples, site size, and distance be-
tween sites is critical to an accurate assessment, since
conclusions depend on species richness and fish as-
semblage composition. Cao etal. (2001) suggested
the evaluation of sampling sufficiency based on the
relationship between the proportion of total rich-
ness and the similarity among replicate samples.
Hughes etal. (2002) calculated the optimal site dis-
tance for electrofishing Oregon rivers. For tropical

Rio das Velhas basin Basin Rio das Velhas Rio Cipd
(Reinhardt study area) Main stem
38% 18%
33% 21%
15%
23%

M Species recorded only by Reinhardt.
[CDSpecies recorded in the both.
[CISpecies recorded only recently.

Figure 2.—Temporal and spatial comparisons of fish assemblages of the Rio das Velhas, considering the whole area
studied by Reinhardt, the main stem, and Rio Cipé separately, showing the common and exclusive species between his
and recent studies. (adapted from Alves and Pompeu 2001)
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Figure 3.—Past records of fish species, recent additions to the Rio das Velhas basin, and total richness, by size-classes.

(Adapted from Alves and Pompeu 2001).

waters, especially for Brazilian rivers, sampling ef-
fort studies are rare, despite their importance.
Penczak etal. (1998) provided information regard-
ing fishing effort and use of different fishing gears
in the Rio Parand basin. They demonstrated that
different fishing gears play a complementary role in
fish inventories and showed statistically significant
differences between riversides at the same site. Cli-
mate and river size peculiarities support the need
for further studies of this type to provide accurate
and precise data in tropical fish surveys. For the Rio
das Velhas, site selection was based on accessibility
and river regions represented (upper, middle, and
lower reaches), and the number of samples at each
site was intended to characterize rainy and dry sea-
sons. We used different kinds of fishing gears to
maximize species richness assessments.

Costa etal. (1998) estimated fish species rich-
ness for the main river basins in Minas Gerais: Sao
Francisco (170 species), High Parand basin (120),
Doce (77), Paraiba do Sul (59), Jequitinhonha (36),
and Mucuri (44). Recent studies with new species
descriptions and new occurrence records allow a
more accurate estimation of Rio Sao Francisco’ rich-
ness (176 species) within Minas Gerais boundaries
(Alves et al. 1998). Because of the lack of collec-

tions in many portions of the Sdo Francisco basin,
such as small headwater streams, the whole basin
may support 250300 fish species. To support this
hypothesis, we have registered 107 species in the
Rio das Velhas; seven of which are new to science
(Hisonotus sp.1, Hisonotus sp.2, Planaltina sp.,
Bunocephalus sp.1, Bunocephalus sp.2, Rineloricaria
sp., and Harttia sp.). Voucher specimens are depos-
ited at Museu de Zoologia da Universidade de Sao
Paulo (MZUSP) (Appendix A).

Following Liitken’s work, a number of new spe-
cies records were added to the Sao Francisco basin
list. The greatest number of species added to Liitken’s
listed species from the Rio das Velhas were particu-
larly significant in the tributaries, where 48 were
recorded for the first time. On the other hand, in
the upper Rio das Velhas, only 28 species are newly
recorded. In general, the different sampling tech-
niques may account for the number of species added
by the recent studies. Because the great majority of
fish listed by Liitken were caught by fishermen,
smaller species certainly were underestimated. Fish-
ermen are always interested in fish that command
good market prices or that are large enough to in-
terest human consumers. Twenty-six species, mea-
suring less than 10 cm total length, or 37 if we con-
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Table 2.—Ecological attributes of fishes extinct in Reinhardts study area. Bold font = extinct species in the Rio das

Velhas basin.
Maximum length Main food Migratory
Species® (cm)® Items* Behavior Endemic?
Characiformes
Family Characidae
Brycon orthotaenia 40.1 fruits, insects yes yes
Serrapinnus piaba 4.6 plankton no yes
Hasemania nana 2.6 insects no yes
Roeboides xenodon 11.5 insects, fish scales no yes
Siluriformes
Family Doradidae
Franciscodoras marmoratus  26.2 ? no yes
Family Auchenipteridae
Glanidium albescens 12.4 ? no yes
Trachelyopterus galeatus 15.7 insects, fishes, plants no no
Family Pimelodidae
Bagropsis reinhardti 31.4 ? ? yes
Conorhynchos conirostris 73.4 mollusks yes yes
Rhamdiopsis microcephala 9.8 insects no yes
Pimelodella vittata 9.2 insects no yes
Pseudopimelodus charus 26.2 fishes no yes
Family Trichomycteridae
Stegophilus insidiosus 5.0 fish mucous no yes
Trichomycterus brasiliensis 7.9 insects no no
Family Loricariidae
Hypostomus alatus 40.6 algae no yes
Hypostomus francisci 28.8 algae no yes
Hypostomus lima 21.0 algae no yes
Rineloricaria lima 18.3 algae no ?
Perciformes
Family Sciaenidae
Pachyurus francisci 39.3 fishes no yes
Pachyurus squamipennis 40.6 fishes no yes

¢ = according to Britski (2001); ® = according to Liitken (1875, 2001); © = according to Alves ez al. (1998); ¢ =

according to Reis et al. (2003).

sider species less than 20 cm, have been added to
the first historical list. Comparing the size-class dis-
tribution between the past and present studies (Fig-
ure 3), smaller species currently represent the greater
number of species. The only added species greater
than 50 cm was the common carp Cyprinus carpio,
which is a nonnative species.

