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Synopsis

.

The history of hypogean fish research has been strongly influenced by neo-Lamarckism (including orthogenesis)
and typological thinking. Only in the last few decades neo-Darwinism has made any inroads in the research approach
to this subject. The majority of the most distinguished and productive hypogean fish researchers have used their
research subjects to confirm their own views on evolution rather than to use those subjects as a spring of knowledge
to enrich mainstream biological thought. Of these views, I found that the most perversive of all is the notion of
evolutionary ‘progress’ that has led many researchers to envision hypogean fishes as prime examples of ‘regressive’
evolution. I propose that the utilization of hypogean fishes for the study of convergent evolution should catapult
these subjects of research into prime objects of evolutionary ideas.

Introduction

The development of a particular area of science is
deeply influenced by its history. Through historical
studies, one can better perceive the impacts of fashion,
error, and the effects of conceptual inertia (Horder
1998). By doing that the researcher can also project
the best venues to develop future lines of research.

In this paper I analyze the scientific views on the
nature of hypogean fishes. I will contend that both neo-
Lamarckism (including orthogenesis) and typological
thinking have prevented the use of hypogean fishes as
one of the prime examples to explain some general
biological phenomena in evolutionary biology as it is
the case for convergent evolution. Another question is
how hypogean fish research fits within the broader con-
text of the history of three sub-disciplines: ichthyology,
speleology, and evoluiionary biology. This is a rather
difficult task due to lack of current contextual material.

For example, a compréhensive history of ichthyology
has yet to be written. Although some attempts have
been made, none of these give us the entire picture.

They are either too old (Cuvier 1828 [1995], Giinther
1880, Jordan 1905) or limited in scope geograph-
ically (Myers 1964, Hubbs 1964) or concepmally
(Pietsch & Anderson 1997). Thus, there is not an appro-
priate background to refer to in this regard. The history
of speleology has faced similar problems. The only
attempt to summarize the history of this field empha-
sized geomorphology (Shaw 1992). Barr’s (1966) short
article on the history of cave research is confined to the
United States. The role played by the study of cave
organisms in general on the neo-Lamarckian move-
ment in the United States as well as the idea of progress
is beiter known (e.g., Ruse 1996).

Methods

I compiled 1607 published references on hypogean
fishes. They ‘were obtained by wvsing standard bibli-
ographical sources, including the Zoological Record
up to 1999, the Biological Abstracts up to June 2000,
Dean’s Bibliography of Fishes (Dean 1916-1923),
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Current References in Fish Research (Cvancara'), as
well as other bibliographical data that I have accu-
mulated in the last 20 years. These references were
analyzed by author, topic, year of publication, and
by country/institution using ProCite 5.2 I emphasized
studies on hypogean fishes that show some degree of
troglomorphy (blindness, depigmentation) The study
of non-troglomorphic hypogean fishes, despite their
tremendous potential for understanding the processes
of cave colonization and evolution, has been largely
overlooked by scientists and, thus, have remained
mostly anecdotal (Poly 2001). Although this type of
compilation can never be fully complete, [ am confident
‘that I have studied and analyzed all relevant sources.

In order to provide adequate historical and geo-
graphical context, 1 have added the dates and places
of birth and death in parentheses after mentioning,
for the first time, all major players in the history of
hypogean fish research. Secondary players are only
given the years of birth and death, when known. All
scientific names of fishes are given following Romero
(2001a). I used this instead of Eschmeyer’s standard
Catalogue of Fishes® because that list is sometimes
ambiguous when it comes to specific names for certain
hypogean populations and it is not entirely complete
regarding hypogean species. Sometimes those names
are followed by parentheses to mention the name with
which the species was originally described. For referen-
tial purposes, I present the chronology of the discovery
of valid species/populations of troglomorphic fishes in
Table 1. '

Results

I identified six periods of hypogean fish research:
(1) pre-Linnean (1541-1752), (2} first discoveries and
research (1805-1864), (3) American neo-Lamarckism
(1868-1919), (4) dominance of typological thinking
(1921-1940), (5) American renaissance (1936-1960),
and (6) times of philosophical conflict (1960-1990).
Notice that between (1), (2), (3), and (4) there are gaps;
this is because during those in-between years nothing
significant happened in the field. On the other hand,
there is an overlap between (5) and (6); this is because
the American and European schools that dominated

!Cvancara, V.A. 1976-1998. Current teferences in fish
research, 23 volumes. )

