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The resemblance of the freshwater fish fauna of the La Plata to
that of the Amazon basin has been known since the earliest collec-
tions were made in those regions. During the past fifty years the
identification of a great amount of material taken from numerous
localities in those river systems has further emphasized this simi-
larity.

Jordan ("96) pointed out that the marshy character of the upland
between the Tapajos and the Paraguay would permit the free move-
ment of fishes between the two basins. Eigenmann ('06) and Eigen-
mann, McAtee, and Ward ("07) directed attention to the low nature
of the divide between the Guaporé and some of the principal head-
waters of the Paraguay and suggested this as a possible migratory
route.

Haseman (’12) was unable to account for the remarkable simi-
larity of the freshwater fish fauna in many of the smaller river basins
whose headwaters are near those of the Amazon, by migration of
forms now existent in the Amazon, and used the Paraguay and
Amazon basins as examples to illustrate the hypothesis of parallel
evolution as applied to the South American freshwater fish problem.

*Printed from the John W. Hendrie Publication Endowment. This paper was filed for publication on
June 16, 1930. Through no fault of the author its appearance has been delayed by a series of unforeseen
circumstances.
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Eigenmann and Eigenmann (’91), and Eigenmann ('09) compared
the then known faunas of the La Plata and Amazonian systems.
Eigenmann, McAtee, and Ward ('07) compared the rather com-
pletely known fauna of the Paraguay with that of the Amazon. No
study, however, has been made of the relationship of the fauna of any
of the northern affluents of the La Plata and southern affluents of the
Amazon whose headwaters intermingle on the highlands of Matto
Grosso. This has been due to a lack of knowledge of the nature of
the complete fauna from any of the southern affluents of the Amazon.
During the past twenty-five years the identification of large collec-
tions taken from the Beni, Guaporé, and Mamoré basins has made
this region well known ichthyologically, and a comparison of the
fauna of the Paraguay with that of the Beni-Mamoré is now possible.

The close similarity of the Beni-Mamoré to the Paraguay in size,
physical, geographical, and geological features has given many
environments that are practically identical. The two systems appar-
ently differ only in respect to the smaller size and more tropical posi-
tion of the former, and the slightly lower altitude of the latter. These
similar conditions, the rich faunas of the two basins, and the low-
land divide between them, which is older than the South American
freshwater fish fauna, make a comparison of the two regions doubly
interesting.

As yet the faunas of the Xingu, Tapajos, and Tocantins are imper-
fectly known.

This report was made as a part of the general plan for the study of
the problem of the distribution of the South American freshwater
fishes as outlined by Eigenmann (06 and '09). The first intensive
work under this plan was done in British Guiana, followed by Colum-
bia, and the western slopes of the Andes. After exhaustive work in
these regions, attention was turned to the problem on the eastern
slope of the Andes, which had been started several years previously.
Large collections had been made and were being identified, mono-
graphs were being prepared and the work was well under way at the
time of Dr. Eigenmann’s death on April 24, 1927.

The collections made by Dr. Carlos Ternetz in the Tocantins will
greatly increase the knowledge of the fishes of that basin when they
are studied. Dr. Ternetz, who was an unusually expert fish collector,
collected for Dr. Carl H. Eigenmann from September 1923 to May
1925 in the Tocantins, Lower Amazon, Rio Negro, Cassiquiare and
Orinoco. This is one of the largest fish collections to come out of
South America and is probably second only to the Agassiz collections
that were made during the Thayer Expedition to Brazil. The Ter-
netz collection was acquired by the California Academy of Sciences
along with the entire Indiana University fish collection, and is now
located in the Museum of that institution in San Francisco.
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PHaysicAL AND GEoOLOGICAL FEATURES

The Beni-Mamoré drain an area slightly smaller than the Para-
guay. Both rivers extend into the eastern slope of the Bolivian
Andes. Each drains a part of the highlands of Matto Grosso and
large parts of the Gran Chaco, which is the low broad plain of
northern Argentina, Paraguay, and southeastern Bolivia. The Beni-
Mamoré system extends farther south than any other part of the
Amazonian system. Between 14 and 19 degrees it has the same lati-
tude as the Paraguay.

The Beni-Mamoré system is composed of three large converging
streams, the Beni, Mamoré, and the Guaporé. The Beni and the
Mamoré have their sources in the Andes near La Paz and Cocha-
bamba respectively. The Beni is fed chiefly by streams from the
Andes, whereas the Mamoré receives many tributaries from the
grassy plains of Bolivia. Both of the latter streams run across
alluvial deposits of Quaternary age for the greater part of their
course; then they flow over Archaean rocks at Cachuela Esperanza
and Guajua Mirim. Below these falls, at Villa Bella, the streams
unite to form the Madeira river. At this point the altitude is approxi-
mately 450 feet. Above the falls, the Beni and Mamoré rivers are
navigable by steam launches to the foothills of the Andes. The
Guaporé has its source on the highlands of Matto Grosso near some
of the headwaters of the Paraguay and receives many short streams
flowing from Serra dos Parecis.

The converging headwaters of the Paraguay after a short course
over the level campos of the highlands of Matto Grosso drop quickly
to an altitude of about 700 feet. In some streams this drop is com-
pleted not more than 100 miles from their sources. After the rivers
leave the highlands, they are navigable by steam launches to the
mouth of the La Plata. For the greater part of its course the Para-
guay runs through swamps and marshes on alluvial deposits of
Quaternary age. It joins the Parana at an altitude of about 150
feet. Many short tributaries are received from the east. Their
sources are in the Triassic and Cretaceous formations of the southern
extension of the highlands between the Parana and Paraguay rivers.
From the west the Paraguay receives its longest and largest tribu-
tary, the Pilcomayo. It arises within a few miles of some of the
Andean sources of the Mamoré, flows southeastward across the Gran
Chaco to join the Paraguay near Asuncion.

