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LETTERS OF TRANSMITTAL.* 

5 

DEPARTMENT OF COMMERCE, 

OFFICE OF THE SECRETARY, 

Washington, February 17, 1915. 

My Dear SENATOR FLETCHER: I transmit herewith a report of Wilfred H. Osgood, 

Edward A. Preble, and George H. Parker, scientific assistants of the Bureau of Fisheries, 

on the fur seals and other life on the Pribilof Islands in 1914, and request that you 

obtain the consent of the Senate to have the report printed as a congressional document. 

When the present Administration took charge it found in full force and vigor the 

existing law providing for a closed season for the seal herd belonging to the United 

States on the Pribilof Islands. This law was approved August 24, 1912, effective imme- 

diately, and will expire by its own limitation August 24, 1917. 

The Department has felt that it had two duties in this important matter. The 

first was to enforce the law in letter and in spirit, and this has been done. ‘The second 

was to ascertain from unprejudiced and dispassionate sources the effects of the law 
and to inform Congress about them as fully as possible. This is now done. 

In view of the sharp controversy that has existed on the subject of the fur-seal 

herd it was deemed necessary that the persons selected by the Bureau of Fisheries as 

scientific assistants to study this problem should be persons who were free from all pre- 

vious connection with the subject, but who were qualified by training and experience to 

determine and present the facts. It was required also that they should be severally 

qualified to carry on as separate individuals the particular lines of scientific study 

necessary to a full understanding of the problem. 

Under these circumstances the president of the National Academy of Sciences, the 

Secretary of the Smithsonian Institution, and the Secretary of Agriculture were requested 

to make nominations of persons who might be temporarily employed for the purpose. 

The National Academy of Sciences nominated Prof. George H. Parker, of Harvard 

University, Cambridge, Mass.; the Secretary of the Smithsonian Institution nominated 

Mr. Wilfred H. Osgood, of the Field Museum of Natural History, Chicago, Ill.; and the 

Secretary of Agriculture nominated Mr. Edward A. Preble, of the Bureau of Biological 

Survey, Department of Agriculture. The three persons named were selected by the 

Department of Commerce and employed by the Bureau of Fisheries as temporary 

scientific assistants, and were instructed to proceed to the Pribilof Islands, there to 

ascertain the facts and to submit them to the Department for transmission to Congress. 

Full details are found in the attached report. 
As Great Britain, through the Dominion of Canada, and Japan are financially inter- 

ested in the American seal herd under the terms of the treaty abolishing pelagic sealing, 
these countries also of their own motion arranged to send representatives to the Pribilof 

Islands in 1914, and two experts from Canada and one from Japan visited the islands 

while our own inquiry was progressing. The facts concerning this matter appear in 
full in the report. 

@ This report was originally printed as Senate Document No. 980, 63d Congress, 3d session. 

It 



12 LETTER OF SUBMITTAL, 

The report is accompanied by three large traced maps of the Pribilof Islands, of 

which blue prints have been taken for the records of the Department, and by 21 smaller 

maps illustrating the report in detail. 

The purpose of the Department has been to provide Congress with an unbiased 
statement of the actual facts to assist it in the preparation of such further legislation, 

if any, as it may deem wise to enact. It is my earnest hope that this has been accom- 

plished. 
Yours, very truly, 

Wi.iiam C. REDFIELD, Secretary. 
Hon. DuNCAN U. FLETCHER, 

Chairman Committee on Printing, 

U. S. Senate, Washington, D. C. 

DEPARTMENT OF COMMERCE, 

BuREAU OF FISHERIES, 

Washington, January 25, 1915. 

Sir: There is transmitted herewith, for the information of the department, a report 

entitled ‘‘The Fur Seals and Other Life of the Pribilof Islands in 1914,” by Wilfred H. 
Osgood, Edward A. Preble, and George H. Parker, special assistants whom the depart- 

ment engaged to visit the Pribilof Islands and investigate the conditions thereon during 
the sealing season of 1914. The report is accompanied by a limited number of photo- 

graphs illustrating important phases of the subject and a series of maps showing the 

location and extent of the seal rookeries. 

In view of the comprehensive scope of the report, the purpose of the investigation 

on which it is based, and the large economic interests involved I beg leave to recommend 

that the report be submitted to Congress with a view to its publication and distribution, 

Respectfully, 
H. M. Smiru, Commissioner. 

The SECRETARY OF COMMERCE. 

ee 

LETTER OF SUBMITTAL. 

&* 

DEPARTMENT OF COMMERCE, 

BUREAU OF FISHERIES, 
Washington, January 23, 1915. 

Sir: We have the honor to submit a report entitled ““The Fur Seals and Other 
Life of the Pribilof Islands in 1914,’’ being the result of investigations carried out in 

response to instructions received from the Secretary of Commerce under date of May 

26, 1914. 

Very respectfully, 
WILFRED H. Oscoop. . 

Epwarp A. PREBLE. 

GrorGE H. PARKER. 
Dr. Hucu M. Sirsa, 

Commissioner of Fisheries. 



THE FUR SEALS AND OTHER LIFE OF THE PRIBILOF ISLANDS, 
ALASKA, IN 1914. 

ad 

By WILFRED H. OSGOOD, EDWARD A. PREBLE, and GEORGE H. PARKER. 

rd 

INTRODUCTION. 

PERSONNEL AND INSTRUCTIONS. 

In the spring of 1914, at the instance of the Secretary of Commerce, steps were 

taken to send three investigators to the Pribilof Islands to examine and report on the 

condition of the fur-seal herd. To this end the president of the National Academy of 
Sciences, the Secretary of the Smithsonian Institution, and the Secretary of the Depart- 

ment of Agriculture were requested to make nominations. The only restriction im- 
posed was that the nominees should have had no previous connection with the fur-seal 
question, in order that they might approach the subject uninfluenced by the controver- 

sies which have for some time beset the subject. The nominations were as follows: 
George H. Parker, of Harvard University, Cambridge, Mass., by the National Academy 

of Sciences; Wilfred H. Osgood, of the Field Museum of Natural History, Chicago, IIL, 

by the Secretary of: the Smithsonian Institution; and Edward A. Preble, of the Bureau 
of Biological Survey, Department of Agriculture, by the Secretary of Agriculture. All 

having accepted, a conference was held in Washington on April 20, and tentative plans 

were formulated. In due time the nominees were appointed as temporary special assist- 

ants of the Bureau of Fisheries, and detailed individual letters of instructions were 

issued to them. The nature of these instructions is indicated by the following letter 
which was addressed to G. H. Parker, and which is essentially like those sent to the 

others: 
. DEPARTMENT OF COMMERCE, 

OFFICE OF THE SECRETARY, 
Washington, May 26, ror4. 

Dear Sir: You have been engaged as a temporary special assistant of the Department of Com- 

merce, Bureau of Fisheries, beginning June 1, 1914, and you are assigned to an investigation of the 

Alaskan fur seals and various questions connected therewith, in cooperation with Mr. Wilfred H. Osgood 
and Mr. Edward A. Preble, in accordance with the instructions which are contained herein or which 
may hereafter be issued. 

You will arrange to sail for the Pribilof Islands from Seattle on or about June 8, on the revenue 
cutter McCulloch, which is under orders from the Treasury Department to carry your party to the seal 

islands. Your return trip from the seal islands to a point where a regular passenger steamer is available 

will likewise be made on a revenue cutter which will be detailed for the purpose. 

The time of your sojourn on the islands is left to your discretion. It is hoped, however, that you 
will remain as long as it is possible to obtain information of value bearing on the special object of your 
Visit. 

97867°—vol 34—16——2 : 13 
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You have been selected for this service because, not having previously been identified with or in 
any way concerned with fur seals or the fur-seal controversy, it is expected that your observations and 
conclusions will be uninfluenced by past contentions but will depend wholly on the existing conditions. 

It is desired that you confine yourself to the facts that may be established by your inquiries, and not 

become involved with profitless discussion or controversy over previous conditions. 
The main purpose of your investigation is to ascertain the actual state of the Alaskan seal herd in 

1914, and to make that condition known to the department, with recommendations touching all impor- 

tant administrative matters growing out of the international, economic, and biological relations of the 

seal herd. Incidentally, it will be necessary for you to consider (1) the welfare of the native inhabit- 

ants of the islands and the duty of the Government thereto as related to the conservation and utilization 

of the seal life; and (2) the foxes, reindeer, birds, and other animals of the islands, and their proper 
treatment with reference to the best interests of the Government and the natives. 

Without assuming to restrict your investigations in any way whatever, I will indicate the following 
subjects as among those requiring special attention: 

1. A census of each rookery and hauling ground, so that the numerical strength of each component 

of the herd may be known. Especially valuable will be the actual enumeration of the pups before they 
have taken to the water, because this affords the only accurate knowledge of the number of breeding 

females present. The census requires much time and care, and should be participated in jointly and 

be certified to by the members of your party and the available members of the staff on the islands. 

2. The adequacy of the various components of the herd with regard to the reestablishment of the 

herd, and especially the sufficiency of male life in view of the recent apparent marked increase in the 
number of mature females as a result of the suspension of pelagic sealing. 

3. The strength of the surplus male life in relation to the close-time provisions of existing law and 
to treaty obligations. 

4. The quota of seals of specified ages that should be taken for the food and other purposes of the 
natives, in view of the provisions of law and of the condition of the herd. As soon as practicable after 
your arrival on the islands and after full consideration of the needs of the natives, the department 
desires a telegraphic recommendation to cover the food killings during the height of the season and a 

supplementary recommendation prior to your departure from the islands. 

5. The general and special effects of the suspension of pelagic sealing on the size and condition of 

the herd. 

6. The propriety of the methods of driving, killing, and skinning now pra¢ticed; the presence of 
female seals in the drives; the probability of the killing of immature females regularly or accidentally 
through inability to distinguish them from the bachelors. 

7. Natural mortality among young and old seals on the islands, especially that due to disease. 

8. Evidences of injury to the herd from fighting and trampling among surplus bulls, resulting from 
the operation of existing law. 

It is desired that there be obtained a full photographic record of the rookeries, hauling grounds, etc., 
and that the historical series of rookery views be continued as far as possible. Furthermore, as a part of 
the general publicity plans of the department, there should be taken a typical set of motion-picture 

photographs illustrating the various phases of seal and native life on the islands. 

So far as your other duties will permit, I am particularly desirous that you should give attention to 
the native inhabitants and determine what changes, if any, should be made in the relations of the Gov- 

ernment to their social, educational, sanitary, business, and other interests. 

The regular employees of the bureau on the seal islands will be instructed to accord you every 
facility and assistance in your work, and you will have access to and full use of all the official records 

on the islands and in Washington. 

As soon as practicable after your return, and preferably before December 1, I desire to have a full « 

report embodying the results of your investigations, and recommendations based thereon. 

Very truly, yours, 

(Signed) Wiiuiam C. REDFIELD, 
Secretary. 

Prof. GEORGE H. PARKER, 

Harvard University, Cambridge, Mass. 
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INVESTIGATIONS BY CANADA AND JAPAN. 

Canada and Japan, being interested financially in the American seal herd by the 

terms of the treaty abolishing pelagic sealing, also arranged to send representatives 

to the Pribilof Islands in 1914. A few days before the date assigned the American 

investigators for leaving for the Pribilof Islands, the State Department received from 

the British and Japanese ambassadors the ae. communication, which was referred 
to the Department of Commerce: 

NOTE VERBALE. 

During the past 25 years naturalists of unquestioned ability and integrity have been at great pains 

to acquire a fuller knowledge of the life of the fur seals frequenting the North Pacific Ocean. They 

have devoted much attention to the subject and have made a close personal study thereof on the seal 
islands. Whilst these studies have resulted in a consensusof opinion on many aspects of seal life, it 

appears that there: is still some divergence of view, for instance as to the best course to rehabilitate 
the herd. 

In view of the importance of the matter to Canada and Japan, as well as to the United States, a 

suggestion has been made that the present time calls for the appointment of a committee of experts for 
these three countries to visit the Pribilof Islands during the summer, and after a thorough investi- 
gation into the conditions there prevailing, to submit a joint report and SDE Sh if they can 
agree on such, for the consideration of the United States Government. 

It is desired to know what view the United States Government take of this proposal, and as the 
experts should be on the islands by the month of July, it is hoped that the United States Government 
will be able to give the matter their early consideration. 

MAy 29, 1914. 

To this request the Department of Commerce replied through the Department of 

State, expressing the belief that, on account of the late date, it would be impracticable 
to secure the necessary authority to enter into the formal joint investigation proposed, 

but that arrangements to send three expert assistants to the islands had already been 
made; that the department would welcome the representatives of Canada and Japan 

to the seal islands, and would afford them every possible facility for making their inves- 

tigations, and through its assistants would cooperate with them so far as possible. 
To this end, the agents on the islands and the special assistants were instructed to 

extend to the foreign visitors all possible courtesy and assistance. 

With this understanding, two experts from Canada and one from Japan visited 
the islands during the investigation. The representatives of Canada were Mr. James M. 

Macoun, naturalist of the Geological Survey of Canada, and Mr. B. W. Harmon, of the 

Dominion Department of Marine and Fisheries. The representative of Japan was 

Dr. T. Kitahara, biologist of the Imperial Japanese Fisheries Bureau. The American and 

foreign representatives worked cooperatively during the season, and though nothing 

of a deliberative nature was done jointly, the observation of fact and particularly the 

enumerations of seals, were matters of joint labor by both Americans and foteigners. 

ITINERARY. 

Pursuant to instructions the three assistants assembled at Seattle, Wash., on the 

evening of June 8. Upon the arrival of the Canadian representatives, the combined 

party went on board the revenue cutter McCulloch, Capt. P. H. Uberroth commanding, 

and left for the Pribilof Islands on June 11. St. Paul Island was reached in the late 

afternoon of June 21, and the party was hospitably received by the officials in charge. 
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The investigators remained on St. Paul Island until July 10 when they went to St. George 

Island on the Bureau of Fisheries steamship Albatross, Lieut. L. B. Porterfield com- 

manding. Here they remained until July 15, when they were taken back to St. Paul 

on the revenue cutter Tahoma, Capt. R. O. Crisp commanding. ‘The next day, July 16, 

a trip to Walrus Island was made on the same vessel, and an opportunity for ager 

its extensive bird rookeries was afforded. 

On July 24, Dr. T. Kitahara, the Japanese representative, arrived on St. Paul Island 

on the United States revenue cutter Manning. 

A visit to Otter Island, formerly the site of an extensive hauling ground, was made 

on July 27 on the Tahoma. On August 3 the entire party—Americans, Canadians, and 

Japanese—having finished the count of the seal pups on St. Paul, went to St. George on 

the Tahoma to make a similar count there. This work was finished on the morning of 

August 5, and in the afternoon of that day all returned to St. Paul. 

On August 6, Mr. Parker, Mr. Kitahara, and Mr. Harmon left St. Paul for Seattle 

and their respective homes. Messrs. Macoun, Osgood, and Preble continued to make 

further observations until August 30, when, through the courtesy of Capt. W. E. Reynolds, 

in command of the Bering Sea fleet, they left on the revenue cutter Manning, Capt. 

F. G. Dodge commanding. The party arrived at Seward, Alaska, via Unalaska, on 

September 6, and left Seward on the steamship Alameda on September 9g, arriving 
in Seattle oun September 17. 

IMPARTIAL NATURE OF THE INVESTIGATION. 

In accordance with the desire of the Secretary of Commerce, the observations and 

inquiries of 1914 were conducted, so far as possible, without reference to previous 

opinions. The entire subject was approached without prejudice and with the desire 

only to ascertain the actual conditions. Nothing was taken for granted, and whenever 

it was found necessary to refer to previous conditions all points concerned were subjected 

to scrutiny and verification by actual observation. The same policy has been pursued 

in the preparation of the report, and though conclusions of others have been consulted 

freely they have not been accepted unless confirmed by observations in 1914. In the 

treatment of special subjects, it has sometimes been necessary, for the sake of clearness, 

to repeat in part under one subject matter which may be found in full under another. 

The preparation of the report has been carried out mainly by Mr. Osgood and Mr. 

Preble. Owing to the press of other duties, Mr. Parker has been unable to give con- 

tinuous active assistance, but he has prepared certain sections, revised others, and 

critically examined the entire manuscript. Therefore the complete report, both as to 

detailed statement and general conclusions, is subscribed to by each of the co-authors. 

ACKNOWLEDGMENTS. 

In the course of the investigations material aid was received from many persons, 

to all of whom grateful acknowledgment is made. Special thanks are due the officers 

of the Revenue-Cutter Service, who were ready to aid at all times—the necessity of 
moving back and forth between the two main islands in order to make particular obser- 

vations at certain times rendered this ready cooperation invaluable. The agents and 
other employees of the Bureau of Fisheries on the islands and elsewhere, and the 

operators of the naval radio stations freely rendered service whenever required. Thanks 
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for various courtesies are due also to the representatives of Canada and Japan, with 
whom the most cordial relations were maintained during daily association. 

Finally, it should be stated that certain of the suggestions made in the present 
report have been previously urged, some of them repeatedly. To former observers in 

the field and to many others who in the past have been more or less directly concerned 

with the activities on the islands, acknowledgment is made for such ideas and facts 

found in their printed reports as were confirmed by observations in 1914. To give 

credit in each case is impracticable, but passing acknowledgment is made in various 
instances in the body of the report. 

THE PRIBILOF ISLANDS. 

GENERAL DESCRIPTION. 

The Pribilof Islands are situated in Bering Sea in latitude 57° north and longitude 

170° west, and are of volcanic origin. The nearest land is Unalaska Island, 214 miles to 

the southward; the next nearest is St. Matthew Island, 220 miles to the north. The 

distance from the mainland of Alaska is a little over 300 miles. The group comprises 
five islands, St. Paul and St. George, lying about 40 miles apart, being the principal 

ones. The others are Otter Island, Walrus Island, and Sea Lion Rock, which lie close 

to the shores of St. Paul. 

St. Paul is about 13% miles long and 7% miles wide and has a shore line of about 45 
miles, composed of alternate stretches of sand and broken rock, in some cases backed by 
cliffs, the highest of which attain an elevation of nearly 400 feet. Several cinder cones 

are distributed over the island, the highest being Rush Hill, which is 665 feet above 

mean high tide. Much of the surface is very rough in character but extensive stretches 
of comparatively smooth ground, clothed with lichens and herbaceous plants, occupy 

many of the valleys and low plateaus. There are many fresh water ponds, the largest 

about 2 miles in length, but all are very shallow. 

St. George Island is about 12 miles long and 414 miles wide and has a coast line of 

about 30 miles. It is bordered mainly by abrupt cliffs, the highest of which rise nearly 

a thousand feet sharply from the water. There are several hills in the interior of the 

island, the highest of which is 946 feet above sea level. Various shallow ponds and 

many marshes, from which a few small streams descend to the sea, distinguish St. 
George from its larger companion, which is devoid of running water. 

Otter Island, 6 miles south of St. Paul, is only three-fourths of a mile in length; its 
shore is mostly precipitous, rising in one place to a height of 300 feet. The other islets, 

Walrus Island and Sea Lion Rock, also near St. Paul, are merely ledges of rock scarcely 

elevated above the wash of the sea. 

On the shores of the two larger islands the fur seals have most of their breeding 

rookeries and hauling grounds. The seals when breeding choose rocky beaches or 

bowlder-strewn ledges. The rookeries are usually separated from each other by 
stretches of sand or by abrupt cliffs, or in some cases by sections which have been 

abandoned. The breeding masses usually extend back from the water’s edge but a 
short distance. 

Sea Lion Rock has a breeding rookery, and Otter Island formerly had a hauling 

ground, and once, in 1896, a single harem, but so far as known was not resorted to by 
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seals during 1914. All the islands are the breeding resorts of myriads of sea birds. 
Their great numbers and the protection which they enjoy during the breeding season . 

make them fearless and confiding, and they afford an exhibition of bird life which can 
scarcely be surpassed anywhere in the world. 

VEGETATION. 

The three larger islands are remarkable for the abundance and beauty of their 

floral display. The flowering plants include a great variety of subarctic species, which 

from early June until late August beautify the grassy slopes and plains. There are 

also many ferns and mosses and lichens, and a variety of grasses. No trees whatever 

grow on the islands, and the shrubs are represented only by a few creeping willows and 

dwarfed heath-like plants. The two smaller islands are devoid of vegetation with the 

exception of a few grasses and one or two insignificant herbs. 

CLIMATE. 

The range in temperature is very slight, the thermometer seldom rising above 50° 
F. in summer, and in winter ranging usually between 20°,and 25° and rarely falling 

lower than 12°. There is much precipitation, usually falling in the form of drizzly 

rains or light snows.- Chilly fogs are of almost constant occurrence during summer 

and the winds are at other seasons sometimes very violent. In winter the pack ice 

from the Arctic frequently closes in about the shores. 

CHARACTER AND HABITS OF THE FUR SEAL IN BRIEF. 

GENERAL CHARACTERISTICS. 

The Alaska fur seal (Callorhinus alascanus), although similar in general appear- 

ance, has certain characters by which it is recognized by naturalists as distinct from 

the seals inhabiting the Russian and Japanese islands lying near the coast of Asia. 

It has a range peculiar to itself and is not associated at any season of the year with 

the other species of fur seals. With a few allied species, it is remarkable among large 

animals for its highly gregarious and polygamous nature and its habit of performing a 

long annual migration. It comes to land only in summer for the purpose of breeding 

and rearing its young; the remainder of the year is spent entirely at sea. It is an 

animal of exceedingly strong instincts and relatively small intelligence. The disparity 

in size between the sexes is very great, the adult male being nearly or quite five times 

as heavy as the female. Moreover, the male matures more slowly than the female, 
and thus it results that seals of different ages and sexes are different in appearance 

and to some extent in habit. The names by which the different ages and classes of 
seals have come to be known, therefore, are somewhat peculiar. The breeding males 

are bulls, the females are cows, while the young are pups. The males just approach- 

ing full maturity are called half-bulls, while the younger males are termed bachelors. 

The breeding ground is a rookery, and the place resorted to by the bachelors is a 

hauling ground. 
RANGE. 

Practically all the individuals of the herd during some part of the season from 

May until December make the Pribilof Islands their home. The winter and early 
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Old bull in prime condition awaiting arrival of cows, Kitovi Rookery, June 22, ror4. 
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spring months are spent entirely at sea. The migration route in general is southward 

to the passes of the Aleutian Islands, then eastward and southeastward along the coast 

of Alaska, British Columbia, and the United States to the latitude of southern Cali- 

fornia. ‘The adult males remain farthest north, wintering south of the Aleutian Chain 

and in the Gulf of Alaska. The younger males go somewhat farther and the females 

the farthest of all. Returning from their winter resort, the seals reach the islands in 

general according to their age, the older animals first and the youngest last: wiike 

adult males begin to reach the Pribilof Islands about the 1st of May; the adult females 

and the older bachelors arrive there mainly in June; the 2-year-olds mainly in July; 

and the yearlings in the latter part of August and early September. 

BREEDING HABITS. 

On reaching the islands the old bulls at once take their places on the rookery ground, 

in many cases, perhaps in most, choosing the same spot occupied in former years. They 

remain on the place selected throughout the entire breeding season without eating. Once 

the place is chosen they can scarcely be forced by any means to forsake it, and display 

the most extraordinary courage and persistence in maintaining their position against the 

assaults of their rivals or the efforts of man. During May and June the numbers on 

the rookery increase, each bull on arriving taking such place as he can obtain, some- 

times by dispossessing another, but as a rule by selecting an unoccupied spot. Thus 

the late comers settle about the ends or the rear of the breeding ground. Shortly after 

the 1st of June the females of 3 years and over begin to arrive. Each is pregnant, 

and is impelled by her condition to seek a place to give birth to her pup. The females 

on arrival at once land and join a bull, and within a few days, sometimes a few hours, 

they give birth. Each day other cows arrive, and the harems grow rapidly. The 

arriving cows show a tendency to join the larger groups, and consequently there is an 

uneven growth, some bulls securing large harems early in the season, while others near by, 

apparently equally strong and vigorous, may still have no cows. Early in the season, 

before the arrival of the cows, there is some display of rivalry among the bulls, and 

late arrivals attempting to gain a place near the center of the rookery are frequently 

subject to the joint attack of several bulls already in place. In general, however, the 

stationed bulls spend much of this time in sleeping, and incoming ones gradually fill 

in the unoccupied territory. As the height of the season approaches and cows come 

in heat in large numbers, the bulls become continuously alert and active. Those at 

the rear that have not obtained cows attempt to abduct some from the large harems, 

and some fighting ensues. When bulls are in abundance, a certain number are unable 

to secure harems and are known as idle bulls, though the observer finds them far from 

idle. In 1914 there were comparatively few of this class of bulls. The number of cows 

to a harem varies greatly, frequently being more than 50 and occasionally exceeding 

100, while in many cases it is very small—from 2 or 3 toa dozen. The large harems 

are clearly due more to advantage of position than to fighting prowess of the bulls 

in charge of them. 

A few pups are born as early as June 10, but the majority between June 20 and 

July 20. After the latter date the births decrease, but many occur during the last 10 

days of July and a few during the first week in August. An occasional birth occurs 

as late as August 10 or 15, and one on August 27 is recorded. Each female bears one 
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pup and one only, and of the total number born approximately half are males and half 

females. The weight of the pup at birth is about 12 pounds. Within a few days after 
giving birth the female is impregnated; it therefore follows that the period of gestation 

is a few days short of one year. In the interval she nurses her pup, but otherwise shows 

comparatively little parental solicitude. After impregnation the mother seal, being 

free to go and come, takes the first of a series of journeys to sea for the purpose of feeding, - 

going from 50 to 100 miles or more, and, after gorging on fish, remains in the water 

until digestion has taken place. While their mothers are at sea the pups form small 

“pods”’ by themselves outside the harems. On returning, the cow finds her pup among 

the thousands which now throng the rookeries, and stays with it a short time, the 

pup partaking freely of the abundant store of milk. These journeys to and from the 

feeding grounds are kept up until November, when old and young leave the islands. 

The decline in the number of pups born marks the end of the breeding season. 
The old bulls, grown thin and relatively weak from their long fast and protracted harem 

service, leave the rookeries and after a short rest go to sea to feed and recuperate. Even 

before the bulls leave, during the last week in July, they relax the strict discipline which 

they have maintained earlier in the season and the cows come and go at will, and idle 

bulls and eager young bachelors throng the grounds they dared not enter previously. 

At this time also the 2-year-old virgin females come ashore for their first impregnation. 

After this ‘‘ break-up’’ there is more or less mingling of all classes of seals. The great 
majority of the cows continue to frequent the breeding grounds and the bachelors mostly 

resort to the hauling grounds, but cows often wander among the bachelors and bachelors 

play among the cows. During the first week in August a few pups begin to play in the 

water and to make short excursions from shore. By the latter part of August pups 

may be seen swimming and frolicking along the shores at considerable distances from 

the rookeries. They continue to come ashore to nurse, however, and leave with the 

majority of the cows and bachelors in November. During August and later months 

yearlings are frequently seen playing among the pups. 

HABITS OF BACHELORS. 

The bachelors or younger males remain during the summer mainly by themselves, 

hauling out in large bands in the vicinity of the breeding rookeries on separate areas 

known as hauling grounds. Unlike the breeding males, they make frequent excursions 

to sea to feed and remain fat the entire summer. While on land they pass much of 

the time sleeping and playing with each other, and until late in the season are kept 

from the breeding grounds by the old bulls. It is from these hauling grounds that the 

drives for killing are made. Some of the bachelors remain until December, and an 

occasional few are observed during the winter. 

AGE OF SEALS. 

The male seal is capable of breeding at the age of 5 years or even 4, but does not 

normally breed until 6 or 7. The female is normally impregnated as a 2-year-old and 

gives birth to her first pup at the age of 3 years. Males and females, however, have 

approximately the same length of life, from 12 to 14 years. Fortunately the data 

regarding this important matter are fairly conclusive. Numerous females branded as 
pups not later than 1902 were seen in 1914, showing that many cows live at least 12 
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years. One cow observed in 1914 bore a large T brand consisting of a transverse bar 

across the shoulder and a longitudinal mark leading from it down the back. This brand 

is believed to have been made in 1899, and if this be true the cow still bearing it must 

have been 15 years old in 1914. She was in good condition and bore a healthy pup. 
The age attained by the bulls is attested by scattered records of animals which have 

been recognized from year to year by various peculiarities or special marks. 1t is also 

evidenced by the disappearance within a limited time of the large surplus of bulls pro- 

duced by the lack of regular killing during the modus vivendi. 

SEALING HISTORY IN BRIEF. 

RUSSIAN MANAGEMENT. 

When the Pribilof Islands were discovered by the Russians, in 1786, they were 

uninhabited, but a number of small colonies of natives from the Aleutians were at once 

established. In 1799 the islands passed into the control of the Russian-American Co., 

which remained in charge until the purchase of Alaska by the United States in 1867. 

The records of their early operations are imperfect, but so far as available they indicate 

that some 1,821,639 seals were taken between 1786 and 1834. The catch consisted 

largely of young ones of the year, and both males and females were taken, and by 1835 
the herd had become so reduced that restrictive measures were recognized as necessary. 

From 1835 to 1867, when the killing was more restricted and females were spared, the 

herd gradually increased. During this period at least 608,000 seals were taken. At 

the time of the purchase of Alaska in 1867, the herd contained, according to various 

estimates, from two to five million animals. ' 

AMERICAN OCCUPATION AND THE LEASING SYSTEM. 

In 1868 and 1869 about 242,000 and 87,000 seals, respectively, were taken on the 

Pribilof Islands by various independent parties. On July 1, 1870, a law was enacted 

providing for the leasing of the sealing privilege for a term of 20 years, at an annual 

rental of not less than $50,000 and a tax of $2 on each skin taken. Under the terms of 

this act, a lease was entered into with the Alaska Commercial Co., a corporation including 

some of the American sealers who had operated on the islands in 1868 and 1869. ‘This 

company agreed to pay an annual rental of $55,000 and a tax of $2.62% on each skin 
taken. Certain concessions were made to the natives and the right to make further 

rules and regulations governing the industry was vested in the Secretary of the Treasury. 

Under the lease the company took a quota of about 100,000 seals annually until 1889. 

The total number of skins taken on the islands during the 20-year period was 1,977,377 

and the revenue to the Government was $6,020,152. Upon the expiration of the first 

lease the Secretary of the Treasury advertised for bids for the lease of the sealing 

privilege for a further period of 20 years. Although the Alaska Commercial Co. made 

an effort to secure a renewal of the lease, a more favorable bid was received from another 

corporation, the North American Commercial Co., to whom the contract was awarded 

on March 12, 1890. The new lease provided for a rental of $60,000 per annum, and a 

tax of $9.6214 on each skin taken. More liberal provisions were made for the care of the 

natives, and the number of seals to be killed agnually was placed at the discretion of the 

Secretary of the Treasury. For the first year the number was 60,000. During the 
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20 years of its incumbency the North American Commercial Co. took on the Pribilof 

Islands a total of 342,651 skins. The revenue to the Government was $3,453,844. 

The leasing system was discontinued in 1910. 

THE GROWTH OF PELAGIC SEALING. 

Until 1889 the Alaska Commercial Co. had little difficulty in getting its annual 

quota of 100,000 skins. For some years previously an additional catch was obtained by 

independent operators who killed seals at sea during their migrations and feeding excur- 

sions to and from the islands. ‘These pelagic sealers originally comprised chiefly Cana- 

dians and Americans, but in later years many Japanese engaged in the business. 

Beginning to operate extensively about 1879 they rapidly increased in number and 

in 1889 their recorded catch was 29,858 seals. In addition, as became evident from later 

investigations, they killed many seals which could not be retrieved, and still more 

important, from 60 to 80 per cent of their catch were females whose death involved the 
loss of their unborn pups, or the starvation of newborn ones left on land, or both. 

During the period from 1868 to 1878, inclusive, the recorded pelagic catch totaled 72,134. 

From 1879 to rgrt, inclusive, the total catch was 904,506. The largest recorded catch, 

59,568 skins, occurred in 1891. 

THE PARIS TRIBUNAL AND THE MODUS VIVENDI. 

Recognizing that the brutal and wasteful killing at sea was greatly against the 

interests of the herd, the United States sought to establish jurisdiction in Bering Sea as 

a closed sea and seized a number of Canadian sealing vessels found operating there. 

This led to a controversy with Great Britain, which resulted in a treaty concluded 
February 29, 1892, consigning the whole matter to the deliberation of a tribunal of 

arbitration which met at Paris in the summer of 1893. Pending this treaty and the 

result of the deliberations of the tribunal, an agreement between the United States and 

Great Britain was entered into in June, 1891, by which the latter country prohibited 

British subjects from sealing in the eastern part of Bering Sea, and the United States 

prohibited all killing whatever by its citizens excepting that of 7,500 seals annually 

for the food of the natives of the Pribilofs. Though originally effective for only one 

year, this agreement, now known as the “Modus vivendi,” was renewed in 1892 and 1893. 

Among the results of the work of the Paris tribunal was a set of regulations closing 

to pelagic sealing a zone of 60 miles in radius about the Pribilof Islands, and prohibiting 

it entirely between May 1 and July 1. These regulations went into effect inthe summer 

of 1894, and of course affected only the citizens of the United States and Great Britain. 

They were subject to reexamination at intervals of five years. The experience of a 

single season showed that the result was ineffective, since the catch from pelagic sealing 

increased, and the seal herd continued to decline. The United States, therefore, 

requested Great Britain to consider the revision of the regulations. This request was 

declined, and in 1896 this country accepted the proposal of Great Britain that the two 

countries institute independent scientific investigations of the entire matter at the close 
of the five-year trial period. These investigations were made in 1896 and 1897 and a 

voluminous report on the work of the American investigators was published in 1898. 

In the meantime, on December 29, 1897, Congress had enacted a law forbidding American 

citizens from engaging in pelagic sealing at any time or place. 
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2. Cow nursing pup, Tolstoi Rookery, August 25, 1914. 
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SPECIAL INVESTIGATIONS. 

On the acquisition of Alaska by the United States it became evident that the fur 

seals of the Pribilofs represented a source of revenue concerning which very little was 

known. In the spring of 1872 Henry W. Elliott was sent to the islands by the Secre- 

taries of the Smithsonian Institution and the Treasury. He remained until the spring 
of 1873 and later published a report which has appeared in several forms and which 

still remains the principal source of information regarding the early history of the 

islands and their activities. Mr. Elliott was on the islands also in the summers of 

1874 and 1876. In the summer of 1899, as a special agent of the Treasury Department, 

he again visited the Pribilofs. With him at this time was associated William Palmer, 

a naturalist in the employment of the United States National Museum. 

In the summer of 1891 a joint commission representing Great Britain and the 

United States visited the Pribilof Islands. The members for the United States were 

C. Hart Merriam and Thomas C. Mendenhall, and for Great Britain George S. Baden- 

Powell and George M. Dawson. A brief joint report was submitted by the commission 

in March, 1892, and detailed reports to their respective countries by the representatives 

of the United States and Great Britain were published later. 

The appointment of a second joint commission representing Great Britain and the 
United States to reconsider the result of the work of the Paris tribunal has already been 

referred to. This commission consisted of David Starr Jordan, Jefferson F. Moser, 

Leonhard Stejneger, Frederic A. Lucas, Charles H. Townsend, George A. Clark, and 

Joseph Murray, representing the United States. Those representing Great Britain were 

D’Arcy W. Thompson, Gerald E. H. Barrett-Hamilton, James M. Macoun, and Andrew 

Halkett. Investigations were made by this commission in the summer and autumn of 

1896 and again during the same season in 1897. Several assistants accompanied the 
American commission to do special work under its direction. 

In the spring and summer of 1892 Barton W. Evermann, as a special commis- 

sioner under the State Department, made extensive studies regarding pelagic sealing 
in the North Pacific. In the course of his investigations he visited the Pribilof Islands. 

Frederick W. True, of the United States National Museum, visited the Pribilofs 

for the purpose of studying the fur seals in the summer of 1895. 

Charles H. Townsend made important studies of the fur seals on the Pribilof Islands 

during some nine seasons, in 1885, 1892 to 1896, inclusive, and in 1898 and 1900. 

In the summer of 1906 Edwin W. Sims, of the Department of Commerce and Labor, 

investigated the fur seals of the Pribilofs. 

As a special investigator to perform the naturalist’s duties, Harold Heath spent 

the season of 1910 on the islands and made a census of the herd and certain special 
studies. 

In the summer of 1913 H. W. Elliott and A. F. Gallagher went to the Pribilof Islands 

as special agents of the House Committee on Expenditures in the Department of 
Commerce. 

George A. Clark, secretary to the American commission of 1896 and 1897, visited 
the Pribilofs in 1909, 1912, and 1913 as a special agent of the Bureau of Fisheries and. 
made detailed studies of the seal herd. 
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In addition to the results obtained by special investigators, valuable additions to 

the knowledge of fur seals have been made by certain of the regular employees on the 
islands, among whom Naturalists W. L. Hahn and M. C. Marsh and Agent W. I. Lembkey 

may be specially mentioned. 

SEALING UNDER GOVERNMENT MANAGEMENT. 

During the period of leasing the sealing privilege the work of the Government on 

the Pribilofs was confined mainly to keeping a check on the operations of the lessees 

and in the management of the affairs of the natives. But under a law which provided 

for the abandoning of the leasing system the Government assumed direct charge of all the 

activities on the islands in rgro. 

The law of 1910.—TYoward the close of the term of incumbency of the North Ameri- 

can Commercial Co., it was decided to abandon the system of leasing. The act author- 

izing this was passed on April 21, 1910. It provided that all sealing should be done 

under the authority of the Secretary of Commerce and Labor through agents and offi- 

cers whose employment it authorized; the natives were to be employed and their wants 

provided for; the sealskins were to be sold to the best advantage of the Government; 

the purchase of the plant of the former lessees was authorized; and authority was given 

the department to furnish and maintain on the islands stores of necessary supplies. 

The lease having expired on May 1, 1910, the supplies were purchased and shipped to 

the islands, the plant of the retiring company was purchased for $60,541.48, and seal- 
skins to the number of 12,920 were taken during the first season. These skins yielded 

a net revenue to the Government of $403,964.94. 

During the year 1911 the operations on the islands were conducted in much the 

same way as in 1910. The sealskins taken were 12,002 in number; the net receipts 

therefrom were $385,862.28. 

The treaty suspending pelagic sealing—On December 15, 1911, a treaty became 

effective between the United States, Great Britain, Russia, and Japan, abolishing sealing 

on the high seas for a period of 15 years. By its provisions the United States and 

Russia, as owners or guardians of the seal herds, agreed to pay to Great Britain and 

Japan, for the relinquishment of their interest in pelagic sealing, a percentage, 15 per 

cent to each, of the product of the land sealing to be conducted by each of the two 

nations. In like manner Japan agreed to pay to the United States, Great Britain, and 

Russia, respectively, ro per cent of the land catch from the small but growing herd 

under her jurisdiction. 
The law of 1912.—On August 24, 1912, the Congress of the United States passed a 

law prohibiting all killing of fur seals on the Pribilof Islands for a period of five years 

except the number needed as food for the natives, and providing for a breeding reserve 

of not less than 5,000 3-year-old males annually during the life of the treaty suspending 

pelagic sealing. 
Under the operation of this law, only the skins of seals taken for food have been 

handled. These, including 9 skins carried over from the previous season, numbered 

3,773 in 1912. The net proceeds were $130,640.57. 
In 1913, 2,296 sealskins were taken. With the exception of 400, which were with- 

drawn from immediate sale, these were sold and the net proceeds were about $50,000. 

The sealskins taken in 1914, reported as 2,896 in number, have not been sold. 
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Revenue from fur seals.—During the three years of Government management the 

net revenue from the sale of sealskins has amounted to a total of approximately 

$970,468. As elsewhere stated, $6,020,152 was derived during the period of the first 

lease of the sealing privilege and $3,453,844 during the second lease. Since the acqui- 

sition of Alaska by the United States in 1867, therefore, the direct revenue to the Gov- 

ernment from the fur seal has amounted to approximately $10,444,464. Considerable 

additional revenue has accrued to the Government from the importation of dressed 

skins from foreign countries. 3 

Fox skins taken since the leasing system was discontinued have yielded net reve- 

nues as follows: In 1911, $15,096.58; in 1912, $20,505.17; and in 1913, about $17,000. 
The fox skins taken in the winter of 1913-14, and numbering 280, are still on hand. 

THE CENSUS OF THE HERD IN 1914. 

THE NATURE OF THE CENSUS. 

The natural desire for complete figures has led most investigators in the past to 

attempt a full census of all classes of seals, although it has never been possible to make 

such a census absolutely accurate. The total number of seals living is, of course, a 

general measure of the state of the herd, but certain classes are more important than 

others. It is still impossible to make a full census without some proportion of estimate, 

but the cessation of pelagic sealing has provided opportunity for actual counts of the 

breeding elements of the herd, the old males and females and the young of the year. 

With these elements positively known and killing records complete for several years, 

the nonbreeding seals can be estimated by making use of the number supposed to die 

from natural causes. At present the rate of mortality must be inferred, and herein 

lies the only element of uncertainty in the census. The census of 1914 has the advantage 

of known birth rates for the two preceding years in addition to the absence of killing 

at sea, and to this extent it is open to less objection than the figures obtained for previous 

years. 

The classes of seals actually counted for the census are the breeding or harem bulls 

in active service, the idle bulls found on the breeding ground, and the young pups of the 

season. Actual counts were made also of half bulls and bachelors, but gave only partial 

results of value chiefly as a check upon the estimates. 

The classes estimated are the yearlings and 2-year-olds of both sexes, and the 

bachelors from_3 to 5 years of age. The number of breeding cows was directly inferred 

from the number of pups. 

THE COUNT OF HAREMS. 

Since 1896 counts have been made annually of the actual number of harems or 

breeding families in the herd. The number of bulls having harems gradually increases 

from the time the cows begin to arrive in June until the middle of July, when, at the 

so-called “height of the season,” the number reaches a maximum and thereafter rapidly 

declines. The harem count, therefore, is always made at the height of the season, from 

July 10 to July 20, and the results obtained from year to year are thus fairly comparable. 

Bulls having but one cow at the time the count is made are, of course, included as harem 

bulls, and since the number of such bulls must vary even from hour to hour, this con- 
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stitutes a slight element of unavoidable uncertainty. It is plain also that the more 
idle bulls there are the more single cow harems may be expected. The maximum 

development of the different rookeries is not strictly contemporaneous, and this also 

adds a variable feature to the harem counts. Such irregularities are probably com- 

pensated in the results from year to year, and in any event the total number of harems 

and idle bulls is not affected. : 

The method of counting is simple and reliable. The rookeries are mostly extended 

along the shore in linear formation frequently beneath low cliffs from which the observer 

can look over them with ease. In the present condition of the herd the number of 

bulls in tier formation between the shore and the back of the rookery does not often 

exceed five, and marked rocks and natural prominences are sufficient for all necessary 

subdivision of rookery space into areas for successive counting. A few of the massed 

sections, as the flat under Hutchinson Hill and certain parts of Reef Rookery, offer 

difficulties which will increase as the herd grows and which could be overcome by simple 

devices. In such places repeated counts were made by four individuals until complete 

agreement was reached. The large relative size of the bull makes him conspicuous 

even at a considerable distance, and except when fully recumbent in a heavily massed 

area, he can not possibly be overlooked. 

Preliminary counts.—In order to overcome the lack of previous experience and to 

make general preliminary observations, numerous counts of harems and various classes 

of seals were made before the height of the season. In this way counts were made at 

least once for every rookery on St. Paul Island and some rookeries were counted from 

three to six times. In addition, weekly counts were made of all the rookeries on St. 

George Island in late June and early July by Mr. G. Dallas Hanna. Therefore, when 

the height of the season arrived those engaging in the count were familiar with the 

peculiarities of each rookery and all were agreed as to the method to be employed. 

As early as June 29, the total number of bulls in position on St. Paul Island was 1,060. 

Owing to exigencies of transportation, it was necessary to make the count of 

harems on St. George Island on July 13-14, 1914, a few days earlier than desirable. 

On these dates, 219 harems and 12 idle and young bulls were found as follows: 

Early count of harems, St. George Island. 

Rookery. Harems,. | Idle bulls. 

IN Ort ie tccaw oc ceitcte tak ine eta 85 3 
StarnvarArtel 7 <i. csacserhem weceites 46 7 
Zapadni......... 15 I 
Little East I ° 
ast Reet. oo sesit tiie. eat ach ane 14 I 
pase Clini on crc ieivocic ernie simainrelaledsinalsin oe 58 ° 

otaloe: t:.. sek. aeeeeaeet tens ae 219 12 

Height of season counts.—The height of season counts on St. Paul Island were made 

July 17, 18, and 19. Sea Lion Rock, or Sivutch, was counted July 20. The counts 

were made jointly by Messrs. Osgood, Parker, Preble, and Harmon except that of Sea 
Lion Rock which was counted by Parker and Harmon only. The early count made 
on St. George Island being obviously unsatisfactory, arrangements were made for a 



PLATE IIT. IQT4. ) Ione, Wh, Se lb IN 

*P
16
r 

‘S
z 

J
s
n
s
n
y
 

‘s
pU
es
 

10
}s

]O
],

 
0
 

Su
Id
aa
js
 

s
1
o
j
a
q
o
e
g
 



i 
i 

' 7 
‘v = 

a7 

ope 
‘ le - 4. 

4 

.- i 

: 1 - 

a! 
» if 



FUR SEALS AND OTHER LIFE, PRIBILOF ISLANDS, I914. P47) 

recount July 19-20 by G. Dallas Hanna, school-teacher on St. George Island. Mr. 

Hanna’s figures, therefore, are used in making up the totals, which are as follows: 

Harems and idle bulls at height of season, r9r4. 

Date of Idle 
Rookery. eon Harems, bulls. 

ST. PAUL ISLAND. 

17 58 5 
39 I 

112 9 
15 ° 

193 26 
20 QI 10 
18 8 2 

161 38 
a : 114 24 

Little Zapadni we iGOe. 5. 90 Io 
Zapadni Reef..... Bed islesinialstecia oeeiaierg edOn cnn 3 I 
Polovina.......... : F 19 58 3 
Polovina Clifis.... 22 6 
Kittle Polovinai co.cc. i eee cee nn nn se Sassari 18 ° 
LSE O A te dS eeEs eel ataiatnts ala sce slacoip efsivin’sle Sisisiginia ciple pO cine 43 4 
Wea ad OS obbdogeneer coubdbendhucone cone woe ila nAkl ¢ 291 20 

MPotals' St: PanlIslands. . sosiee cece th cccrenelitne cate ans 1,316 159 

ST. GEORGE ISLAND. 

BN Ee iec care Oe TIC TAR DOT OL MERE Ger crate 
Staraya Artel satis 
Zapasies eee yes 
Little East... 
East Reef.... 
East Cliffs... 

otal. St- George Jaane strc oe 'iacie ced fea emer He Acne 243 13 

Total, St. Paul Island mad aoe 
TotalsSts Georpedslandys «55 sg5. 3 SsdsscGhc| sess aiate 243 13 

Moatal sbothiislands 227.121. 2 «jist e1- ctz <sieweie sss 

Harem charts.—Graphic representation of the size and extent of the fur-seal herd 

has usually consisted in the coloring or shading of the areas occupied and in distinguishing, 

so far as possible, the breeding areas from the hauling grounds. For various reasons, 

this has proved unsatisfactory as an accurate measure of the herd, although for general 

comparisons it has been valuable. All such devices, to be of permanent value, should 

be based upon data which can be stated in exact terms and which utilizes fixed marks 

or natural features that can be identified by future observers. 
Before the investigation of 1914 was begun it was found that unpublished charts 

showing the number and approximate position of the harems on each rookery had been 

made in 1912 and again in 1913 bySpecial Investigator G.A.Clark. These charts showed 

the contours of the topography as surveyed by the United States Coast and Geodetic 

Survey and also indicated the position of the rocks on which conspicuous numbers were 

painted at the time of the survey. These charts were so obviously based upon sound 

method and their comparative value was so evident that their use was continued in 1914. 

Blank copies were carried to the rookeries while the harem counts were being made and 
the position of the harems with reference to the marked rocks was roughly indicated by 

pencil notes. Immediately thereafter duplicate copies were made transcribing the notes 
in uniform style for all the rookeries. The field charts thus made have been the basis 

of the charts published with the present report. ‘The scale is necessarily too small to 
show the exact position of each harem, but the number and approximately the arrange- 

ment of harems between any two numbered rocks is according to the facts. 
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THE COUNT OF IDLE AND YOUNG BULLS. 

The idle and young bulls were counted at the same time as the harem bulls. They 

include only bulls that were on the breeding ground at that time obviously waiting for 

opportunity to obtain harems. ‘During preliminary counting an attempt was made to 

distinguish between those that stood their ground and those commonly called “quitters” 
because they retreat from man. But as the season advanced some of the quitters were 

observed to pass into the category of harem bulls, so when the height of the season 

counts were made all bulls about the back and sides of the rookeries were regarded as 
idle bulls unless plainly less than 6 years of age. Certain others stationed at the water’s 

edge in front of the rookeries were by mutual agreement regarded as idle bulls. Young 

bulls on the hauling grounds were not considered at this time. The result of the count 

of idle bulls is included in the statement of the harem count on a preceding page. 

THE COUNT OF HALF BULLS. 

The half bulls of 5 and 6 years of age are roving much of the time, sometimes being 

about the breeding areas, at other times on the hauling grounds, while at all times a 

considerable proportion are undoubtedly at sea. Their well-developed ‘“‘wig’”’ or mane 

readily distinguishes them from bachelors of 4 years and under, while their smaller size 

prevents confusion with the old bulls. The number on land at any one time can be 
counted with a great degree of accuracy. They were counted on St. Paul Island on 

July 28, the count being made practically simultaneously by different observers stationed 

for the purpose on different rookeries. A few days later a similar count was made on 

St. George Island by G. D. Hanna. The total result showed 748 half bulls for the whole 

herd, and although it may have included a few previously engaged in harem service, 

and of course takes no account of those at sea, it furnishes some measure of the strength 
of this class of seals, which is obviously greater than it has been for a number of years. 

THE COUNT OF BACHELORS. 

Counting bachelors may be compared to counting a swarm of bees, part of which is 

in the hive and the remainder out gathering honey. The full number can not be deter- 

mined with accuracy although various devices are available as the basis of estimates. 

Those on land at a given time may be closely approximated by a process of combined 

counting and estimating. After some experience, results may be obtained in this way 

which, as minimum figures, are wholly reliable. It is often possible to find a herd of 

bachelors practically all of which are lying asleep, so an observer in an elevated position 

with a good field glass can count them with considerable accuracy. Conditions for 

counting in this manner are particularly favorable on St. George Island. A large herd 

of bachelors in which all or many individuals are in motion can only be estimated by 

counting those on a certain space and correlating the number obtained with the total 

space occupied. At times the bachelors on a given hauling ground may be driven back 

a short distance and divided into small pods which are successively counted as they form 
in an irregular line to return tothe sea. ‘Taking all data of this sort into consideration, 

the observer spending an entire season on the islands is in no doubt as to the approxi- 
mate number of bachelors usually found on each hauling ground. Since the bachelors 

move about to a certain extent from one hauling ground to another and even pass 
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back and forth with some frequency between St. Paul and St. George Islands, the whole 

number hauled at a given time can only be determined by simultaneous observations 

on all the hauling grounds. The party on the islands in r914 was large enough for such 

observations and accordingly they were made on St. Paul on July 28. A count on 

St. George Island was made a few days later by G. D. Hanna. The half bulls of 5 and 

6 years were distinguished from the remainder, which consisted of 2, 3, and 4 year olds. 

No yearlings were seen, although it is possible a very small number may have been 

present. The results of the so-called ‘‘ one-day’ count are as follows: 

Bachelors on land at one time. 

Rookery and island. ass Half bulls. 

St. Paul Island, July 28, rorq: 
124 ot 5 Seeiebsanthecce ane acon 220 26 
TO arb OA Seine ee, ane ple SH 175 Ir 
Gorbatch@ ..... Sa ScLiMeigEcont te 500 39 
Reefa@ re I, 500 69 
Sivutch & 500 30 
Tolstoi ¢ 534 38 
Zapadni¢ I, 290 30 
Little Zapad are 251 30 
ZAPAGMEReEL Cont sumcaes aa teesis 3 I 
Penlovinaan «ota teh cemeiriees 2 500 50 
Polovina Cliffs@........-......5- 45 2 
PittlePoloyiria @%, oes seas 45 2 
IDIOM EN. citcnceate susie ase 300 4I 
RV OSLOCHIAN Gafni ntl meebo iaislaiaies 3,150 161 

Total, St. Paul Island.......... 9,013 530 

St. George Island, July 30-Aug. 2, 1914:/ 
TUES poe ee eae tie aeieitlee estes (a 441 64 

Staraya 611 43 
Zapadni ae 252 24 
astat eet t ten ct aude. Lanack «iss 131 44 
CASE CLS ae Memeo ace nace tees 751 43 

Total, St. George Island....--. 2,186 218 ¢ 
Total, St. Paul Island....--.... 9) 013 530 

Total, both islands......... 11,199 748 

@ Counted by B. W. Harmon and A. G. Whitney. 
b Estimated from distant view but supported by better observations at other times. 
¢ Counted by G. H. Parker and T. Kitahara. 
4d Counted by W. H. Osgood, E. A. Preble, and J. M. Macoun. 
€ Counted by W. H. Osgood and E. A. Preble. 
f Counted by G. D. Hanna. 

THE COUNT OF PUPS. 

Importance of the count.—Since 1897, when it was discovered that the number of 

pups greatly exceeds the number of cows on land at any one time, the importance of an 

enumeration of the pups has been apparent. Unlike the other classes of seals, all the 

pups for a time are on land at once, and the only obstacle in the way of exact knowl- 

edge of their number is that of actual enumeration. Until the abolition of pelagic 

sealing, however, a complete count of pups was not attempted, since it involved driving 
the cows into the sea and exposing them to the sealing fleet. In 1912 and 1913, with 

this danger past, complete counts of pups were made. The results of these counts 
were of the utmost importance, for they not only gave a measure of the new generation 

in the herd, but also furnished an accurate index of the number of breeding cows, since 

each cow gives birth annually to one pup. In 1914, therefore, another complete count 

of pups was made. 
97867°—vol 34—16——3 
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The method of counting pups.—At first glance it would seem impossible to count a 

mass of closely packed, squirming fur-seal pups as they are found on the rookeries. A 

little study and experiment, however, soon convinces that it can be done very satis- 

factorily by the method employed in 1912 and 1913. ‘This consists in gradually driv- 

ing the pups off in small groups, or pods, and successively counting these pods until all 

have passed in review. About August 1 practically all the pups have been born, and 

the majority are several weeks old, strong, active little fellows, able to tumble about 

the rocks and to progress on favorable ground in a somewhat jerky lope, which takes 

them along at a rate almost equal to that of a man walking. Although able to swim 

and although they do so voluntarily about a week later, they will not take to the water 
at this time unless very hard pressed. 

At the same time the adults are present on the rookenes in reduced numbers. 

Many of the old bulls have gone, and those that remain, with some notable exceptions, 

have lost their former stubbornness and pugnacity. The cows, no longer held by the 

bulls, flee in a body to the sea, leaving only the pups and a few surly bulls on land. 

The counting squad then advances and by prodding with long poles urges the bulls 
into the water or isolates them from the pups in case they prove too recalcitrant. The 

pups huddle together in large pods or scurry. into holes and crevices in the rocks. Begin- 

ning at one end of the rookery, or at a runway near the middle if two squads are work- 

ing, the counters start a small pod of pups back toward the unoccupied space. The 

first pod moved is generally a small one sometimes started with a little difficulty and 

counted as a whole, if necessary. After this it becomes easy to induce successive pods 

to cross the open space and join those already counted. As soon as one pup, stronger 

or more venturesome than his fellows, starts across others follow in rapid succession, 

and so they go like sheep, one at a time, two abreast, and three abreast, galloping past 

the countérs, who stand at one side, notebook in hand. In case the file widens beyond 

the possibility of accurate counting, assistants stationed on either side and somewhat 

behind the advancing line close in and either cut off the pod completely or bring it to 

proper attenuation by causing the pups in advance to move faster and those behind to 

reduce their speed. Now and then pups start back toward their original positions or 

some of those uncounted move in an undesired direction, but confusion from such moves 

is prevented by native assistants whose duty is to hold the line between the counted 

and the uncounted. As each section of rookery space is cleared, the counters search 
all the crevices and small caverns in the rocks in which pups may be concealed. On 

some rookeries such places are very numerous, and to make sure that none are over- 

looked it is necessary to pull out the pups one by one and drive them back to space 

previously surveyed. This is usually quite laborious and requires much time and 

patience. No less than 84 pups were extracted in this way from a single cavern under 

Polovina Cliffs. That some were overlooked in such places is, of course, not impossible, 

but the work was.so thoroughly done in all cases that the number must be exceedingly 

small. The fur-seal pup at this time is an animal of 15 to 20 pounds in weight and 

about 2 feet in length, including the hind flippers. Therefore, one is not likely to be 

missed, except by accident. 
It is undeniable that counting pups creates a great disturbance of the rookeries. 

It literally moves each rookery a short distance along the shore, causing every seal to 
change position and bringing about a general commotion which to one unacquainted with 
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1. Fur-seal pups on Tolstoi Rookery, August 25, 1914. 

2. Fur-seal pup on Gorbatch Rookery, August 19, 1914. 
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the nature of fur seals might seem calculated to cause harm. That it really has no serious 

result is evident by the ease and rapidity with which normal conditions are resumed. 

The seals, particularly the bulls, have a powerful instinct for location, and their ability 

to recover their relative positions after great disturbance seems little short of miraculous. 

While counting is still going on at one end of a rookery the space just passed over is 

rapidly being repopulated, and within a half hour after the count is finished one finds 

the whole rookery as if nothing had happened, the cows peacefully sleeping or nursing 

their pups and the pups whose mothers are at sea gathered in pods playing or sleeping. 

In the course of the count considerable adroitness is required to avoid crowding the 

pups into large pods, in which the weaker ones are exposed to the possibility of being 

smothered by others which heap themselves over them. Out of the 93,000 pups counted 

in 1914 only 22 came to death in this way. This loss was due partly to overzealous 

assistants and partly to the difficulty of directing assistants in the continual clamor; 

but when it is considered that perhaps not more than one-third of the pups so killed 

would have reached maturity, the actual loss to the herd is seen to be so small that it is 

scarcely worth a second thought. 
As the count must be made before any of the pups have learned to swim, the few 

that are born after this time can not be enumerated. This number is very small, how- 

ever, and only serves to make it more evident that the totals accepted are minimum figures. 

The only further factor of uncertainty is the impossibility of securing an exact total for 

the dead pups, some having been carried away by the foxes and others having disinte- 

grated or been trampled out of sight before the count is made. These are the only reason- 

able objections to stating that the pup count gives exact results, and they only serve to 

strengthen the conviction that the totals accepted can not by any possibility be too 

large. For, considering the welfare of the herd, the results are minimum figures and 

therefore absolutely safe. 
The count of dead pups.—The dead pups are recorded as they are found during the 

process of counting the live ones. They are scattered over the rookeries with consider- 

able regularity, and the percentage found on the different rookeries varies but little. 

They lie in various stages of decomposition, sometimes stretched out on the sand and 

sometimes nearly hidden from view in crevices between the rocks. As successive sec- 

tions of rookery space are cleared in the counting of the live pups one member of the 

counting squad makes it his special duty to pace the ground and record all the dead 

pups, while as the work progresses other members of the party from time to time call 

his attention to dead pups noted in obscure places. After a given breeding area is 

finished the adjacent hauling grounds also are searched for dead pups, and so far as 

possible identifiable remains are noted when strewn about fox dens encountered in going 

to and from the rookeries. It is evident therefore that practically all dead pups are 

enumerated. 

Participants in the count, and results—The count of pups was made from July 29 to: 

August 5. The Canadian and Japanese experts were invited to join with the Americans 
and the services were enlisted also of Mr. A. G. Whitney, school-teacher, on St. Paul 

Island, and of Mr. A. H. Proctor, agent, and Mr. G. Dallas Hanna, school-teacher, on 

St. George Island. The count, therefore, was conducted and subscribed to by the 

following persons: W. H. Osgood, G. H. Parker, E. A. Preble, G. D. Hanna, A. H Proctor, 
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and A. G. Whitney, Americans; J. M. Macoun and B. W. Harmon, Canadians, and T. 

Kitahara, Japanese. The help of Mr. Whitney, who had assisted in the count in 1913, 

was most valuable. The party was divided into two squads, making it possible to do 

the work expeditiously and finish before the pups were ready to take to the water. On 

St. Paul Island, Kitovi, Ardiguen, and the Zapadnis were counted by Parker, Kitahara, 

and Harmon; Lukanin, Tolstoi, Lagoon, and Morjovi by Osgood, Preble, and Whitney, 

assisted by Macoun, except on Lagoon; Gorbatch, Reef, the Polovinas, and Vostochni 

were counted jointly, Parker, Kitahara, and Harmon forming one squad and Osgood, 

Preble, Macoun, and Whitney another. On St. George Island, Zapadni was counted by 

Osgood, Preble, and Hanna; Staraya Artel and North by Parker, Kitahara, Harmon, 

and Proctor, and East rookeries by Parker, Preble, Kitahara, Harmon, and Proctor. It 

is thus seen that no less than three individuals of three different nationalities participated 
in practically every count. All members of the party expressed themselves as convinced 

of the thoroughness of the method and the reliability of the results. The error in count- 
ing is only that limiting any human act, and in this case is almost negligible, and cer- 

tainly on the side of conservatism. 

Following is the result of the count: 

Count of pups, Pribilof Islands, Igr4. 

Date of | Living 
Rookery. count. pups. 

ST. PAUL ISLAND. 

Lagoon. . 
Tolstoi. . 
Zapadni. 

be GY sere WAN rk one mens opioid | seido. <.. | 1,432 
Little Polovanas en dsepash a ciyeacme = Sees fe arn gio 
i Gila? ieratnabe mires eth tera ers Aug. 2 2,268 
Wostactint dh soars dived vem FeO gu 19,210 

Zapadni...... nel Ove ss 1,015 
Little East... eae. ea Aug. 5 25 | 
OAC: RCE rc. oiajce sapieisinie mare oe evermore erage rs Cane 576 | 
Rash Outs a5). Jacpthtrdfas sie. sida 4 ee 6 

Total ot atid. depcera ks ae ee Ee : | 220 | 13, 867 

Totalosti Paul island. © . 25 cic acks see 4] a oeheme an I, 523 79,383 
Total, St. George Island..............].. 4 220 13,867 

Grand total, both islands.......|.......... 91,507 1,743 93,250 

THE ESTIMATES. 

If all the bachelor seals came to land at any one time, it would be possible to count 

them with a fair degree of accuracy by driving and podding as in the case of the pups. 

But, although approximately the same number is found on each hauling ground for 

considerable periods, there is alwaysa large and indeterminate number in the sea, moving 
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from place to place, going far out to feed, passing from one hauling ground to another, 

and crossing between St. Paul and St. George Islands. Moreover, it is highly probable 

that a considerable proportion of the yearlings donot come to land at all. ‘Therefore 
no complete enumeration of nonbreeding seals is possible. 

Since it is from this class of seals that the output of salable skins is derived, a 

knowledge of their numbers is of the highest importance and it is a lack of such knowledge 

that has caused much Joss to the Government in the past. The fortunate condition 

which under proper authorization will make it possible to obtain a large part of this 

knowledge in the future has been discussed in another place (p. 103). For the census of 

1914, however, only estimates are possible, and they can not be regarded as more than 
carefully considered approximations. It is with some reluctance that they are put forth, 

although all conclusions drawn from them are supported by convictions derived from 
actual observation. Every effort has been made to make them conservative and in no 

case are they less so than those of previous investigators. 

The basis of the estimates in most cases has been the birth rate. Fixed percentages 
for assumed natural mortality in successive years plus the number of seals killed have 

been subtracted from the number born, the remainder being the supposed number sur- 

viving. The assumed percentages of natural loss are 50 per cent for the first year, 15 

per cent for the second, ro per cent for the third, and 5 per cent for the fourth. 

So far as the percentages have a definite numerical basis, it is that of the quotas which the 

lessees found it possible to secure during commercial killing. They are the percentages 

which seemed to prevail during pelagic sealing and therefore are ultraconservative when 

applied to present conditions. 

Producing but one young annually and subjected to constant killing for more than 

100 years, the fur seal still maintains itself in numbers which, although reduced, are by 

no meanssmall. It has made ready recuperative response to every partial suspension 

of killing and its present condition as shown by observations in the past season is unmis- 

takably one of rapidincrease. Therefore, it is evident that these percentages give results 

much more likely to be underestimates than otherwise. An underestimate tends to the 

conservation of the herd by fostering limited killing. All that can be said against it is 

that it may involve some money loss to the Government. An overestimate, on the 

other hand, would endanger the herd, and while it might lead to action productive of 
immediate revenue, it would in the end also cause money loss. 

Y earlings.—These are estimated as one-half the pups known to have been born 

in 1913, as determined by the full count made by special investigator G. A. Clark. ‘The 

theory that 50 per cent of each year’s pups are lost during the first season is not as yet 

definitely proved but may be accepted as closely approximating the truth and as fur- 

nishing a basis for fair comparison with former estimates. Whatever may be the truth, 

it is believed that the first year’s mortality is less than 50 per cent rather than more, 

so the estimate may be regarded as a moderate one. ‘This loss, of course, includes the 

pups that die on the islands as well as those lost at sea. The deaths before the migra- 

tion amount, under present conditions, to from 2 to 3 per cent of the pups born. 
The total of pups counted in 1913 was 92,269; therefore the yearlings alive in 1914 

are estimated as 46,135. 

_ Two-year-olds—These were born in 1912 and were included in the full count of 

that year which totaled 81,984. On the basis of 50 per cent first year’s mortality there 
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should have been 40,992 of them as yearlings in 1913. As none of them were killed, 

they should have returned the next year'in numbers undiminished except from natural 

causes. As a matter of fact they appeared in 1914 in large numbers, constituting in 

the latter part of the season at least two-fifths of the bachelors found on the hauling 
grounds. Exact enumeration of them is impossible since all are not present at any one 
time. In 1912, 5,529 of these seals were branded as pups and a considerable number 

of these were found throughout the season of 1914, but this furnishes no criterion of the 

total number of surviving 2-year-olds. The only feasible method of estimating them 

is by subtracting a fixed percentage from the number estimated as yearlings the pre- 

ceding year. This percentage has been rather arbitrarily determined. as 15 per cent, 

but from experience during commercial killing in past years it is evident that the result 

obtained in this way is a conservative one. That is, in former years with the herd 

approximately the same size as now and in spite of the drain of both land and pelagic 
killing, the lessees found it possible to obtain a quota of 2-year-olds as large or larger 

than the number estimated in this way. Deducting 15 per cent from 40,992, the number 

of yearlings estimated for 1913, gives 34,844 as the number of 2-year-olds in 1914, half 

of these being males and half females. 

Three-year-old males.—These were born in 1911, a year for which only very incom- 

plete data are available. No count of pups was made in that year, nor any determination 

of the average harem even for a single rookery. The count of harems was made, how- 

ever, and this combined with knowledge of the conditions in 1910 and 1912 furnish prac- 

tically the only data for estimating the number born inig11. There are two methods of 

making such an estimate, one by deductions drawn from the average harem on a single 

rookery known for 1910 and rg912, the other from the count of pups in 1912 and the 
relative effect of pelagic sealing. 

The average harem method may be considered first. During pelagic sealing or in 

all years previous to 1912, the birth rate for a given year was estimated by counting 

the pups on one or several rookeries only and determining the average number of pups | 

to a harem for these rookeries, after which this average harem was multiplied by the 

total number of harems, the result being the supposed total number of pups, and by 

inference, the number of cows. Applying this method to the years 1912, 1913, and 

1914, for which we have actual counts, it is apparent that the estimates for former 

years must be greatly below the facts. This is shown by the following tabulation: 

Comparison of actual counts of pups with estimates based on an average harem. 

CRE ie acpi e vicinin « nururejaisinisialela walvisisidisiseivis sence ws 1909 1910 I9It 1912 1913 1914 

Total number of harems...............-....5-- 1,387 1,381 1,369 1,358 I, 403 1,559 
Pups counted on BStOVA. oes cece ee nec eenccicns 1,979 Xy OOO wieravinialeieye 1,975 1,855 2,119 
Average harem on Kitovi............0....-.00 36.0 317 a 34.5 37-3 42.2 36.5 
Estimate of pups, entire herd, under average 
harem method 

Actual count of pups 
Percentage of underestimate. 

49,932 43,777 47) 230 50, 653 59,206 56,903 
81,984 92,269 93250 

38.2 35-8 38.9 

@ Mean between figures for 1910 and 1912. 

The inference is thus very strong that the estimates for 1909 and 1910 are less than 

two-thirds of the actual number and that a similar estimate for 1911 would be propor- 

tionately small. Since the total number of harems (actually counted) for 1911 falls 
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between the numbers for 1910 and 1912, we may assume that the average harem does 

the same. This gives 34.5 as the estimated average harem on Kitovi in 1911, and 
multiplying this by 1,369, the total number of harems, gives 47,230 as the estimated 
total of pups. Assuming that this is two-thirds of the actual number gives 70,845, 

total pups in 1911, the best result that can be obtained with the data available. 
Considering now the other method, we find that a very reasonable argument may 

be advanced that, since the herd was in a declining condition, the number of pups born 
in 1911 would not be smaller than the number born in 1912. The treaty abolishing 
pelagic sealing went into effect December 15, 1911. Therefore pelagic sealing was going 
on in 1911 only slightly less than in 1910. There is little doubt that from 10,000 to 
15,000 cows were lost to the herd in 1911 through this means. Since we know that in 
spite of this drain the cows of 1911 produced 81,984 pups in 1912, it is reasonable to 

suppose that the cows of 1910, having been subjected with the whole herd to one season 

less of pelagic sealing, would produce at least as many pups as those of 1911. From 

this reasoning, therefore, the assumed births in 1911 might be stated in round num- 

bers as 82,000. It is evident, however, that pelagic sealing created many abnormal 
conditions in the herd, and in view of the pup count of 1914 showing practically no 
increase over that of 1913, as well as various figures obtained by the Japanese on Robben 

Island, it is unsafe to assume fixed rates of annual increase or decrease. ‘There are too 

many factors involved to make it possible to say with certainty that such an estimate 
is a conservative one. 

Taking both estimates into consideration, the one of 70,845 and the other of 82,000, 
it may be concluded that the number born in 1911 was between 70,000 and 80,000. For 

our purposes, and keeping on the side of conservatism, 75,000 may be taken as a number 

open to no serious objections. Taking off 50 per cent for first year’s mortality and 15 
per cent for the second year, leaves 31,875 2-year-olds in 1913, of which half, or 15,937, 

were males. 

It is necessary next to deduct the number of 2-year-old males killed in 1913. The 

only basis for determining this is the weight of the skins, and, although this is known to 

be unreliable, it furnishes the best approximation of the truth that can be obtained. 
The food killings in 1913 were mostly intended to include only 3-year-olds, but a number 

of skins weighing less than 534 pounds were taken. For purposes of an estimate made 

before a thorough study of the subject of weights and ages, it may be assumed that 

skins weighing under 534 pounds were those of 2-year-olds. Of 2,399 seals killed in the 

calendar year 1913 there are records of weights of the skins of 2,357, of which 515 were, 
on this basis, 2-year-olds. Subtracting this from 15,937 leaves 15,422 as the estimated 

number of 2-year-old males at the close of the year 1913. Although it is probably too 

high, 10 per cent Icss may be assumed for the next year in order to keep the estimate 

on the safe side. This gives us 13,880 as the number of 3-year-old males in 1914. This 
is purely an estimate, but in the light of past experience in the killing of large quotas 
it can not be regarded as excessive. Three-year-olds were seen in large numbers on all 
the hauling grounds and in all the food drives. On August 8 1,572 bachelors were 

driven from Reef hauling ground and 447 were killed. At least 411 of these, or 26 per 

cent of those driven, on the basis of the weight of the skins, were 3-year-olds. This 
result might be applied in various more or less unsatisfactory ways to estimate the 

total number of 3-year-olds, but it is of value principally as proof that seals of this class 
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were present in large numbers. The estimate of 3-year-old males at the beginning of 
1914, therefore, is 13,880. 

Four-year-old males.—The 4-year-olds living in 1914 were born in the summer of roro. 

There was no count of pups in that year but an estimate was made by the average harem 

method discussed under the estimate of 3-year-olds (p. 34). Using this method, the 

average harem on Kitovi, which was 31.7, was multiplied by the total number of harems, 

giving as a result 43,777. The estimated error in the method requires an addition of 

21,888 which gives 65,665 as the probable increase for 1910. Reducing this by 50 per 

cent for the first year’s mortality and 15 per cent for the second leaves 27,907 of both 

sexes Or 13,954 2-year-old males in 1912. Although the killings in 1912 were supposed 

to include a considerable number of 2-year-olds, the records show only 541 yielding skins 

that weighed less than 534 pounds and these, therefore, are all that can safely be assumed 

as 2-year-olds. Deducting these and in addition 10 per cent for natural deaths in the 
third year, reduces the total to 12,072 3-year-olds at the opening of the season of 1913. 

Of these, 1,610 were killed having skins weighing from 534 to 8 pounds, inclusive, and 

therefore 10,462 were left. The natural mortality in the fourth year is believed to be 

very small, perhaps negligible, but it may be granted for the sake of conservatism that 

it is as much as 5 per cent. Therefore the estimated number of 4-year-olds in 1914 is 

10,462 less 523, or 9,939. Although no exact count was possible, the number of 4-year- . 

olds observed on the hauling grounds in the season of 1914 was sufficient to make it 

reasonably certain that this estimate is not beyond the facts. They were seen on all the 

hauling grounds and in some cases constituted fully 25 per cent of the bachelors present 
at a given time. 

Five-year-old males.—Vhe 5-year-olds of 1914 are of the generation of 1909 and were 

subjected to both land and pelagic sealing as 2-year-olds. The best method of estimating 

their present numbers is based on the breeding reserve of 1912. In that year, before 

killing began, 2,005 bachelors supposed to be 3-year-olds were given a temporary brand and 

reserved as breeders, exempt from killing for at least one season. In 1913, they became 

4-year-olds and if we allow 5 per cent for possible deaths during the winter, they then 

numbered 1,905. Since killing in 1913 was restricted largely to 3-year-olds, the re- 

serve of the previous year was subjected to no more than a slight decrease. According 

to the records, 247 skins weighing over 8 pounds and under 12 pounds were taken in 

1913, and at least the majority of these were probably 4-year-olds. This leaves 1,658, 

and since the loss in the fifth year is doubtless too small to be taken into account, it is 

safe to say there were 1,658 5-year-old males living in 1914. About one-third of them 

were to be seen on land at any time during the season of 1914. A count of half bulls 

made practically simultaneously on all the hauling grounds in 1914 showed 748 present, 

and of these it can be said that 5-year-olds constituted 80 per cent or more. It is probable 

also that more than 2,000 escaped in 1912 and 1913, since the killings in those years were 

confined to a few hauling grounds and since the records of weights show that no very 

large number of 2-year-olds was killed on landin 1911. It is evident, therefore, that the 

estimate of 5-year-olds is well within the facts. Next year, there should be from 1,500 

to 2,000 lusty 6-year-olds ready if necessary for harem duty. ' 

Summary of estimates of nonbreeding seals.—The following table shows the number 

of nonbreeding seals estimated to be present in 1914, and the method of making the 

estimate: 
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Estimate of nonbreeding seals, 1914. 
Yearlings: 

Pups bomiun rorziand actually conntediey ws). «cite sete ts de oi taste eines 92, 269 

Deduction for natural mortality in first year, 50 per cent........................+. 46,134 

Meagliios ofjpothicexes mr tat mace atta/eei.0 <>, 21a (o/s nyribiniclnoelacis 4 Hawt oid Fabkswvchatsrcinaens datek 
Two-year-olds: 

Pips i batm invro1) and actuall vicounted ener enc beset. oes seme eee fae 81, 984 

- Deduction for natural mortality in first year, 50 per cent... ........ 0.0... cece eee s 40, 992 

earings Ine TO Lge clos sate, sicic Sate lap amep ea eRe ase aah in ME OES Es Pe 40, 992 

Deduction for natural mortality in second year, 15 per cent...................0. 6, 148 

hwo yeatsolds Of DOU SeXesiT MGA riers su isiate creche ke Materc yates iiejavaiest ys ello ote, cre ais ae etore 
Three-year-old males: 

Pups born in rgrz, on the basis of the estimated average harem on one rookery, 

Retto vase serene arene "Ap Me ea Aol Gr AEM SOC cuhd ook) Cicici8 Cs ca em ice 47; 230 
Addition for:probable,errom inpmethad<jeieieci.n's iso ee eee is oe sieeie awn gine re ao 23, 615 

Estimated number of pups born in 1911, by average harem method.............. 70, 845 
Estimated number of pups born in rg11, by inference from number couated in 1912. 82, 000 

Conservative mean between the results of the two methods...................... 75) 000 
Deduction for first year’s mortality, 50 per cent. ./...... 2.000000 cee ee eee ee ee ee ees 37) 500 

Neen hin gata Mmeneees . 62 da Welon RIND OG? ok IO RO SHOE OCEE CoC eae ne aE eee Tree. 37, 500 

Deduction\for second: year’s mortality, 15 pericent.. oe). chs eee eee ema ene 5,625 

Ewooyent-oldsotpotmi sexes Ii OES. ccliataiste imal celta nie ol-!=ft ste = /aje\csersle\winserein cc/evev> « ainls 31, 875 
Deduction for females, 50 per cent................... PHRRAO Runa oOLeAcDRaEE nD Se 15,938 

Two-year-old males in 1913..........0.....: jie jehentals a (alaralcfeleveletetskavsisierar tetera aire: 15,937 
‘Two-year-old mal esiciledt ini ors e einalcrecicsesilatafalelate saralaistetsterststetal = nta-cteteval sie: 6 es ec6 515 

‘bwo-veat-old: matlesiatclose GudGUsn aa dite atl jses ote itea lela eae cleicist r-tatete rial ays 15, 422 

Dedtction*for mortality, inthird, year) ro per cents cya. < w- ales s=s0'e «tie ope cies > I, 542 

‘Three=year-old smalesiap peg inet e OL COTA.» «ey nycickaeies spegsus) 2\epseeic) = 3) sie) kere) vlepale ave tes )0,orviaseye 

Four-year-old males: 
Estimate of number born in 1910, based on average harem of Kitovi............ 43,777 
Addition toriestumated error in method: 04: Ser. eee. Se he sealed ste se vhs wie 21, 888 

[De ebroeienel faye lew cra Hepteee Ae wea dae mole oanendno Ede ee aah odo lc Agemeoee 65, 665 

Deduction for assumed natural mortality in first year, 50 per cent................ 32, 833 

Wearlinwemmot Hise es, It Tile eiowte as nie isteha tater hese a Saya ste sispstec alt o.omy Reel te Bic 32, 832 
Deduction for natural mortality in second year, 15 per cent.................... 4,925 

IS es Mere Otis 9 lod LUGE eS LIME OMS erniers catay a lds Gente Wosabets Lx eis a) Nast fase Pe ab stats moran Cop xe 3) of 27, 907 

Dednctionttor females co per Cette. gh,... cece s wieie wisp) ey) sich wlege) Sate. /aie a ay0ye cates ela 13,953 

Iwo-year-old males im T912.......5.0.0..cceee ees fi ely NaS Bie OSes A A ERERE ENT oe 13,954 
kelledeastwo-vear-olds; tiga sears cnopaleity, a amy farctedejsortel sf Wole) « aiele/auerpyate'ay lens Sistas. mp eiae 541 

iwo-yeatroldemales iat close Of/1g1a Woolas. mettinte mie ties fe ators atele tvon\ccasoba:a!aB stds atatehs 13, 413 

Deduction for natural mortality in third year, ro per cent....................0.. I, 341 

Three-year-old males in 1913.......- 0... 22s eee eee eee eee eee ees 12, 072 

Aeledurs tarcesyeat-ole sy Ul yr QT 3 iteyia af fel etait ster ster stelete is iopaais)a/a/sale a) «7a inte oer ovaiavmace wl /a¥o I, 610 

sibrecoyent olds AtiClase Ol LOT3 frais sal sfale eel alee nals oie loin oi =, “(ao lala ie ayedekedeyrt=: ake, 10, 462 
Deduction for mortality in fourth year, 5 per cent............... 0.0 sce e eee eens 523 

Homrmycar-olGemiales tx Q uA. <5 cite ce isisislttecradsiete se salts site Scle.e Sieh Fibers, de sie ple Pele siie-a/6 
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46, 135 

34, 844 

13, 880 
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Five-year-old males: 
Resetved gino raj :as -3=yeat-oldstiemc.u ar ainerataetels patie ete tere erate ei aie se ister 2, 005 

Deduction for possible mortality in fifth year, 5 per cent........................ 100 

ouryear-olds: ini rong hs ters -/cleie 2 ast: Sees ee tee, See Pile rie ee Ie eve OS Sets ae I, 905 

Kalled as ifoiryear-olds im) rgy edhe vis sa alate a nhielaicietnen tates eee eine eee 247 

Hive-yeat-oldimales inl roray ms) cecers cei ceee cite cela Create ie eee i Pp: 3 Ree EL eee 1, 658 

Jotaliestimateof nonbreeding seals ne. n iat ace ain esha eee eRe ee nee aicine = 106, 456 

THE COMPLETE CENSUS OF 1914. 

Following is a summary of the results of the counts and estimates. Discussion of 

the methods used in obtaining the figures may be found elsewhere. 

Complete census of fur seals, 1914. 

Pips \(actiial!: cornt) 79 shen abso. We Velie ci a cited Strom atin eee tetetare netataleratetceste | atete ator eect @ 93,250 

Bearing cows (inferred from number of pups, including dead)................ 0 cece eee eee ee 93,250 

Yearlings of both sexes (based on known birth rate in 1913). . 1.21.2... e cece eee eee eee 46, 135 

2-year-olds of both sexes (based on known birth rate in 1912). ..........- eee e eee eee e cece 34, 844 

3-year-old males (based on assumed birth rate in 1911)... .... 0.0.0.0 eee e eee eee eee ees 13, 880 

4-year-old males (based on estimated birth rate in 1910)........... 00. c cece cece ence ene eeeees 9; 939 
Ray eat-o)l demales) (based oniict0 wits teserve Oley 12) erste letatey ater sie fote fete nate ants ata ete j= ayetete he fetetatate etal tate 1, 658 

dle bullis(actualicount)) Seees isco: sing peers Ser cotter sos elects ereiee = elon eee entire 172 
Harem pills! (actualicont) rnc oncvtos suet s coe eek teir reiterates tte sere etter eerste T, 559 

Ho Ot ao ne Br eRe oe rit «Aca bor) Aide Ave PACD PRE SICAL EO a's eats cic 294, 687 
BUS Es COMETS O40) Bick, ANIA BM Hee ao0n sce Abo nado eoOROe Ree aoe ensonswacbnaccus 201, 439 

RESULTS OF THE CENSUS. 

INDEPENDENT RESULTS. 

Whatever past conditions may have been, the census of 1914 shows the fur-seal 

herd to contain upward of 294,000 animals, by no means a small number. The rela- 

tive proportions of the different classes of seals, while not yet wholly ideal, are such as 

to indicate clearly that they can be made so in another year. Furthermore, they are 

such as to forecast a rapid expansion of the herd in the near future. There are not less 

than 93,250 mature breeding cows and by conservative estimate about 17,000 virgin 

cows, or a total stock of approximately 110,000 breeding females. There are 1,559 
harem bulls and 172 idle bulls, and although this may not be as many as desirable it is 

gratifying to note that there are at least 1,600 half bulls of five years of age which may 
have effected some service in the season of 1914 and which will undoubtedly participate 

in the harem life of 1915. With allowance for probable natural deaths, there will be 

on the islands in 1915 not less than 3,000 bulls of 6 years of age and over. A rea- 

sonable calculation of the cows to be served next year would be 99,000 adults and 18,500 

virgin 2-year-olds, a total of 118,500. The 3,000 bulls, therefore, if evenly distributed, 

would have 39 to 40 cows each, a number which is certainly not greater than their 

capacity. Thus all apprehension as to insufficiency of male life will cease in 1915. 

@ This includes 1,743 pups already dead at the time of the count, but for comparative purposes this is desirable, the same 

method having been followed in 1912 and 1913. Since a large percentage of the pups will not survive the first winter, they form 

at best a variable element so far as the total seals of all classes is concerned. The strength of the herd at the opening of the sea- 

son of 1914 is shown by the total, exclusive of pups. 
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The hauling grounds in 1914 are teeming with bachelor seals of 4 years of age 

and under. ‘There are nearly 10,000 4-year-old bachelors and upward of 13,000 3-year- 

olds, so male life for the future is more than assured. The 9,000 to. 10,000 4-year-olds 

living in 1914 will, if wholly spared, undoubtedly create an overstock of males, and this 

constitutes the principal undesirable feature of the herd as found in 1914. The wel- 

fare of the herd demands that some of them should be killed in 1915. By so doing and 

by killing a sufficient number of 4-year-olds and 3-year-olds at the same time the rela- 

tive proportions of the different classes of seals would be adjusted to a basis as nearly 

ideal as our knowledge permits. No matter what course is pursued, the important 

question will always be what proportion of young males may be killed with safety. 

The proportion is the same now that it always will be, and nothing is gained by delay. 

Whether the proportion be small or large, it is obviously safe to take it now as well as 
in future years. 

COMPARATIVE RESULTS. 

Comparing the results of the census of 1914 with those of 1912 and 1913, made in 

much the same manner and at the same stage of the season,” we find various informing 

features. Although there is a general increase, it is not evenly distributed and it is 

evident that various imperfectly understood effects of land and pelagic sealing in previ- 

ous years are involved. The general comparative results of the three censuses are shown 
in the following table: 

General comparison of recent censuses. 

Class of seals. m912@ | x93. 1914 

ihe a sO Ey Ran acumen see cad sane0dade dads 1,358 1,403 15559 
Breeding Cows: 2 33 225.2 soaataan ect sclaeedte dale 81,984 92, 269 93,250 
PeSLE Tata ae yates tayo ies eee acta cola font cee 113 105 172 
Young bulls (chiefly s5-year-olds) La 199 259 1,658 
4-year-old bachelors............. ba 100 2,000 95939 
3-year-old bachelors............. Be 2,000 10,000 13, 880 
2-year-old bachelors. .. at II,000 15,000 17,422 
PWeAtlinig PACHEIOIS site nieeie sls ctetstaraetets cls sta elne 13,000 20,000 23,068 
2-year-old cows... ne II, 000 15,000 17,422 
pWearlinigCOW Sac nsec s cteteeaisiate esta talotatn stemials wi shale = 13,000 20, 000 23,067 
Lede s Se eR side Acs soeeytree TO OE rer a eatcoOOnoS 81,984 92,260 93,250 

Yo | a EESTI SES ARLE OTE 215,738 268, 305 294, 687 

@ See Clark, Science, N. S., XX XVIII, p. 919, Dec. 26, 1913; also Bur. Fisheries Doc. 780, p. 97, 1913; and Hearings Comm. 

Exp. Dept. Commr., H. R., No. 2, 63rd Cong., 2nd sess., pp. 494-499, 1914. 

Comparison of harems and idle bulls —In 1912 there were only 1,358 harems, the 
smallest number during American ownership, and the number had been less than 1,400 

in every year since 1906. In 1913 there was a slight increase to 1,403, and in 1914 there 
were as many as 1,559, showing the most marked increase and in fact the only important 
one since that following the modus vivendi some 20 years ago. 