Although Liitken’s data can only be used quali-
tatively, since there were no measures of abundance
and sampling efforts differed, this was a unique op-
portunity to evaluate the modifications that have
occurred in the past 150 years. Many activities over
this time, such as mining, agriculture, industrializa-
tion, urbanization, and population growth, likely

produced direct and indirect negative effects on the
fish fauna. All these activities altered chemical or
physical habitats or both. For example, Pompeu and
Alves (2003) demonstrated the local extinction of
70% of the original fish species of Lagoa Santa, a
shallow permanent lake once connected to Rio das
Velhas by a small stream. Among the factors that
caused this drastic decrease were blockage from the
main stem, introduction of nonnative species,
changes in water level, elimination of littoral
(Cyperaceae) and submerged (Characeae) vegeta-
tion, organic pollution, and siltation.

Among the 20 species not recorded recently in
Reinhardt’s area, 7 were collected outside it in the
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Rio das Velhas basin (pirapitinga Brycon orthotaenia,
piaba? Serrapinnus piaba, cascudos Hypostomus alatus
and Hypostomus francisci, corvina Pachyurus sguami-
pennis, piaba Roeboides xenodon, and cangati
Trachelyopterus galeatus), so they have been only lo-
cally extirpated. Thirteen species are apparently ab-
sent from the basin (mandi-bagre Bagropsis reinhardyi,
pird Conorhynchos conirostris, mandi-serrudo
Franciscodoras marmoratus, peixe-dourado Glanidium
albescens, piaba Hasemania nana, cascudo Hypostomus
lima, corvina Pachyurus francisci, mandi-chorio
Pimelodella vittata, bagre-sapo Pseudopimelodus
charus, candiru Stegophilus insidiosus, cambeva
Trichomycterus brasiliensis bagrinho Rhamdiopsis
microcephala, and cascudo-barbado Rineloricaria
lima). The second of them, C. conirostris, plays a sig-
nificant role in Rio S3o Francisco commercial fisher-
ies. According to Reinhardt’s observations, C.
conirostris used to swim up-river in Rio das Velhas
annually, from February to March. This movement
could correspond to its reproductive migration to
spawning grounds in the Rio das Velhas tributaries.
The populations of this species seem to fluctuate sig-
nificantly in time. After many years of being practi-
cally absent from commercial fisheries, the species
became abundant following large 1996-1997 floods
in the Rio Sdo Francisco basin. In 1998, juveniles
(ranging from 11.2 to 13.3 cm standard length) were
caught in the Rio Sdo Francisco near Rio Carinhanha
(personal observation).

Among the species locally extinct, most are cat-
fishes and armored catfishes. Generally, these are
benthic species, living among rocks and gravel (Bur-
gess 1989). The sedimentation that transformed the
channel into a shallow river and eliminated naviga-
bility near MRBH also altered substrate composition.
The major causes of this process were the mines in
the Rio das Velhas headwaters, deposition of organic
sediments from MRBH, vegetation clearing, sedi-
ment runoff from agriculture, and uncontrolled ur-
banization. Where there was once a diverse bottom
of cobble, gravel, and sand, today there is a homog-
enized sandy substrate, eliminating many bottom
feeders. Many catfishes are herbivorous or ilioph-

* Many characins, subfamily Tetragonopterinae are
generically referred to as “piaba.”
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agous, grazing algae and organic matter attached to
rocks.

Burton (1977) described the abundance and
sizes of fish species of the Rio das Velhas and the Rio
Sdo Francisco in 1867. He felt that the fishery had a
greater economic value than mining. Today, fishes
such as surubim Pseudoplatystoma corruscans, which
once reached 100 kg or more, are rarely caught larger
than 40 kg; most of them are 10-25 kg. Surubim is
the most important commercial fish of the Sao Fran-
cisco basin (Godinho et al. 1997). Radio telemetry
studies, with fish collected and marked in Rio Sao
Francisco, have recently shown surubim migrates 200
km into the Rio das Velhas (Alexandre Godinho,
Universidade Federal de Minas Gerais, personal com-
munication). These data reinforce the importance of
the Rio das Velhas to the Sao Francisco basin.

Nevertheless, there are regular fish kills in the
Rio das Velhas, mainly in the beginning of the rainy
season (Alves etal. 2000). Heavy organic discharges
from the MRBH accumulate in the river bottom
during the dry season. At the beginning of the sum-
mer rainy season, this material is suspended at the
same time water temperatures are greatest. Rapid
decomposition of the organic matter depletes dis-
solved oxygen, causing frequent fish kills. Annual
kills of adults and burying of the eggs and larvae of
those that survive leads to annual decreases of resi-
dent fish populations and those migrating from the
Rio Sdo Francisco. The consequences of this heavy
pollution affect all river biota. Recent studies
showed how the MRBH changes the expected
water quality, fish, and benthic richness in the main
stem (Alves and Pompeu 2001; Pompeu et al., in
press).

A monitoring program for the Rio das Velhas
basin has begun, analyzing chemical, physical and
biological parameters (microbiological, phytoplank-
ton, zooplankton, macroinvertebrates, and fish) at
37 sites located in the main stem, tributaries, and
MRBH. The objective of this biomonitoring pro-
gram is to establish the basin’s general features and
to locate reference sites for assessing the degree of
perturbation (Hughes 1995), thereby facilitating
empirical comparisons over space and time. The Rio
das Velhas basin includes sites ranging from quite
undisturbed to heavily polluted and highly
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channelized reaches, so we are optimistic about as-
sessing current and potential conditions.