22000. ProCite Version 5.0. ISI ResearchSoft, Berkeley.

* http:/iwww.calacademy.org/researchfichthyology/catalog/

Table 1. Chronological order of discoveries of troglomorphic
speciesfpopulations of hypogean fishes (sensu Romero 200)1a).
Fellowing an asterisk is the author that reposted the first
hypogean/troglomorphic population of an already described
epigean species,

Amblyopsis spelaea DeKay, 1842

Lucifuga (Lucifuga) subterraneus Poey, 1858

Lucifuga (Stygicola) dentatus Poey, 1858

Typhlichthys subterraneus Girard, 1859

Chologaster agassizii Putnam, 1872

Amblyopsis rosae (Eigenmann, 1897)

Phreatobius cisternarum Goeldi, 1905

Pimelodella kronei (Miranda-Ribeiro, 1907)
Trogloglanis pattersoni Eigenmann, 1919

Caecobarbus geertsii Boulenger; 1921

Uegitglanis zammaranoi Gianferrari, 1923
Phreatichthys andruzzii Vinciguerra, 1924

Rhamdia quelen (Quoy & Gaimard, 1824} (*Norman 1926)
Barbopsis devecchii Di Caporiacco, 1926

Typhleotris madagascariensis Petit, 1933

Clarias cavernicola Trewavas, 1936

Astyanax fasciatus (Cuvier, 1819) (*Hubbs & Innes 1936)
Ogilbia pearsei (Hubbs, 1938)

Ophisternon infernale (Hubbs, 1938)

Luciogobius pallidus Regan, 1940

Luciogobius albus Regan, 1940

Iranocypris typhlops Broun & Kaiser, 1944
Milyeringa veritas Whitley, 1945

Satan eurystomus Hubbs & Bailey, 1947
Trichomycterus conradi (Eigenmann, 1912) (*Schuitz 1949)
Horaglanis krishnai Menon, 1950

Prietella phreatophila Carranza, 1954

Byphlogarra widdowsoni Trewavas, 1955

Garra barreimiae barreimiae Fowler & Steinitz, 1956
Typhleotris pauliani Amoult, 1959

Ophisternon candidum (Mees, 1962)

Astroblepus pholeter Colletie, 1962 :
Poecilia mexicana Steindachner, 1863 (*Gordon & Rosen 1962)
Ogilbia galapagosensis (Poll & LeLeup, 1965)
Stygichihys typhlops Britian & Bohlke, 1965
Trichomycterus chaberti Durand, 1968

Nemacheilus evezardi Day, 1872 (*Thines 19697?)
Lucifuga (Stygicola) spelaeotes Cohen & Robins, 1970
Speoplatyrhinus poulsoni Cooper & Kuehne, 1974
Paracobitis smithi (Greenwood, 1976)

Pterocryptis cucphuongensis (Mai, 1978)

Triplophysa gejinensis (Chu & Chen, 1979)

‘Caecocypris basimi Banister & Bunni, 1980

Creonectes anophthalmus Zheng, 1981

Lucifuga (Stygicola) simile Nalbant, 1981

Rhamdia laticauda (Kuer, 1858) (*Greenfield et al. 1982)
Typhlobarbus nudiventris Chu & Chen, 1982
Nemacheilus starostini Parin, 1983

Rhamdia redelli Miller, 1984

Triplophysa xiangxiensis (Yang, Yuan & Liao, 1986)
Sinocyclocheilus anativostris Lin & Luo, 1986

Garra dunsirei Banister, 1987




Table 1. Continued.

Nemacheilus sijuensis Menon, 1987

Ancistrus cryptophthalmus Reis, 1987

Sinocyclocheilus anophthalmus Chen; Chy, Luo & Wu, 1988

Sinocyclocheilus cyphotergous (Dai, 1988)

Schistura vedipus (Kottelat, 1988)

Cryptotora thamicola (Kottelat, 1998) .