The following quotations describe the highlands of Matto Grosso
over which the fishes of the Amazon are supposed to have had access
to the Paraguay:

Reclus (’95), page 252, says:

““The divide between the sources of the Guaporé and the headwaters of the Para-
guay scarcely exceeds 1650 feet in altitude, and the Brazilian uplands appear to be
connected with those of the Chiquitos territory only by a very narrow isthmus of
ancient rocks. Here is the true geographical centre of South America.
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“On the maps a continuous chain of mountains is traced between the Madeira
and Tapajoz basins, then between the Tapajoz and Paraguay, and lastly between
the Tapajoz and the Araguaya. Yet it is certain that this semi-circular ridge has
but a fragmentary existence. The heights dominating the plains of the Upper
Paraguay and its affluents are in reality merely the escarpments of a plateau dis-
posed in horizontal or very slightly inclined strata, and eroded by the streams now
descending towards the Amazons. The rampart itself has a mean elevation of no
more than 1650 feet, and above the edge of the plateau rise a few isolated crests,
attaining here and there a height of some 3000 feet.

“Thus the orographic system of the Matto Grosso watershed indifferently called
‘cordilheria’ or ‘campos’ dos Parexi, from the local tribe, presents a mountainous
aspect, only as seen from the south. On this steep side the face of the escarpment
is carved into rocky walls, sharp peaks, or needles. But on the opposite side, facing
the Tapajoz and Zingu basins, nothing is seen except a long gently inclined slope
gradually merging in the Amazonian plains.”

On page 254 Reclus ('95) continues:

‘‘Another remarkable phenomenon is the intermingling of its (Paraguay) far-
thest headstreams with those of the Amazon’s afluents. The Jauru, former frontier
stream between the Spanish and Portuguese possessions, approaches so near to the
Guaporé that it was found easy to connect the two systems by an artificial canal.
The Aguapehy affluent of the Jauru is separated from the Alegre, which joins the
Guaporé near Matto Grosso, only by a narrow isthmus of slight elevation, and not
more than half a mile wide. In 1772 a canal was cut through the divide, large
enough to admit a six-oared boat, and other attempts to establish a permanent
communication between the two waterways have failed only through lack of suffi-
cient traffic to support such works.”

Hartt (’70), pages 503-504, states:

“The rivers Xingu, Tapajos and Paraguay all take their rise in this plain within
a few miles of one another near Diamontino, and the watershed is so low that
wooden canoes ascend the Tapajos from Santarem, cross over, and embark on the
Paraguay, descending to Villa Maria.”” This plain, according to Hartt, who quotes
from Chandless, ‘‘has nothing of a mountainous character. It is simply a high
range of country varying but little in its general elevation though deeply grooved
by the valleys of the rivers.”

DisTrRIBUTIONAL DATA

In the following consideration the freshwater forms that are
marine in character and, consequently, whose distribution does not
depend upon fresh water are not included. Reference to the distribu-
tion list will show that only a very few such species exist.

The following table gives a summary of the fishes that are found
in the Paraguay and the Beni-Mamoré basins:

Families  Genera Species
Taken from Beni=Mamoeré i i ol bs i arebane: 21 141 275
Taken from Paraguay. . e 21 138 307
Common to Paraguay a,nd Bem Mamore ,,,,,,, 18 86 120
Common to Paraguay and entire Amazon....... 21 122 176
Common to Beni-Mamoré and entire La Plata.. . 19 99 121
Taken from Paraguay but not from Beni-Mamoré 3 52 187
Taken from Paraguay but not from Amazon basin 0 16 131

Taken from Beni-Mamoré but not from La Plata. 3 42 154
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The above table shows, as might be expected from the agreement
in physical features, that the two basins are nearly equally rich in
genera. The slightly larger Paraguay basin contains a few more
species than the Beni-Mamoré.

Beni-Mamoré Basin. Three families, Cetopsidae, Astroblepidae,
and Electrophoridae, are found in the Beni-Mamoré that have not
been taken in the Paraguay. Cetopsidae have been reported from
elsewhere in the La Plata and might be expected in the Paraguay.
The Astroblepidae are strictly an Andean family, and a collection
from the upper reaches of the Pilcomayo would undoubtedly contain
representatives. The Electrophoridae contain a single genus which
includes the electric eels; these forms seem not to be represented in
the La Plata basin.

Of the 141 genera found in the Beni-Mamoré, 86, or 61 per cent,
are found in the Paraguay; 13 of the remaining 55 genera are found
elsewhere in the La Plata basin. Thus 99, or 70 per cent, of the
genera are common to the Beni-Mamoré and La Plata basins. Of
the 42 genera that have been found in the Beni-Mamoré that have
not been found in the La Plata, Acrobrycon, Hemibrycon, and Astro-
blepus are Andean forms, and might be expected in the Andean head-
waters of the Pilcomayo. Of the remaining 39 genera, 18 contain a
single species; each of the remaining 21 genera contain fewer than
ten species.

Of the 275 species found in the Beni-Mamoré, 120, or 43.6 per cent,
have been taken in the Paraguay. Of the remaining 155 found in the
Beni-Mamoré only a single species has been reported from elsewhere
in the La Plata.

The above data indicate that the fishes of the Beni-Mamoré do
not have free access to the Paraguay at the present time. The divide
between the Guaporé and the Paraguay acts as a barrier to more than
half of the specific fauna of the Beni-Mamoré.

The important genera that are found in the Beni-Mamoré system
have had access to the La Plata system. This access seems to have
been during relatively recent times, inasmuch as the genera which
have been found in the Beni-Mamoré and not in the La Plata are,
for the most part, small and unimportant. Sufficient time has
elapsed, however, for the independent derivation of more than half
of the specific fauna of the Beni-Mamoré.

It is interesting to note here, the relation of the fauna of the Beni-
Mamoré to that of the Amazon. Five, or 3.5 per cent, of the genera,
all of which contain a single species, and 54, or 19 per cent, of the
species found in the Beni-Mamoré have not been found elsewhere in
the Amazon basin.

