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HISTORY OF THE SURVEY
By N. L. Britrox

CHAIRMAN OF THE COMMITTEE

In the latter part of the year 1913, subsequent to a discussion in the
Council of the Academy relative to proposed extensions of the Acad-
emy’s ordinary activities, a proposition for a scientific survey of Porto
Rico was approved and referred to a committee consisting of Professors
Boas, Britton, Crampton, Kemp and Poor, at the meeting of the Council
in November of that year, at which meeting the Council appropriated
$500 annually for five years for the purposes of this investigation. Dr.
E. O. Hovey and Dr. R. W. Tower, Recording Secretaries of the Acad-
emy, have acted with the Committee. Professor Charles P. Berkey suc-
ceeded Professor Kemp as a member of the Committee in 1917, M.
Emerson McMillin, at that time President of the Academy, kindly offered
to assist the work, and has contributed $3,000. The Porto Rico Govern-
ment was also interested in the investigation, and has since made two
appropriations of $5,000 for prosecuting the work. The codperation of
The American Museum of Natural History, The New York Botanical
Garden, scientific departments of Columbia University and other institu-
tions was secured, and both field-work and the study of the collections
made has progressed almost continuously. The cooperating institutions
already had some collections from Porto Rico. The two agricultural ex-
periment stations of Porto Rico, one at Mayaguez and one at Rio Piedras,
have also aided the investigation. A number of preliminary papers deal-
ing with special phases of the work have been published. The publica-
tion of the final reports of the survey is herewith commenced and will he
continued in the following sequence: geology, paleontology, botany,
zoblogy and anthropology.

Professor. Crampton proceeded to Porto Rico at the end of 1913 and
carried out a zoslogical reconnaissance, traveling over a large part of the
island, and discussed the plan with officials of the Insular Government.
He subsequently published an account of Porto Rico.!

In January, February and March, 1914, Dr. J. A. Shafer prosecuted
botanical exploration on the island Vieques, one of the small islands

* Am. Mus. Jour., XVI, pp. 59-70.
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politically a part of Porto Rico, and made the first representative col-
lection of plants obtained on that island.?

During February and part of March, 1914, Dr. Britton, accompanied
by Mrs. Britton, Mr. John F. Cowell and Dr. Frank E. Lutz, made bo-
tanical and entomological collections in the northern and western parts
of Porto Rico and in the small islands Desecheo and Mona, which yielded
several thousand specimens and much information. Dr. Britton con-
tributed to the twenty-fifth anniversary celebration of the Missouri
Botanical Garden a paper on The Vegetation of Mona Island.®

In the summer and autumn of 1914, zooslogical collections were made
over considerable portions of the island by Messrs. Roy W. Miner in
marine invertebrates and myriopods, John T. Nichols in fishes, and
Frank E. Watson and H. G. Barber in insects and arachnoids. Many
thousand specimens were obtained and important additions were made
to the knowledge of these groups of animals. The spiders of this col-
lection, taken with those previously obtained by Professor Crampton and
Dr. Lutz, yielded important information, which was utilized by Dr. Lutz
in his List of Greater Antillean Spiders, with Notes on Their Distribu-
tion.* Nichols has published some of the results of his work under the
title Fishes New to Porto Rico.?

The geological investigation was commenced by Dr. Charles P. Berkey
and Dr. Clarence N. Fenner, who spent parts of August and Septem-
ber, 1914, in a reconnaissance and laid a substantial foundation for sub-
sequent studies. Professor Berkey has published an illustrated account
of this reconnaissance under the title Geological Reconnaissance of Porto
Rico.*

In July and August, 1914, Dr. J. A. Shafer devoted about six weeks
to the study of the forests of the Sierra de Naguabo, and added a num-
ber of species of plants to the known flora of Porto Rico.”

Under the auspices of the New York Botanical Garden, Professor N.
Wille, Director of the Botanical Garden at Christiania, Norway, spent
the period from the latter part of December, 1914, until the end of
March, 1915, in collecting and studying the fresh-water and aerial alge
over considerable arcas of the island. He obtained many thousand speci-
mens of these organisms, which proved to be more abundant there than

2 Jour. N. Y. Bot. Gard., XIV, pp. 103-105.

® Ann. Mo. Bot. Gard,, II, pp. 33-58, P’ls. 1, II. (Contributions from N, Y. Bot. Gard.,
No. 175.)

+Ann. N. Y. Acad. Sci.,, XXVI, pp. 7T1-148.