Lucifuga (Lucifuga) teresinarum Diaz Perez, 1988

Sinocyclocheilus microphthalmus Li, 1989

Nemacheilus troglocataractus Kottelat & Géry, 1989

Sinocyclocheilus angularis Zheng & Wang, 1990

Triplophysa yunnanensis Yang in Wu, 1990

Schistura jarutanini Kottelat, 1990

Sundoreonectes tiomanensis Kottelat, 1990

Monopterus eapeni Talwar in Talwar & Jhingran, 1991

Poropuntius speleops (Roberts, 1991}

Caecogobius cryptophthalmus Berti & Ercolini, 1991

Triplophysa shilinensis Chen & Yang, 1992

Rhamdia zongolicensis Wilkens, 1993

Glossogobius ankaranensis Banister, 1994

Sinocyclocheilus hyalinus Chen & Yang in Chen, Yang & Zhu,
1994

Protocobitis typhlops Yang, Chen & Lan, 1994

Ancistrus galani Perez & Viloria, 1994

Astroblepus riberae Cardona & Guerao, 1994

Prietella lundbergi Walsh & Gilbert, 1995

Oxyeleotris caeca Allen, 1996

Eigenmannia vicentespelaea Trigques, 1996

Trichomycterus itacarambiensis Trajano & de Pinna, 1996

Ancistrus formoso Sabino & Trajano, 1997

Sinocyclocheilus furcodorsalis Chen, Yang & Lan, 1997

Paracobitis longibarbatus Chen, Yang, Sket & Aljancic, 1998

Monopterus roseni Bailey & Gans, 1998

Rhamdia macuspanensis Weber & Wilkens, 1998

Prerocryptis buccata Ng & Kottelat, 1998

Troglocychlocheilus khammouanensis Kottelat & Brehier, 1999

each of those periods, respectively, were very much
independent of each other, not only geographically but
also conceptually (see below).

Pre-Linnean times (1541-1752)

The first known printed reference of a hypogean fish
is that of the hyaline fish, Sinocyclocheilus hyalinus,
reported by Jie* (1541) for the Alu Limestone caves
(103°45" E, 24°33' N) in what is today Luxi County,
Yunnan, China. However, specimens of the hyaline
fish were not collected for research until 1991 and
the description of the species was not published in the

4 He, Yi-Jing. 1541. Report on the Alu Cave. Publisher’s name
and place of publication unknown (in Chinese).
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scientific literature until three years later (Chen et al.
1994).

There are at least three more pre-Linnean printed
references to hypogean fishes, all of them from Europe.
Given that they have been cited as precursors in the
history of biospeleology, it is important to analyze their
validity as true scientific developments.

The first was by Jacques Besson (b. Colombigres,
France, 15307?; d. Orléans, France, 1573). He was
an engineer and mathematician with no formal train-
ing in the natural sciences (Romero & Lomax 2000).
Besson (1569, p. 41) reported little eels (‘petites
anguilles’) in a cave streamn. Although Shaw (1992,
p- 227) claims that such observation took place “in a
cave stream in France’, Besson did not give a local-
ity of where he made that observation., Besson did
not describe the fish as being blind andfor depig-
mented (extraordinary characteristics even to the casual
observer). He may have seen common eels, Anguilla
anguilla, or a species of some of the European freshwa-
ter fishes with eel-like bodies that are sympatric with
the areas he used to travel (France and Switzerland).
Those fish families include Petromizontidae, Cobiti-
dae, Siluridae, and Clariidae (Blanc et al. 1971).

The second was Athanasius Kircher (b. Geisa,
Germany, 2 May 1602; d. Rome, 28 November 1680).
This prolific Jesmit priest polymath wrote, in what
is probably the first printed work on speleology
(Figure 1), that “There is also in the landscape of Krain
[Carniola?] close io the town Haubach a huge field from
which each year during Spring time a large body of
water containing fish bursts forth with the resuit that in
a few days it transforms the field into a lake feeming
with fish (. . . ) in Switzerland rivers rise from the caves
of the mountains, that flow from May until September,
but stop the rest of the time (. . . ) as they come out of
the mountains, are full of fish, which is clear proof that
they [the fish] emerge from subterranean waters along
the rivers (...) it is not implausible that, as under the
earth all kind of fishes occur and live’ (Kircher 1665,
2, p. 85). These references to subterranean fishes, how-
ever, are vague, unsubstantiated, and given Kircher’s
reputation as an uncritical repeater of other people’s
tales, highly suspect (Romero 2000). Furthermore, he
makes no reference to features associated with troglo-
morphic fishes — blindness and depigmentation.

