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The Rio Camuy Caves Park is part of the Rio Camuy Cave System in the northern karst belt of Puerto
Rico. Thirty-nine fungal species and 11 cellular and plasmodial slime molds are new records for caves
and sinkholes of the Rio Camuy Cave Park. Two of the cellular slime molds Dictyostelium citrinum and

D. macrocephalum are new records for Puerto Rico.

El Parque de las Cavernas del Rio Camuy pertenece al Sistema de Cavernas del Rio Camuy en el cin-
turon del carso norterio de Puerto Rico. Se informan 39 especies de hongos y 11 hongos mucilaginosos
celulares y plasmodiales como nuevos registros para cuevas y sumideros del Parque de las Cavernas del
Rio Camuy. Dos de los hongos mucilaginosos celulares Dictyostelium citrinum y D. macrocephalum son

nuevos registros para Puerto Rico.

Fungi play roles in cave communities as saprotrophs or
pathogens. Fungi affect the population dynamics of cave biota
and contribute in the decomposition of organic matter, making
it available to other members of the cave community. Diets of
many insect, including cavernicoles, include fungal spores and
mycelia (Culver 1982), and spores from at least 15 fungal gen-
era probably constitute an important element in the diet of
springtails (Collembola: Insecta) (Cubbon 1976; Culver 1982;
Rosell6 et al., 1986). Insects are considered an effective dis-
persion vector of fungal spores and other microorganisms
because of nonspecific factors in attachment to host insect
cuticles (Boucias et al. 1988). Chiropterans, insects, and
rodents transport many fungal species to this bat-guano
enriched soil environments (Hoff & Bigler 1981).

The Rio Camuy Cave System [RCCS] is a 15-km long,
subtropical karst feature carved by the Camuy River in the
subtropical moist forest (Ewel & Whitmore 1973) of northern
Puerto Rico. This system, one of the largest caves in Puerto
Rico, is part of the National Parks Company of the
Commonwealth of Puerto Rico natural protected area. In the
1960s, Russell and Jeanne Gurnee described the limestone fea-
tures, caves, conservation, and future development, of what is
now Rio Camuy Caves Park [RCCP] (Gurnee 1967; Gurnee &
Gurnee 1974, 1987; Martinez-Oquendo 1983) (Fig. 1). The
geology and hydrology of the RCCS were treated by Thrailkill
(1967), Monroe (1976, 1980), Torres-Gonzalez (1983),
Troester and White (1986), and Troester (1988, 1994). A recent
study (Lugo et al. 2001) summarized what is known about the
karst of Puerto Rico (including RCCS), including its impor-
tance and anthropogenic impact. Bat-guano enriched soil was
formerly mined from Puerto Rican caves (Cadilla 1962; Beck
et al. 1976; Campbell 1994; Frank 1998), but the guano in Rio
Camuy caves apparently was not heavily exploited (Cardona-
Bonet, pers. comm. 2001).

In general, the rainy season in Puerto Rico peaks in May-
June and August-September. Air temperatures in RCCS range
from 18-25° C (Mercado, pers. comm. 2000), relative humidi-
ty from 88-100% (Troester 1988), and the average annual rain-
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Figure 1. Map of Rio Camuy Caves Park. Redrawn after
Luis Ayala (November 1988) by permission (National
Parks Company of the Commonwealth of Puerto Rico),
based on Gurnee & Gurnee (1974) original map.

fall for Lares, 7 km SW of RCCP, is 2435 mm.

The vascular flora of the sinkholes and mogotes of RCCP
was surveyed by Del Llano (1982) and Vives et al. (1985),
recording 136 and 73 plant species, respectively. Reyes-Colon
(1999) and Reyes-Colon and Sastre-DJ (2000) recorded 50



species: 31 mosses (11% of the moss flora of Puerto Rico) and
19 liverworts (8% of the liverwort flora of Puerto Rico) from
2 sinkholes (Espiral and Empalme Sinks) in RCCP.

The caves and sinkholes of RCCP are inhabited by a vari-
ety of invertebrates and vertebrates (Sullivan 1966, 1967; Peck
1974, 1981, 1994; Diaz-Diaz 1982, 1983; Santos-Flores 2001;
Lugo et al. 2001). Multispecies assemblages of bats are
reported from RCCP, as is common in many Puerto Rican
caves (Rodriguez-Duran & Lewis 1987; Conde Costas &
Gonzalez 1990; Rodriguez-Duran 1998). With the exception
of the endemic amphipod Alloweckelia gurneei Holsinger &
Peck (Holsinger & Peck 1967) and the cave cockroach
Nelipophygus sp. (Peck 1981), no other troglobites have been
reported from RCCS.