With few exceptions, the harem bulls of 1914 were at least 6 years old, and therefore 

were killable seals of 2 and 3 years, respectively, in 1910 and 1911, when land killing was 

practically undiminished. Moreover, 200 skins (8-12 pounds) were taken in 1912, 
which were mostly of 4-year-olds. Therefore the increase in harem bulls in 1914 can not 

have been due to the limitation of land killing unless it is assumed that with former 

@ Fair comparison is not possible with the census made by Mr. H. W. Elliott in r913, since it was made some two weeks earlier 

in the season when a large number of pups were still unborn. 
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conditions prevailing a larger number would have been killed as 4-year-olds in 1912, the 
first year of the suspension of commercial killing. This is scarcely probable, so it is 
plainly evident that the increase was accomplished in spite of land killing and was 
wholly due to the cessation of pelagic sealing, the toll of which was reduced in 1911 
and entirely cut off in 1912 and 1913. Considering both harem bulls and idle bulls, 

the total stock of breeding males has grown from 1,471 in 1912 to 1,505 in 1913 and to 
I,741 In 1914, irrespective of land killing. 

The increased number of harems in 1914 also shows that the number of young bulls 

counted in 1912 and 1913 did not include all that were living. . The total of harem 

bulls, idle bulls, and young bulls in the census of 1913 was 1,767. These classes furnished 

the harem bulls and idle bulls for 1914 to the number of 1,731, which makes it necessary 

to assume a mortality between seasons of only 36, a number much too small, since the 

evidence is clear that approximately one-sixth of the harem bulls die annually. The 
difference between 1912 and 1913 is 162, which indicates a smaller discrepancy but still 

a discrepancy. Both cases illustrate what is evident throughout the study of fur seals, 
namely, that the numbers of nonbreeding seals are almost invariably underestimated. 

Although the increase in harem bulls is not evenly distributed, the great majority 
of the rookeries show at least a little increase. The only ones on St. Paul Island failing 
to do so are Zapadni Reef, Little Polovina, and Vostochni, and of these Zapadni Reef 

remains unchanged, while the decrease on Little Polovina and Vostochni is insignificant, 
amounting to only five harems in all. Notwithstanding the great increase on St. Paul 
Island, there is shown a general decrease on St. George Island, the only rookery having 

an increase being Staraya Artel, which shows four harems more than in 1913. The 

total number of harems on St. George in 1914 is 243, as against 261 in 1913 and 281 in 

1912. The most obvious explanation of this condition is that it is due to the gregarious 
instinct and the tendency for the larger herd to recruit itself from the smaller one. 

Whether or not this be a wholly sufficient explanation, it is of interest to note that the 
same principle does not seem to be effective in all cases when applied to the different 

rookerles on St. Paul Island. Thus some of the smaller rookeries show large percentages 

of gain, while Vostochni, the largest of all, is one of the very few showing an actual loss. 

Moreover, St. George, while having a decrease of bulls, has an increase of cows, so the 

cause, if there be any definite one, is evidently peculiar. 

The total number of idle bulls in 1914 is 172, and although this is not a large 

number it should be noted that the rate of increase over 1913 is over 60 percent. The 
distribution of idle bulls is somewhat irregular, and although they seem most numerous 
about large rookeries and massed sections, this is not always the case. For example, 
East Cliffs, a rookery of 57 harems, had only two idle bulls, while Lagoon, with 8 harems, 

had the same number, and Zapadni Reef, with 3 harems, had 1 idle bull. In general, 

the increase in idle bulls seems to be largest on rookeries having a large increase of 

harems, as Zapadni and Tolstoi. 
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Comparison of harems and idle bulls, 1912-1914. 

| 
Ig12 @ 1913 9 I9I4 

Rookery. J 
i Harem] Idle Harem| Idle | Total |Harem} Idle Total . 

bulls. | bulls. bulls. | bulls. | bulls. | bulls. | bulls. bulls. 

St. Paul Island: 
Iti) p WON ene Ponies Sa Aaa ci 53 2 44 7 sr 63 

Lukanin 38 6 33 3 36 40 

Gorbatch 109 9 106 3 109 I2r 

Ardiguen II ° II I 12 15 

PRG er CAR Manicietine naenve Was 179 12 171 17 188 219 

Sivutch 57 5 67 I 68 ror 

Lagoon 8 ° 6 ° 6 Io 

Tolstoi 103 10 120 9 129 199 

Zapadni ae 105 9 106 6 112 138 

Little Zapadni............ eae 6r 5 58 7 65 100 

Zapadni Reef............. a: 3 ° 3 ° 3 4 

Polovina ts ecco ead nae 44 4 44 2 46 6x 

Polovina Cliffs.............. Ri. au I 19 ° 19 28 

Little Polovina Ir ° 21 ° ai 18 

Morjovi 4 4o] 3 43 47 
Vostochni 26 293 | 18 3ir git 

Total 93 1,142 | 77 1,219 1,475 

St. George Island 
orth.... 7 104 5 109 98 

Staraya A: 4 59 3 62 67 

Zapadni. . 2 21 I 22 14 

Little Eas! ° 2 ° 2 I 

East Reef 6 17 6 23 17 

East Cliffs I 58 | I0 68 59 

Total St. George Island..... 281 20 261 | bas+3 286 243 13 256 

Total St. Paul Island....... 1,077 93 1,142] 77 1,219 | 1,316 159 1,475 

Total both islands.......... 1,358 113 1,403 | 105 1,505 | 1,559 172 | 1,731 

’ Adpation for eer seean ten tie cai Havin been made slightly before the height of the season. 

Comparison of nonbreeding seals:—A general increase in all classes of nonbreeding 

seals is perhaps the most obvious comparative result of the census. The total increase 

of all classes from 1913 to 1914 is 25,959, and of this only 1,204 are breeding seals, leav- 

ing 24,755 as the increment of nonbreeding animals. The classes showing the greatest 

gains are the 4 and 5 year old males, which have more than quadrupled. In the 

case of the 5-year-olds, the number is still not far from ideal, but the number of 4-year- 

olds is unquestionably excessive and disproportionate. It is obviously the result of 

the limited killings of 1913 and 1914. That it provides conditions for an overstock of 

males in 1915 and ror6 is so clear that there is no room for argument. Two and 3 year 

old males also show a steady increase since 1912 and are now living in numbers beyond 

all possible future need for breeding purposes. The subsequent effect of these large 

numbers of surplus males is more fully discussed elsewhere. A tabular comparison of 

the estimates of nonbreeding seals is found on another page (p. 37). 

Comparison of cows and pups.—A somewhat unexpected result of the census is the 

very small increase shown in the number of breeding cows and pups. In 1913 there 

were 92,269 pups and in 1914 there were 93,250, an increase of only 981. It is incon- 

ceivable that such a small increment could have been possible unless the herd was in 
abnormal condition. Any idea that the figures are wrong may be dismissed immedi- 

ately, for the testimony of nine men who counted in 1914, as well as that of several 

others who counted in 1912 and 1913, is that the method of counting is sound and the 

results reliable. Abnormal conditions, therefore, must furnish the explanation. These 



42 BULLETIN OF THE BUREAU OF FISHERIES. 

conditions might be due to one or more of three causes: (1) disease, (2) effects of land 

killing, and (3) effects of pelagic sealing. If disease is in any way responsible, the 

nature of it is wholly unknown and no direct evidence of its existence in the past or at 

present is available. Disease, then, can not be considered. 

Taking up the possible effects of land killing, we find room for considerable argu- 

ment. That land killing may have reduced male life to numbers insufficient for breed- 

ing purposes is certainly not impossible, for there must be some stage of depletion of 

males at which cows will begin to escape service. Whether or not a shortage of males 

existed, land killing can be blamed only in so far as it supplemented pelagic killing. To 

the effect of land killing was added that of pelagic killing, and the two combined to 

reduce the stock of breeding males. That land killing alone was not responsible is 
shown by the increase of harem bulls in 1913 and 1914, which were exposed to the full 

measure of land killing but had a partial respite from pelagic killing. 

If all the cows were not served in 1913, this would be evident in 1914 only by a 
reduced number of births, or by a small increase, since cows without pups might easily 

come and go undetected. There was only a very small increase of births in 1914, so, 

regardless of land killing, it is necessary to determine so far as possible whether or not 

the supply of males in 1913 was inadequate from any cause whatever. In 1913 there 

were 1,403 harem bulls, 105 idle bulls, and 259% young or half bulls, a total of 1,767 

possible breeders. These bulls had the responsibility of 92,269 adult cows and 15,000 

virgins or nubiles, a total of 107,269 cows, making an average of 60.6 cows to each bull. 

If the half bulls are not included, the average is increased to 71. These undoubtedly 

are high averages, much higher than desirable, but that they are so high as to allow 

cows to go unserved is difficult to prove. Such conditions may be detrimental in the 

long run, but that the bulls, at least for a time, are equal to such emergencies can not be 

questioned. Even when bulls are in superabundance, harems of more than 60 cows are 

voluntarily cared for with great frequency, and there is unlimited evidence that every 

healthy bull is capable of serving 60 to 70 cows whenever opportunity permits or neces- 

sity requires. Granting the capacity of the bulls, it remains to inquire what their oppor- 

tunities were and whether the average is fairly applied. In 1913, as in r914 and other 

seasons, there were doubtless many harems of small size, some in fact consisting of only 

one cow. Therefore, if all cows are served, some of the bulls must care for a number 

considerably above the average, and when the elements of time and varying rookery 

conditions are considered the possibility that at least a few cows may have gone unserved 

is greatly increased. This possibility could scarcely be admitted if numerous idle bulls 

were present. At best, however, it can only be regarded as a bare possibility, for the 

reduced number of males in 1913 can not be wholly responsible for the small increase of 

cows and pups in 1914, because the same relative number of males was present in 1912 

and a large increase of cows and pups followed in 1913. The results of insufficient male 

life should have been as apparent in 1913 as in 1914. This makes it clear that other 

causes than a shortage of bulls must be sought for the small increment of 1914. 

This brings us to further consideration of pelagic sealing which affected not only 

males but females. It was stopped in 1911, so no direct loss of females since that time 

@ As shown on a preceeding page, this number is too small, but since it is not certain that all of this class normally breed, 

this need not be considered here. 
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can be laid at its door. But its indirect ramifying effects can not cease until an entire 

regeneration of the herd has taken place. In a normal herd the cows would consist of 
evenly graded proportions of young and old, and approximately one-tenth would drop 

out each year through natural termination of life. The indiscriminate slaughter of 

pelagic sealing probably destroyed these proportions, causing the death rate at present 

to be abnormal. Although it is known that pelagic sealers secured large numbers of 

old cows, it is also to be remembered that the young cows spend more time at sea than 

the old ones and therefore must have been more exposed to the sealer. It naturally 

follows that the cessation of pelagic sealing may have left the herd in 1911 with a pre- 

ponderance of aged cows. If this be the case, the number of deaths from old age in the 

succeeding years would be abnormal and disproportionate, perhaps very few in 1912 and 

very many in 1913. An increase in young male life is plainly evident in 1914, making 

it reasonable to infer a similar increase of young females, and thus the supposition is 

favored that the small total of females is due to losses among those advanced in years. 

Therefore it is not improbable that the number of old cows dying in 1913-14 was almost 

equal to the number of young ones bearing pups for the first time, and if so the total 

number of cows and pups in 1914 is explained. The result would have been accom- 

plished by a death rate among old cows only 314 per cent above the normal. This is 

shown by the following statement: 

Demonstration of probable abnormal mortality of old cows, 1913-14. 

Olkeows yi 1tlr9 Tg Meet erc eo ovate esos ernie sas scare tc see sie Tes cpel fetiels alaheveis eiernere-s era rane TANS 92, 269 
Normnallideathtratelof old! cows, ro per Cent Ste. a. ca: cas ler sles Selene ee gett iate 9, 226 

Normalvex nectationiol Ol ducOwSi slG 0A seis. see sass ities fo ele isi nels ale to algae 83, 043 
Virgin cows in 1913 less 10 per cent probable mortality.......................0. 13, 500 

Total normaliexpectation/oh COWS1M) TOTAL .\2u ae cee de ie ce sie ecec ness seme csieaeces « 96, 543 
ACHIale nM DeLOn COWS OLO LA etn .-\atas sake Seas aeoels shee sede es cs ehene bases fete 93, 250 

Deficiency of cows in 1914........-. Tekaitaale Repeat he, stakes e HACRRSN enape ere Saves 2 aipever fuels 3, 293 

Nocmalideaths of oldveows 1903 S04 aes oie a= s)afetctatetas ake aire av seatedet acesdoed «nid oehotetstess 9, 226 

ipossiplestotalideaths Of Old) COWS) TONS =TA sila aes elas) cleo eieleusl iain sisiciecaie's sin) ste.ene 2 12, 519 

Percentage of possible deaths of old cows, 1913-1914... ...-.eceecceeeeeecseeenee 2135 

Normalideathrrate)of old Cowsh sce qe ema ceeiem ate ee Dente eiainele awie alan Gide s aistei ae . 100 

Supposed percentage of excessive mortality, 1913-1914.........0. ec cece ee eeeeece - 035 

That pelagic sealing may have disturbed the death rate to the extent of 3% per 

cent is not an unreasonable assumption, and in the absence of any other sufficient 

explanation this may be accepted as the principal reason for the lack of a substantial 
increase of cows and pups in 1914. 

Comparison of the number of pups found on the various rookeries in the three 

successive censuses shows certain points of interest, but conclusions drawn from them 

@ This is the rate due solely to old age, based on the knowledge that the average breeding life of the cow is about 10 years. 

Some mortality of adults from other causes shou'd be added for absolute accuracy, but it can not be ascertained, and is doubt- 
less too small to affect a calculation of this kind. 
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are subject to possible unknown factors involved in the operation of pelagic sealing. 

The comparison of counts is as follows: 

Number of pups and percentages of decrease or increase in 1913 and in 1914, as compared with 
the year before. 

1912 1913 1914 

Percent- Percent- Percent- | Percent- 
Total Total age of age of Total age of age of 
pups.@ pups.@ | decrease | increase | pups. | decrease | increase 

from r9r2.|over 1912. from 1913. over 1913+ 

St Foul Island: 
(nF se eo Shosne OasBbeseyecHattde 1,975 1,855 

Bukaniny .iecodads ccs. . 1,787 1,661 
Gorbatch.............. ie 6,435 6, 368 
Ardighens, s..s.s00%20< i 417 475 13-9 
IMIEs awe docoooscacne ..| 13,014 13,984 7-4 
MIVULCH tah aircon ce 2, 787 3) 495 25-4 
Lagoon.............. a Ean 527 I.t 
Molatoi.acaa's asi erte e «| 9,074 10,026 10.4 
Zapadni...... noose 7,304 7953 7-9 
Little Zapadni.... eeee| 47436 4,596 3-6 
Zapadni Reef..... Petes 186 197 5-9 
Polovina.......... sats 8 2,736 3,680 34°7 
Polovina Cliffs. . Baits 1,083 1,320 21.8 
Little Polovina ne 841 1,050 F 
Morjovi..... ene 2,400 2,812 
Vostochni 14,979 19,459 

Potal oe east emcee cite 70,035 791458 

OTT cs cece cece cece nes eacnsess 4,227 4,319 

Staraya Artel. i 3,607 3778 |. 
Zapadni......... 1,246 1,408 | 
Little East 26 25 
East Reef 536 444 
East Cliffs 2,307 2,837 

POtAL rth a wee ee alae ean 11,949 Wa SIT eicietae ee Be fe | On [aR ayant 

Str Ts lear dc ie cscs sci cica tae styles 70,035 FOVAES: Ainctns swe s ve 13-4 79) 383 SOO4 A ocmencrent 
St::George Islands oe cc occ eel osecces 11,949 Ta, SLNy | coe ccteieciee 7-2 re Pala peel leech 

Total’ both aslasids:- oh) scwnsceceeul 81,984 | ay 2G Mines asicwes 12:4 |i! (OS; 250) Ue ciccsip sien: 

@ From the unpublished records of G. A. Clark. 

The increase in 1913 was very general, 17 rookeries showing an increase and only 

5 a decrease. The increases on different rookeries ranged from 1 per cent to 34.7 per 
cent and the total increase was 12.4 per cent. In 1914 there were increases on 12 rook- 

eries and decreases on 10, with a total increase of only 1.06 per cent. The range of 

variation is greater than in the previous year, running from a decrease of 28.8 per cent to 

an increase of 38.1 per cent. Some rookeries which showed an increase in 1913 show a 

decrease in 1914 and vice versa. Kitovi, which decreased 6 per cent in 1913, increased 

as much as 14.2 per cent in 1914 and nearly the same was true of Lukanin. Polovina, 

which showed the remarkable increase of 34.7 per cent in 1913, has 3.3 per cent decrease 

in 1914, while various other rookeries show similar irregularities. “The most consistent 

large increase is that of Sivutch or Sea Lion Rock, where there was a gain of 25.4 per 

cent in 1913 and 15.7 per cent in 1914. Ardiguen also increased well in both seasons, 

but its small size magnifies slight change as expressed in percentages. In the two 

years since 1912 most of the rookeries show increase, but Gorbatch, Lagoon, and Morjovi 

on St. Paul Island, and Zapadni on St. George had fewer pups in 1914 than in 1912. 
On the whole, the comparison of the counts on the various rookeries shows nothing 

more clearly than that great irregularity prevailed. There is nothing to indicate that 
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increases took place on rookeries of any particular type more than another nor that 

decreases were due to any general cause unless it were excessive mortality of old cows 

produced by pelagic sealing. A point of possible significance is seen in the fact that the 

increases or decreases in cows on a given rookery have no definite relation to the number 

of bulls. In a number of instances a decrease in cows was shown on rookeries which 

had an increased number of bulls. Thus, Tolstoi had 120 harem bulls in 1913 and 161 

- in 1914. The 120 bulls of 1913 had the management of 10,026 cows, whereas the 161 

bulls of 1914 had only 9,934 cows, from which it is evident that the number of cows on 

a given rookery is not wholly dependent upon the number of bulls that are there to 

receive them. 
THE CENSUS IN THE FUTURE. 

The great element of uncertainty in all censuses thus far made is our imperfect 

knowledge of the percentage of young seals that naturally survive to the age of three 

years. Such information as we now have regarding this important matter is derived 

from data obtained largely in the days of pelagic sealing when unnatural conditions 

prevailed, making wholly reliable conclusions impossible. Under proper authority 

this percentage of survival can be so definitely ascertained in 1915 that the full strength 
of the herd may be estimated with a degree of accuracy sufficient for all practical pur- 

poses. With this knowledge in hand, differences of opinion as to the actual size of 

the herd should be reduced to a negligible minimum. 

Until every possible influence of past sealing on both land and sea has disappeared 
and until all uncertainty is relieved regarding rates of increase and numerical propor- 

tions, it will be advisable to make an annual census. That this time has not yet arrived 

is evident from the results gained in 1914, particularly the count of pups. The more 

regularly and carefully censuses are made now while the herd is still relatively small the 

less necessity there will be for such work in the future when the size of the herd will 

render the task more difficult and more expensive. Another census, therefore, will be 

required for 1915 and probably another for 1916. For later years, partial counts may 

suffice and perhaps the counting of pups may be discontinued. 

As the herd grows counts will be made with increasing labor and expense, but 

although all future conditions can not be predicted, it is probable that the difficulties 
of counting harems and pups will never be quite insuperable. To continue the harem 

counts when the herd has reached large proportions will require improved facilities 

not now available, and to make pup counts at that time will involve the employment 

of a corps of capable men, but if necessary the work can be done. 

THE BREEDING OR HAREM BULLS. 

STRENGTH AND VIGOR. 

The 1,559 harem bulls of 1914 showed every indication of full strength and vigor. 

So far as outward appearance and actions are concerned, they were normal animals in 

good condition as were all other classes of seals. The strain which they undergo without 

food during some six weeks of almost constant physical exertion and sustained sexual 

excitement is scarcely paralleled among animals. It is such that any weakness would 

be likely to manifest itself at once, and when no such weakness can be detected it must 
be concluded that none exists. 

97867°—vol 34—16——4 
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The increased number of bulls, while having some effect on the average size of the 

harems, did not preclude the formation and successful management of some excep- 

tionally large harems, and it is evident that an unlimited increment of bulls would not 

do so. Harems of large size were noted under various conditions, on large rookeries 

as well as smaller ones, and where idle bulls were present as well as where there were 
none. The bulls holding such harems, while magnificent animals, possibly superior 

to the average, were in no respect superior to many others in nearby positions having 

harems of moderate size. Harems of at least 80 cows were observed in numbers, in 

fact on practically every rookery. The largest single harem was noted on Zapadni 

rookery on St. George Island. This harem on July 13 contained 106 cows, and there 

was no doubt this was not the full total. At the close of the season the bull in charge 

of it was much reduced in weight, but still jealously guarded a few cows not yet served 

and proved so vigorous and belligerent that he could not be dislodged from his posi- 

tion during the counting of pups. That this bull served more than 100 cows and fin- 

ished the season in relatively good condition is scarcely open to question. A similar 

case was noted on Gorbatch. The first harem formed here contained 6 cows on June 
22 and 22 on June 26, and rapidly increased to not less than 80 on June 30. A few 

cows had already-gone out to feed, so the total number of cows belonging to this harem 

was doubtless nearly 100 even at this early date. Later in the season it grew still 

larger, but became so merged with surrounding harems that an exact count of cows 

was not possible. That it was successfully conducted is evident from the fact that the 

bull in charge of it was observed covering one of the few remaining cows on July 23. At 

this date a few bulls from other localities had concluded their labors and were sleeping in 

the grass behind the rookeries. These instances are sufficient evidence of the sexual 

capacity of the bulls. In addition, and corroborative of observations of former inves- 

tigators, a single bull was noted to copulate twice within an hour and three times within 

24 hours. 

Further and even more conclusive evidence of the sexual capacity of the bulls is 

found in the average size of the harems. The 93,250 pups of 1914 were sired by the 

1,403 harem bulls, the 105 idle bulls, and perhaps to a limited extent by the half bulls 
of 1913. Assuming that the number sired by half bulls is at least offset by the cows 

which died during the winter, it may be concluded that 1,508 harem bulls and idle bulls 

in 1913 sired the 93,250 pups born in 1914, or an average of 61.8 for each bull. The 

question of average harems is discussed more fully elsewhere (p. 56), but when it is 

considered that numerous single-cow harems are always present it is plain that many 

bulls must have impregnated more cows than the average. It is safe to say, therefore, 

that a normal bull is capable of serving 75 to 100 cows in a single season. 

SENILE BULLS. 

Only two cases of undoubted senility were observed. One of these bulls, when first 

noted on North Rookery, St. George Island, was in possession of two cows near the 

edge of the water and some distance from the main part of the rookery. He was relatively 

thin, lacking in vigor, and plainly very advanced in years. He retreated on our approach 

like an inexperienced ‘‘quitter,’’ and his general cowed demeanor, as well as his poor 

physical condition, indicated that he would not be able to maintain his position. A few 

hours later he was found dispossessed and dejectedly eyeing a small 5-year-old half bull 
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that was actively guarding the two cows. ‘The following day he had disappeared. The 

second bull of this kind, showing similar characteristics, was observed on Sea Lion Rock 

July 20. Among the active harem bulls a certain proportion can be distinguished as 

relatively old, but all maintain themselves with vigor, and it is apparent that, with rare 

exceptions like the ones noted above, practically all bulls with strength enough to return 

to the islands are still competent for harem service. 

ADOLESCENT HAREM BULLS. 

Many bulls not over 6 years old and a few not over 5 years conducted harems in 

the season of 1914. ‘The 6-year-olds could not always be distinguished with certainty, 

but it was evident that practically the entire stock of this class of seals was divided 

between harem bulls and idle bulls. Five-year-olds with harems were comparatively 
few on St. Paul Island, but on St. George Island at least three were noted on East Cliffs 

and two on North Rookery as early as July 13. There are some observations to indicate 

that even 4-year-olds may be sexually capable and there is little doubt that all 5-year- 

olds are. But for such animals to do harem service is scarcely desirable. Under normal 

conditions 5-year-old half bulls could not obtain cows until the end of the season and the 

break up of the harems. Their participation in the harem system early in the season 

can hardly be regarded as anything but an indication of a scarcity of old bulls. This, 

however, is not proof that the old bulls had more cows than they were capable of serving 

for there were old bulls with comparatively small harems not far from harems held by 

the young bulls. The varying character of the breeding grounds makes it impossible for 

a bull to move far from his original position without losing whatever advantage he may 

have, so cows that for any reason haul beyond the working range of the established 

harem bulls are subject to capture by any unoccupied bulls. Under natural conditions 

such cows would immediately be appropriated by the idle bulls. In the absence of 

idle bulls, it is evident they fall to the lot of the 5-year-olds, and so far as known are 

effectively served by them. 
Thus, whether or not it will affect the number of pups to be born, there was in 1914 

a shortage of old bulls sufficient to permit a limited number of 5-year old half bulls to 

serve as harem masters. 
FIGHTING OF OLD BULLS. 

The conditions in 1914 were such as to favor a minimum of fighting. Practically all 

the old bulls were able to obtain at least small harems, and the idle bulls were not numer- 

ous. Moreover, the idle bulls were mostly only 6 years of age and, although fairly large 

and strong, lacked confidence and experience, so they were rather easily intimidated by 

the older animals. Early in the season before the cows arrived there was some fighting, 

which did comparatively little harm and which was doubtless not proportionately greater 

than it would be under any circumstances. On June 22 a bull was noted on Kitovi 

that had recently suffered the loss of one eye, and others with cuts and slashes were 

occasionally seen. Later, on the same rookery, an idle bull was seen to take charge of a 

harem while the original possessor sought to retrieve a fleeing cow, and in the onslaught 

which followed the interloper narrowly escaped castration. 
Contrary to general popular impression, no fighting of consequence occurs over 

the incoming cows. The bull fights to maintain his position and only in this indirect 

& 
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way can he be said to fight for the acquisition of cows at the time when they are 

arriving. Idle bulls are constantly to be seen wholly indifferent to the arrival of cows 
in near-by harems. Bulls in possession of harems not uncommonly attempt to wel- 
come new cows, but in such cases the cows are very apt to return to the sea in apparent 

fright. In many cases, cows were observed to come quietly into a harem while its lord 

and master was lying asleep and blissfully ignorant of any addition to his seraglio. « 

During the formation of the harems, the dominant instinct of every bull is not to dis- 

possess his neighbor but to maintain his own position at all costs; and a relatively poor 
place is valued as highly as the more favored ones. When the height of the season 

arrives, with practically all cows accounted for and many of them in heat at the same 

time, the procreative instinct becomes stronger and bulls which find themselves with- 

out cows will then attempt to secure them wherever possible. It is evident that the 
majority of the bulls return each season to the same or approximately the same position 

as that occupied the previous year. In general, it is true also that the older bulls arrive 
early. Thus it follows that the less advantageous positions are left for the younger 

bulls. Such bulls about the rear and ends of the rookeries are constantly being menaced 

by the harem bulls, whether actual fighting takes place or not, and this always causes 
commotion. When an idle bull makes a move which is deliberately or apparently 
threatening, the nearest harem bull starts toward him, perhaps from the other side of 

his harem, and plows ruthlessly through passive cows and over struggling pups until 
he is near enough to cause the idle bull to retire. In the majority of cases there is no 

real conflict, but since neighboring harem bulls are apt to start up at the same time, 
the general mélée may result in two bulls coming into such close proximity that the 

“bluffing” tactics are abandoned and real blows struck. Similar trouble ensues from 
the approach of idle bulls and bachelors at the water’s edge. The large number of 3 

and 4 year old bachelors in 1914 was the source of considerable disorder of this kind, 

and it is evident that even a moderate breeding reserve of these classes of males would 

be sufficient to haunt all the rookery fronts and rouse the antagonism of the harem bulls. 

Time after time a harem bull will rush through his cows merely to roar and puff at a 
young bachelor which has hauled partly out of the water and looked with apparent 

curiosity in his direction. 

Even with fighting at a minimum, as at present, there is considerable unavoidable 

commotion on the rookeries. A particularly fruitful source is the departure of the 
cows to feed. When the first cows begin to go out, the harems are large, the cows closely 
packed, and births and copulations in progress. The bulls seem to become greatly 

exercised at the idea that a cow may get away without service and as soon as one makes 
a move, whether from a real intent to go to sea or not, the bull hastily rushes over 

any intervening cows and either quiets the restless one or in some way satisfies himself 

that she has been served. Sometimes the bull will even interrupt the service of one 

cow to restrain another which seems about to leave, and will do so likewise to threaten 

an inquisitive young bachelor. Such actions while the pups are still young and while 

births are underway doubtless cause some mortality of pups. One wonders that it 

does not cause much more than is found upon investigation, but it is evident from this 

as well as from general observation that the pups are fitted to withstand an incredible 
amount of rough treatment. Except at the time of birth and for a few hours there- 

after they may be battered about, trampled, and pushed into crevices without serious 
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injury so far as the great majority of cases are concerned. Although the bulls some- 

times seemed conscious of the helpless young ones and appeared to avoid trampling 

them, innumerable instances were noted in which they passed directly over small pups 

without harming them. In one case a copulation was observed during which a pup 

was imprisoned beneath a bull and subjected to continued mauling for nearly 15 

minutes, after which the little fellow wriggled out apparently none the worse. It is 

plain, therefore, that considerable commotion is unavoidably connected with the harem 

system whether idle bulls are present or not; and although much of it is comparatively 

harmless, some fatalities are bound to result under the best of circumstances. 

SIGNIFICANCE OF THE INCREASE OF HAREM BULLS. 

The increase of harem bulls from 1,358 in 1912 to 1,403 in 1913 and again to 1,559 

in 1914 shows clearly that the reduced state of male life in 1912 and preceding years 

was at most only partly due to the killing of males on land. As stated elsewhere, the 

accessions of harem bulls in 1914 consisted of animals that escaped the undiminished 

land killings of 1910 and 1911 when they were 2 and 3 years old, respectively. ‘Their 

continued survival in larger numbers than formerly is thus due to the fact that their 

later years were free from the effect of pelagic sealing. To some extent this justifies 

the belief frequently expressed that with the closest land killing possible a certain 

number of males would always escape and come to maturity. It can not be said, how- 

ever, that it justifies land killing now at the former rate, for with pelagic sealing stopped, 

the increase in the number of cows would be proportionately larger than formerly. 

The increase in harems in 1914 without a corresponding increase in cows shows that 

the number of harem bulls in immediately preceding years, if not insufficient, was at 

least abnormally small. That the bulls are fully capable of meeting such emergencies 

may not be doubted, but it is nevertheless clear that when more bulls are present the 

average number of cows per buli is immediately reduced. The number of cows in 1913 

was almost equal to the number in 1914, but in 1913 they were divided among 1,403 bulls 

and in 1914 among 1,559 bulls. It is evident, therefore, that had 1,559 bulls been pres- 

ent in 1913, all or practically all of them would have been able to obtain harems. It 

is apparent also that a continued increase of bulls will cause the size of the average harem 

to decline from year to year until it reaches a minimum beyond which no increment of 
bulls can reduce it. 

THE IDEAL PROPORTION OF HAREM BULLS. 

It may well be doubted whether it would be wise to permit such an increase of bulls 

as would insure a minimum average harem, for other considerations are involved; but 

a safe course of procedure in the management of the herd would seem to demand that 

the average number of cows per bull be kept as near such a minimum as possible without 

causing injury to the herd. Such a course may be modified as more complete knowledge 

is obtained in future years, but at present a prudent policy of approximating natural 
conditions recommends itself. 

To accomplish a reduction of the average harem to the proportions of former years 

will require the preservation of a relatively small number of males and large numbers 

may still be killed without the slightest apprehension. ‘This is evident when it is con- 

sidered that an annual increment of only 2,000 bulls would provide for the maintenance 
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of 12,000 bulis in service, and if these had an average of only 40 cows each provision 

would be made for a total of 480,000 cows, a number scarcely exceeded in the history of 

the herd. 
The average number of cows per bull under approximately natural conditions can 

not be stated exactly, but the best evidence available indicates that it was not less than 

30 nor more than 40. In the early days of American ownership it was not known that 

all the cows are not on land at one time, so underestimates were the rule. H. W. Elliott, 

writing of conditions from 1872 to 1874, says: % 

I found it an exceedingly difficult matter to satisfy myself as toa fair general average number of cows 
to each bull on the rookery; but, after protracted study, I think it will be nearly correct when I assign 
to each male a general ratio of from 15 to 20 females at the stations nearest the water, and for those back 
in order from that line to the rear, from 5 to 12; but there are so many exceptional cases, so many instances 
where 45 and so females are all under the charge of x male, and then, again, where there are 2 or 3 females 

only, that this question was and is not entirely satisfactory in its settlement to my mind. 

Charles Bryant, writing of the same period, says simply, ‘‘In the average there are 

about 15 females to one beach master.” ? 
More detailed data are available for the years 1896 and 1897, during which the herd 

was considerably reduced in size, but was supplied with an excessive number of bulls, 

due to the suspension of killing during the modus vivendi of 1891 to 1893. In 1897, 

when fairly complete counts were made, there were 4,418 harems by count and 172,288 

cows by corrected estimate,° making an average harem of 38.9. At this time idle bulls 

were practically equal to harem bulls, and obviously excessive in number, so it is evident 

the average harem was reduced to a low figure. In view of these facts, and the knowledge 

that the extreme capacity of the bulls is very much greater, it is safe to say that a supply 

of harem bulls which provides 1 to every 40 cows is amply sufficient. The number in 

1914 was approximately 1 to every 60 cows, and close observation revealed no evidence 

that all were not efficient. ‘To have produced an average harem of 40 in 1914 would 

have required only. 772 more harems than were found, so it is apparent that no large 

reserves are necessary to bring about ideal conditions in the immediate future. If it 

should be found in practice that the average harem can not be greatly reduced without 

the accompaniment of a great excess of idle bulls, action will necessarily be governed 

according to circumstances as they develop; but if an intelligent and continued effort 

is made to provide harem bulls in the approximate proportion of 1 to 40 cows the result 

is certain to fulfill all the demands of a policy of conservation. 

IDLE AND YOUNG BULLS. 

AGE AND CHARACTER. 

The so-called idle bulls were in the majority of cases bulls believed to be only 6 

years of age. A few 7-year-olds also were unable to obtain harems, but only in 

exceptional circumstances. It is evident that in a well-balanced herd the idle bulls 

would largely consist of animals relatively young. During a great excess of bulls a 

variable number of all ages might be found in the class of idle bulls, but the natural course 

@ Monogr. Seal Islands of Alaska, p. 36, 1882. 

bIn Allen, N. Am. Pinnipeds, p. 385, 1880. 

¢ Obtained by multiplying the average harem of one rookery by the total number of harems and adding one-half for error in 

method. Sce this report, p. 34, and Jordan and Clark, Fur-Seal Invest., 1896-97, Vol. I, p. 97, 1898. 
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of events brings the younger animals to the less advantageous positions. The older 

bulls as a class are doubtless stronger and better fighters than their juniors, but their 

success in all cases may not be due to this so much as to their early arrival and their 

predilection for places previously occupied. The young bull seeking his first harem is 

guided mainly by an instinct to secure some sort of a position on the breeding ground 

and wait for cows to come to him. Arriving a little late, he finds most of the good 

positions occupied, and unless he stumbles into a place vacant through the death of its 

previous occupant, he is content to take a relatively poor position and guard it as hope- 

fully as if it were the best. Late in the season he discovers his error and attempts to get 
cows wherever he can find them. The old bull, on the other hand, comes early and seeks 

the place occupied the previous year or a similar one and is not satisfied with any other. 

This, with the exception of circumstances, is the general procedure which operates to 

make the idle bulls as a class relatively young. 

Certain of the idle bulls are as tenacious of their positions as the harem bulls are 

and will charge at a man who comes near them with just as much ferocity and determina- 

tion; others will roar at a man and grudgingly give ground as he approaches, perhaps 

finally retreating to the water and sitting partly submerged while they continue to 

puff and glower; still others take fright at sight of a man and rush pell-mell to the sea 
and swim off. Especially to this last class the term “quitter” has been applied and an 

attempt has sometimes been made to distinguish “‘quitters’’ and idle bulls. As observed 

in 1914, there was every gradation from the undoubted ‘‘quitter’’ to the determined 

idle bull, and a large number were neither the one nor the other. Moreover, some of the 

most timid quitters were found continually returning to their positions and in some 

cases their demeanor changed as the season advanced, while a few of them actually 

obtained harems. It was evident that all such bulls were ready to secure harems and 

competent to care for them whenever opportunity permitted. Their enumeration as 

idle bulls, therefore, was fully justified. 

Other bulls, apparently at least 6 years of age, were irregular in their movements, some 

being on the hauling grounds, some in the bachelor runways and at the extreme ends of 

the rookeries, while at all times an indeterminate number were in the water, appearing 

and reappearing along the rookery fronts to haunt and harass the harem masters nearest 

the sea. Such bulls can not be fully enumerated and, though doubtless quite as effective 

reserves as the idle bulls in fixed positions, they can only be taken into account collect- 

ively with the “young bulls”’ or half-bulls, all of which are never on land at one time. 

With these exceptions, the ‘young bulls’’ consist of the 5-year-olds, the majority of 

which spend the early part of the season with the young bachelors. Toward the height 

of the season they are seen in increasing numbers about the rookery fronts, and at the 

first sign of relaxation of harem discipline they swarm over the breeding area. As the 

exodus of old bulls progresses the idle bulls and the smaller half-bulls practically take 

possession of the breeding ground. At this time the virgin cows appear in greatest 

numbers and it is assumed that they are largely served by these idle and young bulls. 

The young bulls, half-bulls, or 5-year-olds, are wholly unable to cope with the idle 

bulls, and, although in 1914 they occupied most of the space after the break-up, it is 

plain that they would not have been permitted to do so had a larger number of idle 
bulls been present. 
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IRREGULAR DISTRIBUTION. 

As in the case of other classes of seals, the presence of a larger or a smaller number 
of idle bulls on a given rookery is doubtless governed by a variety of circumstances, only 

a few of which can be recognized. At least it is obvious that the distribution of idle 

bulls is very irregular, and a considerable number may be present about one rookery 

while scarcely any are found on another. It may be possible also, as observed in 1914, 

for idle bulls to be present at one end of a rookery while harems are held by half-bulls at 

the other end. The fact that the herd as a whole includes a number of idle bulls, there- 

fore, is not inconsistent with their complete absence and an actual shortage of harem 

bulls on certain rookeries. This being the case, it can not be safely assumed that no 

shortage of harem bulls exists unless there be idle bulls on every rookery. To this extent 
at least it is apparent that a certain number of idle bulls are desirable and necessary. 

In 1914 there were several rookeries having no idle bulls whatever and the range of 

variation from rookery to rookery was very great, as shown by the subjoined table: 

Percentage of idle bulls on different rookeries, ror. 

Percentage 
Rookery and island. Harems. | Idle bulls. of idle 

St. Paul Island: 
Kitovi..... 58 5 8.6 
Lukanin 39 I 2.6 
Gorbatch 112 9 8 
Ardiguen Is ° ° 
ee 193 26 13-5 

Sivutch 91 10 10.9 
Lagoon. 8 2 25 
Tolstoi.. in 161 38 23.6 
Zapadni......... Bat eats Me II4 24 21 
Rattle Paprdsae i. sa: vculee haste oo cemeeee 90 10 11.1 
Zapadni Reef... SO4eine oe 3 I 33-3 
Polovina........ 58 3 5.1 
Polovina Cliffs. . 22 6 27.2 
Little Polovina...... 18 ° ° ‘ 
Morsay oh erick cores onan s cebop oe tenon 43 4 9.3 
WinGtOentii. acc. eataive cares alas eee 291 20 6.8 

dictal wot: war) Islan. eens eee er 1,316 159 12 

St. George Island: 
Orth! SPSS S.Ads bast eens dale ee eeeoes 94 4 4-2 

Staraya Artel..... 63 a 6.3 
Zapadni 14 ° ° 
Little Bast... .5. er I ° ° 
ast Reel id, oa. d. doses aaetce ctist ante sete 14 3 21.4 
1 On (| ofl ©1 U7 pn eae 57 2 3.5 

Total, St. George Island ..............+:- 243 13 5-3 

SE, Datel iTslartle. 353 5c ccss.5/soutsias ais'ae olvinsad bans 1,316 159 12 
St. George Island... .. 243 13 5-3 

Total, both islands ae oat 1,559 172 11 

IDLE BULLS AS A DESIRABLE BREEDING ELEMENT. 

The idea that the idle bull is literally a surplus or superfluous bull, only valuable as 

a reserve or as an indication of a sufficiency of harem bulls, seems open to serious doubt. 

It is quite conceivable that a moderate number of idle bulls may be an actual necessity 

for normal breeding. When a sufficient number of idle bulls are present, it is apparent 

that they are the principal, if not practically the only, agents for the service of the virgin 

— 
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cows. In the absence of idle bulls, these cows must be served either by the old bulls or 

by the 5-year-old half-bulls. It can not be said that any such cows ever have escaped 

service, but it is plain that an absence of idle bulls would be the first condition favoring 
its possibility. A number of idle bulls proportionate to the number of virgin cows, there- 

fore, would be the safest guaranty that all such cows would be impregnated. 

The virgin cows do not appear on the rookeries until relatively late in the season and 

remain on land but a short time. Apparently they come in greatest numbers at about 

the time the regular harems are breaking up and the old bulls retiring from the breeding 

areas. Although some of them are doubtless served by the old bulls, this is exceptional, 

for the majority of the old bulls leave each season at approximately the same time 

whether idle bulls are present or not. This leaves the young half-bulls free to take pos- 

session of the young cows unless prevented by the idle bulls. In 1914, the idle bulls were 

sufficiently numerous to secure many of these cows, but a much greater number were 

seen under the care of the half-bulls. So far as known, the half-bulls are sexually as 

potent as the older animals, but since they would not do service under natural conditions, 

some doubt attaches to the advisability of an artificial condition which permits them to 
aet as sires. It may therefore be concluded that idle bulls as a class have a definite func- 

tion in the breeding economy and that unless in excessive numbers they are a benefit to 

the herd. 
IDLE BULLS AS A MENACE TO THE HERD. 

In recent years there has been no opportunity to observe the effect of numerous 

idle bulls, but there can be no doubt that a large supply of idle males, including animals 

of 7 years of age and over, would cause increased fighting and disturbance. The extent 
to which this would entail increased loss of life is to a considerable degree a matter of 
opinion. If left to itself, the herd would undoubtedly develop an excess of bulls beyond 
all possible needs and one which might serve as a distinct disadvantage. It may readily 

be believed that superabundant male life was a factor in maintaining an equilibrium 

before the advent of man, but in spite of this a considerable proportion of idle bulls 

may not be seriously detrimental. Under present conditions the massed sections of 

the larger rookeries are at the height of the season as thickly packed with seals as seems 

possible. The harems merge one with another to such an extent that those toward 

the center of a given area are thoroughly shielded from any disturbances except those 
originating within themselves. On the flat and adjoining beach under Hutchinson 

Hill there were in 1914 more than 100 contiguous harems and 6,000 to 8,000 closely 

packed cows. Numerous idle bulls, if present in such a place, would have caused some 
extra commotion around the outskirts of this breeding ground, but the great central 

mass would have been practically unaffected. In a large herd a few bulls and a certain 

number of cows undoubtedly come to death through fighting, and a considerable num- 

ber of pups are trampled and smothered, but there is no conclusive evidence that the 

number is appreciably more than proportionate to the size of the herd, regardless of 

a considerable number of idle bulls. In 1896, when idle bulls were present in great 
numbers, 131 dead cows and 28 dead bulls were noted, and a full count of pups was 

made on at least one rookery, Kitovi. So far as these figures can be compared with 

those of recent years, when both harem bulls and idle bulls have been at a minimum, 
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no important change in the death rate is indicated. This is shown by the following 

table: 
Mortality in relation to idle bulls. 

Year. 1896 I9i2 1913 I9l4 

PETE SOIIS . Cate vsteseaicie cece cere ates aves eco 4)932 1,358 I, 403 1,559 
Lat UE BR Ss qeinanngebndaradsnassntnons aqgse4 @ 3,000 113 105 172 
Total bulls.. fei 7,932 1,471 T, 508 1,73 
Total cows .| 5 209, 873 81, 984 92, 269 93,250 
Dead cows 131 27 30 18 
Per cent of dead cows in relation to total num- 

DEL OUDUUAS ches tans meh esemer centers I.7 1.7 I.9 I-0 
Per cent of dead cows in relation to total num- 

BEM OL COW acct hese 'cs secieeicatie we aisle cinsie’s ote +079 +037 +032 +019 
Pat IS ee ceicet ecica vires eiseenisisisine siasiee vision 28 3 6 4 
Per cent of dead bulls in relation to total num- 
Lag HP peorepisc andbtancoadaencropnm scr +380 +204 +390 057 

Total pups on Kitovi............ # 6,049 1,975 1,855 2,119 
Dead pups on Kitovi..............5 € 109 37 22 47 
Per cent of dead pups on Kitovi... . 1.8 1.8 boa 2.2 

@ Estimated; see Rept. Fur-Seal Investigations, 1896-97, vol. 1, p. 98. 
b One-half more than formerly estimated. 
¢ Including only those which died prior to August ro to make the figures comparable with those of later years. 

The above table is somewhat unsatisfactory, since pelagic sealing was going on in 

1896 and the counts were made then by methods not exactly the same as those used 

in 1912-1914. Moreover, it is not possible to state what percentage of the dead was due 

to trampling and fighting, so it is necessary to compare those dead from all causes. 
Notwithstanding that the figures are less extensive than desirable, several points of 

considerable interest are to be noted. The percentage of dead cows in relation to the 

total number of cows was greater in 1896 than in the years when idle bulls were few. 
In all other respects there is nothing in the figures to indicate that the percentage of 

death from all causes during the breeding season was any greater in 1896 than in the 

later years. ‘The percentage of dead pups on Kitovi was exactly the same in 1896 as 
in 1912, and even less than in 1914. Likewise the percentage of dead cows in relation 

to the total number of bulls was the same in 1896 as in 1912 and less than in 1913. 

In 1914, with an increase of bulls, there were fewer deaths of bulls and cows than in 

1912 and 1913. 

‘The imperfection of the data precludes absolute proof, but so far as any conclusion 

is indicated by these figures it is that a considerable number of idle bulls does not pro- 
duce an excessive death rate. If, in spite of these figures, it is held that an increased 

mortality must necessarily follow even a moderate increase of idle bulls, the most that 
can be maintained is that it is likely to be relatively small and not of itself sufficient 

to justify apprehension. Fighting and commotion must always be a part of rookery 

life, and if the idle bulls have any legitimate function it need not be very great to 

offset the harm they may do and justify their preservation in reasonable numbers. 

THE IDEAL PROPORTION OF IDLE BULLS. 

What has been said in the preceding paragraphs indicates that while a great excess 

of idle bulls is highly undesirable, an entire lack of them is equally so and for the mainte- 
nance of a well-balanced herd a definite proportion of them is necessary. This propor- 

tion should be large enough to insure the distribution of idle bulls on all the rookeries in 
numbers sufficient to serve all the virgin cows. The number of virgin cows at a given 
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time would normally be about one-fifth as many as the number of old cows. ‘This 

would indicate that one idle bull to every five harem bulls would not be an excessive 

number. Although but little data are available, it seems probable that most of the virgin 
cows are served between July 15 and August 5, a period somewhat shorter than that 

during which the old cows are held in the harems. Therefore, it may not be unfair to 

allow a smaller number to each bull than in the case of the old cows, and one idle bull 

to every four harem bulls therefore may be suggested as a theoretically ideal proportion. 

Reference to the table (p. 52) of the distribution of idle bulls in 1914 shows that this 

proportion has nearly or quite been reached on some rookeries without effectively re- 
ducing the average size of the harems of the old bulls so it is evident that in practice it 
may not be possible to secure ideal proportions either of idle bulls or harem bulls. How- 

ever this may be, there can be no question of the importance of striving to maintain 

proportions as near a theoretical ideal as circumstances will permit. 

THE UTILIZATION OF SURPLUS BULLS. 

To prevent financial loss, business principles demand that no large increment of 

idle bulls be permitted, but it is inevitable that excess may occur from time to time 
either as the result of well meaning restrictive legislation or on account of the liberal 

allowances for contingencies necessary in a carefully considered system of reserving 

young males. It is true that after the fourth year the pelt of the male fur seal becomes 
coarser and of less value than formerly, but it can not be said that it loses all its value. 

During the early years of the leasing system all furs were much cheaper than at present 

and the great abundance of seals made it natural that only the choicest should be taken 
for market. In later years, when the Government restricted the quota, the lessees were 

of course inclined to follow a similar policy guaranteeing them the largest possible profit. 

Therefore it is probable that they fostered the belief that skins of ‘‘wigged” males were 

of no value. The pelagic sealers, however, took seals of all classes and the records of 
sales in London show that ‘‘wigs’’ were by no means without value. . Although their 

condition as pelagic skins was variable and doubtless below what might be expected of 

land-taken skins, they were often sold for good prices in lots including other grades. 

The best examples of lots consisting exclusively or almost exclusively of wigs in recent 

years are found on the sales sheet of C. M. Lampson & Co. for 1909 and grt, as follows: 

Prices received for skins of large seals. 

Lot number. e Classification. Reerare price. 

Sale of Dec. 17, 1909: ‘ Shillings. 

rae ae Renee oe moma an hy iSO el a r10 ($26. 76) 

FG Rs: CEE RE ce MOREE APA ARGC heeeetey: yshesgs eas \ 108 ($26. 28) 

AA alee OA eR Ri rn aa Beni ty \eeeaane oe bac Re Bae ak oe \ 86 ($20. 92) 
Sale of Dec. 15, 1911: 

TGA Se hee reictte tk nee an TFN or ye a an \ 66 ($16. 06) 

BEOEe Masa daANS. Seek tandem Hee eainganse ‘gus } 52 ($12. 65) 

AGEN ee aac Bie alurs apshg aera atncH ee ans gaaeea wicTe lt 44 ($r0. 70) 
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The average price received for land-taken skins in 1909 was $34.68, so in general 

terms it may be said that wigs in that year brought at least two-thirds as much as 

2 and 3 year olds. In view of these figures, it is obvious that prime skins of 5 and 6 

year old fur seals would always command a price that would compensate for a con- 

siderable proportion of the revenue which might have accrued if they had been taken 
as 3-year-olds. Even if no figures were available, it would still be evident that the 

skins of young bulls must have a substantial value. The observer, seeing these fine 

young animals in prime condition, and knowing the growing demand for fur of all kinds 
and the wide range of uses to which it may be put, can not fail to conclude that the skins 

of young bulls would find a ready market and bring profitable prices. Therefore, while 

failure to kill at the proper time causes a financial loss, it does not cause a total loss. 

In emergencies, such as will exist in 1915 when nearly 10,000 5-year-olds will be 

present, it would be possible to derive at least a moderate revenue from seals of this class. 

THE AVERAGE HAREM. 

VALUE OF THE AVERAGE HAREM. 

The average harem, as commonly considered, is the average number of old cows 

held in harems by old bulls in a given season. It is calculated by dividing the total 

number of pups (equivalent to cows) by the total number of harems, and may be obtained 

for a single rookery or for the whole herd. During pelagic sealing, when full counts of 
pups were not feasible, the average harem was used as a means of estimating the total 

number of cows and pups by counting pups on one or several rookeries and applying 

the average thus obtained to all the rookeries. Estimates made in this way, as shown 

by recent full counts of pups, were apparently from 30 per cent to 40 per cent too small 

(see this report, p. 34), but their comparative value is nevertheless very great. For 

this reason it is highly important that this information be obtained whenever it is not 
possible to make a full count of pups. 

The average harem is of value also as an indication of the relative strength of-the 

breeding males. Thus in 1914 an increase in harem bulls without a proportionate 

increase in bearing cows caused a reduction of the size of the average harem. Further 

reduction may be expected with further increment of bulls and regulation of the size 

of the average harem may be accomplished by increasing or decreasing the number of 

bulls. 
VARIATION OF AVERAGE HAREMS. 

Variation of average harems is of two kinds, that of seasons, from one to another, 

and that of different rookeries in the same season. From season to season the average 

harem of the total herd has varied in recent years within relatively small limits. Thus 

in 1912 it was 60.4, in 1913 it rose to 65.8, and in 1914 dropped to 59.8. During the © 

same period it showed a net decline for St. Paul Island and a continuous rise for St. 

George Island. Variation on the different rookeries from year to year keeps within 

moderate limits in most cases, and this may be taken as some indication that, unless 

unduly influenced, the same set of animals repairs each year to the same rookery. In 

other cases, the average harem shows sudden and pronounced ups or downs which are 

sometimes obviously due'to well-known abnormal conditions and are sometimes wholly 

inexplicable. A summary of average harem data follows: 

Se 



FUR SEALS AND OTHER LIFE, PRIBILOF ISLANDS, I9I4. 57 

Comparison of average harems, 1912-1914. 

Igi2 @ 1913 4 I9t4 

Rookery and island. 

Bulls. | Cows. rept Bulls. | Cows. ae Bulls. | Cows. jee 

St. Paul Island: 
tovi. 53 1,975 37-3 44 1, 855 42-2 58 2,119 36.5 

Lukanin 3 1, 787 47 33 1, 661 50-3 39 1,834 47 
Gorbatch. 109 6,435 59 106 6, 368 69.1 112 6,152 54-9 
Ardiguen. | Ir 417 37-9 II 475 43-2 15 656 43-7 

179 13,014 72.7 171 13,984 81.8 193 13,559 70-3 

57 2, 787 48.9 67 31495 52.2 9 4,052 44:5 
8 525 65.1 6 527 87.8 8 375 46.9 

103 9,974 88. 1 120 10,026 80. 4 161 95934 61.7 

105 |@ 7,364 7O.1 106 7,953 75 114 7,625 66.9 
‘ 6r 41436 72-7 58 4,590 79:2 90 4,919 54:7 

Zapadni Reef. 3 186 62 3 107 65.7 3 206 68. 7 
Polovina.... 44 2,736 62.2 44 3, 680 83.6 58 39555 61.3 
Polovina Cii 2 1,083 51-6 19 1,320 69. 4 22 1,449 65-9 
Little Polovina. Ir 84r 76.5 2r 1,050 5° 18 927 55 
LISTE 2 ens SORA oO MBE So | 37 2,400 64-9 40 | 2,812 70.3 43 2,312 53-8 
WOSOCha 2g. see ao ee 237 14,979 63-2 293 | 19,459 66. 4 201 19; 709 67-7 

Total and average....... I,077 70,035 65 I,142} 79,458 69.6 1,316 791 383 60. 3 

St. George Island: 
INOUE ots pict anata c dans sates 117 4) 227 36. 1 104 4,319 4h.5 94 5,301 56.4 
wtaraya Artely so... vase 52 3,607 69.4 59 3.778 64 63 4,278 67-9 
ADA etic crt oo sacs e 32 I, 246 35-9 21 1,408 67 14 I, 023 73-1 
Bittle Fast ee, sel enec cess I 26 26 2 25 12.5 I 26 26 
East ee Sn ORD CRE BL OOe 23 536 23-3 17 444 26.1 14 58r 405 
FASE CUASOR Tf oaces Seat 56 2,307 41-2 58 2,837 48.9 57 2,658 46.6 

| <=> Soa | pS Sel | 

_ Total and average....... 281 11,949 42-5 | 261 | 12,811 | 49-1 243 13, 867 57-1 

St. Paul, total and average....} 1,077 70,035 65 | x, 142 79,458 69. 6 1,316 79,383 60.3 
St. George, total and average. . 281 11,949 2.5 | 261 | 12,811 49-1 243 13, 867 57-1 

| 

Grand totaland average.| 1,358 81,984 | 60. 4 1,403 | 92,269 | 65.8 1,559 | 93,250 59.8 
I 

@ From the unpublished records of G. A. Clark. 

The most obvious general condition revealed by this table is the marked difference 

between St. Paul and St. George Island. Although only four rookeries on St. Paul 

show an increased average harem since 1912, the conditions on St. George are reversed 

and five out of the six show an increase. This accords with field observations which 

make it very clear that there was a scarcity of bulls on St. George in 1914. For the 

whole herd the average harem falls since 1912 on 12 rookeries, rises on 8 rookeries, and 

remains unchanged on 2. ; 

The variation in the averages of different rookeries in the season of 1914 ranged 

from 36.5 on Kitovi, St. Paul Island, to 73.1 on Zapadni, St. George Island.* Nine 

rookeries have an average of over 60, 8 of under 50, and 5 between 50 and 60. Some of 

this variation is doubtless due to past conditions, especially raiding and pelagic sealing, 

but it is probable that conditions never have been and never will be such as to produce 
more than approximate uniformity in the average size of the harems on the different 
rookeries. 

THE AVERAGE HAREM AS A CRITERION OF THE CAPACITY OF THE BULLS. 

The nature of an average forbids its use as a criterion of extremes unless certain 

reservations are made. In some cases, an average may be the mean between only 

slightly divergent extremes, and thus is fairly representative; but the average harem 

is based upon the total number of harem bulls, including many with but one cow 

a Little East, with its single harem of 26, not considered. 
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and others with more than a hundred. If the bulls are of equal strength, one is as 

capable of caring for a large harem as another, and it must be concluded that all bulls 

have the ability to serve the maximum number of cows. This maximum number is 

known to be more than 100, and although an exact figure can not be stated it is not 

necessary for practical purposes that it should be. The average harem for the whole 

herd or for certain of the larger rookeries is of value in this connection chiefly because 

it substantiates the general conclusion that the maximum harem is very large. To 

obtain the average harem of 59.8 in 1914, it is obvious that harems much larger than 

the average must have been included. The maximum average harem of some of the 

larger rookeries furnishes a further indication of the same sort. Thus, in 1912 the 

average harem of Tolstoi, a rookery of 9,074 cows, was 88.1; in 1913 the average harem 

of Reef, with 13,984 cows, was 81.8; in 1914 Reef had 13,559 cows and an average 

harem of 70.3. Such figures can not possibly be interpreted otherwise than that the 

capacity of the bulls is “far beyond their average opportunities even under present 

conditions. 
In addition to the bearing cows, which are the only ones included in the average 

harem, the harem bulls have the further responsibility of at least a small proportion of 
the virgin cows; exactly how many can not be ascertained. If a sufficient number of 

idle bulls were present to insure the exclusion of the half-bulls from the breeding, the 
total of harem and idle bulls might be proportioned to the total of young and old cows 

served by each bull. Under these conditions an average might be obtained by con- 

sidering the bulls of one year as sires of pups of the next, and to this extent the effective- 

ness of the bulls would be demonstrated wholly beyond cavil. Thus there were in 1913, 

according to count, 1,403 harem bulls, 105 idle bulls, and 259 young bulls, making a 

total of 1,767 bulls and young bulls as the sires of the 93,250 pups born the following 

year,in 1914. The average number of cows per bull on this basis therefore was 52.8 in 

1913. ‘Two objections may be made to this result, (1) the number of young bulls counted 

did not include the full stock of that class (see p. 40), and (2) at least 10 per centof the 

old cows must have died between seasons. One of these objections practically offsets 

the other, and it would be hypercritical to dissent from the conclusion that an average 

of not less than 50 young and old cows was served by the combined harem bulls, idle 

bulls, and young bulls in 1913. 
Considering all the data on the subject of average harems, it is evident that while 

they fail to show the maximum capacity of the bulls they demonstrate most conclusively 

that the maximum is very high and that in practice it has rarely or never been reached. 

If any bad result has come through the reduced number of bulls on the islands in recent 

years, it has not been because of lack of sexual power. Possible harm through lack of 

opportunity by the old bulls and through participation of adolescent males in the breeding 

has been discussed elsewhere (see p. 47). 

DISTINCTIONS BETWEEN THE CLASSES OF SEALS. 

The so-called classes of seals are the natural divisions which may be made according 

toageandsex. For practical purposes there are seven classes of male seals and four classes 

of females. ‘The classes of males are the pups, the yearlings, the 2-year-old bachelors, 

the 3-year-old bachelors, the 4-year-old bachelors, the 5 and 6 year olds or half-bulls, 

—————E— rc 
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and the bulls or males of 7 years and over. The classes of females are the pups, the 

yearlings, the virgin cows or 2-year olds, and the bearing cows or cows of 3 years and 

over. The distinction of these various classes is a matter of great importance in the 

study of the seals and in the practical management of the herd. It is especially important 

to distinguish the bachelors of 2, 3, and 4 years since these are the classes most similar 

in general appearance and the ones from which quotas and reserves must be taken. The 

other classes are mostly so easily distinguished as to require no special discussion. 

GENERAL DISTINCTIONS. 

Certain obvious general distinctions have long been recognized. Thus, the males 

after the third year are so much larger than any female that no confusion is possible. 
Males and females of 2 and 3 years, although distinguishable by a combination of minor 
characteristics which are apparent to the experienced observer, have a general similar- 
ity in size and color, but they are so completely segregated during the killing season 

prior to August 1 that no attempt at careful examination of individuals is necessary. 
The cows keep strictly to the breeding areas during the early part of the season and 
the bachelors to the hauling grounds with such rare exceptions that they need not be 
considered. Pups or yearlings of both sexes, so far as known, are identical in general 
appearance, but the males and females can be readily distinguished when handled. 

The skinner is always aware of the sex of any seal of any age the moment he takes it 
in hand to make the opening cuts. Cows or bulls of advanced age are easily distin- 

guished from those of the early years of maturity, but the exact age of a given indi- 
vidual can not be known except in a few cases, and it is of no practical importance that 
it should be. Pups in their first season are distinctly characterized by color, though, 
as noted elsewhere, they may become so fat at 3 months of age as to weigh quite as 

much or more than yearlings. Bachelors in the fifth year develop the ‘‘wig”’ or mane, 

which serves as a mark of recognition in addition to increased size. The bachelors of 
2, 3, and 4 years, however, are very similar in all general respects, and can be distin- 

guished only by size. 
SPECIAL METHODS APPLIED IN 1914. 

Heretofore bachelors of certain average size have been regarded as 2-year-olds, 

those of the next size as 3-year-olds, and those of the next as 4-year-olds. Certain seals 

actually or apparently intermediate between the more or less vague standards have 

been classified as ‘‘long 2-year-olds,” ‘“‘short threes,” or by similar terms. The actual 
age of any particular seal was never known with certainty, since no seals had been 
marked at birth and subsequently measured as they reached different ages. In 1914 

it was possible for the first time to measure seals positively known to be 2-year-olds, 
since a number of that age were present bearing distinctive brands placed upon them as 
pups in 1912. With these 2-year-olds as a standard of comparison it was possible to 

determine the characteristics of the 3-year-olds and the 4-year-olds. As a further and 
very important check upon the conclusions a large number of skulls were preserved, 
furnishing unmistakable evidence of the relative age of different individuals. Further- 
more, the standard of distinction adopted has been the one subject to the least variation, 

namely, the total length of the animal. It has long been recognized by zoologists and 
students of classification and variation that the total length measurement of mammals 
is the most constant and reliable one that can be taken. This dimension is not affected 
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by any temporary condition of the animal causing it to be fat or lean, but is mainly 
dependent upon the length of the vertebral column, which varies only within very 

narrow limits. As shown beyond, especially under the discussion of 3-year-olds, the 
use of this measurement makes it possible to classify bachelor seals with a high degree 
of accuracy. 

THE YEARLINGS. 

Definition.—A yearling seal has been defined as an animal which has attained its 
second summer, or one which has completed its first migration. The great majority of 
the pups are born in July, but some are born as early as the middle of June and a very 
few as late as the middle of August. The seals of any one generation, therefore, can 

vary in actual age but little more than 8 weeks, and for all practical purposes this 
variation may be disregarded. Seals found on the islands the year following that of 

their birth are and in fact must in practice be regarded as yearlings during the whole 
of that year or from the time they arrive at the islands on the return from their first 
migration until they leave to begin their second journey. The same principle applies 
to the other classes of young seals, each simply representing one generatien in the 

herd. It is true that a provision of the law of 1910, which fails to use the word year- 
ling, conditionally prohibits the killing of ‘‘any seal less than 1 year old.” But this 
prohibition is expressly stated to be subject to the ‘“‘authority of the Secretary of 

Commerce” and to the needs of the natives for food. Moreover, the subsequent law of 

1912 provides that male seals without restriction as to age may be killed as food for the 
natives. ‘Therefore it is a matter of no practical importance whether the actual age of 

any given yearling be slightly more or slightly less than 12 months. 
It is, of course, impossible to determine the exact age of individual seals, but the 

limited period in which births take place affords a means of approximation. Births 
occur in greatest numbers from the roth to the 20th of July. After that date they 

rapidly decrease, and although a few usually occur during the first week of August, 

they represent the merest fraction of the total number. Births as late as August 10 

are of very rare occurrence. Among the very few records of such cases which have 

been found, one on August 14 and another on August 27 may be noted.* In 1914 the 

latest copulation recorded was on August 21, the cow engaged being an old one and her 

pup apparently but a few days old. It is evident, therefore, that yearling seals found 
in July may be slightly more or slightly less than 12 months of age, that those found 

early in August are mostly more than that age, while of those found after August 10 the 
chances are thousands to one that their age exceeds the exact year. 

Limited knowledge of yearlings.—During early observations of seals, it was natural 

to expect that the yearlings, having but little sexual instinct and being but poorly 
prepared to defend themselves in the rough-and-tumble of the hauling and breeding 

grounds, would have little reason or desire to come to land early in the season. It was 
also evident from the variation in the size of the pups in the fall and from the probable 
vicissitudes of the first migration that yearlings would be likely to present a wider varia- 

tion in size than seals of older classes. ‘These conditions have been recognized by most 

students of fur seals in the past and with some corroborative observations of the year- 
lings themselves, it has generally been regarded as true that the yearlings come late to 

@ Report Fur Seal Investigation, 1896-97, pt. 3, D- 43, 1899. 
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the islands in no large numbers and associate with the pups rather than with the older seals. 

But exact information as to their size and characteristics has been very limited. It is 

probable that 2-year-olds, especially 2-year-old females, have been mistaken frequently 

for yearlings not only by the agents and other white men but by the natives, who 

have been regarded usually as expert in distinguishing the classes of seals. An incident 

early in the season of 1914 indicates that this may have been the case. During a killing 

on July 1, the chief of the natives, John Stepetin, in charge of the clubbers, was asked 
if any yearlings were likely to appear, and upon his replying in the affirmative he was 

requested to point them out. A few minutes later, a small pod of seals was driven up 

and the native chief announced that it contained one yearling. Through misunder- 

standing a motion made by the chief in pointing out this seal, one of the clubbers struck 

it a blow and killedit. Therefore it was carefully measured and its skull was preserved. 

Subsequent study and examination proved conclusively that it was a 2-year-old and not 
a yearling. It was, however, approximately as small as any seal in the drive or as any 

on the islands at that time or for several weeks later. Neither the agents nor the natives 

pay much attention to seals during the few weeks just following the killing season when 

the yearlings really appear, so it is not unlikely that they have sometimes assumed that 

the smallest seals present in June and July were yearlings. 

Knowledge of the movements of yearlings and of their size and weight has been 

based largely on assumptions which, however justified by observation and logical proba- 

bilities, have not been demonstrated beyond the possibility of doubt by definite experi- 

ment and exact record. 

Records of yearlings.—In conformity with the spirit of the law, no yearlings were 

killed in 1914, but records and notes made in 1913 and not as yet published were found 

to include much valuable data. With the object of securing exact information in regard 

to yearlings, 5,529 pups were carefully branded in the fall of 1912 by direction of Special 

Investigator George A.Clark. In 1913 Mr. Clark searched for examples of these branded 

animals to determine the yearling type, but up to the time of his departure from the 

islands (August 9), he records the examination of only one, on July 24. Later in the 

season, the agents and school-teachers on both islands continued to search for branded 

yearlings and found them only in very small numbers. Since these branded animals 

were the only undoubted yearlings upon which observations ever were made, the notes 
of the agents and school-teachers in the fall of 1913 are highly important. Prior 

to the month of August, as shown by the field notes of G. A. Clark, only one clearly 
branded yearling had been seen, on July 24, and between that date and November 11 

only nine more were recorded on St. Paul Island. The very small number found led 

to the contention that many of the pups of 1912 must have succumbed to the branding. 

Although this may have been a matter of uncerteinty in 1913, the large number of 

branded 2-year-olds which appeared in 1914 shows conclusively that it was not founded 

in fact. As indicating the thoroughness of the search for branded yearlings in 1913, 

the following notes of Mr. A. G. Whitney, school-teacher on St. Paul, are of interest: 

August ro. Spent an hour in the afternoon watching the seals at Kitovi from fox cairn at Rock 8. 
Many cows and pups hauled back to edge of grass, and a hundred or more bachelors on the knoll at 
Rock to. A yearling, with a perfect T brand, playing with the pups and scampering about among 
the dozing cows. This yearling, scarcely larger than the huskiest pups, and although slenderer and 
more alert and agile, apparently no heavier than they. 

97867°—vol 34—16——5 
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August 16. Hation reported three branded yearlings in the food drive made to-day. 

August 27. Went out to Gorbatch (Rock 14) just before dark to observe the mass of seals there. 
Noted a number of very small seals, undoubtedly yearlings, among the cows and pups at upper edge 
of herd. 

September 9. One branded yearling seen on Kitovi. 

October 13. After closing school, I spent an hour and a half with Hatton searching for branded 
yearlings on Gorbatch, Ardiguen, and Reef, without success. 

October 14. This being a school holiday, I spent all day hunting for branded yearlings. Hatton 

and two natives accompanied me. With glasses we thoroughly scanned every foot of rookery on Gor- 

batch, Ardiguen, Reef, Kitovi, Lukanin, and Tolstoi. Observed but one branded yearling (at Rock 2, 

Gorbatch), which we were unable to catch. 

October 17. After school, searched until dark for branded yearlings with Hatton and two natives 

on Gorbatch, Ardiguen, and Reef. The natives insisted that the yearlings are to be found among the 

bachelors, and never among the cows and pups. Although I knew better, we decided to cull over 

the bachelor herd (about 200) on Reef. A few possible yearlings were among them, but no brands. 

With our glasses we carefully worked over every bunch of seals along the rookery fronts. 

October 18. As it was Saturday, Hatton and I spent the whole afternoon looking for branded year- 
lings. Hunted over Gorbatch, Ardiguen, and Reef carefully. Found but one brand, at Rock 2, 

Gorbatch, the same place where the one was seen October 14. 

October 19. Spent half a day with a native searching for branded yearlings on Gorbatch, Ardiguen, 

and Reef, and then Kitovi and Lukanin. Found but one, at Lukanin, which we tried to snare, but 

he got away from us. This one was hauled up among a mass of cows and pups, and frisking about, as 

usual. 

October 24. Spent the late afternoon on Reef Peninsula. Found a finely-branded yearling just in 
front of ‘‘ Old John Rock’’ on Gorbatch, among the cows and pups. 

November 4. Took charge of a ‘‘food-drive ’’ at Northeast Point and attempted to procure branded 
yearlings. Ina drive of 386 seals from a herd of a thousand or more near Sea Lion Point, there were 
no branded yearlings and scarcely any seals small enough to have been yearlings. 

After the killing this morning, I took two natives and returned to the rookeries to search again 
for yearlings. Only 50 bachelors hauled out where we drove from last evening and these all three- 

year-olds or older. Went to bluff at front of Hutchinson Hill and looked over the big mass of cows 
and pups there for half an hour. Saw no branded yearlings, but a dozen or more very small seals that 

I am sure were yearlings scattered along the edges of the herd, mostly on the sandy area just in front 

of the bluff. 

November 1o. A drive was made from Reef, but it contained no branded yearlings, out of a total 
of 400 seals driven. 

November 11. While on a trip after the reindeer, Hatton saw one branded yearling at Polovina 

Rookery. 

The total number of branded yearlings noted in 1913 on St. Paul Island may be 

summarized as follows: 

Branded yearlings seen on St. Paul Island, 1913. 

Date. | Rookery. etee in Observers. 

July x | G. A. Clark, W. I. Lembkey, and 
A. G. Whitney. 

Aug. 1 | Mr. and Mrs. A. G. Whitney. 
3 | P. R. E. Hatton. 

Oct m1 /RAs > Ee and P. R. E. Hatton. 
I 0. 
1 | A. G. Whitney. 
I Do. 

Nov. 1 | P. R. E. Hatton. 

— 
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On St. George Island, a much larger number was seen, the total being 74, but here, 
as well as on St. Paul, it was impossible to be certain that some animals had not been 

counted more than once, so the total isa maximum. The observations on St. George 
Island, as shown bv the notes of Messrs. Proctor and Hanna, were as follows: 

Branded yearlings seen on St. George Island, 1913. 

Number 
Date. Rookery. seal, Observer. 

Aug. 16 | Staraya Artel 2 | A. H. Proctor. 
26 orth 2| G. D. Hanna 
30 | Staraya Artel 2 Do. 

Sept. 4 orth 2 Do. 
4 | Staraya Artel I Do. 
(i anes do 2 Do. 

13 | North I Do. 
Oct. orien d 3 Do. 

18 | Staraya Arte 5 Do. 
21 orth 4 | A. H. Proctor. 
CIs [lation 3 do eid 3 | G. D. Hanna. 

Nov. 5 | Staraya Artel... 1o | A. H. Proctor. 
ro | North 12 Do. 
ei lencee do 25 Do. 

Total St. George Island. 74 

Efforts to obtain specimens of branded yearlings and records of weights and 

measurements on St. Paul Island were unsuccessful, but on St. George three of the 

animals were secured and two others obviously of the same age, but unbranded. ‘These 

were measured and weighed in the presence of Agent Proctor by Mr. Hanna, who is an 

experienced zoological collector accustomed to measuring animals. The data obtained 

and certified to by Messrs. Hanna and Proctor follow: 

Measurements and weights of male yearlings, St. George Island. 

Weight of | Weight of 
Date. Length.» animal. skin. 

Aug. 16 37 oO) ca 4 6 | Branded. 
16 3538 37 8 3 33 Do. 

Nov. 5 36 4I 12 Cs Ir Do. 
Oct. 21 3478 39 I5 €5 2 | Not branded. 

21 3534 33 «+10 C4 13 Do. 

| 

| 

| 
1913. Inches. Lbs. 02. Lbs. 02. 

| 

8 erase ere Fete taken after Aug. 10, the assumption is justified that they were from a few days to several weeks more than 

> Length of animal from tip of nose to root of tail, taken with tapeline before skinning. 
¢ This weight is inclusive of the skin of the head; the other weights are of skins prepared in the usual manner, without the 

head skin or “‘ mask.”’ 

Although yearlings may have been recognized and measured in the past, these 

figures are the first and only available ones based on the examination of seals of posi- 

tively known age. The weights of the two skins taken in the usual manner are well 

below 5 pounds, the minimum prescribed by the Government regulations for killings 

in past years. The others weighed somewhat more, owing to the inclusion of the head- 

skin or “mask,’’ which is ordinarily left on the carcass. Such a mask from a skin of 

only 3 pounds 834 ounces total weight was weighed August 18, 1914, and found to weigh 

334 ounces, or 6.2 per cent of the total weight. With allowance for this extra weight it 

is seen that even the skin taken November 5, and therefore from an animal of some 15 

months of age, only slightly exceeded 5 pounds, and all the others were less than that. 
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The total body weights of these yearlings, taken immediately after killing and before 

bleeding or skinning, are interesting in comparison with weights of pups taken late in 

the season. ‘They indicate that after the pups leave the islands, fattened by an easy 

life and ample nourishment from their mother’s milk, they lose weight, and many of 

them may actually return to the islands the following summer weighing less than when 

they left. Under instructions to weigh six of the smallest pups and six of the largest 

to be found on November 17, 1914, Agent Fassett submitted the following results: 

Average of smallest four weighed 257% pounds; average of next smallest four, 3375 

pounds; average of largest four, 4838; pounds. Individual weights, recorded in pounds, 

were as follows: 2434, 2514, 2534, 2734, 4234, 4314, 49%, 5134. The average weight 

of the four smallest and the four largest is 37.3 pounds, which may be taken as a fair 

average for November pups; this is only slightly less than that of the yearlings. The 

great variation in the weight of gray pups is doubtless due in part to early or late 

birth, but it is evident that this is largely compensated during the first long hard winter 

at sea, when the weaklings succumb and general vigor rather than mere weight deter- 

mines survival, so that on the return to the islands the yearlings as a class show 

comparative uniformity. 
Movements of yearlings—The observations of branded yearlings in 1913, partic- 

ularly those of Mr. A. G. Whitney, who has kindly submitted his notes for examina- 

tion, show that yearlings first appear in very small numbers late in July, and that they 

are seen in greater numbers in August and later months. They are seldom found on 

the hauling grounds with the bachelors, but prefer the areas occupied by the cows and 

pups, being found most frequently near the shore engaged in play with the pups, which 

they do not greatly exceed in size. All specimens taken were of the male sex. Obser- 

vations made in 1914 confirm those of 1913 in all important respects. Although no 

branded yearlings were present in 1914, the identification of seals of this class was 

rendered comparatively certain by the knowledge of the observations made the previous 

year, and especially by the presence of known 2-year-olds with distinctive brands, 

which were practically always available for comparison. During the entire month of 

July the hauling grounds were repeatedly scrutinized for yearlings, but at no time were 

any seals seen that were smaller than the known branded 2-year-olds. In the same way 
all food drives from July 1 to August 18, in which seals to the total number of 5,105 

were passed in review in small pods under close examination, showed nothing smaller 

than 2-year-olds. The first yearlings were observed August 17, and after that date 

others were seen frequently. Of those seen, however, only two were among the bachelors, 

and even these may have been frightened away from the margin of a breeding area by 

the natives in rounding up the bachelors. In view of these facts it seems highly improb- 

able that yearlings ever resort to the hauling grounds in numbers, and it is practically 

conclusive that during the killing season, which ends July 31, they seldom come to 

land at all. 

Observations of yearlings made in 1914 are indicated by the following extracts 

from the field notes of W. H. Osgood: 

August 17. Started at 7.15 a. m. for Northeast Point with Preble, Macoun, Hanna, Ball, and four 

natives. Macoun stopped to botanize at Polovina. Went out (on Vostochni Rookery) and drove 
bachelors for branded 2-year-olds and clipped 31; also saw one St. Paul return and one St. George 

return. Counted pods to a total of 2,945, and fully 1,000 got away into the water and elsewhere, and 
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were not driven. Not the least doubt that there were over 4,000 bachelors hauled; many were in with 

the cows and could not be herded. In all this number of seals only two were seen that by any possi- 
bility could have been yearlings. These Hanna thinks undoubtedly were yearlings, and he was the 

only one of the party that ever had seen any before. I was well enough convinced of it, for they were 
obviously smaller than the 2-year-olds, the size of which is, of course, very well fixed in our minds 

after all the branded ones we have observed during the summer. Only two in a drive of practically 
3,000 seals, however, shows that they are on land in very small numbers, and I am positive we have 

not seen any earlier in the season. 

August 20: Went to Tolstoi and watched seals. * * * Saw two seals (among the cows) that 
appeared to be yearlings. 

August 21: This afternoon went to Gorbatch for a short time and found many bachelors on the 
“Parade Ground,’’ perhaps eight or nine hundred, including a number that were hauled out on the 
plateau extending between Gorbatch and Reef. Wasrather surprised to note a copulation near Rock rq. 
The bull was an old harem master and the cow not very young. Her pup was quite small, evidently 

only afew days old. Saw a couple seals I think were no doubt yearlings (near Rock 14). 
August 23: On Lukanin, saw a very small yearling not much larger than one of the largest pups. 
August 24: With a little search, yearlings can be found on any of the rookeries now. 

August 25: Went to Kitovi. * * * Sawa number of yearlings (15 or 20) along the edge of the 
water playing with the pups and with each other. Went to Tolstoi again in the afternoon. Large 
hauling of bachelors on beach. Saw a branded 2-year-old cow among them and photographed her at 

short range with a 3-year-old bachelor that was paying her attention. Saw two or three yearlings near 
the water’s edge with the pups. Preble tells me he saw at least a dozen among some pups at the edge 

of the water at Zapadni to-day. I don’t believe they associate with the bachelors much more than the 

ups do. 
: ass 28: Went over Reef, Ardiguen, and Gorbatch looking especially for yearlings and cross- 

branded 5-year-olds. * * * Sawa couple yearlings on Gorbatch and a half-dozen on Reef, in both 

cases associated with the cows. 
THE 2-YEAR-OLDS. 

Two-year-old males.—Early in the season of 1914 seals began to be noted in the 

food drives having the clearly marked T brand on the top of the head. These were 

animals branded as pups in 1912 and therefore were undoubted 2-year-olds in 1914. 

As yearlings they had been noted in 1913 in small numbers and only late in the season, 

but as 2-year-olds in 1914 they appeared as early as June 12, and soon became fairly 

common. As many as 32 were recorded in a single food drive of only 566 bachelors 

on July 25 on St. George Island. Throughout the period from June 22 to August 28 
failure to find at least several of these branded 2-year-olds on any hauling ground was a 

rare occurrence. The brands were clear and distinct and easily recognized, making it 

possible by the use of field glasses to note branded animals at a distance of 100 yards or 

more and to compare them with the other bachelors hauled without any disturbance of 

the herd. Allowing the usual deductions for natural mortality, not over 1,200 males 

of the total branding of 5,529 pups of both sexes should have survived to the age of 2 

years. ‘[herefore it was not to be expected that any large number of them would be 

seen at any one time or place. However, an effort was made to keep a definite record 

of those which appeared. In order that none should be counted twice, the branded 

animals were caught and marked by clipping the hair from one side of the head and no 

record was kept of any except those so marked. Owing to pressure of other matters, 

it was not possible to make more than two special drives for this purpose, so the seals 

marked and recorded were for the most part limited to those appearing in the food drives. 

Moreover, through misunderstanding of instructions, the work was not continued through 

August and September by the agent and was not resumed until late in October and 
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November, when a large proportion of the herd had left the islands. Nevertheless, a 

total of 315 was recorded, and it is evident that many more were present at times when 

no enumeration was made. 

During the season, 13 branded 2-year-old males were killed at food killings and sub- 

jected to special examination. Three others taken in November have been reported 

upon by Agent Fassett. The data obtained from these examples are given below: 

Measurements and weights of 2-year-old males. 

Length of | Length of | Weight of Date. oan et) sia Remarks. 

1914. Inches. |Miillimeters.| Lbs. Oz. 
Gul) = £304 N7SM OH ascites St. Paul Island. 

z €38%4 7G. 08 |levaastpie win uiepte Do. 
I Car CPVGT RDI aiginialeinYalstaias Do. 
I ©3634 RAY Wiseetoctee ce Do. 
9 Aa AIS oh pabiias is €5) ay. St. George Island. (Live 

weight 57 pounds 12 
ounces. ) 

aI St. Paul Island. 
ar Do. 
ar Do. 
ar Do. 

Aug. 1 Do. 
18 Do. 
18 Do. 
18 Do. 

Nov. 17 Do. 
17 Do. 
18 Do. 

Average. 94014 | 1755 | '*s 2 

«From tip of nose to root of tail. 
bCondylobasal length. 
¢Measured by W. H. Osgood, G, H. Parker, and E. A. Preble. 
4d Measured by G. D. Hanna and A. H. Proctor. 
¢Including skin of head. 
/ Measured by H. C. Fassett. 
g Exclusive of November examples. 
h Eight skins taken July 21~August 18. 

Two-year-old females.—The 2-year-old females begin to land at about the height of 

the season or just before the harems of old cows have broken up. They become more 

numerous after the break-up but are never seen in large numbers. Some of them join 

the regular harems and remain for perhaps two or three days, but as a rule they do not 

stay long in one place. Ina few cases, small harems composed exclusively of 2-year-olds 

may be seen but this is exceptional. Probably many of them are served near the water 

and never reach the rookery ground beyond. Although not always distinguishable with 

certainty from young cows of three or perhaps four years, they have certain character- 

istics which would doubtless be recognized by an experienced observer in practically all 

cases. They are generally very fat and sleek and seem relatively short-bodied with 

short front flippers, very light-colored breasts, and short dark whiskers. These char- 

acters are not absolutely distinctive, but when combined with observation of the general 

appearance and actions and the indifference to the pups, they serve to make the identi- 

fication of the 2-year-old female fairly certain. These females enter the rookery ground 

with obvious hesitancy; their whole demeanor is that of inexperience and coyness, 

and they take flight at the slighest alarm. A few of them occasionally stray to the 

hauling grounds, and when once there sometimes persist in remaining until literally 

driven into the sea by the unwelcome attentions of the younger bachelors. During the 

season of 1914, with one exception, the only females found in drives were 2-year-olds. 
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Although branded 2-year-old males were seen in numbers in 1914, females with 
brands were observed in only 10 instances, probably because the females remain on 

land but a short time. The first branded females were seen on Polovina on July ro. 

In company with some 20 others apparently of the same age, three of these branded 

animals were observed on a gravel beach beneath a low bluff at the north end of the 

rookery. They were in charge of a small 5-year-old bull who made a futile effort to 

hold them and then followed as they all rushed into the sea. During the next 10 days a 

few females, believed to be 2-year-olds, were seen but none branded. On August 1, in 

a drive from Reef rookery, a branded female was accidently killed. On August 11 a 

branded female was noted near Rock 14 on Gorbatch wandering over the breeding 
ground obviously unattached to any particular place. Another seen on Reef August 13 

was among some older cows apparently held by an old bull, but, as the old cows made 

for the water, the bull followed and a young bull quickly made advances to the 2-year-old 

cow which remained. On the Tolstoi sands August 25 a branded cow was found among 

the bachelors being harassed by a 3-year-old whose attentions were vigorously resented, 

the cow tumbling about plainly seeking a place where she might be undisturbed. Still 

later, on August 28, two branded cows were seen playing together in the irregular mass 

of cows, pups, and roving bachelors on the breeding ground of Reef Rookery. Late in 

the season, on November 17, as reported by telegraph, a branded 2-year-old female was 

accidently killed in a food drive from Tolstoi rookery. The sizes and weights of the 
2-year-old females which died through overheating or by accident in drives in 1914 are 

as follows: 
Measurements and weights of 2-year-old females. 

Weight of Live 
Date. Length. Stans weight. Remarks. 

1914 Inches. Lbs. oz Lbs. oz. 
Aug. 1 38% 3. 14 ain 4 Branded. 

18 39 Beko aero Unbranded.¢ 
18 38 3 «5 b29 12 Do.@ 

Nov.17 © 41y5 4 13% Be Branded. 

@ The determination of the age of the unbranded animals is made positive by examination of the skulls which were preserved 
and compared with those of the branded animals. ‘ df es 

> Although no other weights of 2-year-old females were obtained, it was evident that this was an exceptionally small example; 
until its skull was examined it was thought to be a yearling. 

¢ Measured and weighed by H. C. Fassett. 

THE 3-YEAR-OLD BACHELORS. 

The presence of numerous branded 2-year-olds of known age in 1914 made the 

identification of the 3-year-olds comparatively certain. Owing to the importance of 

this class as the one from which killings and reserves are taken, a special effort was 

made to determine its characteristics. With this end in view, a large number of sup- 
posed 3-year-olds killed for food were carefully measured and their skins weighed. 

In addition the complete skull of each was preserved and tagged with a number corre- 

sponding to the number attached to the skin. These skulls were then brought to the 
National Museum and there prepared for study. In the same way, skulls were pre- 

served of the branded 2-year-olds taken and of a small number regarded by the natives 

as 4-year-olds, 5-year-olds, and 6-year-olds. Using these skulls as a check on the 

measurements taken in the field, it was possible to determine with a high degree of 
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accuracy the age of any particular seal, to test the judgment of the natives, and to 

learn the range of variation in size among seals of a given class. Thus, if a supposed 

3-year-old showed a small body measurement it was possible to examine its skull and 

compare it with that of a known 2-year-old and so leain whether it was in reality a small 

3-year-old or a 2-year-old mistaken for a 3-year-old. As the combined result of field 

observations and measurements and the study of skulls and teeth, it was found that 

the total.length of 3-year-old bachelors is subject to but little variation, and that the 

natives are able to distinguish seals of this class with a very small percentage of error. 