The third pre-Linnean reference to subterranean
fishes in Enrope was by Marc-René Marquis de
Montalembert (b. Angouléme, France, 16 July 1714;
d. Paris, France, 29 March 1800) (Figure 2). He was



46

P ————

Figure 1. Athanasius Kircher.

an aristocrat, military man, and engineer known for
his design of fortifications. He reported a blind, sub-
terranean fish in a spring at Gabard, Angoumois, near
one of his estates in southwestern France. He noted:
‘it is common to fish either blind or one-eved pike;
one-eyed ones always miss the right eye and among
the blind ones, the right eye seems further reduced
than the left eyes’ (Montalembert 1748, p. 28). He
left no drawings, much less preserved specimens. He
said that what he saw was a pike. That, by itself, is
not surprising. The pike, Esox lucius, is by far the
most common freshwater fish of the Northern Hemi-
sphere. The fact that this fish can be identified as a
pike despite being blind is also not surprising. Many
hypogean fishes are almost identical to their surface,
epigean forms except for the reduction of eyes and pig-
mentation. But Montalembert never mentioned depig-
mentation in his description. Furthermore, he says that

Figure 2. The only known portrait of Marc René de
Montalembert.

some of the fish lacked one eye and, when that was
the case, it was always the right eye. Troglomorphic
fish generally show the same degree of reduction in
both eyes. Finally, the location mentioned by Mon-
talembert cannot be found today (Romero 1999a) nor
has any true blind cave fish ever been described from
Europe.

Thus, all pre-Linnean reports of European troglo-
morphic hypogean fishes are unsupported by scientific
evidence. Two of them (Besson’s 1569, Kircher’s 1665)
do not even describe them with the typical troglomor-
phic features while the third (Montalembert 1748) is
suspect. The most compelling evidence that the reports
by these three authors are inaccurate is the fact that
no true troglomorphic fish has been found in Europe to
this date. All the European citations display the charac-
teristic of their times: vague (Besson’s), uncritical and
scholastic (Kircher’s), or fascinated with monstrosities



(Montalembert). Among all pre-Linnean references,
only Jie’s (1541) has been substantiated by facts.

First discoveries_ and research (1805-1864)

This period was characterized by two factors: The first
is the discovery and publication in the scientific liter-

ature of the first species of troglomorphic fishes. The .

second is the use of morphological studies aimed to
describe in detail their different features. During this
period all tmglomdrphic fishes were found either in
the United States or Cuba. In the United States, the
years preceding the American. Civil War (1861-1865)
were marked by explorations by both individuals acting
independently and state-sponsored surveys.

An early published post-Linnean record of a possi-
ble hypogean fish is that of Alexander von Humboldt
(1769-1859) who described Astroblepus cyclopus
(= Pimelodus cyclopum) which, according to him,
could be found in the subterrancan‘waters in the Andes
of Quito in the basin of Rio Esmeraldas, Ecuador
(Humboldt 1805). However, he never saw that fish
in any hypogean environment (Romero & Paulson
2001}. Furthermore, this is actually an eyed, pigmented
species with ample distribution in northwestern South
America (Burgess 1989, p. 448).

The first published record of a confirmed troglo-
morphic fish in the Western Hemisphere is probably
that of James Flint. He was a Scotchman who, while
visiting the United States, lived for several months in
Jeffersonville, Indiana, in 1820 and recorded that ‘a
Colonel C — [sic] of Indiana told me that a settler in his
neighbourhood [sic] digging a well, penetrated into a
stream of water, and found blind fishes in it.” He added
as a footnote that “Since the above was written, a notice
of blind fishes has appeared (if I mistake not} fsic] in
the memoirs of the Wernerian Society of Edinburgh’
(Flint 1822, p. 256). I reviewed the entire collection of
this journal, which consists of eight volumes published
between 1808 and 1838, and did not find any reference
to that bling fish.

" The first published report of a troglomorphic fish
sighted in its natural environment in the Western
Hemisphere was, probably, by Robert Davidson
(1808-1876). In October 1836 he visited Mammoth
Cave in Kentucky accompanied by Stephen Bishop
(1780-1850), a seli-educated black slave who guided
visitors through the cave. He reported that ‘white fish’
were found here without eyes’ whose existence was

¥ Italics in the original.
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already known by some of the locals (Davidson 1840,
pp. 54-56). Others have pointed out that it was on
20 September 1838 that the Echo River in Mammoth
Cave was discovered, and in it, a blind fish (Soule
1982).

The first time that a troglomorphic fish was men-
tioned in the scientific literature was in a short note in
the Proceedings of the Academy of Natural Sciences of
Philadelphia (Anonymous 1842). There it was reported
that a W.T. Craigie donated to the Academy at the
24 May 1842 meeting a specimen of ‘a small white
fish, also eyeless (presumed to belong to a subgenus of
Silurus), taken from a small stream:called the “River
Styx” in the Mammoth Cave, Kentueky, about two and
one-half miles from the. entrance’. Today, at the col-
lection of the Academy there are three specimens of
Amblyopsis spelaea in alcohol, that appear linked to
this donation. Two are catalogued as ANSP 7964 col-
lected by W.T. Craige, and the other, ANSP 7964, col-
lected by ‘Mrs. C.H. Graff, Messrs. Craige & Lambert’.
All three specimens were captured in Mammoth Cave,
but no dates are given.