Betancourt et al. (1988) recorded 8 genera of mitosporic
fungi (A4spergillus sp., Cladosporium sp., Curvularia sp.,
Fusarium sp., Geotrichum sp., Scopulariopsis sp., Sepedonium
sp., and Rhizopus sp.) from Ensuefio Cave (3 km south of
RCCP). Eight species of aquatic hyphomycetes
(Brachyosphaera jamaiciensis [Crane & Dumont] Descals,
Clavariopsis azlanii Nawawi, Dendrosporium lobatum
Plakidas & Edgerton: Crane, Isthmolongispora quadricellular-
ia Matsushima, Tricladiospora brunnea [Nawawi| Nawawi &
Kuth., Tripospermum sp., Varicosporeum giganteum Crane,
Xenosporium berkeleyi [Curtis] Pirozynski) were also isolated
in river foam from Tres Pueblos Sinkhole (Santos-Flores &
Betancourt-Lopez 1997) in RCCP.

This report summarizes a mycological survey of the bat-
guano enriched soil, leaf litter, wood, top soil, streams, and
intermittent pools in RCCP.

METHODS

I conducted a basic inventory of the fungi, and the cellu-
lar/plasmodial slime molds at Cathedral Cave, Clara Cave,
Empalme Sinkhole, and Tres Pueblos Sinkhole (RCCP,
Bayaney topographic quadrangle) (Figure 1). These sites are
described below.

*Cathedral Cave (“Cueva La Catedral”) (18°21°04.2” N,
66°48°99.3” W), a hydrological inactive cave, is located adja-
cent to the hydrographic basin of the Rio Camuy, at the north
end of RCCP (Fig. 1). This cave is 122 m long, with 2 main
parallel galleries (or chambers), which run north-south and are
connected by a short passage, with 2 natural skylights, about
24 and 38 m above the floor of the cave. The west hall contains
rock art of presumed aboriginal origin (42 pictographs in total;
Nieves-Rivera, unpubl. data).

*Clara Cave [“Cueva Clara de Empalme”, “Empalme
Cave” of Peck (1974)] (18°20°85.4” N, 66°49°16.0” W) is
located south of Cathedral Cave (Fig. 1). This cave is part of
the ancient course of the Rio Camuy and is higher than the pre-
sent river level. The main passage is a diagonal tunnel 115 m
long and 52 m high. A secondary passage extends 30 m to the
west. The primary entrance is shown in Figure 2A; there is also
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a vertical shaft entrance at Empalme Sinkhole. Previous hydro-
logical studies of 2 sites (streamlet/pool R-1 [Fig. 2B] and pool
R-2, both intermittent) of Cueva Clara reported concentrations
of 7.9-8.6 mg/L of dissolved oxygen at 22°C, and 0.131 to
0.040 mg/L of total phosphorous, respectively (Diaz-Diaz
1982). Pool water pH has been measured between 9.1 and 9.2
with conductivity rendering 200 p (Nieves-Rivera, unpubl.
data). Fecal coliform counts have been reported as 1160
cells/mL for R-1 and 1810 cells/mL for R-2, respectively, indi-
cating a runoff water with high organic input (fecal matter and
detritus) (Diaz-Diaz 1982).

*Empalme Sinkhole (“Sumidero de Empalme”)
(18°20°79.9” N, 66°49°11.2” W) is a 99-m wide doline with a
125-m deep vertical shaft, connecting directly to Clara Cave
(Fig. 1) and to the conical-shaped “Cueva Alta del Norte” (Fig.
2C). At the bottom, and along the upper reaches of the Rio
Camuy, numerous collapsed blocks are present, along with top
soil composed of clay or dirt, leaf litter, mosses, and rocks with
lichens. Further description of this doline was given by Gurnee
(1967), Gurnee & Gurnee (1974), Reyes-Colon (1999), and
Reyes-Colon & Sastre-DJ (2000).

*Tres Pueblos Sinkhole (“Sumidero Tres Pueblos™)
(18°20°30.5” N, 66°49°26.3” W) is a doline in RCCP, and was
described by Gurnee (1967) and Gurnee & Gurnee (1974).

FIELD WORK

Field work at Cathedral Cave, Clara Cave, and Empalme
Sinkhole was carried out on 8 August 1999, supplemented by
river water and mud samples collected from Tres Pueblos
Sinkhole in May 1993. Undergraduate and graduate students,
and professors from the University of Puerto Rico at
Mayagiiez Campus (Departments of Crop Protection and
Marine Sciences) participated in the survey.

LABORATORY WORK

Fungi were isolated from field-collected samples. Samples
of bat-guano enriched soil, leaf litter, wood, water, and soil
were collected using sterile plastic bags (Whirl Pak). Higher
fungi (ascomycetes and basidiomycetes) were collected and
processed following Nieves-Rivera et al. (1999). Bat-guano
enriched soil samples were processed according to Orpurt
(1964), Gaur and Lichtwardt (1980), and Rutherford and
Huang (1994). Freshwater fungi sampling followed Sparrow
(1960), Nieves-Rivera and Betancourt-Lopez (1994) and
Santos-Flores and Betancourt-Lopez (1997). Potato dextrose
agar acidified with 10% lactic acid, Rose Bengal agar, and
Sabouraud’s dextrose agar were used as fungal growth media.
Wet mount observations were made with a Nikon Labophoto-
2 microscope. All voucher specimens were taken to the Center
for Forest Mycology (U.S. Department of Agriculture, Forest
Products Laboratory, Sabana Station, Puerto Rico) where they
are being prepared for deposition in the herbarium of the
Department of Natural Sciences, University of Puerto Rico
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Piedras, Puerto Rico.