During a food killing on July 1, 1914, at which the native clubbers were instructed 

to proceed as usual and kill only 3-year-olds, 37 seals taken at random as they were killed 

were caiefully measured with a steel tape and their skulls tagged and preserved. ‘Thirty- 

five of these proved to be undoubted 3-year-olds, one was a 2-year-old, and one was 

larger than the others and may have been a small 4-year-old. The total length varied 

from 45 to 52 inches and in 71 per cent of cases it was from 46 to 48 inches. At a later 

killing on August 10, 61 seals were measured in similar manner, using calipers instead 

of tape, which gave a slightly smaller result in each case but the same telative uniformity 

prevailed. One of the 61 proved to be a 2-year-old and the remaining 60 were un- 

doubted 3-year-olds. The length measurement varied from 42% to 51 inches and in 

93 per cent of cases was from 44 to 49% inches. Such uniformity is not found in the 

weight of the animals, which may be fat or lean, nor in the weights of the skins, which 

vary according to the amount of blubber removed. It is found in the skulls, however, 
and these serve to corroborate the accuracy and significance of the length measure- 

ments. The seals of any two generations differ from each other as a class by not less 
than 10 months in age, and since in the males there is a rapid growth from 2 until 6 

years of age, it is evident that differences due to age are likely to be more pronounced 

than those due to individual variation. A study of skulls proves this to be the case, 

and with rare exceptions the age of any given skull may be determined upon the basis 

of growth characters familiar to students of osteology. With the skull, as with the 

animal, the length measu1ement is the principal reliance, although other characters 

are considered. The skull of a newly born pup is short with a broad flattened brain- 

case having no bony ridges or prominences; the facial part of the skull is relatively 

undeveloped and the teeth are just beginning to appear. In the 2-year male these 

conditions in general still prevail, although the bone has thickened and the skull become 

more lengthened. In the 3-year-old a more definite lengthening has taken place, the 

braincase is higher and relatively narrower, and ridges and prominences begin to show. 

This process is carried farther in the 4-year-old and in succeeding years until in the old 

male the skull which began smooth and flat becomes relatively high with various prom- 

inences and a high bony ridge extending lengthwise over the top of the braincase. (See 

pl. rx and x.) 

The data obtained from the 3-year-olds measured on July 1, 1914, of which all 

the skulls were preserved, are as follows: 

-_= - eee 
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Measurements of 3-year-old males, with weights of skins, St. Paul Island, July 1, 1914. 

Length of | Length of : 
Tag No. body in | skullin | Weight of 

inches.¢ |millimeters. 

Lbs. Oz. 
47 185 6 4% 
46 182 6 1534 
474 188 6 123% 

45%2 186 5 1134 
194 ye 

514 197 8 6 
47 192 6 103% 

46 189 6 1% 
46 185 6 7 
4034 184 7 1034 
4034 185 Re 
5° 198 7 a0 
49 189 (ey 
46 187 6 2% 
46 189 6 434 

4 191 eA) 
484 188, Gin ary, 
4934 197 6 1344 
4834 188 6 5% 
46 184 5 144 
484 186 7 2% 
51 197 6 313% 

4824 192 tes 
52% 194 7 4 
474, 186 6 6% 
50%4 196 de. fpecsae 
50! 194 6 1% 
4834 196 se andes 

46% 193 6 434 
47 188 VA 

4874 195 eee! 
474 190 6 11% 
412 183 Ores 
4734 187 5 4 
49 182 6 2% 

PSVETAR Ra chaystelainaidie’s eanilntejateie/eisieretd 48 I92 6 «11 

a These measurements were taken with a steel tape stretched over the back of the animal from the tip of nose to the root of 
tail. Measurements taken with calipers give slightly smaller figures. 

THE 4-YEAR OLD BACHELORS. 

The 4-year-olds associate with the younger bachelors on the hauling grounds, and 

though some of them may be distinguished by their dark breasts and occasionally by 

an incipient ‘‘wig,”’ as a class they differ from the 3-year-olds mainly in slightly increased 

size. 

Only a few 4-year-olds were killed in 1914, and most of these had their skulls so 

badly shattered that they were not preserved. The data as to 4-year-olds, therefore, 

are somewhat meager. In the case of five examples they are as follows: 

Measurements of 4-year-old males, with weights of skins, T9r4. 

Length of | Length of . 
Tag No. animal in skull in Weight of 

inches. j|millimeters.| °*'- 

Lbs. Oz. 
58 202 8 1334 

5334 205 8 % 
5T4 208 OtMs 
5614 207 8 4% 
52 204 8 83% 
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SUMMARY OF MEASUREMENTS. 

In view of the foregoing, it is evident that bachelor seals of various ages can be 

distinguished with a high degree of accuracy; that the difference between them is best 

expressed in the total length of the animal taken before it is skinned; and that weights, 

either of animals or of skins carrying varying amounts of blubber, are unreliable as a 

criterion for age. As stated elsewhere, therefore, it is desirable that the classification 

of seals killed be made upon the basis of measurement rather than weight. It should 

be said, also, that the native clubbers are able to distinguish seals of different ages 

with very few exceptions, and that a system of measurement in the field would tend 

to increase their efficiency and reduce their mistakes toa minimum. The measurements 

made in 1914 may be subject to slight revision with further experience and practice, 

but in general it seems safe to state that, with possible rare exceptions, yearlings have a 

body length between 34 and 37 inches; 2-year-olds between 37 and 43 inches; 3-year-olds 

between 43 and 52 inches, and 4-year-olds between 52 and 59 inches. The data on the 

several classes are summarized below: 

Condensed measurements of young males. 

Average | Extremes | Average | Extremes 
es body of body length of | of lengthof| Number 

ec: length in | length in skull in skullin | measured. 
inches. inches. |millimeters.|millimeters. 

Yearlings.... 35% 34E-97= [rae ecancealscseaeeenntr 5 
a-year-olds. . . 4 363-422 175-3 170-181 13 
3-year-olds... Nee 48 454-s2t 192 182-198 35 
4-VEat-Oldaeiecu ss eekicee stars 5510 52 -58 205.2 202-208 5 

MORTALITY OF SEALS. 

DEATH OF PUPS ON LAND. 

In making the pup count between July 29 and August 5, the number of dead pups, 
as well as of live ones, was regularly recorded. When the rookeries were on a narrow 

stretch of beach, the dead pups were enumerated as they were passed over in counting 

the live ones. Where the rookeries spread out over extensive areas, however, these 

areas were examined for dead pups after the live ones had been counted. In the follow- 

ing table are given the total numbers of pups, the numbers of dead pups, and the per- 

centages of dead pups in 1914 for each rookery on the two islands as ascertained at the 

time of the count of pups, July 29 to August 5. 

eS 

a 
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Mortality of pups, summer of ror4. 

- Total of Percentage Rookeries. aiios! Dead pups. dead! 

St. Paul Island: 
stows soar oes tee fades 2,119 47 2.2 
Lukanin... 8 1,834 73 369 
Gorbatch j 6,152 85 163 
Ardiguen. . Bi 656 Ir 1.6 
Dr Ee Sa Shin Mgt Sacre 13,559 206 Ios 
DUMCLECH ene entire iee itera ete cote otters 4) 052 68 1.6 
Lagoon..... REO A sc erent 375 2 ae 
Tolstoi..... SE Ce dpa dnae meer 91934 174 17 
APACHE OP Paves... cuentas 7,625 126 1.6 

Bittle Zanadnivncer .oosdeswowesne 4,919 79 rs 
Zapadni Reef... 206 3 4 
Polovina........ 37555 71 1-9 
Polovina Cliffs. . a; 1,449 18 1.2 
Mittle Poloving). Joo sacecsacn clas 927 17 rae 
MOEIOVIN Site caccccrns teehee lew cle 2,312 44 1.8 
VOStOCH Timi acai cece neinaiisiecies 19, 709 499 2.5 

Mota roe wets ciduaibati alinewatnonas 791383 I, 523 1.9 

St. George Island: 
OLELD UA ee een utreaes nae teciete 5,301 112 2.1 

Staraya Artel... 4,278 63 1.4 
Zapadni.......2. 1,023 8 “7 
Little East... 26 I 38 
East Reef 581 5 ai 
East Cliffs 2,658 31 I.I 

PLOtALs sosatoln foieainote (ayes ae ao Stal 13, 867 220 Is 

Grand total). jogs aascaisirs ba ese 93,250 1,743 1.8 

It will be seen from this table that the mortality of pups up to about August 5 

was 1.8 per cent of the total number born and that no rookery diverged far from this 

percentage. The highest death rate was on Lukanin, 3.9 per cent, and the lowest on 

Lagoon, 0.5 per cent. These figures show conclusively that during the season of 1914 
there were no noteworthy epidemics of any kind among the pups. 

The dead pups were usually found on the rookery grounds, and often gave evidence 

of having been dead several weeks. Some few, particularly on Reef and on Tolstoi, 

had been dragged away by the foxes and their remains were found at the mouths of the 

fox burrows on ground adjacent to the rookeries. As there was no evidence of any 

epidemic, the dead pups were not especially examined. It is probable, as Marsh has 

pointed out (Science, vol. 36, p. 397, 1912), that starvation, asphyxia neonatorum, and 

crushing by rocks and landslides are the chief fatal accidents of early life, and that 

uncinariasis is the principal fatal disease of this period. In a report made by Marsh in 

1912 to the Department of Commerce and Labor on the causes of death of 175 pups 

examined in that year, 81 (46 per cent) were believed to have died of starvation, 24 

(14 per cent) of asphyxia neonatorum, 19 (11 per cent) from accidents due to landslides, 

etc., and 12 (7 per cent) to uncinariasis. These four causes were believed to be the chief 

occasions of death among the young pups in the season of 1912. Since the death rate 

in that season was estimated at 1.2 per cent of the total number of pups born, and since 

in 1914 this rate was much the same, 1.8 per cent, it seems probable that the causes 

of death already enumerated have continued to act in 1914 as in 1912. 

An inspection of the table will show, as already pointed out, considerable uniformity 

so far as the death rates of the various rookeries are concerned. The chief divergences 

in the direction of larger numbers are to be seen in Little East Rookery on St. George, 

and in Lukanin and less so in Vostochni on St. Paul. In Little East Rookery the condi- 

tion is a mere accident due to the small total number of pups present and in Lukanin, 
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which shows the most considerable divergence of all, the increase is scarcely noteworthy. 

In Vostochni a state of affairs was observed which may explain its slight excess. 

In this rookery there has always been a very large area between Hutchinson Hill 

and the sea covered with a relatively enormous aggregation of harems. At the height 

of the season and later, this area has upon it a dense population of pups. On its sides 
are extensive hauling grounds for bachelors, with runways leading to the sea. Pups may 

stray to the ground occupied by the bachelors, become lost, and eventually die of 

starvation or of mistreatment from the bachelors, for the latter were often seen mauling 
pups and even attempting to copulate with them. Since not a few of the dead pups 

recorded for Vostochni were found well within the hauling grounds, some of them 

bearing the toothmarks of the bachelors, it is highly probable that they met their deaths 

in the way indicated and thus Vostochni may have suffered in this respect somewhat 

more than most of the other rookeries. Large numbers of bachelors close to aggregated 

harems certainly afford, as just indicated, unfavorable conditions for pups, though as 

a cause for their death, this condition is not to be compared in the number of victims 

that it claims with such other causes as starvation, asphyxia neonatorum, etc. 

DEATH OF YOUNG SEALS AT SEA. 

The first year is universally considered as the most fatal in the life of seals, the loss 

during this period by natural causes, though necessarily unknown, being assumed to be 

50 percent. Since the loss from all causes during the first month or so of life, before the 

animal has learned to swim, is seen to amount to less than 2 per cent, it follows that other 

and very potent causes must operate. 

During the few weeks following the time the animals have learned to swim, deaths 

from starvation must continue to form a considerable proportion of the total loss. 

The young animals now wander farther and farther from the spot where they were born, 

and by late August may be found in numbers at a distance of a mile or more from any 

breeding place. It necessarily follows that the mothers, on returning from feeding, 

must experience increasing difficulty in finding their offspring, and the conclusion is 

unavoidable that some are never found and are thus deprived of the natural means 

of subsistence. Little is known regarding the time when the young seals first learn 
to shift entirely for themselves. Although they may pick up a small amount of 

food while paddling about the shores in the early autumn, it is not. likely that they 

actually learn to fish until they leave with the older seals on their first migration. The 

search for dead pups in early fall has always resulted in a considerable addition to the 

number of dead as taken at the time of the regular count. 

While the young pups are still about the islands in autumn many are destroyed 

by killer whales (Orca gladiator), which are frequently observed singly or in small schools 

cruising about in front of the rookeries and are known to prey especially on the pups. 

The following actual records of killer whales observed about St. Paul Island in autumn, 

selected from a large number of observations taken from the island log by the late Dr. 

Hahn, indicate to some degree the part played by them in the destruction of young 

seals. A large school of killers was seen near East Landing on October 21, 1875, and 

five near the same place on September 21, 1891; one seen off Reef Rookery on Decem- 

ber 2, 1902, was playing havoc with a band of seals; fragments of both cows and pups, 

the work of killer whales, were found strewn along the beach at Northeast Point on 

November 6, 1904. In the autumn of 1907 killers were reported on numerous occasions, 
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and native watchmen at Northeast Point and Polovina reported considerable destruc- 

tion. A killer 24 feet long was stranded at Northeast Point on December 16, 1908. 

On November 1, 1913, G. Dallas Hanna observed three killers close to the reef near 

the village of St. George preying on the seal pups. Two of these came so close to the 

bluffs that he was able to hit them with a rifle and killed at least one. 
These records indicate that killer whales are by no means uncommon about the 

Pribilofs. The stomachs of two killers examined by Capt. Bryant contained, respec- 
tively, 18 and 24 seal pups,” and it is certain that the total number of young seals killed 

by them must be very great. 

DEATH OF ADULT SEALS. 

Regarding the death of seals at sea from natural causes little is known from actual 

observation. Deaths from old age usually take place at sea and probably result mainly 

from the animals being unable because of infirmity to procure food. There is good 

reason to suppose that a very considerable loss of adults is caused by killer whales. 

The fact that these destructive animals are frequently observed about the Pribilofs at 

the time of the arrival of the main body of the seals strongly suggests that they attend 

the seal herd onits migration. Entries from the St. Paul journal before referred to show 
that many killers were seen on June 6, 1877, and several seals bearing evidence of hav- 

ing been attacked by them were observed; many were observed between St. Paul and 

Walrus Island on June 6 and 8, 1881; they were numerous May 15, 1884, and May 19, 

1886, and on the latter date both the seals and sea lions were taking to the shore at 

Northeast Point to escape them; many were seen close to shore on May 28, 1888, and 

an entry of May 31, 1889, asserts that the natives reported killers more numerous that 

spring than at any time within their memory. On June 1, 1894, a school of these whales 

was killing seals at Kitovi and near East Landing, and several were shot with rifles. 
Other records of killers, in some cases accompanied by the specific statement that they 

were preying on seals, occurred under the following dates: May 22, 23, and 26, 1900; 

May 5, 1903; July 18, 1902; and June 6 and 21, 1910. ‘That the old bulls do not suffer 

much from their attacks is suggested by an entry under date of May 24, 1900, when 

two killers were observed near the shore, while the bulls rolling about in the water near 

them were not attacked and showed no fear. On the other hand large seals and even 

sea lions have been known to take to the land to avoid them. Writers on the habits 

of killers speak particularly of the destruction waged among seals by these voracious 

animals. There is, of course, a certain proportion of deaths among the older seals, 

principally the breeders, while they are on the islands. Deaths of bulls occur rather 

rarely from fighting, though in the event of a great excess of males this factor might 
be an important one. Under conditions as observed in 1914 no evidence of any 

mortality from this cause was found, though several bulls were badly injured by their 

fellows. In the case of the single bull found dead during the summer no specific cause 

of death could be ascertained. 
Among the cows, deaths during the breeding season are mainly from two causes— 

from the accidents of birth and from the injuries inflicted by the bulls in contending for 

supremacy. Mortality from these causes has been elsewhere discussed (p. 54). In 

general, the condition of the cows found dead at the time of the counting of pups is 

such that the specific cause of death is not apparent. 

@ Rept. Fur-Seal Investigations, 1896-97, pt. 3, D. 93, 1899. 
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THE EFFECT OF PELAGIC SEALING. 

LOSSES DUE TO PELAGIC SEALING. 

The effect of pelagic sealing has been the subject of much discussion to which ref- 

erence is not necessary at present. This form of sealing, insignificant at first, began 

to be important about 1880 and continued until effectively stopped by international 

agreement in 1911. ‘The total loss to the herd directly or indirectly due to pelagic seal- 

ing can never be known. ‘The records show that in Bering Sea and on the Northwest 
coast during the period from 1880 to 1911 approximately 900,000 skins were secured 

and marketed by the pelagic sealers. When it is considered that from three to five 

seals were killed for every one retrieved and that a large percentage were females whose 

unborn pups perished with them and whose pups on land were left to starve, it is plain 

that the total losses ran well into the millions. In every season since 1890 the recorded 

pelagic catch exceeded the land catch, so that during this period of steady decline of 

the herd even the primary losses due to pelagic sealing were greater than those of land 

killing. 

INFORMATION TO BE GAINED FROM THE CESSATION OF PELAGIC SEALING. 

The present importance of a consideration of the effects of pelagic sealing lies in 

the contrast between present and former conditions. Now, for the first time during 

American ownership the herd is increasing and an opportunity is afforded for studying 

its behavior under approximately natural conditions. In previous times practically all 

efforts for knowledge of the numbers and movements of various classes of seals, all data 

as to rates of increase o1 decrease, and all measures looking toward regulation of killing 

and ieserving of breeders were subject to the unknown and uncontrolled factors con- 

tributed by pelagic sealing. With pelagic sealing stopped, the time has arrived for a 

thorough study of the problems hitherto in question solely or chiefly because of the 

existence of pelagic sealing. The most important of these relate to the percentage of 

survival to killable size and to the reserving of males for breeding. After the thorough 

demonstration of the evils of pelagic sealing and after all the effort expended to abolish 

it, legislation or regulations which perpetuate some of the very obstacles against which 

we have been contending should be avoided so far as possible. While the cessation of 

pelagic sealing is principally a matter of congratulation because it insures the preser- 

vation of the herd, it is evident that our immediate practical benefit from it is the 

opportunity it permits for obtaining information which will be absolutely essential in 

conducting land operations in the future. Thus far we have only partially taken 

advantage of this opportunity by obtaining full counts of pups in 1912, 1913, and 1914. 

The information thus obtained has been of great value, but a further use for it of the 
highest importance will appear in 1915 and 1916, when it might be applied in connec- 

tion with liberal killing and reserving to determine the percentage of male seals which 

naturally survive to killable age. This information in regard to the males could then 
be applied to the females which doubtless survive in approximately the same propor- 

tions. Thus it would be possible at an early date to have for future guidance certain 

very definite data as to natural death rates and percentages of increase of great 

importance in the management of the herd. 
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EFFECT OF PELAGIC SEALING STILL EVIDENT. 

The treaty abolishing pelagic sealing became effective December 15,1911. There- 

fore, killing at sea was going on in the summer of ro11, and although only 14,511 

skins were taken, and these may have included animals from the Russian and Japanese 
herds, the usual failure to retrieve all seals killed and the starvation of pups as the result 

of the death of their mothers must have made the losses to the herd much greater than 
the recorded catch. Since 1911 no seals have been taken at sea except the negligible 

few speared from canoes by natives according to law. The patrol of the fleet of revenue 

cutters has been continued but no sealers or marauders have been detected. The 
nature of pelagic sealing was such that it could not fail to leave the herd in a very abnor- 

mal condition. The number of seals killed and the proportions of different classes 

taken at sea were necessarily quite fortuitous. Young cows, old pregnant cows, bach- 

elors, and even old bulls were killed indiscriminately. It is possible that some of the 

resulting irregular proportions may have had chance compensation from year to year, 

but there can be little doubt that the cessation of pelagic sealing left the proportions of 

young and old breeding seals in far from normal condition. The breeding life of the 

bulls is 7 to 8 years and of the cows 10 to 11 years. This being the case, and other things 

being equal, about one-sixth of the bulls and about one-tenth of the cows would die 

each year of old age. The proportion of each age from the youngest to the oldest would 

be evenly graded and reliable calculations of the general rate of increase could be deducted 
from the birth rate and the death rate. 

It is evident that these proportions can not be reestablished until all the seals 

subject to pelagic sealing have died and been replaced by others. This will require 12 

to 14 years, although approximately natural conditions may be expected somewhat 

sooner. Seals born in 1911 will be 12 years old in 1923 and the death rate among breed- 

ing females will then be practically normal. That abnormal conditions prevail at present 
is evident from the lack of a substantial increase of breeding cows in 1914 which can 

not be satisfactorily expiained except on the assumption of an excessive death rate 

among old cows due to pelagic sealing in former years. This has been referred to else- 

where (see p. 43). 

Although the effect of pelagic sealing on the breeding herd will linger for years, it 

can have only a slight and indirect influence on the abundance of young male life. The 

combined effect of no killing at sea and very limited killing on land in the three seasons 

since 1911 has already produced an overabundance of young males. The propor- 

tion of these that will be needed in later years as breeders is no greater than it would 

be if there had never been an undue reduction of male life. The preservation of more 

than this proportion, therefore, is no more justified now than it ever would have been 

or ever will be. Although the birth rate may fluctuate for some years as the result of 

irregular mortality of old cows, a reservation of males for breeders based on a regular 
increase of cows could not fail to be ample since none of the males so reserved would be 

old enough to go out of service before normal conditions were restored. So far as the 

effects of pelagic sealing are concerned, therefore, killing and reserving of males need 

not be postponed. 
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PELAGIC SEALING INDIRECT CAUSE OF CLOSE LAND KILLING. 

Examination of the records and chance interrogation of various individuals formerly 

connected with sealing make it clear that pelagic sealing, with its reckless and piratical 

methods, may have indirectly affected the sincerity and morale of land sealing. The 

conditions were such that it could scarcely be otherwise, and those in charge of the land 

operations can not be justly criticised for it. If there had been no pelagic sealing, the 

lessees would have desired to perpetuate the herd quite as much as the Government, 

but when it was merely a question whether the lessee or the pelagic sealer got the seal, 

it was to be expected that the lessee would take practically all he could get. As it then 

appeared, the herd was doomed any way and the preservation of a seal on land was no 

guarantee that it would not immediately be killed at sea. Thus, even if close killing on 
land be admitted, it is evident that pelagic sealing was to a considerable extent responsi- 

ble for it. This form of killing may therefore be credited with even more than its 

direct drain on the herd. It has been almost the sole cause of trouble. It is incon- 

ceivable otherwise that prudent business men, such as constituted the leasing com- 

panies, would have allowed their own interests to dwindle by the goose and golden 
egg method; and of course their agents were thoroughly familiar with at least the 

main features of the breeding habits of the seals and able to appreciate the futility of 
efforts at protection on land while wholesale destruction went on at sea. 

THE EFFFCT OF LAND SEALING. 

The effect of land killing is irretrievably involved in that of pelagic sealing. All 

things considered, it is difficult, if not practically impossible, to show that any land 
killing during American ownership has been ‘‘excessive.’’ The killing of gray pups 
for food of natives, as practiced to some extent during the period of the first lease, was 
wasteful, but even this did not include females. The killing of males on land until 
1911 has served to reduce the catch at sea and in itself may not have produced any 
shortage of breeders. The reduction of land killing in 1892 and 1893 produced a surplus 

of old males in 1896 and 1897, but was accompanied also by a large increase in the 

pelagic catch, and it is evident that a continued cessation of land killing at that time 
would only have caused the pelagic sealers to redouble their efforts, and the herd would 

have continued its decline. In the six years from 1890 to 1895 the number of seals 
killed on land was 80,482; during the same period pelagic sealers took 295,965 and 
caused the death of at least several times as many more. In every year thereafter 

until 1911 the pelagic catch exceeded the land catch. Under such conditions, the 
effect of any limitation of land killing was problematical. The system of reserving 
males for breeding purposes inaugurated in 1904 and continued until 1912 had its 
objectionable features, since certain animals reserved in one season may have been killed 
the next, but in spite of this it might have been effective but for pelagic sealing. This 
is evident from the increased number of bulls in 1913 and 1914, due to the reserves 
of 1910 and 1911. ‘That the reserves of former years did not produce a like number 
of bulls at the proper time was beyond doubt due to the effect of pelagic sealing. If 
larger reserves had been made, it is questionable whether they would have accomplished 
more than an increase in the pelagic catch; certainly a proportionate increase would 

Srepnccirm Bisa 
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have resulted. Therefore, there were no sound economic reasons for making large 

reserves. 
The quotas killed in the decade preceding the abolition of pelagic sealing would 

not have affected the breeding strength of the herd if they had not been accompanied 
by the drain of pelagic sealing. It is obvious, therefore, that equally large, or even 

larger quotas might be permitted in the absence of pelagic sealing with perfect safety. 
Remembering the great increase of bulls which followed reduced land killing in 1892 
and 1893, when pelagic sealing was practically at its height, it is impossible to believe 

that the reduced killings from 1912 to 1914, with no pelagic sealing whatever, will not 
produce an overstock of bulls proportionately much greater than that of 1896 and 1897. 

So far as the present management of the herd is concerned, land killing in the past 

only serves to show that relatively large quotas may be taken. With pelagic sealing 

abolished, uncertainty in many directions ceases, and action should be governed by 

the number of seals actually found on the islands. The number to be killed or reserved 

is wholly a matter of proportions, and all the old ideas of fixed quotas and definite 
numbers should be discarded forever. These proportions are not the same as they 

would have been during pelagic sealing, and all that can be said is that in working them 
out under the new conditions, we are likely to find it possible and advisable to kill on 
land at a higher rate than when Jand killings were more than duplicated at sea. The 

effect of the reduced killings of the last three seasons is to be seen on the islands now 

by the most casual observer. Young male seals of four years and under are filling the 

hauling grounds again.. According to the estimates, which are ultraconservative, the 
bachelors in 1914 were as follows: Yearlings, 23,067; 2-year-olds, 17,422; 3-year-olds, 

13,880; 4-year-olds, 9,939; and 5-year-olds, 1,658; a total of 65,966 young male animals. 

If only half of them lived, they would provide service for eight years for 989,490 cows 
at the low ratio of 1 bull to 30 cows. Of course, the cows can not reach such numbers 

for many years, so it is evident the reduced killing of the last three years has already 
provided a great excess of males. 

THE MANAGEMENT OF THE HERD. 

THE GENERAL POLICY. 

Since the ratification of a treaty between the United States, Great Britain, 
Japan, and Russia effecting the complete cessation of pelagic sealing the management 

of the Pribilof seal herd is no longer to be viewed in the light of past conditions ex- 

cept as they are corroborated by the findings of the present. The way is now clear for 

the adoption of definite policies, for the acquisition of all necessary information, and 

for the development of a systematic and businesslike management worthy of and credit- 

able to the Government of the United States. 
Although sentiment might prevent the absolute extinction of the fur-seal herd, its 

preservation is principally possible because of its value as the source of an important 

commercial product. It is doubtful if it could be preserved at all were it not plain 

that conservation guarantees infinitely larger profits than immediate destruction. 

Those interested in the preservation of wild life from scientific or esthetic motives are 

fortunate when the very ends they desire are supported by strong economic reasons. 

97867°—vol 34—16—_6 
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In the case of the fur seals it is particularly evident that the only way to insure the 

growth and continuance of this wonderful display of mammalian life is to advocate a 

policy involving the taking of life. Scientist, conservationist, sentimentalist, or legis- 

lator, therefore, should view the managment of the fur-seal herd almost solely from a 

practical business standpoint. 
Laying aside all irrelevant matters of the past and considering the seal herd only 

as a piece of property to be prudently exploited, we find that simple business principles 

demand answers to three questions. First, what is the nature and extent of our property? 

Second, what is the largest annual yield that can be taken from it consistent with 

absolute safety? Third, what immediate provision should be made for the management 

of the business ? 
THE NATURE AND EXTENT OF THE PROPERTY. 

This subject involves much of the matter in the present report and requires only 

brief consideration in this place. To those familiar with the seal herd during periods 
of expansion, it may seem small at present, but the observer who sees it now for the 

first time can not fail to be convinced that it is still a large and exceedingly valuable 

property. It is true that the herd was once vastly larger than at present. It is true 

also that the past killing of seals at sea was both reckless and disastrous. But the 

past is gone and the injection of its issues into the present only serves to obscure the 

real vital matters which need present consideration. Of the present we know that we 

have a herd of nearly 300,000 seals under practically complete control on both land 

and-sea. This herd includes not less than 93,000 breeding females producing 1 young 

annually, half the young being males and half females, and at most only 1 male to 35 

females being required for breeding. A large supply of males from 2 to 5 years of 

age is already present and a large revenue from the taking of the surplus is assured. 

Without attempting an exact calculation, it is evident that the productive capacity 

of the seal herd is equal to that of an enterprise representing an invested capital of at 

least ten millions of dollars. As such it is worthy of the highest effort for efficient 

administration. 

MANAGEMENT BASED ON PRINCIPLES EMPLOYED WITH DOMESTIC ANIMALS. 

The fur seal is a highly polygamous animal almost wholly controlled by man 

during the breeding season. It has been subjected to man’s disposition for more than 

a century and shows no tendency to change its habits as a result of his interference. 

Seals may be driven up, counted, caught and examined, branded, or killed even more 

easily than range cattle or horses. After being driven they return to their accustomed 

resorts as if nothing had happened. Except that they have not yet been improved 

by man, they are scarcely more to be regarded as wild animals than the majority of 

our domestic species. Their numbers, their breeding, and to some extent their ailments 

are subject to the control of man. The sexes are born in equal numbers, and a large 
proportion of the males are superfluous for breeding purposes. It is obvious, therefore, 

that these superfluous males may be utilized by man just as in the case of domestic 

animals and that the principles involved are those successfully employed by breeders 

of live stock. 
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Branded cow, probably 12 years of age, Kitovi Rookery, August 23, 1914. 





FUR SEALS AND OTHER LIFE, PRIBILOF ISLANDS, 1914. 79 

REQUIREMENTS OF A RESERVING SYSTEM. 

The requirements of a system of management for the seal herd, therefore, may be 

stated in their simplest form as only two: (1) The preservation of those males needed 

as breeders, and (2) the utilization by man of those not needed as breeders. To put 
these requirements into effect, however, involves the determination of the total number 
of seals, the proportions of various classes, the death rates from natural causes, the 

age at which the surplus should be taken, and the method of marking or branding to 

insure the permanent preservation of the reserves. Some of these matters may be 
decided upon the basis of data now available, but in regard to others it is still necessary 

to estimate. The prime requisite for a well-grounded system of reserving males is a 

better knowledge of the natural rates of increase than we now possess. Liberal allow- 

ances for supposed mortality answer the demands of conservatism in estimating the 

size of the herd and the relative strength of different classes of seals, but, as shown 

in the discussion of the census of 1914, the estimates are largely based on data obtained 

during pelagic sealing when natural conditions were greatly disturbed. From one 

point of view these estimates are entirely safe guides, since they are conservative 

enough to be well within the facts, but with better data within reach there is no justi- 

fication for using them longer than necessary. The percentage of survival to the 

age of 3 years can be determined in a single season by the simple process of setting 

aside a reserve of 3-year-old males and then killing all the remaining animals of that 

class. This should be done in 1915, not only because the information is needed as soon 

as possible, but because the conditions at that time will be particularly favorable. 

In the first place, the total number will be smaller than in later years and therefore 

easier to handle. Moreover, the number of pups born in 1912—the 3-year-olds of 1915— 

is known from an actual enumeration, while some 5,500 of these pups were given per- 

manent brands in 1912 and a record was kept of the few killed as 2-year-olds in 1914. 

The presence of a certain number of these branded animals, which will be 3-year-olds 

in 1915, will make it possible to determine with great exactness the characteristics of 

the 3-year-olds and would greatly facilitate the restriction of killing and reserving to 

that class. Such favorable conditions will not occur soon again, and even to approxi- 

mate them in 1918 would require a needless repetition of the branding done in 1912. 

CONFINEMENT OF KILLING AND RESERVING TO ONE CLASS. 

Various considerations indicate that at present and at least for a few years to come 

killing and reserving should be mainly confined to one class—the 3-year-olds. In former 

years the seals taken included those of 2, 3, and 4 years of age. The twos and threes 

are of practically the same quality, but the threes being larger, usually command a 

‘higher price. The fours, although still larger, are not as uniform as to quality, and 

although they still have good values it is evidently poor economy to allow them to 

reach that age before being taken. In the past the market has sometimes shown a 

special demand for the sizes yielded by 2-year-olds, and if it should be found profitable 

in future to cater to such a demand it may be done at least to a limited extent when 

our knowledge of proportions and rates of increase is more definite than at present. In 

general, however, the 3-year-olds yield the skins of highest quality and value, and while 

the herd is comparatively small and methods are being perfected these only should be 

taken. 
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It is obvious that the breeding reserves should be made annually from a single class 
or generation of seals. They should also be from a class not previously subjected to 

killing and to one as advanced in years as possible, in order that there may be a short 

interval between the age of reservation and the age of harem service. The 3-year-olds 

meet these conditions better than any other class. Furthermore, if 3-year-olds be 

reserved it will then be possible to take any unbranded 4-year-olds with safety, and thus 

the chances that any surplus males may come to maturity will be minimized. ) 

THE METHOD OF MARKING RESERVES. 

To insure their continued preservation as breeders, it is evident that nothing less 
than a permanent brand will suffice for marking reserves. The temporary mark used 

in previous reserves and made by clipping a patch of hair from the head is objectionable 

because it disappears in a few months, making it impossible to distinguish the reserves 

when they become 4-year-olds and older. Ifa permanent brand were given the reserves 

for a period of years with some slight distinctive variation from year to year, it would 

soon become possible to determine the relative ages of the stock of harem bulls. The 

brand should be made on the head or neck with a hot iron or some device for producing 

the same result. Brands on the body can not be distinguished readily on the killing 

field, whereas those on the head or neck are easily seen at all times.. The practicability 

of branding on the head and neck has been demonstrated by the branding done in 1912. 

This consisted of branding on the head some 5,500 pups and about 300 3-year-olds. 

They were seen in such numbers in 1914 as to indicate that the branding was successful. 

Although no exact enumeration of them was made, 5-year-olds with brands were seen 

throughout the season on practically all the rookeries, and when the small number 

originally branded is considered it is evident that practically all survived. Moreover, 

it is plain that if young pups survive a brand on the head there can be no risk in placing 

a similar brand on large vigorous 3-year-olds. Until methods of branding are perfected 

and the natives instructed in them, branding operations should be conducted by someone 

experienced in such work. In fact since natives can not be depended upon and since 

previous branding has been done by persons no longer available, a special employee 

should be detailed for one or more summer seasons with instructions to investigate the 

subject of branding thoroughly and establish methods and apparatus for future use. 

THE PROPORTION OF MALES TO BE RESERVED. 

As shown elsewhere (see p. 49), the ideal number of harem bulls would be such as 

to provide them in the proportion of 1 to 40 bearing cows, while at the same time idle 

bulls should be present in the proportion of 1 to 30 virgin cows or approximately 1 idle 

bull to 4 harem bulls. If these proportions could be maintained, there would never be 

any question as to the sufficiency of males. It is too much to hope that such exact pro- 

portions would in practice be possible, but it is believed that a consistent effort to keep 

as near as possible to these proportions would serve all practical purposes. 

Since reserves must be made at the beginning of the season before the harems are 

formed and before the size of the herd can be determined, the size of the reserve must 

depend upon knowledge of conditions the previous year. Furthermore, since the reserves 

will not enter the stock of bulls for at least three years the size of the reserve in a given 

season will bear some relation to the reserves of the three preceding years. Therefore the 
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size of the reserve should increase from year to year at a rate proportionate to the rate 

of increase of the cows. After a few years of experimentation this rate could be deter- 

mined. To indicate our present knowledge of rates of increase and to serve as a guide 

to be used according to circumstances in making reserves, the following tables have been 
prepared. Although they furnish a forecast of possible future conditions, this is not 

their primary purpose, and it is hoped that they will be regarded less as predictions than 

as demonstrations that whatever the rate of increase the reserve of males should be 
relatively small. 

TaBLE No. 1.—Estimated minimum number of females, 1g14—1926.4 

1914" IgI5 1916 I9I7 1918 1919 

Bearing BERL OURS eters peste elelateintri dete enwiate) ei tateleeet siete iniayetsiatars b 93,250 97,740 103, 658 109,053 114,660 120, 725 
UIT PUTNCOWSS cccres.ccccrectsctnsetes 17,422 19, 607 19, 815 20,770 22,027 23,174 
Total breeders Be re eat chon 110, 672 117,347 123,473 129,823 136, 687 143,899 
Yearling females 23,068 23,312 24,435 25,914 27,263 28, 665 
emiale PUPS, 2. ow cece cen see : 46, 625 48,870 51, 829 54) 526 577330 60, 363 

192I 1922 1923 1924 1925 1926 

Bearing cows 133) 773 140, 810 148, 220 156,019 164, 228 172,867 
Virgin cows..... 25,655 27,008 28, 427 295923 31,497 33,154 
Total breeders 5 Sera On I MRE 151,463 159,428 167,818 176,647 185,942 195,725 206,021 
Yearling females. : | 30, 182 31,774 331444 35) 203 37,055 39,005 41, 057 
HEMialeIPUPSr wsrioade ve cdecdadeece cates | 63,548 66, 887 70) 405 74,110 78, 009 82,114 86, 434 

@ Based on assumed mortality of so per cent in first year, 15 per cent in second year, 10 sh! cent in third year, and 12 per cent 
annually thereafter; annual rate of increase of cows 5 per cent to 6 per cent. 

> Based on actual count of pups. 

TaBLE No. 2.—Estimated maximum number of females, 1914—1926.% 

I9I4 I9I5 1916 1917 1918 I919 

Bearing DUS aea caaleias cinints: esate aisle epeyalat w'slaGQtale lalsytielalnaye 93,250 105,755 120,093 133, 261 148, 488 166,064 
Virgin cows 24,255 27,081 27,975 31,726 36,027 39,978 
SORA COWS Whips iicise Anaate oes ineinianenmier 117,505 133,436 148, 068 164,987 184,515 206, 042 
Female pups 46,625 52,877 60, 046 66, 630 74) 244 83,032 

1920 1921 1922 1923 1924 1925 1926 

Bearing OEY 9 CHSDIR ABD lOc apOgOAn De 185,438 206,986 231,125 258,080 288,158 321,746 359) 253 
Virgin cows 44,540 49,819 55,631 62,095 69,337 77) 424 86, 447 
Gi Hil) oe 229,984 256, 805 286,756 320,175 3571495 399,170 445,700 
Female pups 92,719 103,493 115,562 129,040 144,079 160, 873 179,626 

@ Based on assumed mortality of 40 per cent in first two years ian ro per cent annually thereafter; annual rate of increase of 
cows 11 per cent to 12 per cent. 

TaBLE No. 3.—Estimated mean number of bearing and virgin cows, TgT4-1926.4 

Total cows: Total cows—Continued. 
b 114,088 1955527 
123,215 211,169 
133,072 228,062 
143,718 246,307 
155,215 266,014 
167, 633 287, 293 
181,043 

@ Based on a rate of increase of 8 per cent per annum, this being the approximate mean between the rate of the minimum 
estimate and the rate of the maximum estimate. 

> Mean between maximum and minimum estimates. 
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TasBLE No. 4.—Estimated minimum number of males, 1914-1926, under operation of law of 1912.4 

1914 191s 1916 1917 1918 1919 

Maleimupsns be dcttacde a> tnt Sashi-iicate binis» sipfeielelel ote 46, 625 48,870 51,829 54,526 573330 60, 363 
Yearlings. 23,067 23,312 24) 435 25,914 27, 263 28, 665 
Two years..... 17) 422 19,607 19,815 20,770 22,027 23,174 
Three years. . . 13,880 15,680 17,645 17,834 18, 693 19, 824 
Four years... 95939 8,911 10,620 12,489 12,667 4)750 
Five years. . 1,658 9,939 8,911 10,620 12,489 12,667 
Six years.... » 86 1,658 9,939 8,911 10,620 12,489 
Seven years......... » 86 86 1,658 95939 8,911 10, 620 
Eight years and over......... sie 1,559 1,427 1,313 2,787 12,336 19,520 
Total bulls six years and over............+.seeeseees 1,731 3,171 13,910 21,637 31, 867 42,629 

1920 1921 1922 1923 1924 1925 1926 

4 

Male pups BIS HoH OCOnO an aolnine a apieK Cet 63,548 66, 887 70,405 74,110 78,009 82,114 86,434 

Yearlings... + 30,182 31,775 331444 35) 203 37,055 39,005 41,057 
‘Two years -- 24,365 25,655 27,008 28, 427 295923 31,497 33,154 
Three years 20,856 21,929 23,090 24,307 25,585 26,930 28,347 
Four years. . 4) 75° 4,750 4) 750 4,750 4) 750 4)750 4,750 
Five years 4) 75° 4) 75° 4,750 4) 75° 4) 75° 4) 75° 41750 
Six years... 12,667 475° 4) 75° 4,750 4,750 4,750 4) 75° 
Seven years......... 12,489 12,667 4) 750 4,750 4,750 4,750 4,750 
Eight years and over........- a 27) 407 36,059 43,678 425313 41,139 40,129 39, 261 
Total bulls six years and over........... 52,563 53,470 53,178 51,813 50, 639 49,629 48, 761 

@ Based on assumed mortality of so per cent in first year, 15 per cent in second, ro per cent in third, 5 per cent in fourth, and 
14 per cent annually after eighth; with allowance also for food killings of 4,500 3-year-olds in 1914, 1915, 1916, and 1917, and reserves 
of 5,000 per annum after 1917. 

6 One-half of idle bulls in 1914. 

TaB.E No. 5.—Harem and idle bulls and annual increments required under various estimates at ratio of 
I bull to 35 cows. 

I9I4 m9gIs 1916 I9gt7 

Bulls required for minimum estimate of cows....... 3,162 39353 3,528 37709 
RATE ete erlotias Q)y et Case Besa ertrnarbpcaccl ctl Woceencnaaod MaGLbeerme at @ 801 675 
Bulls required for maximum estimate of cows 39357) 3,812 4,230 4,714 
FA EU rap oar en hl Qo) TUE ee ide nga don scelaacas cide Paoneneectsor| pedoraenages @ 1,503 1,077 
Bulls required for mean estimate of cows. 3,260 37520 3, 802 4,106 
Agdiialincrement on Dillsiene seats cia anciemaecisnnsn| stesieieiemnis | sem ecisc ie ae @ 1,075 836 

1920 1921 1922 1923 1924 

Bulls required for minimum estimate of 
DWT ee ie een niee ainteye ciewee crimes 41327 4555 4) 795 5047 5,313 

Annualincrement of bulls.............. 792 834 878 924 973 
Bulls required for maximum estimate of 
(eo) ee eae oc meer otc enone 6,571 79337 8,193 9,148 IO, 214 

Annual increment of bulls,............. 1,508 1, 686 1,883 2,105 2,347 
Bulls required for mean estimate of cows. 5,173 5,586 6,033 6,516 7) 037 
Annual increment of bulls.............. 1,055 1,137 I, 229 1,328 1,433 

@ On the basis of 3,171 bulls which it is estimated will be present in rors. 

1918 

3,905 
715 

5»272 
I, 218 

4,435 
904 

1925 

5,592 
1,023 

II, 405 
2,621 

7; 600 
1,548 

I9I9 

4,1It 

753 
5,887 
1,353 
4,789 

975 

1926 

5,886 
1,077 

12,734 
2,926 
8, 208 
1,672 

TABLE No. 6.—Comparison of results of present law, and of a reserving system based on an estimated mean 
rate of increase of cows. 

1914 IIs 1916 1917 1918 

Seals available for killing and reserving........... @ 34,530 17,645 17,834 18, 693 
Reserve under the law.............++-+ 30,030 13,145 13334 5,000 
Reserve under the estimate. . 02,815 975 1,055 1,137 
Seals killable under the law .... £4,500 © 4,500 £4, 500 13,693 
Seals killable under the estimate. . 4 31,715 16,670 16,779 17,556 
Prospective revenue under the law..... $157, 500 $157, 500 $157, 500 $479, 255 
Prospective revenue under the estimate € $032,745 $583,450 $587, 265 $614, 460 
Loss of revenue under the law.......... $775) 245 $425,950 $429, 765 $135, 205 

@ Includes 9,939 s-year-olds, 8,911 4-year-olds, and 15,680 3-year-olds. 
b Includes 1,075 5-year-olds to supply the required increment for 1916, 836 4-year-olds for that of 1917, and 904 3-year-olds for 

that of 1918. 
¢ Food requirement only. 
@ Assuming that surplus 4 and 5 year olds were killed in 1915 and only 3-year-olds thereafter. 
e Allowing an average price of $15 for s-year-olds and $35 for 3 and 4 year olds. 

I919 

ae 

19,824 
5,000 

I, 229 
14,824 
18,595 

$518, 840 
$650, 825 
$131,985 

. 
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TABLE No. 6.—Comparison of results of present law, and of a reserving system based on an estimated mean 
rate of increase of cows—Continued. 

1920 192I 1922 1923 1924 1925 1926 

Seals available for killing and reserving. 20,856 21,929 23,090 24; 307 25,585 26,930 28,347 
Reserve under the law.................. 5,000 5,000 5,000 5,000 5,000 5,000 5,000 
Reserve under the estimate. . 1,328 I, 433 1,548 1,672 1, 806 1,950 2, 106 
Seals killable under the law.... 15,856 16,929 18,090 19, 307 20,585 21,930 23,347 
Seals killable under the estimate. oA 19, 528 20, 496 21,542 22,635 23,779 24,980 26, 247 
Prospective revenue under the law...... $554, 960 $502, 515 $633, 150 $675, 745 $720, 475 $767,550 $817,145 
Prospective revenue under the estimate.} $683, 480 $717,395 $753,970 $792, 225 $832, 265 $874, 300 $018, 645 
Loss of revenue under the law.......... $128, 520 $124, 880 $120, 820 $116, 480 $111, 790 $106, 750 $ror, soo 

Remarks: Approximate annual rate of increase of reserve, 8 per cent. Total revenue under the law, $6,232,135. Total revenue 
under the estimate, $8,941,025. Total prospective loss of revenue, $2,708,890. 

TABLE No. 7.—Bulls provided by law in excess of requirements of maximum, minimum, and mean estimates 
of cows. 

I914 I9I5 1916 1917 1918 1919 

Minimum number of bulls to be present under law. . I, 73% 3,171 13,910 21,637 31, 867 42,629 
Bulls necessary for maximum estimate of cows...... 31357 3,812 4,230 4) 714 5,272 5,887 
Excess over requirements of maximum estimate..... 41,626 @ 641 9, 680 16,923 26,5905 36, 742 
Bulls necessary for mean estimate of cows..... 5 3) 260 3,520 3, 802 4,106 4435 4,789 
Excess over requirements of mean estimate. . 21,529 @ 349 Io, 108 17,531 27) 432 37,840 
Bulls necessary for minimum estimate of cows. ae 3,162 3353 3,528 3,709 3,905 4) 11t 
Excess over requirements of minimum estimate. .... @ 1,431 @ 182 10, 382 17,928 27,962 38, 518 

1920 1921 1922 1923 1924 1925 1926 

Minimum number of bulls to be present 
cr ag 2 BonRNlenocdacige DEcpaee: Onroad 52, 563 53,476 53,178 51, 813 50,639 49, 629 48, 761 

Bulls necessary for maximum estimate 
Ge naa cubation dunBobpoaober nocore 6,571 79337 8, 193 9,148 IO, 214 II, 405 12) 734 

Excess over requirements of maximum 
ESCTMIALE Eth a ccean cote tes teeate eee 45,992 46,139 44,985 42,665 40, 425 38, 224 36,027 

Bulls necessary for mean estimate of 
ED Sbedcceocosngrobdaquanesunoveoo cca 5,173 5,586 6,033 6,516 7,037 7) 600 8, 208 

Excess over requirements of mean esti- 
Mate... 2.2.2. sees e ese nsevecesccecs 47,390 47, 890 47) 145 45) 297 43, 602 42,029 40,553 

Bulls necessary for minimum estimate 
ME COWS. cilia warce erect re Beeerelrics 4,327 45555 4) 795 5,047 51313 51592 5,886 

Excess over requirements of minimum 
EMMINACES Soon eee ccdt hee tctesacvetee 48, 236 48,921 48, 383 46, 766 45,326 44,037 42,975 

@ Deficiencies. These will exist in 1915 under any circumstances and merely indicate the possible extent to which s-year-olds 
might participate in the breeding. 

Tables Nos. 1, 2, and 3 give minimum, maximum, and mean estimates of cows from 

1914 to 1926, using as a basis the actual number of cows and pups found in 1914 and pro- 

gressively applying a very high death rate for the minimum estimate, a low rate for the 
maximum, and striking an approximate average for the mean between the maximum 
and the minimum. Table No. 4 shows primarily the number of young male seals which 

would be present from 1914 to 1926 under a high death rate and a slow increase of 

breeding cows. The number of bulls which would result from the operation of the law 

of 1912 is then obtained by making allowances for food killings of 4,500 three-year-olds 
per annum until 1917 and for reserves of 5,000 per annum thereafter. 

Table No. 5 shows the total number of bulls which would be necessary to provide 

1 bull to 35 cows under the various estimates. Thus, under the minimum estimate 
there would be a total of 123,473 cows in 1916. Dividing this by 35 gives 3,528, the 
number of bulls to be required in that year. After obtaining the number of bulls required 
for each year, the increment from yerr to year is obtained by allowing for deaths of 14 



84 BULLETIN OF THE BUREAU OF FISHERIES. - 

per cent per annum, which is about 2 per cent more than results from natural termination 

of life. Thus if 3,528 bulls were present in 1916, 86 per cent, or 3,034, would be assumed 

to survive to 1917, and therefore an increment of 675 bulls in 1917 would be necessary to 

make the total requirement of 3,709 bulls for that year. From this table it is seen that 

even for the maximum estimate of cows, only 12,734 bulls would be needed in 1926 and 

the annual increments would be very small, not exceeding 2,000 until 1923. Under the 

mean estimate, which is a much more reasonable one, scarcely more than 8,000 bulls 

would be needed in 1926, and the increment would not exceed 1,500 until 1925. There- 

fore, no reserve of over 1,500 would be necessary until 1922. 

In Table No. 6 is shown the result of a reserving system based on the estimates of 

the preceding tables and compared with the results to be expected under present law. 

The results thus indicated are decidedly conservative, and it is highly probable that 
smaller reserves would suffice, but as a guide for action it is desirable that all reasonable 

provision be made that the supply of bulls be ample. Therefore, under the system 

proposed in this table, it is intended that there shall be at least 1 bull to 35 cows. That 

this can not fail to result is evident when it is noted that this ratio is maintained in a 
calculation in which the bulls are assumed to increase at a slower rate than the cows. 

It would be quite fair to state the requirements of the minimum estimate of cows, since 
the males to be killed represent a minimum, but in order to allow for all possible con- 

tingencies the mean estimate of cows is used. The maximum estimate need not be 
considered, except as an indication that under the most extreme and improbable increase 

of cows the number of bulls required would still be small as compared with that provided 
by law. 

In order to establish a rational reserving system at once and to prevent loss of 

revenue, all surplus 5-year-olds and 4-year-olds should be killed in 1915. ‘Thereafter, 

reserves would be made from the 3-year-olds and would increase from year to year at 

the rate of 8 per cent. Referring to Table No. 5, it is seen that an increment of 1,075 
bulls would be needed in 1916, the increment in that year being relatively large owing to 
the present shortage as compared with an ample allowance. This increment will be 

supplied by the 5-year-olds of 1915, of which all but 1,075, therefore, might be killed. 

In 1917 the increment would be 836 to be supplied from the 4-year-olds of 1915. The 
following year, 1918, would require 904 new bulls, and this determines the size of the 

reserve of 3-year-olds in 1915. In 1916 the reserve of 3-year-olds would be 975, and 

subsequent reserves would increase at the same rate. The size of the reserve in any 

given season would be 8 per cent larger than the reserve of the previous year or approxi- 

mately 22 per cent of the number of harem and idle bulls which were present the pre- 

ceding year. 
Table No. 6 shows also the estimated revenue to be derived under the proposed 

reserving system in comparison with that which might be expected under present 

law. It is seen that a prospective loss of more than three-fourths of a million dollars 

is indicated for the year 1915, from which it is apparent that immediate action is 

necessary. The total loss indicated for the 12 years from 1915 to 1926, inclusive, is 

$2,708,890, or an average of $225,742 per'annum. Of this loss only 70 per cent, or 

$1,896,223, would be suffered directly by the United States, since 30 per cent, or $812,667, 

would fall upon Great Britain and Japan. These losses are computed on the basis 

of a price of $35 per skin, which is the approximate average price received during 
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the last 10 years. It is, of course, impossible to predict the future state of the fur 

market, but with an annual output of considerably less than 30,000 skins it is more 

likely that this figure would be exceeded than otherwise. 
Table No. 7 makes comparison of the number of bulls of six years and over which 

would be present under the law and the numbers which would be required for the 

various estimates of cows. It is seen from this that on the basis of the mean estimate 

of cows, although there would be a slight deficiency of bulls in 1915, this would sud- 

denly change to a large excess of over 10,000 in 1916, which would increase to a surplus 

of 47,890 in 1921 and maintain a high excess of over 40,000 until 1926. Even the 

requirements of the maximum estimate are greatly exceeded by those of the law, the 

excess of bulls in this case being 9,680 in 1916, 46,139 in 1921, and 36,027 in 1926. 

If comparison is made with the minimum requirements, the excesses are still greater, 

and it is evident that the operation of the law provides for an excess over any rational 

estimate that could be made. Using the minimum estimate of cows, and therefore 

simply assuming an equal rate of increase of males and females but with allowance 

for the killing permitted by law, it appears that in 1921 there would be 159,428 cows 

and 53,476 bulls, or exactly three cows for each bull. It is apparent also that the 53,476 

bulls of 1921, at the conservative ratio of 1 to 35, would be sufficient for 1,871,660 

cows, or more than seventeen times the number living in 1914. Such an increase of 

cows is, of course, impossible. 

Comparisons need not be multiplied, but it may be repeated that the above tables 

have not been constructed for the purpose of predicting by exact figures the future 

growth of the herd, but for demonstrating that the effects of the law and of a limited 

reserving system, estimated by the same method, are very far apart. It is confidently 

believed that a reserving system based on the principles above outlined might be 

undertaken at once with perfect safety. Although the exact percentages shown by 

the foregoing tables may need alteration as new information is obtained, there is not 

the slightest danger that any shortage of males would result from their adoption for 

immediate practice. It is therefore plain that in 1915 all males of 3, 4, and 5 years 

of age might be taken with the exception of reserves of approximately 1,100 5-year- 

olds, 850 4-year-olds, and 900 3-year-olds, and that subsequent reserves of 3-year-olds 

need to increase at no greater rate than 8 per cent per annum. 

METHODS OF DRIVING, KILLING, AND CURING SKINS. 

The main methods now practiced are the results of the experience of many years. 

To those studying the matter from a viewpoint free from the restrictions imposed by 

long custom, however, many improvements suggest themselves, mainly in regard to 

details which have been handed down from a period when modern transportation 
methods were unknown and the time of laborers considered of little moment, or those 

which have been demanded by temporary exigencies no longer extstent. 

NEED FOR SHORTER DRIVES. 

The seals are forced to carry their skins and meat and most of the butchering is 

done close to the villages, entailing more or less annoyance from the presence of the 

decaying offal. Furthermore, the seals are driven distances varying from one to several 
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miles, involving much delay and the possibility of injury from overheating. Under this 

method no killing can be done on warm or dry days, since the seals can not travel far 

unless rain or heavy dew is present. It sometimes happens that several days will 

pass without weather conditions which permit driving. On many other occasions drives 

have to be abandoned before the killing grounds are reached because of sun or lack of 

moisture. 

The main difficulty opposing the location of killing grounds nearer the rookeries, 

which would do away with much of the necessity of waiting for favorable weather con- 

ditions, is the absence of roads. Although draft animals have been used on St. 

Paul Island for many years, there is only one road—that connecting Northeast Point 

with the village. Teams are sometimes driven to Zapadni, but the road is scarcely 
passable and the journey involves so much discomfort and such flagrant misuse of the 

animals and vehicles that it is seldom undertaken. Reef Rookery, from which most of 

the seals killed during the last few years have been taken, though only a mile from the 

village, is not reached by road nor by trail worthy of the name. The seals are there- 

fore driven by indefinite routes to the killing ground close to the village and thence the 

meat and skins are hauled by wagon to the storehouses. A road would allow the animals 

to be killed nearer the hauling ground, and the expenditure of a little more time and 

energy would permit the transportation of the meat and skins the whole distance by 

wagon. 
KILLING. 

It is believed that the present method of killing is effective and as humane as is 

possible and that no change is necessary or desirable. The seal selected to be killed is 

stunned by a blow on the head from a heavy club and while unconscious is stabbed in 
the heart and bled. The method is thus at least as humane as that followed in slaughter- 
ing domestic animals for food. 

FEMALES AND OLD SEALS IN DRIVES. 

In making drives from the vicinity of the breeding rookeries it sometimes happens 

that a few females are included. These are almost always detected and liberated, but 

occasionally one is accidentally killed. This may happen from the inability of the 

clubber to judge of the sex of the animal when only the head is visible or by the animal’s 
receiving a blow intended for another individual. In spite of all care, an occasional 

accident of this kind in killing thousands of seals is unavoidable. During June and 

early July cows are seldom included in the drives, but after the last of July, when the 
vigilance of the harem bulls has become relaxed, the bachelors encroach somewhat on 
the breeding grounds, and if drives are made then a few cows are likely to be included. 

About this time, however, the stagey season begins and so many of the skins become 

worthless that killing is wasteful and should be stopped altogether. July 31 should 

mark the close of the sealing season. 
During June and July in the season of 1914 ten food drives were made on the Pribilof 

Islands. The only cow which appeared in any of these drives was a virgin female acci- 

dentally killed on St. George Island on July 25. After August 1, however, a few cows 

were noted in almost every drive, and though only three were killed (by accident) 

several others succumbed to overheating and trampling. The cows, especially the 
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young 2-year-olds, are much less able to withstand the pressure and buffeting of the 

drive than the bachelors, and they are often detected by their distressed appearance as 

compared with the males. The presence of cows in the drives has evidently been 

regarded as a matter of seriousness in past years, for it is noted with considerable 

regularity in the agents’ daily journal or “‘log.’”” The records are far from complete, 

but the following compilation of them made by naturalist W. L. Hahn is of considerable 

interest : 
Extracts from St. Paul log regarding cows in drives. 

1879. (?) 

October 29, first drive of pups was made from Lukanin, among them many females. Orders were 

given to examine each separately before it was killed. The Government agent believed that formerly 
pups had been selected on account of size—not sex. 

August 28, 2 females killed by accident. 

October 7, 2 females killed by accident. 

October 20, 10 females killed by accident. 

November 13, in a food drive it was found that several—probably 8 or 1o—female seals had been 

killed by accident. 

1897. 

November 12, 2 cows were accidentally killed in a drive. 

1902. 

July 24, 13 cows appeared in a drive at Zapadni. 
July 29, 6 cows in a drive from Zapadni. 

August 9, 18 large and 7o1 small seals were dismissed from a drive, a large part of them being cows. 

1903, 

July 24, 1 cow dismissed from drive from Zapadni. 
July 27, 2 cows dismissed from drive at N. E. Pt. 
July 29, 1 cow dismissed from drive from Tolstoi. 

July 30, 2 cows dismissed from drive from Reef. 
July 31, 19 cows dismissed from drive from N. E. Pt 

1904. 

July 1, 3 yearlings (?) appeared in the drive at N. E. Pt. A large one was knocked down and proved 
tobeafemale. It weighed 34 pounds before it was stuck, and the skin weighed 318 pounds. 

August 9, 25 cows appeared in a drive from Reef and Gorbatch. A pronounced falling off in the 
number of cows appearing in drives is noted this summer. 

1905. 

June 23, 32 pregnant cows were dismissed from a drive of about 600 seals at N. E. Pt. 
June 30, 8 cows were dismissed from a drive at N. E. Pt. 

July 26, 17 cows were dismissed from a drive at N. E. Pt. 

July 28, 75 cows were dismissed from a drive from Zapadni. 

July 31, 32 cows were dismissed from drive from Reef. 

August 10, 97 cows were dismissed from food drive from Reef. 

- 1906. 

July 28, 4 cows were dismissed from drive from Polovina. 

1907. 

October 31, 40 pups and 116 cows appeared in a food drive from Reef Rookery. 
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1908. 

October 20, few cows in the drive from*Reef. 

October 29, only a few cows in a driye from Tolstoi. 

1909. 

July 30, 10 cows dismissed from drive from Zapadni. 
July 31, 4 cows in drive from Reef and Gorbatch. x 

October 20, 34 pups and a large number of cows were dismissed from a food drive from Tolstoi. 
November 1, 45 cows were dismissed from food drive from Reef. 

November 13, 52 cows dismissed from food drive at Northeast Point. 

The great majority of these records relate to dates very late in the season; in fact, 

only three are earlier than July 24. Two of these are June records and undoubtedly 

refer to drives improperly made from a breeding ground. It is evident that with careful 

driving prior to August 1 there is little danger to the females, but that later in the season 

even small food drives are made at considerable risk. If a system of cold storage of 

meat were installed on the islands and the working force of men trained to high efficiency, 
all killing might well be confined to the months of June and July. 

Owing to the fact that few seals have been killed since 1911, a large number of 

five and six year old seals now haul out with the younger bachelors and are included 
in the bands of seals which are driven to the killing grounds. These large seals are 

a source of considerable delay and annoyance and some danger. It is always pos- 

sible to eliminate a part of them, as they travel more slowly than the younger animals 

and may sometimes be left behind. Some, however, refuse to be discarded, and as the 

younger seals show a tendency to rally around the larger ones, it always happens that 

some remain with the drive. Since they travel slowly, the speed of the entire company 
must be accommodated to their gait, and the younger seals are trampled and hampered 

and fatigued by their unwieldy companions. Some of the larger seals which are thus 

included in the drives become very vicious. ‘There are instances of sealers being seri- 

ously injured by the sudden attack of one of these stubborn animals. 

Within the next few years, unless some means are taken to reduce the number of 

these large seals, they will become so abundant that driving will be a matter of difficulty. 

THE SEALING SEASON. 

The season during which commercial killing is possible is short. The bachelors 

are most numerous at the same time that the breeding animals are at their height of 

abundance—from the last of June to the end of August. The so-called ‘‘stagey”’ sea- 

son, when the animal is moulting, begins about the 1st of August, and this reduces 

the effective period of greatest abundance to about one month. In order to take the 

fullest advantage of the short season it is necessary to begin before the time of greatest 

abundance. In past years the bulk of the catch was taken between the middle of June 

and the 20th of July, though a few were killed in late May and a few up to the last of 

July. This very short season necessitates that every possible facility for effective work 

be provided. Even under the best conditions days will frequently occur during which 

it will be impossible to work to advantage, and this emphasizes the need for thorough 

preparation, so that the favorable days may be utilized to the fullest extent. 

e » owe 



FUR SEALS AND OTHER LIFE, PRIBILOF ISLANDS, 1914. 89 

SKINNING. 

The seals after being killed are laid in rows far enough apart to allow each skinner 

to work on his subject without impeding the movements of his neighbor. An incision 

is first made from vent to throat; continuous with this cut, incisions are made around 

the head in front of the ears, and around the base of the hind flippers; a cut is also made 

around each fore flipper close to the body. Beginning at the middle of the ventral cut 

the native then rapidly separates the skin from the body, holding the skin slightly 

stretched and cutting through the subcutaneous layer of blubber with rapid, sweeping 

strokes. Each fore flipper is worked out of the circular cut at its base, and the remainder 

of the skin, after being separated from the body, falls free of head and limbs. The 

result is an ovate pelt with two circular holes where the fore flippers were removed. 

The skin of the head from the ears forward, known as the mask, has customarily 

been left on the carcass and allowed to waste. It is probable that these masks include 

enough good fur to give them a substantial value. They are easily removed and pre- 

served and have sometimes been taken as perquisites by the natives, who have sold them 

for small sums to the natives of Unalaska and to chance visitors to the Pribilofs. The 

value of these masks should be investigated and if it be found profitable, as seems 

likely, they should be regularly taken and marketed. 

A layer of fat from one-fourth to one-half an inch in thickness is left on the skin. 

This is allowed to remain and helps to keep the skin in the moist flexible condition desir- 

able for its proper dressing. The process. of skinning requires much skill and care. A 

chance cut greatly reduces the value of the skin; too much blubber may result in 

imperfect curing and consequent loss; while a dearth of blubber may allow the skin to 

become dry, which interferes with the process of dressing. Some of the more expert of 

the natives are able to skin a seal in two minutes, but the average time is longer. To 

retain the desired degree of skill it is, of course, necessary that the work be kept up. It 

is evident that the suspension of killing during the past few years has already resulted 

in considerable loss of skill, even among the experienced men, while the younger men 

have had practically no opportunity to acquire efficiency. 

CURING OF SKINS. 

The method of curing the skins has been detailed so often that only a brief descrip- 

tion is necessary. After being allowed to cool on the ground so that the animal heat is 
lost, the skins are taken to the salt house where they are numbered and weighed indi- 

vidually, and recorded. The process of weighing consumes a great deal of time and 

should be discontinued, as under Government management it serves no useful purpose. 
A simple system of flesh measurements, as explained beyond, should be substituted. The 

skins are then laid flat, fur side down, and having been carefully spread to guard against 

the persistence of folds or wrinkles, are covered with salt. Successive layers of skins, 

each well salted, are placed in the bins or “‘kenches”’ until the entire catch of the day is 

cared for. In this state they are allowed to remain a week or ten days, when they are 

shaken clear of salt and are examined critically to make sure that all parts of the skin have 

been cured. They are then repacked in a compact pile, called the “ book,’ the process be- 

ing similar to that of the original salting, but less salt being used. Here they remain 

until such time as they are to be shipped, when they are tied into bundles, each containing 
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two skins placed flesh to flesh, with a small quantity of salt between to keep the skins 

moist and pliable. Much of the salt now in the bins or kenches has been in use so long 

that it has become so coated with dirt and grease that its solubility and consequent cur- 

ing power is considerably lessened. Unless this old salt can be freed from the foreign 

matter which accompanies it, much of it should be thrown away. It is believed also 
that the substitution of a finer grade of salt, which would be more easily soluble, might 

have advantages. It may be possible to cleanse and reduce to finer grains some of the 

salt now on hand. This amounts to many tons, and by utilizing the native force, the 

expense and trouble of actually replacing it may be avoided. 

NEED OF COMPETENT SUPERVISION. 

It is evident to any one who has observed a gang of the natives at work that they 

need constant and intelligent supervision. Left to themselves they are rather careless 

and indifferent. This is in part due to their natural lack of care for detail, and partly 

to the fact that they have fallen behind in efficiency because of the decline in the amount 

of sealing. It was noticed that in making drives they allowed the seals to travel in 

too large bunches, resulting in an excessive amount of trampling. This fact being 

recognized, a drive made under special direction was managed differently. The seals 

were drawn out into a long line, only a few abreast, and a much longer drive than usual 

was made with decidedly less distress and, according to the natives, in the quickest time 

on record. In some of the illustrations of driving as practiced during the days of exten- 

sive killing, the seals are represented as being driven in this way, and it is probable that 

the carelessness observed in 1914 represents merely a lapse from a method formerly 

recognized as efficient and proper. 

MEASUREMENTS VERSUS WEIGHTS. 

It has long been the custom in selecting seals of the proper age for killing, to rely 

on the weight of the skins as a criterion. Those below a certain weight were considered 

2-year-olds; those above this weight and below another higher weight were considered 

3-year-olds, and so on. The uncertainty of this method, and the impossibility of con- 

fining the killing strictly to certain ages by its application has been amply demonstrated. 

Measuring the skins also has been found to be very unreliable because of the extreme 

flexibility of fresh skins. The large amount of variability in the weight and measure- 

ments both before and after salting has been demonstrated repeatedly. The fact that ° 

neither the weight nor the measurements of a skin can be taken until it is removed and 

all connection in the minds of the sealers between a particular skin and the seal from 

whose body it was taken is necessarily lost, must always remain an insuperable argument 

against its practicability. It should be stated, moreover, that the confinement of 

killing to particular classes of seals in the past has been due more to the judgment of the 

clubbers than to the system of weighing skins. 

Under complete Government control there can be no temptation to take animals 

below the prescribed age, and the time-consuming system of individual weighing should 

be abandoned. Notes made in 1914 show that the process of weighing 100 skins takes 

two men about one hour. As before stated, this necessarily has to be done at a time 

when every consideration of economy demands that the skins on hand be placed in 

the salt as quickly as possible, and thus it interferes greatly with the proper utilization 

of the services of the working force. 
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The measurements of the seals of a given age are much more uniform than the size 

or weight of the skins. The most important measurement and one that is easily taken 

is the length from the end of the nose to the root of the tail, and the idea was conceived 

of using this measurement as a standard for judging the age of seals killed. It was 

found entirely practicable to take this measurement for each one of the seals without 

delaying the progress of the work as they were laid out in rows preparatory to skin- 

ning. The most satisfactory method of measuring is by means of calipers similar to those 

employed in measuring timber. The one used experimentally was made by fitting a 

fixed and a movable arm to a rod marked for feet and inches. Even with this impro- 

vised instrument it was found practicable to ascertain the length of the animal easily 

and quickly. As explained elsewhere, a large number of skulls of seals killed in the 

food drives were preserved. Some of these were of seals branded as pups in 1912. 

These specimens of known age, studied in connection with the flesh measurements and 

the weight of the fresh skins, serve as a basis for comparison with the older seals. The 

specimens include also a large series of 3-year-olds and a few older seals. It was thus 

possible to ascertain the approximate size of the seals of different ages. Owing to the 

fact that there is a range of nearly two months in the actual ages of the seals of a given 

class, and because of the range of individual variation, there is a small percentage of 

animals whose age can not be absolutely determined even by careful examination. A 

careful study of the data at hand, however, convinces that this proportion is probably 

not greater than 1 in 50 and may be regarded as negligible. To show how much 

greater is the variation in the weight of the skins of seals of a given age, compared with 

the total length, the data regarding a killing of 61 seals made on August 10 may be 

briefly discussed. These seals were selected with ordinary care by the natives as being 

3-year-olds. Before they were skinned the length of each animal from the tip of the 

nose to the base of the tail was taken with calipers and this measurement was recorded 

against the tag number of the skin. Ten skulls selected at random from the lot were 

saved for examination. Each skin was then weighed before being salted. 

Of the 61 seals, 56 ranged from 44 to 49% inches in length. Of these, 8 measured 

44 to 44% inches; 10, from 45 to 4514 inches; 12, from 46 to 46% inches; 8, from 47 to 

47% inches; 10, from 48 to 481% inches; 8, from 49 to 49% inches. Of the remaining 

5 seals, 1 (probably a 2-year-old) measured 41 inches, and the skin though fat weighed 

only 5 pounds and 1 ounce; one measured 42% inches, and 2 measured 43 inches, the 

remaining one measured 51 inches and since its skull was that of a 3-year-old it doubt- 

less represents the maximum size for this class. 

Regarding the weight of the skins of the 56 animals ranging in total length from 

44 to 49% inches, every one of which was certainly a 3-year-old, the lightest weighed 

5 pounds 614 ounces, and the heaviest 9 pounds 101% ounces. The variation in measure- 

ments was thus only 11 per cent of the maximum, while the variation in the weight of 

skins was 44 per cent of the maximum. The 12 skins from animals of practically the 

same length—46 to 4614 inches—ranged in weight from 5 pounds 614 ounces to 8 pounds 

5% ounces. 
An incident showing how little dependence can be placed on the weight of skins 

as a criterion for age occurred on August 6, when a skin weighing 11 pounds 734 ounces 

was noticed to bear an excessive amount of flesh, probably having been skinned by an 

inexperienced native. After being divested of the superfluous muscle and fat, it was 

found to weigh 9 pounds 1134 ounces, a difference of 134 pounds. 
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From a careful study of these and other data, it is believed that the present practice 

of weighing each skin should be discontinued and that a check complying with all reason- 

able requirements may be made by the use on the killing field of calipers by means of 

which the seals may be rapidly measured by the person in charge. Seals between 42 

and 51 inches in body length may be considered as 3-year-olds with but little chance 

for error. If it is found that seals under or over the proper size are being killed, the 

fact can be immediately and graphically impressed on the minds of the working force. 

If desirable, skins of seals departing from the standard may be tagged in the field and 

a record made of the size or weight, but even this does not seem necessary. It is believed 

that the real object—the securing of skins of a uniform class—will be accomplished 

by this method with a minimum of effort, with no waste of valuable time, and with 

much more accuracy than has been possible under the methods formerly in use. 

TAGGING OF SKINS. 

The affixing of a leather tag bearing a serial number to each sealskin as a mark of 

authentication, while it affords a help in recording weights or measurements, does not 

seem necessary. A tag can, of course, be removed at will and either thrown away or 

attached to another skin, and therefore does not certainly identify any particular one. 

Furthermore, it is not practicable to dress the skins without removing the tag. It is 

therefore necessary to replace the leather tag by pricking in the skin a number or symbol 

which can by no process be obliterated or hidden, and which, while the skin remains 

intact, must constitute a distinctive mark. 

In view of these facts it seems that the small advantage gained by the system of 

tagging each skin does not justify the expense and trouble involved, especially if the 

troublesome and misleading process of recording the weight of each skin be abandoned. 

The authentication of the Pribilof Island sealskins will be rendered a matter of 

certainty by pricking on each skin the letters P or G, followed by some number or symbol 

to express the year of capture; e. g., P-15 or G—15, to express St. Paul or St. George, 
1915. This process of pricking can be effected by a single motion with a small hand 

instrument as the skins are counted into the salt house preparatory to curing, and the 

mere recording of the number of skins taken at a killing or during a season can be done 

as readily as under the present laborious system. As before stated, certain skins which 

for any reason require special marks may be tagged as at present. 

PRACTICAL IMPROVEMENTS NEEDED. — 

PRESENT UNIMPROVED CONDITION OF PLANT. 

It is evident to anyone considering the matter from an unprejudiced standpoint 

that many improvements are needed in order that the work of sealing, the principal 

business of the islands, may be more effectively accomplished. The Pribilof Islands, 

with their herds of fur seals greatly surpassing in number and value any others in the 

world, constitute a plant equivalent to a private business with an investment of millions 

of dollars. It is plain that such a business deserves to be put on the most efficient 

working basis possible. The need of a larger administrative force on the islands and 

of improvements in some of the methods of the actual work of sealing or of the other 
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industries more or less directly concerned are treated elsewhere. Under the following 
heads will be considered particularly the needed improvements and changes of a more or 

less mechanical nature. 

REFORMS CONTEMPLATED BY LESSEES. 
4 

The desirability of making certain of the improvements recommended in the pres- 

ent report has been repeatedly pointed out in past years, even before the taking over 

of the sealing business by the Government. Various improvements were contemplated 

by the later lessees toward the close of their occupation, but the uncertainty of the 

renewal of the lease prevented active steps for their adoption. Since the abandonment 

of the system of leasing, little progress has been made in improving the plant or in 

instituting useful changes. This has been due partly to the death or serious illness of 

valuable members of the island force and partly to the results of the agitations which 

have beset the general administration of affairs. The prevailing impression that the 

seal herd was reduced to very small and unimportant proportions also contributed to 

inaction. 
BETTER METHODS OF TRANSPORTATION NEEDED. 

One of the most important of the improvements needed is the installation of better 

facilities for transportation. These may be considered under two heads: (1) Facilities 

for traveling and moving supplies on the islands, and (2) the transportation from the 

United States to the islands of the necessary supplies and the moving of the annual 
catch of seal and fox skins to market. 

Roads and trails.—A pressing need is the establishment of better facilities for reach- 

ing Northeast Point from the village. It is believed that the construction of a tramway 
to be traversed by a small gas engine would prove most satisfactory. It would be about 

12 miles in length and would connect some of the most important hauling grounds with 

the village, where the only feasible landing places are located. A spur road about 4 miles 

long would reach Zapadni and would thus allow prompt access to all the important parts 

of the island. In the event of a raid on the rookeries, prompt action would be of the 

highest importance, while the moral effect inspired by a state of preparedness might go 

far in preventing such an occurrence. A wagon road, much of which is deep in sand, 
now connects the extremities of the island, but under present conditions travel by mule 

team is scarcely faster than progress on foot. In the days of active commercial sealing 

nearly one-third of the skins from St. Paul Island were taken at Northeast Point, and 

as the facilities for landing there are very poor, the importance of a ready means of 

hauling the skins to the village, when sealing is resumed, is apparent. The installation 

of a tram road would also provide for the prompt delivery of the sealing force at the scene 

of their labors whenever a killing was planned and the skins secured could be promptly 

transported to the main salt house and there cared for more economically than at North- 

east Point. This road would also serve as an important aid in properly distributing 
seal meat intended for the foxes or for other purposes. 

Whether or not a tram road to Northeast Point is installed, the construction of 

a number of shorter roads on both islands isimportant. One from the village of St. Paul 
to Reef Rookery is highly desirable, as it would permit killing near the rookery and 

would do away with the killing ground now situated at the edge of the village. Foot 

97867°—vol 34—16——7 
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trails to the various rookeries near the village may also be laid out at a trifling expense, 

and would allow ready access by foot or horseback for purposes of inspection and study. 

On St. George Island no draft animals are now used, but the construction of a 
road connecting Garden Cove with the village seems important. It often happens that 

a landing can be made at Garden Cove when none other is possible, but this place can 

not be used for the landing of general supplies because of the lack of any means of trans- 

porting the goods to the village, a distance of about 3 miles. Because of this it is some- 
times impossible to land urgently needed merchandise. A foot trail now connects these 

places, and another facilitates travel to Zapadni, 5 miles from the village. There are 

trails to North and East rookeries also, but they need improvement. A road to Staraya 

Artel, at present the most important hauling ground on the island, also seems desirable. 

The seals are now driven to the village, a distance of about 2% miles, and a road would 

do away with the necessity for this long drive. 

The importance of a better system of transportation in connection with the prob- 

lem of distributing fox food has been referred to in the account of that animal. The 

fox herds represent very valuable possibilities, and it is important that their needs be 
fully considered. 

Supply ship.—For the transportation of the supplies needed for the Pribilof Islands 

the charter of a ship of approximately 1,000 tons is necessary. For the Homer, which 

has been employed for several seasons on this work, the average cost for the past four 

seasons was a little over $21,000. The cost of the Melville Dollar for the season of 

1914 was a little over $18,000 for 59 days, or slightly over $300 per day. It would seem 

that an annual expenditure of this amount would justify the acquisition by the Bureau 

of Fisheries of a ship to be used chiefly or entirely for the Alaskan service. Two trips 

to the islands should be made; the first with the opening of navigation and another as late 
in the autumn as the weather conditions allow. 

The landing of cargo on the Pribilof Islands is a matter of considerable difficulty. 

There are no wharves nor even harbors on either island. A ship must lie at some dis- 

tance offshore in such place as affords the best shelter under the prevailing condition 

of the wind. It frequently happens, under stress of weather conditions, that the place 

most favorable for landing cargo has to be abandoned while the ship weathers out the 

storm in some more favorable spot. All cargo must be landed in the native boats 

called bidarras, which are made by stretching a cover of sea-lion skins over a wooden 

framework. In spite of the increasing difficulty of procuring enough skins suitable for 

this purpose, the use of the native boats has been continued. They have the distinct ad- 

vantage of being so constructed that they stand the buffeting against the sides of the 

ship without injury. They can carry only about 5 tons, however, so that the landing of 

the cargo of approximately 800 tons necessitates a great many trips, even with the use 

of two boats. During the season of 1914 the ship was detained 9 days at St. Paul 

and 12 days at St. George at a cost of $300 per day in landing the cargo. It is evi- 

dent, in view both of the growing scarcity of the sea lions and of the objections to the 

use of the skin boats, that some substitute for the latter must soon be found. 

In many places cargoes are landed by means of a car running on a cable which is 

stretched between the anchored ship and a high point on the shore. Steps should be 

taken to ascertain whether this or some other efficient method can not be used on 

the Pribilof Islands. 
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COLD-STORAGE PLANTS. 

With the resumption of sealing on a commercial scale and with better methods of 

local transportation, it is believed that the establishment on each island of a small cold- 

storage plant would be a wise and economical project. The great quantities of seal 
meat, above what can be used by the natives and to support the fox herd, should not 

be allowed to go to waste. Cold storage would not only provide for preserving the win- 

ter supply of meat for the natives and for the fox herd, but would allow the surplus to 
be economically utilized for other purposes. There are on the Aleutian Islands and else- 

where in northern Alaska many communities of natives which have been reduced to 

actual want through the cessation of sea-otter hunting, the extirpation or reduction in 

numbers of other animals formerly relied on, or from the desertion of routes of trade 
which formerly brought them employment. The partial or entire support of some of 

these people must eventually be borne by the Government. Unalaska was formerly 

the center of a prosperous sea-otter trade, and later the scene of much activity by reason 

of its being a stopping place for vessels bound for northern Alaska, but is now of little 

importance as a port, and its inhabitants are much reduced in circumstances. To such 

a community a portion of the seal meat which might be wasted on the Pribilofs, only 

200 miles away, would be of the utmost importance. It is also by no means unlikely that 

a market for a quantity of the surplus meat, which is very nourishing and not unpalatable, 

might be found among the poorer classes in the cities of the west coast of the United 

States. 
A further important advantage to be gained by the use of cold storage would be 

found in the possibility of limiting the driving and killing of seals to the season when 

females are not associated with the young males. ‘The accidental and very undesirable 

killing of even a few cows might thus be almost entirely avoided. 

ROOKERY IMPROVEMENTS. 

Some work in improving the ground on several of the breeding rookeries should be 

done. This is a matter which has been frequently discussed, but very little has been 

accomplished. The perpetuation of the series of marked rocks to facilitate the taking 

and recording of observations is also important. 

Marked rocks.—On each of the rookeries is a series of rocks marked by numbers put 

on with white paint, the work of the Coast and Geodetic Survey. These rocks serve as 

landmarks for locating and recording the harems and the boundaries of hauling grounds. 

Many of the numbers, from long exposure to the weather, are becoming obliterated and 

in some cases can no longer be deciphered. Since these marked rocks have figured in 

the records of observations for several years, it is very important that they be repainted 

when necessary. 

Observation stations.—In some of the more crowded rookeries it is very difficult to 

count the harems, and as it will be desirable to count them for several years at least, a 

few observation stands should be built. They may be towers of rock a few feet in 

height, and in some cases will need to be connected with the rear of the occupied space 

by lanes protected by walls of rock which afford a safe path through the rookery mass. 

At present Reef Rookery is most in need of these observation towers. In 1914 it was 
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difficult to count the harems there, and if the breeding area is increased in future years, 

as is almost certain, it will be impossible to make an accurate count without their aid. 

An inclosed station on Gorbatch for the accommodation of visitors to the islands also 

would serve a useful purpose, since it is now difficult to carry out the regulations in 

regard to the inspection of the seals by persons landing on the islands for a few hours 

and desiring to see the seals. 

Improvement oj ground.—Although the breeding ground preferred by the seals 

is decidedly uneven in character, some of the occupied areas are so rough that the cows 

and pups are exposed to considerable discomfort and danger. Small hollows between 

bowlders afford refuge to the pups and protect them from trampling, but where deep 

cavities occur pups and occasionally cows may be unable to escape from them and 

may perish. ‘These cavities are a source of great annoyance also in the work of count- 
ing the pups, as it frequently happens that several dozen must be pulled bodily from 

a cavern before any idea of their number can be gained. Certain stretches on Lukanin, 

Gorbatch, and Tolstoi are particularly troublesome. 

By blocking the entrances to the larger cavities and by filling the smaller ones with 

loose bowlders the rookery grounds can be greatly improved. A few days’ work with 
a gang of men would give good results. It would be advisable to do as much of this work 

as possible in the spring before the arrival of the bulls in order that the animals of that 

season might benefit by the improvement. 

On Polovina Rookery there are a number of caves in the soft bank, evidently formed 

by the action of the waves during the storms of winter, which become packed with the 

little pups. Nearly a hundred were taken from one of these caves during the pup count- 

ing of 1914. As these soft banks are constantly crumbling, there is always danger of 

some of the little creatures being buried by the slipping of a part of the bank. These places 

should be inspected each spring, and such portions of the bank as seem dangerous should 

be cut down. ‘The likelihood of having to pave sandy areas which in the past have been 
affected with Uncinaria should not be lost sight of. While no evidence of this pest was 

found in 1914, it may recur at any time. Areas which were especially favorable to the 

spread of the plague have been improved from time to time by being partially covered 

with rock, and this treatment appears to have borne good results. Close watch should 

be kept, and at the first evidence of the recurrence of the pest the affected places should 

be partially or completely paved. The shrinking of the rookery areas in late years has 

naturally led to the abandonment of some of these affected spots, but with the increase 

of the herd they will doubtless be reoccupied and may again become serious sources of 

mortality. 

THE EFFECT OF EXISTING LAWS. 

Among the matters to which special attention was directed in the instructions for 

the investigation of 1914 was “The strength of the surplus male life in relation to the 

close-time provisions of existing law and to treaty obligations.” 
The most recent law affecting the seal herd, and the one under which it is chiefly 

administered, became effective August 24, 1912. It provides that all killing of fur 

seals be suspended for a period of five years, except the limited number of male seals 
needed as food for the natives. It further provides that not less than 5,000 males 

shall be reserved for breeding in each year after the resumption of killing until 1926, 
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and thus prescribes by exact figures the nature of the management of the herd for a 
period of 14 years, or until the expiration of the international agreement by which 

pelagic sealing was stopped. ‘The text of the law relating to these important provisions 

is as follows: 

Sec. 11. That from and after the approval of this act all killing of fur seals on the Pribilof Islands, 
or anywhere within the jurisdiction of the United States in Alaska, shall be suspended for a period 
of five years, and shall be, and is hereby, declared to be unlawful; and all punishments and penalties 

heretofore enacted for the illegal killing of fur seals shall be applicable and inflicted upon offenders 
under this section: Provided, That this prohibition shall not apply to the annual killing on the Pribilof 

Islands of such male seals as are needed to supply food, clothing, and boat skins for the natives on the 
islands, as is provided for in article eleven of said convention; the skins of all seals so used for food 

shall be preserved and annually sold by the Government, and proceeds of such annual sales shall be 

covered into the Treasury of the United States: Provided further, That at the expiration of the said 
five years’ suspension of all commercial killing as above provided, said killing may be resumed under 

authority of the Secretary of Commerce and Labor: Provided, however, That the number of three-year- 

old males selected from among the finest and most perfect seals of that age found on the hauling grounds 
to be reserved for breeding purposes, in each year ending August first, shall not be fewer than the fol- 
lowing: In nineteen hundred and seventeen, and in each year thereafter until nineteen hundred and 
twenty-six, inclusive, five thousand. 

THE LAW EFFECTIVE FOR LONGER THAN INTENDED. 

This law, which was introduced in the House of Representatives on February 15, 

1912, was pending during the sealing season of 1912, and, in the expectation of its pas- 

sage at an early date, operations were limited until its final provisions should become 

known. ‘This did not occur until the season had closed, the result being that although 

the law was not in force during that season the effect was the same, for only 3,764 seals 

were killed, a number scarcely sufficient to supply meat for the natives. Thus the 

close-time provision of the law was in effect increased from five to six years, and in 
actual practice the law will operate one year in excess of its intent. 

AS A BENEFICIAL MEASURE THE LAW HAS SERVED ITS PURPOSE. 

At the present time, therefore, commercial killing has been suspended for a period 

of three seasons, though the law has actually been on the statute books but two years. 

What has been accomplished in these three seasons is of the highest importance. “The 

law is entitled “An act to give effect to the convention between the Governments of 

the United States, Great Britain, Japan, and Russia for the preservation and protec- 

tion of the fur seals and sea otter which frequent the waters of the North Pacific Ocean, 

concluded at Washington July seventh, nineteen hundred and eleven.” Obviously it 

was a conservation measure, and now, after three years, it may be inquired how far 
its intent has been fulfilled. 