Despite substantial environmental degradation
and fish composition changes, we found an inter-
esting case of culture conservation. Liitken reported
that mandi-amarelo Pimelodus maculatus was fre-
quently caught with adult wasps in its stomach con-
tents. He was curious about how fish could eat so
many adults of a free flying insect. The answer was
that local fishermen used to put wasp nests inside
their fish-traps, with the adults remaining inside the
trap, attracting fishes (Liitken 1875, 2001). In
1999, we discovered a fisherman using the same fish-
ing strategy, almost 150 years after Reinhardt re-
corded his observations (personal observation). Ex-
amining the contents of his trap, we found three
specimens of bagre-sapo Cephalosilurus fowleri. Both
fish species are catfish.

The present condition of the upper Rio das
Velhas, which is worse than other reaches in the
Sao Francisco basin, can be changed in the near
future. There are 12 sewage treatment plants al-
ready installed within the MRBH, and others are
projected. The two larger ones (STP Arrudas and
STP Onga) have treatment capacities of 4,500 L/s
and 3,600 L/s, respectively. The other positive fea-
tures of the das Velhas basin are its direct connec-
tion with the Rio Sao Francisco, with no natural or
artificial barriers, as well as the quality of its tribu-
taries, which support 75% of its present fish spe-
cies. The natural purification capacity in the Rio
das Velhas must also be stressed because the lower

river does not seem to be altered by the sewage
effluents of MRBH.

Acknowledgments

We are grateful to Bob Hughes, who invited us to
write this chapter and for his editorial suggestions.
Reviews by Hugo Godinho, Gilmar Santos, and
Phil Kaufmann helped clarify the manuscript. We
thank Silvia Magalhaes for her help on the map
and for geographical information about the basin.
We also acknowledge the logistical and financial
support of Projeto Manuelzao para Revitalizacio
da Bacia do Rio das Velhas (UFMG), Fundo-
Fundep de apoio académico 1999, and Fundagao

595

O Boticdrio de Protegao a Natureza (grant No.
0472002).

References

Agostinho, A. A., and H. E Julio, Jr. 1999. Peixes da
bacia do alto rio Parand. Pages 374-400 in R.
H. Lowe-McConnell, editor. Estudos ecoldgicos
de comunidades de peixes tropicais. Editora da
Universidade de Sao Paulo, Sao Paulo, Brazil.

Agostinho, A. A., and M. Zalewski. 1996. A planicie
alagdvel do alto rio Parand: importincia e
preservagdo. Editora da Universidade Estadual
de Maring4, Maringd, Brazil.

Alves, C. B. M., C. A. M. Estanislau, M. A. R.
Aratijo, M. V. Polignano, and P. S. Pompeu.
2000. Projeto S.O.S. Rio das Velhas: estudo das
possiveis causas das mortandades de peixes na
sub-bacia. Technical Report. Projeto Manuel-
z30/1EF, Belo Horizonte, Brazil.

Alves, C. B. M., and P. S. Pompeu. 2001. A fauna
de peixes da bacia do Rio das Velhas no final do
século XX. Pages 165-187 in C. B. M. Alves
and P S. Pompeu, editors. Peixes do Rio das
Velhas: passado e presente. Editora Segrac, Belo
Horizonte, Brazil.

Alves, C. B. M., E Vieira, P S. Pompeu, and P R.
Fonseca. 1998. Estudos de ictiofauna. Pages 1-
154 in Plano diretor dos recursos hidricos das
bacias de afluentes do Rio Sao Francisco em
Minas Gerais. Governo do Estado de Minas
Gerais (Technical report), Belo Horizonte, Bra-
zil.

Britski, H. A. 2001. Sobre a obra Velhas-Flodens
fiske [Peixes do Rio das Velhas]. Pages 15-22 in
C. B. M. Alves and . S. Pompeu, editors. Peixes
do Rio das Velhas: passado e presente. Editora
Segrac, Belo Horizonte, Brazil.

Britski, H. A., Y. Sato, and A. B. S. Rosa. 1988.
Manual de identificacio de peixes da regido de
Trés Marias (com chave de identificagio para
os peixes da bacia do SZo Francisco). Brasilia,
Céimara dos Deputados/ Companhia do
Desenvolvimento do Vale do Sio Francisco,
Brasilia, Brazil.

Burgess, W. E. 1989. An atlas of freshwater and
marine catfishes. Tropical Fish Hobbyist Publi-
cations, Neptune City, New Jersey.

Burton, R. E 1977. Viagem de canoa de Sabard ao
Oceano Atlantico. Belo Horizonte, Editora
Itatiaia, Belo Horizonte, Brazil.



596

Cao, Y., D. P. Larsen, and R. M. Hughes. 2001.
Evaluating sampling sufficiency in fish assem-
blage surveys: a similarity-based approach. Ca-
nadian Journal of Fisheries and Aquatic Sciences
58:1782-1793.

CETEC. 1983. Diagndstico ambiental do estado
de Minas Gerais. Fundagio Centro Tecnoldgico
de Minas Gerais, Série de Publica¢oes Técnicas/
SPT-010:1-158, Belo Horizonte, Brazil.

Costa, C. M. R., G. Herrmann, C. S. Martins, L.
V. Lins, and I. R. Lamas. 1998. Biodiversidade
em Minas Gerais: um atlas para sua conser-
vac¢ao. Fundacao Biodiversitas, Belo Horizonte,
Brazil.

Godinho, H. P, M. O. T. Miranda, A. L. Godinho,
and J. E. Santos. 1997. Pesca e biologia do
surubim Pseudoplatystoma coruscans no Rio Sao
Francisco. Pages 2742 in M. O. T. Miranda,
editor. Surubim. Instituto Brasileiro do Meio
Ambiente e dos Recursos Naturais Renovdveis,
Brasilia, Brazil.