The first scientific description of a troglomorphic fish
was carried out by James Ellsworth DeKay (b. Lisbon,
Portugal,-12 October 1792; d. Oyster Bay, Long Island,
New York, 21 November 1851) (Figure 3). Son of an
American captain stationed in Lisbon, DeKay studied
medicine at Yale and Edinburgh, Scotland. He was one
of the founders of the Academy of Medicine and an
active member of both the New York Lyceum of Natural
History and the American Association for the Advance-
ment of Science. He was the first of the firsi-generation
of American-born naturalists making important coniri-
butions in ichthyology (Hubbs 1964).

DeKay’s work can be framed within the movement
that started in the 1940°s when several states of the
United States inangurated natural history surveys and
published catalogues of the local faunas (Coe 1918). He
was selected to contribuie a book on the zoology of New
York state. In it, DeKay (1842, pp. 187-188) gave the
first recognized scientific description of a troglomor-
phic fish, the northern cavefish, Amblyopsis spelaea
(= Amblyopsis spelaeus). The description was not very
detailed nor of a great quality. This could have been
due to the fact that it was based on a poor specimen in
the Cabinet of the Lyceum of Natural History of New
York (Putnam 1872) or to the fact that DeKay was not a
trained ichthyologist (Smallwood 1941, pp. 163-164).

Although the northern cavefish was captured in
the River Styx, Mammoth Cave, Kentucky, DeKay
included that and many other non-New York species
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Figure 3. James Ellsworth DeKay, the first who described in the
scientific literature a troglomorphic fish, Amblyepsis spelaea.

because ‘It cannot therefore fail to be perceived that
the Ichthyology of New-York will embrace a very large
proportion of the Fishes of the United States” (DeKay
1842, p.iv). He actually placed this new species in a list
of fishes under the subheading ‘(EXTRA-LIMITALY
[sic]. The specimen, which originally belonged to the
Cabinet of the Lyceum of Natural History of New York,
cannot be located today and is presumed lost.

DeKay would never write about Amblyopsis again;
however, this fish caught the attention of a num-
ber of anatomists who immediately began to study
it. The first of those was Jeffries Wyman . (b.
Chelmsford, Middlesex, Massachusetts, 11 August
1814; d. Bethlehem, New Hampshire, 4 September
1874) (Figure 4). He graduated in medicine from
Harvard University in 1837 and studied under George
Cuvier and Richard Owen (Gifford 1967). Wyman
helped to lay the foundations of comparative anatomy
in the U.S. He was responsible — together with Louis
Agassiz and Asa Gray — for making Harvard the most
important center for the study of natural history in the
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Figure 4. leffries Wyman (courtesy of the Ernst Mayr Library
of the Museum of Comparative Zoology, Harvard University
©President and Fellows of Harvard College).

United States. He is little remembered today mostly
because he was a very modest man who avoided
generalizations.

Wyman, Agassiz, and Gray, embraced the philo-
sophical, or transcendental anatomy, i.e., the search for
ideal patterns of structure in nature (Appel 1988). Thus,
the discovery of a blind cave fish attracted Wyman'’s
attention and he described A. spelaea in great detail
(Wyman 1843), to the point that some have mistakenly
referred to him as the first person who described a blind
cave fish (e.g., Gurnee 1992).

In his first paper on A. spelaea, he reported that
‘On the most careful dissection no traces of eyes were
found” (Wyman 1843, p. 96). Later he wrote that ‘The
optic lobes existed; according to the general rules of
physiology these should not exist; as they bare strict
relation to the sense of sight, which receives its nerve
from them (. . . ) Here the optic lobes were not so large
as the allies fishes, but yet they were of good size, and



nearly as large as the cerebral lobes’ (Wyman 1851,
p. 349). He later re-examined three specimens and
found imperfect eyes covered by tissue and, hence,
unable to see. He proposed that this imperfection of
the eyes ‘might be owing to a want of stimulus through
a series of generations’ and that the organ of vision,
however imperfect, ‘it is more like the eyes of other
vertebrates’ (Wyman 1854a, p. 19). He also pointed
out numerous structures without evident functions,
organs that were of morphological rather than phys-
iological value (Wyman 1854b). He produced very
detailed drawings of the internal anatomy of A. spelaea
(Wyman 1872).