In 1912, when the law was under discussion, conditions were very different from 

those at present. At that time pelagic sealing had just been stopped, the herd was at 

a low ebb, male life was greatly reduced, the real or supposed evils of former systems 

of management were fresh in mind, and conflicting opinions were freely expressed as 

to the fate of the seals. The ultimate needs of the herd were obscured by the compli- 

cated and special nature of the subject and by its long, involved history, in which 
almost all important points were rendered elusive by the uncertain factors contributed 

by pelagic sealing. Under these circumstances it was inevitable that the law as finally 
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passed would be something of a compromise except as to its main feature, which was that 

the seals receive immediate and practically unqualified protection. 

In 1914, after three years without pelagic sealing and without commercial killing 

on land, the herd is found to be in flourishing condition, the stock of breeding females 

appreciably increased, an ample supply of breeding males assured, and a large surplus 

of males immediately impending. To produce such conditions was doubtless the main 

object of the law, and it is evident that as a purely protective measure the law up to 

the present time has been successful and beneficial. This improvement in the herd, 

however, seems to indicate that at least certain provisions of the law no longer accord 
with its intent. 

EVILS OF LEASING SYSTEM NOT POSSIBLE UNDER GOVERNMENT MANAGEMENT. 

The herd is now beyond the danger point, and with full governmental control, 

protection of the seals and conservative management would be assured without special 
restrictions. Departmental officers having discretionary power, and even agents on the 

islands, could have no possible incentive for furthering any interests other than those 

of the Government itself. A law restricting killing does not guard against the cupidity 

of any private individual or any Government employee, because under the new system 

no one can gain by excessive killing. Under private leasing, whether or not irregular- 

ities existed, it is conceivable that the system might have offered temptation to dishonest 

parties; but under full governmental administration circumstances can scarcely be 

imagined in which individual officers could derive personal profit at the expense of the 

Government’s interest. Detailed regulations influenced by real or supposed injurious 

practices of the past, therefore, are entirely unnecessary at present. The general laws 
against official misconduct cover practically every possible contingency. 

FLEXIBLE REGULATIONS DESIRABLE. 

The nature of sealing as a business is such that restrictions of a fixed and absolute 

character are highly impractical. Living animals subject to the ravages of disease, 

to the inroads of natural enemies, to the vicissitudes of an unusually stressful existence, 

and to the varying results of peculiar breeding habits can not be successfully managed 

under inflexible rules laid down long in advance. The establishment of close seasons 

for game animals, especially those of the deer family, is quite a different matter from the 

restriction of killing of fur seals. A comparison of fur seals with American elk, caribou, 

or prong-horned antelope in this connection would scarcely be made by any one having 

first-hand knowledge of the nature and habits of the seals as well as of the game animals. 

If all the elk, caribou, or antelope living came annually to a Government reservation 

where they could be enumerated and proportioned as to age and sex, there would be no 

reason to prohibit the killing of males not needed as breeders. 

Among wild animals the fur seal is unique in many respects. Although not actually 

under domestication, it is by nature and habits almost strictly comparable to a domestic 

animal, and the principles governing its management should unquestionably be those 

employed by breeders of live stock. Rigid rules of procedure, therefore, are as inadvis- 

able in the case of the seals as they would be with horses, cattle, or sheep. So far as 

possible, regulations should be sufficiently elastic to take advantage of conditions as they 
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arise. The number of males which should be killed or reserved can not, in the nature of 
the case, be absolute. It is not and never can be a fixed number, and the only possible 
way in which it can be stated in advance isin relative terms. ‘That is, the number to be 
killed or to be reserved in any given season depends upon the number that are present 
in that season and upon the relation which the number of males of certain ages bears to 
the number of females. With pelagic sealing abolished, these numbers and proportions 
can be determined with all reasonable accuracy. Whether the herd be large or small, 

diminishing or progressing, good management demands discretionary power in the 

hands of responsible officers in order that action may be governed by circumstances. 

Inflexible rules applied to living animals are dangerous under any circumstances and in 

the case of the seals are no more necessary now than they will ever be. The relative 

proportions of males and females should be the same in a herd of a thousand seals as in 
one of a hundred thousand or a million, andin any case it is wholly a matter of propor- 
tions, not of fixed numbers. 

RESERVES UNDULY LARGE. 

The subject of reserving males for breeding has received careful consideration in 

the present report. It has been recognized that the number of bulls in recent years may 
have been inadequate, and it has been concluded that in the future a much larger supply 

would be desirable, even to the point of having somewhat more than the requirements 

of a most conservative ratio of males to females. But the reserves of the law go far 
beyond the needs determined by a careful investigation of present conditions. 

Aside from the close-time provision of existing law, which in itself provides more 

males than necessary, the subsequent reserves of 5,000 per annum are excessive. After 

thorough and unprejudiced investigation it is found impossible by argument or calcu- 
lation to justify such large reserves. As shown elsewhere (p. 82), the close-time and the 

later reserves will produce an enormous supply of males unwarranted by any policy, 

unless it be one of permanent cessation of killing for sentimental reasons. Such a policy 

is, of course, impractical, for it would mean a return to pelagic sealing, which is brutal in 

the extreme, whereas land killing is quite as humane as the killing of domestic animals 

for food. This great excess of males would doubtless cause some increased fighting and 
consequent mortality detrimental to the herd, but laying this aside as of minor impor- 
tance, it is evident that a great waste is involved. The money loss alone during the 

period affected promises to be very large, not less than $2,700,000 by most conservative 

estimates. 

It should be stated that if these reserves were liberal merely to provide for emer- 

gencies or errors in estimates, no objection to them could be urged. But they are much 

more than liberal, since they provide not twice as many but several times as many as a 

very conservative ratio of males to females would require. In the end it is believed they 
would produce a stock of some 50,000 bulls where less than 10,000 would be a liberal 

allowance. That is, if bulls and cows increase at the same rate, the law provides for a 

herd in 1921 in which there would be one bull for every three cows, instead of one to forty, 

the a reasonable ratio. , 
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MATTERS FOR SPECIAL DISCRETIONARY POWER. 

Emergency action.—The concurrent action of the law of 1912 and the previous law 

of April 21, 1910, places such restrictions on the killing of seals that even in cases of 
urgent necessity action could not legally be taken. 

The clauses bearing particularly upon this matter are as follows: 

ACT OF APRIL 21, Igo. 

Src. 6. That section nineteen hundred and sixty of the Revised Statutes of the United States 
and section one hundred and seventy-seven of the act of March third, eighteen hundred and ninety- 

nine be amended to read as follows: 
It shall be unlawful to kill any fur seal upon the Pribilof Islands, or in the waters‘adjacent thereto, - 

except under the authority of the Secretary of Commerce and Labor, and it shall be unlawful to kill 
such seals by the use of firearms or by other means tending to drive the seals away from those islands; 
but the natives of the islands shall have the privilege of killing such young seals as may be necessary 

for their own food and clothing, and also such old seals as may be required for their own clothing and for 

the manufacture of boats for their own use; and the killing in such cases shall be limited and controlled 

by such regulations as may be prescribed by the Secretary of Commerce and Labor. 
Src. 7. That section nineteen hundred and sixty-one of the Revised Statutes of the United States 

and section one hundred and seventy-eight of the act of March third, eighteen hundred and ninety- 

nine, be amended to read as follows: 
Tt shall be unlawful to kill any female seal or any seal less than one year old at any season of cae 

year, except as above provided; and it shall also be unlawful to kill any seal in the waters adjacent to 
the Pribilof Islands, or on the beaches, cliffs, or rocks where they haul up from the sea to remain; and 

every person who violates the provisions of this or the preceding section shall be punished for each 

offense by a fine of not less than two hundred dollars nor more than one thousand dollars or by impris- 

onment not more than six months, or by both such fine and imprisonment; and all vessels, their tackle, 

apparel, and furniture, whose crews are found engaged in the violation of either this or the preceding 

section shall be forfeited to the United States. 

ACT OF AUGUST 24, IQI2. 

Sec. 11. That from and after the approval of this act all killing of fur seals on the Pribilof Islands, 

or anywhere within the jurisdiction of the United States in Alaska, shall be suspended for a period of 
five years, and shall be, and is hereby, declared to be unlawful; and all punishments and penalties 

heretofore enacted for the illegal killing of fur seals shall be applicable and inflicted upon offenders 
under this section: Provided, That this prohibition shall not apply to the annual killing on the Pribilof 

Islands of such male seals as are needed to supply food, clothing, and boat skins for the natives on the 
islands, as is provided for in article eleven of said convention; * * * 

From this it appears that in the event of a sudden epidemic of disease or in any 

other emergency requiring immediate and perhaps drastic measures, no officer would 

have authority to kill female seals. The provision against the use of firearms has a 

similar effect since conditions may arise making it advisable to kill certain animals, as 

vicious old bulls, which can not be put to death by the usual methods. In addition, 

ordinary humane action in the case of wounded or injured seals is prohibited. Pups or 

cows may be found mortally wounded by the bulls or by falling rocks, but under the law 
they can not be put out of their misery and must be allowed to suffer a lingering death. 

Several cases of this kind occurred in the season of 1914. Under present conditions 

there are no advantages gained by these provisions of the law. The agents are not and 

can not be under any temptation to permit unnecessary killing of females or young, 
but even if they should be, the matter could be governed by regulations limiting regu- 

lar killings to seals from the hauling grounds and to the season ending July 31. 
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Annual sale of skins.—In section 11 of the law of 1912 it is provided that “the 

skins of all seals so used for food shall be preserved and annually sold by the Govern- 
ment.” A further provision of the same section relating to the disposition of skins 

obtained from commercial killings and from the Governments of Great Britain and 

Japan states that “‘all skins which are or shall become the property of the United States 

from any source whatsoever shall be sold by the Secretary of Commerce and Labor 

in such market, at such times, and in such manner as he may deem most advantageous.” 

Thus at least food skins taken during the five-year period of restricted killing are to 

be sold annually, and by construing the first provision of the law as governing the 

second, the same course will be necessary with all skins taken in the future. 

Obviously it would be to the interest of the government to be able to take advan- 

tage of the best market conditions in all cases. A temporary depression, such as that 

caused by the European war, would make it advisable to postpone the sale to a more 

favorable date, but under the present laws this can not be done without special authority 

from Congress. The sale has usually been conducted in December or January. The 

time between the shipment of the skins and the sale may be so short that conditions 

are likely to arise making it desirable to postpone the sale for several months. Even 

slightly depressed market conditions during the restricted period allowed for the sale 
might cause serious loss. 

Specimens for scientific purposes —The laws make no provision-for the preservation 

of specimens of the fur seal for scientific investigation or for exhibition in public 
museums. It is altogether probable that in the future management of the herd prac- 

tical problems will arise which can not be settled except by research involving the 

killing of certain seals, including some proportion of females and young. Such problems 

may relate to breeding and reproduction, to ascertaining the cause of disease, or to 

various other matters. Although of technical nature, they may be of great economic 

importance, and failure to provide for them may result in large financial loss. During 

the investigation of 1914, the legal prohibition against killing females proved embar- 

rassing, and certain matters which otherwise might have received attention were there- 

fore disregarded. ‘The preservation of specimens of the fur seal in public museums is 

surely worthy of consideration because of the educational service to the public. Many 

of our museums have very few or no specimens of the fur seal, and even in the United 

States National Museum, where such an important aud interesting animal should be 
well represented, the specimens are old and imperfect. Under the law, even the skins 

of seals that have died from natural causes and which may have only trifling money 
value, must be sold like any others. 

It is plain, therefore, that a provision which would place the killing of seals for 

scientific or educational purposes within the discretion of a responsible official would 

be very desirable. 

EFFECT OF RESTRICTED SEALING ON THE FOX HERD. 

The blue foxes of the Pribilof Islands constitute an important and valuable asset. 

Undue restriction of sealing not only causes a reduced revenue from the seals but 

@ This was found necessary in December, 1914, when a joint resolution to postpone the sale of food skins for that season was 

introduced in Congress. Such action would have been unnecessary if the time of sale had been within the discretion of a respon- 

sible official. 
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involves an additional loss through its effect on the foxes. As shown in the special 
discussion (p. 106), the decline of the output of fox skins has been coincident with 

the reduction of seal killing and is due to the lack of a sufficient supply of seal carcasses 

upon which the foxes are dependent. This decline has progressed more rapidly since 

the limitation of sealing imposed by the law of 1912 until at the present time the fox 

industry is in a highly undesirable condition, the animals being greatly reduced in 

number and the stock deteriorated in quality and vigor. The resumption of sealing 

on a larger scale would provide means for the upbuilding of the fox herd; otherwise 

prompt measures of some other sort will be necessary. The main problem is one of food 

supply, and owing to the isolation of the islands and the poor facilities for communi- 

cation the securing of fox food other than seal meat is beset with difficulties. Therefore 

it is desirable that seal meat be provided for them at the earliest possible time; that 

is, as soon as the condition of the seal herd will warrant it. That this time has already 
arrived is evident from the general results of the investigation of 1914, and while no 

consideration of the foxes should be permitted to jeopardize the sealing interests it is 

to be remembered that with the good condition of the seals assured the foxes are 

capable of producing a revenue not to be ignored. 

In former years, without any attempt at careful management, more than 1,000 

fox skins were taken annually on St. George Island alone. Such an output, at the 

prices prevailing in recent years, would have realized a revenue of $40,000 to $50,000 

per annum. That an equally large or a larger revenue may be obtained in the future 

is scarcely to be doubted if proper measures be taken now. 

THE TREATY. 

The treaty effective December 15, 1911, between the United States, Great Britain, 

Japan, and Russia is essentially an agreement by which the foreign nations relinquish 

their right to take seals on the high seas in exchange for a share in land sealing to be 

conducted by the United States. The main assumption of the treaty is that the decline 
of the herd has been caused by pelagic sealing and not by land sealing, a conclusion 

formed and agreed upon by the joint conference of British and American experts after 

the investigation of 1896-97. ‘The Governments of Great Britain and Japan paid 

large sums to retire their sealing fleets, obviously expecting to be reimbursed in the 

near future by their 15 per cent share of land sealing. The United States is granted 

the right to suspend land sealing under two conditions: (1) To protect and preserve 

the seal herd, and (2) to increase its number. The statements of the treaty in regard 

to these provisions (Sen. Doc. No. 75, 62d Cong., 1st Sess.) are as follows: 

Art. X, page 7, lines 15-22: Provided, however, That nothing herein contained shall restrict the 
right of the United States at any time and from time to time to suspend altogether the taking of 

sealskins on such islands or shores subject to its jurisdiction, and to impose such restrictions and 
regulations upon the total number of skins to be taken in any season and the manner and times and 

places of taking them as may seem necessary to protect and preserve the seal herd or to increase its number. 

Art. XI, page 8, lines 25-32: If, however, the total number of seals frequenting the United States 

islands in any year falls below one hundred thousand (100,000), enumerated by official count, then 

all killing, excepting the inconsiderable supply necessary for the support of the natives as above 

noted, may be suspended without allowance of skins or payment of money equivalent until the number 
of such seals again exceeds one hundred thousand (100,000) enumerated in like manner. 
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Without attempting to interpret these sections of the treaty, it may be stated 

that a number of American experts and officials, both scientific and legal, have expressed 

the opinion that the right to suspend land sealing depends upon the need of the herd 

for protection and that unless this need can be demonstrated land sealing should go 
on under no limitation except that required for the preservation and growth of the 

herd. If this opinion be sound, the important question is, Does the herd need pro- 

tection to the extent of continued suspension of land killing? Even assuming to the 

full that the herd did need protection when the law of 1912 was enacted, this nevertheless 

does not relieve us from the obligation of demonstrating that it still needs it now after 

three seasons without commercial sealing. No such necessity can be demonstrated. 

The condition of the seal herd in 1914, as set forth in this report, is such that resumption 

of commercial sealing on a moderate scale in 1915 could be undertaken with confidence 

that the protection and growth of the herd would not be jeopardized in the slightest 

degree. The inference is clear, therefore, that unless sealing be resumed agitation will 

be continued and the integrity of a most desirable treaty endangered. 

EARLY SOLUTION OF PRACTICAL PROBLEMS IMPORTANT. 

At the time the law of 1912 was enacted, there were certain important practical 

problems regarding the seals which hitherto had remained unsolved owing to the 
existence of pelagic sealing. The treaty of 1911 had abolished this form of sealing, 
opening the way for the solution of these problems. The law, however, was and still is 
an effectual bar to the elucidation of these vital matters. The principal points to be 
determined as prerequisites of sound and systematic management relate to distinguishing 
seals of different ages and to ascertaining the number or proportion of males that 
naturally survive to the age of 3 years, these forming the class from which both killings 
and breeding reserves are drawn. As shown elsewhere, the conditions for obtaining 
this information will be particularly favorable in 1915. The number of pups born in 1912 
is known, and certain of these which will appear as 3-year-olds in 1915 carry permanent 
brands which will greatly facilitate the confining of killing and reserving to that class. 
Therefore, it would be possible to determine fully the characteristics of the 3-year-olds 
as a standard for future use; and by setting aside a liberal breeding reserve and killing 
the remainder the total stock remaining from the pups born in 1912 would be learned. 
Such favorable conditions could not be obtained again until 1918 and then only by 
repeating in 1915 the branding of pups which was carried out at considerable labor and 
expense in 1912. Therefore it is highly desirable that the work be done in 1915. 

GRADUAL DEVELOPMENT OF EFFICIENCY NECESSARY. 

The long-continued ravages of pelagic sealing and the publicity which they gained 
during the protracted agitation against it, combined with charges of excessive land 
killing and the undisputed fact that the seal herd was reduced to a fraction of its former 
size, produced a general impression that the number of seals remaining was only a mere 
handful, or in fact that the herd was on the very verge of extinction. The total sus- 
pension of commercial killing by the law. of 1912 has added to this impression and cir- 
cumstances have caused an interruption and abandonment of continuous policies, a 
reduced and partly temporary personnel, and general conditions favoring inaction only 
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justifiable on the assumption that since there are few seals and but little killing, the 
requirements of the situation must be few and unimportant. The actual conditions, 

as disclosed by the investigation of 1914, are quite the contrary. Never during American 

ownership has the situation demanded more careful consideration, more numerous and 
capable employees, or more liberal financial support. 

The seal herd is small only by comparison. Actually it is large and growing rapidly. 

The business of managing it will involve the handling of a product yielding an annual 

income equivalent to that of a business enterprise with an investment of at least ten 

millions of dollars. Extensive preparation and careful study are necessary to avoid 

large financial loss not only at present but in the future. The native men who do the 

sealing are losing their former efficiency. The younger ones, of whom much will be 

required in the future, are gaining but little experience and training and it is plainly 

evident that a sudden resumption of killing on a large scale a few years hence would 

find them unequal to the task. The duties and responsibilities of the agents and officials 

resident on the islands are of a special nature and they too need time and opportunity 

to grow with the business. Suitable men to fill these positions can not be had for the 
asking but must be selected with care and trained by experience. Men with special 

training also are needed for special purposes—to plan and execute general improvements, 

to build roads and trails, to provide better housing, sanitation, and education for the 300 

natives of the islands, to study the possibilities of new industries and economies, the 

utilization of by-products, and the development of general efficiency—in short, to provide 

means by which the Pribilof Islands shall be a source of profit, satisfaction, and pride to 

the Government. 
Failure to undertake many needed reforms and to develop efficient and systematic 

management is to a considerable extent due to the continued suspension of land sealing 

and it requires no lengthy argument to show that the sooner the Government resumes 

land sealing, the principal business of the islands, the sooner will it be possible to institute 

reforms of all kinds and to provide a basis for permanent efficiency. 

CONCLUSIONS. 

Conclusions regarding the effect of existing laws, especially the law of 1912, as seen 

in the light of conditions in 1914, may be summarized as follows: 

(1) The law effects a suspension of sealing for six years instead of five and Sealing 

has now been restricted for three years. 

(2) The benefits of the law as a protective measure have now been attained, the 

seal herd being past the danger point. 

(3) The law guards almost wholly against practices which may have been possible 

under the leasing system, but which can not occur under full Government management. 

(4) The law is a rigid measure imposing fixed restrictions on the management of 

living animals subject to natural vicissitudes, whereas in the nature of the case reason- 
able elasticity is required to meet conditions as they arise. 

(5) Under the law, no one has discretion to permit the killing of seals in emergencies 

or exceptional circumstances to prevent the spread of disease, to avoid suffering, to 
provide material for scientific study, or to obtain specimens for museums and other 

educational institutions. 
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(6) By provision for the annual sale of skins, the law makes it difficult to regulate 

the time of the sale to market conditions. Moreover, a small output of skins during 

the suspension of commercial sealing may cause the demand for them to diminish, anda 

sudden large supply upon the resumption of sealing is likely to meet with reduced prices. 

(7) The blue fox industry, capable of yielding $50,000 or more per annum, is 

reduced to small proportions through lack of seal meat for food. 

(8) The continued suspension of sealing and the subsequent reserves provided by 

law will create a large excess of males, and failure to take and market their skins at the 

proper time will cause an estimated minimum loss of $2,700,000. 

(9) A part of this loss falls upon Great Britain and Japan, to each of which we are 

by treaty bound to deliver 15 per cent of the annual take under commercial sealing. 

(10) The suspension of sealing prevents the immediate determination of the pro- 

portion of seals which naturally survive to killable age, a most vexed and vital matter, 

which must be settled before any explicit regulations based on sound principles can be 

formulated. 

(11) The development of general efficiency for the future managment of a very 

large and profitable business, the training of both white and native employees, the 

installation of modern methods, and the numerous preparations necessary for adapta- 

tion to new conditions are largely dependent upon the resumption of active sealing at 

the earliest possible date. 

(12) The law now offers no compensations for its many disadvantages. It has 

served a purpose as a remedy for a shortage of male life, but though a shortage existed 

when the law was enacted there is no shortage now, and none is likely to occur in the 

future, whether the law be in effect or not. 

THE FOXES. 

GENERAL CONSIDERATIONS. 

The foxes of the Pribilof Islands belong to a group ordinarily known from their 

circumpolar habitat as arctic foxes and considered as forming a genus distinct from 

other foxes. The animals of these islands have become slightly differentiated by long 

insular isolation from their relatives inhabiting the other parts of the north, and bear 

the name Alopex pribilofensis (Merriam). 

The so-called white and blue foxes are not different species but merely represent 

two color phases of the same animal, the white being the winter coat of the normal 

phase, which in summer is characterized by a brown back and shoulders and tawny 

sides. ‘The blue fox is the abnormal dark color phase, sooty gray in summer, and bluish 

grayin winter. This sooty phase is found practically throughout the range of the animal, 

-at least in America, but is usually much less abundant than the ordinary phase and in 

some sections is so rare as to be practically unknown. 

On the Pribilof Islands, however, the sooty phase so outnumbers the ordinary phase 

as to be practically the normal state. According to old accounts, blue foxes only were 

found on the islands when they were first discovered, and the white ones came (pre- 
sumably on the ice) afew winters afterwards. This is probably an error, as it is much 

more likely that the white were present at first but were overlooked until their white 

winter condition forced itself on the attention of the discoverers. It is undoubtedly 

true, however, that foxes do occasionally reach the islands from the north on the pack ice, 
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and as these would probably come from regions where the normal phase predominates 

it is likely that the majority of such immigrants would be white. Such infrequent 

arrivals, however, can have had but little effect of any kind on the Pribilof herd within 

historic times. 

Because of the beauty and rarity of the blue fox its value has always been much 

greater than that of the white. Until very recent years the white skins were worth very 

little, but the growing scarcity of all kinds of fur has resulted lately in a great increase 

in their value. 

During the continuance of the leasing system the companies paid to the natives a 

certain price for taking the skins and sold them in the best markets, the Government 

deriving no benefit from the transaction. Since the discontinuance of this system in 
1910 the same methods have been followed by the Government, which now derives a 

revenue from the animals. The gross proceeds of the catch of the winter of 1910, 371 

blue and 20 white skins, were $16,563.55; the expenses of marketing were $1,466.92. 

The net price received was thus about $40 each for the blue skins and $6 each for the 

white. Of the skins taken in 1911, 12 blues netted over $50 each, and the whites about 

$13 each, while an exceptionally fine lot of 31 blue fox skins brought a gross return of $131 

each. Of those taken in 1912, 13 brought slightly less on the average, a little under $40 

each for the blue and about $11 each for the white. One lot of 6 fine blue skins brought 

an average gross price of $158 each. The net proceeds to the Government from the sale 

of fox skins for 1910-11 were $15,096.58; for 1911-12, $20,505.17; and for 1912-13, 

about $16,000. It is plain that an industry which even in its present depleted state has 
yielded this revenue deserves to be brought up to a higher state of efficiency. 

FORMER ABUNDANCE. 

According to the old records, foxes were present on the Pribilof Islands when they 

were first visited, but regarding their numbers in early times we know very little. During 

the period from 1842 to 1860, inclusive, the Russian-American Co. took from the Pribilofs 

an average annual catch of 1,829 foxes; more than two-thirds of these came from St. 

George. From 1861 to 1870 the complete figures are not available. From 1871 to 1890 

a total of 24,792 skins was taken from both islands; 20,412 of these came from St. George, 

an annual average of 1,020 skins. During all this time practically no attention was paid 
to the care of the foxes, which subsisted mainly on the birds and on the bodies of the 

seals which had been left on the killing fields. 

DECLINE FROM LACK OF FOOD. 

About 1890 the number of foxes begun to show a marked diminution, undoubtedly 

due to the smaller quota of seals killed. Within the next few years, during the modus 

vivendi, the catch of seals being limited to the food requirements of the human inhabit- 

ants, the foxes suffered further reduction in numbers. During the period from 1891 to 

1900 the total catch for both islands was only 6,245 skins. The decline being attributed 

to over-trapping, no foxes were killed on either island during the winters of 1891-2 and 

1894-5, and the season of 1898-9 was marked by a suspension of killing on St. Paul. 

But the scarcity of food rather than excessive killing gradually becoming recognized as 

the real cause of the decline, the special feeding of the animals was taken up in 1896, 
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and has been carried on in a more or less systematic way ever since. ‘This matter is else- 

where discussed. 

In marked contrast to the numbers taken on the Pribilof Islands during the middle 

and latter part of the last century, the lessened number yielded during the last two 

decades is of interest. The figures have been compiled from various authentic sources. 

Number of foxes taken on Pribilof Islands, 1890-1913. 

St. Paul. St. George. Pribilof Islands. 

Blue. White. | Total. Blue. White. | Total. Blue. White. | Total. 

go RO | oalaiatalsintaiale 1,318 
(es saa ene NEES: EEE >it 
928 I, 264 37 I, 30r 
571 77° 4I 811 

(®) 4 Sanoseoane dg 
33 £289 18 307 

497 C711 9 720 
346 © 495 18 513 
386 CARH sc talctalaisieln« 386 
418 © 663 28 691 

441 £506 I 597 
246 © 409 7 416 
sil £739 10 749 
501 50r 20 521 
272 293 12 305 
480 468 12 480 

374 366 8 374 
446 438 8 446 

377 367 Io 377 
222 361 46 407 
241 371 2r 392 

277 384 29 413 
IQI2-I3.. Stats 263 405 31 436 
~G) Re aparece 150 25 107 256 26 282 

@ Including ro pairs blue foxes sold for breeding purposes. d From Otter Island; none taken on St. Paul. 
b NO trapping done. € Including 19 blue and 1 white from Otter Island. 
¢ Including a few white foxes. 

It will be noticed that a few skins have been taken on Otter Island. In former 

years this island, situated about 6 miles southward from St. Paul, maintained a con- 

siderable herd of foxes. In December, 1875, according to the St. Paul records, 60 

foxes were taken. In December, 1894, a trapping party took 8 foxes and was supposed 

to have depopulated the island. No more appear to have been taken there until the 

winter of 1904-5, when 33 were killed. In December, 1909, 19 blue foxes and 1 white 

one were taken there. 

During our visit to Otter Island in July, 1914, we looked carefully for foxes, but 

saw no traces. ‘This island has large colonies of breeding birds and would support a 

good number of foxes during the summer, but the natural supply of food in winter is 

apparently not sufficient. In former times a few fur seals bred there, and the bachelors 

hauled out in some numbers. Although none seem to have been killed there, the animals 

dying from natural causes may have afforded some food, which, added to what was 

obtainable on the beaches, permitted numbers of the foxes to survive the winter. That 

they were never in a prosperous condition is indicated by the fact that the skins taken 
there have always been reported as inferior. Unless seals should again resort to Otter 

Island in numbers sufficient to warrant killing for the skins, so that winter provision 

could be supplied, it will probably be unwise to encourage the foxes to increase there. 

Although there are none there at present, a few are likely to reach there from St. Paul 

whenever the pack ice occurs in quantity. 
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On one occasion, on June 11, 1892, afox was found on Walrus Island. Its activities 

had prevented the birds from beginning to nest, and it was shot. On June 27, when 
the island was next visited, a boatload of eggs was gathered. 

DISEASES. 

The main cause of the decline of the fox herd, lack of food, has been sufficiently 

discussed. Some diminution due to disease has taken place, but apparently there has 

never been any serious epidemic. Deaths of occasional individuals occur from tuber- 

culosis, hemorrhage, or other affections of the kidneys, and ulcers of the stomach or 

intestines. Mange, or a similar disease, has appeared at infrequent intervals, and has 

undoubtedly caused the death of many. It was prevalent on St. George in 1914. 

Under this head cannibalism, although undoubtedly due entirely to lack of proper 

food, may be considered. It has caused a serious loss on a few occasions, the most 

notable occurring on St. George in the autumn and winter of 1913-14, when several 

hundred were estimated to have perished from this cause. At this time the foxes were 

being supplied plentifully with salted food. This apparently had been imperfectly 

freshened and was not relished by the animals. It is certain that salt is injurious to 
foxes, and it is not unlikely that the eating of salted food induced a diseased condition 

similar in effect to scurvy, and that the craving for fresh meat led to cannibalism. 

During the spring of 1914 the number of foxes observed was unusually small, and many 

were in poor physical condition. 
FOOD. 

Seal meat.—Under the conditions prevailing for many years on the Pribilof Islands, 

while large numbers of seals were killed every season, the thousands of bodies which 

were left on the killing fields constituted the main source of food for the foxes. To this 

abundance the islands owe their eminence as a fox nursery. During the few years 

immediately following 1890, coincident with a reduced catch of seals, a great diminution 

in the numbers of foxes on both islands was apparent, and although for several years 

only a few animals were killed the numbers continued to remain at alow ebb. Although 

other factors have contributed to their continued scarcity, there is no doubt that the 

main cause has been the lessened quantity of seal meat available. Formerly no special 

care was taken to preserve the meat, the bodies being merely left on the killing grounds 

to be disposed of by natural processes, and the foxes securing their share as best they could. 
But when it became evident that the diminution in the fox herd was due to the reduced 

kill of seals, steps were taken to provide the animals with salted food of various kinds, 
and seal meat was used as far as available. The subject of most effectively utilizing 

surplus seal meat for fox food is elsewhere discussed. 

During the summer and early autumn the bodies of young seals dying from natural 

causes on the breeding rookeries are eagerly devoured bv the foxes being eaten on the 

spot or dragged to the dens for the young. 

Birds and eggs.—Vhe foxes of the Pribilof Islands seem to prefer birds to any other 

food. The greater abundance of birds on St. George seems to have been the direct cause 
of the larger number of foxes taken on that island. During the spring and summer the 

remains of birds, which are found about the burrows of the foxes in large numbers, testify 

to the fondness of the animals for this food. The foxes are adept climbers and make 

their way about cliffs which appear absolutely inaccessible toa quadruped. Many gulls, 

ee a 

oa 
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puffins, murres, and other cliff-nesting species are secured by the foxes in thisway. But 
the bird most commonly eaten is the least auklet, the smallest sea bird found on the 

islands. ‘These occur literally in millions and are especially numerous on St. George. 

From the time of their arrival in early May they are pursued relentlessly by the foxes 

which are easily able to secure them owing to their habit of nesting in large colonies 

in subterranean cavities on the bowlder-covered beaches and ridges. So numerous 

are the birds, however, that the foxes seem to cause no appreciable diminution in 

their numbers. During the nesting season the eggs of various birds are eagerly and 

successfully sought by the foxes. Though it is probable that eggs of practically all the 

breeding species are secured, those of the murres furnish the bulk of this form of sub- 
sistence. ‘The foxes store large numbers by burying them singly in the mossy tundra in 

the vicinity of the breeding grounds of the birds. These spots are later visited and the 
eggs are eaten on the spot or carried to the young. 

After the departure of the bulk of the birds in the autumn, the foxes derive but little 
benefit from those remaining. An occasional dead bird or an egg overlooked during the 

time of abundance, or an unfortunate migrant or winter visitor is picked up, but as a 

source of food in winter, the birds are of little value. Out of about 40 stomachs of foxes 

examined by A. G. Whitney at St. Paul village late in November, 1913, feathers or other 

remains of birds were found in 11 cases, but they probably represented only a small 

‘amount of nourishment. 
Miscellaneous food.—The various invertebrates and other forms of marine life are 

of great importance as food during the winter, and are of course utilized to some extent 

at other seasons. Of about 40 stomachs of foxes examined at St. Paul village in late 

November, 1913, tunicates were found in five cases, and the remains of a fish in one. 

Grass or other vegetable matter of little nutritive value, but chiefly indicating that the 
animals were hard pressed for food, were found in 24 cases, sand or earth in 16, and hair 

in 9. In the records of stomach contents from other parts of the island, examined and 

recorded by natives, sea eggs (Echinoderms) were frequently mentioned. ‘These notes 
relating to a series of stomachs which were examined with some care, accord in a general 
way the results of stomach examinations made in former years on St. George. 

In former times many sea lions were killed for their hides and for human food, 

and much of this meat was available for the foxes. At present the sea lion herd is 

much depleted and few are killed. Occasionally a dead sea lion, whale, or walrus 

is cast up and is utilized. A whale, if cast ashore at a point where a quantity of the 

blubber can be secured, furnishes a great store of excellent fox food. If obtained 

during the summer, or if desired for use during more than one season, it must be pre- 

served by salting, and of course should be thoroughly freshened before being fed. Quan- 

tities of vegetable substances, including grasses and various herbaceous plants, are 

eaten by the foxes in times of scarcity, but these have little value as food. 

Although lemmings are abundant on St. George, and it has always been assumed 

that they are devoured by the foxes whenever possible, there seems to be no positive 
evidence to this effect. Among the contents of large numbers of fox stomachs exam- 

ined during past years no remains of lemmings seem to have been found. During 

the autumn of 1913, at a time when lemmings were unusually abundant, no evidence 

was found that any were eaten. At the same time the stronger foxes were eating 

97867°—vol 34—16——_8 
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their own kind. It seems scarcely credible that lemmings should never be eaten, 

but it is plain that they can not form an important element in the food supply. 

Needs of foxes according to season.—It is evident from the above discussion of 

the principal sources of food available even at the present time, when comparatively 

few seals are being killed, that the relatively small number of foxes now living on the 

islands do not suffer much from hunger during the summer months. During the early 

autumn also there is apparently a sufficiency of food, but the young foxes, after being 

abandoned by their parents in early September and while yet inexperienced in seeking 

food, undoubtedly have a hard struggle for existence. But the fact that the foxes 

taken in late November are almost invariably fat shows that they have fared well 

during the autumn. Conditions during midwinter and early spring, however, are 

necessarily more severe. Regarding the natural food at this season, the most complete 

observations seem to be those of Dr. W. L. Hahn. On January 18, 1911, he found 

indications showing that tunicates formed an important source of food supply. In 

late January he noted that the common stalked ascidian, together with a colonial 

form, and a large sessile, potato-like form, constituted a very large part of the food 

of the foxes. Later he found that a few sea urchins were eaten. About the middle 

of April ascidians and other invertebrates were being eaten. During the winter, how- 

ever, he noted that the shore ice prevented the foxes from securing a great deal of food 

which otherwise would have been available. 

As regards food obtained from the sea, St. Paul Island on account of its more 

extensive beaches offers better resources than St. George, where steep cliffs form a 

large part of the shore line. 

Thus waging a constant struggle against starvation and the rigor of the elements 

the foxes pass the long winter until the arrival of the hordes of birds marks the beginning 

of a period of abundance. 

History of special feeding.—During the winter of 1894-95 when it began to be evi- 

dent that the growing scarcity of foxes on St. George was due to lack of food, an effort 

was made to feed such as came about the village, and many were saved from starvation. 

In the summer of 1896, James Judge inaugurated the present system of feeding on St. 

George by salting a large quantity of seal carcasses. During the following winter these 

bodies which had been more or less perfectly preserved were freshened a few at a time 

and put out for the foxes. The readiness with which they responded and the preference 

for this food which they exhibited favored the continuance of the practice, and with 

various modifications this plan has been followed ever since. The lack of a sufficient 

supply of seal meat above the actual food requirements of the population, however, has 
made it necessary to resort to other food. Salted or dried salmon and whale blubber 

have been fed in large quantities and with greater or less success. ‘The difficulty of prop- 

erly freshening the salted food, however, is always very great. Sea water does not 

effectively remove the salt and the supply of fresh water being limited to a few places 

and usually being not ample nor easily available for this purpose, is further reduced in 

quantity and availability by freezing at the very time it is most needed. The inevitable 

result has been that much imperfectly freshened food has been given to the animals, 

sometimes with disastrous results. The difficulties in the way of properly removing the 

salt from foods preserved in this way seem to be insurmountable, taking into considera- 

tion the necessity for supplying the food at a number of widely separated locations. 
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On a number of occasions the bodies of seals and the offal from those utilized for 
food by the inhabitants have been buried in pits. When opened in the winter the meat 

is sometimes entirely spoiled, but usually a portion is eatable. Meat kept in this way 

is generally not eaten at once, but eventually is consumed. A quantity of seal carcasses 

buried in the autumn of 1910 on St. Paul Island were examined about midwinter and 

found to be in a more or less putrid condition. ‘They were not visited by the foxes to 

any extent until toward the end of the winter, but were still being eaten as late as May ro, 

1g11. While it is unlikely that any harm to the foxes results from the eating of putrid 
or imperfectly cured meat, the great waste involved and the hardship of handling the 

product forbid the use of this method. It is equally plain that salted food, even when 
freshened under the most favorable conditions, is unnatural and can not fail to be more 

or less injurious. 
The objections to salted or buried food make it necessary to look for some better 

method of preservation. It may be borne in mind that it is not necessary for the meat 

to be preserved perfectly, but only sufficiently to guard against loss and to put it in such 

shape that it can be handled. In the absence of cold storage the remedy seems to be 

in the use of dried meat. With the improved methods of transportation absolutely 

necessary in order that the resources of the islands may be effectively and economically 

exploited, the bodies of seals killed in the vicinity of the hauling grounds at points 

accessible tothe foxes may be hung in screened shelters and dried. It has been proved 

by experiment that the meat can be preserved in this way at a very small expense, and 
that the foxes prefer it to salted meat. 

The importance of increasing these valuable herds of foxes justifies the expenditure 

of more care than has been devoted to the subject. The expense and labor of preserving 

and distributing an ample supply of seal meat, when killing on a larger scale shall be 

resumed, will probably not be greater than that involved at present. This subject is 

discussed at greater length elsewhere. 
The fact that the methods now in vogue have failed to accomplish the result sought 

calls for no criticism of the persons who have been in charge. The failure has been due 

to circumstances which in most cases have been beyond the control of the agents. The 

fact remains, however, that in spite of what has been done, the number of the animals 

and to some extent the quality of the fur have gradually declined since special feeding 

and the reservation of a part of the stock for breeding purposes were inaugurated. In 

addition the herd on St. George is not only greatly reduced in number at present, but 

the animals are in very poor physical condition. It is hoped that the causes resulting 

in these unfavorable conditions have been stated in sufficient detail. The prospect of 

removing the main obstacles is good, and the outlook for the ultimate restoration of 

the herd is by no means dark. 
BREEDING HABITS. 

According to Judge, who has made more careful observations on the foxes than any 

other person, they mate in March or early April. New-born young have been found 

from May 17 to June 6. ‘The young are usually born above ground, and are transferred 

to underground dens within a few days. The dens are usually in rocky ground, or, 

when situated in sandy areas, beneath a rock. 

Among 22 litters of new-born young observed by Judge, the smallest numbered 5 

and the largest 11 pups. A newly-born pup weighed 214 ounces. He states that the 
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mortality among the young is large, and is due mainly to lack of nourishment and 

inclement weather. About the middle of June the young begin to be observed about 

the mouths of the burrows. While the young are small, the mother, assisted frequently 

by another fox, which is presumably the male parent, is very assiduous in providing 

them with food. Birds are the favorite prey at this time, and quantities of feathers 

and other remains which are scattered about the burrows testify to the skill of the 

animals as hunters. When the dens are in the vicinity of the seal rookeries, the bodies 

of many pups which have died are dragged away, and the bones picked clean of flesh may 

be found about the burrows. 

METHODS OF CAPTURING. 

Previous to 1890 the usual method of capturing foxes on the Pribilof Islands was 
by means of steel traps. When, however, the plan of feeding them was inaugurated 

on St. George, the readiness with which the animals came to the feeding places suggested 

capturing them in box traps, so that certain ones could be liberated for breeding. This 

proving successful, the plan was conceived of taking them in larger numbers by means 

of a larger trap. As finally perfected, this was a cage of woven wire 14 by 1o feet and 8 

feet high, provided with a door which could be closed at will. This cage adjoins a house 

divided into three rooms, used for storing and freshening the food and handling the 

foxes. This trap, which is the regular feeding place, is usually left open so that the foxes 

can come and go at will. The animals having become accustomed to the cage, it is 

only necessary to remain in hiding until a number of them have entered the inclosure 

and then close the door by means of a rope. The animals are then examined and those 

to be reserved as breeders are marked by clipping a ring of fur from the tail, the males 

being marked near the end of the tail, and females near the base. Those left for breeders 

must be of good color, not too old, and in good physical condition. Males taken in early 

winter, in good condition, usually range in weight from about 8 to 14 pounds, and 

females from 7 to 10 pounds. In selecting those to be left for breeding, no males 

weighing less than ro pounds are saved and no females less than 74 pounds. 

It was formerly the custom to reserve a preponderance of females, but the fact that 
the fox is a monogamous animal being recognized, the sexes are now left in approximately 

equal numbers. For a number of years previous to 1910, approximately 200 pairs were 

usually released as breeders. Since then the number has usually been less. During 

the winter of 1913-14, 237 males and 192 females were released, but as before stated, 

the spring of 1914 found the animals in poor physical condition, so that this number 

can not be taken as an indication that the herd is in a prosperous condition. 

In the annual trapping and handling of as many of the St. George foxes as can be 

be secured, all white ones and all those crippled or diseased are killed. On St. Paul 

Island the trapping has been almost entirely by means of steel traps, though deadfalls 

are sometimes used. For many years it has been the custom to allow the natives to 

shoot all white foxes seen during the trapping season, and during some years for longer 

periods, but this method has not been very effectual. The reasons will be discussed 

later. 

Of a lot of 1,044 foxes handled on St. George Island during the winter of 1905-6, 

as recorded by Chichester (Senate Doc. 376, 60th Cong., rst sess., p. 51, 1908), 497 were 
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males and 547 were females. Of these 218 males and 245 females were killed. Those 

released comprised 279 males and 302 females. 

Of the entire number of males, 10 weighed from 5% to 6 pounds, inclusive, and 32 

others between 6 and 714 pounds; 239 fell between 714 and 10 pounds, the minimum 

weight required of breeders. Of the remainder, 206 weighed between 1014 and 15 

pounds, 7 between 15% and 17}4 pounds; and the other three weighed 17%, 20, and 

. 2014 pounds, respectively. 
Of the females handled on this occasion, 4 weighed from 4 to 5 pounds, and 7 others 

fell below 6 pounds; 280 weighed between 6 and 8 pounds, inclusive; 197 fell between 

8% and 10 pounds; 56 ranged from 10% to 13% pounds; and the remaining three 

weighed, respectively, 141%, 15, and 2134 pounds, the last being the heaviest blue fox on 

record from the Pribilof Islands. 

The largest fox taken on St. Paul Island during the trapping season of 1913, 

which comprised the last week of November, was a male weighing 194 pounds. 

RECOMMENDATIONS. 

Feeding and method of capturing.—With the resumption of commercial killing of 

seals, an abundance of excellent food for the foxes will be assured. With increased facili- 

ties for transportation the killing would be done in the vicinity of the hauling grounds. 

The principal ones on St. Paul Island are as follows: Northeast Point, Polovina Point, 

Reef and adjoining points, Tolstoi, Lukanin, and the several hauling grounds at Zapadni. 

Practically all the foxes on the island live near or at points allowing easy access to these 

places. Roofed sheds screened from flies and provided with arrangements for hanging 

quantities of seal bodies should be built for the purpose of drying the meat. These 

sheds should be so constructed as to keep out the foxes, but a free circulation of air should 

be allowed. The drying process can be facilitated by slow fires of driftwood; this can 

be gathered nearby in sufficient quantities for this purpose. The use of a fire will dry 

the air and also protect the meat against flies. The drying shed could serve also as a 

storehouse for the meat. 

The feeding inclosures, at least preceding and during the annual trapping season, 

should be trap cages similar to those now used on St. George, but future experience will 

doubtless suggest some improvements. Such traps have never been used on St. Paul 

but there is, of course, no reason why they can not be introduced. It will be desirable 

to avoid the necessity of remaining at watch all night during the trapping season to 
spring the traps, especially if these trapping stations are established at a number of 

places. Inclined funnel-shaped entrances have been recommended by G. Dallas Hanna. 

These or inclined walkways from the end of which the animals can jump down to a tip- 

ping shelf can without doubt be devised. A larger feeding trap would prevent the 

animals from crowding and by allowing the food to be more scattered would insure a 

share to the weaker animals. If low houses were provided in the corners of the feeding 
corrals, the foxes on finding themselves trapped would doubtless hide in these and 

could easily be secured for examination. 

In addition to the feeding which should be maintained at these places during the 

winter season, some judicious scattering of food suitable for the young foxes in certain 

well-stocked breeding areas would doubtless result in a larger proportion of young reach- 
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ing the age when they are self-supporting. This seems to be especially desirable at 
Northeast Point, which is very suitable as a breeding ground for foxes, but which 

has no important bird rookeries. When the killing of seals on a commercial basis is 

resumed, the refuse from the killing fields may be sufficient for this purpose. Careful 

observations regarding the needs of the young foxes during the summer are needed. 

On St. George Island the foxes are more numerous and more generally distributed 

than on St. Paul because of the extensive bird rookeries, which occupy about one-half 
of the shore line, and the many square miles of the interior where innumerable auklets 

raise their young; but since the same topographic features which determine the dis- 
tribution of the birds, and in turn that of the foxes, limit the seals to a few scattered 

areas, probably not more than half the foxes have their homes near the hauling grounds. 
Still the comparatively small size of the island makes it possible for most of the animals 
to reach easily some place where seals might be killed. Owing to the limited number 

and small size of the hauling grounds and the difficult nature of the ground, it will 

probably never be feasible to develop as complete a system of transportation on St. 

George as is necessary for St. Paul, but such improvements should be made as will 
render Staraya Artel, Zapadni, and East Rookeries more accessible. This will permit 
arrangements to be installed at these places for the feeding and trapping of foxes. The 
remaining place where feeding seems to be desirable is Garden Cove. This place is one 
of the few possible landing places and is often the only one feasible. At present it is 
connected with St. George village only by a foot trail. If a wagon road were built it 

would be possible at times to utilize Garden Cove to good advantage as a landing place 
for supplies, and the food necessary for maintaining a foxing station could be easily 
transported. Failing the construction of a wagon road, the food could be taken there 
by boat at some favorable time in the summer. 

Reserves for breeding.—With improved methods of feeding and capturing the foxes, 

enlarged opportunities for selecting and reserving a sufficient number of animals fit for 
breeders will be possible, since a larger proportion of the entire herd may be handled. 
The standards governing the selection of animals for reservation, as practiced in the 
past, seem to call for no criticism, and if the methods of feeding and capturing the foxes 
be improved and carried into effect on both islands a marked advance in the effective 
strength of the herds should soon be apparent. 

Elimination of white foxes—As before stated, the blue foxes, though representing an 

abnormal state, are so predominant on the Pribilof Islands as to be practically the 
normal condition. Owing to their greater value, it is desirable that they form as large 
a percentage as possible of the herd, and the elimination of the white element as far as 
practicable is therefore important. This fact has long been recognized, and ever since 
selective trapping on St. George Island has been practiced all white ones caught have 

been killed. The result has been that the number of white ones now found there is almost 
negligible. During the last 10 years St. George Island has produced 3,560 foxes, only 
88 of which have been white; during the last four years out of 888 foxes only 5 have 

been recorded as white. 
On St. Paul, where the attempt to eliminate the white element has been prosecuted 

only in a half-hearted way during the past five years, the proportion of white is much 
larger. In the last five years out of 830 foxes taken for fur on St. Paul 148 have been 
white. The proportion from year to year has not varied greatly. 
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It is evident that the attempt to eliminate the undesirable white element on St. 

George Island has been successful and that this success is due to the method of capture. 
It is also evident that merely allowing the natives to shoot the white ones during a part 
of the year has met with no success. 

There is good reason to believe that continuance of the methods now practiced on 
St. George will keep the white foxes down to a negligible proportion and perhaps elimi- 

nate them entirely. The establishment of similar methods of trapping on St. Paul 
should eventually achieve the same result. But success will be attained much sooner 

if the undesirable animals are pursued in other ways. The natives should be encour- 

aged by a reward to shoot the white foxes during the entire hunting season. They are 

now forbidden to use firearms during the summer, and such a prohibition is desirable 

for many reasons, but they are and should be allowed to shoot during the fall and 

winter. Most of the skins of foxes taken during the winter will be salable. The reduc- 

tion of white foxes by any other method than shooting outside of the regular trapping 

season is obviously not feasible. The white foxes can be as easily distinguished from 

the blue when in the summer coat as in the white winter pelage, and they should be 

vigorously pursued and destroyed at all seasons. It might be best to leave white foxes 
which were found caring for pups until the latter are large enough to take care of them- 

selves. During this time the animal could be kept under observation and might be 

destroyed at the close of the summer. But against this is the objection that presum- 

ably a part of the litter raised would be white animals also, the destruction of which, 
together with that of the parent, would be thus left to the chances of the future. This 

point is one which might well be left to the judgment of those in charge, but in common 

with many others needs the careful consideration of some one who shall be free to give 
his attention to such problems. 

Animals which are suffering from disease should be killed whenever possible at all 

seasons. This is especially important at the present time, when the foxes on St. George 
are in poor condition. The process of raising the herd to a high state of perfection, 

even under the favoring influence of better food, will be greatly retarded if the pursuit 

of animals suffering from mange or other diseases can be prosecuted only during the 

few weeks of the trapping season. The natives should be encouraged to cooperate in 

this work. 

Care of skins —More care needs to be taken to cleanse the fox skins that they may 
reach the market in as good condition as possible. Those trapped in steel traps become 

more or less bedraggled during their efforts to escape, while those taken in cage traps 

become soiled from contact with the greasy meat and by scrambling over each other. 

Care should be taken to avoid such soiling as far as possible, and better facilities should 

be installed for cleaning and drying such as become soiled by blood, grease, or dirt. 

The skins can best be cleaned when freshly taken from the animal. Washing the 

soiled skins with soap and water will probably be found the most advantageous method 

and will probably be sufficient. To facilitate drying the skins, some arrangement for 

tumbling them could easily be devised, to be used with some absorbent. Stretching 

the skins in a uniform manner and taking care that they be well shaped and well dried 
are also important points. : 

Sale for breeding.—On a few occasions in past years blue foxes have been sold at a 

nominal price to persons engaged in breeding them, usually to those holding leases of 
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islands in Alaska for such purposes. In recent years the growing scarcity of the animals 

and the relatively high price obtainable for the skins have made it inadvisable to dispose 
of the live animals at a price less than that brought by the skins. The advisability of 

offering some encouragement to those engaged in the business of propagating foxes 

being recognized, however, the following announcement was issued by the Secretary of 

Commerce on July 1, 1913, in connection with the information relative to the leasing of 
certain islands in Alaska for the purpose of raising foxes: 

The Secretary of Commerce will undertake to supply from the Pribilof Islands fox herds a limited 
number of blue foxes for breeding stock to lessees of any of the islands that may be leased, or to other 

responsible parties operating fox ranches in Alaska. Such foxes will be sold under competitive bids 
and will be delivered to the purchasers at Unalaska on a date to be agreed upon. 

Later this offer was extended to include persons engaged in raising foxes elsewhere 

than in Alaska. As a result of this offer a few small lots of foxes have been sold, at a 

price of about $100 each. These have been young animals. 

In considering the advisability of continuing this practice, it is necessary to bear 

in mind a variety of peculiar circumstances, particularly the present low state of the 

fox herds in point of numbers and vitality, and the impossibility of arranging for prompt 
and uninterrupted carriage of the animals from the islands to their destination. The 

latter difficulty is likely to lead to undue mortality during transit, resulting in the waste 

of valuable life and causing dissatisfaction to buyers. 
The present unsatisfactory state of the fox herd is an even more serious objection 

to the disposition of animals for breeding. The herds need the retention of the best 
blood, and it is of course unwise to allow inferior stock to be used for starting new herds 

elsewhere. 
It seems wise, therefore, to discontinue for the present the sale of animals for breed- 

ing purposes. When the herds shall be brought up to a higher state of efficiency as 
regards numbers and quality, the disposal of a limited number of animals of high quality 

‘might well be considered. This could then be done without injury to the herds, and 

would facilitate greatly the establishment of a legitimate and profitable industry. 

Experiments in domesticating foxes —The readiness shown by the foxes of St. George 

Island in responding to feeding has resulted in many of them becoming semidomesti- 

cated. This has led to the advocacy of experiments being made with a view to improving 

the fur and the physical condition of the animals by selective breeding. It is thought 

also that the raising of a larger proportion of the young to maturity might be effected, 

since it would assure their proper nourishment during the critical period when in a state 

of nature they are abandoned by their parents. It is thought by some that the eventual 

domestication of all the foxes of the islands would be profitable. While it is believed 

that this is impracticable, it is evident that some experiments in raising the animals 

in inclosures may well be made. The experience thus gained would be of great impor- 

tance to prospective breeders of the animals and would also help to an understanding of 

the needs of the wild foxes on the islands. 
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THE REINDEER. 

INTRODUCTION AND GROWTH OF HERD. 

For some years the Department of the Interior, in connection with its work on the 

education of the natives of Alaska, has maintained large herds of domesticated reindeer 

at various points on the mainland. These herds have prospered and from time to time 

have been drawn upon to stock other places, including several islands in the Aleutian 

chain and elsewhere. 

In the course of a study of the economic resources of the Pribilof Islands it was seen 

that they afforded a quantity of food suitable for reindeer and it was believed that 

utilizing this product to maintain herds of these useful animals would be a wise proce- 
dure. Accordingly arrangements were effected with the Department of the Interior for 

the transfer of enough of the animals to start a herd on each island. By the cooperation 

of the Revenue-Cutter Service, 40 animals were brought to the islands at the end of 

August, 1911. Twenty-five of these, 21 does and 4 bucks, were landed on St. Paul on 

August 31, and the remaining 15—-12 does and 3 bucks—were put on St. George on Sep- 

tember 1. Practically all the animals were of breeding age. There has been little 

mortality and both herds have shown a good percentage of increase. 

In the spring of 1912 the St. Paul herd produced 17 fawns and had suffered the loss 

of only 2 of the original herd, a male and afemale. In the spring of 1913 18 fawns were 

born, and in 1914 25 were produced. The mortality has continued to be small, and the 

herd on St. Paul in the summer of 1914 numbered about 75 animals. All seemed to be 

healthy with the exception of 2 of the older males, which were lame and seemed to be 

suffering from some trouble of the feet. ‘This is probably the same disease that has 
occasionally occurred among the herds on the mainland. The exact nature and cause 

of this disease does not appear to be well known. ‘The animals are said to recover occa- 

sionally, but it would seem best to kill the animals now affected, since they are consuming 

food which will be needed for the healthy animals and they are not needed for the growth 

of the herd. : 

The animals on St. George also are in good condition. In spite of the fact that the 

oldest buck disappeared soon after the animals were landed, 11 of the 12 females produced 

fawns in the spring of 1912. Inthe spring of 1913, according to the report from the island, 

15 fawns were born. ‘This would mean that some of the young only 1 year old produced 

fawns. Of those born, 13 survived the summer. In 1914 21 young were produced, 

_and the herd numbered 58 animals. ‘The total number now on both islands therefore is 

slightly more than 150. 

The reindeer on both islands keep rather closely to the higher, less frequented parts, 

where they are seldom disturbed and where their favorite food is most abundant. The 

animals of course require no feeding and no special care except at fawning time, but 

in order that they may not become too wild to be easily handled, they should be frequently 

visited and rounded up. In no other way can they be kept under observation and their 

actual condition be known. At fawning time some special care and attention is necessary 
to prevent undue loss of the newly born young. On St. Paul the females are driven into 

acorral for thefawning. This prevents the desertion of the young ones by their mothers, 

which often occurs during the prevalence of hard storms, and which results in heavy 

mortality. The newly born young are also in some danger from the old bucks. 
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LIMITED CAPACITY OF THE ISLANDS. 

Although the Pribilof Islands afford a favorable habitat for reindeer it is plain that 

their relatively small size will not permit an unlimited increase, though larger herds 

than now exist can undoubtedly be supported. As the summer food is practically 

unlimited in quantity, the main factor limiting the size of the herd seems to be the 

quantity of the various lichens which constitute the main source of food in winter. 
These lichens are not evenly distributed over the islands, but occupy certain fairly 

extensive areas. Unlike the grasses and herbaceous plants which die down and renew 

their growth annually, the lichens grown persistently but very slowly, and when once 

destroyed do not restock a given area for a long time, perhaps as long as 20 years. 

Detailed study of the habits of the animals in their special haunts, and of the areas 

drawn upon for their subsistence must precede any definite prediction as to the number 

that the islands can maintain permanently. It is certain, however, that the herds can 

be increased considerably over their present numbers. Observations made while this 

increase is going on should lead to a better understanding of the actual relation of the 

animals to their present habitat and make it possible to avoid letting them increase 

beyond the danger point. 

Since with a few exceptions none of the animals have been killed, it follows that 

there is now a considerable number of males in excess of the actual breeding require- 

ments of the herds. A reduction in their number should of course be made as an aid in 

conserving the food supply. Diseased animals should be killed and the meat utilized 

for the foxes. Other males should be killed from time to time and utilized to the best 

advantage. 
INDIFFERENCE OF NATIVES REGARDING REINDEER. 

Although the reindeer were introduced primarily for the benefit of the natives, 

they take practically no interest in the animals. For many generations these people 

have lived and died among the seals and foxes. The direct or indirect results of the 

exploitation of these animals have formed their sole means of livelihood and have satis- 

fied their every need. It is very difficult therefore for them to realize that these new 

animals can ever prove of any real benefit to them, especially as no benefit has yet been 

realized. On each island two natives are paid $2.50 each per month to care for the 

reindeer. With only this small reward, unsupported by any natural interest in the 

animals, it follows that the so-called herders never see the animals they have in charge 

unless told tolook them up, and even when this occurs their observations are more or less 

inaccurate or misleading and are seldom of much value. This is only one manifestation 

of the native’s inherent lack of interest in any project or occupation apart from sealing. 

This apathy will be difficult or impossible to overcome, although certain ones among the 

natives will doubtless show more aptitude than others in this and other new lines of 

work. But unless natives are found who will take a real interest in the reindeer, their 

services except for work which is mainly mechanical will be of little use. The animals 

undoubtedly need closer attention. They should be herded and driven often enough 

to become accustomed to their attendants so that when it becomes necessary to corral 

them they may be more readily handled. At present they are scarcely seen from 

month to month with the natural result that they are more or less wild and intractable 

and difficult to impound or to observe. 
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USE AND VALUE OF THE HERD. 

It would seem that the reindeer on the Pribilof Islands are destined to be useful 

mainly as a source of fresh meat for the Government employees on the islands and as 

a possible source of supply for stocking other places. The training of some for driving 

has been suggested, but considering the small size of the islands and the rough nature 
of the ground it does not seem advisable to take this up on an extensive scale. The 

killing of a large proportion of the young males is desirable, and the meat of these 
would form a welcome substitute for some of the more costly canned foods which now 

necessarily form a large percentage of the provisions in the islands during the entire 
year. At times the meat could be issued to the natives, although it is doubtful if it 

would be as acceptable to them as that of the seal, which naturally forms their staple 

meat diet. The skins of the animals killed could be tanned and used for making gloves 

and other articles of clothing, but it would involve a radical departure from fixed habits 
on the part of the natives and it is doubtful if much can be hoped for in this regard, 
especially as the supply of skins will never be large. But by turning into desirable 
food certain natural resources which would otherwise be wasted it is believed that the 
reindeer herds will more than justify the expenditure of the comparatively small amount 

of time and money involved in their introduction and care. 
The presence of growing herds of reindeer on the Pribilof Islands seems to afford 

an excellent opportunity to make detailed studies of great value. Here in a habitat 

which is favorable and yet is so limited in area as to allow of easy observation, a natu- 
ralist can study the diseases and the general relation of the animals to their habitat 
with comparative ease, and the knowledge thus gained should be of help in realizing 
to the best advantage the fullest value of the herds, not only on the Pribilofs but in 

other parts of Alaska. 
THE SEA LIONS. 

Steller’s sea lion (Eumetopias stelleri) is a huge animal, the adult male being about 
three times the bulk of the fur seal and weighing probably as much as 1,500 pounds. 
The females are rather less than half as large as the males. Such imposing animals 

occurring in numbers and in such situations as to admit of easy observation excite an 
‘interest, especially to the lover of wild life, scarcely second to that created by their 
smaller and more numerous relatives the fur seals, which they resemble rather closely 

in habits and beside which they dwell in amicable indifference. 

EARLY ABUNDANCE AND USES. 

Until comparatively recent times sea lions were found in thousands on both St. 
Paul and St. George Islands. In the primitive economy of the natives these animals 
played an important part. In addition to the use made of their skins as covering 
material for the bidarras, or large boats, the animals furnished to the Aleut material 

for waterproof clothing and boots and for many lesser articles, while the flesh, espe- 
cially that of the pups, was particularly relished. But in later years, with the growing 
tendency of the inhabitants to adopt imported food and clothing, the importance of the 
animal has dwindled until practically its only economic use is found in the manufacture 
of the huge bidarras. The adoption of modern methods of managing the business of 
the islands will undoubtedly demand the discarding of these boats as a means of landing 
cargo, and with them will vanish the importance of the sea lion as an economic factor. 
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Considering the relatively small number of the animals remaining on the Pribilof 
Islands, it is well that they are no longer indispensable. Where formerly there were 
many thousands of the huge creatures there are at present only a few hundred on both 

islands. 
BREEDING HABITS. 

The breeding rookeries are only two in number, at Northeast Point on St. Paul, and 

near Garden Cove on St. George. In former years they resorted in numbers to both 

Otter and Walrus Islands, and doubtless do so yet to some extent as they do to Sea Lion 

Rock. A few are said to have bred on Walrus Island in the days of their abundance, 

but otherwise the present breeding stations seem to be the only ones ever occupied on the 

Pribilof Islands. 
In general habits they resemble the fur seals. The males take up their stations 

from about the first to the middle of May and are joined by the females about two weeks 

later. Young are recorded as having been born as early as May 24, and as with the fur 

seal the period of pup-bearing extends over several weeks. They grow very rapidly, and 

when less than three months old are as large as 3-year-old fur seals. The animals 

when breeding are much more wary and timid than the fur seals. On the approach of 

man the females forsake their young and take to the water, where they gather in com- 

pany with the bachelors and the less courageous of the breeding males, and keep up a 

deafening roaring chorus of rage and defiance. 
A few of the largest males hold their ground and in the general excitement wage 

relentless battle with each other while the pups which are too young to accompany their 

mothers avoid the intruders as far as possible. The animals remain about the islands 

the entire year, but appear to be more scattered in winter. 

NUMBERS KILLED IN FORMER YEARS. 

In early days great numbers of sea lions were taken for the skins and meat. The 

following table shows approximately the number killed on St. Paul Island from 1870 

to 1890 according to the island records, which are probably incomplete. Unless other- 

wise stated practically all were killed at Northeast Point. 

Sea lions killed on St. Paul Island, 1870-1890. 

Year. tines Remarks. 

1870 123 About 500 skins sent to Unalaska spring 1870. 
TOU ie testi els No record of number killed. 
1872 200 | A quantity of skins shipped probably to Unalaska and Kodiak. 
1873 290 | 160 driven from Northeast Point to Village Sept. 16; 130 driven from Northeast 

Point to Village Nov. 16, 
1874 506 | Includes about 300 driven from Northeast Point to Village October and 

x November. i 
1875 4o2 | Includes 340 driven from Northeast Point to Village during year; 295 skins 

shipped to Unalaska. 
1876 292 | Includes 188 driven from Northeast Point to Village in November. 
1877 38 | Mostly killed at Northeast Point. 
1878 300 | All driven from Northeast Point to Village in November. 
1879 195 Driven from Northeast Point to Village in October. 
1880 66 | Killed at Northeast Point. , 
1881 287 20 killed on Walrus Island, remainder driven from Northeast Point to Village 

in October and November. 
1882 214 | Includes roo driven from Northeast Point to Village in November. 
1883 139 | Killed at Northeast Point. 
1884 253 Do. 
1885 go Do. 
1886 356 | Includes 190 driven from Northeast Point to Village. 
1887 138 Killed at Northeast Point. 
1888 30 | Killed at Northeast Point in spring. 
1889 30 | Killed at Northeast Point. 
1890 41 Do. 
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It will be seen that up to 1882 most of the sea lions killed were driven from North- 

east Point to the village. This was done to avoid having to transport the meat and skins. 

It was necessary to let the huge animals travel very slowly, and from four to six days 

were required for the journey of 12 miles. After 1882 the animals became scarcer and 

more wary, and it became difficult to get enough together to make it profitable to conduct 

drives. ; 

In 1891 a few only were killed, mainly pups taken for food. In 1892 about 50, 

mainly pups, were taken. In 1893 about 35 were killed; in 1894, 96; in 1895, 17 (bulls); 

in 1896, 25; in 1897, 22; in 1898, 33 (bulls). From 1899 to 1909 only a few were killed 

annually to furnish skins for covering the bidarras, but the number had then become so 

reduced as to lead the agent to believe that it would be advisable not to kill any more 
for several years. ‘Within the last ro years the number has slowly decreased. In the 

summer of 1904 there were on the breeding rookery at Northeast Point about 30 bulls 

and 200 cows. In the summer of 1914 there were about 20 breeding bulls and some- 

what over 100 cows. 

On St. George Island the location of the breeding rookery does not readily allow 

driving, as the animals lie at the foot of bluffs and are difficult to approach. No figures 

as to the numbers killed are available, but it is known that in former years a great many 

" were taken, probably being driven from the hauling grounds near East Rookery where 

about 50 were seen in July, 1914. Comparatively few have been killed in recent years. 

No reliable data as to the number breeding on St. George Island are at hand, but it is 
thought that there are fewer than on St. Paul. 

MEASURES FOR PRESERVATION. 

Although the sea lions are no longer of great economic importance to the inhabitants 

of the Pribilof Islands, it seems desirable to preserve the remnants of the herds now exist- 
ing there. The species is not of general distribution in the North Pacific, but is confined 

to certain restricted and widely separated localities. Of these the Pribilof Islands con- 

stitute one of the most northerly stations. In most other parts of its range the animals 

are subjected to persecution and are being rapidly extirpated. On the Pribilof Islands— 

a Government reservation—the sea-lion herds are protected from indiscriminate killing 

without special expense or trouble, and an excellent opportunity is afforded to preserve 

for all time small herds of these highly interesting animals. The herds may be drawn 

upon from time to time to furnish scientific specimens to museums and a few may be 

killed for other special purposes, but they should not be exterminated. The presence of 

these small herds is not detrimental to the more numerous and valuable seals, and their 

preservation as an example of an imposing and highly interesting form of wild life seems 

to be highly desirable. 

THE BIRDS. 

Even to the casual visitor, not especially interested in ornithology, the bird life of the 

Pribilof Islands affords an experience which never fails to call forth expressions of wonder 

and admiration, while to the naturalist the teeming hordes are a constant delight. Taken 

as a whole, the islands present an array of bird life scarcely equaled in the world. Nearly 

100 species have been detected on the Pribilofs, and of these about 20 species breed there. 

With a few exceptions the breeding species exist by tens of thousands and nest in large 
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colonies, usually on the cliffs and rocky ledges fronting the sea. Besides the breeding 

birds, there are a larger number which nest on the Alaskan mainland or in other parts of 

the far North and merely visit the Pribilofs on their journeys to and from their winter 

homes, which in some cases are as far distant as the Hawaiian Islands. A number of 

species of Asiatic distribution occur on the island and a few of these breed. In the case of 

a few species, the specimens taken on the Pribilof Islands constitute the only records for 

North America. It will be seen, therefore, that apart from their purely economic status, 

which is the subject of the present account, the birds of the Pribilof Islands are of unusual 
interest. 

The species which are abundant and of economic importance to the human inhabit- 
ants fall into six natural groups. Mentioned in the order of their importance these 

groups are the murres, auklets, gulls, ducks and geese, shorebirds, andcormorants. Some 

of these groups are important also as furnishing food for the valuable herds of blue foxes. 

Their value in this regard is discussed in the account dealing with that animal. 

MURRES. 

With the exception of the least auklet, the murres, or arries as they are usually 

called, probably outnumber any other birds on the islands. They include two species, 

the Pallas Murre (Uria lomvia arra) and the California Murre (Uria troile californica). 

The first named is slightly larger than the other with the back glossy black, while the 

California Murre is of slighter build with the back more plumbeous. Both species 
breed on St. George, Walrus, and Otter Islands. The murres of St. Paul are mainly, if 

not entirely, the Pallas Murre. The two species are of nearly equal abundance, and for 

present purposes may be considered together. The size of the birds, nearly equal to 

the mallard, the ease with which they can be captured, and especially the immense size 

of the nesting colonies, combine to make them an important economic feature. Many 

of the birds are shot, especially in the spring, and the eggs are an important article of 

food. The single egg is very large for the size of the bird, being at least twice the bulk 

of a hen’s egg. Many are taken from the cliffs of the two main islands, but the main 

source of supply is Walrus Island, about 10 miles from St. Paul. Here the birds nest 
to the number of many thousands. It is the custom for the natives to go to this island 

about the middle of June, when the birds have fairly started nesting, and to gather all 

eggs from a certain area. About a week later the place is revisited and the area lately 

denuded will be found restocked with fresh eggs. The birds will lay again, even if the 

second set is removed, and in some cases even a fourth egg may be deposited, but as 

the breeding ground is seldom revisited more than once in a season, the taking of eggs 

causes practically no diminution in the species, but merely retards the breeding of a 

part of the birds a week or two. ‘This is shown by the fact that in spite of the eggs 

having been gathered in this way for many years, practically all the available space on 

Walrus Island is still occupied by the breeding hordes, and the various colonies in other 

parts of the Pribilofs show no appreciable loss. The birds are never killed on the rook- 

eries during the breeding season. 
GULLS. 

The gulls of economic iniportance are the Glaucous-winged Gull (Larus glaucescens), 

the Red-legged Kittiwake (Rissa brevirostris), and the Pacific or Black-legged Kittiwake 

(Rissa t. pollicaris). The two last named occupy certain areas on all the islands, usually 
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breeding in separate colonies, and are about equally abundant. The Glaucous-winged 

gull nests mainly or entirely on Walrus Island and Sea Lion Rock, but resorts to St. Paul 

Island in numbers throughout the summer. It is seldom seen on St. George Island at 

that season. The eggs are sometimes utilized, and during the colder part of the year 

the birds are shot for food. 
The Kittiwakes are especially relished as food by the natives, and numbers are shot 

in early autumn as they fly along certain parts of the cliffs or cross from bay to bay 

over low portions of the islands. ‘Their eggs are small and so difficult to secure that the 

birds suffer practically no loss in this respect. The continued abundance of the birds 

seems to be good evidence that the shooting of a few for food has had no serious effect. 

AUKLETS. 

Of the three species of auklets occurring in numbers on the Pribilof Islands, the 

only one of economic importance is the Least Auklet (Aethia pusilla). This bird is 

scarcely larger than a robin, but exists in such myriads and is so easy to capture that 

it is of considerable value as food, and its arrival in April is eagerly awaited. The birds 

occur commonly on St. Paul, nesting mainly among the bowlders on the beaches, while 

on St. George the numbers are so great as to be almost incredible. On the latter island 

fewer nest in the bowlder-covered beaches, but large areas nearly throughout the island 

are occupied by nesting colonies. Although the bird lays only one egg, the nesting period 

extends from late May to mid August, and probably at least two young are raised. 

Those taken for food by the natives are netted in spring as they fly along the cliffs, and 

the birds are practically unmolested during the breeding season. Many thousands are 

destroved by the foxes throughout the summer, but in spite of the large numbers which 

meet death from these causes the birds continue to occur in such myriads that it is diffi- 

cult to conceive of any larger numbers existing. 

DUCKS AND GEESE. 

Several species of ducks and geese occur in comparatively small numbers on the 

Pribilof Islands either as scarce breeders or as more or less regular visitors during 

migration. Several species are of some importance, and of these may be mentioned the 

eider ducks (the King Eider, Somateria spectabilis, being the commonest) and the 

Emperor Goose (Philacte canagica). ‘The latter is taken mainly in autumn. ‘The eiders 

are more or less numerous during the autumn, winter, and spring, particularly in seasons 

when the ice packs closely about the islands. 

The eiders are birds of wide distribution, and the comparative few which are killed 

on the Pribilof Islands can not affect the species to any appreciable extent. The Emperor 

Goose is of rather restricted range, but so few visit the Pribilofs that the destruction 

there may be considered negligible. 

SHORE BIRDS. 

The list of shore birds, including sandpipers, turnstones, plovers, curlews, and god- 

wits, is rather extensive, but the only species which need consideration in the present 
connection are the Pribilof Sandpiper and the Pacific Turnstone. 

The Pribilof Sandpiper (Arquatella ptilocnemis), as far as known, breeds only on 
these islands and on St. Matthew Island. The breeding season is passed by the birds 

x 
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mainly on the higher, more barren parts of the islands, where they suffer no harm from 

man. At the close of nesting, in August, the old and young congregate on the beaches, 

where they are shot in some numbers by the natives, being highly relished as food. 

Considering that the bird has such a limited habitat and is of unusual interest from a 

scientific point of view, it would seem wise to restrict somewhat its killing, especially 

since no hardship to the natives would result. This subject is discussed at greater length 

beyond. 
The Pacific Turnstone (Arenaria interpres) occurs during the spring migration, and 

in August and September when old and young are on their way to their wintering ground 

on the Hawaiian Islands. While on the Pribilofs the birds spend most of their time on 

the killing fields, where they feed on the larvee of flesh flies in the remains of the 

slaughtered seals. They become very fat and are much prized as food by the natives, 

but soon become wary and are not killed in any great numbers. 

CORMORANTS. 

Cormorants occur as breeders and winter residents on the islands. They are not 

very abundant, but are easily obtained in winter when other birds are scarce, and are, 

therefore, welcomed. They raise large broods and appear to have few natural enemies 

besides man, and seem to maintain their numbers. 

MEASURES FOR PROTECTION. 

The fact that the Pribilof Islands now constitute a national reservation insures the 

continued preservation of the hordes of birds which annually go there to rear their 

young. Ever since the first occupancy of the islands by man, the supply of birds has 

been drawn upon to furnish large quantities of food for the people who have lived there. 

The fact alone that this drain has not resulted in the extirpation of a single species, 

and as far as known has not caused the appreciable diminution of any, seems to allay 

apprehension that any of the species are in danger from this cause. As a matter of fact 

the birds are probably subjected to less persecution now than at any time since the islands 

were first discovered. The habits of the natives have changed considerably in many 

respects. They have contracted a liking for imported food, and with this the need and 

desire for pursuing the birds has waned to a considerable degree. They do not now seek 

the eggs of the birds to any such extent as formerly; and they are losing their skill in 

taking birds in nets, by means of which they formerly secured great numbers. The intro- 

duction of firearms has, of course, offset this to some extent, but it is believed that 

fewer birds are killed now than formerly. 

Although most of the species are still very abundant and none seem to be in actual 

danger of extermination, one or two species should perhaps be accorded some measure 

of protection. The one of most importance is the Pribilof Sandpiper. This species 

breeds only on the Pribilofs and on St. Matthew Island. Apparently it goes no farther 

away to winter than the Aleutians, and it has, therefore, a very limited distribution. 

Its long-continued insular isolation under conditions which seem to be particularly favor- 

able has apparently resulted in the development of a large and strikingly handsome 

species, and it is very desirable that it be perpetuated. Apparently it has not suffered 

appreciable diminution as yet, and the prospect of preserving it is therefore excellent. 

The general interest in the bird because of its restricted habitat and comparative scarcity 
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causes it to be much desired by museums, and as it is practically impossible to obtain 

the species elsewhere, the collection of specimens for scientific purposes should be allowed, 

but it is believed that the killing of unlimited numbers for food should be prohibited. 

In the case of this or any species which future investigations may show to be in need 

of special consideration it would be well for the agent or naturalist to be given authority 
to prohibit entirely the killing of such species, or to extend to it the benefit of such 

restrictive measures as would meet the requirements. 

FISHING. 

Since early times the natives of the Pribilof Islands have obtained a part of their 

subsistence by fishing. The stormy and inclement weather which obtains during the 

greater part of the year, and the fog which almost continually enshrouds the islands, 

have prevented this industry from being prosecuted to the extent that the abundance 

of fishes probably warrants. Notwithstanding the unfavorable conditions and the lack 

of systematic effort, however, large quantities of fish have been taken, the aggregate 
food value of which has been very great. 

The species taken are mainly halibut (Hippoglossus hippoglossus) which here appears 

to attain as large a size as is usual in other parts of its range. Examples weighing 100 

pounds or over are frequently taken, and one of 350 pounds is recorded. The Alaska cod 

(Gadus macrocephalus) which does not attain a large size, usually not exceeding ro or 15 

pounds, is also taken in large numbers. Sculpins, perhaps of several species, are also 

abundant, and are frequently. caught about both islands. Because of the weather con- 

ditions it follows that most of the fishing is done in the summer, but it can be successfully 
conducted in some seasons as late as the last of October, and in some cases even into 

December. 

So far as known, the best places for fishing have never been searched for systematic- 

ally, though the places now selected by the natives are of course in accordance with the 

experience gained in former years. The place usually resorted to by the people of St. 

Paul is a mile or two off East Landing, where both cod and halibut are taken. Off St. 

George there are two principal fishing banks, one about 3 miles to the eastward of the 

village landing, and about half a mile from shore where only cod are taken; the other is 

2 miles west of the village, and half a mile from shore, and here the principal catch 

is halibut. This species is said to be seldom caught here during the winter. It is 

probable that other fishing banks await discovery. In former years the natives fished 

largely or entirely from their small skin boats or bidarkas, but they have now entirely 

abandoned the use of this craft, in the management of which their ancestors were so 
proficient, and now fish only from large rowboats. 

In order to give a clearer idea of the extent of the fishery than it is possible to gain 

from general statements, it may be well to set forth a few examples of the success which 

has attended fishing parties in past years. The following entries in the St. Paul Island 

log are selected from a very large number of records of fishing trips, very few of which 

were not to some extent successful: Parties were very successful in taking halibut 

on August 9, 10, 11, and 12, 1876; on August 14, 8 large ones were caught, and on 

August 23, seven bidarkas took 30 halibut, some of them very large. On August 25, - 

1880, between 1,000 and 1,500 pounds of halibut were taken, and on August 31, one 6 

97867°—vol 34—16——9 
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feet long is noted. A number of halibut taken in September, 1891, weighed from 50 to 

100 pounds each. In 1892, many cod were taken during May, the first of the season 

being caught on May 19. In September, 1901, two natives took 29 halibut in two days. 

In more recent years, extraordinary catches of halibut are recorded on August 6, 1908, 

and good catches of cod, halibut, and sculpins, on November 10, 1910. During the 

summer of 1914 many very fine halibut and some cod were taken off East Landing on 

several occasions. 

As regards St. George Island, fewer records are at hand. The fishing places are 
more accessible than the St. Paul stations, and being closer to shore the fishermen are less 

exposed to danger from foggy weather and sudden storms, and the chances for success 

seem to be rather better than on St. Paul. Mr. G. Dallas Hanna, on June 8, 1914, ona 

trip which took four hours, including the time consumed in the round trip to the fishing 
grounds, caught on one hook 90 pounds of cod and roo pounds of sculpin. On June 

20, 1914, on a similar trip of five hours, he took on one hook 120 pounds of cod, 80 

pounds of sculpin, and 60 pounds of halibut. 

The success which attends the fishing as conducted at present seems to warrant the 

prediction that with systematic exploitation the fishery will prove of considerable 

value. The establishment of a cold-storage plant, which is needed for many reasons, 

would insure the economical utilization of the product. During the year ended June 

30, 1914, Over 4,000 pounds of canned and salted salmon, in addition to a great quantity 

of preserved meats, all of which were of course imported, were consumed by the natives 
of the two islands. There seems reason to believe that this amount can be materially 

reduced by better utilizing the resources of the sea. Fish is relished by the foxes also, 

and as it has been proven by experiment that it can be easily dried on the islands, the 

use of the poorer part of the product for this purpose may prove feasible. All things 

considered, it seems certain that in the more systematic development of the resources 

of the islands which is demanded, the fisheries will prove of considerable value. 

INTRODUCTION OF NEW ANIMALS. 

The occupation of the Pribilof Islands by man early led to the introduction of 

various domestic animals, the presence of which has been of considerable advantage to 

the inhabitants. Another class of animals requiring consideration are those intended 

to furnish food for the foxes. Since the killing of seals has been limited to the number 

actually necessary for the support of the natives, the resulting hardship to the foxes 

has led to recommendations regarding the introduction of various small species which 

it was thought might supplement the reduced food supply of these valuable animals. 

Some experiments on a small scale have been attempted, but no success has as yet been 

achieved. It should be noted that in the consideration of the various species which 

might prove useful for this purpose, the important fact has been overlooked or dis- 

regarded that the Pribilof Islands are called upon to support a fox population far in 

excess of the normal. Ina state of nature, a white or blue fox requires several square 

miles of territory for its support, while on the Pribilof Islands there are many foxes to 

each square mile. It is plain that any animals introduced here for fox food would need 

to become exceedingly abundant to be of any material benefit, and that while gaining 

a foothold they would have to contend against enormous odds. With the full signifi- 
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cance of these self-evident facts before us, it seems plain that the chances of success 

attending the introduction of any animals intended to prove of benefit to the foxes are 
very small. The various species which have been introduced and those which have 

been recommended for introduction are discussed beyond. 

DOMESTIC ANIMALS. 

Horses and mules.—Draft animals, usually mules, have been used for many years on 

St. Paul to haul supplies from the landings to the warehouses, and for transportation to 

and from the more distant seal rookeries. The animals find abundant pasturage during 

five or six months of the year and are fed for the remainder of the year on imported 

food. 
It is believed that if the work were undertaken in a systematic way that a sufficient 

quantity of hay and ensilage could be put up annually to support the small herds of 

domestic stock during the winter. A coarse beach grass (Elymus mollis) is very 

abundant and grows luxuriantly. Unsuccessful attempts to make ensilage of this 

grass are reported, but since it is successfully put up on Kodiak Island at a cost of less 

than $1 per ton “ there seems to be no reason why the process should not be successful 

on the Pribilofs if properly managed. It is practically certain also that hay can be 

made from some of the grasses which grow abundantly in certain localities. It must be 

conceded that favorable weather can not be depended on. Even in the best hay regions, 

however, periods of rainy weather often occur, but with proper management most of 

the crop can usually be saved. Directions for the proper care of hay under unfavorable 

weather conditions are given in Bull. 3 of the Alaska Experiment Stations, 1907. 

Although the conditions on the Pribilofs are perhaps less favorable than at Fort Kenai, 

to which place this bulletin refers, the drying properties of the air, when precipitation is 

not actually occurring, are very marked, and it is confidently believed that hay in 

moderate quantities can be made on the islands. 

The animals appear to withstand well the peculiar climate of the islands. They are 

indispensable since they furnish the only means of transportation at present available. 

Cattle.—A few cattle have been maintained on each island for many years, furnishing 

a supply of milk and occasionally beef for the tables of the employees. Like the horses 

and mules, the cattle have to be housed and fed during a large part of the year. All 

things considered, they do very well, but there is little doubt that the effectiveness of 

the herds would be increased if a breed were selected with reference to fitness for the 

peculiar climatic conditions. Instances of animals living for several years on the islands 

without care are on record, and while it is not desirable to adopt this method of treat- 

ment, it is plain that a greater measure of efficiency could be secured from a breed 

especially adapted to the rigorous climate. 

Sheep.—Small flocks of sheep, usually composed mainly of ewes, have been brought 

to the islands from time to time, but no attempt has been made to keep up the supply 

by breeding, although it is likely that this would be successful if a hardy race were 

selected. On one or two occasions sheep which have strayed away in the fall have 

survived the winter. This argues remarkable ability to withstand the severe winter 

conditions, and suggests that if a breed were selected with this factor in mind the herds 

might be kept up with less care than is now necessary. The question of attempting 

a Ann. Rept. Alaska Agric. Exp. Stations for 1907, D. 61, 1908. 
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to maintain small herds of sheep on both islands is one that may well merit careful 

study. 

Swine.—For many years swine have been kept by the natives on both islands. 

The well-known omnivorous propensities of the animals enable them to pick up an easy 

living during the summer, as they usually have the run of the villages and the neigh- 

boring fields, where they secure a variety of vegetable food. The near-by killing fields 

are also drawn upon for a part of their subsistence. No prejudice against pork pro- 

duced from a diet of seal offal seems to have arisen in the minds of tie natives, and 

perhaps has no just grounds for existence. 

There seems to be no valid objection to the raising of a limited number of pigs by 

the natives, but the careless habits of the people and the crowded nature of the villages 

tend to undesirable conditions with this industry unless there is very strict supervision. 
Cats.—These animals were early introduced and have thrived on St. Paul Island. 

They seem to have been ineffective in reducing the numbers of house mice, which here, 
as elsewhere, are a great pest. No apparent benefit has resulted from the presence of 

the felines, nor has any particular harm been apparent, excepting the annoyance which 

always accompanies the presence of large numbers of cats. 

Poultry.—The Government, as well as many native families on both islands, have 

flocks of fowls which furnish their owners with a fair supply of eggs. Owing to the 

length and severity of the winter, against which no adequate protection is provided, it 

follows that the productivity of the fowls during the colder season is very limited. 

Many of the natives are obliged at this season to house their poultry in the attics of 
their own crowded homes, with results that may be imagined. 

The establishment of a large poultry house to be used by the community has been 

suggested. The large amount of animal food which will be available when seal killing 
on a commercial scale is resumed, would greatly simplify the problem of the main- 

tenance of a good sized flock, and with proper arrangements for the care of the fowls 

and the equitable distribution of the product it is evident that a large stock of poultry 

could be kept at slight expense. The project seems well worth consideration. 

WILD ANIMALS. 

Hares and rabbits.—The introduction of hares, jack rabbits, cottontail rabbits and 

Arctic hares have at various times been recommended as a source of food supply for 
the foxes. On one occasion several years ago a number of jack rabbits from Kansas 

were shipped, but they died on the voyage. 

It is not believed that the introduction of either hares or rabbits would ever prove 

of any benefit to the foxes. The great number of foxes would make it very difficult to 
establish a colony of rabbits of any species. Furthermore, it is not believed that the 

winter climate of the Pribilofs, coupled with the meager food supply at that season, 

would favor the existence of any species excepting the Arctic hare. This animal is 

able to withstand conditions even more severe than those found on the Pribilofs, but 

even under the most favorable conditions never becomes really abundant, although 
occasionally a number of individuals, driven by stress of circumstances, may con- 
gregate in a particularly favorable place. The Arctic hare requires for its winter food 

an abundance of willow. Several species of these shrubs occur in a dwarfed condition 

on the Pribilofs, but the supply is by no means abundant. The cost of procuring a 
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stock of hares for introduction, owing to the scarcity and wariness of the animal, would 

be very great; it would be difficult if not impossible to protect these after their in- 

-troduction, and even in the event of their becoming established, which is scarcely 

possible, the islands would support only a limited number. The abnormally crowded 

condition of fox life on the Pribilofs has already been alluded to, and this fact has a 

sinister bearing on the practicability of adding to their food resources by introducing 

small mammals among them. The introduction of any species of hares or rabbits, 
therefore, can not be recommended. 