5 Bull. Am. Mus. Nat. Hist.,, XXXIV, pp. 141-146.

¢ Ann. N. Y. Acad. Sci.,, XXVI, pp. 1-70. (Contributions from Dept. of Geology, (o-
lumbia Univ., Vol. XXV, No. 20.)

7 Jour. N. Y. Bot. Gard., XVI, pp. 33-35.
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had hitherto been supposed. This collection has not yet been critically
studied, but Professor Wille is confident that it contains some unde-
scribed genera and numerous undescribed species. Since his return to
Norway, subsequent to the expedition, Professor Wille has been much
occupied with administrative duties, but it is hoped that he wili yet find
time to enumerate and describe the elements of this rich collection, the
first comprehensive one that has been made of these minute alge within
the American tropics. He has published a narrative report of his field-
work.®

The greater portions of the months of February and March, 1915, were
spent by Dr. Britton, Mrs. Britton, Mr. John F. Cowell and Mr. Stew-
ardzon Brown in continuing botanical exploration, especially in western
and southwestern portions of Porto Rico, including a study of the coasts
from Mayaguez south to Morrillos de Cabo Rojo and westward to Ponce
and Cayo Muertos. Large collections were obtained, which added much
to the knowledge of the geographical distribution of the flora, and a
series of rock specimens were collected and turned over to the geologists
of the survey for examination.?

Based on the observations made on this and preceding trips, Dr. Brit-
ton outlined a plan of forest policy for the Porto Rican Government,
which he presented at the spring meeting of the National Academy of
Sciences, held at Washington in April, 1915, and it was transmitted to
the Governor of Porto Rico. The reforestation of Porto Rico is acutely
necessary. A recent report on the forests of Porto Rico by Mr. Louis S.
Murphy, Forest Kxaminer of the United States Forest Service, is of
great value in this connection.!®

Dr. Chester A. Reeds and Mr. Prentice B. Hill devoted the months of
June and July, 1915, to paleontological studies and collections in the
western part of the island, obtaining over 10,000 specimens rich in fossil
corals and fossil mollusks. They detected a stratum containing large
quantities of fossil leaves; this noteworthy discovery, supplemented by
further collections subsequently made by Mr. Bela Hubbard, gives us the
first knowledge of the Tertiary flora of the West Indies. The collections
of fossil plants made by Messrs. Reeds and Hubbard are being studied
by Dr. Arthur Hollick. Dr. Reeds has published three maps. He discov-
ered remains of a new fossil Sirenian, which has been described by Dr.
W. D. Matthew.™

8 Jour. N. Y. Bot. Gard., XVI, pp. 132-146.
® Jour. N. Y. Bot. Gard., XVI, pp. 103-112.
19 Bull. U. 8. Dept. Agric.. 1916, No. 354, p. 99.
' Ann. N, Y. Acad. Sci.,, XXVII, pp. 23-29.



4 SCIENTIFIC SURVEY OF PORTO RICO

Mr. Edwin T. Hodge spent the summer and early autumn of 1915,
first, in an investigation of the supposed petroleum oil shales in the west-
ern part of the island, obtaining samples from 26 different localities, and
later in the year submitted a report upon them, which gave negative re-
sults, Mr. Hodge concluding that oil-carrying shales do not exist in Porto
Rico. Mr. Hodge subsequently made a detailed geological study of the
Coamo region, and his results have been made ready for publication. He
also made a study of the thermal springs of the island, especially those
of Bafios de Coamo.

Mr. D. R. Semmes prosecuted geological investigations of the section
of the north central portion of the island, which, taken with the work
of Mr. Hodge to the south, furnishes data for a complete geological
cross-section from coast to coast. The studies of Mr. Semmes are pub-
lished herewith.

Mycological studies and collections were made from June to August,
1915, by Professor F. L. Stevens, in continuation of similar investiga-
tions prosecuted by him while Dean of the College of Agriculture at
Mayaguez. He visited nearly all parts of the island and collected many
thousand specimens; his trip was under the auspices of the University of
Illinois and of the New York Botanical Garden.’* Professor Stevens
described and illustrated the species of the large genus Meliola as repre-
sented in Porto Rico, under the title The Genus Meliola in Porto Rico,
which includes descriptions of sixty-two new species and varieties.'

Professor Crampton continued zotlogical field-work during January,
1915, especially in the northwestern portion of the island, at which time
he supplemented previous collections by obtaining large numbers of
specimens in the various groups of invertebrates.