RESULTS AND DISCUSSION

A total of 45 true-fungi (39 new records) and 16 fungal-like
organisms (11 Dictyosteliomycota/Myxomycota and 5
Oomycota; all new records) are reported from RCCS. Of these,
a total of 36 taxa (34 micromycetes and 2 macromycetes) from
17 genera were isolated from cave bat-guano enriched soil or
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Figures 2A-C. Rio Camuy Caves Park study sites. A. Main
entrance of Clara Cave. B. Intermittent streamlet R-1 seen
from inside Clara Cave. C. Inside Empalme Sinkhole (with
a view of Cueva Alta del Norte), mesophytic forest, Rio
Camuy is at the bottom.

topsoil (Table 1). Aspergillus, Penicillium, Fusarium,
Cladosporium, Trichoderma, Paecilomyces, Curvularia,
Gliocladium, Hirsutella, and Sepedonium were the most com-
mon hyphomycete genera in cave soil (Table 1). All these gen-
era are dematiaceous hyphomycetes. Mycelia Sterilia sensu
Rutherford & Huang (1994) was also present in cave soil.
Mitosporic fungi isolated in this study were present as spores,
actively growing mycelium or as resting mycelial cysts. Other
frequently isolated fungi were members of the Zygomycota,
Mucor, Rhizopus, and an undetermined entomophylic species.
The pathogen Histoplasma capsulatum Darling, the causative
agent of histoplasmosis, was not isolated from cave samples,
but was found in 1979 in Humo Cave, part of RCCS (Carvajal-
Zamora, pers. comm. 1998; Table 1).

The habitat below the skylights and at other openings of
RCCS differs little from the surface (Gillieson 1996). Outside
of the study area, Xylaria (Ascomycota) and Lepiota
(Basidiomycota) have been found in caves below skylights in
Espinar Cave (Mona Island), De los Santos/Braceros Cave
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Table 1. Summary of the mycobiota of the Rio Camuy Cave System, Puerto Rico. Nomenclature is based on Hawksworth
et al. (1995), Alexopoulos ef al. (1996), and Lodge (1996).

TAXON
FUNGI [= MYCOTA]
HYPHOMYCETES [= MITOSPORIC FUNGI]

Aspergillus flavus Link

Aspergillus fumigatus Fresenius
Aspergillus nidulans (Eidam) G. Winter
Aspergillus niger var. niger van Tieghem

Brachiosphaera jamaiciensis (Crane & Dumont) Descals

Cladosporium cladosporoides (Fresenius) deVries
Cladosporium herbarum (Pers.) Link

Clavariopsis azlanii Nawawi

Curvularia sp.

Dendrosporium lobatum Plakidas & Edgerton: Crane
Fusarium cf. oxysporum Schl.

Fusarium solani (Martius) Sacc.

Geotrichum sp.

Gliocladium cf. roseum Bain.

Hirsutella sp.

Histoplasma capsulatum Darling 3
Isthmolongispora quadricellularia Matsushima
Neurospora crassa Shear & Dodge
Paecilomyces sp.

Penicillium cf. crysogenum Thom

Penicillium lilacinum Thom

Penicillium roqueforti Thom

Penicillium variable Westling

Scopulariopsis sp.

Sepedonium sp.

Tricladisopora brunnea (Nawawi) Nawawi & Kuth.
Trichoderma koeningii Oudermans
Trichoderma viridae Pers.: Fr.

Tripospermum sp.

Varicosporium giganteum Crane

Xenosporium berkeleyi (Curtis) Pirozynski
Mycelia Sterilia

ASCOMYCOTA
Xylaria polymorpha (Pers.: Mérat) Grev.
Xylaria sp.

BASIDIOMYCOTA
Cotylidia aurantica (Pers.) A. L. Welden

Geastrum cf. saccatum (Fr.) Ed. Fischer 4
Lepiota sp.

Marasmius cf. atrorubens (Berk.) Berk.
Polyporus tenuiculus (Beauv.) Fr. 5
Ramaria sp.

Rigidoporus microporus (Fr.) Overeem.

ZYGOMYCOTA
Mucor sp.
Rhizopus stolonifer (Ehr.: Fr.) Vuill.
Undetermined species

CHYTRIDIOMYCOTA
Rhizophydium sp.

CHROMISTA [= STRAMINIPILA]
OOMYCOTA

Achlya americana Humphrey

Achlya parasitica Coker

Apodachlya sp.