Hughes, R. M. 1995. Defining acceptable biologi-
cal status by comparing with reference condi-
tions. Pages 31-47 in W. S. Davis and T. P
Simon, editors. Biological assessment and cri-
teria: tools for water resource planning and de-
cision making. Lewis Press, Boca Raton,
Florida.

Hughes, R. M., P. R. Kaufmann, A. T. Herlihy, S.
S. Intelmann, S. C. Corbett, M. C. Arbogast,
and R. C. Hjort. 2002. Electrofishing distance
needed to estimate fish species richness in
raftable Oregon rivers. North American Jour-
nal of Fisheries Management 22:1229-1240.

IBGE (Instituto Brasileiro de Geografia e Estatistica).
2000. Sinopse preliminar do censo demogréfico.
Instituto Brasileiro de Geografia e Estatistica, Rio
de Janeiro, Brazil.

Liitken, C. E 1875. Velhas-Flodens fiske. Et bidrag
til Brasiliens ichthyologi. Elfter Professor J.
Reinhardt indsamlinger og optegnelser. Kon
Dank Vidensk Selsk Skrift (Kjoebenhavn)
12:122-252.

Liitken, C. E 2001. Peixes do Rio das Velhas: uma
contribui¢do para a ictiologia do Brasil. Pages 23—
164 in C. B. M. Alves and . S. Pompeu, editors.
Peixes do Rio das Velhas: passado e presente.
Editora Segrac, Belo Horizonte, Brazil.

Machado, A.B.M., G.A.B. Fonseca, R.B. Machado,
L.M.S. Aguiar, and L. V. Lins (eds.). 1998. Livro

ALVES AND POMPEU

vermelho das espécies ameagadas de extingdo da
fauna de Minas Gerais. Fundagao Biodiversitas,
Belo Horizonte, Brazil.

Menezes, N. A. 1996. Methods for assessing fresh-
water fish diversity. Pages 289-295 in C. E. M.
Bicudo and N. A. Menezes, editors. Biodiversity
in Brazil. Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico, Sao Paulo, Brazil.

MMA (Ministério do Meio Ambiente). 2004. Lista
Nacional das Espécies de Invertebrados Aqud-
ticos e Peixes Ameagados de Extingdo. Didrio
Oficial da Uniao, 102:136-142.

Myers, N., R. A., C. G. Mittermeier, G. A. B.
Fonseca, and J. Kent. 2000. Biodiversity
hotspots for conservation priorities. Nature
(London) 403:853-858.

Penczak, T., L. C. Gomes, L. M. Bini, and A. A.
Agostinho. 1998. Importance of qualitative in-
ventory sampling using electric fishing and nets
in a large tropical river (Brazil). Hydrobiologia
389:89-100.

PLANVASE 1986. Plano diretor para o desenvolvi-
mento do Vale do Sao Francisco. Companhia
de Desenvolvimento do Vale do Sao Francisco,
Brasilia, Brazil.

Pompeu, P. S., and C. B. M. Alves. 2003. Local fish
extinction in a small tropical lake in Brazil. Neo-
tropical Ichthyology 1(2):133-135.

Pompeu P. S., C. B. M. Alves, and M. Callisto. In
Press. The effects of urbanization on biodiversity
and water quality in the Rio das Velhas basin,
Brazil. In L. R. Brown, R. H. Gray, R. M.
Hughes, and M. R. Meadow, editors. Effects of
urbanization on stream ecosystems. American
Fisheries Society, Symposium 47, Bethesda,
Maryland.

Reis, R. E., S. O. Kullander, and C. J. Ferraris, Jr.
2003. Check list of the freshwater fishes of South
and Central Americanérica. Editora da Ponti-
ficia Universidade Catélica do Rio Grande do
Sul, Porto Alegre, Brazil.

Schaefer, S. A. 1998. Conflict and resolution: im-
pact of new taxa on phylogenetic studies of the
neotropical cascudinhos (Siluroidei: Loricariidae).
Pages 375-400 iz L. R. Malabarba, R. E. Reis,
R. P Vari, Z. M. S. Lucena and C. A. S. Lucena,
editors. Phylogeny and classification of neotropi-
cal fishes. Editora da Pontificia Universidade
Catélica do Rio Grande do Sul, Porto Alegre,
Brazil.