In the spring and early summer of 1915, Dr. Frank E. Lutz and Mr.
A. J. Mutchler made extensive entomological collections in various parts
of the island, adding some 15,000 specimens of inscets and large nam-
bers of spiders to collections previously made. Mr. Roy W. Miner and
Mr. H. Mueller spent several weeks in the summer in the study and col-
lection of marine invertebrates, especially in the vicinity of Guanica,
some 8,000 specimens being obtained at that time from this region.
Professor Raymond C. Osburn carried on studies of the organisms of the
deeper waters in the vicinity of Guanica during the summer, obtaining
over 2,000 specimens, principally by dredging.

Professor Franz Boas prosecuted anthropological and archwological
investigations at several points during May and June, 1915. aided by Dr.

12 Jour, N. Y. Bot. Gard., XVII, pp. 82-85.
13 T1linois Biological Monographs II, No. 4, pp. 1-86, Pls. I-V.
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H. K. Haeberlin, Dr. J. Alden Mason and Mr. Robert T. Aitken. Pro-
fessor Boas obtained data which caused him to doubt the general assump-
tion that children reach maturity earlier in tropical regions than in the
temperate zone, and other data which are important as regards the hygi-
ene of childhood in the tropics. His observations on the teeth of Porto
Rican children have been published by Mr. Leslie Spier.'* He obtained
cordial codperation in this investigation from the Department of Public
Kducation of the island. He also concluded from his observations at this
time that the Porto Rican race has been influenced in its development by
environment.

Professor Boas referred the collection of folk-lore data to Dr. J. Alden
Mason, who prosecuted this study from June, 1915, until 1916, and
accumulated an immense collection of folk tales, riddles, ballads and
songs, which was subsequently referred for editing to Professor Aurelio
M. Espinosa, of Leland Stanford University, whose work on this impor-
tant contribution is now approaching completion, and who has reported
to the Committee that the documents are the most important contribu-
tion of its kind made to literature. Professor Espinosa and Dr. Mason
have published Porto Rico Folk Lore—1. Riddles.*®

Dr. Haeberlin made excavations in the Jobo district, including that of
one stone enclosure and a cave, which contained ceremonial objects and
large numbers of bones of an extinct mammal. A large cave in the
vicinity of Utuado, excavated by Messrs. Mason and Aitken, proved to be
the burial ground of an ancient community, and here also large numbers
of bones of an extinct mammal were found.’®* One of these mammals
proved to be new to science, and has been described by Dr. J. A. Allen
under the title An Extinct Octodont from the Island of Porto Rico, West
Indies.?” Dr. Haeberlin has published a paper entitled Some Archewo-
logical Work in Porto Rico.*

An ancient village site at Capd, located by Professor Boas and subse-
quently investigated by Messrs. Mason and Aitken, proved to be the most
important of all archmological localities thus far discovered in Porto
Rico. Efforts were made by the Committee to induce the Porto Rico
Government to purchase and preserve this site as a national monument,
but hitherto without success. A preliminary description of the site has
been given by Dr. Mason.*®

* Am. Anthropologist, XX, pp. 37-48.

15 Jour. Am. Folk-Lore, XXIX, pp. 423-504.

16 XIX Congress of Americanists, pp. 224-228.

17 Ann. N, Y. Acad. Sci.. XXVII, pp. 17-22, Pls. I-V.
3% Am. Anthropologist, XIX, pp. 214-238.

1 XIX Congress of Americanists, pp. 220-223.
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Dr. Marshall A. Howe spent parts of June and July, 1915, in con-.
tinuation of his previous studies of marine algwm, principally along the
southwestern coast from Ponce and Cayo Muertos to Cabo Rojo. During
this trip he obtained about 3,000 specimens, including some species addi-
tional to the known flora of the island.?°

Professor Bruce Fink, of Miami University, proceeded to Porto Rico
in November, 1915, and spent part of the winter there in making exten-
sive collections of fungi and lichens. He has generously contributed
information obtained by him to the Committee.

Dr. Herbert J. Spinden prosecuted archaeological work at several points
during the spring and summer of 1916 and made extensive collections,
the study of which yielded interesting and valuable information. He
excavated certain shell heaps and obtained specimens and information
therefrom, which he regarded as throwing light upon the origin of Porto
Rican aborigines. He also studied the aboriginal petroglyphs or rock-
carvings.