Brevilegnia sp.

Saprolegnia sp.

FAMILY

Anamorphic (A.) Trichocomaceae

Trichocomaceae
Trichocomaceae
Trichocomaceae

Mycosphaerellaceae
Mycosphaerellaceae

. Pleosporaceae

. Hypocreaceae
. Hypocreaceae
. Dipodascaceae

>rr || pr | per

A. Onygenaceae

Sordariaceae
A. Trichocomaceae

A. Microascaceae
A. Hypocreaceae

A. Hypocreaceae
A. Hypocreaceae
A. Capnodiaceae

Agonomycetaceae

Xylariaceae
Xylariaceae

Podoscyophaceae

Geastraceae
Agaricaeace
Tricholomataceae

Polyporaceae/Coriolaceae
Ramariaceae
Polyporaceae/Coriolaceae

Mucoraceae
Mucoraceae
Mucoraceae

Chytridiaceae

Saprolegniaceae
Saprolegniaceae
Leptomitaceae

Saprolegniaceae
Saprolegniaceae

SUBSTRATE ! REFERENCES 2

S 2,5,7
S 2,5,7
S 2,5
S 1,2,4,5,7
S 6
D,S, W 2,5,7
S,D 1,2,5,7
L,R 6

S 1,5
L,R 6

S 1,2,5,7
S 5,7
S 1,5
S 2,5
I 2,5
S 3,7
L,R 6

S 2,5,7
S 2,5
S 2,5,7
S 2,5,7
S 2,5
S 2,5
S 1

S 1,5
L,R 6

S 2,5
S 2,5,7
L,R 6
L,R 6
L,R 6

S, W, 1 2,5
w 2,5,7
w 2,5
w 8

S 5

S 2,5
L 5

w 5

L 8

W 8
D,S, W 2,5
D,S 1,2,5,7
I 5

P 5

R 4,5,7
R 4,5
R 4,5
R 4,5
R 4,5
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PROTOZOA

DICTYOSTELIOMYCOTA
Dictyostelium aureostipes Cavender, Raper & Norberg 6
Dictyostelium citrinum Vadell, Holmes & Cavender 6
Dictyostelium giganteum Singh 6
Dictyostelium macrocephalum Hagiwara, Yeh & Chien 6
Dictyostelium mucoroides Brefeld 6
Dictyostelium purpureum Olive 6
Polysphondylium pallidum Olive 6

Polysphondylium violaceum Brefeld 6

MYXOMYCOTA
Arcyria cf.
Comatricha cf.
Stemonitis cf. herbatica Peck

Dictyosteliaceae
Dictyosteliaceae
Dictyosteliaceae
Dictyosteliaceae
Dictyosteliaceae
Dictyosteliaceae
Dictyosteliaceae

Dictyosteliaceae

Arcyriaceae
Stemonitidaceae
Stemonitidaceae

L,S 4,5
L,S 4,5
L,S 4,5
L,S 4,5
L,S 4,5
L,S 4,5
L,S 4,5
L,S 4,5
B,W 4,5
L 5
w 4,5,7

1 Substrates: B = Bat bones; D = Dung; I = Dead insects; L = Leaf litter; P = Pollen; R = River water or foam; S = Bat-guano enriched soil or top soil; W = dead
wood. The substrates were the location where the fungus was found growing or just the site from which a spore was isolated.

2 References: 1 = Betancourt ef al. (1988); 2 = Carvajal-Zamora & Nieves-Rivera (1998); 3 = Lewis (1989); 4 = Nieves-Rivera & Carvajal-Zamora (2000); 5 =
Nieves-Rivera (present work); 6 = Santos-Flores & Betancourt-Lopez (1997); 7 = Stevenson (1975); 8 = D. J. Lodge (pers. comm. 2001).

3 Carvajal-Zamora (pers. comm. to Norman Veve Carreras [SEPRI] in 1979 and to me in 1998) isolated this pathogen from bat-guano of Humo Cave (= Cueva

Humo) in 1979.

4 Geastrum cf. saccatum was collected directly from top soil (not in bat-guano enriched soil), next to the edge of Tres Pueblos Sinkhole.

5 Polyporus tenuiculus (= Favolus brasiliensis [Fr.] Fr.) basidiomata was consumed by Caracolus caracola (Pulmonata: Gastropoda) in a similar way as reported

by Lodge (1996).

6 Species cultured and identified by John C. Landolt, Shepherd College, Shepherdstown, WV.

(Cabo Rojo), and Cathedral Cave (Nieves-Rivera, unpubl.
data). These openings admit plant debris from which fungi
sporulate and fruiting bodies may develop.