597

HisToricaL CHANGES IN THE R10 DAS VELHAS FisH FAUNA—BRAZIL

06L¢L

‘C1/€L dSNZIN '8 SATIRU BYUIDOIN (£981 YpIRyUIY) ngviosuf wuniprovivg?) ‘¢z
$69€L
9/9¢/ dSNZN 8/ aanEU oyuLideq (6$61 SPWOD) X WIBqNYDS) Z5uriay? vipunyiosdors) 7z
CI8EL ‘96/€L
Ahwwmh QWDNE OWN uﬁavﬁdu U\&udc Omwm|®uwwm Q ﬁmﬁ Gmaummmv Nkh\\x@\.wwﬁﬁ\ﬁé\QQQﬁU .NN
6TLEL ASNZN ¥l oATEU pieowrel ‘el1oqe)) (8S L1 snavuury) sdyrqoryps skqrqomry) 07
008€/ ASNZW L€ SIWAPUD  dAREU TNds smypydasoung 61
— GW uﬁaoﬁﬁo ®>ﬁ.mﬁ ﬁzaw .QQE&\%&QE\S@ %N
16461
6L9€L dSNZIN ¥'8 aAneu eqEI] (5981 opunny) stuzlly sdouosleg /1
969¢/
howomh QWDNE m% ®>ﬁ.mﬁ wn_mmm Awomﬁ Eﬁwecowﬁmv w&&&w»&%&«w w&@w&%s&w&?&@m bN
9¢8¢/ dSNZW $'8T OIWOPUD  JADEU BYOUIIEN (%981 PYUND) 1uIvIoY1io " “GJ
— N%ﬁ Tuﬁwudwur—u u\&udc wwcduommb& Avwwﬁ Hoﬂudﬁ_wv N&M&&N%Q &9&@% .WN
oowMN AHWDNE wﬁN uﬁbwﬁﬁo ®>ﬁwc mﬁcwz A%Nwﬁ EMVTSAV .NN\N\N\S;&QS E.N.RNNMQQ M,N
— NN ®>ﬁ.mﬁ C.mn_Eme .Qm u&ﬁ\S@&\ NN
LT8¢/ dSNZN 001 oATEU LrEquie| (TH81 sukud() smwruovs 'y I[
Y1LEL ASNZN €6 aAnEU Lrequie] (TH81 sukud() sruurdriqras 'y Qf
T6LEL 9YLEL
moﬂhmh AHWDNE mm~ ®>ﬁ.mﬁ OL~08.~®>-OLN.—-O@:CNLENA Am~w~ .—0M>BUV Q\QNQ.N&.E.\. v\ Q
1TLEL L1LEL
T0LEL ASNZIN 6 oATEU LrEquIe| (681 2doD) wniomuuruussis 'y 9
Y961 LYLEL G1LEL
hwmomh AHWDNE RN~ ®>ﬁ.mc Oﬁwuwawnoﬁu_wunoﬁunﬁ.mn_awd Awmhﬁ mzumccmwc QEN\\\CN&&.NQ XNw&Nw\Qwv\ N
¥/9€/ dSNZW €0z oATEU (TS81 IpIRYUIDY]) Stsudtfispiq snjouoiordy -9
$08¢/
‘189¢/ dSNZIN 911 aanEU a2A1UED) (L061 wuewuadry) avgrorvad ¢
€18¢/
/89¢/ dSNZN ] oATEU 12A1UEY) (61 sodwe)) [erewry) szsuargr 'y
— hv oﬁawﬁdu ozuwc uuw\ﬁcmu Aoﬁmﬁ Edmaﬁuwmmﬁv .NN«N‘S&R@\ Q&QQ.N\QN\QW\ m,
- ¥ a1y eyuIpIEg (8061 IPUYDEPUING) Hupjiva vjja1a0qouy g
6LLEL
CCCLLEL SSLEL
AmWhmh QWDNE v.NN ozuwc Ouoﬂuwuhuuﬁwk Amhwﬁ vaﬁﬂd ww&uw§u§\ MSN\QN&Q\&Q&N%&QW\ .N
suawads 1ydnop (WD) ¢ SNIEIS UONBAIISUOD) IDUNXD A[[€20] ; SOWEU UOWwo)) | (sawreu oynua1ag) sardadg
TSN | wisTwapuy JUDI[E/ SATIEN]

uIseq SEYRA Sep ony Jo saads ysi—y xipuaddy



ALVES AND POMPEU

598

(42374

‘6£8€L LEGEL GELEL

‘6C9€L ASNZN
€69¢L dSNZN
Y6LEL

‘L0LEL ASNZIN
€6L€L ‘Y69€L
T89¢€L dSNZN
869¢/ dSNZIN

°69¢L dSNZIN
CILEL dSNZIN
£8/4€L dSNZW

708¢L

‘C9LEL LSLEL 6ELEL

‘099€L dSNZN
618€L T18€L
‘8E€LEL ASNZIN

ceLel
‘8TLEL ASNZIN

09.¢L dSNZN
9¢/LEL dSNZIN
CTLLEL

‘£9LEL ASNZN
VI8CL ‘C6LEL

‘TSLEL 00LEL “689€L

‘999¢/ dSNZW
L6LEL
‘80L£L ASNZIN

S'LS
9°¢

ye

¢€e
9°¢
LT

ve
!
9
(444
0°¢1

09¢

yee
0°0L
€6
9L
€y
001
€9

01¢

S

SIWdPUD
RIUUE] ]G]

UMEUTED
UMEDTED

UMEMTEM

UMEDTEM

RIUUE] iG]

RIUUE] G

Yard PauaIe2I) pUuE dTWIpUL

uole
2A1IEU

2A1IRU

2A1IEU
2AnIRU
2AnIRU

2A1EU
2A1IRU
2A1IRU
2A1EU
2A1IEU

2A1EU

2A1IRU
uote

2A1IEU
aA1IRU
2A1IRU
2A1EU

2A1IEU

uaIe

aAnRU

2A1IEU

OBITRIT,

oquIpnose))
oyuIpnose))
oyuIpnose))

EqQeld

Eqeld
oguIpnose))
oquIpnose))

e1anm ‘odereg
PIED
epedsa-ax19]

nde-1puejy
edren

nrmn3deg
eqnluejy

oro1d-pren)
oro1rd-pren)

2reUNONT,

NLGMUOE

BUUIOIN

(8061 OI2QRY BPUTIIIN) 97p4a97] VY dOF]

N'ds sngavipousory
TN ds snzouosiry

IN'ds snzouosipy

(6661 ESNASAO 2R BIDAI[Q) pongnut “30 %ﬁﬁ.@.&.&&%ﬁ
C 161 &:mv MENQ.NMQS ‘H

(SL8T UNINT) SHLIDLT SHUUMDASIUIL]

N'ds vuvpy

(€661 emexRLQ) Ewﬁ\o\ﬁm\ VIV L]
(8G/1 snoruuI) 0dvAvs snioumidry

(%281 prewreny 2 AonQy) szsuazjzsviq snsvgdoary

(TH8 SPUUDIDUI[RA ) SUIIS2ULA VIUUDUUISLT

(0%8 SPUUSIDUIRA ) Srpuidivuts snusgvjpdon(y
(81 snovuurT) 02duvs snuridi?)