Ground squirrels—The introduction of ground squirrels has been attempted on 
two occasions, but neither has proven a success. In 1899 some were brought from 

Unalaska and liberated on St. Paul, near the village. Their disappearance has been 
attributed to cats, but whether they were eaten by cats or foxes is immaterial. 

In the summer of 1913 the assignment of G. Dallas Hanna for work on St. George 
Island afforded an opportunity to make another attempt, and 22 ground squirrels, 

including both sexes and different ages, were captured at Nushagak. Of these, four 

died from natural causes before their journey was begun. Various circumstances made 

it impracticable to provide small cages for the animals, and they were shipped in a 

single large crate. Although plentifully supplied with green food, they preyed on each 

other, and while this tendency was overcome to some extent by supplying them with 

meat, the stock of 18 had been reduced to 5 before they reached their destination. 

These 5, an adult female and 4 young, including both sexes, were liberated near the 

village on St. George Island in August. At least two survived the winter, and were 
seen on several occasions in early May, 1914. They are not known to have been ob- 

served later; during our visit in early August none were seen, and a careful search dis- 

closed no positive evidence of their presence. It is doubtful if any survived the sum- 

mer, and in view of the fact that numbers of foxes continually ranged in the vicinity of 

the spot where they had been observed, the destruction of the squirrels would seem to 
be inevitable. 

Although the two attempts which have been made to introduce ground squirrels 

have failed, there is little doubt that the animals could be established if brought in 

larger numbers and liberated in selected places where they could most easily find shelter 

in small natural rock cavities and where the foxes were least abundant. .They are rapid 
breeders, and once established they might increase. But the fact that they retire in the 

autumn to deep underground burrows and would thus be unavailable as food during 

the entire winter and early spring—in other words, during the only part of the year 
when they would be needed by the foxes—seems to be an insuperable argument against 
their becoming useful as a source of fox food. 

Muskrats.—The project of introducing muskrats on the islands has received consid- 
erable consideration and has once been attempted, but without success. In the sum- 

mer of 1913 G. Dallas Hanna captured seven muskrats near Nushagak for introduc- 
tion on St. George Island. Unfortunately the animals preyed on each other during 
transit until only one remained to be liberated, and this is not known to have survived 

the winter. 
Perhaps the most important factor bearing on the chances of survival of this animal 

is the suitability of the ponds where it must live. Those on St. George are believed to 



130 BULLETIN OF THE BUREAU OF FISHERIES. 

be so shallow that they freeze to the bottom, and if so, this makes them unsuitable for 

muskrats. Most of the ponds on St. Paul Island were surveyed by the late Dr. Hahn 

to ascertain their fitness for muskrats. The majority of those examined were found to 

be too shallow. The work was never completed, and two ponds which apparently are 

the best adapted to muskrats of any on the islands were not critically examined. One 

of these, Antone Lake, appears from a somewhat cursory examination to be suitable 

for the animals. Webster Lake is also a possibility, but is less likely to be favorable 

than the other. 

There is little doubt that the introduction of muskrats on St. Paul Island can be 

successfully accomplished, but its advisability is questioned. Muskrats seek their food 

in winter entirely beneath the ice, and, however abundant, could not be caught at that 

season by the foxes, while their habits at other times of the year are such as to render 

them almost immune from the attacks of any land animal. The native boys, however, 

could increase their earnings by trapping the animals, but it is somewhat doubtful if 

the number which the limited amount of suitable ground would support would justify the 

undertaking on this basis. At any rate, a more careful examination of the deeper lakes 

by some one familiar with the habits of muskrats should precede any further attempt 

to establish the animals. 

Sea otter.—This valuable animal played an important part in the discovery by white 

men of all the region bordering Bering Sea on the south and east. After its practical 

extermination from Kamchatka, the Russians in the middle of the eighteenth century 

gradually uncovered and devastated its haunts on the Aleutians and the neighboring 

groups until its growing scarcity in the more accessible regions led to its pursuit and 

virtual extinction in the uttermost parts of its range. At the time of the discovery of 

the Pribilof Islands, in 1786, sea otters were very abundant there, and as many as 5,000 

are said to have been taken from St. Paul during the first year of its occupancy. They 
were abundant also on St. George. They rapidly declined in numbers, and according to 

Veniaminoff had become scarce by 1811 and extinct within the next 30 years. Although 

the species apparently was practically exterminated on the Pribilofs about this time, 

small numbers remained and single individuals have been reported in a few instances 

even during recent years. According to the St. Paul log, a sea otter, the first observed 

for several years, was reported by fishermen on September 23, 1889. One was found 

dead at Rocky Point, St. Paul, in June, 1896, and in December of the same year a live 

one was reported close to shore in Southwest Bay. Skulls or other remains, probably of 

animals long dead, are still occasionally found. 

For some time after the commercial extermination of the sea otter on the Pribilofs 
many of the animals retained a foothold among the Aleutian Islands and in other parts 
of the North Pacific, but the incessant persecution to which the species was subjected 

gradually reduced it to the verge of total extinction. Now the pitiful remnant left is 

protected for a term of years in the hope that the species, which ranks among the most 
valuable of all fur bearers, may gradually repopulate its former haunts. 

It has been suggested that sea otters be restored to the Pribilofs. If the difficulty 
of securing a stock for this purpose could be overcome, the animals might be induced 

by protection to remain on or about the islands, but the project isa doubtful one. Otter 

Island, so named from the former abundance of the sea otter on its shores, seems to be 

eminently adapted to the peculiar needs of this animal, is uninhabited, and yet is close 
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enough to St. Paul to render its supervision practicable. It is not well adapted to foxes; 

the seals no longer resort to it, and even if they should do so, no conflict of interests need 

result. It is barely possible that an attempt to restore the sea otter to the Pribilofs, 

where formerly it was so abundant, might be successful. 

* Munk and otter.—While it is possible that mink might be introduced on the Pribilof 

Islands, it is not believed that the attempt is advisable. The animals would undoubtedly 
gain an easy living in summer from the bird rookeries, but the well-known blood-thirsty 

proclivities of the animals would insure the destruction of such vast numbers of birds 

that the harm inflicted would be out of all proportion to the benefit gained. The lack of 

streams with their accompanying food supply, and the dearth of small mammals, would 

form insuperable obstacles against the maintenance of any number of mink during the 

winter. In short, the conditions on the Pribilofs are unnatural and on the whole unfa- 

vorable for mink, and their introduction can not be recommended. 

The objections to mink apply in a great measure to the land otter. The habits of 

this animal in winter are very similar to those of the mink. While otter live to a con- 

siderable extent on islands, their food is gained chiefly from fresh-water lakes and streams, 

and the absence of these from the Pribilofs is a strong argument against the advisability 

of attempting their introduction. 

Lemmings and other small mammals.—The black-footed lemming (Lemmus nigripes) 

is found on St. George Island only, where it sometimes becomes very abundant. Its 

introduction on St. Paul, where the conditions are essentially similar, has been advocated. 

It is said that a number of years ago lemmings from St. George were released on St. Paul 

on two occasions, but no evidence that they survived was ever noted. There seems to 

be no good reason, however, why they would not become established if liberated in 

sufficient numbers. Since, however, there’ is no evidence that the lemmings have ever 

been of any particular benefit to the foxes on St. George, the experiment would be 

interesting chiefly from a zoological standpoint. ‘The species is known only from St. 

George Island, and its introduction on St. Paul would decrease the danger of its extermi- 

nation from any chance cause, a fate which frequently overtakes island species, and 

would afford an opportunity at some future time to study any effect on the species 
which its new habitat might induce. 

For the same reasons the Pribilof shrew (Sorex pribilofensis), a tiny animal known 

only from St. Paul Island, might be transplanted to St. George. Much the same reason- 
ing holds true in regard to meadow mice (Microtus), which are not found on the Pribilofs. 

Certain marshy areas on both islands seem admirably adapted to these animals, and there 

seems to be no reason why they should not succeed there, since they are abundant on 

several similar islands in Bering Sea and on some of the Aleutians. These species are in 

' most cases peculiar to the island on which they are found. 

House mice were early introduced on St. Paul Island and have long been abundant, 

andapest. The presence of so many cats does not seem to have acted as a check on their 

numbers. Rats seem never to have gained a foothold, although it is altogether likely 

that occasionally they are landed with cargo. 

Ptarmigan.—The introduction of ptarmigan on the Pribilofs has been suggested. 

While the general conditions as to climate and food are rather favorable than otherwise, 

it is believed that the great number of foxes would prevent the birds from establishing 

themselves or from increasing to any extent. It is likely also that the isolation of the 
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islands from any other land masses would result unfavorably, since it is likely that the 

birds would attempt to migrate from the new habitat forced upon them, and in that 
event their loss would be inevitable. Therefore the project does not seem feasible. 

THE NATIVES. : 

ORIGIN AND EARLY HISTORY. 

When the eager search for the unknown land resorted to by the fur-seal millions 
was rewarded by the discovery of St. George Island in 1786, no signs of human occupancy 

were found. St. Paul was not visited until the following summer, and although the first 

party which landed there is said to have found the remains of a recent fire, proving that 
they had been preceded by some chance visitors, no evidence that human beings had 
previously made the islands their home has ever been discovered. 

The exploitation of the mine of wealth thus fallen into the hands of the discoverers 

demanded the services of laborers—a people accustomed to the peculiar climate and 

inured to the life of hardship which must become their lot. The Russians turned natu- 

rally to the near-by islands, whose inhabitants, already in a state of virtual slavery, offered 

no opposition to the will of their masters. Umnalaska and Atka islands furnished the bulk 

of the natives, said to be about 140 in number, who constituted the nucleus of the present 

population. Villages were founded at Staraya Artel (Old Settlement), Zapadni Bay, 

and Garden Cove on St. George; and on the North Shore, near Big Lake, and at Polovina 

and Zapadni on St. Paul. 

In 1799 the government of the whole region passed into the hands of the Russian- 

American Co. The various rival traders whose dependents had inhabited the different 

villages were banished from the islands and all the inhabitants on each island were finally 

gathered into single settlements, the sites of which are now occupied by the villages of 

St. George and St. Paul. In the early days the natives were in a state of practical 

bondage, and were in many respects worse off than slaves. They lived crowded together 

in semisubterranean huts, subject to the whims of their brutal masters. Scanty fires 

of driftwood and blubber, which added greasy smoke to the filth which naturally per- 

vaded their hovels, were their only means of cooking and keeping warm. In winter, 

crowded together in their squalor, neglected and unnoticed, they perished or survived 

as it happened, and when the sealing season came they slaughtered and skinned the seals 

for their masters until another winter rolled around. The number necessary for the work 

was kept up not by natural increase but by annual recruits from other parts of the region, 

including Sitka and Kodiak. On the heterogeneous mixture naturally resulting from 

the intermarriage of these diverse native peoples, their Russian masters, and to a less 
extent people of other nationalities who have since from time to time made the islands . 

their home, have left their impress. The resulting combination is a people having many 

characteristics in commion, yet probably including individuals as different in appearance 

and character as can be found in any isolated community of this size anywhere in the 

world. 
RELATION TO LESSEES, 

In 1870, shortly after the purchase of Alaska by the United States, the Alaska 

Commercial Co. was formed by the banding of several enterprising traders who had 
taken advantage of the cessation of Russian monopoly to gain a foothold on the islands. 
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To this company was given the exclusive right to take sealskins on the Pribilofs for a 
period of 20 years. The lease was framed with due regard to the moral rights of the 

native inhabitants. By its terms the Alaska Commercial Co. was required to furnish 
annually to the natives, free of charge, 25,000 dried salmon and salt and barrels for 

preserving a supply of meat; a school was to be maintained for eight months of the 
year on each island, and furnishing any spirituous liquor to the natives was forbidden. 
By further regulations the natives were to be employed in the work of sealing and 

were to receive 40 cents for each skin taken, the rate of wages for other work done to 

be agreed upon between the company and the natives; all provisions and merchandise 
were to be furnished at prices not higher than retail prices in San Francisco; the natives 
were to receive free the necessary fuel and oil; all widows and orphans were to be sup- 
ported; free transportation to the Aleutian Islands was allowed; medicine and the 

services of a physician were to be supplied free of cost; dwelling houses were to be 
furnished rent free; no interference in their social or domestic relations or in their reli- 
gious ceremonies would be allowed, and they were to be accorded kind treatment and 

aided by precept and example to appreciate the advantages to be gained by proper 
conduct. 

An annual rental of $55,000, an internal-revenue tax of $2 for each sealskin taken, 

and certain other minor taxes were required of the sealing company. To keep a proper 

check on the operations of the company and to safeguard in all ways the interests of 

the Government and the rights of the natives, agents of the United States Treasury 
were stationed on each island. 

Thus raised from a life of degradation and misery to a condition of comparative 

comfort, the natives responded in a manner which is highly creditable to them. Already 

expert in sealing, the advantages of better food and shelter were soon apparent. ‘The 

company was able to take its annual quota of 100,000 seals in from 40 to 50 working’ 

days. At the same time the natives acquired a taste for many imported foods hitherto 

unknown to them and adopted the manner of dress of the white inhabitants and grad- 
ually began to lose many of the more useful of their primitive habits and handicrafts, 

On the expiration of the lease of the Alaska Commercial Co. in 1890 a similar lease 
was given to the North American Commercial Co. for a further period of 20 years. Its 
provisions, as far as the privileges accorded the natives are concerned, were substan- 

tially the same as those of the previous arrangement, but the rate of compensation for 
the sealing and other work which the natives were fitted to perform was to be fixed by 

the Secretary of the Treasury. For several years following the advent of the new 

company comparatively few seals were killed and the natives were called upon to per- 
form a correspondingly small amount of labor. During the incumbency of the leasing 

companies a system of compensating the natives was developed which is now impos- 
sible of operation, but which has become so ingrained into the minds and customs of 
the people that it is difficult for them to accept or understand any other. The total 
sum due the natives for performing the work of sealing was divided into a certain num- 
ber of shares, a number considerably larger than the number of laborers. ‘The work- 

men were divided by agreement among themselves, and supposedly according to their 
ability, into several classes, and from time to time received what was due them accord- 

ing to this arrangement. Some shares went to the church, others to the priest, and 

others to the widows and orphans. This arrangement did very well under the leasing 
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system and while a large number of seals were being killed; some of the natives accu- 
mulated considerable sums which were deposited with the companies and bore interest. 
But the diminution in the herd necessitated a reduction in the quota, and during the 

modus vivendi an appropriation was made by the Government for the support of the 
natives. ‘This continued to be done down to 1911; the annual amount, at least during 

the later years, was $19,500. 

CONDITIONS UNDER GOVERNMENT MANAGEMENT. 

The lease of the North American Commercial Co. having been terminated in 1910, 

the Government deemed it best to abandon the leasing system and accordingly took 
charge of all the activities on the Pribilof Islands. ‘The special appropriation of $19,500 
was discontinued, but a part of the general appropriation for Alaskan seal and salmon . 
fisheries was made available for the support of the natives. For this purpose the sum 

of $40,000 was set aside, which the natives were supposed to earn by taking the seal 

and fox skins and by miscellaneous labor. For some of this work the natives received 

cash, but the greater part was paid in provisions and merchandise drawn in the form 
of weekly allowances. In 1912 the killing of seals, excepting the number actually 
needed for food, was prohibited, and the sealing work involved was reduced to a negli- 
gible quantity. The consequent necessity of making the natives dependent in a great 
measure on the bounty of the Government marks a decided backward step in their 

progress along many important lines. Some of them consider that the Government is 
bound to support them in any case, and as they can get very little beyond a mere liv- 

ing they do not feel that they should be called upon to do any work not directly con- 

cerned with sealing. Others are willing workers, but are dissatisfied because they can 

not attain a condition superior to that allowed their associates who make no special 
effort. 

PRESENT SYSTEM OF SUPPORT. 

The following extract from the report of Walter I. Lembkey, former agent in charge 

of the islands, as published in Appendix II of the Report of the United States Commis- 
sioner of Fisheries for 1913 (Bureau of Fisheries Document No. 797, pp. 141-148) 

states so clearly the present method of dealing with the natives that it may be quoted: 

PROBLEMS IN COMMUNISTIC SYSTEM. 

The instructions of the bureau provide that the natives shall be supplied, so far as funds will permit, 

with the necessaries of life to an amount sufficient to maintain them in comfort, due regard being paid 
to economy and thrift. To this end various supplies to be used by the natives, as fuel, food, clothing, 
etc., were purchased in San Francisco at the best wholesale rates obtainable and transported to the 
islands on the bureau’s chartered steamer Homer. These supplies upon arrival at the islands were 
placed in the two general stores (one on each island), where they were marked for issue or sale at a price 
one-third above wholesale cost, including all discounts except for cash. They were then distributed 

after the methods hereafter detailed. The increase of one-third over the wholesale cost was made to 
cover cost of transportation and handling only. 

The instructions of the bureau further provided that from the supplies thus taken to the islands 
merchandise to the amount of $40,000 be furnished the native inhabitants for their support and main- 
tenance during the fiscal year ending June 30, 1913. These supplies were not to be received by the 
natives as a gratuity but as a return for services rendered. Services such as might be performed in the 
taking of sealskins and in the management of the herd in general were considered the main labor for 
which the natives were to receive this support; but, as the killing of seals was to be greatly curtailed, 
the natives, in return for their support by the Government, were to be required to perform such other 
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labor of a nature to benefit the community generally as might become necessary or desirable. Indi- 
vidual natives, however, who were willing to perform such labor of a skilled or unskilled nature as 

might be necessary to the upkeep of the Government property and the maintenance of the stations in 
general were to be compensated individually in cash from funds other than the $40,000 set apart for 

the community support at the rate of, for skilled labor 25 cents an hour, and for unskilled 15 cents an 
hour. The skilled labor embraced that of carpenters, engineers, painters, and ironworkers, etc.; the 

unskilled mere laboring work requiring no special aptitude. 
The system involved in the foregoing arrangement for natives’ support is one of almost pure com- 

munism. ‘The main problem confronting those charged with its conduct was to support the people 

in such comfort and happiness as the resources would allow and at the same time to minimize those 

admitted evils of communal existence which, in this case, could easily result in reducing the island 

inhabitants to a mental condition of stolid apathy, and a physical condition of virtual peonage, if not 

slavery. 
If no labor were required of these people the problem would be simply to give gratuitously to each 

person supplies sufficient to insure his existence. It is necessary, however, at almost all times of the 

year to require some of them to perform services for which they receive no specific compensation, but 
merely a right to participate in the general fund. If all labor required of them were alike in character 

and amount and if all the natives could perform this labor with a like degree of proficiency, no special 

difficulty would be encountered. Some of the labor, however, requires aptitude and special training 
which some natives do not possess; also, some by reason of physical imperfections can perform less 

work even of a general nature than others, and some no work at all. To support the natives only to the 
extent that they perform service would be to allow some to suffer and others to starve because of ina- 

bility to work and therefore to earn. 
But if a helpless cripple and his family should not be allowed to starve, on the other hand a man of 

high efficiency should not be required to expend his best efforts for a compensation no greater than 
that which the cripple and his family receive for their bare maintenance in return for which they furnish 
no labor whatever, and which, too, the efficient would receive as a matter of course without rendering 

any service inreturn. Then, moreover, the fund for natives support is not large enough to allow special 

compensation to some and general support to all, but sufficient only to prevent suffering no matter 

what labor may be required of them. 
These and other questions, which perhaps appear trivial to the casual observer, become of vital 

importance to those managing the natives’ affairs. It may be of interest to detail the methods which 
are used in the distribution of the fund for the support of the natives, all of which methods have been 

the subject of careful study. 
The $40,000 fund was considered as belonging to the community and to be used for its support 

without regard to the question whether the person so supported was or was not able to perform service 
in return. It was therefore divided between the two islands on a strict per capita basis; that is to say, 

the whole amount was divided into as many parts as there were natives on both islands, and each island 
was allotted as many of these parts as there were natives on that island. From this fund before dis- 

tribution, however, coal enough for both islands was paid for. This coal was turned over to the native 
community, and the community, through its chief men, was allowed to make distribution of it without 

official interference. No cash was paid from this fund except $1 apiece to each native man on Christmas 
and Easter, for church purposes, and a payment to a midwife of $5 for each baby born. 

From the amount remaining after the deduction for coal, a suit of clothes was given to each man 

and boy, each individual was provided with two pairs of shoes, each family with material enough to 
make underclothing for the children and women, and each person with a supply of rubber footwear. 
From the remainder an “‘emergency fund’’ of perhaps $1,500 was set apart. What was left was available 

for purchase of food and clothing on regular issues. This remainder was divided into 52 equal parts, 

representing weeks in the year, thus fixing the amount that might be spent weekly for support of the 

whole population. 
The total number of persons to be supported was next ascertained from the census—two children 

being considered as one adult—and divided into the weekly allotment for the whole island, thus estab- 
lishing a per capita tentative allowance for each person per week. 

The number of individuals in each family was then ascertained, and the per capita amounts com- 
bined to give a basis for the expenditure for each family for the week. 
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It having been demonstrated that a large family under the same roof can live more cheaply per 
capita than a small one, a readjustment of amounts was made, deducting a certain sum from the large- 
family allotments and adding it to those of small families. In this way a final adjustment of allotments 

was reached, giving about $5 weekly to a family of two, and about $7.50 weekly to a family of six or 

seven. 
Having thus established the amount which each family may spend weekly, issues of food and such 

clothing as could be purchased out of the allowance were then made on Saturday of each week to the heads 

of families, each head being given an order for such supplies as he wished not exceeding his allowance, 
which order when taken to the store was filled and the merchandise represented thereon given to the 

person presenting the order. 
The emergency fund, already mentioned, was used to meet expenditures not contemplated in the 

regular allowance, such as occur in cases of death, sickness, marriage, childbirth, etc. 

In this way the amount available for support of the natives is expended, not in cash, as tated but 
in merchandise itself. The amount is just about enough to support the population without want. It 
reaches a little more than $100 per capita. Everything to eat, to wear, and to keep the fires burning 

has to be transported over 2,000 miles, and the food is mostly in tins. Nothing edible except seal flesh 

can be obtained locally. It can be realized, therefore, that if the fund for natives’ support is barely 
enough to provide the actual necessities of each person, little can be done toward encouraging and 
compensating extra effort or otherwise alleviating the objectionable features of communistic life in 
general. 

Where a number of persons share equally in the Aieinaton of a general fund, as these natives do, the 
natural tendency of each is to take and use the whole of that share without regard to whether it is needed 

or not. There is no inducement for a native to strive through self-denial to exist upon less than his 
share from the general fund when such abstention would result simply in increasing the share of his 

less provident neighbor. The whole tendency of a scheme of this character is to produce an attitude of 

carelessness in the use of communal resources—in short, to create that attitude of mind which says: 

““As there is no reward for economy, let’s get all we can. The other fellow will get it if we don’t.” 

EXPERIMENTAL PLAN TO INDUCE THRIFT AND SELF-RELIANCE. 

This tendency toward shiftlessness, which is an inevitable result of these peculiar circumstances, 
has long been recognized, and efforts have been made to palliate it at least. In r9rz a plan was put in 

operation designed to induce the natives to save at least asmall portion of their earnings. It was based 
upon the general principle that by reducing weekly and other issues of supplies to a minimum an unex- 

pended balance would be created, which balance at the year’s end was to be distributed in cash among 
the earners according to their proficiency as workers. If even froma weekly allowance the native saved 

something, that saving was to be given him in cash at once. It was hoped he could be induced to open 

savings accounts with cash thus obtained, or at least to use it in purchasing some article not otherwise 

obtainable that would increase his happiness and comfort. 
This scheme was placed in operation on St. George during the winter of 1911-12. The results from 

acareful following of the plan are interesting. At the end of the first month in which the native men were 

informed that such savings as they made from their weekly allowances for family supplies would be 

paid to them in cash more than half the families in the village drew cash savings thus derived, the sums 

varying from $1 to as much as $8 or $9. ‘They continued to do thus during each remaining month in the 

year, almost every family saving something out of the amount allowed for its support. 

Careful inquiries into the motives governing the making of these savings developed some interesting 
points. It seemed, on the whole, that the main object of the native was not to hoard the cash thus 

obtained by saving but, on the other hand, to get possession of the cash itself, which in many instances 

he at once took to the store to expend for perhaps the very articles he had denied himself in order to 
make the saving. Some few, of course, used the cash to purchase in San Francisco articles which could 
not have been issued to them had they not the cash. No savings accounts were created. If any sums 

were saved, they were secreted in the natives’ houses. 

Some of the natives who made the largest savings had previously complained that their allowances 
were too small; those who have always been thrifty, however, redoubled their efforts to save, increasing 

their hoards regularly every month. But it was found that, to make these monthly savings, in some 
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cases the children in the family were made to suffer through deprivation of proper clothing and some- 

times food. 

At the end of the year the sum of $632.48 was unused from the natives’ fund and remained for dis- 
tribution. This amount was divided among the sealers, the first-class men receiving about $32 each and 

the lower grades in proportion. This money was nearly all spent in the store for articles of general use. 
No portion of it, as stated, was used to create or to increase savings accounts in bank. It is reported, 

however, that the natives were greatly pleased with the plan as operated and under it many of them 
came into possession of more money than they ever owned before. 

The net result of this one year’s experiment is not large. It shows that the natives desire their 

earnings in cash rather than a mere credit. It shows also that if paid in cash for their labor in taking 
sealskins, etc., the greater portion, if not nearly all, of their money would be used for the same purpose 

for which the credit is used, namely, the purchase of the necessaries of life. It shows that under the 

present communal system the natives are not desirous of creating permanent savings funds because of 

their inability to profit greatly by the result of the self-denial necessary to create the fund. 

It must be stated that conditions were not favorable for carrying the operation of this plan beyond 

the mere point of inducing the natives to curtail their use of the necessaries of life toa minimum. It 
was impossible to demonstrate to them that any particular benefit would follow this saving, because 

there was nothing they might obtain with their savings except the bare necessities of life, of which they 

had deprived themselves in order to create the savingsfund. And, having saved, all they could buy was 
what they could have had without saving. Under the present system it is not permitted to purchase 
for island use anything but the barest necessaries of life. Articles from the use of which the average 
citizen finds enjoyment’or benefit, and by means of which he is able to bring his life above the level of 
mere animal existence, are not allowed to be purchased for sale on the islands. Neither can the native 

improve his mind and broaden his education by travel, because no means of transportation are available. 
His clothing is of a certain fixed grade each year; if he desires a better suit or an unusual article of 
clothing he can not purchase it because it is not in the store; nor can he order it unless through some 
cumbersome private arrangement almost impossible to make. In short, he is held down to the use of a 
greatly circumscribed class of merchandise, on an isolated spot of the universe, in which use he must 
live and die, practically without power to alter the condition. 

Why, therefore, should the native save money? Money has no value unless it can be used as a 

medium of exchange. The mere hoarding of it induces no satisfaction or comfort to any normal person. 
The reward of self-denial exists in the possibilities for greater enjoyment and greater comfort created as 
the result of the self-discipline. If the native has no use for his money after saving it, he will not save 

it; neither will anyone. To carry out successfully any scheme of this character, it is necessary to 
broaden the possibilities of the native’s purchasing power. He must be able to buy desirable and attrac- 
tive articles at least to the amount of his savings. 

Everywhere, except to these people, a prize is offered for thrift. It should be held out to them, too. 

For example, it should be so arranged that the shiftless must wear poor clothing, but the provident may 
wear better. The provident, industrious man should be able to obtain better food than his careless 

and lazy neighbor. Under the present system this is impossible. This situation could be adjusted 
readily by a private concern, and it should present no more difficulties to the Government. 

NEED FOR BROADENED OPPORTUNITY. 

Since the killing of seals has been stopped on the islands, except a few for food, and because of the 

material reduction in the appropriation by Congress for the natives’ support, the system of cash pay- 
meats has, unfortunately, been discontinued after only one year of trial. The building up of the moral 

and intellectual fiber of a people is a matter of generations, not of years, even under ideal conditions. 
In the case of these natives, not only should precept and example be afforded, but an intelligent readjust- 

ment of conditions on the islands should be made to give point and object to mere academic advice. 

It may seem from the foregoing that because no greater results were obtained from this experiment 
it is useless to attempt to lead the natives to greater self-reliance and thrift. It is believed, however, 

that such object is not so near an impossibility as supposed. The cause should be sought in the system, 
not the native. The instinct of self-preservation is as highly developed in these natives as in the more 
effete races, and this instinct forms the basis of all desire to lay by something of what is in hand to insure 
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against future want. Under the present system the native expects that his future will be provided for, 
and has, therefore, no incentive to deny himself and no self-reliance. While no one would be willing 
to make the existence of these people a matter of doubt, on the other hand, it is thought that it can be 
so managed that the native would have to depend more upon himself through the removal of certain of 
the paternalistic offices performed in his behalf by the Government. 

As the situation is at present, the native merely has to work and to draw his weekly rations. He 
might complain in order to get more, but beyond that he has no voice in the disposition of his earnings. 
All the managing of his resources is done in his behalf by the agent in charge, under departmental 

instructions, and the only open line of endeavor is to hoodwink the agent into giving him more than his 

share. This unnatural situation should be remedied by allowing the natives more voice in the man- 

agement of their domestic financial arrangements. It is believed, contrary to general opinion, that 
nearly all the native men are capable of handling their earnings in a thrifty and judicious manner, 
once they understand that it is necessary for them to do soor starve. Under this hypothesis it would be 

better for the native to receive his earnings, or at least a large portion of them, in cash at the close of each 
season, with the understanding that this sum must suffice to support him and family for a year; or monthly 

amounts could be given them with the same understanding. 

* * * Should a native be grossly improvident, a stated sum from his earnings should be set apart 

for use of his children. The Government should arrange to deposit any savings the native might make, 
or to expend them for such articles as the native may request to be ordered. At present this latter 

privilege is denied. 
In short, the strongly paternalistic attitude of the Government, together with the communal sys- 

tem of living, has robbed these people of all chance of self-improvement by destroying the incentive. 

Any effort along the lines indicated or others to increase this self-reliance will be salutary. It is con- 
ceived that a certain small percentage of receipts from the sale of skins taken by these people, set apart 

for them, either for their support or as a fund for the improvement of local conditions, or as a sheer bonus 

to increase efficiency and faithful cooperation, would be a paying investment. 

CASH PAYMENTS FOR SUNDRY LABOR. 

What has been said in the foregoing concerning natives’ earnings relates wholly to the fund earned 

by the community in general, mainly from the taking of skins. Such work as the natives perform as 
laborers or skilled workmen in maintaining the station buildings, exclusive of their own residences, 

is paid in cash monthly. These sums, although small, are welcome as representing the only cash the 
natives receive, and because this desultory labor is the only means through which the native may get 
individual results from independent action. Cash thus obtained almost invariably is used to augment 

the regular allowance of supplies, and the work through which it is obtained is eagerly sought. Not to 
pay them individually for such work, which is not at all for their benefit, would be to destroy the feature 

which removes their system of existence from mere peonage. * * * 

In the above painstaking account of the manner of caring for the natives several 

points of vital importance are brought out, some of which may be briefly discussed. 

(1) The native wishes to be paid in cash for his work even though he may be impelled, 

either from inclination or necessity, to spend that cash almost at once. This tendency 

may be observed among native races anywhere as soon as money comes into use as a 

medium of exchange and is, of course, merely an indication that the native mind has 

grasped the fundamental idea underlying its use. He has labored and having obtained 

his reward, he would exchange it for something he needs or wishes. (2) Some of 

the people desire to accumulate their savings, showing that they possess a measure of 

thrift. (3) Some wish to exchange the results of their labor for articles other 

than mere necessities such as food and clothing, but that this is rendered impossible or 

difficult because the articles are not available on the island, and the delay and other 

difficulties of sending outside for the desired commodity are discouraging. (4) The 

opportunities for profiting from the possession of special talents or abilities are too limited, 
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causing dissatisfaction to those possessed of such abilities and removing in a great degree 

the incentive which those less favored should have for striving to increase their earning 

capacity. 
Since 1912 less money has been available for cash payments for miscellaneous 

labor than was contemplated. ‘The necessities of life have been provided the natives, 

but with the cessation of sealing on a commercial scale they have been receiving their 

support in return for a minimum of labor. As before stated, the custom of receiving 

this support in return for the work of sealing has become so fixed in their minds that it 

is very difficult to make them understand that, in the absence of this work, other labor 

should be required of them. The fact that miscellaneous work has not always been re- 

warded, owing to lack of funds, has created much dissatisfaction, some of which is 

natural and justified. 
POPULATION. 

The native populations of the islands of St. Paul and of St. George on June 30, 

1914, were 192 and 116, respectively. During the preceding year on St. Paul there 

were g births, 1 arrival, and 8 deaths, 3 departures and 1 dropped by marriage, 

making a reduction of two in the population. During the same period on St. George 

there were 9 births and 3 deaths, an increase of 6. Of the 192 natives on St. Paul, 94 

were males and 98 females; and of the 116 on St. George, 58 were males and 58 females. 

Although the proportions of sexes are favorable for normal marriages, the regulations 

of the church forbid marriage within such distant degrees of relationship that in restricted 

communities such as these recruiting from outside bodies must often be resorted to. 

Thus the population of Unalaska has frequently been drawn upon. 

In addition to the native population, there were on June 30, 1914, on St. Paul 

Island, 10 white residents, 1 Chinese (cook) and 6 white visitors, and on St. George, 

5 white residents and 1 Chinese (cook). 

PRACTICAL ABILITY OF NATIVES. 

It has become somewhat usual to regard the native inhabitants of the Pribilof 

Islands as of little intelligence and practical ability, but this is by no means the 

case. It is true that they have failed to develop along many lines as rapidly as 

has been hoped, but to those who understand the conditions this is not surprising. 

That they do not understand the reasons for the various changes in methods of adminis- 

tration is only natural since some of these changes have affected them adversely, and the 

complex conditions which have given rise to them are to these isolated beings an abso- 

lutely unknown quantity. It is true that they are somewhat childish in their methods of 

reasoning, but this is always true of a semicivilized people having but a limited out- 

look. One of the most effective means of helping them to broaden their viewpoint will 

be the more widespread use of the English language. This matter is discussed elsewhere. 

Regarding their practical ability along mechanical lines there is much to be said 

in their favor. There is on the islands a good assortment of tools for working both 
wood and iron, and many of the natives are proficient in their use. Under intelligent 

supervision they can do practically any work necessary for the upkeep and enlargement 

of the station. The steam and gasoline launches are run by natives. The large amount 

of work done under the direction of James Judge in the autumn of 1911 is a good illus- 
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tration of their varied ability. This work included the building of a bridge 168 feet 

long, including approaches; the remodeling, painting, and shingling of a large number 

of buildings, including dwelling houses, shops and offices; the laying of several concrete 

floors, pavements, and boat ways; and a great variety of minor jobs of carpentry, such 

as desks, book shelves, and filing cabinets. The women, under the instruction of the wives 

of the-agents and others, have become expert dressmakers, and make a large part of 

their own and their childrens’ clothing, and some of them do lacework and embroidery 

of a high order of merit. 
It will be necessary in order to put the sealing plant on an efficient basis to do a 

great deal of work of a varied character during the next few years, and in most of this 

work the natives may well be employed. After the resumption of commercial sealing 

most of the available force will be needed during June and July on the actual work of 

taking the skins, but during the spring and autumn the other work necessary may 

gradually be accomplished. 

During the incumbency of the Alaska Commercial Co. about 75,000 seals were 

taken annually on St. Paul Island. All the work of driving, killing and skinning this 
large number was done by about 70 men in from 4o to 50 working days. In late years, 

owing to the small number of seals killed, the ability of the natives has undeniably 
lessened, and care will be necessary to restore their old-time skill. 

KNOWLEDGE OF SEALS OVERESTIMATED. 

The native’s knowledge of seals has been greatly exaggerated. It is, of course, 

undeniable that a native who has lived all his life among these animals acquires a great 

deal of information, but the average white man similarly situated would learn far more. 
Much of the lack of definite knowledge which has always prevailed, and which has been 

the source of a great deal of trouble, is due to the fact that agents and others in charge 

have been too ready to rely on the statements of the natives instead of ascertaining the 

real facts for themselves. The belief that he is supposed to know all about the seals 

gives the average native an exaggerated idea of his value in this regard and causes 

him to underestimate the true value of exact observation. An instance of this tendency 

came to our attention in August, 1914. It was wished to make a drive from Reef 

Rookery, but the natives reported only a very few seals there, and said that it would 

be impossible to get a sufficient number. Our observations convinced us that this 

was an error and the drive was ordered, with the result that 1,600 bachelors were easily 
found. This may have been a case of deception rather than ignorance, or more probably 

a combination of the two, but it illustrates the fact that in matters requiring exact 
information it is unwise to rely wholly upon the natives. A white man soon learns 

to know as much of seals as the average native, and his judgment regarding seals, as of 

other matters, is greatly superior. For the work of killing, skinning, and curing, how- 

ever, the services of the natives can not well be spared. 

PROPOSED REMOVAL OF NATIVES IMPRACTICAL. 

The removal of the inhabitants to a reserve elsewhere has been suggested, but the 

proposal is subject to numerous objections. These islands constitute the only home 

that the inhabitants know, and almost without exception each one thinks that the 

Pribilof group in general, and his own island in particular, is the best place on earth. 
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The greatest punishment that can be suggested is banishment to some other place. 
To remove these people would be cruel in the extreme, nor under present conditions 

would it be justified from any standpoint of expediency or economy. They would have 

to be supported elsewhere, while here as long as the seal herd endures they will be self- 
supporting and under proper management will be happy and contented. In the event 
of their removal it would be necessary to have their work done by temporary employees 

probably less suited to the peculiar conditions than are these people bom and raised 

on the islands. As far as possible the reforms needed should be put in operation gradu- 

ally. It should be borne in mind that the ideas and habits of these people have back 

of them many generations of training under peculiar and somewhat adverse conditions, 

and that it is impracticable to change these habits abruptly or to settle the problems 

in regard to their management by transfer to a different and less favorable field. 

PRESENT APPROPRIATION INADEQUATE. 

The appropriation available for the Pribilof Islands-is wholly inadequate to manage 
the business in an efficient manner. It is not enough that a certain quantity of pro- 

visions and other merchandise, varying according to the amount which can be spared 

for this purpose from a given year’s allowance, be landed on the islands and doled out 
to them in weekly portions in exchange for what work they may that year be called 

upon to do. Even under present conditions, when no fur seals are taken except for 

food and when the fox herds are in poor condition, the net receipts from the sale of 

skins in 1913 were over $67,000. It would seem no more than reasonable with this 

amount of revenue actually being turned into the Treasury that the islands be allowed 

a substantial increase over the $40,000 now available. The system now followed in 

paying the natives for their services is merely a legacy from former times, with many 

of the objectionable features retained and with no improvements added. It’ does not 
meet the requirements of the situation, and is unsatisfactory alike to the natives and to 
the officials of the Government on the islands and elsewhere who have its administration 

in hand. ‘This subject in its relation to the natives may here be considered briefly. 

From a generous appropriation the stores on the islands should be annually stocked 

with a supply of goods sufficient to last at least one year, and to provide against accidents 

and emergencies a surplus of the most essential articles should be kept on hand. This 

stock should include the staple articles of food, clothing, and other merchandise which 

experience has determined are most suitable for the purpose. Some arrangement 
should be made for the support of those unable to earn their living—the widows, orphans, 

and those crippled or otherwise incapacitated. This might be done by issuing rations, 

and probably it might be well, in view of the impracticability of furnishing them with 

steady work throughout the year, to issue a minimum ration to all the natives. They 
should then be paid in cash for all work performed at a fair rate of wage. They them- 

selves have petitioned that they be paid in cash for their work and be allowed to buy 

their provisions. Most of this cash almost at once will be expended in the store—in 

other words, will be returned to the Government—and after the first year it or its 
equivalent may be expended in paying for further labor or in the purchase of provisions. 

If the business of the islands were in the hands of a private concern, this is exactly 

the method which would be followed, and it should be possible for the affairs there to be 

administered by the Government in a manner equally efficient and simple. The details 
97867°—vol 34—16——10 
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of such an arrangement will, of course, need to be worked out. A careful study of the 

conditions on the islands convinces one that the work necessary to put the plant on an 

efficient working basis will keep the natives employed for several years during the sea- 

sons when outdoor work is possible. 

FOOD REQUIREMENTS. 

The diminution of the seal herd and the consequent restriction of the killing of seals 

to the number considered necessary for native food has sometimes led both on St. Paul 

and St. George to so limited a kill as to be hardly sufficient for the maintainance of the 

community. As a result the use of large quantities of imported foodstuffs has been 

necessary. Thus, during the fiscal year ending June 30, 1914, the natives on both 

islands consumed over 3,000 pounds of canned salmon, about 1,400 pounds salted 

salmon, 7,500 pounds canned meats, about 6,500 pounds salt beef, and over 1,000 

pounds of salt pork. While it would be inadvisable to stop entirely the importation 

of these articles of food, since the natives have acquired a taste for them and would be 

dissatisfied if they were withheld, it is plain that the quantity of these costly foods con- 

sumed would be greatly reduced if an abundance of seal meat, fresh or properly pre- 

served and which costs nothing, was furnished them. 

To ascertain the amount of seal meat really necessary for the natives, a conference 

was held on St. Paul with the agent in charge, Mr. Hatton, and with the native chief, 

John Stepetin. It appeared that a family of eight persons would consume in one month 
14 fresh seal carcasses or 7 salted ones; hence fresh meat would be eaten at the rate of 

134 carcasses per capita per month and salt meat at half that rate or seven-eighths of a 

carcass per capita per month. 
As fresh seal meat is available for eight months in the year and salt meat must be 

relied upon for the remaining four months, it follows that the total amount of seal meat 

needed for one native for a year is 17.5 carcasses. This amounts to not more than one 

pound of meat free of bone per day for each person. A seal carcass as roughly dressed 

by the natives and including bone weighs about 35 pounds. St. Paul, with a population 

of 192 natives, is therefore entitled to 3,360 seal carcasses per year for native food, and 

St. George, with about half that number of natives, to about half that amount of meat. 

Scaling these figures to conservative round numbers, it seems not unfair to set the allow- 

ance for native food on St. Paul at 3,000 seals and on St. George at 1,500 seals, making 

a total of 4,500 seals for the native food on the two islands combined. The economical 

utilization of this meat would be greatly facilitated by the establishment of a cold-storage 

plant on each island. The natives also consume freely soda biscuits, sweet crackers, 

preserved fruit, jellies, and condensed milk. Sugar, candies, and sweetened foods of all 

descriptions have been used in considerable quantities in the home manufacture of an 

intoxicating drink called quass. Various means of stopping this custom have been 

attempted, but without complete success, although there is undoubtedly much less 

intemperance than formerly. 
HOUSING. 

The natives live in small wooden houses. With few exceptions these houses were 

built in the first few years of the incumbency of the Alaska Commercial Co. and are, 

therefore, about 4o years old. At that time the natives were living in their primitive 

barrabkies, a combination of sod house and burrow, compared with which these neat 

ee Oe 
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frame houses, small though they were, seemed like palaces. Even now they make very 

comfortable dwellings for small families. They are of one story, about 12 feet by 20 

feet, usually with an inclosed side hall or ‘‘calidor’”’ through which is the single entrance. 
Windows at the front and back, and sometimes on the side opposite the entrance, light 

them fairly well. Most of them have been kept in fair repair, but in many instances the 
floors, sills, or roofs are defective. 

The native populations of the two islands are distributed in households of the fol- 

lowing numbers: 
Number and size of households on Pribilof Islands, 1914. 

Size of household. 
Number] Total 
of house-} popula- 

2 3 z, 4 5 6 7 8 5 zo Es - re holds. tion. 

On’'St. Paul... 3...) 2 7 14 14 6 2 4 By |Saigte ntl cyto aya 6 | BE A sol Beare 50 192 
On St. George..... I 3 5 4 3 2 3 I eal aes Otc | Maa I 24 116 

It is evident that the houses, even though they are provided with a calidor and 

divided into two rooms, are too small for many of the families. A few of them have 

been enlarged and have a third room, but there is still entirely too much crowding for 

proper considerations of comfort, sanitation, or morals. ‘The most striking instance of 
overcrowding was met with on St. George, where a house of four rooms, the largest 

room being 11 by 12 feet, the smallest 7 by 11 feet, contained a man, his wife, and 12 

children. The children were 8 girls, aged in years as follows: 18, 16, 9, 7, 6, 4, 2, and 

8 months; and 3 boys, aged 12, 10, and 5. This family had been assigned the largest 

native house in the village, but it was obviously much too small. 

The principle of meeting the needs of the various families by assigning to the large 

ones the larger houses seems to have been carried out with reasonable fullness on both 

St. Paul and St. George. The Government will, however, be obliged from time to time 

to undertake rather extensive repairing and rebuilding and it is suggested that under 

such circumstances greater variety be introduced into the new construction so that 

families of different sizes can be better accommodated than in the more nearly uniform 

houses at present available. 
HYGIENE AND SANITATION. 

The native houses are as a rule overcrowded and filthy, and in all cases they are 

unprovided with water and are poorly ventilated. They reproduce all the conditions 

of congested tenements in our worst city slums except that outside their doors there is 

an unlimited supply of uncontaminated fresh air. 

On St. George the water for village use is in part hauled from wells and in part 

taken in the midst of the village from a pipe which leads by gravity from a pond behind 

the settlement. On St. Paul the water has heretofore been hauled entirely from wells 

half a mile from the village. During the past year large storage tanks have been 

erected on the village hill and spring water is pumped into these by way of the radio 

station and is to be delivered by pipes at several points in the village. For cooperation 

in installing and maintaining this system the village is indebted to the Navy Depart- 

ment. At the time of inspection (July, 1914) this system was only partly installed 

and the water in the tanks was much discolored by the new wood. ‘This state of affairs 

had brought the system into some disfavor with the natives, but there is no reason to 
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suppose that when it is in working order it will not prove a decided advantage over that 

of the past. With water carried in wagons, sledges, or on the back for half a mile it is 

no wonder that its use is limited and that filthiness is thereby encouraged. Too much 

emphasis can not be laid on the importance of establishing in each village a good supply 

of easily available water. i 

If the water supply of the villages is meager, the means for disposal of waste is abso- 

lutely inadequate. Most native houses are provided with a privy, consisting of a pit in 

the ground covered with a small wooden structure. Many of the privies are filled 
and receive no further attention. Much of the waste, including that from cooking, is 

thrown on the ground just outside the houses. The result is that the whole settlement 
is permeated with filth. If underground drainage can not be provided, it seems that 

some form of waste collection and disposal ought to be instituted. Privies might be 

arranged with collecting pans and these, together with receptacles for household waste, 

ought to be emptied and the contents disposed of once or twice a week as a part of the 

community work. 

As matters are at present the natives find it easy to remain in a condition of much 

filthiness, but with a reasonably available water supply and a simple but adequate 

system for the disposal of waste in each village this condition might well be improved. 

The natives are resistant to all such changes and seem to harbor a deep-seated antipathy, 

if not a religious one, against having anything to do with community refuse. It is there- 

fore doubtful if they could be induced easily to take these stepsin reform. Such measures 

would have to be enforced, and it would seem impossible to accomplish this without semi- 
military methods. If the Government provides village water and institutes a system 

of waste disposal, it might well declare the law of the land to be ‘‘Clean up and keep 

clean or you will be sent away.” 

The results of the filthiness of both villages are seen in the reports of their respective 

physicians. At St. Paul about half the native population showed evidence of: tubercular 
trouble, and intestinal disorders were very prevalent. St. George, though not reported 

in so detailed a manner, seemed to be in much the same condition as St. Paul. In both 

places the work of the physician was greatly handicapped, if not made entirely ineffective, 

by the fact that the patient was obliged to stay in a filthy house where little or no atten- 

tion was given to physicians’ directions; a bath, for instance, ordered by the doctor was 

seldom if ever taken, for the reason that these people rarely bathe and see no relation 

between health and personal cleanliness. In cases of desperate sickness the priest is 

usually summoned, and if he declares that death is at hand the doctor’s advice is entirely 
ignored. ‘The invalid is kissed by most of the community and, if death follows, the same 

kissing is resorted to with the corpse. All these practices have religious significance to 
the natives, but they are unhygienic and render futile the best efforts of a physician 

bent on preventive measures. Improvement in these matters could be made by main- 
taining in each village a small hospital and inculcating through it some idea of clean 

living. A start in this direction has been made on St. Paul, where during the past 

season a small hospital building has been fitted up. ‘The need for a hospital on St. Paul 

was so great that, although no appropriation was available, a fairly serviceable old 

building was moved and remodeled in 1914 and furnished as well as could be done by 

utilizing scattered material collected from various sources on the island. The physician 

in charge, to effect much, should have a semimilitary control over the community. 

ne 
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MORALS. 

The natives give the impression of an honest, docile body of people, devoid of the 

small vices of the poorer parts of American towns, but addicted to a certain amount of 

drunkenness and to sexual looseness. 

Though not supposed to have access to alcoholic drink, they brew for themselves, 

from the sugar and other sweets supplied them, an alcoholic beverage known as quass, 

which is the occasion of most of their drunkenness. From the reports of those whites 

who have wintered on the islands, it appears that quass debauches are of not infrequent 

occurrence. This practice could be suppressed only through the action of the natives 

themselves, and even its partial control presents many difficulties. 

Sexual looseness is seen in the considerable number of illegitimate births and in the 

prevalence of venereal diseases. So far as the natives are concerned, these conditions are 

due not so much to viciousness as to purely animal habits. In some respects the natives 

resemble children with the appetites of adults. They are reasonably honest; they are 

not vicious, but they indulge their appetites almost without control. Changes in these 

conditions can result only from racial improvement brought about through sanitary 
surroundings and proper education. 

RELIGION. 

The natives are members of the Russian Church. On each island there is a church 

building and priest answerable to the head of the American division of the Greek Church 

in New York City. The services are usually conducted in Russian with some Aleut 

interpretation. Each priest maintains with more or less regularity a Russian school 

which is chiefly concerned with teaching the Russian Church service. The priests have 

been extremely diverse; some have been self-seeking, deceitful, and cunning; others 

have been simple, kindly, and benevolent. All seem to be strongly conservative and 

oppose those steps in the social and educational organization of the islands that from 
the American standpoint mean progress. It is difficult to see how many needed improve- 

-ments can be carried out on the islands without the cooperation of the church. If 

intelligent priests could be obtained and thoroughly sympathetic relations established 

with them, a most effective avenue for advance would probably be opened up. 

EDUCATION. 

The education of the natives, as the reports of the several school-teachers on the 

islands have shown, is not a simple task. School is in session for eight months each year, 

and the pupils in attendance range from 6 to 16 years of age. In the past year on St. 

Paul there were 26 boys and 16 girls enrolled, and on St. George 12 boys and 13 girls. 

The schoolhouses are single-room frame buildings, poorly and inadequately furnished, 

and in wretched condition, particularly on St. George. While the school on St. George 

can be managed by one teacher, that on St. Paul requires two, one of whom should be a. 

woman. Some improvement has been accomplished during the present year on St. Paul 

by the utilization of a smaller building for the younger scholars, thus relieving somewhat 

the congestion. New school buildings with better equipment, or extensive repairs and 

enlargement of the old buildings, are urgently needed on both islands. Although the time - 

devoted to school is nominally eight months, this period is considerably reduced by the 

large number of holidays. The total number of school days in the school year is about 
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170, but during this period there are 2534 days of vacation, 4 American holidays and 21% 

Russian Church holidays. These reduced the school days last year (1913-14) by 18% 

days. Besides this many name days fall in the school period, and as these are religiously 

observed, they cause each child an additional absence once a year. One of the teachers 
in particular has complained much about these holidays, but they are not more numerous 

than in German schools, which do not seem to have been seriously affected by them. 

In one respect the school year might be changed to advantage. The holiday period 

centers around the Russian Christmas (Jan. 6-14), a time of year when the days are 

very short and the light poor. A vacation covering these holidays might be given at 

this period, and the time thus taken might be added to the school year, in part at the 

beginning and in part at the end, thus increasing the year at periods when the season is 
more favorable than in the dark winter. 

The subject most taught in the schools is English, and the exercises deal with speak- 

ing, reading, and writing thislanguage. Besides this, arithmetic, some geography, history, 

personal hygiene, and a little natural history have been tried. Mr. G. Dallas Hanna, the 

teacher on St. George, noticed that though the native children could learn with great 

ease to write after a copy and even spell difficult words, their real understanding of their 

performances was very slight. They were remarkable imitators, but otherwise of very 

low intelligence. He therefore spent much time in teaching them words and their uses. 

But even so simple a matter as this is not easily accomplished. Most schoolbooks are 

written and illustrated for children who live in a land where tree, river, dog, train, etc., 

are already things of experience. Not one of these objects is on the Pribilofs, and it is 

not surprising that a new language about strange things, many absolutely unknown to 

them, should be troublesome to inculcate. But the matter is rendered still more difficult 

from the fact that the native child on leaving school for the day hears nothing but Aleut 

and speaks nothing but Aleut till he returns to school the next morning. The daily 

speech of the native is Aleut with a few Russian and English words, and to such a 
native the English school must seem a most impractical and academic affair. 

This side of the educational situation was recognized by the teachers on both islands, 

and instruction in sewing and dressmaking for the girls and in making nets, working 

ropes, and working and tempering steel for the older boys and men were begun. It 

would seem that if the educational aim could be made more practical and the English 

language made incidental to this training, a more secure advance might be made. 
Certainly the common-school aims and methods in the States are not well adapted 

to the natives of the Pribilofs. 
Some improvement could doubtless be attained by the use of special readers, deal- 

ing more generally with objects which are familiar to the native child. 

The ability of the natives to use English is quite different on the two islands. On 

St. Paul about six, mostly old people, can speak no English, but about two-thirds of 

the total population speak the island’s capacity of this tongue. About half the popu- 

lation can answer simple English questions, and five or six speak English well. It is 

easy to get an English answer on St. Paul; it is rather difficult on St. George. This 

_ difference is probably due to the greater frequency with which Government vessels call 

at St. Paul than at St. George. The native on St. Paul has considerable use for his 

English as compared with his brother on St. George. 

oe 
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CONCLUSIONS. 

It will be seen from the foregoing account that the people of the Pribilof Islands, 

though not natives, have for so long made the islands their home that they know and 
recognize no other. They are a people still in a state of semicivilization, and consid- 

ering their limited environment they seem to be as well able to embrace its advantages 

and as successful in combating its disadvantages as is usual among such peoples. They 

constitute a heritage acquired by the United States with the islands and their valuable 

wild inhabitants, and considerations of economy and of humanity demand that they be 

accepted as such and managed with all possible wisdom and fairness. Many of the 

details of the present system of dealing with them are survivals of the past, and the 

conditions under which they developed are no longer existent. Many changes and 

improvements have been recommended by the agents and other officials, but in most 
cases they have not been accomplished, either on account of controversy, sudden and 

radical changes of régime, or small appropriations. Many chariges in the methods of 

dealing with the natives seem to be necessary. Such changes should be instituted 

gradually, and in such a way that the natives will be able to perceive their fairness and 

expediency. In some respects they deserve more liberal treatment; in others they 
must be dealt with more firmly. In their management a great deal will depend on the 

personality of the officials in charge. 

The changes in methods which seem desirable have been pointed out in the fore- 
going pages. It is believed that the work necessary to put the sealing plant on an 

efficient basis and the resumption in the near future of commercial sealing, accompanied 

by a better system of compensation, and the opportunity of exchanging the reward of 

their labor according to their desires will help to make the natives self-respecting and 
gradually lead to their betterment in many directions. By such a course the people 

of the islands may become an entirely self-supporting, efficient, and happy community. 

SUMMARY. 
1) 

The results of the investigation of 1914 may be summarized under two principal 
headings, (1) existing conditions and (2) conclusions. 

EXISTING CONDITIONS. 

The actual conditions on the Pribilof Islands as detailed in the foregoing pages 
may be stated briefly, as follows: 

(1) The herd of fur seals contains approximately 294,000 individuals, of which 

not less than 93,250 are bearing females. 

(2) The stock of adult males is small, and though there is no proof that breeding is 

thereby diminished, it is evident that adolescent males participate in it to a greater 
extent than is natural. There is every reason to believe that this condition will cease 
to exist in 1915. 

' (3) The supply of idle bulls is small and insufficient for the service of the virgin 

cows, which must therefore mate either with the old bulls or with the adolescent half- 

bulls. There are good grounds for believing that this condition also will cease to exist 
in 1915. 
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(4) The maintenance of a supply of harem bulls in the ratio of 1 bull to 40 
bearing cows meets all possible demands of safety and conservation. 

(5) The operation of the law of tgr12 has already resulted in a great increase of 
male seals. The number of young males is very large and increasing rapidly. Of those 

now living, enough will come to maturity in 1915 to supply the needs of the herd for 

both harem and idle bulls. The next generation, coming to maturity in 1916, promises 

to exceed greatly the needs which will then exist and succeeding generations will furnish 
further excess. 

(6) The herd is in excellent physical condition. Seals of all classes appear healthy 

and robust. Mortality of pups was small and natural and no epidemic of any kind 
was prevalent. 

(7) Yearling seals were not found on the hauling grounds except in exceedingly 

small numbers and very late in the season. The evidence is practically conclusive that 

they rarely come to land at all until after the close of the killing season, July 31. 

(8) The increase in the number of bearing cows in 1914 was small and is probably 

due to an abnormal death rate among old cows as a result of former pelagic sealing. 

(9) Observation and handling in 1914 of seals branded with hot irons in 1912 shows 

that the marking of breeding reserves with a permanent brand is practicable. 

(10) With more facts available than at any previous time, it is conservatively 

. estimated that when once proper proportions are established in the herd they may be 

continued by reserving 3-year-old males in numbers increasing at the rate of 8 per cent 

per annum, the reserve in any given season being 22 per cent of the number of bulls 

required for the cows of the previous season. 
(11) The method of killing seals is not objectionable from the humane standpoint, 

but shorter drives are desirable. 

(12) The system of weighing skins, introduced during the period of leasing, is 

antiquated, unreliable, and no longer necessary. A more economical and more trust- 

worthy classification can be made by measuring the dead animals before they are skinned. 

(13) The condition of the buildings on the islands, the means of local transporta- 

tion, and many of the methods of work are but little changed since the lessees left. 

They are the inheritance of obsolete conditions and in many cases unsuited to the 
demands of modern efficiency. 

(14) The fox herd is in poor condition and demands special care and study. 

(15) The reindeer herd is increased and in good condition. 

(16) The sea lions and certain of the birds need continued protection. 

(17) The natives constitute a serious problem demanding careful consideration; 

their present condition, while far from hopeless, is not creditable to the Government. 
(18) The resident employees on the islands have a heavy responsibility divided 

between the management of the seals and the government of the natives, each presenting 

special problems requiring a high degree of ability for their solution. 

CONCLUSIONS. 

As a result of the investigations of 1914, the findings of which are summarized in the 

preceding section, the following conclusions seem justified: 

(1) There are good reasons both from the standpoint of economy and from that of 

the welfare of the seal herd to resume commercial sealing at once. Commercial sealing 
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in which the growth and preservation of the herd would be practically guaranteed could 

be practiced under only two restrictions, namely that females should not be killed for 

their skins or for food, and that breeding bulls should be maintained in numbers sufficient 

to supply one to each 40 bearing cows. 

(2) The management of the seals and other animals of the Pribilof Islands needs 

to be placed in charge of a specially qualified officer and the management of the natives 

and the fiscal affairs might well be conducted by another. ‘The officer in charge of seal- 

ing, in addition to physique and general good character, should have a deep interest 

in the problems he would have to deal with and a desire to make of them practically his 

life work. ‘These qualifications are most readily found among naturalists, but general 

fitness for the position is more important than training as a zoologist. The position 

would have certain disagreeable features that are unavoidable, and in order to attract 

a man of the necessary ability, he should be well paid, should have certain perquisites, 

and should be detailed for service in Washington during the winter season so far as 

possible. The officer in charge of natives and fiscal affairs should be similarly qualified. 

Each should have at least one competent assistant. Complete division of authority 

being administratively impossible, the man in charge of sealing should be the senior 

officer on the islands, but the man in charge of fiscal affairs should have the same degree 

of freedom in his field that the physician and the school-teacher have in theirs. 
(3) The Pribilof seal herd is a property of great value warranting immediate liberal 

expenditures in preparation for a most promising future. The very prevalent idea that 

the fur seal is on the verge of extinction is not in accordance with the facts. The present 

size and condition of the herd is such that its complete rehabilitation may be confidently 

expected. Provisions commensurate with the needs and importance of the property 

involved are to be regarded as wise investments and curtailment of operations at this 

time is not justified by conditions. 
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Report <to accompany H. R. 3206>(from committee favoring bill to amend ‘‘act to prevent 

extermination of fur-bearing animals in Alaska’’ [by providing for commission to arrange 

modus vivendi, and for destruction of herd in default of same]). Washington, 1896. 1 p. 
(sq4th Cong., rst sess., Senate Rept. 402 [pt. 1]). 

U.S. Congress. Senate. Committee on Foreign Relations. 
Views of the minority, <to accompany H. R. 3206> (adverse to House bill 3206, toamend ‘‘ act 

to prevent extermination of fur-bearing animals in Alaska’’ [by providing for commission 
to arrange modus vivendi, and for destruction of herd in default of same]), April 16, 
1896. Washington, 1896. 7 p. (54th Cong., 1st sess., Senate Rept. 4o2, pt. 2.) 

U.S. Congress. House. Committee on Ways and Means. 
Fur-seal fisheries . . . Report <to accompany H. Res. 191> [favoring joint resolution to 

authorize scientific investigation of seal herd]. Washington, 1896. x p. (sqth Cong., 

tst sess., House Rept. 2095.) 

.S. President. 
Proclamation [declaring sec. 1956, Revised Statutes, to be applicable to waters designated 

in award of Tribunal of Arbitration under treaty between United States and Great Britain 
concluded Feb. 29, 1892; concerning] fur-seal fisheries, April 14, 1896. Washington, 1896. 

2p. 

[= 
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1896 U.S. Treasury Department. Revenue-Cutter Service. 

1897 

Fur-seal, sea otter, and salmon fisheries. Acts of Congress, President’s proclamations, regu- 

lations governing U. S. vessels, acts of Parliament, orders in council, pertaining to the 
fur-seal fisheries in Bering Sea and north Pacific Ocean, sea otter regulations, laws as to 

salmon fisheries in Alaska. Washington, 1896. 78p. [Treasury Dept. Doc. 1850. Office 
of Division of Revenue-Cutter Service. ] 

U.S. Treasury Department. Revenue-Cutter Service. 
Regulations governing vessels employed in fur-seal fishing during season of 1896. Washing- 

ton, 1896. x1 p. (Treasury Dept. Doc. 1836.) 
U.S. Treasury Department. 

Statistics relating to Bering Sea seal fisheries, being tables W-GG accompanying annual 
report of Secretary, 1895. [Washington, 1896.] 43 p. 

U.S. Treasury Department. 
Reports of agents, officers and persons, acting under the authority of the Secretary of the 
Treasury in relation to the condition of seal life on the rookeries of the Pribilof Islands, and 
to pelagic sealing in Bering Sea and the north Pacific Ocean, in the years 1893-1895. 
Washington, 1896. 2 pts., vil, 379, 154 p- 23 pls. x1 maps and atlas. (sqth Cong., 
rst sess., Senate Doc. 137.) 

U.S. Treasury Department. Commission on fur-seal investigation. 

Observations on the fur seals of the Pribilof Islands. Preliminary report by David Star. 

Jordan . . . commissioner in charge of fur-seal investigations for 1896; aided by... 
Leonhard Stejneger and Frederic A. Lucas... Jefferson F. Moser . . . Charles H. 
Townsend .. . George A. Clark... Joseph Murray . .. Washington, 1896. 69 p. 
fold. map. (On verso of t.-p.: Treasury Depart. Doc. 1913. Office of the Secretary.) 

Macoun, James M. 

[Report, by James M. Macoun, to the minister of marine and fisheries, Canada, of an exami- 
nation of the fur-seal rookeries on the Pribilof Islands in 1896.] Report presented Janu- 

ary 12, 1897. (Jn Compilation of Documents. Alaskan seal fisheries. U.S. Bureau of 
Fisheries. ) 

Macoun, James M. 

[Report by Mr. James M. Macoun to the Minister of Marine and Fisheries, Canada, of an 
examination of the fur-seal rookeries on the Pribilof Islands in 1897.] Report presented 

September 25, 1897. (Jn Compilation of Documents. Alaskan seal fisheries, U. S. Bureau 
of Fisheries.) 

Thompson, D’Arcy Wentworth. 

Report by Professor D’Arcy Thompson on his mission to the Behring Sea in 1896, dated 
March 4, 1897. [London, 1897.] 39 p. chart. 

United States. 

Fur-seal arbitration. In the matter of the claims of Great Britain against the United States 
of America before the Bering Sea claims commission. Argument for the United States 

in reply. Washington, 1897. Iv, 496, Iv p. (Counsel for the United States: Don M. 
Dickinson, Robert Lansing, C. B. Warren.) 

U.S. Congress. Senate. 

Revenue from rental of the seal islands of Alaska. Letter from the Secretary of the Treasury 
transmitting, in answer to a Senate resolution of January 5, 1897, information relative 

to the revenue derived from the North American Commercial Company, by the rental of 

the seal islands of Alaska. Washington, 1897. 12 p. (54th Cong., 2d sess., Senate Doc. 81.) 

U.S. Congress. Senate. 

Act [2612] prohibiting killing of fur seals in north Pacific Ocean. Approved December 29, 
1897. (In Stat. L., vol. 30, p. 227, 229.) 

U.S. President. 

Protection of fur seals in Bering Sea. Message from the President of the United 

States transmitting, in response to resolution of the Senate of May 25, 1897, a report to 

the Secretary of State, accompanied by copies of correspondence of record in the Depart- 

ment of State, touching the protection of fur seals in Bering Sea and the north Pacific 
Ocean. Washington, 1897. 67 p. (55th Cong., 2d sess., Senate Doc. qo.) 

97867°—vol 34—16——11 
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1897 U.S. President. 
Protection of fur-seal herd in Alaska. Message from the President of the United States, 

transmitting, in response to Senate resolution of the 17th instant, a report from the Sec- 

retary of State touching the reply of the British Government in regard to failure of the 
negotiations of the Paris tribunal to protect the fur-seal herd of Alaska. February 20, 
1897. [Washington, 1897]2p. (54th Cong., 2d sess., Senate Doc. 142.) 

U.S. Department of State. 
Agreement between United States and Russia for modus vivendi in relation to fur-seal 

May 4)_ 
ril 22, 

claimed May 12, 1894 [reprint, Washington, 1897]. 4 p. [English and ene 
U.S. Treasury Department. 7 

Regulations governing vessels employed in fur-seal fishing and sea-otter hunting during 
season of 1897. Washington, 1897. 12 p. (Treasury Depart. Doc. 1920.) 

U.S. Treasury Department. 
Statistical tables. Fur-seal catch, season of 1896. List of vessels engaged, with other sta- 

tistical information showing total pelagic catches from American and Asiatic herds since 

1868 and land catch, Pribilof Islands, since 1870, etc. Washington, 1897. 38p. (Treas- 
ury Depart. Doc. 1932.) 

U.S. Treasury Department. 
Prohibition of killing of fur seals in north Pacific Ocean and of importation of fur-seal skins 

taken in such waters. Dec. 30, 1897. (Treasury Department, Division of Special Agents, 

Dept. circular 214.) 

Same (In Treas. Dept. Fur seals, fur-seal islands of north Pacific Ocean, 1898 [1899]. Pt. 1, 
p- 246-248.) 

U.S. Treasury Department, Revenue-Cutter Service. 
Regulations governing vessels employed in fur-seal fishing and sea-otter hunting during 

the season of 1897. Washington, 1897. 12 p. (Treasury Dept. Doc. 1920.) 

U.S. Treasury Department. 
Answer to resolution relative to revenue derived from the North American Commercial Com- 

pany by rental of seal islands of Alaska. Jan. 23, 1897. 12 p. (54th Cong., 2nd sess. 

Senate Doc. 81.) 

U.S. Treasury Department, Special Agents Division. 

Report on the rookeries of the Commander Islands, season of 1897, by Leonhard Stejneger. 

Washington, 1897. 17 p. (On verso of t._p.: Treasury Depart. Doc. 1997. Office of the 
Secretary, Special Agents Division.) 

1898 Barrett-Hamilton, Gerald Edwin Hamilton. 
Report by Mr. G. E. H. Barrett-Hamilton on his mission to the Russian seal islands in 1897. 

[London, 1898.] 67 p., map. (Appendices: 1. Extract from report of N. C. Waxmuth, 

acting commander of the Kommandorski Islands, dated August, 1897 (section mz). 
tm. Drives at the Commander Islands in 1897. ur. Memorandum of seals taken on the 
“‘Rookeries’’ by vessels sailing from or putting in to Japanese ports (comp. by H. J. Snow, 

of Yokohama). rv. Statement of prices obtained at the fur seal-skin sales on the oth 
December, 1897 (C. M. Lampson and Co.). v. List of photographs. vi. Map of North 
Rookery, Bering Island, by Leonhard Stejneger.) 

Great Britain. 
Joint Statement of conclusions signed by the British, Canadian, and United States delegates 

respecting the fur-seal herd frequenting the Pribilof Islands in Bering Sea. London, 
1898. 5p. 

International Bureau of the American Republics. 
Alaska. (Handbook No. 84, 1897.) [Washington, 1898] 133 p. front (fold. map). 

({U. S.] 55th Cong., 2d sess., Senate Doc. 178, pt. 13.) 

Ma 
fisheries in Bering Sea and north Pacific Ocean. Signed Washington 7—=—— Ap 1894, pro- 
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1898 Thompson, D’Arcy Wentworth. 
Despatch from Prof. D’Arcy Thompson forwarding a report on his mission to Bering Sea in 

1897. [London, 1898] 15 p. (U.S. No. 1, 1898.) 
U.S. Congress. Senate. 

Award of commissioners appointed pursuant to convention of February 8, 1896, between 
United States and Great Britain for settlement of claims in virtue of convention of Febru- 

ary 29, 1892 [on Bering Sea controversy], Washington, 1898. 15 p. (55th Cong., 2d 
sess., Senate Doc. 59.) [Summary of claims by the Secretary of State and text ofcon- 
vention of February 8, 1896, are included.] 

U.S. President. 
Seizure of British ships in Bering Sea. Message from the President of the United States, 

transmitting, in response to the resolution of the Senate of February 1, 1898, a report from 

the Secretary of State, with accompanying papers, relating to the work of the commission 
appointed pursuant to the convention of February 6, 1896, between the United States 

and Great Britain for the settlement of claims presented by Great Britain against the 

United States by virtue of the convention of February 29, 1892. Washington, 1898. 94 p. 

(55th Cong., 2d sess., Senate Doc. 164.) 

U.S. President. 
Bering Sea awards. Message from the President of the United States, transmitting a report 

from the Secretary of State in regard to the award of the commissioners appointed 
pursuant to the stipulations of the convention of February 8, 1896, between the United 

States and Great Britain, providing for the settlement of the claims presented by the latter 
against the former in virtue of the convention of February 29, 1892. Washington, 1898. 
15 p- (55th Cong., 2d sess., Senate Doc. 59.) 

U.S. Department of State. 

Fur seals in Bering Sea. Letter from the Secretary of State, transmitting a corrected copy 
of Senate document no. 4o, Fifty-fifth Congress, second session, in relation to the protection 

of fur seals in the Bering Sea, and requesting that the same be reprinted. [Washington, 
1898.] 3p. (55th Cong., 2d sess., Senate Doc. 40, pt. 2.) 

U. S. Treasury Department. Commission on fur-seal investigations. 

Second preliminary report of the Bering Sea fur-seal investigations by David Starr Jordan, 

assisted by Leonhard Stejneger, Frederic Augustus Lucas, and George Archibald Clark, 
1897. Washington, 1898. 48 p. (Treasury Dept. Doc. 1994.) 

U.S. Treasury Department. Special Agents Division. 

Seal and salmon fisheries and general resources of Alaska . . . Washington, 1898. 4 vols. 
illus. plates (partly col., partly fold.) ports, maps, charts. (55th Cong., rst sess., House 
Doc. 92, pt. 1-4.) 

Contents.—v. 1. Reports on condition of seal life on the Pribilof Islands by special Treasury 

agents . . . 1868to 1895 . . . by D.S. Jordan. v.2. Reportson seal and salmon fisheries 

. and correspondence between the State and Treasury Departments on the Bering Sea 

question . . . 1895 to . . . 1896, with comments on that portion thereof which relates 
to pelagic sealing by D. S. Jordan. v.3. Reports by H. W. Elliott and Lieut. W. Maynard, 

U.S. N., on the fur-seal fisheries, etc., of the Pribilof Islands, and by Rev. S. Jackson on 

“Reindeer in Alaska’’ and “Education in Alaska,’’ with comments on Elliott’s and 

Maynard’s report by D. S. Jordan. v. 4. Reports by W. G. Morris, I. Petroff, C. H. Town- 
send, F. W. True, J. J. Brice, and L. Stejneger on international resources of Alaska and 
the fur-seal fisheries of the North Pacific Ocean, with comments on the reports of Townsend, 

True, and Brice by D. S. Jordan. 
U. S. Treasury Department. Special Agents Division. 

Statistical tables. Fur seal catch. Season of 1897. Washington, 1898. 30 p. (On verso 
of t.-p.: Treasury Department, Office of the Secretary, Doc. 2009. Division of Special 
Agents.) 
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1898- U.S. Treasury Department. Commission on fur-seal investigations. 

1899 The fur seal and fur-seal islands of the North Pacific Ocean. By David Starr Jordan .. . com- 

missioner in charge of fur-seal investigations of 1896-97. With the following official asso- 

ciates: Leonhard Stejneger and Frederic Lucas, of the U.S. National Museum. Jefferson 
F. Moser . . . in command of the U.S. Fish Commission steamer Albatross. Charles H. 
Townsend, of the U. S. Fish Commission. George A. Clark, secretary and stenographer; 
Joseph Murray, special agent. With special papers by other contributors. Washington, 

1898-99. 4 v. fronts. (v. 1, 3) illus. plates, maps, diags., and atlas of 14 fold., charts 
(No. 3214-3227). 

Pt. 1-4: Treasury Dept. Doc. 2017. 
Atlas of charts has t.-p.: Report of the fur-seal investigations, 1896-1897. Charts of the 

islands and fur-seal rookeries of St. Paul and St. George, Pribilof group, Alaska. Prepared 

by the U.S. Coast and Geodetic Survey from surveys by Will Ward Duffield and party in 

the summer of 1897. Washington, 1899. 

Contents.—pt. 1. The history, condition, and needs of the herd of fur seals resorting to’the 
Pribilof Islands, by David Starr Jordan and George Archibald Clark . . . pt. m. Obser- 
vations on the fur seals of the Pribilof Islands, 1872-1897, as extracted from the log of St. 

Paul Island, and as recorded in the daily journal of the commission of 1896 and 1897. 
pt. mi. Special papers relating to the fur seal and to the natural history of the Pribilof 
Islands. pt.1v. The Asiatic fur-seal islands and fur-seal industry, by Leonhard Stejneger. 

1899 ‘Townsend, Charles H. 
The American seal herd and pelagic sealing. (Jn Report of the Commissioner of Fish and 

Fisheries for 1898. Washington, 1899. p. CLXIV-CLXV.) 

U. S. Treasury Department. Special Agents Division. 
Annual Report of the Supervising Special Agent for the fiscal year ended June 30, 1899. 

Washington, 1899. (Seal Islands of Alaska, p. 7-8.) 319 p. (On verso of t.-p.: Treasury 

Depart. Doc. 2158. Special agents.) 

1g00 U.S. ‘Treasury Department. Special Agents Division. 
Annual Report of Supervising Special Agent for fiscal year ended June jo, 1900. Wash- 

ington, 1900. (Seal fisheries of Alaska, p. 7-9.) 30p. (Treasury Depart. Doc. 2204.) 

U.S. Treasury Department. 
Regulations governing vessels employed in fur-seal fishing during the season of 1900. 

Washington, 1900. 6p. 

igor U.S. Treasury Department. 
Regulations governing vessels employed in fur-seal fishing during the season of 1901. Wash- 

ington, 1901. 6p. 

U.S. Treasury Department. Special Agents Division. 
Annual Report of the Supervising Special Agent for the fiscal year ending June 30, rgor. 

Washington, 1901. 30 p. (Treasury Dept. Doc. 2255.) 

1902 U.S. Congress. Committee on Ways and Means. 
Fur seals of Alaska. Hearing before the Committee on Ways and Means, Fifty-seventh 

Congress, first session. Statement of Mr. Henry W. Elliott and appendix . . . Washing- 

ton, 1902. 19 p. (57th Cong., 1st sess., House.) 

U. S. Congress. House. Committee on Ways and Means. 
Fur-bearing animals in Alaska. June 2, 1902. Committed to the Committee of the Whole 
House on the state of the Union and ordered to be printed . . . Report <to accompany 

H. R. 13387>. Washington, 1902. 8p. (57th Cong., 1st sess., House Rept. 2303 [pt. 1]). 
U.S. Congress. House. Committee on Ways and Means. 

Fur-bearing animals in Alaska. June 11, 1902. Referred to the Committee of the Whole 
House on the state of the Union and ordered to be printed . . . Views of the Minority 
<to accompany H. R. 13387>. Washington, 1902. 5p. (57th Cong., rst sess., House 

Rept. 2303, pt. 2.) 

U.S. Treasury Department. 
Regulations governing vessels employed in fur-seal fishing during the season of 1902. Wash- 

ington, 1902. 6 p. 
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tgoz U.S. Treasury Department. Special Agents Division. 

Annual Report of the Supervising Special Agent for the fiscal year ended June 30, 1902. 

Washington, 1902. (Seal fisheries of Alaska. p. 7-9.) 29 p. (On verso of t.-p.: Treas- 
ury Depart. Doc. 2308. Special agents.) 

1903 U.S. Department of Commerce and Labor. Navigation Bureau. 
Seal and salmon fisheries. (Jn Navigation Bureau. Laws relating to navigation and mer- 

chant marine. Washington, 1903. p. 252-263.) 
Jordan, David Starr. 

Fur seal as an international issue. By D. S. Jordan and George Archibald Clark. (In Inter- 
national Quarterly. New York, 1903. vol. 7, p. 220-230.) 

1904 U.S. Congress. Senate. Committee on Foreign Relations. 
To permit action to be commenced by American citizens for vessels seized in Bering Sea. 

Report from the Committee on Foreign Relations amending S. 3410. Washington, 1904. 
6p. (58th Cong., 2d sess., Senate Rept. 2128.) 

U.S. Congress. Senate. Committee on Territories. 
. . . Conditions in Alaska. Report of subcommittee of Committee on Territories appointed 

to investigate conditions in Alaska . . . [and hearings before subcommittee . . .] January 
12, 1904.—Ordered to be printed. Washington, 1904. 2v.inx. fold.map. (58th Cong., 
2d sess., Senate Rept. 282.) 

U.S. Congress. House. Committee on Foreign Affairs. 
Fur seals. Report [from the Committee on Foreign Affairs amending S. J. R. 61, requesting 

the President to conclude negotiations with Great Britain for review and revision of rules 
and regulations which now govern taking of fur seals in north Pacific Ocean and Bering 
Sea]. Washington, 1904. 1p. (58thCong.,2dsess., House Rept. 2076.) 

U.S. Congress. House. Committee on Ways and Means. 
Fur seals of Alaska. Hearings before the Committee on Ways and Means . . . March 9 and 

to, 1904 [on H. J. R. 124, directing the Secretary of Commerce and Labor to suspend killing 
of fur seals on Pribilof Islands, of Alaska, by the North American Commercial Company]. 
Washington, 1904. UI, 76p. (58th Cong., 2d sess., House.) 

tgo5 U.S. Department of Commerce and Labor. 

Regulations and instructions regarding the seal islandsof Alaska. Letter from the Secretary 
of Commerce and Labor, transmitting, in response to a Senate resolution of January 22, 

1905, copies of all regulations and instructions regarding the seal islands of Alaska. Wash- 
ington, 1905. 12p. (58th Cong., 3d sess., Senate Doc. 114.) 

U.S. Congress. Senate. Committee on Foreign Relations. 

Alaskan fur-seal herd . . . Letter from Henry W. Elliott, of Lakewood, Ohio, relative to the 

rules and regulations governing the agents of the Government in charge of the seal islands 
of Alaska and the condition of the fur-seal herd thereon. Washington, 1905. 78p. (s8th 
Cong., 3d sess., Senate Doc. 149.) 

Townsend, Charles Haskins. 

. . . Notes on certain Pinnipeds, with data respecting their present commercial importance. 
By C. H. Townsend . . . New York, 1905. p. 21-32, illus. (Reprinted from the ninth 
annual report of the New York Zoological Society.) 

U.S. Department of Commerce and Labor. 

. . Alaskan seal fisheries. Letter from the Secretary of Commerce and Labor, transmitting 
. . certainreports . . . [Washington, 1905]. (Preliminary and annual reports for 1903-4 

and 1904-5, by W. I. Lembkey, agent. Dated June 7, Aug. 12, Sept. 7, 1904, and June 17, 
Oct. 26, 1905, respectively.) 115 p. (soth Cong., 1st sess., Senate Doc. 98.) 

1906 U.S. Department of Commerce and Labor. 

. . . Report on the Alaskan fur-seal fisheries, by Edwin W. Sims, Solicitor of the Department 
of Commerce and Labor, August 31, 1906. Washington, 1906. (Appendices: A. Statistics 

of the Pribilof fur-seal herd from the discovery of the Pribilof Islands, 1786 to 1906, inclu- 

sive. B. Probable increase of the Pribilof fur-seal herd in case there be a total cessation 
of pelagic sealing and a national land killing; computation by Walter I. Lembkey.) 59 p. 
(soth Cong., 2d sess., House Doc. 251.) 



162 

1906 

1907 

1908 

1909 

Igo 

BULLETIN OF THE BUREAU OF FISHERIES. 

U.S. Congress. Senate. 

Compilation of the acts of Congress and treaties relating to Alaska from March 30, 1867, to 
March 3, 1905, with indices and references to decisions of the Supreme Court and opinions 

of the Attorney General. Prepared under the direction of Paul Charltonby .. . Fred F. 
Barker. Washington, 1906. 4096p. (soth Cong., 1st sess., Senate Doc. 142.) 

U.S. Congress. House. Committee on the Territories. 
Fisheries in Alaska. Hearings before the Committee on the Territories of the House of Repre- 

sentatives, February 16, 1906. Washington, 1906. (Statements of F. W. Cushman, B. W. 

Evermann, G. M. Bowers, E. W. Sims, and H. M. Kutchin, discussing bill H. R. 13543.) 
19 p. 

U.S. Department of Commerce and Labor. Navigation Bureau. 

Seal hunting and Alaska fisheries [Laws]. (Ju Navigation Bureau report for 1907. pt. 2. 
P- 255-268.) 

U.S. Congress. Senate. 

Fur-seal herd, 1868-1908. (60th Cong., rst sess., Senate Doc. 407 [recalled, as it was confi- 
dential]. ) 

U.S. Congress. Senate. Committee on Foreign Relations. 

To permit action to be commenced by American citizens for vessels seized in Bering Sea. 
<Report to accompany S. 390>. [Washington, 1908]. 6 p. (6oth Cong., 1st sess., 
Senate Rept. r40.) 

U.S. Department of Commerce and Labor. 
Reports relating to Alaskan seal fisheries. Letter from the Secretary of Commerce and Labor, 

transmitting, pursuant to Senate resolution of March 2, 1908, certain reports . . . Wash- 
ington, 1908. (Preliminary and annual reports of W. I. Lembkey, agent in charge, 1906-7.) 
1z0p. (6oth Cong., rst sess., Senate Doc. 376.) 

Evermann, Barton Warren. 

Fur seals domesticated. (In Science, New York, 1909. n.s., vol. XXXI. p. 34.) 
Evermann, Barton Warren. 

The Alaska fisheries service. By Barton W. Evermann. [Washington], 1910. cover-title, 
p- 219-224. (Reprinted from the Transactions of the American Fisheries Society, 1910.) 

Townsend, Charles Haskins. 

Fur seals and the seal fisheries, by Charles H. Townsend . . . Address before the Fourth Inter- 
national Fishery Congress, held at Washington . . . September 22 to 26, 1908. Bulletin 

of the Bureau of Fisheries, vol. xxvmt . . . [Washington, r910.] p. 315-322. ({U.S.] 
Bureau of Fisheries Doc. 661.) 

U.S. Laws, statutes, etc. 

. . . Laws and regulations relative to fur-seal fishing . . . Washington, 1910. 7p. (Bureau 
of Fisheries Doc. 732.) 

U.S. Congress. Senate. Committee on Foreign Relations. 
Report. To permit action to be commenced by American citizens for vessels seized in 

Bering Sea [from the Committee on Foreign Relations favoring S. 3916, to confer juris- 
diction upon Circuit Court of the United States for 9th Circuit to determine in equity 
rights of American citizens under award of Bering Sea arbitration of Paris]. Washington, 
1910. 6p. (61st Cong., 2d sess., Senate Rept. 45.) 

U.S. Congress. House. Committee on Judiciary. 
Report. Claims for alleged unlawful seizures in Bering Sea [from Committee on Judiciary 
amending by substitute S. 3916, to confer jurisdiction upon the Court of Claims to hear 
and determine claims of American citizens for damages or loss resulting from alleged 

unlawful seizures in Bering Sea.] Washington, rg10. 2p. (61st Cong., 2d sess., House 
Rept. 1270.) 

U.S. Congress. 

An act to protect the seal fisheries of Alaska, and for other purposes. [Washington, 1910.] 
3p. (61st Cong., 2d sess., S. 7242.) [Public No. 146.] 
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tgto U.S. Congress. Senate. Committee on Conservation of National Resources. 
Fur-seal fisheries. Hearings before the Committee on Conservation of National Resources on 

bill (S. 7242) entitled ‘‘ An act to protect the seal fisheries of Alaska, and for other purposes’’ 
. . . Washington, 1910. 32 p., 2 fold., maps., diag. (61st Cong., 2d sess., Senate Doc. 

605.) 
U.S. Congress. House. Committee on Ways and Means. 

Seal fisheries of Alaska. Hearings before the Committee on Ways and Means of the House 
of Representatives, 61st Congress, 2d session, on S. 7242, April 2, 1910. (Statements of 

W. I. Lembkey and Charles Nagel) Washington, 1910. m1, 267-278 p. 

U.S. Congress. Senate. Committee on Conservation of National Resources. 
Seal fisheries of Alaska... Report <To accompany S. 7242>...[Washington, 1910.] 6p. 

(6st Cong., 2d sess., Senate Rept. 441.) [For law, see Statutes at Large, vol. 36, pt. 1, 

P- 326.] 
U.S. Congress. House. Committee on Ways and Means. 

Seal fisheries in Alaska . . . Report <To accompany S. 7242>... Washington, 1910. 3p. 

(61st Cong., 2d sess., House Rept. 967.) [For law, see Statutes at Large, v. 36, pt. 1, p. 

326.] 
U.S. Department of Commerce and Labor. Bureau of Fisheries. 

The fur-seal fisheries of Alaska in 1909. [By Walter I. Lembkey.] Washington, 1910. 53 p. 
(Bureau of Fisheries Doc. 735.) 

U.S. President. 
Lease of North American Commercial Company. Message from the President of the United 

States, recommending the repeal of the provisions, authorized in section 1963 of the Revised 

Statutes, for the renewal of the lease of the North American Commercial Company in the 
matter of the taking of fur seals on island [islands] of St. Paul and St. George. Washington, 
Ig10. 2p. (61st Cong., 2d sess., Senate Doc. 430.) 