For Wyman, A. spelaea was an excellent subject of
study in his quest for evidence of a common plan under-
lying the differences caused by adaptive modifications.
Although he quickly converted to evolutionism, he
did not accept natural selection as its mechanism. He
even regarded Agassiz as backwards for his refusal to
accept evolution (Appel 1988). Yet, all of his papers on
A. spelaea were devoid of evolutionary speculations,
something that characterized most of his writings.

The next naturalist to study A. spelaea was August
Otto Theodor Tellkampf (b. Heinde, Germany, 27
April 1812; d. Hannover, Germany, 7 September 1883)
(Romero 2001b). He ‘Americanized’ his name by
adding either ‘A’or ‘G. as his middle initial. In
1838 he received a doctorate in Medicine from the
University of Wurzburg, Bavaria, and immigrated into
the United States in 1839, where he practiced medicine
in Cleveland and New York. He had some inter-
ests in cave fauna, having visited Mammoth Cave in
October 1842 (Tellkampf 1844a,b), and described sev-
eral species of invertebrates. He was a member of the
Lyceum of Natural History of New York.

Tellkampf contributed detailed descriptions of
A. spelaea and concluded that its eyes and those of
blind cave crayfishes had become rudimentary as a
result of disuse: “While it is true, in general, that all
animals retain their essential form, and that no species
passes over into another by transformation, we know
that less material changes of form are produced by
external influences such as changes in climate or food,
lasting though many generations of the same species’.
But if the lack of light could only produce change
within a species, then where was the original unmod-
ified species? Tellkampf remained cautious on this
point: the relationship of the blind fauna to unmodified
species could not be settled until ‘such species, corre-
sponding with them in all essential points, are found’
(Tellkampf 1844b, p. 393).

49

European-based researchers also started to show
interest in A. spelaea. By January 1844 a specimen
had arrived in Edinburgh, Scotland, that was col-
lected by townsman Gordon A. Thompson. William
Thompson (1805-1852), then president of the Belfast
Natural History and Philosophical Society, reported it
as ‘perhaps the first examples of their respective species
brought thence to Europe’ (Thompson 1844, p. 111).

Thus, during the first years of research into
A. spelaea, this fish was considered to be largely a
curiosity with varying significance. It was not until
1847 that the first published insight on the poten-
tial importance of troglomorphic fishes to biologi-
cal research was published. Interestingly enough, it
came from an unrepentant anti-evolutionist: Jean Louis
Rodolphe Agassiz (b. Motieren-Vuly, Switzerland, 28
May 1807; d. Cambridge, Massachusetts, 14 December
1873) (Figure 5). During the 5 October 1847 meeting of
the American Academy of Arts and Sciences, Agassiz

Figure 5. Louis Agassiz (Courtesy of the Ernst Mayr Library
of the Museum of Comparative Zoology, Harvard University
©President and Fellows of Harvard College).
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proposed a ‘Plan for an investigation of the embryol-
ogy, anatomy and effect of light on the blind-fish of the
Mammoth Cave, Amblyopsis spelaeus’ (Agassiz 1847,
p- 180). There he suggested that by studying this fish
‘there was an opportunity to settle, by actual experi-
ment, the extent of physical influences in causing orga-
nized beings to assume their peculiar and distinctive
characteristics in relation to the media in which they
live’. Agassiz, the creationist, was not thinking in terms
of the environment influencing evolution, but rather the
effects of the environment on development. He pro-
posed to raise individuals of A. spelaea under differ-
ent light conditions (darkness, moderate, and intense
light) and see if ‘there is an eye formed in the dark
to ascertain when and how (the pigmentation) disap-
pears, as it is entirely wanting in the fall-grown indi-
viduals, and again notice the differences in this respect
between specimens growing under the infloence of
light” (Agassiz op. cit., p. 180).