($781 prewren) 29 AonQ)) #4aq)15 xvive204di7)
(6881 uurwuadiy 29 uuewuddiy) vunprda) vjjarvuirin’)

(GG T NBU[RISBY)) SLUISHIV] V]YI1ITUILT)
(€861 TOPUR[NY]) asuaastoupsftzoups )
(TH81 sudkua() wniaonf vutosvygor)

MS\\EQ&QS .MU N\NN\QNO

(6061 uuewuadiy) r4gaz )

(/%G1 SOSSBARI] ) StsuUauvsosv] =)

34
b24

£

(44
17
(44

6¢
8¢
zZ€
9¢
c¢

rE

€¢
43

TE
0¢
6C
&
V4

9c

k94

b44

mCUE_UU&m HﬁLUSO\/

(wo)
TSYN

/ WISTWapu5]

¢ SNIB1S UONBAIISUOY) 1DUNIXD AJ[EI0]

JUSI[E/ 2ATEN]

¢ Sowreu uowrwroD)

| (sowreu oyMUAOQ) sa1adg

“ponunuo)—-y xipuaddy



599

HisToricaL CHANGES IN THE R10 DAS VELHAS FisH FAUNA—BRAZIL

LLLEL “169EL

€99¢L dSNZIN 71T OTWISPUD  SATIEU ofo[-nerg (SL8T UDPNT) smavtuavs T 69
818¢L

‘I184€L dSNZIN 9°TT OIWApUd  dADEU seyurd-spn-neiq (GL8T UPPNT) Hpavyuial T 59

8LLEL dSNZW 91 dlWopus  AnEU empiog-nei (1761 2[mog) nvrd * €9
Ly8¢EL

1£9¢L dSNZIN Ty aApeu OIPPEPIA-NTL] (9€81 SUUIDUIEA ) sudp1sniqo T 79
¥8LEL “90LEL

‘£59¢L dSNZN 66 OIwPpUS - 9AREU Inquiiy, (SL81 W) avadoivut T °[9
TL9EL

‘€69¢L ASNZN ¢el oAIEU pmquiry, L8G1 PISIIY 2 Of[aavIen) sngoudyuGquy snurods] 9
YELEL STLEL

“S9¢/ dSNZIN 0¥%C SATIEU ejo1-nerd ‘pouerg (6581 SPUUDIDUD[RA) sn1zgzia snjjatodo] GG
96LEL “Y0LEL

‘8/9¢/ dSNZN 6¥ Srwopud  dAnEU oyundeq (p£81 wp]) smanurue sturfivduy -g¢

C0LEL ISNZIN 1€ OTWIOPUS  dARU BqEI (1161 uuewuadry) snutossoppsout sniouodIslyy /¢
608€L ‘86LEL LELEL

889¢/ dSNZN 0°8¢ aaTIEU opnose)) "dds snuogsodityy -9¢
118¢/

YSLEL ASNZIN €61 Srwapud  dAnEU opnoseD) (8861 “[e 32 pysaxg Ut paI) “ds snuiozsodiyy ~¢¢

899¢/ ASNZWN 0L JATIRU opnoseD) (8061 uedoyy) wfurruvdivu [y %<
08LEL 9€LEL

‘999¢/ dSNZN rarad OTWIOPUS  dARU opnose)) (8881 uuewuadry 2¢ uuewuadry) sdowvus ‘[ ‘¢C
018¢L

‘¢99¢/ ISNZN ¢l JIWIPUD  2AEU opnose)) (%061 ueday]) ruvutvs [ 7§

yoLel dSNZIN €0C OIWPpUS  dAREU opnose) (p£81 w0 ]) wswoury [y IS
918¢L

‘652€L dSNZN 111 AU opnose)) (9ET SPUUDIDUD[RA ) 71054211107 SNULOISOIAE] “(OG
e8eL

‘€78¢/ ISNZN 9°'8¢C OTWOpPUD  JATIBU opnoseD) (GG neupise))) smvpy "I 6k

€89¢/ ISNZW - OTWOPUS  dARU eqer avsuvs uoluqossaydiyy 9p
0LLEL
‘99LEL YHLEL €Y LEL

‘0¢/€L ISNZIN 002 uoIe rPIEOWE) ”uu:wwuLU (881 3oooueyy) ojvLoz1z] E\SQ&ENRQ& V4 4
8¢8¢L

‘169€L dSNZIN 8¢¢ aaneu ey, (¥6L1 yoo19) smomvgrirue ‘1 9%

suawoads 19ydoNoA (wd)  SNIBIS UOTIBAIISUOD) 1OUNIXD A[[ed0] ; SOWEU Uowwo)) | (s9wreu oynuaTOG) sa1dadg
TSYN / WSIapuy JUSI[E/ AAREN]

“panunuo)—-y xipuaddy



ALVES AND POMPEU

600

68L¢L

‘60LE£L ASNZIN (A OIwdpUs  dANEU Bqel] Nds vurgpuvyy 5g
0€8€/ ‘8T8EL

‘078¢L dSNZN G/l SIWAPUS AU puey (8861 “Te 12 Bysag Ul pAD) “ds snpopouurg ¢
8¥8EL ‘HFH8C/