Paraguay Basin. Eighteen families are common to the Paraguay
and Beni-Mamoré basins. Three families, Hypophthalmidae, Aspre-
dinidae, and Poeciliidae, have been taken from the Paraguay that
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have not been found in the Beni-Mamoré. The first family is present,
no doubt, somewhere in the Beni-Mamoré. The second family is
represented by a single species in the Paraguay, Dysichthys australe,
which Haseman ('11) considered synonymous with Bunocephalus
rugosus. This species belongs to the Bunocephalidae, which is repre-
sented in the Beni-Mamoré. The third family should have been
found somewhere in the Beni-Mamoré.

Of the 138 genera found in the Paraguay 86, or 62.3 per cent, are
also found in the Beni-Mamoré; 36 of the remaining 52 genera are
found elsewhere in the Amazon basin. Thus 122, or 85.5 per cent,
of the genera are common to the Paraguay and Amazon basins. Of
the 16 genera that are found in the Paraguay that have not been
taken anywhere in the Amazon, Paravandellia, Mixobrycon, Bertoni-
olus, Piabarchus, and Neofundulus are each known from a single type
specimen. Mzimagoniates, Vesicatrus, Branchioica, and Rivulichthys
contain single species from restricted localities. The remaining 7
genera are more or less widely distributed in the La Plata basin; one
contains a single species; two contain two species; and four contain
three species.

Of the 307 species found in the Paraguay 120, or 39 per cent, have
been taken in the Beni-Mamoré. Of the remaining 187 species found
in the Paraguay 56 have been found elsewhere in the Amazon. Thus
a total of 176, or 57.3 per cent, of the species found in the Paraguay
are also found somewhere in the Amazon basin. This leaves 131, or
43 per cent, that are found in the Paraguay basin but not anywhere
in the Amazon. _ -

The above data indicate that the Paraguay has not secured that
part of its fauna which it has in common with the Amazon basin
from the fauna now present in the Beni-Mamoré. Other parts of the
Amazon have contributed to it. The Xingu, Tapajos, and Tocantins
may have played as important roles as the Guaporé.

The few unimportant genera that are peculiar to the Paraguay
indicate that its fauna was received relatively recently. But suffi-
cient time has elapsed for the derivation of 43 per cent of its species.

The Sad Francisco and coastal streams may have contributed a
few species to the Paraguay. This is indicated by the 35 species that
are common to the Paraguay, the Sad Francisco and the coastal
streams; of these only 15 have been taken from the Amazon basin.

ORIGIN OF THE FISHES OF THE PARAGUAY

The close resemblance of the fishes of the Paraguay to the enor-
mous and diversified fauna of the Amazon indicates their origin from
the Amazonian forms. Furthermore, the nature of the divide
between the two basins indicates that the fishes of the Amazon basin
have had access to the Paraguay basin.

Haseman (’12), however, considered the precipitous falls in the
rivers leaving the plateau of Matto Grosso to have been effective
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barriers to fish migration since the early Mesozoic epoch, except for
certain generalized highland genera. This was before the present
forms had evolved. Therefore, he was unable to explain the simi-
larity of the Paraguayan fauna to that of the Amazon by migration.
He explained the similarity of the Paraguayan fauna to that of the
Amazonian by the hypothesis of ‘‘similar evolution in unconnected
but similar environments’’ from a primitive and generalized highland
stock which was present before the present configuration of the vast
Amazonian region was attained. When the primitive and general-
ized forms reached the Paraguayan and Amazonian systems they
were supposed to have undergone parallel evolution.

The geological history of the highlands of Matto Grosso and the
Amazon basin, and the place of origin of the South American fresh-
water fish fauna indicate the Paraguayan fauna has reached that
place only by migration through the Amazon valley and over the
divide between the Amazon and the La Plata basins.

The highlands of Matto Grosso, where the headwaters of the
Paraguay and the southern affluents of the Amazon take their
origin, are Permian or older (Branner '19). Therefore some of the
rivers which leave these highlands have flowed northward toward
what is now the Amazon basin long before freshwater fishes were
present in South America, probably before Cretaceous times.

The freshwater deposits of the late Tertiary period, which have
been found along that part of the Amazon receiving the Madeira and
Tapajos rivers, indicate a very low valley at that time. Agassiz
(’68) considered the region between the highlands of Guiana and
Brazil to have been below the sea before the Tertiary rise of the
Andes. Haseman (’12) thought the Amazon basin had been above
the sea since Permian times, and contained a westward flowing river
until the Tertiary uplift of the Andes forced the water eastward. In
either case it is rather certain that the Amazon basin was below sea
level or very low during the latter part of the Mesozoic era. This
was earlier than the establishment of any of the now existent genera
of freshwater fishes.

The freshwater fish fauna of South America seems to have been
derived from the north. Eigenmann ('09) stated that the distribu-
tion of the characinids and cichlids lent support to the Archhelenis
theory. This theory gave the forms an origin from the hypothetical
land bridge between Africa and South America, and has gained but
little support among ichthyologists, who regard the similarity of the
South American and African faunae as more superficial than real.
Haseman (’12) gave the South American fish fauna a North Ameri-
can origin during the Miocene period. Evidence for this was based
on Priscacara, a genus of fossil cichlids of doubtful relationship,
which had been taken from Green River and Bridger Eocene of
Wyoming and Utah. Nichols and Griscom (’17) considered the
origin of the cichlids as probably marine during the Tertiary, and
Nichols (’30) gave a northern origin to the catfishes and characinids.



106 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4TH SER.

Osborn (’10) considered the general South American fauna as having
been derived from North America.