He never carried out those experiments, yet he kept
insisting on the importance of A. spelaea in biological
research: “You asked me to give my opinion, respect-
ing the primitive state of the eyeless animals of the
Mammoth Cave. This is one of the most important
questions to settle in natural history, and I have several
years ago, proposed a plan for its investigation which,
if well conducted would lead to as important results, for
it might settle, once for ever, the question, in what con-
dition.and where the animals now living on the earth,
were first called-into existence. But the investigation
would involve such long and laborious researches, that
I doubt it will ever be undertaken. (. . . } If physical cir-
cumstances ever modified organized beings, it should
be easily ascertained here.” Déspite these difficulties he
remained optimist; “Whoever would settle the question
by direct experiment might be sure to earn the everlast-
ing gratitmde of men of science, and here is a great
aim for the young American naturalist who would not
shrink from the idea of devoting his life to the solution
of one great question’ (Agassiz 1851, p. 255). These
words may not have fallen into a vaguum since, as we
will see below, several of his students showed a great
deal of interest in cave fishes. , R

Despite his insight, there is no question that ‘Agassiz
maintained an anti-evolutionist view until the very end
of his life. On the rudimentary otgans, he wrote “The
organ remains, not for the performance of a function,
bot with reference to a plan’ (Agassiz 1859, p. 11).
He considered A. spelaea to be an ‘aberrant cyprin-
odont (. ..) created under the circumstances in which
they now live’ (Agassiz 1851, p. 256). And he never

changed his mind: ‘Have fishes descended from 2 prim-
itive type? So far am I from thinking this possible, that
I do not believe there is a single specimen of fossil or
living fish, whether marine or fresh-water, that has not
been created with reference to a special intention and
a definite aim’ (Agassiz 1883, 1, pp. 392-393).

The next scientist who would make significant con-
tributions to the study of hypogean fishes was Felipe
Poey (b. La Habana, Cuba, 26 May 1799; d. La Habana,
28 January 1891). He was a lawyer in Cuba, where
tales of troglomorphic fishes were around since at
least 1831. Poey secured the specimens and described
two new species: Lucifuga subterraneus and Lucifuga
dentatus (= Stvgicola dentatus) (Poey 1858, 2, p. 100)
(Figure 6). The descriptions of these two species were
extraordinary on several accounts. Not only were they
very detailed and precise from the external and inter-
nal anatomical viewpoints, but there was also a wealth
of information on their behavior, habitat and history:
Further, based on specimens he received from the
United States, he described A. spelaea, for compar-
ative purposes. The descriptions of the Cuban species
were far superior to those published on A. spelaea by
his American and European counterparts. Poey also
demonstrated full familiarity with the published litera-
ture on cave fishes up to that time.

It would be easy to label Poey as an ‘isolated genius’
(sensu Beddall 1983) from social, scientific, and geo-
graphic viewpoinis. He lived in a country which, at
that time, was still a colony of Spain and lacked strong
academic instituiions. Poey himself was the founder
of the first Cuban natural history museum and the first
who taught zoology at the University of Havana. Yethe
was not isolated from the scientific community. Poey
was in contact with the most. prominent contempo-
rary researchers of cave fishes including Girard, Gill,
Packard, and Putnam (see below). The latter visited
Poey in Cuba in 1886 (Cockerell 1920). He received
specimens of A. spelaea which he examined for his
comparative studies adding information and making
corrections to previous observations (Poey 1858, 2,
pp. 104-106). He also provided American institu-
tions such as the Museum of Comparative Zoology
with specimens of the Cuban hypogean fish (Putnam
1872).

The next species was described by Charles Frédéric
Girard (b. Mulhouse, France, 8 March 1822; d.
Neulilly-sur-Seine, France, 29 March 1895). He had
been brought to the United States by Louis Agassiz in
1847 and later worked at the Smithsonian Institution
until 1860. While there, he was given some specimens
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Figure 6. A 1902 illustration of Lucifuga subterraneus (top) and Lucifiuga dentatus by C.H. Kennedy (courtesy of the Smithsonian

Institution, NMNH, Division of Fishes).

collected by a J. E. Younglove ‘from a well near
Bowling Green, Ky’. He gave those specimens a new
species status, Typhlichthys subterraneus, which he
included in the family Amblyopsidae (Girard 1859).
This new species seemed to have ‘characters apparently
transitory” between A. spelaea and the other species of
the amblyopsid family known at that time: Chologaster
cornutus, an epigean species. A. spelaea lacked eyes
but had ventral fins; 7. subterraneus lacked both eyes
and ventral fins, while C. cornuta had eyes and lacked
ventral fins.

The Civil War broke out while Girard was in
Paris where he stayed and supported the Confederate
cause by sending drugs, medical supplies, and arms.
After the war he stayed in France where he practiced
medicine (Jackson & Kimler 1999). Apparently he
maintained some interest on cave fishes, because later
in life he published a number of popular articles on the
topic (e.g., Girard 1888).