C8LEL ASNZN 0¥%¢ 2AIRU OfpIewe-TPUBIA (€081 aprdooeT) smwpnovus ;78
YI8EL 1T8EL “THLEL

‘0%LEL dSNZIN 8'81 aapeu  oouerq-puew ‘eerd-1puejy (FL81 up]) unf snpojousg 19
TSLEL

‘699¢/ dSNZN 6 SAIIEU  OUIZIPUEW ‘OBIOYD-IPUBIA (€TS8 UIISUNYDIT) PSLUSILIIY] DIIopojous] (8
98¢/
‘€CLEL “L69EL 069EL

$C9¢/ ASNZIN Ll 2ADEU eqel] (L981 IpIeYUINY) vosuasiv vu1gvi] G/
68LEL
‘€0LEL “689€EL GLIEL

T99¢L dSNZN 9°¢ 2AIEU oyuLiSeq (FL6OT SN suviuutos vipuvioivuayJ g/
66LEL

¢ ﬁ OOMR nHwDNE N.m umauﬁﬁu o>ﬁwﬂ wn_ﬂ& : ﬁmﬁ EENEE@MMMV w.a.smamﬁu&%.m\xmﬂw%wcuwﬁmm\n\ RR

114€L dSNZIN (A" 2AnEU oyurpn3ureg (8981 [PSURH]) SMIV[nIDPULLPHDI S042I0)| DY "9/
9LLEL

‘02LEL ASNZIN ! OIWdIpUD  dAnEU 21ATUED) (£981 prequIay) 12v]1y uoposv] "G/

— m.N QZHWE OJESUSWMEN@ Aoﬁmﬁ EE@TC .NNS%\\QQ b@\ﬂm\&.ﬁ@m\&s&@& WN

Nowmh &wDNE O.MN UMEM@EM QZHWE NETLOU :mwﬁ NmmmwwAQQ QSSN&E&&&%». Q\RSWQMQAN mN

€9/¢/ ASNZW (A4S SIwdpuUs  dANEU eqel] (3161 uuewruadiy) sesusoswouvsf snurdsoqri) g/
978¢L

‘ceLeL ASNZIN e uoIpe erdeyiy, (8T SNo®UUIT) S7I210]2U SIULOAYI0I4() [/

mﬁhmh &mDNE R.o UMEM@EM ®>ﬁwﬂ OJC:uSume Aommﬁ Mﬁwww:wwmv ﬁNaimQ&..Nu&%«\..ﬂxs&&mamm\ﬁbw\/\ .QR
S08E. H89¢/

‘€/9¢/ ASNZIN L1 OIWAPUL  2ATIRU nogJ (G£8T uaxanT) suvorut Qt\\@,\ 69

989¢/ ISNZW oe SAnRU BqEI ] (LOGT 12UYDRPUING) d2UsULO]Hor1IUVS "I “§9

CT8¢/ ASNZN €9 SAnRU BqeI ] (LOGT IUYDBPUING) 921500 DISHVYYUIO /9
GE8¢/

‘L18€L ASNZIN §'6T OIdpUd  dANRU BUTEDE (981 12UYDEPUIRIG) tipupxapy sninjisorydo] 99

mﬁugmuu&w QDLUSO\/ AEUV ¢ snieis Gomum?ﬁuwﬁou uuﬁmuumu \A:Num: z Sowreu QOEEOU 1 AmDEmC u@ﬁﬁvmuwv mvmuumm
TSI / wistwopuy [USTe/ 2AREN