Fossil characinids belonging to the genera Lignobrycon and Eobry-
con, which agree most closely with Brycon, Henochilus, and Sal-
minus, have been found in the Tertiary deposits near Sad Paulo,
Brazil, and a third fossil genus has been described from scales taken
from the Tertiary deposits at Huacho, Peru. Probably no genera of
characinids which exist now were present until after the beginning
of the Tertiary period, when the freshwater fishes probably entered
the Amazon basin. At the time they entered, the Amazon basin was
being formed, and the fishes before reaching the Paraguay had to
pass through the developing Amazon basin. Here adaptive radiation
began in every conceivable direction. Before the entrance of the
fishes the Tocantins, Tapajos, Xingu, and Madeira or similar
streams flowed toward the Amazon, and their tributaries were cut-
ting back into the ancient highlands of Brazil. These highlands were
the divide between the La Plata and the Amazon basins long before
the fishes entered South America. Therefore the fishes have never
had anything but a highland route over which to enter the Paraguay.
If it is true that the highlands are a complete barrier at the present
time as Dr. Haseman attempted to show and the character of the
fishes of the two slopes may indicate, then there must have been a
time when the slopes were less precipitous. This, in fact, must have
been the condition before the southern tributaries of the Amazon
had cut back into the older and harder formations where waterfalls
of considerable height now exist. In order to account for the simi-
larity of the Paraguayan fauna to that of the Amazon under this
condition it becomes necessary to assume that the barriers did not
appear until the genera and species common to the two basins had
evolved.

The altitude of the streams on the highlands of Matto Grosso
would not prevent the migration of lowland forms from the Amazo-
nian system to the Paraguayan, because several collections from the
eastern slopes of the Andes demonstrate that the lowland forms
ascend those streams to an altitude of about 2500 feet.

In order to test whether the highlands had been a partial barrier
the author attempted to analyze the physical effects of the divide by
separating the fishes found in the Beni-Mamoré into strong and
weak forms, based upon his South American collecting experience.
These were then separated into those that had succeeded in getting
across the divide and those that had not. The results showed that
the weak forms were equally successful in crossing over. In like
manner it was found that the Paraguay contained weak and strong
swimming forms in equal proportion.

It is not known at present which tributaries of the Amazon offered
the migratory path. Probably all that have headwaters near those
of either the Paraguay or Parana have taken part. The large collec-
tion of fishes taken by Carlo Ternetz from the Rio Tocantins may
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throw some additional light on the question of the time and manner
in which the entire La Plata received its fishes.

SUMMARY

The origin of the Paraguayan freshwater fish fauna can be ex-
plained by migration. It is not necessary to assume parallel evolu-
tion to account for the resemblance of the fauna of the Paraguay to
that of the Amazon.

The fishes entered South America sometime during the Tertiary
and crossed the low Amazon valley and a highland divide to enter
the Paraguay. Other tributaries of the Amazon in addition to the
Rio Guaporé seem to have been migratory paths.

The falls in the streams flowing from the highlands of Matto
Grosso seem to be barriers to free migration at the present time; but
the nature of the fishes of the two slopes indicate that the barrier is
of recent origin.

SYMBOLS USED IN DISTRIBUTIONAL LISTS

— in the first column indicates that the species is present in the Beni basin; |,
that it is present in the Mamoré basin; < indicates that it is present in
both basins.

— in the second column indicates that the species is present in the Paraguay
basin.

* species peculiar to the Paraguay basin,

** genus and species peculiar to the Paraguay basin.
1 species peculiar to the Mamoré basin.

{1 genus and species peculiar to the Mamoré basin.
t species peculiar to the Beni.

it genus and species peculiar to the Beni.

a species found in the Amazon basin without the Beni-Mamoré basin.

A genus found in the Amazon basin.

c species found in the coastal streams of southeastern Brazil.
g species found in Guiana.

m species found in the Magdalena basin.

p species found in the La Plata basin but has not been taken in the Paraguay.
P genus found in the La Plata but has not been taken in the Paraguay.

s species found in the Sad Francisco.

t species found in the Tocantins.

W species widespread, i. e., in northwestern South America, Amazon basin, Para-
guay, and coastal streams of southeastern Brazil.



108

CALIFORNIA ACADEMY OF SCIENCES

DISTRIBUTION OF FISHES IN THE PARAGUAY
AND THE BENI-MAMORE SYSTEMS

[Proc. 4TH SEr.

El » tl o
= =} -
@ & m A
POTAMOTRYGONIDAE a Knodus moenkhausii..............
a Polamotrygon hystrix.............. * o} CHaDaRaE. bl s S
a o ORONErili 5. e i Ay, e BFeDICEDS bl ek R s 4
> (P B 7 1T AL e e |
CLUPEIDAE Markianag nigripinnis. ............ — i
a Neosteus flavipsnnss. . . ........... P a Gymnocorymbus thayeri............ —
g lernelzs, 25 i cham: A= =5
ENGRAULIDAE a' Thaveria oblightis i cic. o% e ditiaes ]
apdnchovia ol4da. . i aiv ' Walaaiaat — * Hemigrammus wlreye.............. -
X DYevsrosires. o s bt fnnk .o - s 4 marginglus. ........ | —
* X ErSdENS ., 5 ahte st atets p—
SYNBRANCHIDAE a M Miraiss i i 58 SN e —
W Synbranchus marmoratus. . ........ — — a # unslineatus. ........ ]
a i ocEllEfer o ) s =
CHARACINIDAE a & schmardae. ........ |
CHEIRODONTINAE a Hyphessobrycon serpae. ........... | —
Aphyocharax dentatus. . . .........| o= <A g g FOSEGERE ot e oo |
. ORFSELSE i o bl e — = 1 “ hasemans. ........ |
* il LT T e S L | — i’ COllESTuS et i =+ —
* 7 paraguayensis..... ... = a # agulia.. .. Jisies ot I
a b Sesllns e i | sa « gracilss,. . 5 sty —
a 5 GlbUrnus . .\ e B3 - saniae. s ——
* 5 spacarayensis. . ...... o 5 ANESHSEL R —
* = pappenheimi. .. ... ... — ¥ R ens o o ot —
Prionobrama paraguayensis........ = “ maxillarss. .. . —
a - RITPETUS . e ey e & at Bryconacidnus ellisi.............. —
a Paragoniates alburnus............. — t “ hemsigrammus. . ... .. —
* Megalamphodus megalopterus. . . ... — x Astyanaziallens. Jo0 0w aiVank Gk -—
t G TOQOGEUQE. .. ...... — ® # dellepgring. v v benas e
** Mixobrycon ribeiros............... — a ¥ Tiy 1 L T A OISR o = —
a Parechasss cyclolepss.............. | w & Bemacslatas. B sl o + n—
t Microschemobrycon guaporensis.. . . . | a £ 7 paraguayensis —
sa. Chesrodon Dsaba. & 2 v e b — " UImEatuS . it — —
v WMEECYOBOM. o i sl s o o — & o T T A e e B —
1 % madeirae. ., > STHIRR NN | w B Vfasoralies’ i RN S | —
a Holoshethes peguira. . .. .......... | — a g eigenmannsorum. ... .. ... —
Odontostilbe paraguayensis. ... .. ... — — 1 d BUADOTERSES, . . oLtk Jonlk e
£ microcephala. .. ....... 'y a Clenobrycon hauxwellianus......... + —
**Mimagoniales barbers.............. — s Psellogrammus kennedyi. .......... —
tt Monotochesrodon pearsoni. . ....... —— Astyanacinus moorss. .. .. ......... S —
tt Prodontocharax melanotus. . ....... —_— t G MHLAAENS (o, - oioteioioiate —
p Probolodus heterostomus. .......... 1 A* Deuterodon acanthogaster. ......... —
a Bryconamericus exodon. . . ........ —
TETRAGONOPTERINAE = BREringit o ) G
Tetragonopterus argenteus. . . ...... ofi — a o] atfredae. ... o -
a Moenkhausia jamess.............. | s " stramineus. ....... e
sa " sanctae-filomenae. . . .. o= o t « bolivianus......... —
a « grandisquamis. ... ... | a Acrobrycon ipanquianus........... —
= drchrourn.: . 0. o 4 — a Hemibrycon huambonicus.......... _—
a ¢ sxlermedsa. = 00050 0 B o t 4 DERE: i (o R s s —
a ¥ lepidura lepidura. .. .. | MALCYEOPYItRSDEnt ., o sl als S Sy —
a ¢ = gracilima. . . . | TP AP sainabent. . ......... o100 - SEINY —
a “ COMELI e iasis o hiols o vin | % Piabarchus'anglis. . .. v v ds —
a W 7 A e AL | sga Creatochanes affinis............... ] o
a e CETOS L Ll G kot aiate g | 1 Bryconops alburnoides. ........... |
a # COlSMRD . - ool s e e PRERGCORASIEr Dent. .« . ooas e oot et 4=