With these species at hand, blindness and depigmen-
tation among fishes had become synonymous with cave
life which, in turn, led to inaccurate assumptions and
misleading information. That was the case with a new
‘species’ of cave fish described by Edward Drinker
Cope (b. Philadelphia, Pennsylvania, 28 July 1840; d.

Philadelphia 12 April 1897). He published a paper on
what he thought to be a new species and genus of troglo-
morphic fish, *Gronias nigrilabris® (Figure 7), from
Pennsylvania (Cope 1864, p. 231). Although he did not
present any evidence that such fish had been captured
in the hypogean environment, he was quick to suggest
that such fish ‘is supposed to issue from a subterranean
stream, said to traverse the Silurian limestone in that
part of the Lancaster county, and discharge into the
Conestoga’. Cope was known for his hasty conclusions
and the superficiality of some of his work (Romero &
Romero 1999). Further studies have shown that the
specimens on which he based this description were
specimens of Ictalurus nebulosus that had eyes present
which were asymmetrically developed — probably as
a result of a teratological condition. Unfortunately his
assertion on this fish continued to be repeated in the
literature until recently (see Romero 1999b for full
history of this misconception).

Thus, by the end of this period what we have are the
descriptions of four species of troglomorphic fishes,
two from the United States and two from Cuba, as
well as a number of morphological studies about them.
Absent from this period were evolutionary discussions.
That would soon change.
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Figure 7. *Gronias nigrilabris’, which, according to Cope, was a ‘blind’ cave silurid. Drawing by Olga Mayayo.

American neo-Lamarckism (1868—1919)

The divide between this and the previous era was
marked by two major historical events. The first was
the American Civil War (1861-1865), which paralyzed
scientific field activity in those areas where hypogean
fish had been found. The second was the publication of
On the Origin of Species (Darwin 1859). This period
was also marked by the dominance, for the first time,
of a generation of U.S.-born ichthyologists. Together
with a few European expatriates, they began catalogu-
ing the fish fauna of North America at the same time that
the United States began the systematic exploration of
the West through efforts such as the Mexico Boundary
and Pacific Railroad Surveys (Hubbs 1964). Although
some new species were described during this time,
the intellectual era of American neo-Lamarckism was
characterized by the usage of cave fauna in general,
and troglomorphic fishes in particular, to advance this
view of evolution.

Charles Darwin (b. Shrewsbury, England, 12
February 1809; d. Downe, Kent, England, 19 April
1882) wrote on cave fauna based on the observations
made of European cave animals by the Danish natural-
ist Jorgen C. Schiodte (1815-1884) and the observa-
tions of American cave fauna of James Dwight Dana
(1813-1895) as explicit support for evolution. He noted
that cave fauna was more closely related to the fauna
of the surrounding regions than elsewhere, as is the
case for fauna of other isolated habitats. Thus, he
argued that the cave fauna descended from the fauna
of the surrounding region, ‘the colonists having been

subsequently modified and better fitted to their new
homes’ (Darwin 1859, p. 403). At first Darwin con-
sidered the mechanisms of both natural selection and
disuse to explain troglomorphic features, i.e., enlarge-
ment of some sensory systems and appendages for the
former; blindness and depigmentation for the latter. To
Darwin this suggested a ‘contest . . . between selection
enlarging and disuse alone reducing these organs’ (op.
cit., p. 296). However, in the third edition of the Origin
(Darwin 1861) he de-emphasized the importance of
natural selection, eliminating the speculation of a ‘con-
test” between selection and disuse. This is important to
keep in mind because, as we will see below, the mem-
bers of the American neo-Lamarckian school closely
followed Darwin in their interpretation of the mecha-
nisms producing troglomorphic characters.

Darwin went back to much earlier explanations of
evolutionary mechanisms and shielded the understand-
ing of the evolution of cave fauna from more modern
interpretations. This gave researchers of cave organ-
isms arguments to support the ‘use and disuse explana-
tion’. In many ways, Darwin maintained a modified
version of the Great Chain of Being (Bowler 1984,
pp. 55-59), which was championed by the Swiss
naturalist Charles Bonnet (1720-1793) and the French
Philosopher Jean-Baptiste Robinet (1735-1820). They
were followed by Jean Baptiste Chevalier de Lamarck
(b. Bazentin-le-Petit, Picardy, France, 1 August 1744,
d. Paris, France, 28 December 1829), again firmly
planted into the Chain of Being tradition. Lamarck
argued that organisms experience ‘needs’ (besoins)
which were brought about by the environment and