Food is, in general, relatively scarce in deeper portions of
caves (Culver 1982; Gillieson 1996). Most of the fungi isolat-
ed in this study are edaphic microfungi. These fungi feed and
sporulate on different substrates (e.g., a carcasses, hair, seeds,
or bat-guano). Use of similar substrata by both lower and high-
er fungi has been reported for Diablo Cave (Mexico) (Hoffman
et al. 1986), Hendrie River Water Cave (Michigan) (Volz &
Yao 1991), West Virginia Caves (Rutherford & Huang 1994),
and Kozlov Rob Cave (Slovenian) (Gunde-Cimerman et al.
1998).

Other fungal species recorded in RCCP, particularly in wet
soil and ponds formed when the river rises, included various
species of Oomycota (e.g., Achlya americana Humphrey, A.
parasitica Coker, Brevilegnia sp., and Saprolegnia sp.)
Nieves-Rivera & Betancourt-Lopez (1994) isolated
Saprolegnia ferax (Gruith.) Thuret and Achlya americana
Humphrey from a stream pond in El Convento Cave Spring
System (Guayanilla, southwestern Puerto Rico), an ancient
course of Rio Camuy (Troester 1988). A chytrid
(Rhizophydium sp.) was isolated from Tres Pueblos Sinkhole
in 1993 and also has been isolated from a stream (Quebrada de
Oro) at Mayagiiez (Nieves-Rivera, unpubl. data).

In the entrances of RCCS, several higher fungal species,
Cotylidia aurantica (Pers.) A. L. Welden, Rigidoporus micro-
porus (Fr.) Overeem., Ramaria sp., Geastrum cf. saccatum Fr.
(Fig. 3J), Marasmius cf. atrorubens (Berk.) Berk., and
Polyporus tenuiculus (Beauv.) Fr. [= Favolus brasiliensis (Fr.)
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Fr.] were collected. Polyporus tenuiculus was observed being
consumed by the land snail Caracolus caracola L.
(Pulmonata: Gastropoda). Lodge (1996) reported C. caracola
devouring basidiocarps of P. tenuiculus from El Verde Long
Term Ecological Research site in the Luquillo Mountains,
northeastern Puerto Rico. Undetermined microfungi are domi-
nant on bat-guano deeper in RCCS (e.g., Cathedral Cave).
These mycelial mats are found in caves with bat colonies in the
northern and southern karst areas of Puerto Rico (Nieves-
Rivera, unpubl. data).

Myxomycetes (plasmodial slime molds) Arcyria cf.,
Comatricha cf., and Stemonitis cf. herbatica Peck were col-
lected from all entrances sites, except Empalme Sinkhole.
Eight species of dictyostelids (cellular slime molds) were iso-
lated from bat-guano enriched soil, or leaf litter, including
Dictyostelium aureostipes Cavender, Raper & Norberg, D. cit-
rinum Vadell, Holmes & Cavender, D. giganteum Singh, D.
macrocephalum Hagiwara, Yeh & Chien, D. mucoroides
Brefeld, D. purpureum Olive, Polysphondylium pallidum
Olive, and P. violaceum Brefeld (Table 1). Polysphondylium
violaceum and an undetermined myxomycete plasmodium
were previously isolated from bat-guano enriched soil from El
Caballo/Pajaros Cave (Playa de Pajaros) and a bat cave
(Uvero), both in Mona Island (Landolt, pers. comm. 1998;
Nieves-Rivera & McFarlane 2001: map). Polysphondylium
violaceum is fairly widespread in many tropical, subtropical,
and temperate habitats (Landolt et al. 1992; Reeves et al.
2000); P. violaceum has been isolated from Appalachian
Mountains and eastern Russia, and is widely distributed at
lowlands and high altitudes — one isolate came from ~2000 m



msl (Landolt, pers. comm. 2002). Dictyostelium and
Polysphondylium species are inhabitants of moist forest soils
and litter (Stephenson & Landolt 1996; Stephenson et al.
1999).

Forty-four of the 50 fungi and slime molds are new records
for Cathedral Cave, Clara Cave, and Empalme and Tres
Pueblos Sinkholes of RCCP (part of the RCCS). The cellular
slime molds Dictyostelium citrinum and D. macrocephalum
are new records for Puerto Rico.

ACKNOWLEDGMENTS

I thank John C. Landolt (Shepherd College,
Shepherdstown, WV) for the isolation and identification of
cellular slime molds. Further information was kindly granted
by Walter A. Cardona Bonet, Juan R. Carvajal-Zamora,
Gustavo A. Rodriguez, Stewart B. Peck, Carlos J. Santos-
Flores, and Steven L. Stephenson. I appreciate the enthusiasm
and cooperation of the staff of the National Parks Company of
the Commonwealth of Puerto Rico, in particular Angel D.
Loépez (director) and Sonia Decoés (secretary). I am indebted to
the guides Nancy N. Mercado and José L. Martinez for their
valuable assistance. I thank Joel L. Colén, Luis E. Collazo,
William Lozada, Yanaliz Lugo, Ancizar Lugo, Carlos G.
Muiioz, Sylvia E. Ramos, Augusto C. Carvajal-Vélez, Jos¢ De
Santiago, Rosario Gaud, José A. Rubiano, and Lydia I. Rivera-
Vargas for assistance with field and laboratory work. The com-
ments and suggestions made to the text by various colleagues
and reviewers are most appreciated. This project was partially
supported by the University of Puerto Rico Sea Grant College
Program Budget (90-4). Photographs included in Figures 2A-
C were taken by José J. Vargas and Peter Rocafort digitized the
figures.