Mr. Bela Hubbard carried out a geological survey of the northwestern
section of the island in the summer of 1916, and his description of this
work is in process of completion for publication. Dr. Charles R. Fettke
studied the southwestern districts of the island in an areal geological
survey, which included a detailed study of the extensive areas of eruptive
rocks. The study of the large collections made by him is progressing.

Mr. A. K. Lobeck studied, during the latter part of 1916 and January,
1917, the physiography of the entire island, and the results of this inves-
tigation are prepared for publication.

During the summer of 1916, a very important study of the parasitic
fungi of Porto Rico was made by Professor H. H. Whetzel, of Cornell
University, and Dr. E. W. Olive, of the Brooklyn Botanic Garden, aided
by a grant from the New York Botanical Garden, and several thousand
specimens of these plants were obtained, which are under investigation
by a number of different experts.

Mr. H. E. Anthony prosecuted studies of recent and fossil mammals
in Porto Rico during the summer of 1916, and made some highly inter-
esting and important discoveries, which have been described by him in
three illustrated papers:

Preliminary Report of Fossil Mammals from Porto Rico.?
Preliminary Diagnosis of an Apparently New Family of Insectivores.??

20 Jour. N. Y. Bot. Gard., XVI, pp. 219-225,
2L Ann. N. Y. Acad. Sci.. XXVII, pp. 193-203.
22 Bull. Am, Mus. Nat, Hist,, XXXV, pp. 725-728.
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New Fossil Rodents from Porto Rico, with Additional Notes on Elas-
modonlomys obliquus Anthony and Heteropsomys insulans Anthony.*®

During the progress of the survey, Dr. John A. Stevenson, of the
Insular Experiment Station at Rio Piedras, has made botanical collec-
tions in various parts of the island, which have contributed much to our
knowledge of the flora; he is now preparing a list of the fungi of Porto
Rico. Dr. Basil Hicks Dutcher, T. S. A., stationed at San Juan, has
given valuable aid to nearly all our field parties by adviee, information
and personal assistance.

A number of reports of progress and other presentations of parts of
the work have been made at meetings of the Academy from time to time.
An outline of the proposed survey was presented by members of the Com-
mittee in the form of a symposium at the meeting of April 13, 1914.2¢
Another symposium was given at the meeting of December 14, 1914.2°
At the meeting of the Section of Geology and Mineralogy on November 1,
1915, preliminary reports on field-work were given by Messrs. Semmes,
ITodge and Reeds.?® At the meeting of the Section of Biology Novem-
ber 8, 1915, communications were presented by Messrs. Reeds, J. A. Allen
and Matthew.?” The Committee submitted a report of progress-at the
annual meeting of December 20, 1915.28

At the meeting of the Academy held January 24, 1916, Dr. Boas, Mr.
Aitken and Dr. Haeberlin®® presented communications on ethnology and
archaology, and at the meeting of May 15, 1916, geological communica-
tions were presented by Messrs. Hodge, Semmes, Reeds, Fettke, Hub-
bard,®® Lobeck and Professor Berkey.®!

During several months of 1917, Mr. Graham J. Mitchell prosecuted
an areal geological survey of the southwestern portion of Porto Rico, and
his report of this work is in progress of preparation for publication. Dr.
Charles R. Fettke has recently published, with the approval of the Com-
mittee, a paper entitled The Limonite Deposits of Mayaguez Mesa, Porto
Rico.32

The final geological reports are being written, for the most part, by the

2 Bull. Am. Mus. Nat. Hist.,, XXXVII, pp. 183-189.

24 Ann, N. Y. Acad. Sci.,, XXIV, pp. 369.

5 Ann. N. Y. Acad. Sci., XXIV, pp. 398, 399.
26 Ann. N, Y. Acad. Sci.,, XXVI, pp. 433-436.

27 Ann. N. Y. Acad. Sci., XXVI, pp. 436-439.
2¢ Ann, N. Y. Acad. Sci.,, XXVI, pp. 456-462.

2 Ann. N. Y. Acad. Sci., XXVII, pp. 250, 251.
30 Bull. Am. Inst. Mining Engineers, No. 135.
3 Ann. N. Y. Acad. Sci., XXVII, pp. 277-282.
22 Bull. Am. Inst. Mining Engineers, No. 135, pp. 661-676.
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several geologists who have participated in the field-work, and, as already
stated, considerable portions of them are ready for publication. Dr.
T. W. Vaughan, of the United States Geological Survey, has kindly con-
sented to study the collections and prepare the descriptions of the fossil
corals, and those obtained up to the present time have already been sent
to him.