Same (In Congressional Record, 1910. v. 45, P- 3190, 3222). 
Same (Jn House Journal. 61st Cong., 2d sess., p. 432). 

Same (Jn Senate Journal. 61st Cong., 2d sess., p. 219). 
1g11 Great Britain. Treaties. 

Despatch from His Majesty’s ambassador at Washington containing the text of the treaty for 
the preservation and protection of the fur seals which frequent the waters of the North 
Pacific Ocean. Signed at Washington, July 7, 1911. Presented to both houses of Parlia- 

ment by command of His Majesty, December, 1911. London, Pub. by H. M. Stationery off., 

[ort], 5 p. (Foreign office. Miscellaneous, No. 12 (1911). Parliament. Papers by com- 
mand. Cd. 6008.) 

Heath, Harold. 

Special investigation of the Alaska fur-seal rookeries, 1910. [By Harold Heath] . . . Wash- 
ington, 1911. 22p. ([U.S.] Bureau of Fisheries Doc. 748.) 

Smith, Hugh McCormick. 

Making the fur seal abundant. (In The National Geographic magazine. Washington, rort. 
vol. XXII, no. 12., p. 1139.) 

Townsend, Charles Haskins. 

The Pribilof fur seal herd and the prospects for its increase. [By C. H. Townsend.] New 
York, 1911. 3 p. (Read at the forty-first annual meeting of the American Fisheries 
Society, rg1z.) “Reprinted from Science, n. s., vol. XXXIV, p. 568-570.” 

Evermann, Barton Warren. 

An experiment in fur-seal conservation. By Barton W. Evermann [Washington, rorr], 
cover-title, p. [227]-234. [Reprinted from Transactions of the American Fisheries Society, 
rgr0.] 
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DESCRIPTION OF MAPS. 

& 

ROOKERIES, SHOWING NUMBER AND LOCATION OF HAREMS AT HEIGHT OF SEASON, 1914. 

ST. PAUL ISLAND. 

1. Kitovi. 9. Zapadni. 
2. Lukanin. to. Little Zapadni. 

3- Gorbatch. 11. Zapadni Reef. 

4. Ardiguen. 12. Polovina. 
5. Reef. 13. Polovina Cliffs. 

6. Sivutch. 14. Little Polovina. 
7. Lagoon. 15. Morjovi. 
8. Tolstoi. 16. Vostochni. 

ST. GEORGE ISLAND. ; 

17- North. 20. Little East. 

18. Staraya Artel. 21. East Reef. 
19. Zapadni. 22. East Cliffs. 

GENERAL Maps. 

23. St. Paul Island, with Otter Island and Sea Lion Rock. 

24. St. George Island. 

KITOVI ROOKERY, ST. PAUL ISLAND. 

Nearly a mile northeast of the village and beyond the high cliff known as the Black Bluff, lies 
Kitovi Rookery. The harems occupy a stretch of broken ledge with numerous irregular features. 

On June 25 this rookery contained 46 harem bulls and 24 cows in 17 harems. On June 30 this was 

increased to 47 bulls and 162 cowsin 34 harems. On July 17, 58 harems and 5 idle bulls were counted. 
The count of pups showed 2,119 born on Kitovi. 

The northern end of this rookery, known as the Amphitheater, is frequented by a geet and variable 
number of bachelors. A small number haul also in the vicinity of Rock No. 10. Early in the season 

the number found in both these places was small, from 50 to 150, but gradually increased and on July 
28, 446 were counted. 

LUKANIN ROOKERY, ST. PAUL ISLAND. 

North of Kitovi Rookery and separated from it only by a short interval of sea-washed cliff, lies 

Lukanin. A few harems are situated on a limited space at the base of a steep bluff and beyond this a 

steeply sloping area studded with large bowlders is occupied. 
On June 25, when Kitovi still had very few cows, a single harem on Lukanin had as many as 18. 

There were 34 bulls, 19 harems, and 196 cows on June 30 and nearly half the cows were included in a 

singleharem. On July 17, at the height of the season, there were 39 haremsandoneidlebull. Bachelors 
hauled at the northern end of Lukanin with great irregularity. In June none were seen except at the 
water front, but on July 7 about a dozen were found hauled well up the slope and sleeping in the grass, 
and on July 28 as many as 186 were counted about the rookery. The official count of pups showed 1,834 

for Lukanin. 
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GORBATCH ROOKERY, ST. PAUL, ISLAND. 

This rookery occupies nearly half a mile of shore on the northwestern side of Reef Peninsula. Its 

extreme eastern harems are at the foot of abrupt cliffs, its central ones are situated on broadly shelving 
ledges, while those farther west occupy a bowlder beach. Being scarcely half a mile from the village, it 
is easily accessible and high banks in several places afford excellent observation stations. 

On the occasion of the first critical examination of this rookery on June 23 it held about go old bulls, 

26 of which had small harems aggregating about 60 cows. Many haremis contained but one cow, and the 
largest numbered only 10. About one-fourth of the cows had new-born pups. The next day the cows 

had increased to about 100 and at least 20 pups were seen. 
On June 25 roo old bulls were counted, 43 of which had haremis containing in all 143 cows. The 

pups had then increased to 4x. On June 26 the cows had increased to 198 and 79 pups were counted. 
Gorbatch was next visited on June 30, when ror harem bulls were counted, 72 of which had harems 

aggregating about 550cows and at least 17opups. On July 3 no detailed count was made, but the number 
of cows had increased and the number of pups nearly equaled the cows. At this time many of the cows 

had begun to go to sea tofeed. No more counts were made until July 17, when the official harem count 

showed 112 bulls with harems. The females in these harems were later found to have given birth to 
6,152 pups. 

A small hauling ground on a grassy hillside at the rear of the middle of the rookery was occupied by 
a moderate number of bachelors which slowly increased throughout the season. On June 30, thisnumber 
was slightly less than 100; on June 24, it was not less than 150; on June 26, it was somewhat more than 
200; on July 3, by careful count, it was approximately 4oo; and on July 28, it was 500. 

ARDIGUEN ROOKERY, ST. PAUL ISLAND. 

Beyond Gorbatch Rookery and separated from it by a short stretch of precipitous cliffs is the small 
rookery known as Ardiguen. It occupies a narrow beach at the foot of a high cliff, from the crest of which 

one may look almost directly down on the harems. ‘This rookery, when first examined on June 24, was 

occupied by only 9 bulls, 5 of which had small harems. The number of harems later increased to 14. 
From 1909 to 1913 this rookery had uniformly held 11 harems. The count of pups showed that 656 pups 
were born on Ardiguen. ’ 

REEF ROOKERY, ST. PAUL ISLAND. 

Extending for somewhat over half a mile along the southeastern side of Reef Peninsula is the popu- 
lous rookery bearing this name. ‘The ground occupied comprises mainly ledges of rock or bowlder- 
covered beaches. The regular nature of the ground and the lack of eminences make observation difficult, 
as the harems extend some distance back from the shore and access to the front of the rookery mass from 
the rear is not possible. 

On June 24 there were about 165 harem bulls on this rookery. At the time of the official count of 
harems there were 193 bulls. In these harems were born 13,559 pups. 

Near the center of the breeding ground on Reef Rookery is an extensive hauling ground, from which 
numerous drives were made in 1914. A drive from this place on July x contained, by actual count, 780 

seals, and these were estimated to constitute about one-fifth of the total number then on the ground. 
On August 8, notwithstanding that practically all food killings in recent years have been taken from 

this place, 1,600 seals were driven from this hauling ground, forming the largest drive that has been made 
on the islands for a number of years. On July 3 between 2,000 and 2,500 seals were estimated to be 

hauled out here. On July 28, when a one-day count of all bachelors on St. Paul Island was made, only 
1,500 were found on Reef. 

SIVUTCH ROOKERY, ST. PAUL ISLAND. 

Sea Lion Rock or Sivutch, a small islet lying a few hundred yards off Reef Point, is the site of a 
populous rookery. When first visited, on June 29, 63 breeding bulls were stationed there; 35 of these 

had harems, with a total of 364 cows. At the height of the season, there were 91 harem bulls, and 10 
idle bulls. ‘The count later showed that 4,052 pups were born there. 

Bachelor seals haul out on Sivutch in some numbers. On July 28 at least 500 were present there. 
This hauling ground is resorted to later in the autumn than any other, and successful drives for food are 

sometimes made as late as December. A few sea lions are usually found on this island, and many 
birds breed on its summit. 



170 BULLETIN OF THE BUREAU OF FISHERIES. 

LAGOON ROOKERY, ST. PAUL ISLAND. 

This rookery occupies the front of a wall-like reef composed of rounded bowlders which have been 
forced by the ice from the shallow bay called Village Cove, partially shutting off a lagoon from the sea. 

Lagoon was once an extensive rookery, but is now almost abandoned. 

On June 23, when Lagoon rookery was first inspected, it contained two young and five old bulls, 
one of which had two cows. Seven bulls were present on July 2 and on July 18 there were eight harem 

bulls and two young bulls. The count of pups on July 29 showed that 375 pups were born there. 

There is at present no hauling ground near Lagoon Rookery. 

TOLSTOI ROOKERY, ST. PAUL ISLAND. 

This rookery occupies a continuous stretch nearly a mile long on the eastern shore of English Bay. 
The ground occupied is mainly a rocky beach, but in some places the harems extend part way up the 
steep slope which flanks the grassy bluffs of Tolstoi Head. At the northern end of the rookery a 

number of harems occupy a considerable portion of a broad sand flat upon which scattered rocks were 

placed some years ago. ‘The southern part of the rookery is sometimes distinguished from the northern 
under the name Tolstoi Cliffs. 

At the time of the earliest visit, on June 23, 106 harem bulls were found located on Tolstoi. These 

were guarding a total of about 100 cows, of which 37 had pups. On June 25, 122 harem bulls were 

counted and the number of cows had greatly increased. 
On July 18, 161 harems and 15 idle bulls were counted. In these harems were born 9,934 pups. 

The principal hauling ground is at the northem end of the rookery. On June 23 it was estimated 
that 800 bachelors were hauled. On July 28, 572 were counted, and after August 1, although no exact 
counts were made, it was evident that nearly or quite 1,000 were usually present. 

ZAPADNI ROOKERY, ST. PAUL ISLAND. 

This rookery lies northeast of the extremity of Zapadni Point, the western boundary of English Bay. 
The harems occupy a stretch of rocky ledges and bowlder beaches nearly half a mile in length. When 
first visited, on June 26, this rookery held 103 bulls, 34 of which had harems with an aggregate of about 
100 cows. By July 18, when the official count of harems was made, there were 114 harem bulls and 24 

idle bulls. The count of pups on this rookery showed a total of 7,625. On the several hauling grounds 
of this rookery about 1,300 bachelors were counted on July 28. 

LITTLE ZAPADNI, ST PAUL ISLAND. 

On the northwest shore of English Bay and separated from Zapadni Rookery by asmall sandy beach 
lies Little Zapadni. It occupies about a half mile of rocky ledge backed by a gently rising slope. The 

harems extend up this slope in tiers so that in places five or six are in line between the water and the 

upper limits. 
On June 26, when this rookery was first visited, 68 harem bulls, 36 of which already had harems, 

were located. On July 18, 90 harem bulls and ro idle bulls were counted. The count of pups later 

showed that 4,919 had been born. On the hauling ground at the northern end of the rookery 281 

bachelors were counted on July 28. 

ZAPADNI REEF, ST. PAUL ISLAND. 

The remnant of a rookery at one time nearly continuous with Little Zapadni is found on the northern 
shore of English Bay. ‘The present season it contained 3 harem bulls and x idle bull. The count of 
pups showed that 206 were born. There are no hauling grounds in the vicinity. 

POLOVINA ROOKERY, ST. PAUL ISLAND. 

This rookery occupies a rocky point about half way between the village and the northeastern 
extremity of the island. On June 27, when first visited, 36 harem bulls had located, and 7 of these 

had harems, with a total of about 6ocows. At the height of the season, there were 58 harem bulls and 

3 idle bulls. The count later showed that 3,555 pups were born on the rookery. 
At the southern end of the rookery is a hauling ground, which on July 28 contained about 550 

bachelors. 
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POLOVINA CLIFFS ROOKERY, ST. PAUL ISLAND. 

This rookery consists of several interrupted groups of harems occupying a narrow strip of rough 
boulder beach at the foot of a line of low cliffs, behind which extends a level mossy plain. On June 27 

there were 18 harem bulls in this rookery, 11 of which had a total of 38 cows. 

At the height of the season 22 harems and 6 idle bulls were stationed here. The count taken July 29 

showed that 1,449 pups were born in these harems. 
A very few bachelors haul out in the vicinity of this rookery; on July 28 the number found was 47. 

LITTLE POLOVINA ROOKERY, ST. PAUL ISLAND. 

Little Polovina lies a short distance north of Polovina Cliffs and is similar in character to Polovina 
Cliffs. On June 27 it held 11 harem bulls, 6 of which had 28 cows among them. On July 19 the 
number of harems was 18. The count later showed that 927 pups were born here. On the small hauling 

ground about 50 bachelors were usually found. 

MORJOVI ROOKERY, ST. PAUL ISLAND. 

Morjovi is on the eastern side of Northeast Point, and separated from the larger rookery of Vostochni 
by the breeding herd of sea lions. It consists of two rather compact detached harem masses, with a 
few scattered outlying ones, and is the remnant of a rookery which formerly extended far down the 

shore. On June 27 it had 35 breeding bulls, and on July 19 there were 43 harems and 4 idle bulls. On 

this rookery 2,312 pups were born. 
Adjoining Morjovi Rookery are two small hauling grounds, on which about 400 bachelors were 

usually found. 

VOSTOCHNI ROOKERY, ST. PAUL, ISLAND. 

This rookery, which is nearly continuous over a stretch of rocky shore line more than a mile in 
length, is the largest rookery of fur seals in the world. When first visited, on June 27, 248 harem bulls 

were stationed there. At the height of the season, 291 harems and 20 idle bulls were found. The count 

of pups later showed that 19,709 had been born in these harems. 

From the summit of Hutchinson Hill one looks down on a closely packed mass of harems which 
at the height of the season in 1914 held 106 harem bulls. The count of pups on August 2 showed a total 
of 9,504 in this mass, which, with their mothers and the harem masters, makes a total of over 19,000 

breeding seals in one compact mass. Surrounding this particular breeding area on three sides is a 

hauling ground usually containing several thousand bachelors. On the various hauling grounds of 

Vostochni, 3,652 bachelors were counted on July 28. In former years the hauling grounds of Northeast 
Point were mich more populous than at present and furnished nearly one-third of the total quota of 

skins for St. Paul Island. 
On the point near the eastern extremity of this rookery is a breeding rookery of sea lions, the only 

one on St. Paul Island. 

NORTH ROOKERY, ST. GEORGE ISLAND. 

North Rookery lies about a mile west of the village and consists of a narrow fringe of harems occu- 
pying a strip of rough beach at the foot of low abrupt cliffs. There were 85 harems on July 13, and 94 
harems and 4 idle bulls at the time of the official count on July 20. In these harems were born 5,301 

pups. About roo bachelors usually resorted to the small hauling ground. 

STARAYA ARTEL, ST. GEORGE ISLAND. 

This rookery comprises a compact mass of harems on a hill, one side of which breaks suddenly to the 
water and another sweeps gradually to the same level. 

There were 46 harems here on July 13 and 63 harem bulls and 4 idle bulls on July 20. The count 

later showed that 4,278 pups were born here. On the hauling ground there were usually from 500 to 600 

bachelors. 
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ZAPADNI ROOKERY, ST. GEORGE ISLAND. 

Zapadni Rookery occupies a small patch of rough bowlder beach at the foot of an abrupt cliff, while 
a few harems extend around the end of the cliff and occupy a small area on its summit. 

On July 13 there were 15 harems on Zapadni and on July 19 this number was found to be reduced 
to 14. The count of pups showed that 1,023 were born here. About 50 bachelors haul on the ground 

immediately adjacent to the breeding area. 
On the shore about a mile east of Zapadni there was in 1914 a small hauling ground. On August 4 

a number of bachelors and two old bulls were found there. Among the seals which took to the water no 
females were distinguished but a single young pup was found, evidence of at leastone harem. According 
to the natives there were three harems at this place in 1913. In former years many seals hauled out 

here, and it was a regular killing place. Another hauling ground about half a mile west of the rookery 
was occupied in 1914. On August 1 a total of 276 bachelors was counted on the several hauling grounds 

near Zapadni Rookery. 

LITTLE EAST ROOKERY, ST. GEORGE ISLAND. 

This rookery has dwindled in late years, and in 1914 had only one harem, in which 26 pups were 

born. In 1913 there were two harems with 25 pups, and in 1912 one harem with 26 pups. The rookery 

ison a beach at the end of the cliffs which extend for about a mile eastward from the village. 

EAST REEF ROOKERY, ST. GEORGE ISLAND. 

A short distance eastward from Little East Rookery is East Reef, occupying a slightly elevated 

stretch of ledge covered with large bowlders. 
On July 14 there were 14 harems on this rookery, and the same number were counted on July 20. 

About 175 bachelors were on the hauling ground on July 3o. On this rookery 581 pups were born. 

EAST CLIFFS ROOKERY, ST. GEORGE ISLAND. 

This is the easternmost of the St. George rookeries, and occupiesa gradually narrowing rocky beach 

and rough ascending slope. Back of it is a steep, grassy ascent, which at the eastern end of the rookery 

becomes an abrupt cliff. The harem bulls on July 14 numbered 54. The count on July 20 showed 57 

harems and 2 idle bulls. The pups born on this rookery numbered 2,658. 
On the hauling ground at the western end of this rookery about 800 bachelors were counted onJuly 28. 
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CHANGES IN SHADE, COLOR, AND PATTERN IN FISHES, AND 
THEIR BEARING ON THE PROBLEMS OF ADATAPTION AND 
BEHAVIOR, WITH ESPECIAL REFERENCE TO THE FLOUNDERS 
PARALICHTHYS AND ANCYLOPSETTA. 

oo 

By S. O. MAST. 

a 

Contribution from the United States Fisheries Biological Station, Beaufort, N. C., and the Zoological 

Laboratory of the Johns Hopkins University. 

a 

INTRODUCTION. 

Color and color patterns in plants and animals have a fascinating interest for 

almost every one. The layman as well as the artist, the scientist, and the philosopher 

shares in this. There are not only the questions as to the origin, inheritance, and philo- 

genetic development of such phenomenal, though relatively permanent, color schemes 

as are found particularly prominent in many tropical birds and fishes, but also the still 

more interesting questions regarding the biological significance and the mechanism of 

changes in such surface characteristics in individuals; not only ontogenetic changes 

which are more or less permanent, but especially such rapid and reversible changes as 

are well known to occur in the chameleon and a considerable number of other widely 
separated species. 

The literature on the subject in general is very extensive. In an excellent review 

covering the more important references bearing only on changes in the color in animals, 

Van Rynberk (1906) has collected a bibliography consisting of 402 titles, and since the 

publication of this review many more papers have appeared. But in spite of all the 

work done, it will be necessary to do much more before the more fundamental problems 

involved are solved. 

This paper, as the title indicates, deals primarily with the reversible changes that 

occur in the shade, the color, and the pattern in fishes, with especial reference to their 

extent and biological significance and the factors involved in their production. Con- 

siderable space, however, is also devoted to problems in behavior. 
That there are marked changes in the appearance of fishes has long since been 

known. The Romans, Van Rynberk maintains, more than 2,000 years ago were wont 

to entertain the ladies at dinner with exhibits in changes in the color in fishes, mostly 
due to injury. In more recent times records show that under various circumstances 

very striking changes in both pattern and color have been observed by numerous investi- 
gators in many different fishes. These changes, in accord with their supposed cause or 

significance, have been classified as follows: (1) Psychic, (2) sexual, (3) adaptive. 

(1) Townsend (1909) and others have observed that many fishes often suddenly 

change in appearance, sometimes without any apparent external cause, but more often 
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178 BULLETIN OF THE BUREAU OF FISHERIES. 

when mechanically stimulated or when some object, as, e. g., another fish comes within 

the range of vision. In general, the difference in the shade of the various regions of the 

skin becomes, under such conditions, much more pronounced. Such changes are usually 

referred to as psychic. They may possibly be protective by way of warning off enemies. 

(2) Many authors have observed that during the breeding season the colors in 

various fishes, especially the males, become much brighter and the entire surface 

becomes more conspicuous. These changes are generally supposed to be functional 

in sexual selection. Hess (1913), however, has recently offered serious objections to 

this view. He maintains that in some species which spawn at a depth of 60 meters 

the males become brilliantly colored during the breeding season, and that red and 

yellow predominate, although at that depth these colors do not exist, for all of the 

longer waves of light have been absorbed. 
(3) It is held by many that fishes simulate the background, not only in shade but 

also in color. Stark (1830), De Vescovi (1886), Van Rynberk (1906), Frisch (1912), 

Seéerov (1913), and others have come to this conclusion regarding a considerable number 

of genera (Blennius, Gobius, Labrus, Crenilabrus, Solea, Rhomboidichthys, Nemachilus, 

Phoxinus, etc.). Van Rynberk (1906, p. 549) says that particularly in Rhomboidichthys 

the skin assumes a color strikingly similar to that of the background, “exquisite anpas- 

sung an den Farbenton des Bodens,” and Frisch is equally positive in asserting that 

there is color adaptation in Phoxinus. 

These conclusions, however, have not gone unchallenged. Schodndorff, on the 

basis of results obtained in experiments on trout of the same species studied by a num- 

ber of the investigators referred to above, concludes that there are no adaptive color 

changes in fishes. He writes (1903): “Wenn friiher einige Autoren wie z. B. Stark 

(54) die Behauptung aufstellten, die Farbe der Fische richte sich nach dem Grunde des 

Gefassess, in dem sie gehalten wiirden, so beruht dies auf einem Irrthum.” Hess is even 

more positive in his denunciation of the idea of adaptive coloration in fishes, although 

his criticism is directed primarily toward the work of Frisch. He repeated and ex- 

tended much of Frisch’s work and found no evidence indicating production of color in 

the skin in harmony with that of the environment. He says (1913, p. 439): “Frisch’s 

Angaben tiber die Farbenanpassung der Pfrille sind samtlich unrichtig. Die Farbe des 

Grundes hat keinen Einfluss auf die Farbung der Pfrille.” 

Not only has it been maintained that fishes simulate the background in brightness 

or shade and in color, but it has also been asserted, particularly by Sumner, that the 

pattern in the skin changes, so as to continually harmonize with that of the background. 

Sumner found in experiments on some of the flatfishes, especially Rhomboidichthys, that 

the size of the figures in the skin changes to correspond to a most remarkable degree 

with those in the bottom on which they lie. This is illustrated in his excellent photo- 

graphs (1911, p. 481-505). A careful study of these photographs shows clearly that 

if the light and dark areas in the background are small the figures in the skin are also 

small, and if the areas are large the figures are correspondingly large. But the form 

of the figures in the skin does not appear to depend upon that of the areas in the back- 

ground. It is essentially the same in fishes on a bottom containing alternate black 

and white squares as it is on one containing alternate black and white stripes, or black 

spots on a white field, or white spots on a black field, or an irregular pattern as is found 

in nature on gravel bottoms. Summer says (p. 468): “Squares, crossbands, circles, 

Eee 
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etc., were never copied in any true sense by the fishes.’”’ But he does maintain (p. 472) 

“*that there may be very specific relations between the distribution of light and shade 

in the background and the pigment pattern assumed by the fish.” 

Pitkin, Loeb, and others, however, appear to hold that there is in the skin of these 

fishes an actual reproduction of the pattern in the background, especially in reference 

to the spacial interrelationship, form, and size of the light and dark areas. On the 

basis of this assumption very important conclusions have been formulated. 

Pitkin (1912, p. 401) points out that since the eyes of the flatfish are so near the 

bottom the images on the retina are much foreshortened; that is, an area on the 

bottom having, e. g., a circular outline produces an image having an elliptical outline. 

He maintains, however, that in reproducing the pattern of the bottom the fish makes 

corrections for perspective distortion. He holds that the configuration of the bottom 

is reproduced in the skin, not as it would appear to an observer with eyes in the position 

of the eyes of the fish, but as it would appear to one with eyes directly above. Thus, 
Pitkin ascribes to this simple vertebrate most remarkable abilities. 

Loeb (1912), overlooking entirely the question of foreshortening referred to above, 

holds that the different points stimulated in the retina bear the same spacial interre- 

lation as the different points in the background which produce the image; and on the 

basis of the assumption that there is in the skin an actual reproduction of the pattern 

found on the bottom, he maintains that the impulses, as they travel through the nerv- 

ous system, have the same spacial interrelation as have the different points stimulated 
in the retina. All this, he asserts, supports the theory of localization in the brain. He 

says (p. 81): “There exists, therefore, a definite arrangement of the images of the 

different luminous points of the ground on the retina and a similar arrangement of the 

images of the luminous points on the skin of the fishes.” And from this he concludes 
that ‘‘vision is a kind of telephotography.” 

Thus the main points of contention concern the question as to the relation between 

the color of the environment and that of the fish, and the question as to whether or not 

there is in the skin of the fish an actual reproduction of the pattern of the background. 
Regarding the biological significance of changes in the shade, the color, and the 

pattern in the skin there are various opinions. Some hold that these changes are 
purely accidental and have no biological value; others maintain that they function as a 
protection from enemies or in capturing prey; still others assert that they are primarily 

of value in the process of courtship and mating; a few contend that they function chiefly 
in regulating the temperature; and some even think they are of use in all of these ways 

and that they have still other functions. ‘Townsend says (1909, p. 3): ‘‘ Under natural 

conditions the changes of color are made chiefly for the purpose of concealment from 

enemies. They are also used for the capture of prey, for signaling, warning, mimicry, 

courtship, and other purposes.’”’ Unfortunately, however, none of these ideas are 

supported by experimental evidence. In no case has it ever actually been proved that 

changes in the appearance of the skin have any value whatsoever. 

In regard to the mechanism involved in the phenomenon in question, practically 

all that is known is that it is largely dependent upon the distribution of pigment in 

certain cells found in the skin, and that the process of distribution is to a large extent 

regulated through the sympathetic nervous system. We shall later refer directly to 
the literature on this phase of the subject. 



GENERAL SURVEY OF CHANGES IN SHADE, COLOR, AND PATTERN IN 
FISHES. 

During the summers of 1913 and 1914 a considerable number of different fishes were 

kept in aquaria about the laboratory at Beaufort, for various purposes, by different 

investigators. Superficial observations were made from time to time on all of these 

fishes. No detailed record was kept of these observations, nor were the species recorded, 
although it may safely be said that there were at least 30. Changes in shade occurred 

in practically all of the species observed, changes in color in a relatively large number, 

and changes in pattern in relatively few. In some these changes were slight and insig- 

nificant, in others very striking. Some of the changes observed occurred very suddeniy 

and were transient; others proceeded gradually and slowly, requiring hours or even days 

for complete adjustment. In some species most of the changes occurred without any 

apparent reference to the environment, the stimulus evidently being internal, and in 

these there was little evidence of adaptation. In others, nearly all of the changes were 

clearly due to alterations in the shade, configuration, or color of the background. These 

animals, in some instances, came to resemble their surroundings to a most remarkable 

degree. 
In a number of the species referred to above the changes in shade, color, and 

pattern were somewhat more thoroughly studied by putting them successively into 

different boxes painted on the inside as follows: Black, white, white with black spots, 

yellow, red, green, and blue. The results of these observations are briefly summarized 

in table I. 
In judging the effect of a given background, the fishes were frequently put upon a 

different background * and compared with specimens which had been on this long enough 

to become fully adjusted. In most cases the changes in the skin were so marked that 

there was not the slightest doubt concerning them. All of those concerning which there 

was any doubt are indicated in the table by means of a question mark. 
By referring to this table it will be seen that all of the species mentioned assumed 

a light shade on a light bottom and a dark shade on a dark bottom, and that a number 

changed in color so as to harmonize in this respect with the bottom, but that the skin 

assumed a pattern similar to that of the bottom in only a few species. These changes 
were of such a nature that I was fully convinced that whatever the significance may be, 

they are related to the background in such a way as to make the individuals incon- 

@ This precaution is very important, especially in judging the effect of the background on the color, particularly in trans- 

lucent forms, stich as Menidia. Enough light passes through these creatures to make them resemble somewhat the background 

in color, no matter what it may be. It was found, however, in this case that when those which had been in a box of a given 

color were put into one of a different color, they still showed a predominance of the color of the box from which they had been 

taken, in spite of the interference of the color reflected from the new background. For example, an individual taken from the 

green box and put into the yellow box appeared very distinctly green, especially above the eyes and along the sides, while in 

the individual which had been in the yellow box continuously these same parts appeared yellow and not a trace of green could 

be seen. In the observations, the results of which are recorded in table 1, similar tests were applied in practically all cases. 
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spicuous. This is especially marked in Paralichthys* dentatus and P. albigutius, and 

fairly prominent in Ancylopsetta quadrocellata. In Paralichthys, especially albiguttus, 

the simulation of the background, both in color and pattern, is so accurate that in many 

instances the animals become almost invisible, as will be shown in detail later. 

TABLE I.—DEGREE OF ADAPTATION TO THE BACKGROUND IN VARIOUS FISHES. 

Background. 

Species. 

Black. White. Spotted. Yellow. Red. Blue. Green. 

Paralichthys albiguttus... Greenish. 

PGOTEGRNS ooo ere cya a:accie siotals : Do. 
Ancylopsetta quadrocel- |. eenish 

lata. gray 
Etropus crossotus.........]..... Cb pron acl boo do.......| Darker but Do. 

not spot- 
ted. 

Achirus faciatus.......... Slightly |Somewhat| Not spotted. 
darker. lighter. 

Spheroides (puffer, sev- Very light...]..... 
eral sp.). 

Menidia sp.?..............| Wery dark...|..... Hopes ae .do. ol Dark blue(?)| Distinctly 
: green. 

Semoaae foetens (sand Light...... do. ae Not tested. .| Not tested. 
pike). 

Ceratacanthus and Mono- Light to]. Purplish....| Strikingly 
canthus (foolfish) sp.? very light. greenish. 

Fundulus, two species. Very dark...| Very light...}. Bluish gray.}| Greenish 
gray. 

MERE St yany iajeln oie stele cle dw ete | eiretar GC prorod becod ler ard [ b A Not tested. .| Not tested. 
Symphurus plagiusa......| Slightly | Somewhat haecane janoocis! dos ecee faces el patentee Do. 

darker. lighter. 
Dasyatis (sting ray, two | Dark........ Much lighter |..... leaoeace esas adosoas aoor lene she] lacey GP eerared Do. 

sp.). 
Pteroplatea maclura (but- |..... do.......|, Very light...]..... AGsecacadleict ocdOvceccnclaasaOOseceenc|eccce (ORAS ene Do. 

terfly ray). 
Opsanus tau (toadfish)...]..... G0 sees Tightens] co acc ReAsane beene Gotceceae| sears Cobseaces|sacins do....... Do. 

After having made these rather superficial observations I was fully convinced that, 

contrary to the opinion implied in the statements of Schéndorff and Hess, quoted above, 

adaptive color changes in fishes occur not only in a marked degree, but that they are 
rather widespread. Bearing on the first of these conclusions I hope to present irre- 

futable evidenct. In general, these observations seem to indicate that adaptation in 
shade is almost, if not quite, universal among fishes; that adaptation in color is much 

more limited; and that adaptation in pattern is confined to relatively very few species. 

It was found only in Paralichthys and Ancylopsetta. 

@ The two species of Paralichthys mentioned are very nearly alike, both in form and structure, and in the shade, the color, 

and the marking of the skin. They can, however, be readily distinguished in most cases by the difference in the number of 

dark oscillated areas present. Albiguttus has but three such areas, while dentatus has more, the two near the posterior end of the 
base of the fins being particularly prominent. (Pl. xxxv1, fig. 70; pl. xxxvu.) 



DETAILED STUDY OF CHANGES IN SHADE, COLOR, AND PATTERN IN 
PARALICHTHYS AND ANCYLOPSETTA. 

BEHAVIOR. 

Observations were made throughout two seasons (July 17 to Sept. 1, 1913, and 

June 17 to Sept. 23, 1914) on flounders, especially Paralichthys and Ancylopsetia, with 

reference to their habitat, activities, character of food, method of feeding, modifiability 

in reactions, etc. In these observations two methods were followed—direct observa- 

tions on specimens kept in aquaria, both in the laboratory and outside, and inquiry 

among fishermen. 

Nearly all of the specimens kept in the aquaria were taken in seines on the sandy 
beaches of the marshes in the immediate neighborhood of the laboratory at Beaufort. 

They varied in length from about 3 to 33 cm. Most of them were kept in large, shallow, 

wooden aquaria containing water about 5 cm. deep. These fish are naturally very 

hardy, and under such conditions they thrived very well with a surprisingly small 

amount of change of water. This was especially true of the larger ones, 5 cm. long 

and larger, practically all of which lived the entire season. For a few days after they 
were put into the aquaria they appeared to be somewhat shy and did not feed, but 

after that most of them fed freely and nearly all became very tame, so that they could 

be handled without becoming noticeably excited. A number of individuals became so 

tame that, if hungry—and they appeared to be hungry nearly all of the time—they would 
come to the surface of the water whenever anyone came near, apparently looking for 

food, and if offered they would take it directly from the fingers. 

In general, the specimens in the aquaria seemed to prefer living minnows or shrimp, 

but most of them came to take readily dead specimens either entire or cut. They were 

usually fed every other day, almost entirely on living menidia and dead anchovies. 

In nature and in aquaria containing soil, flounders are usually found partly 

buried. Oftentimes only the eyes and the mouth are visible. (Fig. 5.) When they 

are thus buried, or bedded, as it is ordinarily called, it usually requires considerable 

stimulation to cause them to leave, and after they do leave they usually swim only a 

short distance and then suddenly bed again. ‘This is accomplished by a series of rapid 

vibratory movements in different parts of the body, the fins and the tail successively, 

of such a nature that while the animal remains stationary strong currents of water 

are produced under it which carry the soil out in all directions. ‘The fish then suddenly 
comes to rest on the bottom and the soil settles down on it. If it is fine the entire 

animal usually becomes well covered; if coarse only a portion along the edge. 

(G23 Ri >:3 0.4 >.0.¢) 

In aquaria without soil they give the bedding reaction quite as freely as in those 
with soil, and they continue to give it for at least several months, but there is some 

evidence indicating that they give it less frequently and less vigorously. This was 

particularly noticeable in a few specimens of P. albiguitus after they had pee in a 

wooden aquarium for four months. 
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After completing this section some observations were made which throw consid- 

erably more light on the question of modification in behavior. On September 21, 

9g a. m., four large specimens of P. albiguttus were taken from the aquaria in the labora- 

tory, where they had been for over three months, and set free in a small tide pool. All 

four immediately came to rest on the bottom, but none of them bedded. This is very 

unusual. Flounders, under such conditions, ordinarily bed at once. At 10 a. m. 

each one was still in precisely the place where it came to rest. The tide was at this 

time ebbing and the water in the pool was rapidly running out. One of the flounders 

was stimulated with a stick and driven out of the pool. After leaving the pool it swam 

about 20 meters and came to rest on the sand in about 15 cm. of water, but it did not 

bed. Another specimen was then stimulated. It swam about 1 meter and came to 

rest without bedding. It was again stimulated, after which it again swam a short dis- 

tance, but this time it bedded when it came to rest. The bedding reaction, however, 

was so feeble that only the edges of the fins became covered with sand. ‘Thereafter 

this specimen bedded every time that it came to rest, but none of the other specimens 

gave this response. The water in the tide pool had in the meantime become so low 

that the remaining two specimens could no longer swim out. Both were caught and 

carried out. All four specimens were now lying on the sand in shallow water, one 

bedded and three not. Half an hour later all four were found stranded on the beach. 

None had moved as the tide ebbed until it was so low that they could not get away. 
They had so completely forgotten the ways of the sea that all would have perished 

had they not been rescued. They were carried out and thrown into water about 30 

em. deep and left. 

At low tide another observation was made, but only one specimen wasfound. All of 

the others had evidently gone out with the tide. This one, however, the only one which 

had given the bedding reaction, failed to get out and was found dead under a board. 

It apparently had become so accustomed to stimulation in the aquarium, where it was 
daily stroked and handled, that it failed to respond when the board sank with the ebbing 
tide, untilit was too late. It had obviously completely forgotten the danger of the tides. 

These observations show in a striking way that the responses of these animals to given 
stimuli can be greatly modified. 

Flounders in general are relatively quiet, especially during the daytime, when they 

frequently lie quiet for hours at a time. One specimen, after having been in an aquarium 
in the laboratory for several days, was observed to remain in a given position, without 

‘the slightest noticeable change, from 8 a. m. until nearly 6 p.m. Many others were seen 

to remain quiet for shorter periods, both in the laboratory and outside. In aquaria 

which do not contain any soil they tend to huddle together and partly cover each other 
(pl. xxxvn). 

During the night, however, they are much more active. This is true, at least, for 

specimens kept in captivity. After dark considerable noise usually came from the 

aquaria. Ancylopseita particularly has a tendency to jump out of the water. On 

several occasions, during the night, specimens jumped out of an aquarium, the sides of 

which extended 8 inches above the surface of the water. 

Fishermen report that flounders often take pieces of meat of various sorts, but that 

they usually feed on crustacea, mollusks, and minnows; that they usually lie concealed 
on the bottom until their prey gets within range, then suddenly spring and seize it, 
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but that they sometimes feed on schools of small fry near the surface, pursuing and 

capturing them as other fish do. 

These reports were confirmed by observations in the laboratory. It was ordinarily 

found that the latter method prevailed only in case the fish had not been fed for a few 

days and were presumably hungry. I am of the opinion that this method of feeding 
was much more common in fish that had been in the laboratory a few weeks than in those 

recently brought in. It was observed that flounders, especially Ancylopsetta, frequently 

stalk their prey. Specimens were repeatedly seen creeping on the bottom with their 

fins, toward a minnow hovering above them, just out of reach, so slowly and smoothly 

that their motion was scarcely perceptible and, when they got within striking distance, 

spring suddenly upward and forward, capturing their prey. They rarely, if ever, take 

dead minnows or pieces of meat lying on the bottom motionless, but do not hesitate to 

to take them, even when badly decayed, if they are in motion. In fact, they appear to 

take decayed food quite as readily as fresh. Thus it would appear that the selection of 

food depends very largely, if not entirely, upon vision. 

After this work was completed I found a blind specimen which learned to capture 

minnows, showing that vision can be dispensed with in the process of feeding. This speci- 
men lost both eyes on September 1. From this time until September 17 it ate nothing 

and gave no feeding reaction. On this day, however, it was seen several times to snap 

at minnows that chanced to come near. On September 19, 15 minnows were put into 

a rather small inclosure with the blind specimen. In a few minutes it captured and 

swallowed one of them. After this it fed regularly on living minnows, but it was 

impossible to make it take dead ones. I am of the opinion that the presence of the 

minnows was detected only by contact, although I was not able fully to establish this 

point. 

Owing to their peculiar habits and characteristics and their hardiness, Paralichthys 

and Ancylopsetta are among the most favorable of fishes for experimental work, espe- 

cially of the sort described in the following pages. 

ADAPTIVE CHANGES IN SHADE, COLOR, AND PATTERN. 

NATURAL BACKGROUND. 

It is well known that Paralichthys and Ancylopsetta usually resemble somewhat 

the bottom on which they lie—those taken on dark bottoms are usually dark and those . 
taken on light bottoms are usually light. Further than this, however, practically nothing 

is known. Little or nothing is known concerning the nature, the degree, and the function 

of this resemblance. In trying to solve some of the problems just referred to, obser- 

vations were made under various conditions on specimens kept on three essentially 

different sorts of bottoms: (a2) Natural background; (b) black and white background, 

artificial; and (c) colored background, artificial. 

In studying the adaptive changes on natural backgrounds, some specimens were 

placed directly on, and others in glass dishes over, fine gray sand; fine black sand; 

medium, and very coarse yellowish sand, consisting largely of small shells and frag- 

ments of larger ones; broken oyster shells; coarse black cinders; and bluish-gray 

pebbles. 
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Nearly all of the specimens used in this experiment had been for some time in a 

white aquarium and were uniformly very light in shade with little or no color. Very 

soon after they were put on the different bottoms, in some cases almost immediately, 

the shade, the color, and the pattern in the skin began to change, and within five minutes 

a striking difference could be clearly seen between the individuals on the different 

bottoms, although there was at this time in most cases very little resemblance between 

the fish and the background. Gradually, however, they came to look more and more 

like the background until, in the course of several days, in some cases in a few hours, 

in others a number of weeks, it required more than casual observation to locate the 

animals. This was particularly true with reference to those on the different kinds of 

sand. But on all of the bottoms there was a most remarkable similarity between the 

fish and the background in color as well as in shade and configuration. Some features 

of this resemblance are well represented in the photographs. (PI. x1x, xx, fig. 1-7.) 

In taking these photographs, as well as all of the others, and also the autochromes,® 

referred to later, especial precautions were taken to get the illumination of the object, 

depth (2 to 3 cm.) and character of the water, and the exposure and treatment of the 

plates in all cases as nearly alike as possible. The exposures were all made in front of a 

large window, in strong diffused sunlight.2 In each case, before the exposure was made, 

the specimen to be photographed was kept for some time in a crystallizing dish or a 

shallow box in the place in which it was photographed. In these retainers the fish were 

fed and supplied with running water. (Fig. 1, p. 186.) They were observed frequently 

and gently touched and stroked until they became thoroughly accustomed to their new 

environment. As previously stated, however, these creatures are readily tamed and 

many of them, in a surprisingly short time, can be pushed about the aquarium and 

even picked up without showing any marked effect. Moreover, the camera was often 
adjusted and kept in place for some time before making the exposure. In short, the 

animals were given a preliminary course of training. 

Such precautions are of the greatest importance in work of this sort, for the ap- 

pearance of the skin changes greatly if the animals are disturbed. (Fig. 21, 22.) In 
animals just brought into the laboratory the slightest movement about the aquarium 

usually induces such changes; merely directing one’s eyes toward them is often sufficient. 

No changes, by retouching or otherwise, were made in any of the figures. Standard 

Orthenon plates were used almost exclusively. Moreover, careful observations were 
made and recorded in each case at the time the photograph was taken, and in printing 

these descriptions served as a guide in attempting faithfully to reproduce the various 

shades and patterns assumed by the fish. Thus the inaccuracies in reproduction were 
reduced to such an extent that I feel certain they are of no serious consequence, espe- 

cially in conclusions resting upon a comparison of the skin with the background or of 

the skin in individuals under different conditions. 

By referring to these photographs it will be clearly seen that the light and dark 

areas in the skin are relatively large in the individuals on coarse-grained bottoms and 

relatively small in those on the fine-grained bottoms, and that the shade of the skin 
in general corresponds well with that of the background. But the adaptation in color, 

@ The technical work connected with the photographs and autochromes was done by F. H. Harper, to whom I am under 

great obligations for apparatus as well as for expert service. 

b Some autochromes were later taken in direct sunlight. 
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not shown in the photographs, was fully as striking as the adaptation in shade and 

pattern. In the specimens on the shells the skin was very distinctly brownish yellow; 

in those on the gray sand it was yellowish gray; while in those on the black sand there 

was no trace of yellow or brown, nothing but black and white. The adaptation in color, 

however, was more clearly evident in specimens kept in boxes painted on the inside. 
These experiments we shall consider in detail later. 

Thus by changes in the shade and color, and in the pattern in the skin and by partly 

burying, these animals become very effectively concealed on a variety of different bot- 

toms. But there is still another peculiarity in their reactions that serves this same pur- 

pose. When they lie on the bottom the central portion of the body is usually consider- 

ably raised in such a way as to form a channel from the lower gill to the posterior end, 

and while in this position they frequently breathe only through this gill, the exposed gill 

being closed and perfectly quiet. “Thus when buried in sand the water enters the mouth, 
passes through the lower gill, back under the body and up on either side of the caudal fin 

(fig. 5), where it can be seen oozing up through the sand, moving the grains slightly. 

This is the only movement that can be detected, except a very slight and inconspicuous 

movement in the mouth. As to the function of the concealment we have all sorts of 

suggestions, but as yet no direct evidence. I hope, however, to deal with this matter 

experimentally in the near future. 

BLACK AND WHITE BACKGROUND, ARTIFICIAL. 

While the study of Paralichthys and Ancylopseita on natural bottoms shows conclu- 

sively that the skin tends to assume a pattern such as to make the fish inconspicuous, it 

shows but little concerning the relation between the pattern assumed and that found in 

the background. It does not tell us precisely why the pattern in the skin resembles the 

bottom. It gives but little knowledge con- 

Sr. : cerning the degree of accuracy with which 

the configurations in the bottom are re- 

produced. For this purpose it is essential 

to be able to test the effect of figures which 

can be varied as desired with reference to 

size, form, and interrelationship. This can 

readily be done by means of artificial back- 

grounds. Such backgrounds were made 

by painting, with india ink, various figures 

on bristol board. 

The fish to be tested were in all cases 
ic. 1.—Vertical section of apparatus used in studying adapta- put into 21cm. glass crystallizing dishes and 

tion to artificial backgrounds. A, aquarium; CD, crystalliz- ona 

ing dish; S, siphon; I, inlet for water; O, outlet. these, containing water about 2 cm. deep, 

were set in water of the same depth on the 

painted boards, which were always put between two thin clear glass plates so as to pro- 

tect them against the action of the water. To change the background it was only neces- 

sary to remove one board and push under another with a different figure. In every case 

all bubbles of air were removed from under the dish. This is of the greatest importance, 

for if not removed there is so much refraction and reflection that the figures may appear 

much distorted, and if the air is sufficient to form a continuous layer many of them can 
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not be seen at all when viewed from such a small angle of elevation as the eyes of these 
animals have. 

The fishes were supplied with oxygen by means of a continuous stream of sea water 

from the storage tank. ‘This water flowed out of the dish through a siphon so arranged 

as to insure in the dish a constant depth of water. This could be varied as desired by 
simply raising or lowering the dish. (Text fig. 1, p. 186.) 

The different sorts of backgrounds used in these experiments and the general results 

obtained are summarized in tables m and ur and in the photographs reproduced on 

plates XXI-xXxxv. 

TaBLE II.—RELATION BETWEEN THE PATTERN IN THE SKIN OF THE FISH AND THE Form, SIZE, AND 
ARRANGEWENT OF THE FIGURES IN THE BACKGROUND. 

Relation. 

Form of figures. Size. ; Pattern in skin of fish. 

In size. In position. 

.| Very coarse, large black spots. 
About the same, but more black spots. 
Smaller black spots more numerous. 
Very fine spots much more numerous. 
Somewhat coarser than on 5 mm. squares. 

Do. 

More white than on 10 mm. squares. 
More white than on 5 mm. squares. 
Same as on ro mm. squares. 
Fewer spots than on 10 mm. squares. 
Much more white. Fewer black spots, but 

about same size as on 10 mm. squares. 
.| Black equals r5 white . . .| Much more black. Fewer white areas, but 

about same size as on 5 mm. squares, 
Solid black, no fig- ......| Wery dark, nearly uniform, save usually a light 

ures. area near pectoral fin, and in some specimens a 
number elsewhere. 

GLE HIE LO GBs) ce cler eeiolate cleiceiale aoeels wie ec dloveltiels occa anf a disit's ojsislclelaracs Very light, nearly uniform, usually some light 
ures. grayish patches. 

@1n this test the background was continuously rotated. 

TasLe III.—RELATION BETWEEN THE PATTERN IN THE SKIN OF FLOUNDERS AND THE SIZE AND 

ToTAL RELATIVE AREA OF BLACK CIRCULAR FIGURES ON A WHITE BACKGROUND. 

Distance 
Diameter. apart oe peuteee Effect on pattern in fish. 

both ways. : 

Millimeters. 
MSIE STEEL Obs coe te aaihistarsieincs aielele Oetente 20 0.0535 | No effect; same as on all white background. 

D 10 -2121 | No effect. 
5 ~8484 Do. 
2.5 3-3936 | No effect, except probably slightly grayish, no spots. 

20 -1964 | No effect. 
10 - 7856 | One small black spot. 
5 3-1424 | Three small black spots. 

20 - 7856 | No effect. 
10 3-1424 | Three small black spots. 
20 I. 7175 oO. 
10 6.87 Three larger and denser black spots and numerous small ones. 
20 ics 0. 
10 21.21 Numerous black spots. 

By referring to table 1m and plates Xxx—xxxv, it will be seen at once that there is, 

on artificial backgrounds as on natural bottoms, a tendency in the skin of the fish to 

assume an appearance somewhat similar to that of the environment. Ona white back- 

ground all of the black areas in the skin disappear; on a black one frequently all of 
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the white areas except one near the pectoral fin disappear. In general, it may be 

said that the larger the proportion of the background covered by the black areas the 

larger the proportion of black in the skin and vice versa, and the smaller the black 
and white areas in the background the smaller those in the skin. This is well shown 

in figures 9-17. 

These statements hold, however, only within certain limits. If the black areas 

are small it requires a larger proportion of black, under certain conditions, to produce 

the same effect than it does if they are larger. This is shown in some of the records in 
table m1 and in plates xxx1, xxxu. A background with dots 3mm. in diameter, 20 mm. 

apart, produces very nearly as much black in the skin as one with dots 2 mm. in diameter 
and 10 mm. apart (fig. 52, 54), although in the former there is only 1.71 per cent black 

while in the latter there is 3.14 per cent black. And if the dots are very small there 

are no black areas produced in the skin, no matter how great the proportion of the 

background covered with black (fig. 49). In the specimen used in obtaining the results 

recorded in table m1, dots 0.5 mm. in diameter, 2.5 mm. apart, produced no black 

spots in the skin, while dots 1 mm. in diameter, ro mm. apart, did, although in the 
former case 3.39 per cent of the background was black and in the latter only 0.78 per 

cent. If the figures are very small the black acts just as it does if uniformly distributed. 

That is, a background containing numerous very small spots has the same effect as a 

uniform gray background. This matter was, however, tested only in a single indi- 

vidual. 
If the light and dark areas are excessively large the skin also tends to assume a 

uniform shade; or, at any rate, there is no simulation of the background. The size 

of the figures required to produce this varies with the size of the fish. The 2 cm. squares 
represented in figures 11 and 15 are very near if not slightly beyond the limit in size 

for simulation in specimens of the size, 14 cm. long, shown in these figures; while in 

smaller specimens, 10 cm. long, represented in figure 18, the limit in size, of the figures 

simulated is about one-fourth as great. The effect of relatively coarse-grained bottoms 

like these depends, however, upon the position of the fish. If the fish is held so that 

the head is on a black area and the edge of the anterior end of the animal is on white, 

as in figure 15, the skin assumes a much larger proportion of white than it does if the 

head is held on a white area and the edge is on black. The production of a uniform 

shade results if the figures are so large compared with the size of the fish, that one eye 

is ordinarily affected mainly by black and the other mainly by white. We shall con- 

sider the cause of this later. 
While large specimens come to resemble the background more closely than small 

ones if it contains relatively large configurations, the opposite is true if the configura- 

tions are small. In the smaller specimens, 5-15 cm. long, adaptation also proceeds 

more rapidly than in the larger ones, 20cm. and up. | 

Relation between the pattern in the skin and that in the background.—Our evidence 

shows conclusively that both on natural and on artificial backgrounds there is a con- 

figuration produced in the skin which resembles that of the background. This is clearly 

shown in the photographs already referred to. This resemblance between the fish and 

the background was, however, even more remarkable in specimens which had been for 

several weeks in a variegated dark blue and white granite pan. (Pl. XxXvII, XXVIII.) 

Is this resemblance due to an actual reproduction of the configurations in the back- 
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ground, as maintained by Pitkin and Loeb, pointed out in the introduction, or is it 

the result of some other phenomena? 

By referring to table m and comparing figures 12, 26, and 27, all reproductions of 

photographs of the same individual on backgrounds having black and white areas equal 

in size but different in form, it will be seen that the pattern in the skin of the fish is 

practically identical in all. The same dark spots and patches are found in all, and they 

have the same form and relative position, although in the different backgrounds the 

light and dark areas differ greatly both in form and in spacial interrelationship. 

The same will be found to be true in comparing figures 23, 24, and 25. In figure 

23 the background was changed every time the fish moved, so as continuously to keep 

the long axis of the fish parallel with the short axis of the light and dark areas; in figure 

24 it was so regulated as to keep this axis parallel with the long axis of these areas; and 

in figure 25 the background was continuously but very slowly rotated. Thus, in figure 

23 the light and dark areas, owing to foreshortening from the flounder’s angle of vision, 

appeared nearly square, in figure 24 very much elongated, and in figure 25 the appear- 

ance changed continuously. Yet the pattern produced in the skin by these different 

backgrounds appeared to be the same, even in details visible only under considerable 

magnification. This may be seen by comparing with a lens the photographs repro- 
duced in the three figures mentioned above, and even more clearly by studying those 
reproduced in figures 31-40. 

Figures 33 and 34 represent the same individual on different backgrounds. In 

figure 33 the specimen was in a shallow granite pan which was dark blue speckled with 

white. The white spots, as shown in the photograph, varied in form and size and 

were scattered promiscuously over the surface. Figure 34 represents the same indi- 

vidual on an artificial black and white background. The white areas in this back- 

ground covered about the same proportion of the whole as the white areas did in the 

granite pan, and they were on an average about the same size on the two backgrounds; 

but in the former they were regularly arranged and fairly.uniform in shape, while in 

the latter they were irregularly arranged and varied much in form. 

By examining these two figures it will be seen, however, that there is a striking 

similarity in the patterns produced in the skin. On the artificial background there are 

in the skin a number of light areas which resemble the white spots in the background 

quite closely in size but not at all in form and arrangement. In the pattern produced 

in the pan these light areas are all present, moreover they are practically the same in size 

and form and have precisely the same relative position, respectively, as those in the 

pattern produced by the artificial background, although the form and arrangement of 

the white spots in the two backgrounds differ greatly. This is well illustrated in figures 

39 and 40, which are photographic enlargements of a small region taken somewhat 

above the ventral ocellus in figures 33 and 34, respectively. The same characteristic 

is shown in figures 31 and 32. In figure 32 the white areas in the background are some- 

what larger than they are in the pan, represented in figure 31. The white spots in the 

skin are likewise somewhat larger in the former, but they have precisely the same spacial 

interrelationship in both. In neither, however, is there any similarity in arrangement 

between the spots in the skin and those in the background. This is clearly shown in 

figures 35, 36, 37, and 38. These figures are photographic enlargements of certain areas 

in figures 31 and 32. The magnification in all is approximately nine diameters. Figures 

97867°—vol 34—16——13 
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35 and 38 represent the background and figures 36 and 37 a small portion of the surface 

of the fish shown in figures 31 and 32, respectively. The section of the skin enlarged in 

these figures is found in the same relative position as that enlarged in figures 39 and 4o. 

A glance at these figures shows at once that there is no indication of an actual 

reproduction of the background. In the granite pan the adaptation of the fishes to 

the background in color and shade, as well as in pattern, was, as previously stated,¢ 

most remarkable. So closely did they resemble the bottom, in most instances, that 

strangers rarely saw them until they were pointed out, and yet a comparison of figures 

35 and 36 shows conclusively that the configuration of the light and dark areas in the 

skin is strikingly different from that in the background. The pattern in the skin, on 

the other hand, is almost identical, even in minute details, with that produced by the 
artificial background. The different black and white areas in one are practically 

identical in form and spacial interrelationship with those in the other, although some 

are considerably larger on the artificial background than they are in the pan. This 

is especially true of the prominent white spots, two of which are included in the areas 

enlarged. 

The simulation of the background in Paralichthys, in so far as the pattern in the 

skin is concerned, is due merely to the formation in the skin of light and dark areas 

similar in size to those in the background. On a background with large figures the 

light and dark areas in the skin become relatively large. On one with small figures 

the pattern breaks up into small areas, black dots appearing in the larger white areas 

and white ones in the larger black areas. The location of these dots and their form 

are morphologically fixed. They are essentially the same in fishes over a background 

consisting of alternate black and white stripes as they are over one consisting of alter- 

nate black and white squares, or one consisting of black spots on a white field, or white 

spots on a black field, or one consisting of light and dark areas irregular in form and 

arrangement, as found in granite pans and on natural bottoms. 

All our evidence supports the general conclusion of Sumner with reference to 

Rhomboidichihys, stated in the following words (1911, p. 468): “Squares, crossbands, 

circles, etc., were never copied in any true sense,’’ and contradicts the contention of 

Pitkin and Loeb that there is an actual reproduction of the figures in the background. 

It supports only with certain limitations Sumner’s contention (p. 472) “‘that there 

may be very specific relations between the distribution of light and shade in the back- 

ground and the pigment pattern assumed by the fish.” The size of the light and dark 

areas in the background and the relative amount of surface covered by them have a profound 

effect on the patiern produced in the skin, but the form and arrangement of these areas have, 

at least within rather wide limits, none. 

Individuality of the pattern—tIn some individuals adaptation is very much more 

precise and is attained much more rapidly than in others. This, however, I think is 

largely due, as I shall show later, to difference in experience. 

The characteristic markings in the skin of different individuals of the same species 

appear very much alike, provided they are on the same background. This is clearly 

seen by comparing figures 10, 19, 20, and 30, all photographs of different individuals of 

the same species on similar backgrounds. In detail, however, there is considerable 

variation in the patterns of these individuals, as a comparative examination with a lens 

@ See the autochrome, fig. 66. 

pt ra ents 
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of the same area in the different photographs mentioned will show. In all of the 

specimens of this species there are three small but prominent black areas, ocelli, which 

stand out rather conspicuously, especially in animals adapted to a background con- 

taining relatively little black. They are well shown in some of the figures on plates 

XXVI and xxx, and also in many other figures. In individuals adapted to a white 

background they are light gray and quite indistinct, but they can still be seen. On 

backgrounds containing much black, however, these areas become continuous, with 

larger black patches, and can no longer be distinguished. 

Without a lens it can be readily seen that the ventral one of these ocelli is elliptical 

in outline in figure 9, and in all of the other photographs of this individual in which 

it can be seen at all (fig. 9-17, 23-29, 49-55). In figure 19, which represents a different 

individual, this area is, however, very nearly circular, and the posterior border contains 

~ asmall but conspicuous white spot. These characteristics are seen in all ot the photo- 

graphs of this individual. They are particularly prominent in figures 33 and 34. In 

figures 31 and 32, photographs of still a different individual, this area has other dis- 

tinguishing features. Thus any individual could be recognized by the characteristics 

of this area alone. ‘There is probably quite as much individual difference in every other 

section of the surface, so that the patterns of different individuals of the same species 
which superficially appear so nearly alike are, in detail, so different that every indi- 

vidual could be recognized by a thorough examination of any small area of the pig- 

mented surface probably not larger than 0.5 mm. square. This individual variation 

becomes very evident in a comparison of figures 36 and 37 with figures 39 and 4o; the 

former represent enlargements of a given area of one individual on two different back- 
grounds, the latter enlargements of the same area of another individual of the same 

species, P. albiguttus, on similar backgrounds. By examining these figures closely it 

will be seen that while nearly all of the light and the dark areas and spots found in one 

individual are also found in the other, they differ considerably in form. ‘There is, in 

fact, more difference in the details of the patterns in the two individuals on the same 

background (granite pan) than there is in the patterns of the same individuals on the 
different backgrounds. 

Effect of mechanical and other stumuli on the pattern.—lf Paralichthys or Ancylopsetia 

is mechanically stimulated, contrastive patches suddenly appear in the skin. If the fish 

are adapted to a dark background, numerous white spots appear, and if adapted toa 

white background numerous black spots appear. In either case the animal becomes very 

conspicuous. ‘This is especially marked in Paralichthys. (Fig. 21, 22.) The degree of 

stimulation required to produce the reaction varies greatly. In animals that have not 

been handled much it ordinarily requires only a light touch. Strange objects brought 

in the field of vision also induce this reaction. Thus, to cause the reaction, it is often 

only necessary to bend over the aquarium or to bring a strange specimen within a dis- 

tance of 15 to30cm. In,such cases the change in the chromatophores is clearly due to 

stimuli received through the eyes. Similar changes usually occur during the process 

of feeding. ‘This is particularly marked in specimens adapted to white. No new spots 

originate in any of these cases. That is, the spots, both black and white, appear in 

the same relative regions in all specimens and in the same regions in which they appear 

when they are caused by any other stimulating agents. As to the biological significance 

of these phenomena, if there really is any, we are quite in the dark. 
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COLORED BACKGROUND, ARTIFICIAL. 

General statements—Among those who hold that fishes simulate the background in 
color, Frisch (1912, 1913) has probably presented the most conclusive evidence. He 

made an extensive study of the reactions to color in Phoxinus and Crenilabrus and 

maintains that there is in these forms clearly adaptation to color. (Farbenanpassung.) 

Hess, however (1913), while admitting that fishes change color, maintains that there is 

no evidence showing that these changes bear any specific relation to the color of the 

environment. He asserts that the strongest point Frisch has in favor of his contention 

is found in his statement that Phoxinus on a yellow bottom becomes yellow, but, he 

concludes, after working on this form one and one-half years, that Frisch is in error. 

He kept specimens over colored bottoms for several weeks and found no specific effect 

of the color of the bottom on that assumed by the fish. He says (p. 407): ‘‘I did indeed 

find that after having been over red, yellow, or orange bottoms for a number of hours 

some of the specimens appeared slightly more yellow than those kept over gray bottoms, 

but often the opposite was true.’’ And those on blue, he maintains, frequently appeared 

more yellow than those on red. Hess asserts that his opinion regarding the color of 

these specimens was confirmed by his colleagues, and he says that one of them even 

maintained that those on the gray were more yellow than those on the yellow bottom. 

After the appearance of the criticism of Hess, Frisch repeated some of his experi- 

ments. He tested 22 specimens of Phoxinus on yellow, and asserts that 20 became 

yellowish and 2 did not. One of these, he says, was later found to be sick and the other 

abnormal, in that it contained only a very small amount of yellow pigment. Frisch 

states that his judgment concerning the color of these fish was confirmed at the time 
by his colleagues, Hertwig, Goldschmidt, and Buchner. 

While the results recorded in table 1 include neither Phoxinus nor Crenilabrus, they 

indicate clearly, as previously stated, that adaptive color changes do occur in some 

fishes. A thorough study of Paralichthys and Ancylopsetta, on artificial backgrounds 

variously colored, proves that this conclusion is correct and shows that color-adapta- 

tion in these forms, especially in Paralichthys, is highly developed and extends over a 

wide range. 

In this study nine wooden boxes, 30 em. long, 25 cm. wide, and 7.5 cm. deep, were 

used. Each box was colored on the inside with oil paint ranging from dark red to very 

dark blue. There were thus nine boxes in all, each differing in color from the rest. 

The nine different colors represented in these boxes were compared with Bradley’s 
standard colors. The common name of each and that in Bradley’s classification with 

which it most nearly corresponds follows: Maroon (red, shade no. 2), vermilion (orange 

red), dark brown (orange, shade no. 2), light brown (orange, shade no. 1), chrome yellow 

(orange yellow), light yellow (yellow, tint no. 2), chrome green (yellow green, shade no. 2), 

light blue (green blue, tint no. 1), dark blue (blue, shade no. 2). 

These boxes were all placed in strong diffused sunlight and so arranged that the 

water in them was constantly about 4 cm. deep. All of them received a constant supply 

of sea water from the storage tank. One or more moderately small specimens of Para- 
lichthys were put into each box, and one of Ancylopseita into the maroon, the chrome 

yellow, the chrome green, and the dark blue. Under these conditions the fish fed 

normally and thrived, some being in the boxes more than two months. None were lost 

except by accident. 

atte: tien 
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When the specimens were put into the boxes, the shade, color, and pattern of the 

skin were nearly alike in all. Nearly all had been in a white aquarium for some time. 

No color, save gray of various shades, could be detected in any of them except in 

Ancylopsetta, and in these there were only some slightly irridescent patches, and at 

times a faint trace of brownish color in and around the four conspicuous ocelli, which 

are responsible for the common name ‘‘four spot,’’ by which the members of this genus 

are known. 

Immediately after they were put into the boxes they still appeared alike. There 

was no evidence whatever that colored light reflected from the sides of the boxes or 

transmitted through the fish from the bottom affected in any way the appearance of the 

fish, with the exception of the fins and tail. Within half an hour, however, there was 

a marked difference. There was much individual variation, but in general those in the 

yellow boxes were distinctly yellowish; those in the brown, brownish; those in the red, 

grayish or brownish; and those in the blue and green, grayish.¢ The pattern in the 

skin of all the specimens remained essentially the same throughout the experiment, but 

the shade and color continued to change greatly in all until, in the course of from a few 

days to several weeks, the skin in most of them came to resemble the background in 

color, as well as in shade to a most remarkable degree. This was especially true of 

those on various shades of yellow and brown, and of those on light and dark blue and 

chrome green.® (Pl. XxximI-xxxv.) It was in general more marked in Paralichthys 

than in Ancylopsetta. 

On red of different shades and dark green, tested in another connection, the fish 

did not assume a color very much like that of the background, but in each case, including 

the different shades of brown, red, and yellow, the color of the skin was unquestionably 

different from that in any other-case, and it showed no resemblance to anything obtained 

on any shade or intensity of white, gray, or black. 

Thus the effect of each of the nine different colors tested, ranging from dark red 

to dark blue, is specific, and since no combination of black and white, regardless of the 

intensity of the light, produces anything similar in effect, it is evident that this specific 

effect produced by the different colors can not be accounted for on the basis of differences 

in the intensity or quantity of light reflected by the various colors, but must be due to 

differences in the length of the waves. The fact that the light reflected from the colored 

paint was not monochromatic can affect in no way the validity of this conclusion. Pure 

colors, so necessary in much of the work on color-vision, are not even essential in work 

of this sort. 

Experiments and results in detail—These general statements and conclusions are 

supported by the following details regarding changes in color under different con- 

ditions, selected from my notes and by the autochromes ° and photographs reproduced 

on plates XXXIII-XXXxv. 

@ The tendency to become gray is particularly marked on those colors which are apparently not readily simulated. On such 

backgrounds the animals become adapted in shade first and later in color, if at all. The response resulting in a gray shade is 

undoubtedly, in some way, associated with the quantity of light reflected from the background regardless of its quality, i. e., the 

length of the waves. The response, on the other hand, which results in the production of color is associated with the quality of 

the light. There are therefore two mechanisms involved in the process of adjustment on colored backgrounds. 

> After this part was completed the same was found to be true for pink. 

©lt is a pleasure to acknowledge my indebtedness to W. P. Hay for his generosity in putting at my command an excellent 

rapid lens, without which the autochromes would have been practically impossible. Even with this lens the plates, all of which 

were Lumiére, required, under most favorable conditions, an exposure of nearly a minute, and it was often necessary to exercise 

no small amount of patience to keep the fish quiet that long. After this part was written some exposures were made in direct 

sunlight and in this way the time necessary was greatly reduced. 
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The photographs show that the light reflected from the fish had very nearly the 

same chemical effect on the plates as that reflected by the background, no matter what 

color it was, indicating that the fish were well adapted with reference to brightness 

or shade. By examining the autochromes it will be seen at once that the color of 

the fishes differs greatly. The specimens on the blue appear blue, those on the 

green appear green, those on the yellow appear yellow, and those on the red appear 

brownish. This becomes strikingly evident if the plate is covered with the gray sheet 

fastened to it so as to eliminate the background from view. There can be no question 

but that the autochromes show a correlation between the color in the background and 

that in the skin of the fishes, but the correlation seen in these autochromes is not as 

marked in many respects as it actually was in the living specimens. The blue, the 

pink, and the green are fairly accurately reproduced; the red and the yellow not so 

accurately. This may have been due, at least in part, to the action of the water on 

the light; for in order to prevent the formation of waves by the water forced through 

the gills in the process of respiration it was necessary to have the water over the fish 

1-2 em. deep. 

Autochromes were taken of specimens on all of the nine different colors or shades, 

a total of nineteen, but those of the two shades of brown could scarcely be distinguished 

and there was very little difference between them and those of the two shades of yellow. 

The difference between the vermilion and the maroon was also much greater than the 

autochromes indicate. In general, there was actually much more difference in the color 

of the fishes than the reproductions indicate. 

The original plates of nine of the autochromes reproduced on plates xxxII-XxXv 

were exhibited at the meeting of the American Society of Zoologists held in Phiiadelphia 

in January, 1914. There was much surprise expressed at the remarkable contrast in the 

color of the fishes and the correlation between it and that of the different backgrounds, 
but in spite of the fact that the autochromes show less difference in color than there 

actually was in the living specimens and minimize the correlation between their color 

and that of the background, it seemed inconceivable to many that there could have 

been even as much as shown; and not a few suggested that the animals must have been 

translucent so that the background showed through them, or that the color must have 

been due to the reflection of light from the sides and the bottoms of the boxes. 

I shall present evidence showing conclusively .that these suggestions are not 

valid. An autochrome of a specimen of a given color in a box of a different color 

would have settled this whole matter, but there was so much difficulty in keeping the 
specimens quiet long enough for the purpose required, without removing them from 

the box in which they were, that, owing largely to lack of time, this was not attempted. 

Fortunately, however, in one of the autochromes on the green color taken at the close 

@ During my second season at Beaufort (1914) after this section of the paper was completed, W. P. Hay very generously took 

a number of autochromes of flounders of a given color on backgrounds of a different color. Nearly all of these autochromes were 

taken in direct sunlight. Thus the time of exposure was greatly reduced, and consequently much of the trouble experienced 
during the preceding season in keeping the animals quiet was eliminated. 

Several of these autochromes are reproduced on plates xxx1m-xxXv (fig. 60, 64, 65, 66, 67). Figure 64 represents a specimen 

autochromed in a green box immediately after it had been taken from a blue box in which it was fully adapted. Figure 65 
represents four specimens autochromed in a green box immediately after they had been taken from blue, green, yellow, and 

pink boxes, respectively. Figure 67 represents the same individuals autochromed on a white background. These three figures 

show conclusively that the color seen in the autochromes of the fishes is not due to reflection of colored light from the background, 

and that it therefore must be due to the structure of the skin. I shall not, however, eliminate the other evidence presented in 

favor of this conclusion, since it is of value in elucidating other characteristics associated with the process of adaptation. 
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of the season (fig. 62) the specimen had not had time to become fully adapted. ‘This 
specimen, taken from the dark-blue box, appeared dark blue in color when first put into 

the green box and, although it had been in this box nearly four days and had changed 

color considerably, it was still distinctly blue when it was autochromed. This is fairly 

well seen in the reproduction. A comparison of this figure with figure 61, which repre- 

sents the same specimen fully adapted to blue, and with figure 63, which represents one 

fully adapted to yellow, shows fairly conclusively that if the light reflected from the 

sides of the boxes or transmitted through the animals has any effect at all on their ap- 

parent color it is, with the exception of that in the fins and tail, of minor consequence. 

And even the fins and tail in Paralichthys are so nearly opaque that very little light is 

reflected through them from the bottom, as can be seen clearly by examining the photo- 

graphs on artificial backgrounds, especially figures 17 and 26. 

The best evidence in support of this contention, however, is found in the following 

detailed account of the changes in color, observed during the process of adaptation in 

the individuals on the various backgrounds. This account also throws some light on 

the nature of these changes and on the rate of adaptation. It will be given essentially 

in the form in which it was written at the time the observations were made. 

Light brown.—July 27, Paralichthys albiguttus, 15 cm. long, taken from the white 

aquarium and put into the light-brown box (considerably darker than Bradley’s 

orange, shade no. 1); it rapidly assumed a brownish color. July 31,simulation of back- 

ground in shade and color, good. August 10, 12.07 p. m., color yellowish brown with 

numerous small bluish spots, excellent color adaptation as seen from a distance of about 

75 cm. Autochromed and photographed; put into dark-blue box and compared with 

specimen fully adapted to blue, it still appears brown, striking contrast. August 11, 

bluish gray but not nearly so blue as the specimenfully adapted. At 2 p.m.it jumped 

into the brown box, changed back to brown almost at once. Returned to the blue box. 

August 12, more blue than on preceding day. August 19, simulation of background in 

color and shade remarkably good. 

Dark blue.—August 7, a. m., P. albiguttus, 19 cm. long, taken from white aquarium 

and put on dark blue (darker than Bradley’s blue, shade no. 2). Became dark gray 

almost at once. August 8, 10.37 a. m., autochromed. (Fig. 58.) Simulation of back- 

ground in color and shade excellent. August 11, if any change, somewhat darker and 

bluer; pattern more nearly uniform. Put into the light-blue box. 

August 11,5 p.m.,a specimen of P. albiguttus which had been in the green box since 

July 27 and appeared distinctly green was put into the dark-blue box. In this box it 

appeared quite as green as it did in the green box. At 6 p. m. it was still distinctly 

green, showing a marked contrast with the specimen autochromed on the blue. August 
12, 2 p. m., much grayer but still has slight greenish tint. August 19, no longer greenish; 

appears much like specimen autochromed on the blue, which is still in the box. There 

is no evidence indicating that the color of the fish is due to colored light reflected from 

sides of box or transmitted through the animals, except in the fins and tails of some 

specimens. 
On August 19 a specimen of P. albiguttus, thoroughly adapted in color to a brown, 

water-soaked, cypress board, was put into the dark-blue box. In this box it appeared 

as brown as it did when on the cypress board. A bright yellowish-brown stripe about 

0.5 mm. wide, extending along the entire margins of the ocular opening in the skin, was 
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particularly conspicuous. There was no indication of blue. On August 22 it was dark 
grayish blue, with still some evidence of brown, but not in the stripe bordering the 

ocular openings. ‘This stripe was now grayish blue. It was put into the green box and 

compared with specimen adapted to green. Marked contrast between color of the two 

individuals compared. No indication of green in the specimen adapted to blue. August 

27, autochromed. Color about same as August 22, brownish tinge ®@ still visible, giving 

the animal a slightly greenish tint not seen in the other specimen on the dark blue. 

Dark red.—August 2, P. dentatus, 14 cm. long, taken from white aquarium, put 

into dark red (Bradley’s red, shade no. 2). August 12, rich sepia color, not red; there isa 

tendency to have a row of whitish spots along the fin. Rather prominent white area at 

the base of the pectoral fin. Three large and several smaller black spots, darker than the 

rest of the surface and surrounded by yellowish rings, stand out quite conspicuously. This 

specimen was put into the dark brown and the vermilion boxes and compared with those 
fully adapted to these colors. It was found to be unquestionably darker than either, but 
it did not show the slightest indication of any similarity to the color of the skin produced 

by black. This shows that the relatively long waves of light found in the dark-red color 

have a specific effect and that the spectrum is probably not shortened at the red end. 

August 29, color dark rust brown, particularly striking when compared with specimens 

in boxes of other colors. The pattern was very uniform and inconspicuous, and the 

tips of fins and tail were yellow. Autochromed and photographed. There was much 

difficulty in keeping the specimen quiet. It was forcibly held for some time before 

the autochrome was taken. This caused the skin to become abnormally mottled. The 

dark patches around the ocelli, shown in figure 70, are due to this. 

Green and yellow.—July 27, P. albiguttus, 15 cm. long, taken from the white 

aquarium and put into the light-yellow box (Bradley’s yellow, tint no. 2). August 11, 

adaptation very good, very little contrast in different regions of the skin, but uniformly 

of a slightly darker shade than background. Autochromed, photographed (fig. 56), 

and put into the green box. The color in all the autochromes taken on light yellow is 

so faint it can scarcely be seen. 

When first put into the green box there was great contrast in color between this 

specimen and those adapted to the green. August 12, much darker, color grayish, with 

distinct greenish tint. In this specimen the green is more pronounced than it is in 

other specimens in the same box, taken from gray sand several days earlier. August 
26, very good simulation of background, color yellowish grayish green. The green in 

the fish becomes very evident when it is compared with specimens adapted to other 

colors. Autochromed and photographed; colors very faithfully reproduced. (Fig. 

57 71:) 
Vermtlion.—July 27, P. albiguttus, 19 cm. long, taken from white aquarium and put 

into vermilion box (slightly darker than Bradley’s orange red). July 31, pinkish gray, 

contrasting strongly with the background. August 12, general appearance when viewed 

from a distance of 75-100 cm. uniform sepia, contrasting considerably with background. 

Close examination shows a sort of network consisting of dark-brown stripes about 0.5 mm. 

wide which surround grayish green areas 1.5 mm. or less in diameter. White patch at 

the base of the pectoral fin, about 6 mm. in diameter. The three ocelli, characteristic 

of the species, are dark brown, not black. Put into dark-brown box and compared 

@ This can be distinctly seen in the autochrome taken at this time but not reproduced. 

=— 



COLOR CHANGES AND ADAPTATION IN FISHES. 197 

with a specimen adapted to this color. It is clearly darker and more reddish. No 
indication whatever of black in the skin of the specimens in either the brown or the red 

box, showing clearly that brown or red does not have the same effect as black or gray, 

and that the color assumed on them is correlated with the length of the waves of light. 

August 26, general color rich sepia brown, having slightly greenish tint. Scattered 

all over the surface are small spots varying considerably in size and color; some are brown, 

others greenish or pinkish, and still others brown with a greenish border or greenish with 
a brown border. Considerable contrast between the color of the fish and that of the 

background. Autochromed % and photographed. (Fig. 59, 72.) August 30, conspicu- 

ously reddish brown with slight greenish tinge. My colleagues all remark about the 

redness of this specimen and the striking contrast it shows when compared with speci- 
mens of the same species adapted to other colors. 

Two other specimens were kept in the vermilion box with the one referred to above. 

One of these was of the same species but much smaller (9 cm. long); the other (17 em. 

long) was P. dentatus. ‘The color in both was very much like that described, but in 

dentatus the markings in the skin were smaller and less conspicuous, and the color and 
shade more uniform. 

Light blue—August 12, 3 p. m., P. albiguitus taken from the dark-blue box and 

put into the light-blue box (Bradley’s green blue, tint no. 1). Half hour later much 

lighter, grayish blue. August 27, simulation of the background excellent, finely mottled 

grayish blue. Pattern remarkably uniform, no light or dark areas visible. (Fig. 73.) 

A number of nemerteans which appear dark are seen in the fins. August 29, autochromed 
and photographed. 

Dark blue.—August 22, A. quadrocellatia, 17 cm. long, caught in the seine and at 

once put into the dark-blue box (considerably darker than Bradley’s blue, shade no. 2). 

This specimen changed rapidly to a dark bluish gray, except two large areas which 

remained very light and somewhat iridescent. August 24, the fish is more bluish; the 

light areas have a decidedly bluish tint; the tips of fins and tail are bright yellow. 
August 26, somewhat darker and more bluish. Autochromed and photographed. 
(Fig. 61, 74.) The colors as they appeared in the fish are fairly faithfully reproduced 

in the autochrome. There is, however, probably a little too much of a greenish tint 

in the light areas. This specimen was, at this time, transferred to the green box. 

Green.—August 26, A. quadrocellata, the same specimen as shown in figure 61, 

taken from the dark-blue and put into the green box (Bradley’s yellow green, shade 

no. 2). After it was transferred it appeared quite as blue as before. The four ocelli 

were distinctly blue. There was no indication of a greenish tint in any part of the 
surface except the fins and the tail, which were somewhat translucent. August 30, 

still distinctly bluish but has more of a greenish tint. The four ocelli are greenish 

dark gray surrounded by greenish yellow rings about 1.5 mm. wide. The large light 

areas have a pinkish cast. The tips of the fins and tail are bright yellow. In general, 

the specimen is not nearly so intensely green as the P. albiguttus shown in figure 57, 

which is still in the green box. Autochromed and photographed. (Fig. 62, 75.) 

Owing to the fact that it was necessary for me to leave Beaufort at this time, this 
specimen was autochromed after it had been on the green less than four days, not nearly 

@ Too much green in autochrome. 
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long enough to become fully adjusted to the new color. The autochrome shows that 

the fish was still bluish and does not indicate that there was any marked adaptation to 
the green. The autochrome is valuable, however, in that it demonstrates fairly con- 

clusively that the color represented in the various autochromes is due to the structure 

of the skin and not to light reflected from the sides of the boxes or transmitted through 

the fish from the bottom, as many who have seen them intimated. 

Yellow.—July 27, A. quadrocellata, 16 cm. long, taken from the white aquarium and 

put into the chrome-yellow box (slightly darker than Bradley’s orange yellow). It became 

distinctly yellowish within a few hours, as did also a specimen of P. albiguttus put in at 

the same time. Adaptation on yellow occurs much more rapidly than it does on blue, 

green, or red, and there is no indication of adaptation in shade before adaptation in color 
occurs, as appears to be true for some of the other colors. August 7, the color of the 

skin is very much like that in the background except in the two large light areas and in 

the four ocelli, but as a whole Ancylopsetta is much more conspicuous than Paralichthys, 

the color of which is remarkably similar to that of the background and very uniformly 

distributed, making the animal very inconspicuous. Ancylopsetia autochromed and 

photographed. The colors are quite faithfully reproduced. (Fig. 63, 76.) 

On a background consisting of alternate black and yellow squares the skin of 

Paralichthys assumes a conspicuous pattern consisting of black and yellow patches 

similar in size, form, and arrangement to the black and white patches assumed on a 

background consisting of alternate black and white squares of the same size. 

Conclusions —The evidence which we have presented leaves no reasonable doubt 

that in both Paralichthys and Ancylopsetia the skin simulates the background in color 

as well as in shade and pattern, and that the colors which are simulated range at least 

from dark blue to dark red. It shows that adaptation in shade ordinarily occurs more 

rapidly than adaptation in color and that adaptation to yellow is ordinarily attained 

in a much shorter time than adaptation to most of the other colors tested. In the case 

of yellow it may occur in a few minutes, while in the case of the other color it takes days 

and even weeks. 
Thus it is evident that both the quality and the quantity of the light, the length of 

the waves, and the energy are functional in adaptive processes that occur in the skin. 

Concerning the question as to how these charagteristics of light function and the ques- 

tion as to the process and mechanism involved, we shall have something to say later. 

RATE OF ADAPTATION TO BACKGROUND. 

The difference in the time required for different individuals of a given species to 

simulate the background is very great. This has been noted by practically all who 

have investigated the subject. This great difference is largely due, not to innate indi- 

vidual variation, but to variation in the experience of the individual; to training, if 

you please. Van Rynberk (1906), Sumner (1911), and others maintain that the reac- 

tion time of the chromatophores is much reduced by repetition. Sumner, referring to 
flatfishes, says (p. 469): ‘‘The same fish acquired with practice (if this word may be 

allowed) the power of changing much more rapidly than before. The time required 

for a radical change of shade or of pattern ranged from a fraction of a minute to several 

days.”’ 

ee 
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The results of my observations are in harmony with the statements presented above. 

The time required to produce adaptive changes in the skin, both in Paralichthys and 

in Ancylopsetta, varies greatly. Under some conditions changes resulting in maximum 

adjustment in shade to a given background occur in two minutes or less; under others 
it requires several days. In general, the time required for adjustment is considerably 

longer for large specimens than it is for small ones. It is much longer for individuals 

kept continuously on a given background than it is for those frequently changed from 

one background to another. That is, the time required for adaptation is greatly reduced 

by practice. This is clearly shown in the following experiment. 

A P. albiguttus, 12 cm. long, after having been in a white granite pan continuously 

for two weeks and long since maximum white, was transferred to a black pan August 

18, 2.05 p.m. At 4.30 p. m. it was about one-half maximum black; August 19, 12 m., 

about three-fourths maximum black; August 22, 10 a. m., nearly maximum black; 

August 23, 10 a. m., maximum black. This same individual, after having been fre- 

quently transferred from white to black and vice versa, from August 23 to August 30, 

was taken from the white background on which it was maximum white and put into the 

black pan at 7.27 a. m. One minute later, 7.28, it was already five-sixths maximum 

black, and after one minute more, 7.29, it was maximum black. The change from black 

to white, however, was never observed to be so rapid as this; it was never observed to 

occur in less than an hour. Thus, while it required five days to produce a complete 

change in the skin from white to black, after continuous sojourn of two weeks on white 

it required only two minutes, after repeated transfer, to change from one to the other. 

This is a most remarkable change in the reaction to a given stimulus. Such a change in 

the reaction of man would undoubtedly be called learning. Are the processes involved 

in changes in reactions in these widely different organisms fundamentally the same as 

they are in man? 

No specific observations were made on the effect of repetition on the time required for 

adaptation in pattern and color, but judging from superficial observations on this point 
made in connection with experiments on the degree of adaptation, it appears probable 

that repetition has the same, or at least a similar, effect on adaptation to these character- 

istics as it has on adaptation in shade. 

Changes in color require, in general, much more time than changes in shade or changes 

in pattern. There is, however, much variation regarding this among the different 

colors. Yellow, for example, is a color that the fish assume much more readily and 

rapidly than green or blue. This may be due to the fact that yellow ordinarily predomi- 

nates in their environment. I have seen specimens which had been kept on various 

black and white backgrounds for weeks, showing no trace of yellow, become almost at 

once distinctly yellowish when put on a yellow background. 

FACTORS INVOLVED IN THE PROCESS OF ADAPTATION. 

CHROMATOPHORES IN THE SKIN. 

The skin of the fishes contains several different sorts of colored cells or groups of cells 

known as chromatophores. ‘These cells are much branched, some contain melanin 

granules, which are brown or black in color, others contain xanthine granules, which 
vary from yellow to orange, and still others contain iridescent guanin crystals. Ballo- 
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witz (1913) refers to these cells or groups of cells as melanophores, xanthophores, 

erythrophores, and guanophores, respectively. The pigment granules in these cells 

are sometimes found massed together in a small space and at others spread out over a 

considerable area. The color, the shade, and the pattern in the skin depend mainly 

upon the relative position of these granules and the guanin crystals.¢ Changes in 

these features consequently depend upon their movements. Some maintain that the 

cells are ameboid and that the movement of the granules is caused by changes in the state 

of ameboid processes; others maintain that they are fixed in form and that the granules 

move through the protoplasm or through fixed canals in it. Hooker (1914) has recently 

reviewed the literature on this subject. It will, therefore, not be necessary to go into 

details regarding this matter. I shall, moreover, treat this whole matter in a subse- 

quent paper. 

EYES, NERVOUS SYSTEM, AND DIRECT ACTION OF STIMULATING AGENTS AS FACTORS IN 

ADAPTATION TO BACKGROUNDS. 

Ballowitz (1893) and others have shown that the chromatophores are surrounded by 

a dense network of nerve fibers; and the results of operations on the eyes and the nerves 
by Pouchet (1876), Se¢erov (1909, 1913), Frisch (1912), Sumner (1911), and others indi- 

cate that these fibers are part of the sympathetic system and that the adaptive move- 

ments of the pigment granules are largely, if not entirely, controlled by stimuli received 

through the eyes. It has been found by these investigators and others that if the eyes 

are destroyed, or if the optic nerves or the sympathetic trunks are cut, adaptive changes 
in the chromatophores of the skin cease. 

The results which we obtained by means of operations on the eyes in flounders 

confirm these conclusions in so far as they refer to the function of the eyes. In Para- 

lichthys, it was found that the removal of either eye alone interferes only temporarily 

with adaptive processes in the skin, but that such processes cease permanently after the 

removal of both eyes, although blind specimens learn to move about in aquaria without 

any apparent difficulty, and in some instances they even learn to capture minnows. 

One such specimen was kept for over three weeks. At the end of this time the wounds 

had healed, the eye sockets had become pigmented, and the fish appeared to be in 

perfect condition. Changes in the background, however, had no apparent effect on the 

appearance of the skin. 

There is always some degree of uncertainty as to the cause of negative results 

after operations. Regarding some of the experiments mentioned above, Sumner 

(p. 473) and others have raised the question as to whether the effect of the operations 

on the chromatophores was due to the elimination of the action of the sympathetic 

system and the eyes, in accord with the conclusions stated above, or to the injury in- 

volved in the operation. Moreover, Spaeth (1913), Seéerov (1913), and others maintain 

that light, temperature, chemicals, and other agents affect the movement of pigment 
in the chromatophores directly. They found that the chromatophores in small pieces 

of skin separated from the body still respond to these agents. Thus the question arises 

@ Frisch (1913) maintains that in addition to the pigment granules there is in some forms a blue-green substance probably in 

solution. He says (p. 156) that in Crenilabrus, aiter having been on a blue background for two weeks, pigment in the chromato- 

phores was much condensed thus exposing the blue-green substance, and he also maintains that the flesh in these individuals had 

a distinct blue-green cast not found in others. This, he holds, indicates that the blue-green substance increases when the fish is 

on a blue background. 
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as to what part the direct responses of the chromatophores to the stimulating agents 
may play in the process of adaptation in normal animals. The results obtained in the 

following experiments seem to give precise and conclusive answers to some of these, 
as well as to other questions. 