Vor. XXIII] PEARSON—FISHES OF BENI-MAMORE AND PARAGUAY BASINS

109

fP I
- I E a -'!. u %
§= | § g =
o] =¥ m -
. Vesicolyns egalns Lo lod SR NG G40 — CHARACINAE
** Berioniolus paraguayensis. ........ £ g Charax giBl08e.: . .civi i ot Saisiin, — s
O EEMIER e s s ovniw SR NEEY L ——
BRYCONINAE + squfzmosus ................ =% i
A* Brycon microlepis................ _— *OY cabiurus.......o.iieen —
- “ Rilaras. s esed vy, 3y g g ROESLES MOIGEXUS . < valc uva Bkha o S s ets & —
a Roeboides microlepss. ............. | 85
Cucns T i e
* Chalcinus paranensis. ............ A bormrs"c;t's.s';j 8 : : ‘ ot
-+ ", aﬂg’:‘“” """"""" G e * & descalvadensis........... —
by 2 e ) e a Eucynopolamus kneri............. ~= =
a o T Sk e R — ir; = sogdalence )
tt Clupeacharax anchoveoides. . . .. .. .. — X P sl Sk I :
c Salminus maxillosus.............. —
STETHAPRIONINAE B S0 R T = e
* Ephippicharax orbicularis paraguay-
EISAS . i sis nioininia s s s n ainiaanin s ns e ACESTRORHAMPHINAE
Pa Stethaprion cremglus. ............. = a Acestrorhynchus falcatus........... e —
a Brachychalcinus copes............. = Ac Acestrorhamphus hepsetus. . . ... ... —
2 relrosping. . . ... .. _
ERYTHRININAE
IGUANODECTINAE W Hoplias malabarscus. ............. —_— i
A Pigbucus melanostomus. . ......... — W Hoplerythrinus unitaenialus. . . .. .. — —
a Erythrinus erythrinus............. |
GLANDULOCAUDINAE
Pseudocorynopoma doriae.......... — GASTEROPELECIDAE
t Gephyrocharex major. ............ o a Thoracocharax stellatus............ = -
ANOSTOMIDAE
SERRASALMONINAE Pt Anostomus grocilis. .............. |
a Serrasalmus natlerers............. | fus8 - “ DYOXEIS . . %5 2o e |
’ 3 terneigi. ...l — a Curimala spilurus................ — =
“ margingus........... — R I ey o (o 2
& s spilopleura........... g —_— a “ BOSUS 3viass i SLIRT R e —
a » BRMETANS oooiiis s nts = L — * “ COMSBErSNS. . syl A=
b4 g “  gracilior..... | * g nigrotaenia. .. .......... =
i 3 hollands.............. | c i ClERANS s S e —
a = EIONEGINS .o s sota st | “ A Ry IR I
a Colossoma brachypomus. .......... | A “ Bima clarn s bt S | L
g milrei. ... - c | S piberli. et =
8 Mylossoma aureum. .............. i a 5 PRITIOIALS o o i PN C
a 5 duriventris. . .......... + - t 4 DENOLATIS s S o R =
. = paraguayensss. ........ — t C esperansge.............. s
: J ocellatum............... - 1 ; DEATIONL: -icleisin-2 2100 cim i ol e
} Metynnis guaporensis............. l s Prochilodus reticulalus. . .......... — =
a b T o S e L a . « WIPYICARS e sRTT R e _— e
. y OlUQUeEnsiS. . ............ - s E OYQEMLents S Akl s sl -
* = ROUT v ola o & o5 St iy — c “ SRy s Sk S
a p maculatus. ............. | — i Ismenlnss - .5 s 08 ol -—
a - RAPSaNCRER . . s ek i | — : “ PR Sty ) L ey
B MAlens SEIQEr. . ciasin vt b s 1 B Anodss LHTIon o vt oot s o AT 1 b 8
Mylopins lesis. | .o5 0000 it + | A a TG 727 L Ny LN l p iy
a = PRDFILARIES.. o o i s — a Leporinus striglus. ............... = —
8 Calofrion Menlo. ......c S oin 4 & “ Frederici e enitnimt Jo b o CEL
a “ OBINSTAENS o vvi v wiwie e =
CYNODONTINAE a o trifascialns. ... Sl iR —
A Cynodon gibbuS. . ;. .. eS80, i1 | a % s, A AL R o A —
a . OUIDERUS . « cowa il sh ey o a = BTENES o R SIS o




110

CALIFORNIA ACADEMY OF SCIENCES

[Proc. 4TH SER.