The final botanical reports are being prepared by the following investi-
gators:

Flowering Planis—Dr. N. L. Britton and Mr. Percy Wilson, the
grasses by Professor A. S. Hitcheock.

Ferns and Fern Allies—DPreliminary work by Miss Margaret Slosson.

Mosses—Mrs. N. L. Britton and Mr. R. S. Williams.

Hepatics—Professor A. W. Evans.

Lichens.—Professor Lincoln W. Riddle.

Fungi—Dr. W. A. Murrill, Dr. F. J. Seaver, Professor J. C. Arthur,
Professor F. Li. Stevens, Professor H. H. Whetzel, Dr. E. W. Olive, Dr.
John A. Stevenson.

Alge (marine).—Dr. Marshall A. Howe.

Alge (fresh-water and aerial) —Professor N. Wille.

No arrangement has yet been made for the study of Porto Rican
diatoms. :

The zoclogical collections are being studied and final reports prepared
as follows:

Mammals—Mr. H. E. Anthony.*?
Birds—Mr. Alex. Wetmore has published an exhaustive report on the
birds which may be taken as a basis for our document.?*

Reptiles—Preliminary work by Miss M. C. Dickerson.
Amphibians.—Preliminary work by Miss M. C. Dickerson.
Fishes—Mr. J. T. Nichols and Professor C. F. Silvester.
Insects:

Orthoptera.—Mr. J. A. G. Rehn and Mr. Morgan Hebbard.

Coleoptera.—Mr. C. W. Leng and Mr. A. J. Mutchler.

Hemiptera.—Mr. H. G. Barber.

Lepidoptera.—Mr. F. E. Watson.

Hymenoptera.—Mr. J. Bequaert and Dr. F. E. Lutz.
Myriopods—Mr. Roy W. Miner.

33 Mem. Am. Mus. Nat. Hist.,, N. 8, II, Part 2.
3¢ Bull. U. 8. Dept. Agric, 1916, No. 326, p. 140.
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Mollusks—Preliminary work by Dr. L. P. Gratacap.
Ascidians.—Dr. Willard Van Name.

Crustaceans—Mr. Roy W. Miner and Dr. Willard Van Name.
Anneltdes—DProfessor A. E. Treadwell.
Echinoderms.—Preliminary work by Mr. D. M. Fisk.
Bryozoans—Dr. R. C. Osburn.

Coelenterates—Mr. Roy W. Miner.

Representative collections of Porto Rican protozoans have not yet been
made.

The anthropological and archaological documents are being written
by the several investigators who have conducted the field-work. Pre-
liminary papers, in addition to those already noted in this report, are
being prepared by Professor Boas on anthropometrical observations in
Porto Rico, by Dr. Mason on the archaological investigation of the very
important site at Capd, by Dr. Aitken on the cave sites near Utuado, and
hy Dr. Mason and Professor Espinosa on Porto Rican folk tales.

As to the general progress of the survey, it may be stated that over
two-thirds of the necessary geological field-work has been completed.
Except for an investigation of the diatoms, which has not yet been ar-
ranged for, no additional hotanical field-work is really essential, although
the final reports would be more complete if additional collections were
made, but this is of course true all over the world. Considerable addi-
tional zoGlogical field-work and additional collections in several of the
groups of animals are highly desirable, and, as before remarked, the pro-
tozoa have not been collected. Anthropology and archaeology still offer
widely attractive fields for further examination. No oceanographic work
has as yet been possible. .

In cooperation with the Insular Government, portions of the collec-
tions made have been returned to Porto Rico to form the basis of a Nat-
ural History Museum, and other portions will be forwarded to Porto Rico
as the study proceeds. The remainder is to be divided among the covper-
ating institutions and investigators.

The islands St. Thomas, St. Jan and St. Croix, recently purchased by
the United States from Denmark, lie close to Porto Rico, to the east and
southeast. It is highly desirable, before our survey is brought to a close,
that these should be studied geologically, zoblogically and archeeologically.
Their botany is fairly well known. I have recently contributed a cata-
logue of their known flora to the Brooklyn Botanic Garden, and this has
been published in the volume of papers presented on the occasion of the
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opening of the new laboratories of that institution.®® The survey will
thus be made to include all the Caribbean insular possessions of the
United States as they stand at present, and be entitled A Scientific Sur-
vey of Porto Rico and the Virgin Islands.