REFERENCES

Alexopoulos, C.J., Mims, C.W., & Blackwell, M., 1996, Introductory mycol-
ogy, 4th ed.:New York, Wiley & Sons, Inc.

Beck, B.F., Fram, M., & Carvajal-Zamora, J.R., 1976, The Aguas Buenas
Caves, Puerto Rico: geology, hydrology and ecology with special refer-
ence to the histoplasmosis fungus: National Speleological Society
Bulletin, v. 38, p. 1-16.

Betancourt, C., Pérez, O., Segui, D., & Emmanueli, 1., 1988, Evaluacion
micoldgica de la Cueva Ensuefio, Hatillo, Puerto Rico [Unpubl. report]:
Mayagiiez, Puerto Rico, Estudio Técnico para la Compaifiia Lebron &
Associates, 14 p.

Boucias, D.G.,, Pendland, J.C., & Latge, J.P., 1988, Nonspecific factors
involved in attachment of entomopathogenic deuteromycetes to host
insect cuticle: Applied and Environmental Microbiology, v. 54, p. 1795-
1805.

Cadilla, J.F., 1962, Informe sobre la existencia de guano animal en la parte sur
de Puerto Rico [Unpubl. report]: San Juan, Puerto Rico, Administracion
de Fomento Econdmico de Puerto Rico, Laboratorios de Investigaciones
Industriales.

Campbell, M.T., 1994, The guano trade: Pre-World War I connection between
Puerto Rico and Germany, in 19th Caribbean Studies Association: Mérida,
México, Caribbean Studies Association.

Carvajal-Zamora, J.R., & Nieves-Rivera, AM., 1998, Preliminary checklist of
cave mycobiota of Puerto Rico with special reference to bat-guano
enriched soil hyphomycetes: Mycological Society of America/American

NIEVES-RIVERA

Bryological and Lichenological Society 1998 Annual Meeting, San Juan,
Puerto Rico, Abstracts in Inoculum, v. 49, n. 2, p. 13.

Conde Costas, C., & Gonzélez, C., 1990, Las cuevas y cavernas en el bosque
xerofitico de Guanica: Acta Cientifica, v. 4, p. 113-126.

Cubbon, B.D., 1976, Cave flora, in Ford, T.D., & Cullingford, C.H.D. (eds).,
The science of speleology: London, Academic Press, p. 423-452.

Culver, D.C., 1982, Cave life. Evolution and ecology: Cambridge & London,
Harvard University Press.

Del Llano, M., 1982, La vegetacion de las Cuevas del Rio Camuy, in Diaz-
Diaz, C.A. (ed.), La Cueva Clara de Empalme. Aspectos fundamentales
para su desarrollo turistico [Unpubl. report]: San Juan, Puerto Rico, Area
de Investigaciones Cientificas, Departamento de Recursos Naturales, p.
41-56.

Diaz-Diaz, C.A., 1982, La Cueva Clara de Empalme. Aspectos fundamentales
para su desarrollo turistico [Unpubl. report]: San Juan, Puerto Rico, Area
de Investigaciones Cientificas, Departamento de Recursos Naturales.

Diaz-Diaz, C.A., 1983, Los mamiferos de Puerto Rico, in Vivaldi, J.L. (ed.),
Compendio enciclopédico de los recursos naturales, v. 1: San Juan, Puerto
Rico, Departamento de Recursos Naturales, p. 1-221.

Ewel, J.J., & Whitmore, J.L., 1973, The ecological life zones of Puerto Rico
and the U.S. Virgin Islands: U.S. Forest Service, Institute of Tropical
Forestry Research Publication ITF-18.

Frank, E.F., 1998, History of the guano mining industry, Isla de Mona, Puerto
Rico: Journal of Caves and Karst Studies, v. 60, p. 121-125.

Gaur, PK., & Lichtwardt, R.-W., 1980, Preliminary visual screening of soil
samples for the presumptive presence of Histoplasma capsulatum:
Mycologia, v. 72, p. 259-269.

Gillieson, D., 1996, Caves. Processes, development and management:
Cambridge, Massachusetts: Blackwell Publishers.

Gunde-Cimerman, N., Zalar, P., & Jeram, S., 1998, Mycoflora of cave cricket
Troglophilus neglectus cadavers: Mycopathologia, v. 141, p. 111-114.
Gurnee, R.H., 1967, The Rio Camuy Cave Project, Puerto Rico: Bulletin of the

National Speleological Society, v. 29, p. 27-34.

Gurnee, R.H., & Gurnee, J., 1974, Discovery at Rio Camuy: New York, Crown
Publishers.