A specimen of Paralichthys, 5 cm. long, in which adjustment to a black or a white 

background occurred rapidly, was put into a glass dish on the stage of a binocular and 

so arranged that the head was over a black surface and the tail over the opening in the 

stage. The mirror was then adjusted so as to reflect strong diffused light up through 

the opening, thus strongly illuminating the tail without affecting the head. ‘The fish 

was kept in this position an hour, which was much longer than was necessary for marked 

changes in adjustment to either black or white. It was carefully examined under low 

magnification from time to time and finally put entirely on a black surface and again 

examined. No difference whatever was detected in the shade of the two ends of the 

fish. ‘This experiment was repeated several times with this specimen and also with two 

others of about the same size. Those which were adapted to black remained uniformly 
dark throughout the experiment and those which were adapted to white became uni- 

formly dark over the entire surface of the body. There was no indication that the 

intense reflected light had any direct effect on any of the chromatophores, although 

many of them, especially those in the fins and the tail, were strongly illuminated and 

all of them were unquestionably in stronger light than those on the opaque surface, 

for much light penetrated the tissue even where it was thickest. If light of this inten- 

sity does not under normal conditions appreciably affect the movement of the pigment 

granules directly, there is no probability that light reflected from the bottom will do so. 

This conclusion, moreover, is supported by the following observations and experiments. 

Specimens free in an aquarium, half of which was black and the other half white, 
were repeatedly seen to come to rest with the head either on the black or on the white 
and to remain long enough for adaptation to occur. In every instance observed in 

which there was any response at all the entire fish assumed a shade corresponding to 

that of the bottom under the head. Thus the posterior end of the animal in every 
instance stood out in striking contrast against the background, while the anterior end 

corresponded well with it. In no case was there any evidence of a line of demarca- 

tion on the body corresponding with that in the background below. ‘The same was 

found to be true, no matter what position the fish had with respect to this line. If it 

was parallel with the dividing line in the background so that one eye was over black 

and the other over white, the skin assumed a gray shade of equal intensity on both 

halves of the body. This also occurred if only the tip of the head was on the black 

or white and in some instances even if the line between black and white was some little 

distance in front of the anterior end. 

These statements are supported by the following detailed account of individual 
observations and by the photographs reproduced on plate xxx. 

On July 3 a specimen of P. albiguitus, 11 cm. long, was closely observed for several 

hours in an aquarium one half of which was white and the other half black. It usually 
moved about near the bottom very slowly for a period, then came to rest and remained 

a variable length of time, and then moved away again, repeating this process. Adapta- 

tion to black or white occurred remarkably rapidly in this specimen. So rapid were 

the changes in the skin that in slowly swimming from black to white or vice versa the 
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animal became almost fully adjusted in the time it required the body to cross the line. 

As the fish went from the black to the white it appeared as though the black chroma- 

tophores were being rapidly buried in a white substance; and, as it returned to the 

black, as though they were being rapidly uncovered. 

At 10.30 a. m. this specimen came to rest with the head on the white and the body 

and tail on the black, in such a position that the longitudinal axis made an angle of 

about 30 degrees with the line between the two halves of the aquarium. One eye was 

2 cm. from this line and the other farther away. ‘The skin’ immediately became much 

lighter. The fish remained in this position until 12.45 p.m. At this time it was much 

darker than when fully adapted to the white and much lighter than when fully adapted 
to the black bottom. It was gray, somewhat mottled but not contrastive, and the same 

over the entire pigmented surface. At 12.45 p. m. the specimen moved forward 15 cm. 

so that it was entirely on the white. It at once became much whiter, and soon appeared 

maximum white. At 1.15 p. m. it returned to the black bottom and at once became 

much darker. At 1.50 p. m., when the observations were closed, it was still on the black 

bottom and it appeared maximum black, having, as usual when in this condition, a num- 
ber of conspictious white spots scattered over the surface. 

During the course of these observations, while this specimen was on the white bottom, 

a large dark four spot, 20 cm. long, several times swam slowly toward it. Each time, as 

the four spot approached a point approximately ro cm. from the anterior end of the 

specimen of Paralichthys under observation, this specimen suddenly became much darker. 

Whether this change in shade was due to the darkness of the four spot and the consequent 
reduction in reflected light, or the excitement caused by its presence, I am unable to say, 

but other observations show that dark objects at a distance sometimes do have an effect 

owing to the reduction of light. Similar phenomena were observed in a considerable 
number of other specimens. Details in reference to one of these follow: 

A specimen of P. albiguitus 21 em. long was kept for several weeks in a large quarium, 
one half of which was black and the other half yellowish white. On August 19 and 20 

it was frequently transferred from the black to the white bottom and vice versa. Adapta- 
tion to black and white, at the end of this period, was found to be rapid. On August 21, 
2.30 p. m., it was found on the black bottomfully adapted. It was at once put into water 

about 4 cm. deep in a glass crystallizing dish 50cm. indiameter. This dish was placed in 

water in strong diffused light, on a sheet of bristol board half black and half white, and 
so adjusted as to continuously keep the anterior half of the animal over the white and 

the posterior half over the black bottom. The entire surface of the fish became light 
grayish white almost at once, and it soon appeared to be maximum white. ‘The fish was 
held in this position until 4.55, photographed (fig. 44), and then rotated until the 

anterior end was on the black. 

At 7 p.m. it was nearly maximum dark. At this time it was set free in the dish and 
left. At ro p. m. it was found with the anterior end on the white and the entire surface 

appeared to be, if anything, whiter than it had been at any time previous, although the 

light was so weak that during most of this time only that part of the fish which differed 
in shade from the background could be seen. 

The following morning it was still maximum white. At 8 a. m. the anterior end 

was put and held on black. At 10 a. m. the entire surface was nearly maximum black. 

It was then turned until the longitudinal axis was parallel with the dividing line in 
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the background, so that one eye was on the black and the other on the white bottom. 

The entire surface soon became gray of a shade about halfway between maximum 
white and maximum black. No further change occurred, although it was held in this 

position until 11.55 a. m. At this time it was photographed (fig. 45) and then set free 

in the dish. 

The following morning at 6 a. m. it was found, with only the head to a point a trifle 

over a centimeter back of the eyes, on the white. The specimen appeared nearly if 

not quite maximum white. It was kept in this position until 9.20 a. m. and then 

photographed (fig. 46), after which it was rotated until the anterior end was on the 

black bottom. In this position it was held until 12 m. and then again photographed 

(fig. 47). This photograph shows several light lines crossing each other in the central 

part of the surface of the fish. These lines are not normal; they are due to abrasions 

in the skin and do not show in the other photograph because of the light shade. 

The animal was now moved backward until the dividing line in the background 

was below a point about 1 em. back of the eyes. The entire surface became distinctly 

whiter. The fish was then moved forward again, and the entire surface soon became 

distinctly darker. This was repeated several times with the same results. 

The fish was then put entirely on the white with the head directed from the black, 

and left until it became maximum white. It was then tumed through an angle of 

180 degrees and moved forward so that the anterior end faced the black and was 2 

cm. from the dividing line. In the course of a few minutes the entire surface became 

distinctly darker. This entire experiment was repeated several times with the same 

results. 

Similar results were also obtained with color. On August 22, I was much sur- 

prised to find a specimen of P. albiguitus on a black and white checkered background 
distinctly yellowish. ‘This specimen had been used in experimental work on black 

and white backgrounds almost continuously since July 22, and at no time before was 

there any evidence of yellow or any other color in the skin. When this specimen was 

discovered in the yellow state it was in a crystallizing dish in close contact with the 

edge. The dish was on an artificial black and white background, which at this point 

extended 2.5 cm. beyond the edge. Beyond this a brownish-yellow water-soaked 

cypress board, on which it rested, was exposed. This board, which was somewhat 

over 2.5 cm. from the eyes of the fish, evidently caused the flounder to become yellowish. 

At 3.10 p. m. the dish was moved farther from the exposed part of the board. 

Fifteen minutes later there was only a trace of yellow left in the skin of the fish, and 

the following morning there was nothing more to be seen of it. At 9.30 a. m. the fish 

was so placed that the exposed part of the cypress board was 6 cm. from the anterior 

end of the fish and directly in front of it. In this position it was held until 10.45 a. m. 

There was no apparent effect of the yell6w color. The fish was then moved forward 

until it was 5 cm. from the exposed part of the board and held until 12 m. Still there 

was no visible effect. It was then moved forward 2 cm., i. e., 3 em. from the board, and 

held. An hour later, at 1 p. m., the skin of the fish was distinctly yellowish. 
These results, without further analysis, show very clearly that under normal 

conditions the shade and the color in the skin of Paralichthys are regulated by the 

effect of light received by the eyes. There is no evidence whatever indicating that 
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the simulation of the background, so marvelously developed in these creatures, is in 

any way influenced or affected to an appreciable extent by any direct action which the 

stimulating agents in the environment may have on the chromatophores. Consequently 

if we are ever to obtain an insight into the mechanism of this phenomenon of adaptation 

it must be through a study of the chromatophores in their relation to the nervous system, 

the eyes, and the environment. The reaction of isolated chromatophores to various 
stimulating agents, recently so much studied, can throw but little light on the problems 

concerning the evolution, the mechanism, and the function of the adaptive processes in 

question. 
EXTENT OF DISTRIBUTION OF STIMULI FROM EITHER EYE. 

Sumner asserts (p. 459) that the flatfish Lophopsetta, with either eye removed, 

responds normally in reference to adaptation to the background. The results of my 

experiments on Paralichthys with but one eye are in harmony with this contention. 

In these experiments, which unfortunately were not very extensive and refer only to 

changes in shade, the responses appeared to be normal both in time and degree. Similar 

responses have been observed by other investigators in a number of different fishes. 

There are, however, some species in which the removal of one eye greatly alters the 

reactions in the skin. Thus while Se¢erov (1909) maintains that the chromatophores 

in Nemachilus barbatula with but one functional eye respond normally over the entire 

surface, and Frisch (1911) holds that the same occurs in Phoxinus and in Carassius, 

Pouchet (1876) asserts that in trout, with one eye blinded, only those chromatophores 

on the opposite side respond normally, and Frisch (1911) confirmes this assertion in 

experiments on “Forellen’’ and “Cyprinoiden.” Semper also maintains that the chro- 

matophores in “Makropoden’”’ and “Teleskopfishen” having but one eye respond 

differently on opposite sides of the body. 

In all of the species in which adaptation to the background is normal after the 

destruction of one eye, the shade, the pattern, and the color assumed on any given 

background must be the result of an integration of the stimuli received individually by 

each of the two eyes. This is clearly shown in reference to shade and pattern for 
Paralichthys in plates XXIX, XXX. 

If a Paralichthys is held with one eye on a black and the other on a white back- 

ground the skin assumes a gray shade, much lighter than it does when both eyes are 

over black and much darker than when both eyes are over white. Obviously, then, the 

effect of the stimuli received by the chromatophores from one eye is modified by the effect 

of the stimuli received from the other eye. (Fig. 45.) 

The same is true with reference to pattern. If one eye is held over a background 
with large figures and the other eye over one with small figures, the pattern in the skin 

becomes intermediate in texture between that produced by the effect of the large figures 

and that produced by the effect of the small figures acting alone. (Fig. 41, 42, 43.) 

When the specimen represented in these figures was fully adapted to the background 

containing the large figures, the skin had relatively large white and black patches. 

(Fig. 42.) A few minutes later it was so arranged that one eye was on this background 

and the other was on the background with the small figures. It then could be seen 

clearly that both the large white and the large black patches were breaking up, dark 

spots appearing in the former and light spots in the latter. It is consequently evident 

that a given stimulus in the process of simulation of the background does not have the 
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same effect when both eyes are functional as it has when but one is functional. In other 

words, the pattern and the shade assumed are the result of a sort of superimposition of 

the effects of the stimuli received by each of the two eyes. 

RELATION BETWEEN THE INTENSITY OF LIGHT AND THE REACTION OF CHROMATOPHORES. 

Keeble and Gamble (1904, p. 353) maintain that the response of the chromato- 

phores in higher crustacea, under normal conditions, is independent of the intensity of 

the light. They found that specimens in a white porcelain jar covered with black 
paper “pierced with several pinholes’ became just as pale as others of the same species 

in the same kind of jar uncovered. 

Sumner (1911, p. 460) obtained similar results in experiments on the flatfishes, Rhom- 

botdichthys and Lophopsetta. In these experiments he used two boxes, one painted gray, 

the other white. To the latter so little light was admitted that the white surface appeared 

distinctly darker than the gray surface in the other box, and by means of a photographic 

method it was proved that less light was reflected from the white than from the gray 

surface. He found, however, that specimens became maximum white on the former 

and gray on the latter. 

I was able to confirm these results in experiments on Paralichihys. In addition to 

tests similar to those described above, numerous observations were made at night, 

usually about 10 p. m., on animals in various stages of adaptation to backgrounds differ- 

ing in shade, color, and pattern. In making these observations a strong electric light 

was momentarily turned on. In all cases in which adaptation was complete the shade, 

color, and pattern of the skin appeared to be the same as it had been during the preced- 

ing evening. If there was any change it consisted in slight contractions of the chromato- 

phores. These statements apply especially to Paralichthys. 

In those specimens in which adaptation was not complete there were usually marked 

changes of such a nature as to show that the adaptive process continues in very weak 

light. This was repeatedly observed in specimens changed from dark to light back- 

grounds or vice versa late in the evening. Thus, to cite one instance, August 21, a 

Paralichthys very dark in shade was put upon a white background at 7 p. m. At this 

time it was already so dark that the fish could be seen only against the white background, 
and later it became still darker. At 10 p. m., however, when the fish was examined in 

strong electric light, it appeared maximum white. 

There is some evidence indicating that the pattern assumed in weak light is not as 

conspicuous as is that assumed in strong light. This was most evident in specimens on 

backgrounds containing small black dots, of such a number as to produce relatively few 

black spots in the skin. For example, Paralichthys, individual (B), on a white back- 

ground containing black dots 2 mm. in diameter and 10 mm. apart, regularly had in the 

skin a number of distinct black spots (fig. 54), but when examined in artificial light, at 

10 p. m. on two different occasions, not a trace of these spots was found. 

Ancylopsetta becomes much darker at night. This was repeatedly seen in various 

specimens in the colored boxes. Verrill (1897) observed similar phenomena in other 

forms. I was unable, however, to see any change in Paralichthys in the same boxes with 

Ancylopsetta. Moreover, both in Paralichthys and in Ancylopsetta, the shade assumed 

on any given background is the same in direct as it is in diffused sunlight. It, there- 

fore, seems well established, at least for Paralichthys, that the shade assumed by the 
97867°—vol 34—16——14 
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animal is independent of the intensity of the light. How is it possible to explain this 

phenomenon? 

LIGHT REFLECTED FROM THE SKIN AS A FACTOR IN ADAPTATION. 

‘ 

Sumner says (1911, p. 463) that to account for adaptation in shade “we are limited 

to two alternative explanations: Either (1) the fish takes into account the degree of illu- 

mination, just as we do, and makes due allowance for this in judging of the paleness or 

darkness of the background; or (2) i: makes a direct visual comparison between its own 

surface and that of the background and endeavors to bring the former into harmony 

with the latter.” 
To test the second hypothesis he made numerous observations on specimens, some 

of which had an opaque cloth fastened over them so as to conceal all but the eyes, and 

others had the pigmented surface stained. The results of all of these experiments’ he 

considers inconclusive owing to the possible effect of the treatment. He holds, however, 

that adaptation occurs normally in specimens bedded in sand, and concludes that this 

comes ‘‘very near to refuting the visual hypothesis altogether.” 

This would no doubt be true if all of the skin within the range of vision were con- 

cealed when the animals are bedded, but this does not appear to be the case. While I 

have not seen Rhomboidichthys, the form used by Sumner in his experiments, I have 

made numerous observations on Paralichthys, a similar form, and I have never found 

one, except for very short periods, in which the skin along the margin of the mouth was 

not exposed. Moreover, the skin bordering the lower margin of the eye is also usually 

exposed. Since both of these regions are within the range of vision, the fact that adap- 

tation occurs in flounders after they are bedded does not seem to warrant Sumner’s 

conclusion. 

By removing the eye situated near the mouth and by taking special precautions to 

keep the lower margin of the other eye well covered, I was able to correct the defects 

in Sumner’s method, and I found that after thus totally eliminating all of the skin from 

the view of the fish, it still simulated the background, and, moreover, simulation was 

quite as rapid and as extensive as it had been before the skin was covered. This was 
observed in several different experiments, one of which follows: 

On September 3 the ventral eye of a specimen of P. albiguttus 27 cm. long was 

entirely removed. On September 12 the wound was thoroughly healed and the speci- 

men fed and acted normally in every way. It was put into a black aquarium, and 

after it had become maximum black it was, at 9.40 a. m., suddenly entirely buried 

with gray sand. ‘The fish soon shook enough sand off to admit of respiration, but the 

eye remained covered. At this time the sand was washed from the posterior portion 

of the animal, so as to admit of direct observation of the skin. This was found to be 

still maximum black, showing that no change occurs when the eye is entirely covered. 

Soon after this the fish moved slightly and the eye was raised sufficiently to be seen, 

but it was still covered with a thin layer of sand, and the upper surface was still somewhat 

below the surface of the sand. The skin, however, began to turn lighter, and half an 
hour later, 10.40 a. m., it was clearly somewhat lighter. At 11.30 the shade of the skin 

was considerably lighter and the pattern much broken so as to simulate the sand fairly 

accurately. During this entire time the eye projected only very little above the surface 

of the sand. The lower margin of the eye was continuously well covered with sand, as 
was also all of the rest of the skin within the range of vision. It is consequently evident 
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that adaptation can occur with the skin entirely concealed and that light reflected from 
the skin or received by it plays no appreciable part in the process. 

THE DIRECTION OF THE LIGHT AS A FACTOR IN ADAPTATION. 

The fact that flounders and crustacea become maximum white on a white back- 

ground and grayon a gray background even if the former, owing to weak illumina- 

tion, reflects less light than the lat- 

ter, shows conclusively that the 

shade assumed by these creatures 

is not proportional to the absolute 

amounts of light received from below. 

Keeble and Gamble (1904, p. 354) 

maintain, for crustacea, that it bears 

a specific relation to the ratio be- 

tween the light received by the eyes 

direct from above and that received 

from below after reflection from the 

direct 
reflected 

light.” Sumner inclines to the same 

view with reference to fishes. He 

holds that adaptation in shade can 

not be regulated by a ‘‘direct visual 

comparison [by the fish] between its 

own body surface and the bottom 

on which it lies’ (p. 476); and he 

further says: 
May not, then, the ratio between the 

light reflected from the near-by surfaces 

within the tank and the light which enters 

the latter from above be that factor of the “GP 

total stimulus which renders possible these 

accurate adjustments of the shade of the 
fish’s body to that of its background? I 
think that this is the true solution of the 
problem. 

background—i. e., the ‘‘ ratio 

This hypothesis seems to meet all 

the requirements of the phenomena 

in question; but neither Keeble and 

Gamble nor Sumner succeeded in es- 

tablishing it experimentally, although Tae 
Sumner says that he constructed ap- Fic. 2.—Vertical section of apparatus used in testing, in flounders, 

t f hi ip the effect of abnormally increasing the relative amount of light 

paratus for this purpose, ut was un- received by the eyes from below. A, glass aquarium; CD, crystal- 

able to make the necessary tests, lizing dish; S, siphon; I, inlet for water; O, outlet; GP, glass plate; 

: ° , C, opaque cylinder; M, mirror; L, light. 
owing to Jack of material. ‘The fol- 

lowing experimental results throw some light on the problem in hand: 

If the shade of the animal depends upon the ratio between the amount of light 

received by the eyes direct from the source above and that received by the reflection 
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from the background below, in accord with Keeble and Gamble’s hypothesis, then an 
increase in the amount received from below, without any change or with a decrease in 

the amount received from above, ought to cause the animals to become abnormally 

pale, no matter what the shade of the background may be. On a gray background the 

animals ought to become maximum white. On the other hand, if this hypothesis holds, 

an increase in the amount of light received from above, without any change or with a 

decrease in the amount received from below, ought to cause the animals to become 

abnormally dark. Under these conditions they ought to become gray on a white 
background. 

In the following experiments these conditions of illumination were produced, but 

not all of the results obtained support the hypothesis in question. It was found that 

abnormally increasing the reflected light induces the fish to become abnormally pale, 

but that abnormally decreasing it has no effect. It was also found under the former 

conditions that black spots in the background affect but little the pattern in the skin 
and that color in the background is simulated only to a slight degree. 

Reference to text figures 2 and 3 (p. 207, 213) will make clear the essential features 

of the apparatus used in these experiments. We shall refer to the two sets of experi- 
ments performed by means of the apparatus represented in these figures as (A) and 

(B), respectively. In (A) the background was illuminated from below, thus making the 
direct 

reflected 

from above than was the background, making the reflected light received by them 
direct 

reflected 

“ratio light’”’ abnormally small. In (B) the eyes were more highly illuminated 

relatively low. Thus the ‘‘ratio light’’ became abnormally large. 

EXPERIMENTS (A), LicHT FROM BELOW RELATIVELY STRONGER THAN NORMAL. 

1. White background.—On August 10, 9 a. m., a specimen of P. albiguttus 18 cm. 
long was taken from a yellowish white aquarium and put into the glass crystallizing 

dish, over an ordinary sheet of white writing paper 25 cm. square in the apparatus 

shown in text figure 2. When the specimen was put into the apparatus it was yellowish 
white. All the air was removed from under the dish, so as to avoid any interference 

with the light reflected from the mirror below. ‘The black cylinder was then put in 

place and the upper end closed with a piece of opaque cloth. At 12 m. the specimen 

was very light gray with a brownish cast. ‘The cloth was then removed, admitting light 

from above. No appreciable change occurred either in the shade or the color of the 

fish. 

August 11 the cylinder was removed and the light from the mirror intercepted by 
inserting a piece of bristol board under the dish. The brownish color disappeared, and 

the fish consequently became slightly paler. These tests were repeated several times 

under other conditions with different individuals and similar results were obtained. 

The brownish color was, no doubt, due to the collection of brown sediment on the mirror. 

The water contained so much solid material, ooze, diatoms, and the like that it required 

only a very short time to form a perceptible layer on everything submerged. On a 
white background, then, increase in the relative amount of light from below does not 

appreciably alter the reactions of the chromatophores. 
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2. Gray background.—On August 16, at 10.30 a. m., the sheet of white paper with 

black spots was replaced with one which had been made uniformly gray of a medium 

shade (Ridgway’s pale neutral gray). The light from the mirror was intercepted, and 

the fish was fully illuminated from above. At 1 p. m. the entire surface was fairly 

uniformly gray, and the fish was quite inconspicuous. At this time the cylinder was 

put in place and covered and the light from the mirror turned on. The background, as 

seen from the top of the cylinder, appeared distinctly gray, not white. At 2 p. m. the 

fish was nearly maximum white. There were no dark spots and the three ocelli were 

very light gray. The following morning, 6 a. m., the fish was fully as white as it had 

been at any time on a pure white background. ‘The cylinder was now removed and the 

light from the mirror intercepted. At 10 a. m. the fish was well adapted to the gray 

again. The background was now again illuminated from below, and also left exposed 

to light from above. The fish seemed to turn a shade lighter, although there was some 
question concerning this. It was left until 3 p. m., then a sheet of gray tracing paper 

and another sheet of white paper were added to the gray paper under the dish, making 

the background much darker and nearly opaque. The cylinder was then put in place, 

covered, and the light from the mirror tumed on. ‘The background, as seen from above, 

appeared nearly black. At 5 p. m. the fish was nearly if not quite maximum white, 

and the following morning it was unquestionably maximum white. 

Thus we see that if the light from above is abnormally low in comparison with that 

from below, Paralichthys may become white on a background which appears dark gray 

to the human eye. This strongly supports the idea that the shade assumed by the 

skin in these creatures under normal conditions depends upon the amount of light 

received by the eyes from above, as well as upon the amount received from below; for 

under such conditions animals on a gray background always become gray. ‘This idea 
is also supported by the results obtained in the following experiment, in which the 

background contained numerous black spots: 

3. White background containing black spots—On August 11, 2 p. m., the sheet of 

white paper under the crystallizing dish in the first experiment was replaced by one of 

the same kind and size containing dense black dots 5 mm. in diameter. These dots were 

made with india ink, and they were such a distance apart that they covered one-half 

of the entire surface. The opaque cylinder was removed and the light from the mirror 

was not obstructed. Thus the background was illuminated both with light from below 
and from above, but it appeared much as it did under normal conditions of illumination, 

the spots being merely relatively somewhat darker. Numerous black spots appeared 

almost at once in the skin of the fish, just as under normal conditions, except that the 

spots were slightly more conspicuous. At 2.15 p. m. the cylinder was put in place and 
closed so as to cut off all light from above. Under these conditions of illumination the 

spots in the background, as seen from above, were still very prominent. At 2.30 p. m. 

no change had taken place in the skin. At 8 p.m. all of the black spots except three, 

the ocelli, had disappeared, and the fish was nearly if not quite as pale as it had been 

in the preceding test on a pure white background. ‘The three ocelli were, however, 

somewhat darker. This shows that simulation of the pattern in the background is 
dependent upon light received from above; and it shows again that decrease in the 
illumination from above tends to cause the skin of the fish to become abnormally light. 
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Even if this illumination is only slightly reduced the effect becomes quite evident, 

as seen in the following observations: 

On August 15, 11 a. m., the side wall of the crystallizing dish was covered with black 

paper, thus forming a black cylinder 6 cm. high in order to slightly reduce the illumina- 

tion from above. The fish at this time was fully adapted to the spotted background 

fully illuminated from above and below. It had numerous dark brownish spots and 
the three ocelli also had a brownish cast. At 5 p. m. the fish in general had become 

much lighter. The three ocelli were at this time nearly black, but the dark regions 

around them and the dark spots were much smaller and much less distinct. The light 
from the mirror was now again intercepted and at 6.30 p. m. the surface was again 

about the same as it was in the beginning of the experiment. These tests were re- 

peated several times the following day and in general it was found that the fish assumed 
a lighter shade when the background was illuminated from below in addition to the 

illumination from above, and in general the pattern in the skin appeared to be less 

conspicuous, although the spots in the background, as seen from above, appeared much 

more conspicuous. ‘The ocelli and spots in the skin did not appear quite as large or as 

dense as they did when adapted to the background illuminated only from above, but 

the light regions appeared somewhat whiter. 

It is consequently evident that a slight reduction of light from above has a marked 

effect on the reactions in the skin; but the following observations indicate that there 

is no strict proportionality between these reactions and the amcunt of light received 

from above compared with that received from below. 

On August 12, 6 a. m., the cylinder was removed, admitting light from above. The 

skin of the fish immediately became speckled. The three ocelli became black, a row 

of five conspicuous black spots appeared near the base of the dorsal fin and another 

row of the same number near that of the ventral; and some spots also appeared in the 
fins and the tail. When the cylinder was put in place and closed these spots rapidly 

disappeared again and the ocelli became lighter. This change required less than two 

minutes. When the cylinder was removed the spots appeared again but not quite so 

rapidly. With the cylinder open on top, admitting some light from above, the results 

appeared to be the same as they were when it was closed, admitting no light from above. 

This was tried several times between 6 and 10 a. m., after which the cylinder was put in 
place, closed and left. At 11.45 a. m. there was no change; the ocelli were still clearly 

visible, the rest of the surface was very light gray with a slight brownish cast. There 

was much reddish sediment on the mirror. This was removed and the entire aquarium 
cleaned. At 1.15 p. m. the three areas apparently had become somewhat darker and the 

rest of the surface lighter, the brownish cast having entirely disappeared. After the 

cylinder had been removed a row of dark spots appeared almost at once along the edge 

of the body near the fins, and the three ocelli became much darker. The light from the 
mirror was now intercepted so that the background was illuminated only from above. 
At 1.22 p. m. the dark spots had become darker and many more had appeared and each 

of the three ocelli was surrounded by a dark patch fully 1 cm. in diameter. Observations 

were made from time to time during the afternoon, but no further changes were seen. 

At 5 p. m. the light from the mirror was again turned on and left. At 6.10 p. m., how- 
ever, no reduction in the number or the size of the dark spots was detected. This test 
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was repeated August 14, with essentially the same results, although according to my 

notes there was a tendency in the fish to become darker with the light from the mirror 

intercepted. There was little or no difference noted in the shade of the light regions, 

but the ocelli and spots appeared to become somewhat less dense and brownish when 

the background was illuminated from below. 

4. Background consisting of direct reflection from the mirror.—August 13, 5.30 a. m., 

the cylinder was put in place and covered. The sheet of white paper with black.spots 

was still under the fish. At 8.30 a. m. the three ocelli appeared black and the rest of 

the surface very light gray. The sheet of paper was then removed, exposing the fish 

directly to the light from the sky reflected by the mirror. At 9.15 a. m. the ocelli were 
light grayish and the rest of the surface light reddish gray. The reddish cast was 

probably due to the reddish sediment on the mirror. The cylinder was now removed, 

a sheet of white paper put under the dish, and the light from the mirror intercepted. 

At 2.45 the reddish cast had disappeared and the fish was maximum white. This shows 

that the effect of illumination from below is in all probability due solely to the increase 

in the amount of light from the background. 

5. Colored background.—I have in several places pointed out that when the light 

from the mirror was colored the skin of the fish also became colored. On August 18, 

4.30 p. m., a piece of brown wrapping paper was put under the dish, the cylinder cov- 

ered and put in place, and the light from the mirror turned on. After the paper became 

wet it was considerably lighter in shade, but it still appeared distinctly brown as seen 

through the cylinder. August 19, 3 p. m., the fish was very light gray, probably maxi- 
mum white, with no indication of a brownish cast. 

The brown paper was now replaced by a maroon-colored glass. As seen from the 

opening at the upper end of the cylinder, the background appeared bright red. August 

20, 9 a. m., the fish was maximum white, except the three ocelli and a row of ten spots 

about 1 mm. in diameter near the base of the fins. All of these were brown, not black 

or gray, as they had been on the gray and the white and black backgrounds. August 

21, I1 a. m., no change could be detected. August 22, 8.30 a. m., it was still the same. 

At this time the cylinder was removed and the light from the mirror intercepted. The 
fish very quickly became much darker and assumed a distinct brownish color. So 

rapid was the change that it could be readily detected within two minutes after the 

illumination had been altered. No further change occurred during the following three 

days, except an increase in the density of the shade. The fish became dark brown in 

color, but it was not so reddish as those which had been on a red background for several 

weeks. These tests were repeated several times during the following five days with 

essentially the same results. The brownish ocelli and spots mentioned never failed to 

appear. These were not seen in any of the tests with a gray background illuminated 

only from below, no matter how dense it was. 

It is therefore evident that the appearance of the brownish ocelli and spots on the 

red background could not have been due to the quantity of light transmitted by the 
colored glass, and that it must have been due to the quality of the light—i. e., the 

length of the waves. But, under normal conditions on a maroon background, with 

certainly no more colored light striking the eyes from below and none received from 

above, just as in these tests, the effect of the color is very much greater. The entire 
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surface becomes reddish brown. This marked difference in effect must be due to the 

difference in the illumination from above.¢ How can this be explained? 

Under normal conditions adaptation to a colored background, as demonstrated 

elsewhere, involves two processes. One results in adaptation in shade, the other in 

adaptation in color. Adaptation in shade, as the tests with the gray in particular 

indicate, is, at least to some extent, dependent upon the ratio between the intensity 

of the direct and the reflected light. A decrease in this ratio causes concentration and 

an increase causes distribution of the black pigment in the melanophores. The distri- 

bution of the guanin crystals may also be affected but in the reverse manner, so that 

when the dark melanin granules become concentrated the white guanin crystals spread 

out and cover them over. When the red background was illuminated only from below, 

this ratio became very small, and therefore adaptation in shade required concentration 

of the melanin and distribution of the guanin; but adaptation in color required just 
the reverse, together with distribution of the red and yellow pigment. Thus under the 

conditions of the tests there was an antagonism between the two processes involved; 

and this accounts for the resulting limitation of the brown color to the ocelli and dark 

spots, in which it requires less stimulation than elsewhere to cause an expansion of 

the melanin. Distribution of the red and yellow pigment was no doubt masked in all 

other regions by the distribution of the guanin which lies nearer the surface. Hence 

the extreme whiteness in these regions. 

This leads directly to a discussion of the whole question concerning the relation 

between the different structures in the skin and the production of the different shades, 

colors, and patterns that have been observed in fishes. This question, however, I 

hope to treat more fully in a later paper. 

EXPERIMENTS (B), LiGHT FROM ABOVE RELATIVELY STRONGER THAN NORMAL. 

In these experiments a specimen of P. albiguttus 20 cm. long was used. This 

specimen had previously been transferred frequently from a white to a black back- 

ground and vice versa; and at the time the experiments were made adaptation in shade 

to either of these backgrounds occurred very rapidly. 

The fish was put into a 22 cm. crystallizing dish on a pure white background and 

covered with the black cylinder, which was lined with white cloth extending from the 

bottom to a line several centimeters above the surface of the water. A piece of white 

wire screen was so bent and adjusted in the glass dish as to prevent the fish from turning. 

The top of the cylinder was nearly closed with opaque cloth, making the intensity of 

the light within, so low that the white background appeared decidedly gray. A tube 

3 cm. in diameter and 45 cm. long was fastened so as to extend down through an opening 

in the opaque cloth, directly over the eyes of the fish. Through this tube a beam of 

light from the sky was reflected, by means of mirrors (fig. 3, p. 213). This tube was 

so adjusted that the beam of reflected light illuminated the eyes and the skin about 

them, but not the background, and it was readjusted whenever the fish moved. In 

@ The fact that the fish became nearly maximum white on the red background illuminated from below indicates that the 
melanophores, groups of black pigment-bearing cells, respond to monochromatic light much as they do to white light; that 

the stimulus which affects these organs bears a definite relation to the quantity of light regardless of the quality. It would be 
interesting to ascertain whether or not this relation is the same for all colors—that is, if a given amount of light energy has the 
same stimulating effect regardless of the length of the waves. 
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some tests a black cork containing two small holes was inserted in the bottom of the 
tube. These holes were of such a size and were so located that the two beams of light 

passing through just covered the two eyes. 

In all of the tests the light received by the eyes from above, compared with that 

received from the background, was L M 

abnormally intense; andinaccord with Bon 

the hypothesis under consideration the Ns 

fish should have become abnormally 

dark. This, however, did not occur. 

In most of the tests the fish was allowed - 

to become maximum white in the 

cylinder in low light intensity before 

the eyes were illuminated from above; 

but in other tests a piece of black cloth 

was put under the crystallizing dish 

and the fish was allowed to become spice 

maximum black; then the cloth was 

removed from under the dish and the = o/s tule | ate. c 

light from the tube turned on. In 

still other tests a piece of bristol board 

containing black and white 5 mm, 

squares was put under the glass dish 

and the fish was allowed to become 

mottled before turning on the light 

through the tube. Without going SS 

further into details, the results may be 

summed up by saying that the increase 

in illumination from above induced no 

observable change, although the beam 

of light was directed on the eyes, in 

some instances, continuously for over 

two hours, a period much longer than 

was necessary for a complete change 

in this individual from black to white 

or vice versa. 
At first thought, these results ap- Fic: 3.—Vertical section of apparatus used in testing, in flounders, 

Beaute seatradicithe: iden, that. the | 2 oishe sr rans mn She int am 
shade assumed by the fish depends dish; S, siphon; I, inlet for water; O, outlet; C, opaque cylinder; 

upon the ratio between direct and re- T, iron tube; M, mirror; L, small beam of light. 

flected light. The fact, however, that in all of these tests the fish retained the shade 

it had at the beginning of the increase in illumination from above, no matter whether it 

was dark or light or mottled, indicates merely that under the conditions of the experiment 

the chromatophores did not respond at all. The excessive illumination of the eyes 

from above entirely prevented stimulation by light reflected from the white back- 

nm 
— me 
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ground; for without this illumination the reflected light from a white background 

always caused the fish to become maximum white. 

These experiments were later somewhat modified and repeated with an individual 

having but one eye. Adaptation in this individual occurred very rapidly. When 

transferred from a white background to a black, or vice versa, marked changes in shade 

could be detected at once. In preparation for the experiment the specimen, P. ajbi- 

guttus, 27 cm. long, was put into an aquarium containing gray sand. In a short time 

it assumed a gray shade very similar to that of the sand. It was in rather low diffused 

daylight. By means of the apparatus described above and an additional mirror, a 

vertical beam- of direct sunlight 3 mm. in diameter was reflected down into the eye. 

The beam of light was so small that none of the skin around the eye, except the projected 

margin over it, became illuminated. The illumination was continued for 30 minutes. 

During this time the fish did not move and there was but little movement in the eye, 

which was merely drawn down into the socket occasionally, as it ordinarily is when 

stimulated by contact. Thus the illumination from above as compared with the reflected 

light from the background was very much stronger than it normally is and, in accord 
with Keeble and Gamble’s ratio theory, the fish should have become darker, but no 

change in shade was detected. 

The same was, however, also true when the experiment was repeated beginning 

with the animal adapted to a black background. In this experiment the fish was put 

into a black aquarium, and after it became adapted it was suddenly and entirely covered 

with gray sand. The apparatus was previously adjusted, so that as soon as the sand 

was removed from the eye the beam of light entered it. The posterior portion of the 

animal was uncovered for observation as in the preceding experiment. ‘The illumination 

was continued from 11.35 a.m. to 12 m. No appreciable change occurred in the skin. 

If anything it became somewhat lighter. 

At 12 m. the beam of light was intercepted without making any other change. At 

12.10 p. m. the fish had clearly become somewhat lighter, and at 1 p. m. much lighter, 

showing that the absence of changes in the skin under the apparatus was in all probability 

not due to lack of time. 

These experiments were again repeated with the same individual, but with the 

beam of light entering the eye at an angle of 35 degrees with the horizontal. There 

was, however, no difference in the results obtained. Moreover, the fish was placed in 

direct sunlight and a small shadow cast on the eye so as to reduce the light received 

from above without decreasing that received from the background. Under these 

conditions, in accord with the Keeble and Gamble’s ratio hypothesis, the fish should have 

become lighter, but, although the shadow was held continuously on the eye for 4o 

minutes, no appreciable change in the shade of the skin occurred. While these results 

are not conclusive, they do throw considerable doubt on the validity of this hypothesis. 

It is, however, certain, as previously demonstrated, that simulation of the background 
is not controlled solely by light reflected from the bottom; i. e., the effect of the light 

received from the background must be modified, in some way, by light received from 

some other source. This modification is, however, in all probability, not so simple as 

is demanded by the hypothesis in question. 
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VISION. 

COLOR-VISION. 

Several investigators have maintained that they have experimentally demonstrated 

that fishes have color-vision, but in every case the yalidity of the evidence has been 

seriously questioned. 
Washburn and Bentley (1908, p. 140), working with the creek chub (Semotilus 

atromaculatus), found that it could be trained to distinguish food associated with green 

from food associated with red of different shades; and Reighard (1908) found, in experi- 

ments on feeding, that the gray snapper (Lutzanus griseus) can distinguish blue as well as 

green from red, even if the red appears much darker or much brighter than the blue. 

The fact that these animals distinguish the blue from red that is brighter, as well 

as from red that is darker than the blue, shows, the authors maintain, that the selection 

could not have been solely on the basis of difference of intensity or brightness such as a 

color-blind person can perceive in the different colors, and that the animals consequently 
have color-vision. This conclusion is valid, however, only if the brightness at the red 

end of the spectrum is practically the same for the fishes as it is for man. If this end 

has a lower stimulating efficiency for fishes, as is found to be true in color-blind persons, 

it is evident that the red which, to the normal human eye, appeared brighter than the 

blue may have actually appeared darker to the fishes; and if this is true the discrimina- 
tion observed may have been made on the basis of brightness. 

This idea is in full harmony with the conclusion reached by Hess, who has probably 

done more work on vision in animals in general than anyone else. In his experiments 

on fishes (1913) he studied their response in the spectrum as well as their reactions to 

colored objects. In these experiments he tested Atherina, Phoxinus, and Mugil. Young 

Atherinas are positive in white light of all intensities above the threshold. When they 

are exposed in a spectrum, Hess maintains, they aggregate in the yellow near the green, 

but that they aggregate in any other region except the red if it is made more intense 

than the rest. This, he asserts, is true for light-adapted as well as for dark-adapted 

specimens, provided the spectrum is sufficiently strong. He holds that they respond 

just as color-blind organisms would be expected to respond, and, he contends, the same 

is true in regard to the reactions of adult Atherina, Phoxinus, and Mudgil to colored 

objects, in feeding experiments. In the feeding experiments he used food and other 

objects colored red, yellow, green, blue, and gray of different shades, in various combi- 

nations. He maintains that he found no evidence whatever of discrimination on the 

basis of color. He asserts that he has demonstrated that the methods of earlier investi- 

gators, supporting the idea of color-vision, were inadequate, and concludes that fishes, 

contrary to other vertebrates, are color-blind. In this conclusion, however, Hess seems 

to stand practically alone among investigators of this subject. 

Bauer (1913), on the basis of results obtained by means of methods similar to those 

used by Hess, concludes that fishes have color-vision when their eyes are adapted to 
light but not when they are adapted to darkness. And Frisch is even stronger in his 

support of color-vision. He bases his conclusion on three lines of evidence—discrimi- 

nation of food of different colors, change in color during the breeding season, and adapta- 

tion in color to the bottom. 
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He maintains (1912) that Phoxinus fed for some time exclusively on yellow meat 
was able to distinguish between yellow and any one of 24 different shades of gray, some 

of which were very much darker and others very much lighter than the yellow. This 

discrimination, he holds, could only have been made on the basis of difference in color. 

He further contends that it is possible to understand the changes in color during the 

breeding season, so conspicuous in the males, and adaptation in color to the bottom 

only on the assumption that fishes have color-vision. 

All of this evidence, however, does not convince Hess. He maintains (1913) that 

some of the fishes, which during the breeding season become most highly colored, red 

and yellow predominating, live at such a depth that these colors are entirely eliminated 

by absorption and consequently that they can have no bearing on vision whatever. 

He repeated and extended Frisch’s experiments on feeding and adaptation, using the 

same species but, he asserts, improved methods, and maintains that he obtained no 

evidence of discrimination among different colors and no evidence of adaptation in 

color to the bottom. - He concludes (p. 439) that Frisch’s statements regarding the 

behavior of Phoxinus are wrong, “‘samtlich unrichtig.”’ 

In order to answer these charges Frisch extended his feeding and other experiments 

on Phoxinus. He used 50 shades of gray ranging from black to white and also blue, 

green, yellow, and red. He maintains that the fish distinguished between any of these 

colors and all the shades of gray, also between any combination of blue, green, and red, 

but not between yellow and red. He also maintains, as previously stated, that the fish 

assumed a color similar to that of the bottom; and that, while Hess may be right in his 

assertion that some species which become highly colored during the breeding season 

live in water so deep that yellow and red rays do not penetrate, nearly all fishes in which 

this occurs live in shallow water. Moreover, he holds that the fact that yellow and red 

at a given depth appear gray to the human eye does not prove that they affect the eye 

of the fish in the same way. 
Unless the results of Frisch’s observations, especially those on feeding, can be shown 

to be erroneous they seem to support strongly the idea of color-vision in fishes. The 

experiments here made on Paralichthys and Ancylopsetta support this idea quite as 

strongly and prove conclusively that Paralichthys and Ancylopsetta assume a color 

similar to that of the background, ranging from dark blue to dark red, and that this 

correlation can not be accounted for on the basis of difference in brightness or energy, 

and that it is dependent upon the length of the light-waves, and, moreover, that the 

color assumed is dependent upon stimuli received through the eyes. 

Now the essential objective characteristic of color-vision in man consists in the fact 

that the stimulation resulting in sensation of color is dependent upon the length of the 

waves and not upon luminous intensity, at least not in certain respects. On the basis 

of this phenomenon as a criterion it necessarily follows, from the facts stated above, 
that flounders also have color-vision. It may, however, be contended that this is not 

a satisfactory criterion of color-vision, and, in a certain sense, this is perfectly true. 

But is there any criterion that is more satisfactory ? 
In the process of adaptation in color we have a response dependent upon the quality 

of light, wave-length, and upon the visual apparatus in the eyes. It is known that the 

stimuli involved pass through the optic nerves to the brain and that they are distributed 
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through the spinal cord and the sympathetic nervous system to the cells in the skin, where 

they induce coordinated responses. It is also known that these responses may be 
influenced by other stimuli, physiological states, and processes in general. Essentially 

the same is true, with the exception of the part played by the sympathetic system, 

regarding every other reaction that has been used as a criterion of color-vision in animals. 

Nothing is known, in any case, as to what part, if any, the brain may play in the process. 

The principal difference between this criterion and that which involves muscular 

activity is found in the course of transmission of the impulses from the brain to the 

reacting organs. In the latter this transmission is accomplished through the motor 

nerves; in the former, at least in part, through the sympathetic nerves. Whether or not 

both sorts of reactions should be marshaled under the term ‘“‘color-vision”’ is, at present, 

very largely a matter of personal opinion. But whatever conclusion may be reached 

regarding this, neither criterion throws any light on the question as to whether or not 

animals have sensations of color similar to those in man, or of any other sort. That is, 

the term ‘“‘color-vision”’ must be used in a purely objective sense regardless of which of 
these kinds of reaction is meant. 

In a study of the question concerning the selection of backgrounds, pursued after 

the preceding pages were written, results were obtained which have a further bearing 

on the problem of color-vision. In this study one specimen of Paralichthys and one of 

Ancylopsetia were confined for about six weeks in each of four boxes. These boxes 

were painted on the inside, blue, green, yellow, and red, respectively; the red, however, 

turned pink in the course of a few weeks. At the close of this period each individual 
was tested as to the selection of colors on three consecutive days (Sept. 16, 17, and 18) 
as follows: 

Boxes of the same kind as those mentioned above, and previously described in 

the section on colored backgrounds, were divided crosswise in the center. One half 

was covered with paint of one of the four colors mentioned and the other half with 

paint of another color. In this way boxes were prepared to represent all possible pairs 

of the four colors and one in addition, which was black and white. 

In making the tests each specimen was gently placed directly over and parallel 

with the dividing line in the box. It was then released and the color toward which it 

turned recorded. Each individual was given 20 trials (10 with the head facing in one 
direction and to with it facing in the opposite direction) in each box that contained 

the color to which the animal was adapted, and also, on the second and third days, in 

the black and white box. Thus each individual was given a total of 60 trials in each 

colored box and 40 trials in the black and white box. The results obtained in these 

trials are summarized in table 1v. The responses of Paralichthys and Ancylopsetta in 

each box were essentially the same. They have been added in the table, making a 

total of 120 tests in each box, except the black and white, for the two individuals adapted 

to a given color. 

By referring to the table it will be seen that the individuals adapted to pink turned, 

in the red and yellow box, toward the red 50 times and toward the yellow 70 times; 

in the red and green box, toward red 40 times and the green 80 times; in the red and 

blue box, toward the red 5 and the blue 115 times; and in the black and white box, 

toward the black 1 and the white 79 times. Thus they turned toward the color to 

which they were adapted fewer times than toward any other color. 
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TABLE IV.—EFFECT OF ADAPTATION TO A GIVEN COLOR ON THE SELECTION OF COLORS. 

Rela- Number of times the fish turned toward— 
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This was true, however, only for those specimens adapted to pink, and the fact 

that these specimens were adapted to pink (Ridgway’s alizarin pink) and that the test 

boxes were still the original red (Bradley’s red, shade no. 2) may have had something 
to do with it. The preponderance of turning toward the yellow in individuals adapted 
to yellow was also insignifiant. But in those adapted to green and blue the selection 

of these colors, respectively, was quite marked, especially the latter. In all the selec- 

tion of white was practically perfect. 

The order of brightness of these four colors, beginning with the darkest, was as 

follows: Red, green, blue, yellow. Between the red and green and especially between 

the green and the pink, which was considerably lighter than the red, the difference 

was not great, but it was marked in reference to the other three colors. 

The fact that the individuals adapted to green selected green in preference to red, 

yellow, or blue, seems to indicate that the selection was not made on the basis of bright- 

ness, for the green was lighter than the red and darker than the yellow and the blue. 

The same argument applies to the reaction of those adapted to blue. R 

The only way that these reactions could be accounted for, solely on the basis of 

brightness, would be to assume that the animals were adapted toa color of a given 

degree of brightness, and they reacted negatively to colors either darker or brighter than 

the one to which they were adapted. This assumption, however, does not accord well 

with the results obtained in the black and white box; for it demands that the brighter the 

color to which the animal is adapted the greater the tendency to turn toward the white. 

Thus one would expect the greatest relative number of positive reactions to white in 

individuals adapted to yellow and the least in those adapted to red. ‘This expectation, 

however, was not realized. These results are not in themselves absolutely conclusive 

regarding color-vision, but they do seem to lend support to the conclusion reached with 

reference to the problem in the study of the simulation of colors in the background. 

Hess (1913b) holds that the spectrum for certain fishes is shortened at the red end 

and that the region of maximum brightness is shifted toward the blue. That is, he main- 

tains that the distribution of brightness for these animals is similar to that for color- 
blind persons. But even if this is true for flounders, the reactions recorded in table rv 
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can not be accounted for solely on the basis of brightness, nor can they be accounted 
for on this basis on the assumption that the brightness values for fishes, of the four 
colors used, differ in any other way from their values in man; for in accord with all such 
assumptions the reactions in each box should have been the same for all of the indi- 
viduals tested. The reactions in the blue-green box, e. g., should have been the same 
for the individuals adapted to blue as they were for those adapted to green. This, how- 
ever, was not the case; the former were positive to blue, while the latter were positive 
to green. 

VISION OF MOTION, SIZE, AND FORM. 

Much more work has been done on color-vision in fishes than on any other phase of 
the subject. It is well known, however, that many species in securing food regulate 
their movements by vision and that smell and taste play a minor réle in the process, 
if indeed they play any. This is true for Paralichthys and Ancylopsetta. It is also well 
known that these fishes see other objects, especially such as may be injurious. It is 

known, moreover, that the movement of the object seen is an essential factor in the 

process of vision. Very little, however, is known as to what réle in the process is played 
by form, size, and surface characteristics. 

The following observations throw some light on these questions. A fiddler crab 

of moderate size was thrown into an aquarium containing a number of hungry speci- 

mens of Paralichihys. The crab was seized at once, partly swallowed, and then 

thrown out. It was then taken by another specimen and again rejected. Neither of 

these specimens nor any of the others in the aquarium was again seen to attack a crab, 

although during the following few days specimens of various sizes were repeatedly 
thrown in. Minnows of the same size, however, were invariably taken during this 

time. Thus it is evident that the crabs were recognized, and this recognition, no doubt, 

was made on the basis of form. 

Size, however, is also a distinguishing characteristic for these animals, as shown 

by the fact that they rarely attack minnows which are so large that they can not be 

swallowed. But if the simulation of patterns in the background in Paralichthys may 
be used as a criterion of vision, we have evidence of far greater significance regarding 
this matter. 

By referring to plates xxx1, xxx, figures 49-55 and the legends accompanying 

them, it will be seen that dots 0.5 mm. in diameter produce no specific effect, but that 

those 1 mm.in diameter do. It willalso be seen that the effect of dots 2 mm. in diam- 

eter differs from that of those 3 mm. in diameter, and that the effect of these dots differs 

from the effect of those 5 mm. in diameter. ‘These results, as I have shown elsewhere, 

are due to stimuli received through the eyes, and impulses passed through the brain 

and the central and sympathetic nervous systems. These responses may be and prob- 

ably are purely reflex. But, however that may be, they indicate as clearly as any other 

responses can that these animals recognize the difference between spots 2 mm. and 

3 mm. in diameter, and that they do not recognize spots 0.5 mm. in diameter. Regard- 

ing subjectivity in these animals, we know next to nothing, if not actually nothing. It 

is consequently evident that, until this state of affairs is changed, the term recognition 

should be used strictly in an objective sense. 
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FUSION RATE OF IMAGES ON THE RETINA. 

It is well known that if a disk containing alternate black and white sectors is rotated 

rapidly enough the sectors become invisible and the disk appears uniformly gray. This 

is due to the fusion of the images on the retina. If the images on the retina in fishes fuse 

somewhat as they do in man, a flounder over such a disk, at a certain rate of rotation, 

ought to become uniformly gray. And if the fusion rate is the same for fishes as it is 

for man the flounder ought to become, when the disk is rotated fast enough to appear 

gray to the human eye, as uniformly gray as it does on a stationary gray background. 

The results of the following experiments show that this actually occurs. 

In these experiments a disk, 25 cm. in diameter, was fastened to a vertical shaft 

and so arranged in a wooden vessel that it rotated immediately under a stationary hori- 
zontal glass plate. The shaft extended down through the bottom of the vessel, where 

a pulley was attached to it. The disk was divided into 32 equal sectors, half of which 

were painted with white enamel and the rest, alternating with these, with black engine 

paint. The vessel contained flowing water extending to a point a few centimeters above 

the glass plate. The specimens to be tested were put on this plate in a glass inclosure 
of such a form and so arranged that the head was held continuously over the center of 

the disk. All air bubbles were carefully removed from under the plate. The disk was 

turned by means of a water motor, the speed of which could be altered as desired. 

Four individuals were tested, three P. albigutius, 16, 20, and 27 cm. long, respect- 

ively, and one P. dentatus, 14 cm. long. The specimen 20 em. long was more thoroughly 
studied than any of the others. This specimen had been changed frequently during 

several weeks from a white to a black aquarium and vice versa until adaptation to these 

shades occured moderately rapidly. It was kept over the disk continuously, with the 

exception of a few short intervals, for five days. During this period the rate of rota- 

tion of the disk was changed at intervals varying from a few moments to an hour or 

more, and the effect on the pattern of the skin was noted and recorded. Without going 
into details regarding these records the results may be summarized as follows: 

When the disk was not rotating the pattern in the skin became very conspicuous. 

The three ocelli became black and numerous other black spots of about the same size 

as the ocelli appeared. Numerous larger irregular light and dark patches also appeared, 

giving the fish a contrastive mottled appearance. Rotations of the disk up to about 

50 revolutions per minute did not cause, in strong diffused sunlight, any appreciable 
alterations in the pattern. If anything, it became more conspicuous. As the rate of rev- 

olution increased above this, the pattern became less and less conspicuous until at 200 

revolutions, in strong, diffused sunlight, the fish became as nearly uniformly gray as it 
did on a stationary gray background. Under both conditions the entire surface, with 

the exception of the ocelli and spots mentioned above, became, in the same length of 

time, almost uniformly gray. The ocelli and spots were in all cases considerably darker 

than the rest of the surface but not nearly so dark as they were when the disk rotated 

more slowly. 

Thus, in moderately strong light the images produced on the retina of the fish 

fused completely when the disk made 200 revolutions a minute, or, since the disk con- 

tained 32 sectors, when the images were superimposed at the rate of 6,400 per minute. 
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In lower light intensity the fusion rate was lower. According to notes taken at 

6 p. m. on the third day of the experiment, September 12, the rate was found to be 

about 4,800 per minute, and the following day the same rate was obtained between 

II a. m. and i p. m. by reducing the light intensity by means of an opaque screen. 

When the screen was removed, without changing the rate of rotation of the disk, the 

fish could be seen to become almost at once distinctly more conspicuous. When the 

light was thus increased the dark spots and patches became markedly darker, and when 

it was again decreased by replacing the screen they rapidly faded again. With full illu- 

mination, moderately strong indirect sunlight, the fusion rate was found during this 
period to be approximately 6,400 per minute. 

The fusion rate for the human eye in all of these tests was apparently the same 

as that for the eye of the fish. At 50 revolutions per minute and below the sectors 
appeared nearly, if not quite, as black and white as they did when the disk was not 

rotating, although they appeared considerably narrower. As the rate of rotation 

increased, the sectors appeared to become narrower and narrower, and to become more 

and more nearly alike in shade, until they finally merged entirely and the disk assumed 

a uniformly gray shade. This occurred at about 200 revolutions per minute in strong, 

diffused light, and at a lower rate in weaker light, just as in the case of the fish. In 

other words, the disk appeared uniformly gray whenever the fish became maximum 

gray. Under no circumstances did the fish become maximum gray before the sectors 

on the disk had entirely disappeared. 

The results obtained with the other three specimens were in all essentials like 

those set forth above. Two of them, however, did not appear to become quite as gray 

over the disk rotated fast enough to appear uniformly gray to the human eye as they 

did on a gray bottom. In these individuals, however, the changes in the skin pro- 
ceeded so slowly that it was exceedingly difficult to detect slight changes which may 

have occurred in the shade and the pattern. Consequently, there is some doubt con- 

cerning these results which, if valid, would indicate that the fusion rate for some speci- 

mens may be higher than it is for man. 

SUMMARY. 

1. The evidence presented above indicates that fishes have color-vision and that 

the spectrum for them is, objectively, essentially the same as it is for man. 

2. It indicates that they do not recognize dots 0.5 mm. in diameter as individuals, 

but that they do recognize dots 1 mm. in diameter and that they distinguish between 

dots 2 mm. in diameter and dots 3 mm. in diameter. In this respect vision does not 

appear to be as keen in fishes as it is in man. 

3. It indicates further that fishes recognize differences in form, that the difference 

in the reaction to a crab and a minnow is on the basis of difference in form. 

4. It also indicates that the fusion rate of images on the retina is essentially the 

same for fishes as it is for man, and consequently, that motion as a factor in vision is 

approximately the same for both. 

97867°—vol 34—16——15 
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SELECTION OF BACKGROUND. 

No one has heretofore obtained any evidence indicating that fish show any ten- 

dency to select a background which harmonizes with the shade, color, or pattern of 

the skin. Summer (1911, p. 443) made a number of tests with Rhomboidichthys and 

obtained negative results. He is very conservative, however, in his conclusion based 

upon these results, stating merely that they “render it improbable that the fish exer- 

cises much selection in respect to the shade of its background.” The results here 

noted of experiments on both Paralichthys and Ancylopsetta show very clearly that 

such selection occurs. They throw but little light, however, on the question as to 

the extent and the significance of the selection. 

In these experiments two methods were pursued. One may be called the group 

method and the other the individual method. 

GROUP METHOD. 

In the group method a given number of specimens, usually 10, which had been 

either on a white or a black background continuously for several days or longer, were 

released in an aquarium one half of which was black and the other white. Their 

movements were then studied and their positions at given intervals were recorded. 

The aquarium used for this purpose was 55 by 70 cm. The bottom of this aquarium 

was divided lengthwise into four equal areas. Two of these, with the adjoining side 

walls, were painted white and the other two, alternating with the first, were painted 

black. In these tests, specimens of Paralichthys were exclusively used. ‘They varied 

in length from 12 to 20 cm. At the close of the first test two new individuals were 

added. With this exception the same individuals were used throughout the tests. 

In making these tests the individuals were put into the aquarium and left undisturbed. 

At intervals of about five minutes their positions were noted and the number on the 

white and on the black, respectively, was recorded. At the close of each test these 

numbers were added. ‘The resulting sums appear in table v. 

TABLE V.—THE RELATION BETWEEN THE SHADE OF THE SKIN AND THAT OF THE BACKGROUND SELECTED. 
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INDIVIDUAL METHOD. 

A number of specimens of Paralichthys and Ancylopsetta were kept for several 

weeks in a shallow wooden aquarium 2.6 meters long and 1.3 meters wide. One half 
of this aquarium, sides as well as bottom, was painted black and the other half white, 

with the dividing line extending crosswise. 

It was repeatedly noted that most of the specimens in the aquarium persistently 

remained on the white, but a few tended to remain on the black. When those on 

the white background were forced over onto the black they almost invariably returned 

at once, and the same was found to be true for those on the black background, indi- 

cating a selection of background in harmony with the shade of their skin. 

More detailed results regarding this, however, were obtained as follows: Individuals 

fully adapted to either white or black were placed on the dividing line in the aquarium 

in such a position that one eye was over black and the other over white. In this posi- 

tion they were held with the hands until they became quiet, which usually occurred 
in a very few moments, and then released. In some instances they remained quiet 
after being released. Whenever this occurred the tip of the tail was touched repeat- 

edly until they started off. The direction in which they turned was then noted and 

recorded, after which the whole process was repeated. In returning the animal, in 

about half of the individual tests it was moved across the line to the opposite end of 

the aquarium and then brought back onto the line so as to counteract any possible 

influence of the direction of movement before the test, on the direction of turning 

during the test. The results of nearly all of these tests are summarized in table vr. 

TABLE VI.—THE RELATION BETWEEN THE SHADE OF THE SKIN AND THAT OF THE BACKGROUND 

SELECTED. 
/ 

Number of times and direction of 
turning. 

Num- 
ber | Designation of individual Shade of background and ‘Time tests were | Ventral surface on | Ventral surface on 
of used. time on same before test. made. lack. white. 

test. 

Toward | Toward | Toward | Toward 
black. white. black. white. 

= | 
1 | Paralichthys, 30cm. +|| lack daiwa. vise.ciee ; .| July 9, 2.30 p.m... 8 2 7 3 
Bobs alo} sacs nneadeoe Black, 2:days.c.cvscn. July 10, 5 p. m.... nS ° 12 3 
3 Black, nearly 6 days... July 16, 5 p.m.... 20 ° 15 5 
4 Black, 1 week or over... .. July 8, 11.45 a. m.. 12 3 14 I 
5 Black, over 1 week July 9, 4.15 p.m... 14 I ee 4 
6 White, 1 day...... July to, 5.30 p.m 5 8 6 7 
7 White, 7 days.......... ulysnyy sex)... 7 33 7 33 
8 Black, 1 week or over. . July 9,3 p-m..... 29 ° 15 14 
i | PCLON, wnnteatiticte cece (ccen ¢ AOpen ccocete ree July 9, 4.45 p.m 16 ° 5 II 

10 White, 1 day.... Nilvsrosesiee dates 8 5 ° 13 
Ir White, 7 days... .....] July 16, 5.15 p.m.. 5 20 3 22 
12 Wihite;/&idays?s. 2 sccenenn July 17,3 p.m.... ° 15 ° 15 
13 White, most of time for 1 | July 9, 3.30 p.m... ° 8 ° s 

week. 
eae Glo ecear tener c July 9, 3.40 p.m... 12 ° 12 ° 
weeny OO vase achnieeh July 9, 4.30 p. m... ° 6 ° 6 

B eee alelag ars July 9, 4.40 p.m... 9 ° 9 ° 
..| Black, 1 day.... ..| July 10, 4p. m.... I 13 2 12 

.| Black, 6 days. . | July 16,5 p.m.... To ° 10 © 

These results, without further analysis, show clearly that there is a tendency, both 

in Paralichthys and Ancylopsetta, to turn toward that shade to which they are adapted. 
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The only results which do not support this statement were obtained with Ancylopsetia (B). 
This individual, as the table shows, turned frequently and persistently toward a given 

shade for a considerable period of time and tnen suddenly stopped and turned as per- 

sistently in the opposite direction. The results obtained with all of the other individuals 

are, however, so consistent that not much weight can be placed on those obtained with 

this one. The tabulated results also show that, especially in Ancylopsetta, there is a 

tendency to turn toward the ventral surface. Thus it is evident that these creatures 

select, to some degree, that background on which they are least conspicuous. Whether 
or not this selection has reference to color and pattern as well as to shade remains to be 

ascertained. 

COLORED BACKGROUND. 

After this section of the work was completed opportunity presented itself to extend 

this investigation so as to include color. This study was carried on in the same way as 

that described above, bearing on the selection of backgrounds on the basis of difference 

in shade. ‘The details regarding the experiments and the results obtained are presented 

under color-vision in the section on vision. By referring to table 1v in that section, it 

will be seen that the individuals adapted to blue and to green showed a strong tendency 

to go toward the background with which they harmonized in color, that those adapted 

to yellow showed very little of this tendency, and that those adapted to red showed none. 

Thus it would seem that there is some evidence indicating that color is a factor in the 

selection of backgrounds. The whole subject, however, is in need of further investiga- 

tion before hard and fast conclusions can be reached. 



SUMMARY. 

1. Adaptive changes in shade occur in the skin of practically all of the different 
fishes found in the region of Beaufort, N. C.; adaptive changes in color occur in many; 

but adaptive changes in pattern in only a few. 

2. The flounders Paralichthys and Ancylopsetta simulate the background over a 

wider range and more closely than any other forms studied. In nature they resemble 

the bottom so much that it is difficult to see them, especially when they are partly 

buried, as they usually are. They are the only forms found in which the skin changes 

so as to resemble the bottom in pattern as well as in shade and color. 

3. Simulation of the background in Paralichthys is more extensive and more nearly 

perfect than in Ancylopsetta. The range of changes in the skin in members of this 

genus is most remarkable. On a white background they become almost pure white, on 

a black background nearly black, and on gray backgrounds of various shades they 

become gray of very nearly the same shade. 

4. On blue, green, yellow, orange, pink, or brown of various hues they assume a 

color remarkably similar to that of the background. Reds of various tints and shades, 

however, are not very accurately simulated; but the color produced in the skin by each 

tint or shade of red is different from that produced by any other color and very different 

from that produced by gray regardless of the intensity. i 

5. On bottoms containing black and white squares or circles, the skin breaks up 

into similar areas both in size and shade, but in no case is there any indication of an 

actual reproduction of the form of the areas, as maintained by Pitkin and Loeb. Large 
figures in the background produce a coarse pattern in the skin, and small figures a fine 

pattern, but squares of a given size produce essentially the same pattern as circles or 

stripes, or within certain limits any other figures of the same size. 

6. The size of the light and dark areas in the background and the relative amount 

of surface covered by them have a profound effect on the pattern produced in the skin, 

but the form and arrangement have little or no effect. 

7. The large features in the pattern are essentially the same in different individuals 

‘of the same species, but the details differ so much that any individual could readily be 

recognized by a careful study of less than a square millimeter of any portion of the 

pigmented surface. 

8. The time required for adaptation to colors is, in general, much longer than that 

required for adaptation in shade or pattern. On the reds, greens, and blues adaptive 

changes still appear to continue after a sojourn on them of between two and three 

months. On yellows and browns adaptation occurs in much shorter time. This may 

be due to the predominance of these colors in the normal environment of the flounders. 
9. The time required for adaptive changes in shade may he greatly reduced by 

repetition. In one individual, in the course of a week, it was reduced from five days 

to less than two minutes by repeated changes from black to white and vice versa. 
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10. Changes in shade, pattern, and color result from concentration or distribution 

of pigment granules in groups of cells known as chromatophores, in connection with 

highly reflective and refractive guanin crystals found in other cells known as guanophores. 

11. The pigment granules in some of the chromatophores are black. In others 

they are yellow, varying from yellowish green to deep orange, depending upon the color 

of the background. 

12. The movement of the granules resulting in adaptation is under the control of 

stimuli received through the eyes by way of the central and sympathetic nervous system. 

13. If there is any direct effect of the stimulating agents in the environment on 

the adaptive reaction of the chromatophores it is insignificant. 

14. Stimuli received through either eye are distributed equally over the entire 

pigmented surface. The shade, color, and pattern assumed is the result of stimuli 

received through one eye modified by those received through the other. 

15. In Paralichihys the shade assumed in low luminous intensity on a given back- 

ground is practically the same as that assumed in high intensity on the same background. 

It therefore bears no proportional relation to the amount of light received from the back- 

ground. Ancylopsetta, however, assumes a much darker shade in very weak light than 

it does in strong light. 

16. Light reflected from the skin to the eyes plays no part in adaptation to the back- 

sround. Simulation of the background is not controlled by visual comparison of the 

skin with the background. 

17. On a white background flounders become maximum white and on a gray back- 

ground maximum gray, even if the conditions of illumination are such that much more 

light is reflected from the latter than from the former. ‘The action of the light received 

by the eyes from the background must therefore be modified by light received from above, 

but the interaction of the light received from the different immediate sources is probably 

not so simple as is demanded by the ratio hypothesis of Keeble and Gamble. 

18. The simulation of the background in color is regulated by stimuli received 

through the eyes, and it depends upon the length of the light-waves. It can not be 

accounted for on the basis of differences in the brightness or the intensity of the light. 

It consequently indicates that these animals have color-vision. 

19. This conclusion is, moreover, supported by the fact that flounders adapted to 

blue or green tend to react positively to these colors when simultaneously subjected to 
stimuli from one of these and any one of the following colors: Red, green, blue, and 

yellow, red being the darkest color and the others brighter in the order given. 

20. Flounders distinguish differences in size and in form, but the evidence obtained 

does not indicate that their vision is acute in these respects. The fusion rate of images 

on the retina, however, is essentially the same in flounders as it is in man, showing that 

in respect to motions their vision is on a par with human vision. 

21. Flounders tend to select a background with which they harmonize in shade and 

in color. 



DISCUSSION. 

What sort of mechanism is necessary to account for the reactions of the chromato- 

phores resulting in adaptation in shade, in pattern, and in color? Let us consider this 

- question with reference to these different characteristics in the order given: 

Adaptation in shade.—Different shades in the skin of flounders depend upon the 
degree of concentration of the melanin granules in the melanophores. The movement 

of these granules, which regulates the degree of concentration, is controlled by stimuli 
received through the eyes and the nervous system. 

If this movement were proportional to the light received by the eyes from the back- 

ground, and if each melanophore were connected with receptors in only one of the ret- 

inas, one could readily account for adaptation in shade, but such is not the case. The 

movement of the melanin granules is not proportional to the light received from the 

background, for the degree of concentration of these granules on a background of a 

given shade is the same, no matter how strong or how weak the light is; and each melan- 

ophore is probably connected with receptors in both eyes, for if one eye receives light 

from a black and the other from a white background the skin assumes an intermediate 

shade. To account for the regulation of the movement of the granules it is consequently 

necessary to assume a mechanism, such that the effect of the light reflected from the back- 

ground on the movement of the melanin, is modified by the action of light received from 

other sources; and to account for the intermediate shades reproduced when one eye receives 
stimuli from a background of a given shade and the other from one of a different shade, 

it seems necessary to assume that the effective stimulus bears a definite relation to the 

arithmetical means of the light received from the background by each of the two eyes, 

modified by light received from other sources. It can not be proportional to the sum- 

mation of the light received by both eyes, for if this were true a greater concentration 

of the melanin and a more rapid reaction would be expected, under given conditions, 

if both eyes are functional, than would be if only one is functional. This, however, 

does not occur; consequently it must be further assumed that the effect on a melano- 

phore of a given amount of light received by a retina from the background modified 

by light recieved from other sources is twice as great if only one eye is functional as it 
is if both are functional. 

Without attempting any further analysis, it is evident that to account for the 

observed phenomena concerning adaptation in shade it is necessary to postulate a 

rather complex mechanism, the working of which is as yet not altogether clear. The 

difficulties encountered in attempting to elucidate the physiology of adaptation in this 

respect, however, are much less perplexing than are those encountered in attempting 

mechanically to explain adaptation in pattern and color. In these we have to account 

for all of the phenomena regarding the compromise in the effect of direct and reflected 

light and in the action of the two eyes and others as well. In other words, adaptation 
in shade is always present. 
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Adaptation in color.—The observations on adaptive simulation of colors show that 
the reactions of the chromatophores depend upon the length of the waves of light 

regardless of the intensity. Each wave-length, within certain limits, has a specific 

effect. Thus the red causes extension of the pigment granules in the xanthophores 
and the melanophores, yellow causes greater extension in the former and less in the 

latter, ete. 

If each chromatophore is connected directly with given cells in the retina, it must 

be assumed that the impulses which travel through a given nerve fiber from the retina 

to the skin differ and that the character of each impulse depends upon the length of 

the waves. Thus adaptation to monochromatic light might be explained, but colors 

produced by mixtures of light waves of different lengths are also simulated. As a 

matter of fact, most of the colors tested were not monochromatic. The different shades 

of brown, e. g., which were very accurately simulated, were produced by mixing red 

and yellow pigments. These pigments on drying aggregated in such a way as to form 

small adjoining red and yellow areas, distinctly visible under a magnification of 50 

diameters; the brown color, therefore, consisted of a mixture of red and yellow rays. 

It thus becomes evident that a given reaction of a chromatophore is not necessarily 

specifically associated with a given length of light-wave. In other words, the effect of 

light consisting of waves of a given length is modified by the presence of light consist- 

ing of waves of a different length, and the modification is different for every wave- 

length. Where and how this process of modification occurs is unknown, but it seems 

most natural to refer it to the activity of cells in the brain. 

The melanophores, as well as the xanthophores, take part in the production of 

colors in the skin. Their reactions are consequently dependent upon the length of the 

waves of light as well as upon the intensity, and to account for this as well as to account 

for the response of the xanthophores it is necessary to add to the complexity of the 

mechanism postulated to explain adaptation in shade. The nature of this addition is 

at present quite obscure. 
Adaptation in pattern.—In the case of adaptation in pattern there is an integration 

of the action of impulses from the two eyes similar to that considered under adaptation 

in shade. If one eye receives stimuli from a background having a coarse pattern and 
the other from one having a fine one, the skin assumes a pattern intermediate in 

texture. Thus it is evident that the stimuli from either eye modify the effect of those 

from the other eye. With reference to the action of each eye alone it was found that, 
while the dark and light areas produced in the skin bear to those of the images in the 

retina a definite relation in size, they bear no such relation in form or in special interrela- 

tion. Obviously, then, the regulations of patterns can not be explained on the assump- 

tion of a direct and specific-nervous connection between the chromatophores in the skin 

and the cells in the retina. An illuminated spot of a given size and intensity produces 

the same effect on the chromatophores in the skin, no matter where it may be located 

or what form, within certain limits, it may have. Different configurations (a, b,c, d,e, f, 

etc.) in the retina, no matter where they are located, all may result in the same configura- 

tion in the skin. Consequently, if the pattern in the skin depends upon the spacial 

interrelation of the impulses, their interrelation must be reorganized somewhere between 

the retina and the skin, probably in the brain. 
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Concerning the details of the processes involved nothing is yet known. Driesch, 

however, would probably hold that it can not be explained on purely mechanical 

grounds. It is well known that in man the image of an object may result in the same 

sensations, no matter from what angle the object is viewed. Thus a dog seen from 

the side may cause the same sensation as one seen from in front or from any other 

point of view, although the image on the retina in each case differs greatly from that 

in any other case. This phenomenon is like that just discussed in fishes. Driesch 

holds that in man it can not be explained on a purely mechanical basis. We should 

consequently expect him to maintain the same view for the phenomenon in fishes. 
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EXPLANATION OF PLATES. 

All of the figures found in the following plates are reproductions of photographs and 

autochromes from life, none of which have been retouched, tinted, or altered in any way. 

Plates XIX, XX .—Adaptation on natural backgrounds. 

PLATE XIX. 

Fic. 1. Paralichthys albiguttus, 20 cm. long, on fine variegated shells, yellow predominating, partly 

buried as usually found in nature. ' 

Fic. 2. Same individual two minutes later with the shells removed. 

Fic. 3. P. albiguttus, 21 em. long, on coarse shells of the same kind, partly buried, from August 16 
to 19. 

Fic. 4. Same individual two minutes later with shells removed. Note that the pattern is much 
coarser than in figure 2 on the fine shells. In both the skin was distinctly yellowish in color. 

PLATE XX. 

Fic. 5. Same individual as in figure 4 on very fine gray sand, almost entirely covered with sand. 
From August 19 to 21. Note the two small depressions in the sand at the base of the caudal fin. The 
lower one is much more prominent than the other. This individual breathed only through the lower 
gill. The water which entered the mouth passed back under the body and oozed up through the sand, 

forming the depressions. ‘The animal was very effectively concealed. 

Fic. 6. Same individual uncovered. Compare with figure 4 and note what a great change took 
place in the pattern. The skin also changed very much in color. All the yellow had disappeared and 
it had assumed a light gray shade. 

Fic. 7. P. albiguttus, 13 cm. long, in a glass dish over very fine black sand. Note the remarkable 
similarity between the pattern and the shade in the fish, especially the central part of the body, and 
those of the sand. ‘The tips of the fins and the tail have no pigment and consequently stand out boldly 
against the background. 

Fic. 8. P. albiguttus, 16 and 10 cm. long, on a smooth jet black background. Note the conspicu- 
ous white spots. In some instances all of these, except a trace of the one at the base of the pectoral fin, 

disappeared entirely. 

Plates X XI-X XIII.—Adaptation on artificial black and white backgrounds. 

PLATE XXI. 

Fic. 9. Paralichthys albiguttus, 14 cm. long, individual (B), on black and white background (2 mm. 
squares) from July 29, 11 a. m., to July 30, 3 p. m., after having been adapted to the background shown 
in figure 10. This individual was extensively used in the study of adaption on artificial backgrounds. 
It is represented in many of the following figures. Note that numerous dark spots have appeared in 

the light areas shown in figure to, and that the light spots in the dark areas have become more numerous 

and more conspicuous. 
Fic. 10. Individual (B) on black and white background (5 mm. squares) from July 25, 2 p. m., 

to July 26, 11.30 a. m., after having been adapted toa white background. Note that the three very 
light gray areas around the ocelli, shown ini figure 13, have become much darker and other dark spots 

have appeared. 
Fic. 11. Individual (B) on black and white background (2 cm. squares) from August 1, 9 a. m., to 

4.30 p. m., after having been adapted to x cm. squares, shown in figure 12. Note that the pattern has 
changed very little. 

233 
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Fic. 12. Individual (B)on black and white background (1 cm. squares) from July 31, 11.40 a. m., 

to August 1, 9 a.m., after having been on (1 sq. cm. circles) fromm July 30, 3.p.m., to July 31, 11.40 a.m. 

Note that the dark areas are darker than in figure ro. 

Pirate XXII. 

Fic. 13. Individual (B) on a smooth white background continuously from July 23, 2 p. m., to 

July 25, 10 a.m. It was alternately on white and on black about equal time during the preceding 
seven days. The skin actually appeared much whiter and less mottled and the animal less conspicu- 

ous than the photograph indicates. This is partly due to the shadow in the background along the 
ventral side. In specimens kept continuously on white for two months the skin became much more 

uniformly white. 
Fic. 14. Individual (B)on black and white background (circles 5 mm. in diameter) from August rr, 

12 m., to August 13, 1.30 p.m. Note the remarkable difference between the pattern in this figure and 

that in figures 9 and 13. 
Fic. 15. Individual (B) on black and white background 2 cm. squares from August 24, 11 a.m., 

to August 27, a. m., after having been adapted to white. Note that the light areas are much larger 

than on figure 15, which shows the same specimen on the same background ata different time. A great 
variation was observed in the size of these areas during the time the fish was on this background. There 

is some evidence indicating that the relative amount of black and white produced in the skin depends 
upon whether the head is over a black square or over a white square. If it is over a white square there 

is considerably more black near the eyes than white, and if it is over a black square the opposite is 

true. While in other positions one eye may be influenced mainly by black and the other mainly by 
white. This no doubt accounts for the variation mentioned. In other words, a fish 14 cm. long can 

not simulate light and dark areas of this size as accurately as smaller ones, although larger specimens 

can. 
Fic. 16. Individual (B) on black and white background (circles 5 mm. in diameter) from August 

15, 10a. m., to August 16,9 a.m. This photograph shows one of the most remarkable concealing pat- 

terns observed. The fish appeared to contain numerous holes. 

PLATE XXIII. 

Fic. 17. Individual (B) on black and white background (xz sq. cm. circles) from August 1, 4.30 

p. m., to August 2, 11 a.m. Probably not fully adapted. 
Fic. 18. P. albiguttus (E), 10 cm. long, on black and white background (1 sq. cm. circles) from 

August 1,11 a.m., to August 5, 9.40 a.m. On this background the specimen was nearly uniformly 
gray much of the time, and the simulation of the figures in this background was at no time as good as 

it was in larger specimens, although on the finer-grained backgrounds it was quite good, showing that 

the maximum area of figures successfully simulated depends upon the size of the fish. 
Fic. 19. P. albiguttus, individual (C), 14 cm. long, on black and white background (1 em. squares) 

from July 25, 2 p.m., to July 28, 10.30a. m. Note that the pattem is similar to that in individual (B), 

figure 12, although specific individual characteristics can readily be found. Compare, e. g., the ventral 

ocellus in these two figures. 
Fic. 20. P. albiguttus (E), 19 cm. long, on black and white background (5 mm. squares) from 

August 6, 12.30 p. m., to August 8, to a. m. 

Plate X XIV.—Effect of mechanical stimulation on the pattern produced in the fish. 

Fic. 21. P. albiguttus, 16 cm. long, in shallow bluish-gray mottled granite pan from August 1 to 

August 4, 10.30 a.m, Excellent simulation of the background on the entire surface except the three 

ocelli, which are nearly black. 
Fic. 22. Same specimen photographed in the granite pan, August 5, 4 p. m., very shortly after 

mechanical stimulation. Note the contrast due to the enlargement of the regions around the ocelli and 

the appearance of numerous dark and light spots. These regions and spots were considerably more 
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pronounced immediately after stimulation. They become less conspicuous rapidly but it usually re- 
quires several minutes for them to disappear completely. They usually also appear when the animal 
is feeding. 

Plates XXV, XXVI.—Adaptation on artificial black and white backgrounds, showing that 

the patterns on them is not actually reproduced in the skin. 

PLATE XXV. 

Fic. 23. Individual (B) on black and white background (5 by ro mm. rectangular), long axis of the 

fish parallel with short axis of rectangles, continuously August 21, from ro a. m. to 2.30 p. m., and 

August 22 from rz to 11.30 a.m. No change in pattern could be detected from that assumed when the 
fish was free on this background. 

Fic. 24. Individual (B) on same background, long axis of fish continuously parallel with long axis 
of rectangles, August 22 from 3.10 to 5 p. m., and August 23 from 6 to 9.15 a. m. 

Fic. 25. Individual (B) on the same background continuously rotated on a disk under the crystal- 

lizing dish August 21 from 2.30 to 4.45 p.m. Note that the pattern is essentially the same as that shown 
in figures 23 and 24, although the apparent forms of the figures were continuously changing from long 
narrow to short and broad rectangles and vice versa. 

Fic. 26. Individual (B) on black and white background (1 sq. em. circles, area of white equal to 

that of black) from August 7, 11.30 a. m., to August 8, ro.15 a. m. 

PLATE XXVI. 

Fic. 27. Individual (B) on black and white background (1 sq. em. circles, area of black equal to 
that of white) from July 30, 3 p. m., to July 31, 11.40a. m. 

Fic. 28. Individual (B) on black and white background (stripes 1 em. wide) from August 4, 5.15 
p. m., to August 5, 9.45 a. m. 

Fic. 29. Individual (B) on black and white background (stripes 5 mm. wide) from August s, 

4 p.m., to August 6,4 p.m. Note that the pattern produced by stripes is essentially the same as that 

produced by white circles on a black field (fig. 26) or black circles on a white field (fig. 27) or square or 
elongated rectangles, foreshortened in either direction or constantly rotated so as to continuously change 
the perspective. There is no evidence whatever indicating an actual reproduction in the skin of the 
figures in the background. 

Fic. 30. P. albigutius (A), 15 em. long, on black and white background (5 mm. square) from July 
23,2p.m., to July 25, 10a. m. This specimen was tested on larger and on smaller squares and also on 
stripes. The pattern produced in the skin was essentially the same as in individual (B), shown in the 
preceding figures. 

Plates X XVII, X XVIII.—Photographs showing more in detail the relation between the 

pattern in the skin and that in the background. 

PLATE XXVII. 

Fic. 31. P. albiguttus (F), 14 cm. long, in large, shallow granite pan (variegated, dark blue and white) 

from July 31 to August 14. Note the small white spots shown in irregular rows across the fish. 

Fic. 32. Individual (F) on black and white background (dots 2 mm. in diameter) from August 23 
to 27, 10a.m. The white spots in the irregular rows have become more conspicuous, but the pattern 
is essentially the same, although the spacial interrelationship of the light and dark areas in the back- 
ground is very different. This is very clearly shown in the enlarged photographs reproduced in figures 

35, 36, 38, and 39. 
Fic. 33. Individual (C) same specimen shown in figure 1g in the granite pan represented in 

figure 31 from August 1, 9 a. m., to August r4, after having been on various backgrounds during the 

preceding week. All the individuals in the granite pan after being fully adjusted were so inconspicuous 

that it required considerable attention to see them. (See autochrome fig. 66.) 
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Fic. 34. Individual (C) on black and white background (2 mm. squares) from August 25, 8 a. m., 
to August 27, 10.18 a. m. Note that the patterns produced by these two very different backgrounds 
are essentially the same. 

PLaTE XXVIII. 

Fic. 35. A small section of the background shown in figure 31, enlarged. X 9. 

Fic. 36. Enlargement of a small section of figure 31 taken slightly above the ventro-anterior ocellus. 

X 9- 
Fic. 37. Enlargement of a section taken from the same relative place in figure 32. X 9. 

Fic. 38. A small section of the background shown in figure 32, enlarged. X 9. Note that the 

details of the pattern in the skin (fig. 36, 37) assumed on these two different backgrounds (fig. 35, 38) 

are strikingly similar. Practically all of the dark and the light areas found in one are also found in the 

other, and the forms of these are, respectively, very nearly the same, although in the two backgrounds 

the dark and the light areas differ greatly, both in form and in spacial arrangement. The same is true 
with reference to individual (C), figures 33, 34, 39, and 40. On neither background is there any evi- 

dence of an actual reproduction in the skin of the configuration in the background. 

Fic. 39. Enlargement of a small section of figure 33 located in the same relative position as that 
reproduced in figures 36 and 37. X 9. t 

Fic. 40. Enlargement of the same relative section of figure 34. 9. Note that the patterns shown 

in figures 39 and 40 are essentially the same, although the backgrounds on which they were produced 
differ greatly. Note also that the patterns shown in figures 36 and 39 differ considerably in detail, 

although produced by the same background but in different individuals. While the large features in 

the pattern of the skin of all individualsof this species are essentially the same, there is sufficient specific 
individuality in the smaller features to make it possible to recognize every individual by a thorough 

study of the pattern found on a square millimeter or less of any part of the pigmented surface. 

Plates X XIX, XXX.—The photographs on these plates show that simulation of the back- 

ground is dependent upon stimuli received through the eyes and that the stimuli from 
each eye are distributed over the entire pigmented surface. 

PLATE XXIX. 

Fic. 41. Individual (B) (same specimen shown in many other figures), on black and white back- 
ground (2 mm. squares) from July 29, 11 a. m., to July 30, 3 p. m. 

Fic. 42. Individual (B) on black and white background (circles 1 sq. cm.) from July 30, 3 p. m., 
to July 31, 11.40 a. m. 

Fic. 43. Individual (B), one eye continuously on a coarse and the other on a fine-grained back- 
ground, on August 29, 8 to 11.20 a. m. No further appreciable change occurred in the pattern after 
8.30a.m. ‘Thus it is clear that the fish was fully adapted long before the photograph was taken. This 

rapid adaptation was no doubt due to the fact that this animal had been used in the study of patterns 
produced by different backgrounds almost continuously for a month or more. Note that the pattern is 
the same over the entire surface and that it is intermediate in texture between those shown in figures 
41 and 42. It appears to be a sort of superimposition of these two patterns. 

PLATE XXX. 

Fic. 44. P. albiguttus (G), 22 cm. long, head continuously on white and tail on black, on August 

21, 2.30 to 4.55 p.m. ‘This specimen was taken from a black aquarium and was fully adapted to black 
in the beginning of the experiment. 

Fic. 45. Individual (G), one eye on white the other on black continuously, on August 22, 10 to 11.55 

a.m. ‘The fish was nearly maximum black at 1o a. m. 