Tl - & A
@
l_:' = [ =] =
= & R &
a Leporinus hypselonotus............ — AUCHENIPTERIDAE
ca 3 CORIYOSITES. . oo aiayardiaiatiis 2 a Trachelyoplerus coriaceus.......... — —
a & JASCIBIUS. o o 2in e AR e a Centromochlus heckelii............ |
a & N-ODROTUS . . & oo Fawarsatun s a 7 inlermediss.....,... |
a = MACUIBINS ot o o L a 5 GUIODYBIUS .  cnos s vies |
a Rhytiodus microlepis.............. — a Trachycorystes ceratophysus.......:|
1 Laemolvia fasciola. .. . . . Lot . s sa = galeatis, . ity = w——
a Pseclrogaster curvivenlris. . ........ » - ca - strigbulus. . vz e —_—
a - CHSOIS . s AR | — a Awucheniplerichthys thoracalus. . . ... |
a Curimalella alburnus. ............. | e a Auchenipterus nuchalis............ e
* = “‘ auslralis e * 5 NIgrsINmEs . oL piat
* & rehnt. ... et e = 1 Tetranematichthys quadrifilis. ... ... |
a Schisodon fascsalsts, s i C Lo — Entomocorus benjamini. .......... | —
* % borells. . .o N, . - e
& QASSEMEEES o o S S s — —
B T oo i DORADIDAE
s SSOEnathus. .. - . 56, —
Lo, a Pterodoras granulosus............. | =
a- Nahillsellp nasutus. .o oo v, —
astPlaindoras coStntms s oiels se o s alalars -+ —
a Acanthodoras cataphractus......... |
e ey Ep
HEMIODONTIDAE a .spmos?ss;mus ........ |
. saa s a Amblydoras hancocki.............. -+
a Parodon suborbslalss. ............. — —_ 2
i a Anadoras weddellii............... | s
S POFISIOSHUS . o o . RA KRS — :
- 5 . Oxydorasikbners. .. s S —
X BOSIFE. o viare ot P — :
iz g a Trachydoras natterers. ............ |
s flaris. . oodh ool ney vy — — 5 % » Srree |
Apareiodon affinis.......n0dlaw.n ar % ar.aguay """" T
3 AR . a QEPEDES . v s |
a Hemiodus unimaculatus. . ......... —
“ 8 : g Doras bncialns . . B N |
a semtaensiins: )0 TN | 2t i ; i
B # MR a (A F Lo L ik dbaio sitaa o o —
L DA - ol R P e T S " a Opsodoras humeralis.............. |
* Anisiisia obhonods...........coun. = 2
3 a Asirodoras asterifrons............. |
sa notada. ... BA LI | 5 :
: ; a Leplodoras Unnellls . Sootisi o vk |
A Nannostomus stigmasemion. . ... ... | * Rhinod b emni
ca Characidium fasciatum. ........... oo e i o L b A o
* be lateralss .. .. davsiteis e
i “ bolivianum. .......... — AGENEIOSIDAE
a Pyrrhuling australis. . ............ = m Ageneiosus dentatus............... |
i = BERE. oo RAROO R G o a ¥ BrepsRlis it T o | -
e o madeirensis. . ......... I
a ¥ valenciennesi. .. ....... =
RHAMPHICHTHYIDAE
Rh jchthys rostratus...........
a amphichthys rf)stmt_us HYPOPHTHALMIDAE
W Hypopomus brevirostris............| — - i hthal Jertor
o ,. B i PR [ a Hypop mus edentatus.......... .
p Gymnorhamphichthys hypostomus. . . 1
PIMELODIDAE
a Callophysus macroplerus. ... ....... |
APTERONOTIDAE ¢ Pimelodella serrat@................ |
a Sternarchus albifrons.............. — a o oy e {1 ey e |
a Odontosternarchus sachsi........... | a h F AR L e aas . o g —
« OO o Ve o LN | —
a = FOCEOE S il e e —
GYMNOTIDAE a & o T o A et —
W Gymunotss corado. .. . «.vuenow et i S SYEiNe. . o nr et AT - —
W Sternopygus macrurus............. — - * £ LaLECED S L . i e —
W Eigenmannia virescens............ — # S aRSIYaIRS e — —
a L troschels. . .. skl | * * golomelas, | Sh il —
& L R e A —
* & MEEAlUra.. b Vi -
ELECTROPHORIDAE a Pinirampus pirinampse. . . ........ —
a Electrophorus electricus............ | a Luciopimelodus platanus. ....... o —