Gurnee, R.H., & Gurnee, J., 1987, Rio Camuy Cave Park, Puerto Rico. Open
to the public: National Speleological Society News, v. 45, n. 5, p. 1-11.

Hawksworth, D.L., Kirk, P.M., Sutton, B.C., & Pegler, D.N., 1995, Ainsworth
& Bisbi’s Dictionary of fungi: Cambridge, CAB International &
Cambridge University Press.

Hoft, GL., & Bigler, W.J., 1981, The role of the bats in the propagation and
spread of histoplasmosis: A review: Journal of the Wildlife Diseases, v.
17, p. 191-196.

Hoffman, A., Palacios-Vargas, J.G., & Morales-Malacara, J.B., 1986, Manual
de bioespeleologia (con nuevas aportaciones de Morelos y Guerrero,
México): México, D.F., Universidad Nacional de México.

Holsinger, J.R., & Peck, S.B., 1967, A new genus and species of subterranean
amphipod (Gammaridae) from Puerto Rico, with notes on its ecology,
evolution and relationship to other Caribbean amphipods: Crustaceana, v.
15, p. 249-262.

Landolt, J.C., Stephenson, S. L., & Stihler, C.W., 1992, Cellular slime molds
in West Virginia caves including notes on the occurrence and distribution
of Dictyostelium rosarium: Mycologia, v. 84, p. 399-405.

Lewis, W.C., 1989, Histoplasmosis, a hazard to new tropical cavers: National
Speleological Society Bulletin, v. 51, p. 52-65.

Lodge, D.J., 1996, Microorganisms, in Reagan, D.P., & Waide, R.B. (eds.),
The food web of a tropical rain forest: Chicago, University of Chicago
Press, p. 53-108.

Lugo, A.E., Miranda-Castro, L., Vale, A., del Mar-Lopez, T., Hernandez-
Prieto, E., Garcia-Martind, A., Puente-Rolon, A.R., Tossas, A.G.,
McFarlane, D.A., Miller, T., Rodriguez, A., Lundberg, J., Thomlinson, J.,
Colon, J., Schellekens, J., Ramos, O., & Helmer, E., 2001, Puerto Rican
karst— a vital resource. USDA Forest Service General Technical Report
WO-65, p. 1-100.

Martinez-Oquendo, J.A., 1983, Sistema de Cavernas del Rio Camuy:
Concepto de un desarrollo para la recreacion y su conservacion: Revista
de Planificacion ANALISIS, v. 2, n. 3, p. 34-35.

Monroe, W.H., 1976, The karst landforms of Puerto Rico: U.S. Geological
Survey Professional Paper 899, p. 1-69.

Journal of Cave and Karst Studies, April 2003 « 27



MYCOLOGICAL SURVEY OF Rio CaMuy CAVES PARK, PUERTO Rico

Monroe, W.H., 1980, Geology of the middle Tertiary formations of Puerto
Rico: Washington, D.C., Department of the Interior, U.S. Geological
Survey.

Nieves-Rivera, A.M., & Betancourt-Lopez, C., 1994, Saprolegnia ferax
(Gruith.) Thuret (Oomycetes), new record for Puerto Rico: Caribbean
Journal of Science, v. 30, p. 288-290.

Nieves-Rivera, AM., & Carvajal-Zamora, J.R., 2000, Cave mycobiota of
Puerto Rico, with special reference to those inhabiting bat-guano enriched
soil: Memorias XIX Simposio Flora y Fauna del Caribe, Universidad de
Puerto Rico, Humacao, Abstracts, p. 17.

Nieves-Rivera, A.M., & McFarlane, D.A., 2001, In search of the extinct hutia
in cave deposits of Isla de Mona, P.R.: National Speleological Society
News, v. 59, p. 92-95.

Nieves-Rivera, A.M., Betancourt, C., & Mignucci, J.S., 1999,
Hymenomycetes and gasteromycetes (Basidiomycotina) of Mona Island
Commonwealth Reserve, Puerto Rico: University of Puerto Rico
Agricultural Experiment Station Bulletin, v. 298, p. 1-91.

Orpurt, P.A., 1964, The microfungal flora of bat cave soils from Eleuthera
Islands, The Bahamas: Canadian Journal of Botany, v. 42, p. 1629-1633.

Peck, S.B., 1974, The invertebrate fauna of tropical American caves, part II.
Puerto Rico, an ecological and zoogeographical analysis: Biotropica, v. 6,
p. 14-31.

Peck, S.B., 1981, Zoogeography of invertebrate cave faunas in southwestern
Puerto Rico: National Speleological Society Bulletin, v. 43, p. 70-79.
Peck, S.B., 1994, A synopsis of the invertebrate cave fauna of Puerto Rico,
Mona Island and the Virgin Islands, in Juberthie, C., and Decu, V. (eds.),

Encyclopaedia Biospeologica, v. 43: Moulis-Bucarest, p. 505-512.