The Chairman of the Committee gratefully acknowledges aid from the
other members in the preparation of this historical sketch of the survey.

3 Mem. Brooklyn Bot. Gard., I, pp. 19-118. (Contributions from N. Y. Bot. Gard.,
No. 203.)
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INTRODUCTORY STATEMENT

The Island of Porto Rico lies between latitude 170° 54" and 18° 30
north and longitude 65° 18’ and 67° 15" west. It is the most eastern and
southern of the Greater Antilles. Thus it lies within the trade-wind belt,
which is an important factor in the local variations of its tropical climate.

In the Atlantic immediately north of Porto Rico lies Brownson Deep,
which reaches the profound depth of 24,000 feet, and in the Caribbean
farther to the south lies Tanner Deep, reaching 15,000 feet. Although
its loftiest mountains do not exceed 4000 feet elevation above the sea
level, the whole island appears to be just a portion or segment of a great
mountainous mass or chain that rises from a submerged platform above
which its true relief might well be measured. A relief difference of
28,000 feet such as is given from the bottom of Brownson Deep to the

(11)
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top of El Yunque is not exceeded in many places the world over within
such moderate distances, but it must not be assumed that this is the
elevation above the submarine platform.

Porto Rico may thus be regarded to some advantage in the present
consideration as a badly eroded uppermost portion of a great mountain
mass which probably at one time formed a part of a chain with general
east-west trend, most of which is now submerged. Certain very elevated
segments of this chain still stand above sea level and form the islands of
the Greater Antilles. Whether or not the structural relations of these
exposed segments are of fault-block type and what relation such an island
as Porto Rico may have to a former continental mass extending toward
and possibly connecting North and South America, however interesting
or suggestive they may be, are questions that might be better discussed in
the summary at the conclusion of this survey rather than in this pre-
liminary statement. Such questions are involved in the final solution of
the geologic history of the island, on which a whole projected series of
district and special studies have a bearing.

Porto Rico is very mountainous. A central cordillera extends nearly
east and west, starting abruptly at the sea near Rincon on the west coast
and continuing to El Yunque, the great mountain summit which forms
the central feature of the eastern end of the island. Tt is not by any
means as simple, however, as this statement would suggest, for there are
branches of the main range both east and west, but especially to the east,
where the Sierra de Luquillo, culminating in E1 Yunque, and the Sierra
de Cayay, 10 miles farther south, form very distinct features. At either
end of the island the chief mountain relief is centrally located, but
throughout the whole of the middle portion and for two-thirds of the
total length of the island, including the Sierra de Cayay, and thence
westward for 60 miles, the chief mountain range lies only about 10 miles
from the south coast. Almost two-thirds of the total area, therefore,
belongs to the northerly slopes of the chief mountain range.

Although the topography on the whole is very rugged and the island
has a decidedly mountainous aspect, there is almost everywhere a very
moderate relief along the coast and at many places the coastal lands are
almost flat. These very flat areas lie always at the mouths of rivers and
undoubtedly have been made in large part by deposition of the silts of
the streams. Such alluvial tracts are called playas in Porto Rico.

All relief forms except these playas are of erosional origin. Exceed-
ingly steep slopes are the rule, suggesting early maturity in physiographic
history. This phase of the geologic history of Porto Rico has been made
the subject of a special study by Mr. Armin K. Lobeck and will soon be
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published in this series. One of the most surprising things is the way the
soils cling to these steep hillsides, and it is possible to repeatedly see slopes
under cultivation that measure from 30 to 40 degrees.

Numerous small islands lie along the coast. Two of comparatively
large size, Vieques and Culebra, which are respectively 20 and 7 miles in
length, mark the continuation of the Porto Rican land mass toward the
east. All are included as a p:art of the studies of Porto Rico.

Streams are numerous and surprisingly large. Mr. H. M. Wilson
(1899, 1900) has published an excellent account of the hydrology of the
island, and to this reference should be made for details of this nature.
He credits this small island with 39 large and 1300 small streams.

Rainfall is very unevenly distributed. At the east end, near El Yunque,
there is an annual rainfall of 123 inches. On the other hand, at Cabo
Rojo, at the extreme southwest corner, there is seldom any rain at all.
Because of the high mountain ranges, there is an abundance of rain on
the windward side, which includes the east end and most of the north
side of the island, and since the principal range stands far south of the
middle, the larger portion of the island is fairly well watered. A com-
paratively narrow strip along the south side, especially to the west from
Guayama, and again a strip at the northwest corner, are comparatively
arid. Extensive irrigation works have heen constructed along the south
side.