‘panunuo)—-y xipuaddy



601

HisToricaL CHANGES IN THE R10 DAS VELHAS FisH FAUNA—BRAZIL

0¥8E€L ‘€LLEL
‘TLLEL

‘89/€/ dSNZN 10T udIe erdepy, (L681 198udnog) yjwpuat vdvji] F01
0£9€/ dSNZW 1'¢e aApeu odereg (1081 12p1RUYdS 2 YoOIq) srziniovut sndldousars €1
108¢/
‘8¥/EL dASNZN 4! aAlEU nimseg (GL81 I2UYDRPUING) sur52]2 *S ZO]
1€ dSNZN
TTLEL “669€L
‘969¢/
QWDNE moﬁ ®>ﬁwﬁ Sumﬁwwm Ammmﬁ mvﬂmumum ww MZMEN\,&&V MQQS&{Q& Nus\mkws\m\w%\&w&% NQN
ﬁ@hmm. QWDNZ 00~ umaoﬁcv ®>ﬁwﬁ wLuLENﬁ& Amhwﬁ CDJuS,.C .N.N.N\N\Q&Q .,.&S\EMNN&N% QQN
— ¢ STwRpud SATIEU BqeI ] Amhwﬁ :Bﬁsd N‘QS& S 66
88/¢/
V.LLEL
0SLEL “T0LEL
L19€/ dASNZN v aanEU eqeEl] (S161 uuewualdry) uopoisroy snuudriiog 96
%8¢/
nNoth AHWDNE NN.N umgvﬁcv ®>ﬁwﬁ OUGNHLHDNTH Amhwﬁ u@ﬁﬁumﬁﬁmuumv .N.N&Ns&\ N\QNQQN.NQQ% NQ
¥€8¢/
‘6¥LEL dASNZIN €8T SATIEU  0DUBIQ-OPEINOP ‘BUEIEqE], (0S8 SPUUIIDUI[RA ) 722]2¢f 'S 96
cege/
‘808€/ dSNZN $'86 aanEU openo(] (9181 IPIAND) S15UIISPAG SHULUIYS G
€08¢/
‘86/€L dASNZIN 08 oruRpud aATEU (1S8T PIBYUINY) UOpoUIX $9p10920 “$6
6T8€L
‘€8/¢/ dSNZN 061 SruRpud SATIEU OpnosED) N ds zrworioouny ¢
1€8¢/ dSNZN 6'9% SATIEU 0121d-opnose]) (6281 zissedy R x1dS) wuadsy sidojourqy 76
69LEL ‘€TLEL OTLEL
‘6$9¢/ dSNZN ¢6T oATEU a1deg (3781 prewren) 3 konQy) uaonb vipuvyy 16
w%wmm‘ QWDNZ Ovﬁ u?ﬁvﬁﬁo ®>ﬁwﬁ w&ﬁwum& Amﬁwﬁ uDTrSUV Sﬂ%&m%h&&&&uc‘w\ﬁn\ Qq
— Ooﬁ ﬁA ®>ﬁwﬁ E«LSH:% Ame~ N«mmﬁ%/\ u@ vznmmv SUDISNALOD QN&&.QQ%\QQN&@#N Q%
LTLEL ASNZIN LS aAneu eqeI] (€061 uuewuadry) wpauusy snuuvisoyasy 889
CHSEL “€¥8EL
TT8EL ASNZIN 0% Srwapud aanEU eord-prequinmy) (0S8 SOUUSIIUI[EA) 57424507 (/8
6¥8¢/ dSNZW 8°6¢ OTwIIpUd JATIEU noed-prewing (6781 z1ssedy ¢ x1dS) snaguasiv snpojigrosg 98
81/€/ ASNZW LT uoe oyurpngi3ireq (6S81 S1912]) PIzjnangaL vi[1920 GQ
suowoads REIVRRTN (Wd) SNIBIS UONBAIISUOD) IDUNXD \Azqu ; SOWEU UOWwWoy) | (sawreu dYnuaIdg) sopadg
TSN / wsTwspuy [USI[E/ SAIEN]

‘panunuon)—-y xipuaddy



ALVES AND POMPEU

602

"uIseq Sey[oA Sep OTy Ul SAIpnys juosaid

ur J)3u9d[ pIepue)s PopIOdAI wnNWIXewW = TSYIN (F00Z VININ PU® (8661) ‘Té 32 OPeUORAl Ul PAUONUIW JBAIY) JO A103318D AUk 0} SIOJAI snje)s
UOIIRAIISUO)) *(307818/A30[0AIYD1/ILIISAI/FI0 AWIPLIL[RI MMM) SIYSI] JO So[ere)) pue (810°9SeqUSIF'MMM) ISBQUSI] UI PINOIYD WSTWIPUY
(8861 “Te 10 DYsiIg) UOI3AI SBLIBJA SQI, 18 JO A[[Bd0] PAIID SV ,

(€007) T 10 s1oy 0} SuIpI0dY |

- 10UnX2 A[[e20] BAIqUIE)) /81 UNINT) SISUIISVAG SHAIIMUt0yI1L] "OF
- SIWAPUD  1DUNX2 A[B00] nIpue)) (S8 IPIRYUINY) susorpisut snjigdosars 6T [
- STWAPUD  1DUNXD A[ed0] OpeqIEq-0pNose)) (€681 1Y) vuust] v14vI140]2UL] QT |
- 15UnX2 A[[ed0] oyundegq ($£81 wopINT) vprgdasossrus sisdorpuveyy /11
- STUPUD  1OUNXD A][BO0] odes-a1eq (0%8 1 SQUUSIDURA ) S/.Lvtf2 snpojoutidopnasg O [
- 1oUnNX2 A[[E00] OBIOUD-TPUBIA (¥£81 UINT) vavasra vjjapojouir ] “S1 1
- SIWAPUD  1UNXD A[ed0] BUJAIOD) (0€8T 191AND)) 1stoundf snandgovg 1 [
- STWAPUd  1OUNXD A[ed0] Opnosen) ($£81 UapINT) vauzy snuiorsodhry 11
- STwRpUd  DUNXD A[[ed0] tqeld (SL81 udN) vuvu viuvulasvf] 7 [
- OTUPUD  1OUNXD A][BO0] OpPEINOP-2XId ] (VL8 UNT) suassoqy wmipruvyn) ‘17|
- STWPPUD  1DUNXD AJ[€O0] OPNIIAS-TPUEIA] (¥£8 1 UDPINT) SHIDLOULLDUL SVAOPOISIIUDLT ‘(] T
- POUIBIYI PUE OTWAPUD  IDUNIXD A[B20] BRI (08 SPUUSIDUD[RA ) SLLSOLIUOI S0YIURYLOUOT) "GO ]
- SIWAPUD  1DUNX2 A[B00] 213eq-1puey (P£81 UNINT) Hpuvgu1as sisdossvg Q0 [
- /'8 SrwIOpud 2ATIEU oBdEJ-eqeRI ] (0681 UBWIED)) Log1uans snayiiodit] /0]
- STUIDPUD 2ATIEU BAOQUIED) (L16T uuewruadiy) #pivquias sniajolutogori] 901
%€/ dSNZN 2ADRU nedue)) ($£8T udpNY) smywapws sniaidofjagqovi] “COT
suawads 19ydNoA (o) ¢ SNIBIS UOTIBATISUOD) 10UNXD A[[ed0] , SOWBU UOUWIUIOD) | (souwreu oynuadg) saadg
TSN [ WSTopuy [UST[E/ SATEN

“ponunuon)—-y xipuaddy