Reeves, W.K., Jensen, J.B., & Ozier, J.C., 2000, New faunal and fungal
records from caves in Georgia, USA: Journal of Caves and Karst Studies,
v. 62, p. 169-179.

Reyes-Colon, C.M., 1999, Bryoflora of limestone sinkholes in the north-
central karst zone of Puerto Rico [MSc thesis]: Mayagiiez, Puerto Rico,
University of Puerto Rico.

Reyes-Colon, C.M., & Sastre-DJ, 1., 2000, Bryophytes of two sinkholes of the
north-central karst zone of Puerto Rico: Evansia, v. 17, p. 68-76.

Rodriguez-Duréan, A., 1998, Non-random aggregations and distribution of
cave-dwelling bats in Puerto Rico: Journal of Mammalogy, v. 79, p. 141-
146.

Rodriguez-Durén, A., & Lewis, A.R., 1987, Patterns of population size, diet
and activity time for a multispecies assemblage of bats at a cave in Puerto
Rico: Caribbean Journal of Science, v. 23, p. 352-360.

Rosello, J.G., Mari Mutt, J.A., & Betancourt, C., 1986, Listado de esporas de
hongos imperfectos ingeridos por 10 especies de colémbolos colectados
de hierbas en el campus del Recinto Universitario de Mayagiiez:
Caribbean Journal of Science, v. 22, p. 115-121.

Rutherford, J.M., & Huang, L.M., 1994, A study of fungi of remote sediments
in West Virginia caves and a comparison with reported species in the lit-
erature: National Speleological Society Bulletin, v. 56, p. 38-45.

28 « Journal of Cave and Karst Studies, April 2003

Santos-Flores, C.J., 2001, The taxonomy and distribution of the freshwater
micro-crustaceans and “green algae” of Puerto Rico, with a synopsis on
West Indian Limnology and three contributions to American
Cladocerology [PhD dissert.]: Madison, Wisconsin, University of
Wisconsin-Madison.

Santos-Flores, C.J., & Betancourt-Lopez, C., 1997, Aquatic and water-borne
hyphomycetes (Deuteromycotina) in streams of Puerto Rico (including
records from other neotropical locations): Caribbean Journal of Science
Special Publication 2.

Sparrow, Jr., FK., 1960, Aquatic phycomycetes, 2nd ed.: Ann Arbor,
Michigan, The University of Michigan Press.

Stephenson, S.L., & Landolt, J.C., 1996, The vertical distribution of dic-
tyostelids and myxomycetes in the soil/litter microhabitat: Nova
Hedwigia, v. 62, p. 105-117.

Stephenson, S.L., Landolt, J.C., & Moore, D.L., 1999, Protostelids, dic-
tyostelids, and myxomycetes in the litter microhabitat of the Luquillo
Experimental Forest, Puerto Rico: Mycological Research, v. 103, p. 209-
214.

Stevenson, J.A., 1975, Fungi of Puerto Rico and the American Virgin Islands:
Ann Arbor, Michigan, Braun-Brumfield, Inc.

Sullivan, B.GN., 1966, A biologist goes underground to study animal life:
Animal Kingdom [October], p. 130-139.

Sullivan, B.GN., 1967, Ecology of the Rio Camuy Cave area, Puerto Rico:
Bulletin of the National Speleological Society, v. 29, p. 38-39.

Thrailkill, J.V., 1967, Geology of the Rio Camuy Cave area, Puerto Rico:
Bulletin of the National Speleological Society, v. 29, p. 35-37.

Torres-Gonzalez, A., 1983, Hydrologic study of the Rio Camuy Cave System,
Puerto Rico [MSc thesis]: Mayagiiez, Puerto Rico, University of Puerto
Rico.

Troester, J.W., 1988, Geology of the Cueva Ensuefio area, in Gurnee, J. (ed.),
The Ensueno Cave study: New Jersey, National Speleological
Foundation, Inc., p. 18-21.

Troester, J.W., 1994, The geochemistry, hydrogeology, and geomorphology of
the Rio Camuy drainage basin, Puerto Rico, a humid tropical karst [PhD
dissertation]: Pennsylvania, Penn State University.

Troester, J.W., & White, W.B., 1986, Geochemical investigation of three trop-
ical karst drainage basins in Puerto Rico: Ground Water, v. 24, p. 475-482.

Vives, M.A., Estremeda, W., Deliz, J.A., Hernandez, L., Alvarez, A., &
Reverol, J., 1985, Estudio preliminar- Visitas # 1 y 2, Plantas del area de
Cuevas de Camuy. [Unpubl. report]: Quebradillas, Puerto Rico, Club Roy
C. Woodbury, Escuela Superior Quebradillas.

Volz, P.A., & Yao, J.P., 1991, Micro-fungi of the Hendrie River Water Cave,
Mackinac County, Michigan: National Speleological Society Bulletin, v.
53, p. 104-106.