Vor. XXII1I] PEARSON—FISHES OF BENI-MAMORE AND PARAGUAY BASINS 111
g -y % B
Lk E a 1 E a
§=| & §=| &
m Ry m [« ¥
W Pseudopimelodus sungaro.......... — o ** Branchioica bertonss. ............. )
* - collosdes,. .. .. s = a Urinophilus erythrurus. ........... o
a = acanthocheira. . . . . I Y. Vandellia kasemani. ... oo . . ..., |
* L variolosus. ....... — tt Tridentopsis pearsons............. —
LTI T e | o a Pseudostegophilus nemurus. . . ..... |
a S o kenerd. A2 K35
a . LT L A Y S — CETOPSIDAE
w 5 quelen................. + — Pa Cetopsis candiru. .. ... et —
t Nannorhamdia guitatus. . ......... — 5 “ plumbeus. ............... i
tP Imparfinis bolivianus. ............ A
P R}_Iamddla PRSDYE: ivoiaais v oo NGRS — ASTROBLEPIDAE
a Pimelodus ornalus................ — 1 Alroblerss Iongiccss
& gibtcans. Lo s s TR Sl R R e TR S SR AT A e
w e clarias. . . .. e R IR -+ —
S " valenciennis i vl =] CALLICHTHYIDAE
5 “ QUEDIRALS. s e oobont | W Callichthys callichthys............. : ey -
a Platynematichthys punciulatus. . .. .. | W Hoplosternum thoracatum.......... 4= —
A* Nannoglanis hoehnes.............. - w . higtorale.............[ = -
a Phractocephalus hemiliopterus. . . . .. | a g melampterum..... ... -
B SCIadEs PIaHs . Lot syt S A* Chaenothorax eigenmanni.......... —
a Hemisorubim platyrhynchus. . ... ... | BRE s Corydoras ”‘?u"‘” feeae |
Asa Pseudoplatysioma coruscans........ — s MACTOPS. o cvvvn vnnenenns | —
ma u fasciatum. ... ... 29 u virescens. ... .. ISR o | —_—
VL Saraliinh Bima. .. oo S mskada: L — a A armatus...... R |
a Sorubimichthys planiceps.......... | 3 oustralis. .............. | —_
Iheringichthys labrosus. . ... ....... 5 ; GENEUS. ... .. LR - -
* “ MERDIODS . o Nt fa 4 Roveolus: «ivs ettt e
11 Pleroglanis manns. . c....cc- v w82 s o % aurofrenalus............ —_—
m Celopsorhamdia nasus. ........... - e 3 polysticlus. ... .......... -—
a Platysilurus barbatus. ............ I 2 ¢ paleatus. ............... —
8 Cheiroceriis eques. .. ... oamxsb, | t G latus. . .... CRERE AR —
a Heptapterus mustelinus............ -
LORICARIIDAE
PLECOSTOMINAE
BUNOCEPHALIDAE a Plecostomus plecostomus........... — o
* Bunocephalus dorige.............. - s g ACTOPS oo 28IV, -
= ShEringin. ... oSy . - s “ commersonsi. ......... —
* > PREOSHS: 1 silsratiny. s o vosllanti. .. o v e
% o AeDressus it i . I * - LEFICLRES o tioar 5o TR LS e
1 s befidus .. . Ndas . = ca o FODTIEE s A b a o —
cs a whtcherers al L L] o —_
c 5 aurogullatus. .......... —
ASPREDINIDAE * A DoFellss. bo.ivo o RN, -
A* Dysichthys ausirale. . ............. e a “ lalivosiris, vri el o | -
* € PArEOSTGIBS S rds L .. v —
a - DEFTES 5l o s o s R |
PYGIDIIDAE a < EMAYRIRBLUS .5 u0 il i -
t Pygidium barbours................ —- t % PODOT i oo e F FETNEY B —
t - Jossli s msneia s — t - BOlIvERMAUS - W e s 5 =i
a 4 asemans. . nhins. . . . | T Ancistrus montanus........i.viee. e
a - rsllainmmy . oot s B a » buifonists v AR Y OnNR0 e
5 eichorniarum. . ......... < it a ¢ CITTROSHS . o oty i 3 il
a 4 borellis ; Silotianns. .. .. . — a s " ducbisws sl o e —
9 corduvense.. trs ey, e a o RoDIORENYS i . c.iuiivar e ——
sa “ rasilEEnse . oo i s, o t s megaloslomus. . ... . u o e . —
* e JORRSOREL & o ORI — TP REinelepis levte: Ll Lot oL LMoL Tl —
* Homodiaetus anisilsi.............. — a Hemiancistrus vitlatus. . .......... —
A* Ochmacanthus batrachostoma. . . .. .. - a Pseudancistrus barbatus........... —
** Paravandellia oxyptera............ _— a Xenocara gymnorhynchus..........




112

CALIFORNIA ACADEMY OF SCIENCES

[Proc. 4TH SER.

HEE 5| 3
o8 % e
§ = g=ii
m =9 m =9

a Pterygoplichthys multiradiatus. .. ... i e ACHIRIDAE
* # GAFSHSE ot izara s = A Achirus Binealus. o Lokt i =
* 3 HUTERS - o snnistaiing oo o 7 Bl Ry 10 (5 e T SR e L
* - BIRES . ey kot o % 2
a . Lilnratus. .. . ..o v |
a Cochliodon cochliodon . . ........... - SCIAENIDAE

* Plagioscion fernetss. ............ s
HYPOPTOPOMATINAE a $ P s T R R —

a Hypoptopoma joberti.............. = Pachyurus bonariensss. . .......... o
* & inexpectatlum. . ....... - a « schomburgkii........... =5
a Otocinclus villolus. . ........couuvunn I Pachypops trifilss. ........... ... |

LORICARIINAE

* Joricario POrvG. ... .....iouueninn s CICHLIDAE

a & phoxocephala............. i A* Chaetobranchopsis australis........ 2
4] COIGMATCERSES . 1. LA I DS - a Chaetobranchus flavescens.......... e

a o MOCHIGEE: o B R A | — a | (Gichia orellaris. "RWGAERRIE S abive: +
a & Ey RS b v o MR e — — 8. A CarofsiSIBaSER . . i o MR R +
a o lanceolabn RSB IEEN T — a Astronotus ocellatus. ............. 4= —
e % 7 kT A R S e — a Aequidens telramerus. . ........... 4 —

s labialisiion tr s DI s c b porialegrensis........... -+ e

a - catabhracia : ;:xie Lo SN | == a # USELAIIS . s Al A s
a % COPERalE v b v b NGNS —- — a # dOrSIReran . - e 4 kel
* o agellogaster: = oo s ke paraguayensis. ......... | —