In most districts the bed rock is compact enough to discourage under-
ground circulation and the run-off is correspondingly responsive to rain-
fall. But in the northwest corner of the island, on a broad limestone belt
reaching from Aguadilla to Camuy, and less prominently even farther
castward, there are many caves and sinks, and a most remarkable minor
topography," where underground water circulation is locally of much
importance. In some cases large streams rising on other ground farther
inland are completely lost here for long distances, following subterrancan
channels in these limestones.

There are no inland lakes and but few coastal lakes. All of these
appear to be related either to playa development or to comparatively
recent elevation and subsidence. One near Guanica still retains internal
evidences of its former marine relations.

The climate is strictly tropical, but it is so tempered by reason of the
trade-wind breezes and by the mountainous aspect and elevation of much
of the country that it is usually very agrecable indeed. The entire lack
of great changes of temperature and the prevailingly moist conditions

1 For discussion of this feature in much more detail. see the following article by
Douglas R. Semmes on The Geology of the San Juan District, Porto Rico.
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over most of the island have a direct influence on the character of rock
decay and disintegration and also on the quality of the soil.

The average daily temperature is 80 degrees, and it rarely rises above
90 or drops below 70, while the maximum is said to be 99 degrees.

In area Porto Rico covers 3,670 square miles, and is therefore about
three-fourths the size of the State of Connpecticut. It is roughly rectan-
gular in outline, with the longer axis cast and west, and in actual dimen-
sions is approximately 35 miles in average width and 105 miles long.

It is the fourth in size of the West India Islands. Porto Rico is very
productive and is said to be the most densely populated éountry in the
world.

GEOLOGICAL RECONNAISSANCE

The Island of Porto Rico has never had a systematic survey, and com-
paratively few articles have been written on its geology. A few papers,
however, have deseribed certain special features and genecral physical con-
ditions in a very instructive way. The writings of R. T. Hill (1898,
1899), especially, contain a comprehensive outline of the geologic history
of the Island of Porto Rico, and those of H. M. Wilson (1899, 1900) and
W. Dinwiddie (1899) give as good general description of its physical
features as is anywhere to be found.

In the summer of 1914 the writer, in company with Dr. Clarence N.
Fenner of the Geophysical Laboratory, Washington, made a geological
reconnaissance of the island, with the object of determining the chief
lines of its geologic history and outlining the major problems to receive
further study. This reconnaissance was undertaken as a part of the
Natural History Survey planned by the New York Academy of Sciences
and was intended to lay the foundations of a complete geological survey
which it was expected would become the work of several subsequent
expeditions and might extend over 4 or 5 years. Observations made at
that time, together with additional studies of material secured on this
first expedition, served as the basis of a report entitled Geological Recon-
naissance of Porto Rico (Berkey, 1915), which was published the fol-
lowing yvear, and has been the guide for several special expeditions and
district studies since that time. This paper still constitutes the fullest
statement of the structure and origin and geological history of the whole
island ; but it has now been supplemented by several district studies which
have been made in much greater local detail, and also by a special investi-
gation of the physiography of the island; all of which, with yet others to
be made, form a part of the plan for this Survey.? Seven such districts

2 A detailed list of these topics and studies is given at the end of this article.
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and areal studies and four gencral investigations were originally planned.
Five of the district or arcal studies have been made and one general
investigation has been completed.

MAJOR GEOLOGIC FEATURES

Determination of the principal rock types and larger structural units,
together with their relations and the principal problems deserving fur-
ther investigation, may be considered the chief work of a general geologic
reconnaissance.  To this task the cnergies of the first expedition was
directed with sufficient success, as it now appears with respect to its
major lines, to stand the test of the more detailed subsequent work. A
briel outline of the more important geologic features characterizing the
whole island follows.

W0CK ForMmaTioNs

There is an exceedingly large number of formational rock units in this
field and a very great number also of rock types or varieties, and the
confusion as a consequence is so great, at first sight, that it all appears a
hopeless muddle. This is especially true of the interior of the lsland
rather than the coastal marging. In the higher interior regions igncous
rocks and clastics derived more or less directly from igneous action such
as tuffs and ashes prevail, although formations of simpler sedimentary
(water laid) habit are very abundant and sedimentation structures are
at least as prominent as arc the massive structures of the true igneous
rocks.