7 TAITCEPE bt i gt o W TARNE BTN " 1 “ FRADOTERSIS: s L Ete |

* % macrodom Ll e it e b o GUWENE. s ot ik el |
* * platycephala . . ........... — a Cichla bimaculatum. .............. —
* ¥ Roepmet: o s o SRR JEEi a e T N e o e B e e v i e
c “ nigricauda. .. .. ... SR e a Mesonaula festioum. .............. + o
* - GOTETEMSESS, o1/ 3 5 5 MR AHNENH — Crenicara maculala. ... ........... | =

t “ Bems: Vo as e s R s ¥ altispinosa. ... ... ... |
a Homiodontichthys acipenserinus. . .. | — A* Batrachops ocellatus. . ............ —n
a Farlowella oxyrhynchus............ | il b SEmfascios o s s
a e FeRers: LR b ey — a Crenscichiglepidola............... = i
* 5 FOUTUERSIS .. Jnisiehiie i o p i oy by o DI A S o A 1k ik e

t = OCESITCIIRYS . i b — a o SAXALHES'. .+ ois B o o -
A* Sturisoma robustum............... — a 4 cyanola. R |
a 5 darbatum . . . ... Scoifibe. . = a S veticulala . | o v, B
a " 2173 e S DAY PO T = a 4 macrophthalma......... &+

a i P T i R ARG e L ot |
CYPRINODONTIDAE a b lenticulala. i iilvcnns |
Rivulus balsanii. ... vpteimsh . | — a s Gohamag ol o |

a DU Elalaes s v A det | o a “ T T AT B —

| €1 beniensis bentensts. ... . — A pistogramma trifasciatum. .. ... .. |

t £ NN 1, 7o 7L R - - & corumbae...........

t Y FOROUEUBE -\ oeisid s i in el o 3 Borellis. .. it nie =
** Neofundulus paraguayensis. . ...... sl * = T XY A 4 P B A S —
** Rivulichthys rondoni.............. L a & ARASSIZE. ol il ]

a M orimanng...... i . .50 |
POECILIIDAE a “ taeniatum. ......... o ~
Cnesterodon decemmaculatus. . .. ... il a & ¢ pertense.. .| —

¢ Phalloceros caudimaculalus . . . . .. .. — 1 5 trifasciatum

* Pamphorichthys hasemani. ........ e maciliensi........ |
ca Poecilia vividara. . .....c.cvaniviinin — a Geophagus surinamensis........... |

o Jenwynsia lineata: L0 v srostmd s s s a & cHDIdO Ll e o

a # FUPWBOTS . f b s e Rt et e e

BELONIDAE * 5 balsant. ..o ininidek b —

a Tylosurus amazonicus............. o e . brazsltenses ivdaahnh tes —
a Potamorrhaphis guianensis. . ...... = — A Nannacara hoehnei............... —




Vor. XXIII] PEARSON—FISHES OF BENI-MAMORE AND PARAGUAY BASINS 113

LiTeErRATURE CITED

Agassiz, Louis.
1868. A journey in Brazil. Chapter XIII, Physical history
of the Amazons. Boston: Ticknor and Fields. xix 4 540

PP

Branner, J. C.
1919. Outlines of the geology of Brazil to accompany the
geologic map of Brazil. Bull. Geol. Soc. Amer., XXX,
pp. 189-338.

Eigenmann, C. H.
1906. The freshwater fishes of South and Middle America.
Popular Sci. Monthly, LXVIII, pp. 515-530.

——1909. The freshwater fishes of Patagonia and an examination
of the Archiplata-Archhelenis theory. Repts. Princeton
Univ. Exped. to Patagonia, 1896-1899, pt. III, pp. 225-374.

Eigenmann, C. H., and Eigenmann, R. S.
1891. A catalogue of the freshwater fishes of South America.
Proc. U. S. National Mus., XIV, pp. 1-81.

Eigenmann, C. H., and Kennedy, C. H.
1903. On a collection of fishes from the Paraguay with a
synopsis of the American genera of cichlids. Proc. Phila-
delphia Acad. Sci. LV, pp. 497-537.

Eigenmann, C. H., McAtee, W. L., and Ward, D. P.
1907. On further collections of fishes from the Paraguay.
Ann. Carnegie Mus., IV, pp. 110-157.

EartiC R
1870. Geology and Physical Geography of Brazil. Boston:
Fields, Osgood, and Company. xxiii 4+ 620 pp.

Haseman, J. D.

1911. Descriptions of some new species of fishes and miscel-
laneous notes on others obtained during the expedition of
the Carnegie Museum to central South America. Ann.
Carnegie Mus., II, p. 321.

——1912. Some factors of geographical distribution in South
America. Ann. New York Acad. Sci., XXII, pp. 9-112.

Jordan, D. S.
1896. Science sketches. Chicago: A. C. McClurg and Com-
pany. 270 pp.
Nichols, J.'F.

1930. Speculations on the history of the Ostariophysi.
Copeia, 1930 (4), pp. 148-151.



114 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4T SER.

Nichols, J. T., and Griscom, Ludlow.
1917. Freshwater fishes of the Congo basin obtained by the

American Museum Congo expedition, 1905-1915. Bull.
Amer. Mus. Nat. Hist., XXXVII, pp. 736-739.

Osborn, H. F.
1910. The age of mammals. New York: The Macmillan

Company. xvii + 635 pp.

Reclus, Elisée
1895. The Earth and its Inhabitants. South America.

Vol. II, Amazonia and La Plata. New York: D. Appleton
and Company. _



ImEE BHL

Biodiversity Heritage Library

1937. "The fishes of the Beni-Mamoré and Paraguay basins, and a discussion
of the origin of the paraguayan fauna." Proceedings of the California Academy
of Sciences, 4th series 23, 99-114.

View This Item Online: https://www.biodiversitylibrary.org/item/22493
Permalink: https://www.biodiversitylibrary.org/partpdf/21376

Holding Institution
MBLWHOI Library

Sponsored by
MBLWHOI Library

Copyright & Reuse

Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: California Academy of Sciences

License: http://creativecommons.org/licenses/by-nc-sa/3.0/

Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 5 May 2024 at 05:19 UTC


https://www.biodiversitylibrary.org/item/22493
https://www.biodiversitylibrary.org/partpdf/21376
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