Along the coastal margin, on the other hand, especially along the north
coast west of San Juan and along the south coast west of Juana Diaz, the
rock formations are much simpler in aspect. Soon one comes to realize,
therefore, that two distinet formational series are represented and, judg-
ing from the very marked differences in habit, one would expeet them to
he separated by a more or less profound break or unconformity.

To this extent at least the first suggestion in an attempt to organize
the complex structure of the island is correct. There are undoubtedly
two very distinet formational series which, on more extended inspection,
prove to be readily distinguished and separated. The one referred to as
characterizing the interior is much the more complex in make-up and
structure and most of its members have been extensively deformed and
modified since their deposition. The simpler series is made up of a suc-
cession of sedimentary and organic accumulations, including shales,
marls, chalks and limestones, little disturbed. As should be expected,
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there is a very distinet unconformity between these two major series
represented by an erosion plane which bevels the upturned members of
the older complex and seems to have all of the earmarks of a peneplain.
The complexity of the older of these two series suggests again the possi-
bility of a subdivision of it, but all studies so far have failed to show a
major line of separation. The formational groupings are therefore in
approximately the order suggested in their original reconnaissance, essen-
tially as follows:
THE YOUNGER SERIES

This includes shale and limestone beds, reef limestones and occasional
sandstone and pebble accumulations. These are readily recognized as
belonging to the Tertiary period, but the greater detail of age relation is
a matter necessarily left for the more elaborate studies of those districts
where these formations are prominent or to the results of general strati-
graphic and paleontologic study.

The Younger Series as used in these studies includes at least two very
readily differentiated but very unevenly developed members which were
referred to in the reconnaissance under names taken from their most
typical occurrence.

(@) The San Juan Formation is the most recent consolidated repre-
sentative in the island. 1t is confined to the immediate coast margins,
especially the north coast, and the adjacent small islands, the most strik-
ing occurrence forming the promontory on which the city of San Juan
is built.

(b) The Arecibo Formation is a thick series of limestones, marls and
shales. This is & much more extensive and geologically important mem-
ber than the San Juan. Subdivision is doubtless possible with further
study, and it has been convenient from the very first to distinguish cer-
tain particular facies or the beds of particular localities by special locality
names ; but these do not necessarily represent subdivisions of wide appli-
cability. They have been, however, of distinct usefulness in all studies
thus far made. The most commonly used are the following:

1. The Arectbo limestone
upper limestone member on the north side of the island.
2. The San Sebastian shales
lower, shale member on the north side of the island.
3. The Juana Diaz marls
south side shales and marls near Juana Diaz.
4. The Ponce Chalk beds
very white chalks near Ponce on south side of the island.
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The greater part of all these beds are satisfactorily determined to be of
Oligocene age, but the latest studies indicate the presence of representa-
tives of both Hocene and Miocene age as well.

TIHIIE OLDER SERIES

This includes a complex association of tuffs, ashes, shale, conglomerate,
limestones and a very great variety of intrusives and occasional lava flows.
These are readily seen to be enough older than the other series to have
suffered much additional modification of petrographic character and
deformation, and it is comparatively simple also to determine that the
members of the series as far as they bear fossil evidence seem to be con-
fined to late Mesozoic age, perhaps wholly to the Cretaceous period.

The Older Series thus far has failed to show even as distinet lines of
subdivision as the Younger. Perhaps there are breaks as great as that
between the San Juan and the Arecibo formatious of the Younger Se-
ries, but the structures are much more obscure, by reason of deformation
and other changes, and are less fully exposed. There is a suggestion of
a possible structural break marked by one belt of limestones found hy
Dr. Semmes in the San Juan district (see San Juan District geologic
map) and perhaps in the La Muda Limestone of the original reconnais-
sance account, but no other supporting evidence is vet at hand, even after
a study of more than half of the island in detail.

The Older Series is apparently a fairly continuous accumulation of no
greater complexity and structural difficulty than should be expected from
a long and almost continuous voleanic history.

Although still regarded as a single series of formations, it has been
found very convenient in this case also to designate certain well marked
units by locality names. No assumption is made as to their extent or the
possibility deserving recognition in attempts at correlation. The Recon-
naissance expedition made free use of such terms to much advantage in ’
the field, and later still others have been used by the investigators of
special districts. As a matter of fact, the great difficulty found in the
heginning in following any single field u