Fic. 46. Individual (G), continuously with head on white, body on black, on August 23, 6 to 9.20 

a. m. 
Fic. 47. Individual (G), head on black, body on white, on August 23, 9.20 a. m. to 12 m. 
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Plates XX XI, XX XII.—Limiis of vision, keenness of discrimination, and adaptation to 

gray background. 

PLATE XXXI. 

Fic. 48. P. albiguttus, 12 cm. long, fully adapted to a very light gray background. This specimen 
continuously appeared somewhat darker than the background. Note that the three ocelli have almost 

entirely disappeared. 

Fic. 49. Individual (B) (fig. 9), on black and white background (dots 0.5 mm. in diameter) from 
August 16, 2 p. m.,to August 17,9 a.m. Dots of this size, no matter how numerous, had no effect except 
perhaps to cause the skin to become uniformly slightly grayer. 

Fic. 50. Individual (B) on black and white background (dots 1 mm. in diameter) on August 5, 9.45 
a.m. to 4 p. m., after having been fully adapted to 1 cm. squares. These spots have no appreciable 
effect on the skin unless they are more numerous than they are in this background. 

Fic. 51. Individual (B) on black and white background (dots 1 mm. in diameter) on August 20, 

Toa. m. to 4.45 p. m., after having been fully adapted to dots 2 mm. in diameter. Note that the posterior 
ocellus is much darker than on white, but that the two anterior ones are not. 

In the production of a pattern in individuals which are maximum white the posterior ocellus always 
becomes dark first, then the two anterior ocelli and then a row of ten dark spots appears along the base 
of the fins. Following this two dark spots appear in the tail and two in the central part of the body, 
after which others appear in the fins, the tail, and elsewhere. 

PLATE XXXII. 

Fic. 52. Individual (B), on black and white background (dots 3 mm. in diameter) on August 14, 

7 a.m. to 1.30 p. m., after having been fully adapted to white. 

Fic. 53. Individual (B), on black and white background (dots 3 mm. in diameter) from August 16, 

ro a. m., to August 19,12 m. The black spots are clearly somewhat larger and denser than those pro- 
duced on dots 2 mm. in diameter (fig. 54). 

Fic. 54. Individual (B), on black and white background (dots 2 mm. in diameter) from August ro, 
3 p- m., to August 20, roa. m., after having been fully adapted to white. On this background the same 

number of black spots are produced as on that in figure 52, but the spots are slightly larger and more 
dense. This statement and all others of a similar nature are based upon a comparative study of a 

series of prints made from each of the different negatives, and upon descriptions of the effect of the 
different backgrounds written during the process of the experiments. 

Fic. 55. Individual (B), on black and white background (dots 5 mm. in diameter) from August 

2, 12 m., to August 3, 1 p. m.; no observable change after 8a. m. The black spots are practically the 
same as those produced on dots 2 mm, in diameter, but only half as far apart (fig. 54). 

Putting the matter in subjective terms this work shows that these animals do not recognize dots 
0.5 mm. in diameter as individuals, but that they do recognize those 1 mm. in diameter and that they 
distinguish dots 2 mm. in diameter from those 3 mm. in diameter and dots 3 mm. in diameter from those 
5 mm. in diameter. 

Plates XX XIII-X XX V.—Simulation of colors in the background. 

PLATE XXXIII. 

For a fuller account of the environment of the specimens autochromed see text. 

To compare the color of the different individuals eliminate the background by covering the auto- 
chromes with the accompanying gray sheet containing holes. These autochromes prove conclusively 

that the color in Paralichthys and Ancylopsetta changes within wide limits so as to harmonize fairly 
accurately with that of the background. 

Fic. 56. P. albiguitus, 17 cm. long, on chrome yellow from September 1 to 11. The color is only 
fairly accurately reproduced. 

97867°—vol 34—16 16 
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Fic. 57. P. albiguttus, 15 cm. long, on green from August rr to 26. 
Fic. 58. P. albiguttus, 19 cm. long, on dark blue from August 7 to 8. This specimen became bluish 

exceptionally rapidly. It remained on dark blue four days longer and became but little more blue 

than it was when autochromed. 

Fic. 59. P. albiguttus, 20 cm. long, on vermilion from July 27 to August 26. 

PLATE XXXIV. 

Fic. 60. Ancylopsetia quadrocellata, 14 cm. long, on pink (Ridgway's alizarin pink) from August 3 

to September 11. Excellent reproduction. 

Fic. 61. A. quadrocellata, 17 cm. long, on dark blue from August 22 to 26. 
Fic. 62. Same specimen on green from August 26, 4 p. m. to August 30, 2.30 p. m. When first 

transferred, this fish appeared even bluer in the green box than it did when it was in the blue box, and. 
there was no evidence of green whatever. During the following four days the blue became fainter and 

the fish gradually assumed a greenish tint. But at the end of this time there was still considerable bluc 
in the skin, as the autochrome shows. This demonstrates conclusively that the color of the skin as repro- 

duced in all of the figures on this plate is due to internal structures and not to colored light reflected from 

the surface or transmitted through the fish, as has been suggested by a number of those who have seen the 

original autochromes. This is more conclusively demonstrated in the reproduction of autochromes taken 

later (figs. 64, 65, and 67). 
Fic. 63. A. quadrocellata, 16 cm. long, on chrome yellow from July 27 to August 26. 

PLATE XXXV. 

Fic. 64. P. albigutlus, 15 cm. long, on blue from August 20 to September 11; autochromed in a green 
box. ‘This proves that the color shown in the autochromes is due to the structure of the skin and not to 
light reflected from the background as many who saw the originals maintained. 

Fic. 65. Four specimens of P. albiguttus, adapted to blue, green, yellow, and pink backgrounds, 
respectively, autochromed on green. Color in all but the yellow ore is quite faithfully reproduced. 

Fic. 66. P. dentatus, 14 cm. long, in a variegated blue and white granite pan from August 19 to 
September 10. The brown spots are due to particles of rust. Colors faithfully reproduced. 

Fic. 67. Paralichthys, same individuals adapted to the same backgrounds as in figure 65. Auto- 

chromed on a white background. The color in all but the smallest specimen is fairly faithfully repro- 

duced. The smallest specimen appeared much greener in life and also in another autochrome taken at 

the same time than it does in this figure. 

Plate XXXVI. 

Fics. 68-76. Photographs taken with orthonon plates of specimens adapted to colored backgrounds. 
Fig. 68, brown; 69, dark blue; 70, maroon; 71, green; 72, vermilion; 73, light blue; 74, dark blue; 

75, green; 76, chrome yellow. Note the remarkable simulation of the background in shade and the 
absence of conspicuous patterns, especially in Paralichthys. The conspicuous dark areas and light spots 
shown in figure 70 were present only after abnormal stimulation. 

Plate XX XVII. 

Fic. 77. Photograph of a group of Paralichthys on a white background containing considerable débris 

scattered over it. All of the specimens are albiguttus except the large one above and to the left, which 
is dentatus. Note that this specimen has five dark areas, two rather inconspicous ones near the head and 
three near the posterior end. In some specimens there are several others nearly as conspicuous as these. 
In albiguttus there are but three, the two near the posterior end at the base of the fin being absent. 

The difference in shade in the different individuals is largely due to difference in their past 

experience. 
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INTRODUCTION. 

The present report deals with the species of sharks and rays of the Beaufort region 

and includes two species from the Gulf Stream near by. It is intended primarily to 
serve as a laboratory guide to investigators in this field. The demand for a work of 

this character has been augmented by the addition to the fauna of a number of little- 

known species not previously reported from the eastern coast of the United States, by 

lack of adequate descriptions in some instances and inaccessibility of literature in 

others. The latest descriptive report on the species of the North Carolina coast con- 
tains but 18 of the 37 listed herein. 

This report was begun at Beaufort in the summer of 1912 and continued inter- 
mittently through the summers of 1913 and 1914. It is not the intention to supply 

complete descriptions for each species, but to furnish data of a character generally 

lacking in papers on the subject and to make the report of special value as a field manual. 
For the most part, descriptions and illustrations? are based on material from this 

region; for completeness material has been obtained wherever possible. The report 

contains working keys and aims to include in the synonymy of each species all pub- 

lished references on the subject for this region and no others. The species are arranged 

in accordance with the classification of Dr. Samuel Garman in ‘‘The Plagiostomia”’ 

(Memoirs Museum Comparative Zoology, vol. XxXvI, 1913, in two parts), and the 

nomenclature used in that report has been adopted. 

Many of the sharks and rays are too large to preserve or even transport to one’s 

laboratory. The question of what notes should be taken or what is the minimum of 

material that must be preserved to insure identification of the form often arises. The 

writer finds that, in addition to the usual field notes, if the jaws and a piece of the 

shagreen below the first dorsal are preserved, these are all that will be required to 

identify the sharks. In most species the form and sculpturing of the dermal denticles 

from a definite body region appear to vary little, if any, with age; in others age 
differences appear. The amount or extent of variation for all species could not be 

determined with the limited amount of material obtainable. The denticles from the 
side of the body below the first dorsal have been used in every case in which they 

« The drawings were made by Mrs. E. Bennett Decker, of Washington, D.C.; the photographs of jaws, embryos, and adults 
by the author. 
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were available at the time. With the exception of the two species of hammer-headed 
sharks, the character of the teeth or denticles, or both, have been of value in identifying 

the species. 

The writer is indebted to the assistants at the Beaufort laboratory who aided in 
this work; and also to Mr. Barton A. Bean, of the United States National Museum; 

Mr. Russell J. Coles, of Danville, Va.; Mr. Vinal N. Edwards, of the Woods Hole labora- 

tory; Dr. E. W. Gudger, of Greensboro, N. C.; and Mr. John T. Nichols, of the American 

Museum of Natural History, for the use of material. 

UTILIZATION OF SHARKS AND RAYS. 

In the United States there is a prejudice against the use of this class of animals 

for food that results in waste of what rightfully should be a resource. In England and 

Wales, for example, 64,996 hundredweight of dogfish, valued at £20,242, were landed 

in 1913. As the flesh of these small sharks, when properly prepared, is palatable, there 

appears to be no valid reason against its use. The United States Bureau of Fisheries 

has been conducting preliminary experiments in the preparation of this meat, and there 

is good ground for the belief that a demand for the article will be created. Even now 

sharks are more universally eaten than is generally known. As an instance of this, a 

letter from Mr. Vinal N. Edwards, of Woods Hole, Mass., states that the trap fishermen 

of that region ship all of the large species of sharks, with one exception, caught in their 

traps. Among those shipped are the thresher (Vu/pecula marina), dusky sharks (Car- 

charhinus obscurus and milberti), and the black-finned shark (Carcharhinus limbatus), 

the exception being the sand shark (Carcharias taurus). The fishermen remove the 

head, fins, and tail; the body then looks not unlike a swordfish and is shipped to Boston 

or New York, where it is sold as deep-water swordfish. The fishermen receive from 

3 to 8 cents per pound for this class of food. 

There are still other uses to which the sharks and rays might be put. For example, 

oil may be extracted from the liver, which reaches a very large size in these forms; the 

skins, which have been used to a limited extent, possess certain characteristics which, 

it would seem, might be capable of more general use. Stevenson (Report of the United 

States Commission of Fish and Fisheries for 1902, p. 347-348) says: 

The skins of sharks, rays, and dogfish are commonly very rough and studded with numerous horny 
tuberculous markings or protuberances. Some have small imbricated and triangular scalelike tubercles; 
others unimbricated and nearly rhomboid, which in one species are ranged near each other in quin- 

cunxes, or they may be quite square, compact, and comparatively smooth on top. These protuberances 

are usually firmly fixed to the skin so that they are not easily separated therefrom. They are rough 

and hard and take a polish almost equal to stone. 

These skins, like those of all cartilaginous fishes, are very durable. A peculiarity, in addition 
to the markings above noted, is the nonporous character. The pores that are everywhere present in 

the skins of most mammals, which give the natural grain in the tanned leather, are entirely indiscern- 

ible in the skins of these fish. The result is to render them almost proof against water absorption. 
Although by skillful tanning the fibers of seal and other skins may be plumped and the body of the 
membrane solidified, yet much water exposure loosens the fiber and gradually permits absorption. 

Not being ‘of a porous nature, shark skin is naturally free from this defect; but the advantage is also 
a disadvantage in some respects. The nonporous leather is practically airproof as well as waterproof, 
and that is a serious defect when its use for footwear is considered. Beyond this, the skins of sharks 
and similar fishes may be prepared into a very durable, noncracking leather, for which many uses may 

be found. 
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Formerly large quantities of these skins were used for polishing wood, ivory, etc., for which they 

are excellent, owing to their roughness, hardness, and durability; but the great improvements made in 
preparing emery compositions and sandpapers have resulted in substituting them almost entirely for 
polishing purposes. However, a small demand yet exists for shark skins for cabinetworkers’ use. 

The principal uses made of the skins of sharks and allied fishes at the present time are for covering 
jewel boxes, desk ornaments, cardcases, sword sheaths, sword grips, and a great variety of small arti- 

cles for which the tuberculous markings peculiarly adapt them. The demand for these purposes, 
however, is small and restricted, and each producer has to develop his own market. Comparatively 

few of these skins are prepared in the United States, and diligent search among the tanneries and leather 
stores will result in the finding of only a few skins. Many, however, are prepared in France, Turkey, 
and other countries of southern Europe, and also in China and Japan. 

A Parisian manufacturer has made quite a reputation tanning the skins of a species of Malabar 
shark into morocco, and establishments in Turkey make green leather from the skin of the angel shark 

found in the Mediterranean Sea. The skin of the diamond shark obtained in the North Sea, and so 

called because of the shape of the markings or protuberances, is used to cover the sword grips of German 

officers, and for this purpose is not surpassed by any material obtainable. Some parts of the skin of 
certain varieties of sharks when dried and hardened take a polish equal to that of stone and bear a 
strong resemblance to the fossil coral porites, and are much used in the manufacture of ornaments and 
jewelry. 

In preparing them for the use of cabinetmakers, shark skins are merely cleaned and not tanned. 

The hard, dry skins are soaked in lukewarm water for three or four days, shaved on the flesh side to 

remove surplus flesh and muscular tissue, and then dried. The skins of some species of sharks are so 
hard that they can not be shaved. The appearance of these skins is improved by bleaching, using 
chloride of lime and sulphuric acid. The durability of some of them is remarkable, outwearing many 
sheets of sandpaper of equal area. 

‘In tanning shark skin for leather or ornamental purposes an alum process is generally employed. 

Each establishment usually has its own particular method, but the general process is much the same, 

consisting of a preliminary soaking, liming, bating, and fleshing, and then tanning or preserving in an 

alum compound. The hard skins are first soaked in water four or five days and then in limewater for 
two to six days, depending on the condition of the texture, temperature of water, etc. The skins are 

washed free of lime and bated in bran water, then shaved on the flesh side to remove all excess of flesh 

and the like. The alum solution in which they are immersed is composed of a pound of alum and one- 

fifth pound of salt to a gallon of water. The skins remain in the solution two or three days, with occa- 

sional stirring. On removal they are dried and are then ready for manufacturing. 

Class CHONDROPTERYGIA. The sharklike fishes. 

Subclass PLAGIOSTOMIA. ‘The sharks, skates, and rays. 

KEY TO THE ORDERS AND FAMILIES OF PLAGIOSTOMIA REPRESENTED IN THE BEAUFORT, N. C., REGION. 

I. ANTACEA: Body subfusiform; pectorals not attached to the head; gill openings lateral. 
a. Body subcylindrical. 

6. Anal fin present; two spineless dorsals. 

c. Nictitating membrane absent; spiracles present. 
d, First dorsal fin inserted more or less in advance of ventrals. 

e. Caudal fin not lunate; upper lobe two or more times length of lower, with a notch below 

toward tip; sides of caudal peduncle not keeled. 

J. Last gill slit entirely in front of pectoral fin; teeth long, subulate, with a slender cusp on 
SACIUSIU EAA an tee ate eee Ce rent Ns Spe Eh SUT EARE: | LR a Ae eae Carchariide. 

ff. Last gill slit above pectoral base; teeth triangular, compressed; caudal longer than 
10 Oo Boa ee EOE io Aico CR ie Ie ee er ea rae ee ae Writer Vulpeculide. 

ee. Caudal fin lunate; caudal peduncle with a keel on each side; last gill opening entirely 
intron Molehe: PECtOLal ac tema vao nara viaaraae ina ota s/oe te cremwiote qa stecsarel os Isuride. 

dd. First dorsal fin over or behind the ventrals; last gill slit above base of pectoral. 
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9. Nostrils confluent with mouth (in species included herein), with a nasoral groove and 
a cirrus on the anterior nasal valve; first dorsal above ventrals........ Orectolobide. 

gg. Nostrils not confluent with the mouth (in species included herein); cirri absent or 
rudimentary; first dorsal behind ventrals, .....0060 6060 eee Catulide. 

cc. Nictitating membrane present; spiracles absent or present. 
h, ‘Teeth more or less compressed, triangular, one or two series functioning. 

4, Head normal, not expanded across the orbital region... 2.6... 0.4 Carcharhinide. 
ii, Head much expanded across orbital region, hammer-headed or kindney- 

Mae eee Ta ae TUNE Ni an OT ee SHEN Cestracion tide. 
hh. Teeth depressed, paved, several series functioning.................,Galeorhinida. 

bb. Anal fin absent; two dorsals each with a spine; spiracles present; mouth protrusible, with a 
deep groove at each angle ies ce enetlev creates eee eee were eee Squalida, 

aa, Body and head depressed; no anal fin; pectorals produced but free from the head; two spine- 
leas dorsale om the: tably sins iseits OOO a WN Ninn Tain ae Salve NNN WAU sie ainly cial Rhinide. 

II, PLatosomta: Body discoid; pectorals attached to the head; gill openings on ventral surface of disk, 
a, Tail comparatively thick, with two dorsals and a caudal fin; no serrated caudal spines. 

6, Nasoral grooves absent; disk narrow and elongate; tail strong, 
¢. Snout sawlike, much produced, flat, armed with strong teeth on each side, set at right angles 

to its axis; disk small; pectorals not continued forward at side of head. .......... Pristide. 

ec, Snout more or less produced, not sawlike, toothless; disk moderate; pectorals continued at 
side of head; not reaching end of enouts 30.64 6,65 A LI a Rhinobatide. 

bb. Nasoral grooves present; disk broad, rounded, or angular; tail moderate to short. 

d, Disk subcireular; skin smooth; an electric battery at each side of head. .. .Nareaciontide. 
dd, Disk rhomboidal; skin usually rough, with spines or tubercles; no electric battery. . Rajide. 

aa, Tail slender, with one or no dorsal fin and usually with one or more serrated spines, 
e, Pectoral fins uninterrupted, confluent around the snout; teeth small; disk subcircular to 

Thomboielal Om Wee stews Ais 0s Rivas OAC RUN PENG OU ENE iemere s eater cea ee Dasybatide, 
ee, Head bearing a pair of rostral or cephalic fins, representing a partly or entirely separated 

section of the pectoral fins; disk very broad and angular. 

J. Head bearing a pair of rostral fins; teeth broad, molarial. 

g. A pair of rostral fins joined in front of snout, forming a single lobe... .. Myliobatide. 
gg. Snout in two separate lobes, the rostral fins not joined in front of the skull and not 

continuous at the sides of the head with the pectorals............ Rhinopteride. 
jf. Head bearing a cephalic fin, a separate section of the pectorals, extended forward as a 

hornlike process from each side; teeth small, numerous, in pavement... .Mobulida. 

Family CARCHARIDA, The sand sharks. 

Genus CARCHARIAS Rafinesque. 

1, Carcharias taurus Rafinesque, Sand shark; sand-bar shark, 

Eugomphodus littoralis, Varrow, 18>>, p. 22. 

Carcharias americanus, Jordan and Gilbert, 8r0, p. 38>. 
Carcharias Witoralis, Jordan, 1886, p, 26; Jenkins, 1887, p. 84; Jordan and Evermann, 188, p. 2748; Smith, r9o7, p. 37; Gud- 

ger, rorgb, p. 98; Coles, rong, P. oF 

= 45 (49740 Teeth,—Teeth slender, in 30 \36-40 

pointed denticles at each side of cusp; teeth in front of mouth long, subulate, sinuate, slightly protruding; 
on the sides of the jaws they are graduated, the length and crookedness of median cusp diminishing, the 

10 or r2 rows nearest anglesof mouth being tricuspidate, several rows at angles minute; teeth of first row 
in upper jaw slightly smaller than the second; those of the fourth row in the upper jaw and the first row 
in the lower jaw much smaller; some of the upper teeth have two small denticles on one or both sides; 

two rows of functioning teeth, 

Je rows; bases two-rooted, with one or two slender, sharp- 

an —_ ~_ a 

« Garman, Plagiostomia, p. 2s. 
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Denticles.—The dermal denticles are relatively large, being about 0.42 mm, long by 0.47 mm. broad 

in a shark ros em, long, very unequal in size, not close set, and not, or only slightly, overlapping; outer 
surface 3-keeled, keels high, median keel very prominent, with a deep groove on either side, lateral 
keels resting on a narrow, raised, flattened marginal area, the margin of the latter sometimes curved 

Tha, 1. Dentieles, Carcharias taurus, about 192 em, long, from Cape Lookout, N.C, 

upward; apical margin with a prominent, obtuse-angled median lobe, and without a deep indentation 
between tips of median and lateral keels; basal margin trilobed or rounded; pedicel of medium size 
and height; basal plate small, 

MHASUREMENTS OF A Matt 105 Cm, (4144 INcrts) Lona rrom Woops Hon, Mass, 

om, 

‘Tip of snout tom Base of second dorsal... ..5...cccce cee Yetrdhe karts , 
Origin of firat dorsal... ...6.scces cree eeeeee ees . deo] Length of outer margin of pectoraly,...., 
Anterior margin of eye. i lBoch acct, 4.1 | Length of lnner margin of peetoraly ’ 
OTME LUEMC ces avy vp egitaaneads ve Anes sts d's , 220 | Breadth of pectorals,......... Dadepa ce dab ante 10.8 

TOTP GL Gvtaid’y waived ssa Vale sacle « poteutapled vx $a ... 26-0 | Axilof pectorals to base of ventraly,....... : one 
RMN ONCOL ealaarneh hates tisedubehrahanis even o6-0 | Length of outer margin of ventrala.c......6.04. Laie fia 
MOUBMELCE Aah asaT sas ALE ensa esr TGA weyed  th3 | Length of inner margin of ventrals, an 
Front of mouth,....... rr rerrrcrcccces $8 | Hreadth of distal margin of ventrals, , Phe fs | 
Outer angles of mostrild...... eee eeeeee dee | Length of clampers.......ccssceeeeeee Prices th 

Horizontal diameter of orbit, ........... einai 14 | Length of anterior margin of anal, .........5..666550.005 4.6 
Vertical diameter of orbit... . 2 | Length of posterior margin of anal,,,.,.,.... Hee A, 

Distance between nostrils. .... 5.666006 065 tines File PNM | MGC OM ROO OKMDML ye ihiatsciscetshatscatazetvontvnncr 69 

Height of gill apertures (subequal),...... voosccccces §@ 1 Distance from posterior base of anal to origin of lower 

Length of anterior margin of first dorgal,.....0.......... tos WAU HOS), iy vides de tiies CAT ened SENT CRE ELE 
Length of posterior margin of first dorsal..............., 46) Length of upper caudal nisi e rire mci Ci 

DAU ONMISECOM cWerceniieisiactarionurrtsrceanesnnes Bo Length offower caudal lobe,...,0/6..s6s,40000., PERL ae 
Distance between dorsals,,..........55 resseeeccees 1068] Distance of notch from tip of caudal,......6...00000 000 eh 

Length of anterior margin of second dorsal’ Rav vovyas che 9-5 | Breadth of lower margin of caudal tip "8 
Length of posterior margin of second dorsal, ............ a8 

This species is very voracious and is said to be very destructive to fishes; working together in 
schools, they surround and attack schools of other fish, even those imprisoned in the nets of fishermen, 
At times it is abundant along the banks, and in the spring wherever the haul seine fishermen operate 
dead specimens usually are to be found on the beaches, On April a4, 1913, at least a dozen examples, 
3 to 5 feet in length, were seen on the beach in the bight of Cape Lookout. Coles states that the 
species is not a regular habitant of this region, but that they occasionally arrive in schools, especially 
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on Lookout Shoals, where they prove very troublesome to the bluefish fishermen, attacking the fish in 

the nets, tearing the nets, and liberating the fish. The fishermen sometimes confuse this species with 

another (Hypoprion brevirostris), and some of the large examples reported to be the sand shark were 
presumably the latter species. 

Family VULPECULID. The thresher sharks. 

Genus VULPECULA Valmont. 
2, Vulpecula marina Valmont. 

Vulpecula marina, Radcliffe, 1914, p. 414. 

Alopias vulpes, Coles, 1914, p. 91. 
a 

Teeth.—Teeth two-rooted, in (2 
44 \37 

smooth-edged, sharp-pointed, slightly recurved at tip, anterior margin sinuate, posterior margin concave; 
bases broad; a minute denticle present on one or both sides of many of the teeth, frequently absent on 
functioning teeth; teeth in the third row in upper jaw and in the eighth row in the lower jaw smaller; 

a row of minute teeth on each side of 
symphysis of lower jaw; teeth at angles 

of mouth small; outer row and part of 

the second functioning. 
Denticles.—The dermal denticles are 

normally five-keeled, very small, being 

about 0.21 by o.21 mm, in an example 
about 458.2 cm. long, thin, subequal, close- 

set, closely overlapping; outer surface flat- 

tened; keels low, distinct, interspaces 

not deeply grooved; apical margin slightly 

dentate; basal margin rounded; pedicel 
small, slender, high; basal plate small, 

rhomboidal. 

The first record of this species for the 
coast of North Carolina is that of an exam- 

ple found on the beach in the bight of Cape 
Lookout April 24, 1913. This specimen 
had evidently become entangled in the 

Fic. 2.—Denticles, Vulpecula marina, about 455.2 cm. long, from Cape nets of the fishermen; the elongate caudal 

Bmaeei AS GIS, lobe had been severed from the body and 
lost. The length of the body to the base of the caudal was about 228.6 em. (7 feet); estimated total 

length, 457.2 cm. (15 feet). 
Head short, thick, very robust; snout short, subconical, its length less than the distance from its 

tip to front of mouth; eye large, without nictitating membrane, horizontal diameter 1.25 in vertical 
diameter, 2.66 in snout; nostrils large, interspace between nostrils about double length of aperture; 
nasal flap acute-angled, aperture divided; mouth small, its length nearly equal to its width; spiracle 

small, behind middle of eye, its distance from eye 1.75 in horizontal diameter of eye, aperture one- 

tenth horizontal diameter of eye. 
First dorsal large, as high as long, distal margin concave, lower lobe acute; origin of dorsal over 

inner angle of pectoral; second dorsal very small, its distal margin straight, produced posteriorly in a 

long, acuminate lobe; anal small, similar to second dorsal, situated nearer base of caudal than base 

of ventrals; ventrals short, broad, breadth about equal to length, distal margin sinuous, rather deeply 

concave mesially; claspers slender, pointed, very elongate, nearly four times length of inner lobe of 
ventrals, their tips extending beyond origin of anal; pectorals narrow, falcate. 

Color of back and sides bluish slate, sides of head below spiracle lighter; region around mouth, 
thence backward on ventral surface, white; from axil of pectoral to behind base of first dorsal the 

white coloration of belly extends well up on the sides of the body; behind the ventrals the white color- 

ation again encroaches on the sides of the body. 
Coles reports observing one of these sharks feeding in the bight of Cape Lookout late in July, r9r4. 

rows, small, compressed, subtriangular; cusps narrow, 

@ Garman, The Plagiostomia, p. 31. 
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Family ISURIDA. The mackerel sharks. 

KEY TO THE GENERA. 

a. Gills without strainers; teeth compressed; one or two series functioning. 

b. Teeth large, triangular, edges serrated, basal denticles absent...................... Carcharodon. 
6b. Teeth awl-shaped, smooth-edged, with or without basal denticles 

aa. Gills with strainers; teeth small, conical, several series functioning 

Cer, Co) 50 Re aE CE AD Tsurus. 

Genus CARCHARODON Smith in Miiller and Henle. 

3. Carcharodon carcharias (Linnzus). 

Carcharodon carcharias, Coles, 1914, p. 91. 

Teeth.—Teeth in 22 rows, large, erect, triangular, coarsely serrated, cutting edges nearly straight; 

teeth relatively longer and narrower, without distinct basal shoulders and more uniform in size than 

in species of Carcharhinus; third row on each side of symphysis of upper jaw of slightly smaller teeth 

than those in the second or fourth rows; teeth in lower jaw similar in form to those in the upper except 
that they are narrower, edges slightly more concave; a wide toothless space at symphysis of lower jaw; 

Fic. 3.—Teeth, Carcharadon carcharias, from Woods Hole, Mass. (U.S. National Museum no. 11845.) = 

two rows of small teeth at angles of mouth. (Description of teeth based on a set of jaws in the United 
States National Museum, from Woods Hole, Mass.) ; 

Dermal denticles.—As figured by Garman (The Plagiostomia, pl. 5, fig. 9), the denticles are regular 
in arrangement, slightly overlapping, three-keeled, keels parallel; lateral keels submarginal; apical 

margin with three sharp-pointed lobes, median one most prominent; basal margin rounded; pedicel 
and base small. 

In rgo5 and again in 1913 Coles observed several very large sharks in the vicinity of Cape Lookout 
which he believed to be this species. As yet none has been captured on the coast of North Carolina. 

Genus ISURUS Rafinesque. Mackerel sharks. 

4. Isurus tigris (Atwood). 

Tsuropsis dekayi, Yarrow, 1877, D. 217. 

Tsurus dekayi, 1907, Dp. 31. 

Teeth.— Teeth smaller than those of I. oxyrhynchus, similarly without basal denticles, with a sharp, 
slender curved cusp, and with the third tooth at each side of the middle of the mouth on the upper 
jaws much smaller than the second or the fourth.’’¢ 

Denticles—No material or description available. Dr. Yarrow states that he saw a skeleton of 
this species. Although later observers have failed to find examples of it and have not included it in 
their faunal lists, the species doubtless visits these waters. 

@ Garman, The Plagiostomia, p. 37. 
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Genus CETORHINUS Blainville. The basking sharks. 

5. Cetorhinus maximus (Gunner). 

Cetorhinus maximus, Coles, 1914, Pp. 92. 

Teeth.—Teeth small, subconical, recurved, numerous, many-rowed, slightly compressed along 

lateral margins, back of teeth 

slightly more flattened than 
the front, apex pointed; teeth 
arranged in regular rows, five 
or six teeth in each row func- 
tioning; numerous pockets 
along outer margin of jaw 
from which teeth have been 
shed. 

Denticles.—The denticles 
are small, unequal, suberect, 

close-set, thornlike, with re- 

curved tips; outer (anterior) 
surface with a low, corrugated 

median ridge which broadens 
out at base with a slight 
groove along each side on 
apical portion; base large, cir- 

cular, corrugated. (Descrip- 

tion of teeth and denticles based on parts of a specimen in the United States National Museum, from 

Monterey, Cal.) 
In July, 1905, Coles observed a huge shark lying motionless on the surface of the water out from 

Cape Lookout. ‘The size accredited to this specimen by Coles would indicate that it was the basking 

shark, although no examples have ever been captured on this coast. 

Fic. 4.—Denticles, Celorhinus maximus, from Monterey, Cal. (U.S. National Museum 
no. 27024.) 

Family ORECTOLOBIDA. The nurse sharks. 

Genus GINGLYMOSTOMA Miiller and Henle. 

6. Ginglymostoma cirratum (Bonnaterre). 

Ginglymostoma cirratum, Coles, 1914, Dp. 89. 

Teeth.—Teeth in a rows, arranged in regular rows both transversely and laterally, about 9 teeth 

in a transverse row in front of upper jaw and 12 in the lower jaw; each tooth with a prominent, pointed, 
median cusp and three smaller cusps on each side of it, base broad. At the sides of the jaw the cusps 
are smaller, slightly curved toward angles of mouth; along anterior edge of the jaw the margin of each 
tooth is practically smooth, cusps and denticles being worn away. (Description based on a set of jaws 

of an adult from Pensacola, Fla., now in United States National Museum.) 
In an example 26.7 em. (10.5 inches) long from the American Museum of Natural History, col- 

lected in Brazil, the teeth in the front of the mouth have a single cusp; behind these are tricuspid 

teeth indicating that the form of the teeth changes considerably with age. 
Denticles —The dermal denticles are large, being about 0.41 mm. long by 0.31 mm. broad in a spcci- 

‘men 26.7 cm. long, ovate, leaflike, quite regular in outline and arrangement and of nearly uniform size; 

sculpturing consists of a short distinct median keel extending along median line of basal half of denticle 
and normally with a shorter lateral keel on each side, the latter sometimes absent; pedicel high, slender; 

base short, broad, stellate. 

Coles observed a school of these sharks in Lookout Breakers in the summer of 1913 and succeeded 

in capturing one 273.3 cm. (9 feet) in length. 
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Fic. s.—Denticles, Ginglymostoma cirratum, 26.7 cm. long, from Brazil. 

_ Family CATULIDA. The cat sharks. 

Genus CATULUS Valmont. 
7. Catulus retifer (Garman). 

Catulus retifer, Smith, 1907, p. 31. 

Teeth.—Teeth similar in both jaws, small, suberect, subequal, with a median, lanceolate cusp and 

normally with two smaller lateral cusps; cusps of lower teeth relatively stouter, more nearly subequal, 

number of lateral cusps more variable; teeth arranged in quincunx, several teeth in each rowfunctioning. 

Denticles—The denticles are large, unequal, suberect or recurved, not crowded or overlapping; 
irregular in arrangement, quite similar in form on the different parts of the body. Exposed outer 
surface of denticle long, narrow, 

recurved, lanceolate at tip, fre- 

quently with one to three lateral 

serrations, mesial portion hollowed 

out with a low keel on each side 
and with or without a low median 

keel; pedicel short; base very large, 
rhomboidal. Denticles around 

mouth and on under side of snout 
short, depressed, leaflike, without 

sculpturing; those along dorsal sur- 
face of caudal slightly enlarged and 

more closely set than. those on 
sides of body. 

Two examples in the labora- Fic. 6.—Teeth near front of mouth, Catulus retifer, 16.7 cm. long, from Fish Hawk 
tory collections 15.2 and 16.7 cm. in station 7315, Gulf Stream, off Cape Lookout, N.C. 

length, dredged by the Fish Hawk 

at station 7315 in 172 fathoms, have the characteristic color pattern of this species. The fins are more 

rounded at tip than shown in Goode and Bean’s illustration (Oceanic Ichthy., 1895, pl. 1v, fig. 14), 

the origin of the first dorsal is about an eye’s diameter nearer tip of snout than tip of tail and the eaudal 
is more elongate. In these respects they more closely resemble C. boa (Garman, The Plagiostomia, 

P- 77)- 
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Fic. 7.—Denticles, Catulus retifer, 16.7 cm. long, from Fish Hawk station 7315, Gulf Stream, off Cape Lookout, N. C. 

Family CARCHARHINIDA. The requiem sharks. 

KEY TO THE GENERA. 

a. Spiracle absent; lower teeth narrower than upper. 
b. Labial folds at angles of mouth well developed, extending along both jaws; teeth entire, oblique, 

LoL ee ats Canty uae Ar ny SVR oiiee AGS Tat AAS ISAO OO Gb rece oii deseo ste or Scoliodon. 

bb. Labial folds rudimentary; teeth erect and entire or serrated, some or all, on bases and cusps. 
c. Teeth without serrations, slender, erect, sharp-pointed; upper teeth slightly larger. .Aprionodon. 

cc. Teeth of upper jaw serrate on basal shoulders only; lower teeth entire, slenderer, erect. 

Hypoprion. 
cece. Teeth serrated, some or all, on bases and cusps; teeth in upper jaw in most species more 

broadly triangular than those in Aprionodon or Hypoprion...............++- Carcharhinus. 

aa. Spiracle present, minute; teeth large, coarsely serrate, alike in both jaws, notched on outer margin; 

labial folds at angles of mouth well developed.............- 2.0 cc cece cence eee e ees Galeocerdo. 

Genus SCOLIODON Miiller and Henle 

8. Scoliodon terree-nove (Richardson). Sharp-nose; sharp-nosed shark; dog shark. 

Scoliodon terre-nove, Jordan and Gilbert, 1879, p. 388; Linton, 1905, p. 342; Smith, 1907, p. 34; Coles, 1914, p. 90. 

Carcharhinus terre-nove, Jordan, 1886, p. 26; Jenkins, 1887, p. 84. 

Carcharinus terre-nove, Wilson, 1900, p. 355. 

Scoliodon terranove, Gudger, 1910, p. 399. 

Teeth.—Teeth in 2 rows, oblique, compressed, broad-based, without serrations, each with a single 

cusp inclined toward the angle of the mouth, and a deep notch on posterior margin below the cusp; 
teeth at symphysis of each jaw slightly smaller; median row in upper jaw and two rows at symphysis 
of lower jaw erect; bases of teeth in upper jaw higher and cusps broader than in lower jaw; toward the 
angles of the mouth the inclination of cusps falls, the anterior margin being almost horizontal in the 
teeth at the angles; near front of mouth, the tips of the cusps are slightly bent toward symphysis, the 
anterior margin being slightly concave; this character is more pronounced in teeth of lower jaw; near 

angles of mouth, anterior margin straight. 
Denticles—The denticles are three-keeled, very small in size, being about 0.17 by 0.17 mm, ina 

shark 61 cm. long, subequal, slightly overlapping; keels low but distinct, interspaces relatively flat, 
not deeply concave; lateral keels intramarginal: apical margin of denticle with three acute-angled pro- 
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jections, corresponding to the keels, median one longest; basal margin rounded, witha slight concavity 

between the keels; pedicel slender; base small, rhomboidal. 

The denticles of this species differ from those of Carcharias taurus in being smaller, more uniform 
in size, closer set, overlapping, more regular in arrangement; interspaces between keels not so deeply 

concave, lobes on apical margin sharper, incisions between apical lobes deeper, pedicel more slender. 

This is one of the most common sharks in the Beaufort region. From the laboratory records it 
appears that the species is scarce or absent from the harbor during the winter months. The young, 28 
to 45 cm. long, are abundant in the harbor during June and July. In the surf along the banks and on the 
offshore fishing grounds, the species is common and the readiness with which it takes the hook renders 

it a source of annoyance at times to the line fishermen in these places. 

From the ovary of a female ro1.6 cm. (40 inches) in length, taken in the surf on Shackelford Bank, 

August 9, 1912, four embryos, three females and a male, 5.5 to 6 cm. in length, were taken. These were 
attached to the yolk sac, and still possessed the mass of long, threadlike, external gill filaments. The 

Fic. 8.—Denticles, Scoliodon terra-nova, 62.5 em. long, from Cape Lookout, N. C. 

claspers in the male were distinct, reaching posterior margin of ventrals. In addition to the embryos, 

the ovary contained a number of small eggs. 
The stomachs of specimens examined in June and July, 1912-13, contained hogfish, silversides, 

Irish pompano, shrimp, the feet of mollusks, and other partly digested matter. 

TABLE OF LENGTHS AND WEIGHTS OF THESE EXAMPLES. 

Month taken. Length. Weight. 

Centimeters. Grams. 
34-9 152 
36.6 175 
38.5 154 

@ 38.4 184 
ereeheT 39-7 184 

os jek lerle Seber 33-0 1I0 
seo aot acne 37°5 air 

sia PS ee 37°5 241 

@ This wasafemale. All the others were males. 
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Genus APRIONODON Gill 

9. Aprionodon isodon (Miiller and Henle). 

A prionodon isodon, Radcliffe, 1914, D. 414. 

Teeth.—Teeth in $+ rows, small, erect, compressed, without serrations; cusps narrow, sharp-pointed; 
bases broad, forming a distinct shoulder; three rows of minute 

teeth at symphysis of upper jaw; a median row of minute 
teeth at symphysis of lower jaw, a row on either side of it of 

smaller teeth than those which follow; lower teeth smaller than 

the upper. 

Denticles—The dermal denticles.are very thin and small, 

being about 0.27 mm. long by 0.28 mm. broad in a shark 50.8 

cm. in length, three-keeled, imbricated, outer surface relatively 
flat, keels low, parallel; apical margin normally with three 

sharp-pointed lobes, the number varying from three to five, 
median lobe longest, incision between lobes sharp-cut, relatively 

deep; in many of the denticles these lobes are broken or worn 
away; basal margin rounded; pedicel short, stout; base large, 

stellate. The denticles of this species differ from those of 

Scoliodon terre-nove in being more closely imbricated, slightly 
Fic. 9.—Teeth, Aprionodon isodon, 50.8 cm. larger, with weaker keels, lobes of apical margin sharper and 

long, in Beaufort collection. (Same speci- longer, three to five in number, pedicel shorter and stouter. 

aa ted ‘The laboratory collections at Beaufort contain a singl : ry collections at Beaufort contain a single exam: 
ple of this species 50.8 cm. (20 inches) in length, for which there is no record as to date or method of 
capture. 

MEASUREMENTS OF THIS EXAMPLE, A FEMALE. 

cm. cm. 
Total Verethise dee aisievach ea eas siete teaisceo's .....--.. 50:8 | Length of posterior margin of first dorsal................ 2.2 

Tip of snout to— Baseiat first dorsal eyeeweee cacee tees sis sccscan doce v0 5-0 

Orient OF OTSA se. ao cies cinikievoinie also swe selese aren shee 7-0 | Distance between dorsals. . 5.2.0... .cccecenseescseeees . 100 

Anterior margin of eye. 4-3 | Length of anterior margin of second dorsal.............. 25 

First gill slit .. 10.6 "| Length of posterior margin of second dorsal............. 2.2 
Beast cil Slits matoth oieleiere)-Ioisiwiei tir dyes )einie sis sie sineicvcus) K2eh, | MERBSEOL SCCOMG COTSHEE mere ea. oj0\s ce tis's xtsle cteislels s/otees=)e\nis - 22 

Base lahipectoralere tis cs 5 has pitin cme aia Se alent . 12-1 | Length of outer margin of pectorals..................... 75 

Front of mouth 3-8 | Length of inner margin of pectorals..................... 27 

Outer angle of nostrils................. aS || Breadth orectorsalome. - <i. o/ss/cicie asiaw's e's reste na cae eaiee 5 

Horizontal diameter of orbit.................... 1.0 | Axilol pectorals to base of ventrals................-.... 9-5 

Vertical diameter of orbit o-8 | Length of outer margin of ventrals.....................- 2-9 

Distance between nostrils. . ae ..-- 2-8 | Length of inner margin of ventrals...............-..-+-- 2-9 

Wength of nasalianertiure ss os. <2 ia aete<:shscistcasinne vite tea . 0-75 | Breadth of distal margin of ventrals..................... 27 

Distance between angles of mouth..................... 4-2 | Length of anterior margin of anal....................... 3-1 

Height of— Length of posterior margin of anal. 2.2 

erstipiltslites fine. See AM AS. 6k SOR IRE, oA 206) [Base of artad si. sais bclatiaters - hain ere eine ete am etal 2.3 

Second ‘gill sles 07). 2.0. ope easiest sacteh's 2-7 | Axilof anal to origin of lower caudal lobe............... 3-7 

Third gill slit...... 2.8 | Length of upper caudal lobe................0.ceessneeee 14-1 

Fourth gill slit Sas oy ede, | ApeR eh OF IO Wer CAEL IONE sain false civics. ale cls e'< astaieiainl 5-9 

iithgillislites sont nce chee aaree ab eine otisteieteterersraie% othe 6 . aa | aipiot catdal to notelys. cawciias nis -)ciniect-tsistan ae eer 3-8 

Length of anterior margin of first dorsal................. 6.2 | Breadth of tip of caudal lobe......................000005 3-3 

Snout short, depressed, blunt, its length about equal to breadth of mouth; nostrils small, with 

a short, rounded, flaplike projection near inner angle, length of aperture equal to vertical diameter 
of orbit; distance from tip of snout to outer angle of nostrils, one-half distance from angle of nostril 

to angle of mouth; mouth large, distance from tip of mandible to angle slightly less than distance be- 
tween angles. An eye diameter behind eye, there is a porelike aperture which resembles a rudi- 
mentary spiracle. Gill slits elongate, the third longest, 2.8 times horizontal diameter of eye; fifth 

shortest, above pectoral base. 

First dorsal high, nearer base of pectorals than ventrals, distal margin concave, anterior lobe 
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rounded, posterior lobe acute-angled; second dorsal small, over anal, posterior lobe elongate, distal 
margin straight; pectorals larger than first dorsal, inner angle reaching beyond vertical from origin of 
first dorsal, distal margin slightly concave; ventrals truncate; anal slightly larger than second dorsal, 

distal margin incised, posterior lobe acute; caudal long, 3.63 in total length; subcaudal lobe deep, 
rounded, terminal lobe distinct, deep. This rare species, according to Jordan and Evermann, has 
been recorded from New York, Virginia, and Cuba. 

Fic. 10.—Denticles, A prionodon isodon, 50.8 cm. long, in Beaufort collections. 

Genus HYPOPRION Miiller and Henle. 

10. Hypoprion brevirostris Poey. Sand shark. 
Carcharhinus obscurus, Linton, 1905, p. 339 (in part); Smith, 1907, p. 33 (after Linton). 
Hypoprion brevirostris, Radcliffe, 1913, p. 396; Coles, 1914, p. 90. 

Teeth.—Teeth — rows, suberect, subulate, narrow-cusped, broad-based, two-rooted; cusps 
9-31 

of lateral teeth in upper jaw slightly inclined toward angles; teeth near angles with a distinct notch; 

cusps smooth, shoulders distinctly serrate; lower teeth slenderer, without serrations on cusps or 
shoulders, cusps more nearly erect; three rows of small teeth at symphysis of each jaw. Three rows 
of teeth at angles of mouth resembling the teeth of Scoliodon terre-nove. h 

Denticles.— The denticles are large, being about 0.4 to 0.62 mm. long by 0.4 to 0.6 mm. wide ina 

shark 248.9 cm. in length, heavy, normally five-keeled (three to five), unequal, imbricated; median 
keel very heavy, interspaces rather deeply concave; keels parallel; apical margin usually five-lobed 
(three to five), median lobe strongest, with a deep incision on each side; basal margin rounded; pedicel 

reduced to a very short, heavy neck, resting on a large stellate basal plate. 
Three large males were caught with a shark hook baited with butterfly rays and toadfish floated out 

from first jetty on Pivers Island so that the bait hung about 2 feet below surface, as follows: A specimen 
(no. 1) 228.6 cm. (734 feet) long, August 31, 1912; one (mo. 2) 205.7 cm. (634 feet) long, September 1, 
1912; and one (no. 3) 248.9 cm. (8"/, feet) long, August 12, 1913. In each case these were hooked during 
the night. 

97867°—vol 34—16——17 
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Fic. 11.—Denticles, Hypoprion brevirostris, 248.9 cm. long, from Beaufort, N.C. 

MEASUREMENTS OF SPECIMENS. 

Motel lengt lad Sire cts ccaicaeateaeonsnasls Meeeine re sent sive este sive eine masee aiettias nie w ethan tals nett tee aete etatetatetiereTs 
Depth at origin on Mrst AOrsal y < sw isis.csia.s.c.c) Face svete vlers eleleceteiee satis pi ote eee Ui stein mieten eins Sheree einen 
Tip of snout to— 

OFIBIM OF ATSC OTSA 5! co's arsia o-arcts beans feha'disvsresieie > (altsss sca» pinieye ais oko aeiay cl afebecaipie icine or Cine ene oie alate aa 
Anterior margin of eye. 
First gill slit (upper angle) 
Last gill slit (upper angle). . 
Base of pectoral......... 
Front of mouth........ 
Outer angle of nostrils. . 

Horizontal diameter of orbit. . 
Distance between nostrils........... 
Distance between angles of mouth 
Height of — 

Arse SUSU CS hols o wise is wiaisiete.« a.nia cis's is/ala.piarolepaiinloanlt »isoaseiaietnamistets tuaieia aisls sige a eects sete pe Laaaiald 
Second gill slit. 
Stained gillielib: Mocs tas hier Med Mee state maki Aette ge Se neee 
Fourth gill slit. Hepdaoslatne 
Fifth gill slit “0 

Length of anterior margin of first dorsal... 
Length of posterior margin of first dorsal. 
Base ofifirstilorsal sist seinietsikine bees ose 
Distance between dorsals............-..-++ 
Length of anterior margin of second dorsal... 
Length of posterior margin of second dorsal. . 
Base of second dorsal. oi. 0). foe cece eon en cciesse 
Length of anterior margin of pectoral... 
Length of posterior margin of pectoral. . 
Length of distal margin of pectoral.................. 
Distance from origin of pectorals to base of ventrals 
Length of anterior margin of ventrals........ 
Length of base of ventrals.......... . aia 
Wengih ols claspersis tei qacasisv ceincercoieiteice ciaeateetsielarte plats wieiuitle ve pcihiersain 
Distance from posterior base of ventrals to origin of anal Se 
Length of anterior margin of anal. ...............0000005 
Length of posterior margin of anal... 
Length of anal base............... 
Axil of anal to lower caudal lobe. . 
Length of upper caudal lohe... . 
Length of lower caudal lobe... 
Breadth of tip of caudal lobe.. 

ooo00on0n0o000 

eooo0onunod 

76.0 

NBOW’WDOUNWS ONY DUN OH 

Onrneooa0 

He 

O'S Ne uanod 
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In the largest example the distal margin of the first dorsal was deeply concave; second dorsal large, 
similar in shape to the first; pectoral short, broad, distal margin slightly concave; anal similar in form 

to second dorsal but much smaller. Labial fold short. 

In smallest example the liver was very large, more than half the length of the body; 400 cc. of bile 

in gall bladder; stomach empty except for bait, spiral valve as in Scoliodon terre-nove; heart small, 

ventricle 6.1 cm. from apex to base, width at base 5.7 cm., length from apex to insertion of conus 6.6 cm. 

The red corpuscles of the blood were 16 » by 12.4 “, somewhat irregular in outline, but generally oval; 
the white corpuscles had an average diameter of 8.8 u. 

Color at death——Ground color of back dark bluish-gray, lemon-yellow tinge below, shading into 
white on belly; fins grayish except the anal, which was yellowish edged with gray; claspers white ; 

margins of gill openings white, shading to dark gray, with an intramarginal area above and below white; 

eye yellow-gray, pupil black; interior of mouth white. 
The toadfish (Opsanus tau) proves a very effective bait for sharks. If hooked carefully through 

the jaws it will live for several days, and is immune to attacks from crabs and other fishes. 
Among the fishes recorded by Linton (1905, p. 339) is Carcharhinus obscurus of which he says: 
“These sharks are referred to this species although they do not agree in all diagnostic features with 

the descriptions published in Jordan and Gilbert’s Fishes of North America or Jordan and Evermann’s 
later work. The pectorals do not reach quite to the first dorsal. The second dorsal is larger than the 
anal. There is not much difference between the upper and lower teeth. They agree rather with 
Prionace in the character of the fins, but the nose is much shorter and broader than in that genus.’’ 

With the exception of the one caught by Coles on July 26, 1902, these appear to have been examples 

of H. brevirosiris. ‘The short pectorals, second dorsal larger than anal, similarity of teeth in each jaw, 

and the short and broad snout are characters which are more diagnostic of this species than any other 
found in this region. 

From recent data the species appears to be fairly common in the Beaufort region and has undoubt- 
edly been confused with other species by earlier writers. The writer has been unable to obtain an 

authentic record of the presence of C. obscurus in this region. 

Genus CARCHARHINUS Blainville. 

KEY TO THE SPECIES. 

a. Fins black-tipped; teeth similar in form in both jaws, narrow-cusped, broad-based in a rows; 
o 

dermal denticles small, imbricated, three-keeled in small examples, five to seven keeled in large 

DNESMSMOUE CLONSALE ae ajssaza sets s cvais\eloz ciate: st exacaie) ex sys vais (chats pe iceey oi sh 12) age a)= sis, « =) kal sense ver ane fans cksrencias limbatus. 

aa. Finsnot black-tipped; teethin upper jaw triangular, notched or not; cuspsof lower teeth narrow, erect. 

b. Dermal denticles three-keeled, not closely imbricated without or with distinct apical lobes; upper 
teeth narrowly triangular, longer than broad, without distinct basal shoulders, in 29 to 31 rows; 

lower teeth narrow-cusped in 27 to 30 rows; snout short, broad, blunt, its length slightly greater 
than distance between anglesof mouth; pectorals broad, breadth 1.7 times length, without promi- 
mentlowerilObencc panacie Vener ce Lee ent Lee Tete as cali tse te LN eT milberti. 

6b. Dermal denticles five-keeled, closely imbricated, upper teeth deeply notched or broadly triangular. 

c. Snout elongate, moderately pointed; teeth in <0 rows; upper teeth deeply notched; lower 
237° 

teethyshorty iv etyanlatrow- CUSpedinz mai deeetacis ue eiiciels orale oko syavetayeleve crcrass weit ercte 4 MELA acronotus. 

cc. Snout short, broad, blunt, its length less than distance between angles of mouth; teeth in pean 

rows; upper teeth broadly triangular, broader than high; cusps of lower teeth rather broad; 
pectorals long, narrow, twice as long as broad, with a prominent basal lobe....... commersonit. 

11. Carcharhinus limbatus (Miiller and Henle). 

Carcharhinus obscurus, Linton, 1905, p. 339 (in part). 

Carcharhinus limbatus, Gudger, 1913a, p. 2; Coles, 1914, p. 90. 

Teeth.—Teeth in Sar rows, erect, subulate, narrow-cusped, broad-based; cusps of upper teeth finel y 

serrate, basal shoulders finely denticulate; cusps of lower teeth normally with small serrations, bases 
smooth; two to three rows of small teeth at symphysis of each jaw. 
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The teeth of this species resemble those of H. brevirostris more closely than the other species of Car- 

charhinus, the difference being so slight as to suggest the advisability of including the species of that 
genus under the genus Carcharhinus. 

Denticles.—The sculpturing of the dermal denticles varies with age. In specimens 60 to 70 cm. in 
length the denticles are small (0.25 mm. long by o.28 mm. broad in a 70 cm. specimen), three-keeled, 

subequal, _close-set, 

imbricated; keels low, 

distinct; apical margin 
three-lobed, with deep 
incisions between the 
lobes; basal margin 

rounded; pedicel short 

and stout; basal plate 

large, rhomboidal. 
In two examples 

135 and 175 cm. in 

length, the denticles | 
are five to seven keel- 
ed; apical margins rel- 
atively smooth, the 

apical lobes in most 
cases being worn down. 
In places where the 
skin has been abraded 
and new denticles are 
being formed, the 
changes in form may 
benoted. Intheearly 
stages of development, 
the denticles are usu- 

ally smooth, ovate in outline; later a sharp median keel appears, followed by a lateral one on each 
side; at this stage the apical margin may be entire or deeply three-lobed as in individuals 60 to 70 cm. 

long. Later one or two additional lateral keels on each side appear. 

Fic. 12.—Dentieles, Carcharhinus limbatus, 70 cm. long, from Beaufort, N. C. 

MEASUREMENTS OF A FEMALE, 70 Cm. (2714 INCHES) LONG, TAKEN IN THE Pounp NET AUG. 27, 1913. 

cm, cm, 

Total lestweh ee ccc sc css aces ab elon isisk eur pe er tbiablas ne 7o-o | Length of posterior margin of first dorsal................ 3-1 

Depth at origin of first dorsal. ..........-..---- 0. e sees ro.8 | Base of first dorsal. 20.2... c ccc esecncnsesecensascansensc 7S 

Tip of snout to— Distance between dorsals...........0.seeseeeeeeeeereees 13-7 

Orremmohfirst dorsal toe jnjcacie sels t co septate melee s olan 22.4 | Length of anterior margin of second dorsal.............. 3:4 

Aniterior marpiti Of CVG... 22.20. cece ec cccn ener sseence 4-8 | Length of posterior margin of second dorsal............. 2.9 

Upper angle of first gill slit..........-....----eee eee 14-0. || Base of. second dorsal. . cc cciccccecie cenit suena series semeiope 3-2 

Upper angle of fifth gill slit... ..........02..- eee e eee 17-9 | Length of anterior margin of pectoral... 12.2 

Base ot pectotal,. a sieccepde teenies suemenss le deaths 17-t | Length of posterior margin of pectoral................-- 3-4 

Front of mouth.. ... 57 | Length of distal margin of pectoral...............+02+-++ 8.5 

Center of nostrils........ ... 3-7 | Distance from origin of pectorals to base of ventrals..... 18.6 

Horizontal diameter of eye. ... 1-35 | Length of anterior margin of ventrals................... 4:2 

Distance between nostrils.......... . 3-7 | Length of posterior margin of ventrals.................. 3-8 

Distance ‘etween angles of mouth..............-.....5. 6.3 | Base of ventrals 2.6 

Height of— Distance between ventrals and anal..................-+ 6.6 
Attest gli shit. jo -csseice vctise Worse aetie eeae Tues ats clase 2.5 | Length of anterior margin of amal................-...--- 4:0 

Second gill slit.. 2-7 | Length of posterior margin of anal... 2.6 

Third gill slit. ............002eeeeeecee cent ee eneen es 2:9: || Base of aunls tess es sce aes oneeeeceece den eeeeeareses 3-3 
Fourth gill slit b-aisioiatea tafe incon sten isis calelsleleisin) Semin 2.8 | Distance from base of anal to origin of caudal........... 4-0 

Doe nigs HCN eon Sapa sonican odie .... 2-3 | Length of upper caudal lobe 

Length of anterior margin of first dorsal................ 9-6 | Length of -ower caudal lobe. 2... nce cecccccntsesccsseces 8.4 

Heightot first dorsal. ociovsiciemine «2a bisenaineltelensis'e anls'slsts 6.5 



SHARKS AND RAYS OF BEAUFORT, NORTH CAROLINA. 257 

This species is easily recognized by the black-tipped fins. It is ferocious, very gamy, and not easily 
captured when hooked. In the Beaufort region it is not common, although a number, ranging in length 
from 59 to 175 cm., were taken in the summer of 1914. A male taken in the pound July ro, r9r2, 60cm. in 

length, weighed 1,280 g. From its stomach a menhaden (B. tyrannus) and a butterfish (P. alepidotus) 
were taken. The sting of a sting-ray was found embedded in the skin under the jaw of a female 175 em. 
long. 

Under C. obscurus, Linton (1905, p. 339) lists a specimen captured by Coles, July 26, rgo2, 6 feet in 
length. He says: ‘It was a much cleaner-cut and more graceful shark than any other seen by me at 
Beaufort. The tips of the pectorals were black, a character not noted in the others. * * * Mr, 
Coles stated that the tips of all the fins of his specimen were black when it was first captured. He also 
said that it was much more voracious and gamy than the others he had taken.’’ These characters agree 

more closely with C. limbatus, the black tips of the fins and game qualities being characteristics of that 
species. 

12. Carcharhinus milberti (Miller and Henle). 

Carcharhinus milberti, Smith, 1907, p. 34 (in part). 

Teeth.—Teeth ca rows; upper teeth long, narrowly triangular, with serrate cutting edges; several 

rows at symphysis erect, cutting edges straight; toward the angles of the mouth the outline of the teeth 

changes, the anterior margins from straight to convex, posterior margins from straight to concave to 

slightly notched; teeth without distinct basal shoulder, except those at angles; a row of minute, finely 

serrated teeth at symphysis; lower teeth erect, narrow cusped, with short but distinct basal shoulders; 

cusps slender, subulate, finely serrate in small individuals, smooth, or with traces of serrations in larger 

ones; basal shoulders smooth; a row of minute, unserrated teeth at symphysis. 

In anexample 182.9 cm. long the teeth in the front of the upper jaware longer than broad, resembling 
those of Carcharodon carcharias, but more finely serrated. 

Denticles.—The dermal denticles vary somewhat in outline with age. Inashark 54.6 cm. in length 

they are small, o.2 mm. long by 0.3 mm. broad, three-keeled, unequal in size, not close set and not over- 

lapping; keels low, parallel, interspaces not deeply channeled; apical margin truncate, without or with 

Fic. 13.—Denticles, Carcharhinus milberti, 8x cm. long, from Cape Lookout, N. C. 

only slightly projecting lobes; pedicel of medium size; base large, stellate. 
The extent of the area on sides of body below dorsal having this type of denticle varies in different 

specimens and with age, being larger in small examples than in large ones. Outside this area the 
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denticles grade into a form which has three sharp-pointed lobes on the apical margin, with a deep 
indentation between the lobes, keels high and distinct. These differences may be noted without the 

aid of a microscope by passing the fingers forward over the surface of the skin, that portion devoid of 
apical lobes feeling comparatively smooth. In the example 182.9 cm. long, the denticles are closer 

together, and in nearly all cases the median keel projects slightly, apical margin more rounded. The 
characteristic form and sculpturing of the denticles in this species have proved to be of marked value 
in identifying the species. 

MEASUREMENTS OF A SPECIMEN (No. 1) 81 Cm. (3174 INcHES) LoNG FRom CapE Looxout, N. C., 
AND ONE (No. 2) 182.9 Cm. (6 FEET) Lonc rrom Woops Ho ie, Mass. 

No. t. | No. 2. 

cm cm. 
Wotalilen gtHicr. ss cs:s.s ss ictewtesnner slo olernterntornie cases eiaye oiaialeth /» efCiatem Matopalassio. a) tere Wh ore nTe>s start ati srote Ata gar deal ate ae eee ee 81.0 182.9 
Tip of snout to— 

Onginwrfirst dorsal Soe ease stearate wiels mance Piette era tialetessioie's aistatalote wisvers atotensin ators ett mister tetate ateencee eters 24.0 58-5 
Antetionmar gin Ol eve. tacsain oc ae soceeks 5 bc CURED ee Cee Peel oc wield vista maiteieido selec nidleats eis clon 7-8 16.9 
EAE SATU SURE on a Sce te mois atime nao Stacie ee Eee ata ee gael G Oia eins pea ciciaiy Caine Meee a 16.4 38-5 
ASt CU SHG rcttcias Ao stu lusls since aleletnne cuneate ee meee eM enon fe ve canes nek eA meeeticsaat con| ee koas 49-5 
EPCOS Gin 2 BeBe SAR Sgr yee cei 2b a Posse OE ae seo mene scope Ama eme Bo) eS 44:0 
PRYOnUGEMOMCM acct. sane canta chee isn recite ner tate cae aels celn's wanes Met cia eet Gente erates Se sick 6.9 15-2 
QOliterjangles (Ok gosto sy yee pais ning cee ste aa ate eae cgeels 10 coe ote Sta pide ies acek eee eas oa 4-8 9:8 

Depth af body at origin'of'dorsal ooo) oe letra coe cee ewcns sone re Cows Bolen ae ee EIT seal) XKemt | oeetenae 
Horizontal diameter of orbit E ; 7 2.8 
Distance between nostrils. 4:9 10.6 
Length of nasal aperture. . 1-4 3:2 
Distance between angles o! 7S 16.4 
Height of— 

Rirst pill’ apentnre 02s coe cciaticiaas pans ete oe wits aie Hater EME ale; slates Ste aie et loamtals a cine ne RIM 3-2 5-3 
Seonnd!gillignerture, < .cesanemaeh: casircy es «bil sacciep icicle ce aeclabi deeteh uae wlasharleinne ep ecinte eae rh 2-9 5-9 
Whitdiptilianertwreset sf eer ee ane e ne nas seb aana ek ance be scnclabscs pea ececmeeaercaceeeee 2.9 5-7 
Motirth pilltapertitre.,.. -titassnc ceseu vette ociads onicce cre «laren Mina Oniaitmints taatahiente chiara emtedsre eae ab taleis 2.7 5S 
Mitthigilinnertire see ottpe sac = cee ea oe a tact his iaatelrenieitentc tiene nels teenie setemelaatee Se 1.8 4.6 

Bencth ohanterioranarcianamtirstalorsals;, Sis ate oi) Ma saankhs ote Gabe OBRINT Mh oh, the k'caMhe eR ORUE tel ate aes 2-0 26.1 
Letipth ot posterion muarpid Ol Nrst Orsal soos cwseiews pees ejeleieesm ap ninja (els eben ecaaeias) oasis eee sienna seaieee 37 9-3 
ase of first arsal Wt ecuiet catia cateics cee teamtaae cowie Ade teve ries cena ener An Racorce nO SGA AAT abo decabstr ro: 9-6 20.0 
(Distance between Worsals cy. casei abies eye Pisce) aanaeis oi aptedaspie ages aoe eect the stars ads Riaetaia atotaipialalaeinie aeeleta a 18.7 
engti of anterior margin ob Second: dorsalees. oh... ta bcs ccnacwecscescbuesireud tpeelseutiereeurlmeluce ca 4:0 
Length of posterior margin of second dorsal........ ch Eee nate aie ae de tinke Gteche eeacaee 34 
ASE of secotid OTSA cijones anism late isiala = ateitia aya wires mrwvela/acarevs\<eYeiele Tamia pee AB ono wagoresenocgsnenasocs 3-6 
Distance front second dorsal toicaudal <2. 5 as < ie ois <.cs nie = eee Re ei bals elm el s/u/n di einle oats ule claleje/e ahePernpetelaja/eretere sietera its | aimiateta etete 
Veneth of outer margin Of pectorals: « 5,0<ie:<.o:c)ss,ais|sia sin'0.siw saa eeeteaes emma ss bnis'ane wah ala enieiguietetests 14:4 
Qengthofinner margin of pectorals.s..\../....:<.-.c00+s css +» «pee meanness Seseeseeben ces 5:0 
(Breadth obmectorals suc trae as pio nis ecm cls esie lets oetei=.ci =p si-te ante tea ee Ee aha ieisie eieleeiciele mialere 8.3 
Axillof/pectorals to origin OF wentrals: < o.-5.55 cole <ic.as sion 4 GEL alse ARORA = «wo eya\ainiOuinie Brae 15-4 
Length otiouter margin\iol ventralss3)-)at cc. occ s ceo ee eee mare MOM amie aiaieis is vais: sjave sie: viciais 5-3 
Length of inner margin of ventrals.............. 5-0 |. 
Breadth of distal margin of ventrals 4:9 |. 
Length of claspers..............+ ex; 
Length of anterior margin of ana 5:9 
Length of posterior margin of an 3:4 
Base of anal. ............00.6+ 4:0 
Axil of anal to lower caudal lo! 6.0 
Denpth of upper catidal labers < o.<10 cere asc isaeieee eee semen eita See as & 20.4 
Bength of subcardal Joes: oo. ox cia cso: 0 oiatatie ete cate ies et aeerale mil |< io lol eee oe elatele I tategn G's) xara Is ei 9-0 
Tipiof caudal to notch in upper'lobe. « «<<: satecuee ata cae © eae 2 eens dates ainetal ee alee ona tee eer se : 5-2 
Breadth ofidistal margin ‘of catdal tip... io cc oes cae etn cae en nisis bls cn Pain bts ale nicleh oie eeelne tenets ae imate aise 4:3 

Snout (in smaller example, a male) short, broad, blunt, its length slightly greater than distance 

between angles of mouth; nostrils widely separated, distance from outer angle to tip of snout nearly 
1.5 in preoral length, aperture less than diameter of eye, valves with a short, pointed lobe. 

First dorsal high; upper lobe rounded; posterior lobe produced, acute; distal margin concave, 
origin over axil of pectoral; second dorsal small, acuminate behind; distal margin very slightly con- 
cave; origin of fin in advance of anal; pectorals large, breadth 1.7 in length, distal margin slightly 
concave; ventrals truncate, claspers small; anal slightly larger than the second dorsal, distal margin 
deeply concave; caudal large, about one-fourth total length, subcaudal lobe large. 

The larger individual agrees in general with the one just described. The nasal aperture is greater 
than diameter of eye, the first dorsal is more erect and the upper lobe is more pointed, distal margin 
slightly sinuous, concave posteriorly; second dorsal considerably smaller than the anal; caudal about 

3-7 in total length. 
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Color of upper surface of body and fins smoke gray, ventral surface massicot yellow, dusted with 

black and gray. 
This species appears to be rare in the Beaufort region. Specimens are occasionally taken in the 

bight of Cape Lookout. On May 6, 1914, two examples 62.2 and 65.4 cm. in length were taken in 

Newport River. In the Beaufort region it has been confused with C. commersoniz (see description of 
that species). It is quite generally confused with C. obscurus in regions where both occur; in fact, 
examples from northern waters, New Jersey and New England, identified as C. obscurus, which the 

writer has examined, have, almost without exception, proved to be C. milberti. 

13. Carcharhinus acronotus (Poey). 

Carcharhinus acronotus, Gudger, 19138, p. 2; Radcliffe, 1913, p. 396; Coles, 1914, p. 90. 

Teeth.—Teeth in. rows; upper teeth broad, oblique, triangular; with a distinct notch on the 3 

posterior margin; cusps broad, serrate, inclined toward angles of mouth, anterior margin without dis- 
tinct basal shoulder, posterior margin with a distinct, coarsely serrated basal shoulder below notch; 

Fic. 14.—Denticles, Carcharhinus acronotus, about 60 cm. long, from Cape 

Lookout, N.C. 

one or two rows of small teeth at symphysis, second and third rows on either side slightly larger, gradu- 
ated; lower teeth smaller than the upper, erect; cusps short, narrow, pointed, very finely serrate, 
resting on a low, broad base; a median row of minute teeth at symphysis. 

Denticles—The dermal denticles are large, leaflike, closely imbricated, five-keeled; keels low, 

narrow, parallel, distinct, interspaces not deeply channeled; apical margin in denticles not badly 
worn, with five small, graduated lobes, corresponding to the keels, median lobe longest; pedicel short, 

heavy, resting on a large rhomboidal basal plate. 

MEASUREMENTS TAKEN FROM A FEMALE 134 CM. (5234 INCHES) Lonc, CAUGHT ON A Hook BAITED 
WITH MULLET, IN THE SURF ON SHACKLEFORD BANKS, AUG. 9, 1912. 

Tip of snout to— cm. 

Anterior margin of eye Origin of first dorsal to origin of second dorsal.......... 42-0 

Mirstigillishteaw stele ses esis siaeeeitec -o | Length of anterior margin of pectoral........... eae 12005 

Front of mouth. Distance from base of ventrals to anal...... 17-0 

Base of pectoral... Mreristh Of CANGaL: J. xe cjeniciciac cinse nv aemimeaic Bee ogdo 

Origin of ventrals. Bengthiothstbcrauidalilobe:je; caves ce ciecsia rete seccecier's 14-5 

Origin of dorsal i i-').. vsinieiensie<ieninir eisivienieisle nde= = 
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This West Indian species is rare in the Beaufort region, the first example being taken by Coles 
in the bight of Cape Lookout in July, 1911. In July, 1914, Coles took six additional specimens in the 
same locality. It may be expected at other points in the South Atlantic States. 

14. Carcharhinus commersonii Blainville. 

Carcharhinus milberti, Linton, 1905, p. 341; Smith, 1907, p. 34 (in part). 

Carcharhinus lamia, Gudger, 1913b, p. 97; Coles, 1914, p. 90. 

Teeth.—Teeth in ce rows; upper teeth erect, very broadly triangular, coarsely serrate; anterior 

margins straight to slightly convex, posterior margin straight to slightly concave; tips of teeth near angles 
slightly recurved, those at angles more or less distinctly notched; one or two rows of minute teeth at 

Fic. 15.—Denticles, Carcharhinus commersonii, taken from back behind first dorsal, specimen 

from Cape Lookout, N. C. 

symphysis; lower teeth smaller, erect, with relatively short cusps and broad bases, cusps very finely 
serrate, broader than in related species; two or three rows of minute teeth at symphysis. 

The teeth of this species more closely resemble those of C. milberti than any other in this region. 
The upper teeth are shorter and broader, the length of the side of a tooth is more nearly equal to its 
breadth at base than in milberti, serrations coarser, posterior margins of lateral teeth straighter; lower jaw 
with two or three rows of minute teeth at symphysis instead of one. 

Denticles.—The dermal denticles are large (about 0.32 mm. long by 0.42 mm. broad in a shark 2 m. 
long), closely imbricated, heavy, five-keeled; keels prominent, parallel; apical margin smooth, scalloped 
or with five distinct pointed lobes, depending upon position and wear they have been subjected to; 
pedicel low, stout, resting on a large rhomboidal basal plate. 

The denticles represented in the drawing were taken from the back behind the first dorsal fin and 
were the only ones available at the time. Denticles under the dorsal have much less prominent apical 
lobes, more closely resembling apical margin of C. acronotus. 
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MEASUREMENTS OF A MALE 2 M. (6 FEET 634 INcHES) LONG, FROM STATION 10,208 (UNITED STATES 
Coast SURVEY STEAMER ‘‘BACHE’’), MAR. 21, 1914. 

(Furnished by Mr. W. W. Welsh.) 

cm. cm. 

prOTal espe L ease cs creas swisseiceed sls eniaeemernee sater 200.0 | Length of anterior pectoral margin...................... 47-0 
Tip of snout to— Axil of pectorals to base of ventrals.............-..--055 54-0 

Mrapattiok frst Corsa scis'. «dare cis'cieateae see es gees 62.0 | Length of ventrals 13-0 
As erIOnMALeA OL CVE: a1 ae sie! weds a eee iaeiere 16.0 | Length of claspers 18-0 

First gill slit 33-0 | Base of ventrals to origin of anal............-.......+.++ 19:0 

erorit ee OMe seh oh ate ste see neeeree siecle cater . 14-0 | Length of anterior margin of anal...................0.5- 13-0 

Horizontal diameter of eye................2:0ceeeeeeeees 2.5 | Length of posterior margin of anal...................... 9-0 

Distance between nostrils PRX avOmi eRe Onistkiea) ees artis arena’ ofalciurare alaate/ele lore) oie einrate over ea)a\efo}sfeterciete 7-0 

Distance between angles of mouth................-.-... 20.5 | Anal to lower caudal lobe.............-.-022eeeeeeeeeeee 12-0 

Depth of body at base of first dorsal...............-.--05 32-0 | Length of upper caudal lobe..................-2..02208 57-0 

Base ofifirst dorsal )s. . oc je esiescsies nc eas . 23-0 | Length of lower caudal lobe...........-.-..--2--++-0+s ~- 26.0 

Wnterdorsalispace. sass ee seedeecceer se s- OWNes- 10) || Candaltintch tortip Ge titts,.).\e).ja 1 etnies sjaisie are (cte «a's etnietere ee 14:0 

Base of second dorsal... ...........+2---5+ » Gsm uCaudaltork to tip ob sinls, oo caecice cits caei-icne dese sores 50-0 

Distance from second dorasl to base of caudal........... 14-0 

First dorsal broad, upper lobe rounded, height of fin greater than length of base, distal margin 
sinuous, concave near acuminate lower lobe; second dorsal small, similar in form to the first, but more 

deeply concave, lower lobe relatively longer; pectorals long, narrow, twice as long as broad, with a 

distinct basal lobe; claspers elongate; anal larger than second dorsal, distal margin deeply incised, 
anterior lobe rounded, posterior lobe acuminate; caudal large, its length 3.5 in total length of fish; sub- 

caudal lobe nearly one-half length of caudal fin. 
Through the courtesy of Mr. Coles, I have been enabled to examine the jaws of the specimen incor- 

rectly identified as C. milberti (Linton, 1905, p. 341) and the jaws and denticles of a smaller example. 

These are C. commersonii. Mr. Coles has taken three specimens, the only ones taken on the North 

Carolina coast. 
Genus GALEOCERDO Miiller and Henle. The tiger sharks. 

15. Galeocerdo arcticus Faber. 

Galeocerdo tigrinus, Coles, 1914, p. 89. 

21-23 

23 
margins convex, posterior margins incised, with a deep notch and a prominent basal shoulder; tips of 

Teeth —Teeth in (21-25) @ rows; upper and lower teeth similar in form; cusps oblique; anterior 

Fic. 16.—Denticles, Galeocerdo arcticus, 365.8 cm. long, from Beaufort, N.C. 

cusps finely serrate (frequently smooth in functioning teeth), coarsely serrate on basal portion; basal 
shoulder denticulate, the denticles finely serrate; a median row of smaller, more nearly erect teeth at 

symphysis of each jaw; the first row and part of the second functioning. 

a Garman, The Plagiostomia, p. 148. 
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Denticles.—The dermal denticles are large, subequal, slightly imbricated, ovate in outline, with a 
high, arched median keel, and a deep channel on each side of keel; lateral margins curved outward, 

upturned edges sometimes thickened, keellike, outer edge truncate, or with a narrow basal winglike 
expansion; apical margin pointed, acute-angled; pedicel broad, little more than a constriction of outer 

denticle, resting on a large rhomboidal basal plate. Description of specimens 264.2 to 365.8 cm. long. 

In an example 198.1 cm. long the denticles were smaller, unequal, rather widely separated, without or 
with only slightly upturned lateral margins. 

MEASUREMENTS OF AN EXAMPLE (No. 1) 198.1 Cm. (614 FEET) LONG FROM MENEMSHA BIGHT 

Mass., TAKEN AUG. 13, 1913, AND ONE (No. 2) 279.4 Cm. (9 FEET 2 INcHES) LONG FROM 

Beaurort, N.C., TAKEN Aue. 8, 1914. 

No. 1. | No. 2 

Tip of snout to— cm. cm. 
Base of dorsal. ccscseciecs a casio, fareheeern seat ints ares eee aoe nls ale bys Cle) an how'd (adnate ah Dato a cha lbs foie eS 56.0 80.0 
Anterior margin of eye..... oe 12-5 21.0 
First gill slit (upper angle). 29.6 48-0 
Last gill slit (upper angle). Pol (pie f i. Ul Ree 
Base of pectoral.......... ist iy Se Oa llores 
Front of mouth........ xt 8.3 12.0 
Outer angle of nostrils. 715 Iiiciae sees 
Sniracle V5 ..vsnees c= acne ne ACT ene 

Horizontal diameter of orbit. 2.7 3:5 
Length of aperture of nostrils 2.8 4:2 
Distance between nostrils......... Bax lees scesn 
Distance between angles of mouth 15-7 23-0 
Height of— 

First gill slit Ae Sa ais pieisincs 
4-8 
5-0 |. 

5-3 |. 
3-9 

Length of anterior margin of first dorsal............ 19-0 28.0 
Length of posterior margin of first dorsal. 9.2 16.0 
Base of first dorsal............. 4:4 22-0 
Distance between dorsals...... 70.0 
Anterior margin of second dorsal. II-0 
Posterior margin of second dorsal r 13-0 
Baselok Secor dorsal etm cca ctetsisiecs aie nis nate eerste ach tet fo m)ass ete eva elslbjasare.ejeratvin sinvatelu’ steps vinleiolwtelsieietets|=(a efa(cistsnlets(= Ad Geocecne 12-0 
Distance from second dorsal to ba: A a nan HOMER Bee ARASH MONE CSE rer SOODD On Aras ene ord Sp ua 22.0 
Retigthion atiterion murpin of pectoral: SWOL esi a. Weiwnictes Deis sale ccqutelelauleteleltotaln et ele letule e/atl; tele eystslelan’syatel=t=)= x é 41-0 
Petiethion posterior Margin Gu pecroral: otis chs lisias caiseiam ar n-ree eae arene onlataec ele sla lube lel sisiceleer Meeaied me & 14,0 
Rreadthi Ok prectorals. thos bss ci-con yore chee «nts ala) leis « ce ait tejeisictpinralelelalats efetate’slpssia = eietars ehale'n'> minto{—in "ain giepe cinbsials tate ie 5 25-0 
Aer Of pectorals Co OKI PIN OL WEMEXRIS.:.'c fects ciate ase teeiele Rin eet etic ed ale a sta Wiularerafatats viaratera'w s's.ctelin/iefelsisini=iays 79:0 
*Ariferion StAX Gith OE WETAECAIS se oicin as cisis’s ois ore ciaiciale elaiziviw ciametwislars arcisie/cietaiale lo iv Chai laiW win'ernie(©.ciela/y e\alsra'miminivinialavela(ntmints wabamterte 14-0 
(Distalismargin Ok: wer trala: a). ces cas nice acacia nial leots siesta eiare eee no aR emer Te neato edeeaein.s etciete dice aie iets Memcrac 16.5 
Posterior margin OF Vertrals sce. cecal macs yh cldaie ce nlaisie cclarc cyedlaletateterotetetateme tina Meiers sain eta hie cote stele as baer 9:0 
Distance between axil of verntrals arte ‘anal soc... eoparain seo hs vlan ate eta ate a eh apatn ot etsinioimrniatntn ptalmia iaiaias miainiala/stssa) Be Sraehinne 19.0 
(Ariterior margin OL ANal. ....: cscs casices.s scies oe lccajs seine cisieise ouiniemelelen aiupienie Sete cls sate ets eietaieiatereta(F\sin'=/¥)=in = Remevatereteie 17-0 
‘Posterior margin OF aA Se oi. wk loveless wlosasare whereeniees n.e oes che aienefer MnOIe RDNA ara ee faleeetetel ete ele aia eeteonrgle /=(3 ee 10.0 
laceiok arial 68. 6 acre wrataye nace sigs org aleibte/@cin'sinsa,a7alers «\a.0\upmid OOOO alerepeieta ele ratatete a elope eIAeYs Rete RE eit anise ole lele(aiciel sein sisieaie 17-0 
Tengthioriipper caudal lobe: coco cece cess cc a sesis cde meen seine miamte Rlibhe & etotlae, ofetaledesela rovers shetcmerialee tera 0 A 76.0 
Tength ofsubcattdal Jobe. icossia.s sess ssicisraies arias vate aisle eyeiell we fa /p-eletabsieluscie lelale|oratallun UN ein, -lefaiRie ciate titans ats h 28.5 
Breadth of distal margin of caudal’ tip... s..5.cs..5 scfe dats» tanta anal winnie o's abain(e1a.0\n e]ule cie/aluivia ei lele)i lela) eres tn ois sin be EACH haacense 
“Nis of caudal fo mothe <5:é.. cise s oiaieate aici ialh apoio merals cletele 18 martha letgiireleloleiafenes,« nha amb bee sYeratehe)(c\pinln\= hie letsouahytn,o sin. sin rh beeceinac 

Head short, broad, very blunt and robust; snout short, depressed, semicircular; eye large, lateral, 

above middle of sides of mouth, nictitating membrane present, highest anteriorly; mouth large, nearly 

semicircular, near tip of snout; angles with a distinct labial fold above and below; distance between 

angles nearly equal to their distance from tip of snout; nostrils widely separated, length of aperture 

nearly one-third of their distance apart, anterior margin with a prominent lobe; spiracle small, about 

an eye diameter behind eye, in line with its upper margin; body slender, tapering posteriorly to a very 

slender caudal peduncle; a distinct ridge along median line of back between dorsals; caudal peduncle 

depressed, angled laterally. 
Origin of first dorsal above tip of lower pectoral lobe, fin small, high, anterior lobe slightly rounded, 

posterior lobe long, acuminate; distal margin concave, slightly sinuous; base of fin nearly equal to its 

height; second dorsal resembling the first, anterior lobe more rounded; pectorals small, falcate, tips 
barely reaching to posterior base of first dorsal; ventrals truncate; anal origin slightly behind origin 

of second dorsal, anterior lobe acute, sickle-shaped, posterior lobe acuminate, distal margin very deeply 
incised; caudal elongate, about 3.7 in total length, upper lobe very narrow, subcaudal lobe narrow, 

elongate. 
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Color.—Upper parts silvery gray, lower sides lighter, shading into white of ventral surface; three 

rows of large spots of darker coloration than the ground color along upper sides and on caudal nearly 

to tip. 
On August 8, 1914, a small school of large tiger sharks appeared in the Fort Macon Channel near 

the fisheries laboratory and swam around the Fish Hawk. A baited shark hook thrown over the side 
was seized by the largest of the school. The line offered little resistance to this big fellow and he 
disappeared, taking bait and hook with him. During the time that elapsed while another hook was 
being secured and baited, the rest of the school came up under the stern of the ship, showing no fear 

of the men in the cockpit a few feet above them. Apparently the sharks were very hungry and were 

prepared to grasp anything that might fall to them in the nature of food. When the second hook was 
thrown over, it was seized by one of the school. This shark, which was killed and brought on deck, 

was 264.2 cm. (824 feet) in length. For the second time this hook was thrown overboard and soon 

another specimen, 307.3 cm. (107g feet) in length was captured and hung from the end of the boom 
with its head out of the water. On the third cast, another, 279.4 cm. (9 feet) in length, was captured. 

About this time a shark, larger than any of those taken, swam up to the one hanging from the boom, 
and raising its head partly out of the water, seized the dead shark by the throat. As it did so, the 

captain of the Fish Hawk began shooting at it, with a 32-caliber revolver, as rapidly as he could take 
aim. ‘The shots seemed only to infuriate the shark, and it shook the dead one so viciously as to make 

it seem doubtful whether the boom would withstand itsonslaught. Finally it tore a very large section of 
the unfortunate’s belly, tearing out and devouring the whole liver, leaving a gaping hole across the entire 

width of the body large enough to permit a small child to easily enter the body cavity. At this instant 

one of the bullets struck a vital spot, and after a lively struggle on the part of the launch’s crew, a rope 
was secured around its tail. The four specimens, all females, were brought to the laboratory for exam- 
ination. The last shark was 365.8 cm. (12 feet) in length, and the liver of the smaller one was still in 

its stomach, the estimated weight of which was 4o pounds. At the time of capture one of the sharks 
regurgitated a rat, another a small shark about 61 cm. in length. As this was not saved, its identity 
was not determined. A shark sucker (Leptechenets naucrates) 26.2 cm. long was also taken with one 

of the sharks. 
Mr. Coles reports the capture of an example of this species by fishermen in the bight of Cape Lookout 

in 1912. 
Family CESTRACIONTIDA. The hammer-head sharks. 

Genus CESTRACION Klein. 

KEY TO THE SPECIES. 

a. Head hammer-shaped; nostril with a well-developed groove extending along front of head. .zygena. 
aa. Head kidney-shaped; nostril with frontal groove short or obsolete..............-....000es tiburo. 

16. Cestracion zygena (Linneus). Hammer-head; hammer-headed shark. 

Sphyrna zygena, Yarrow, 1877, p. 217; Jordan and Gilbert, 1879, p. 387; Jordan, 1886, p. 26; Jenkins, 1887, p. 84; Wilson, 

1900, P. 355; Smith, 1907, p. 36, fig. 6 (aand 56); Gudger, 1907, p. 1005; id., r9r3a, p. 10; Coles, 1914, p. go. 

Teeth. —Teeth in ce rows, differing in form in different individuals. 
In an example 52.3 cm. in length they are oblique, compressed, with a sharp-pointed cusp and a 

deep notch on the posterior margin, similar in form in both jaws, with no specific differences in form 

from those of Scoliodon terre-nove. In a male 124.5 cm. long, the upper teeth are oblique, notched, 

like those of S. terre-nove, lower teeth erect, or nearly so, narrow-cusped, several rows of oblique teeth 
at angle of jaws. In a male 132 cm. long the teeth are low, broad-based, without or with a very short 
cusp, bases somewhat swollen, not compressed as in the specimens mentioned above. Three rows of 
small teeth, with a short, erect, pointed cusp, at symphysis of upper jaw; in the teeth adjacent to these, 

the cusps are slightly bent toward the angles, with a distinct notch on posterior border; this type grades 

into a cuspless form, five rows at each angle being pavementlike. Lower teeth similar, except that 

the number of rows with an erect cusp is greater and the transition to the pavement type more abrupt, 

eight or nine rows of the latter adjacent to angles. The teeth in this species show a transition from 

the compressed triangular forms of the foregoing species to the pavement teeth of the smooth dogfish. 

Through the courtesy of Dr. E. W. Gudger, the writer has examined the jaws of the female hammer- 

head, 381 cm. (12 feet 6 inches) long, taken in Beaufort Harbor, July 20, 1906. The teeth are oblique 
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in = rows, cusps long, pointed, basal shoulder on posterior margin prominent, cutting edges distinctly 

serrate; teeth at symphysis erect, or nearly so, with a distinct shoulder on each side of cusp. 

Denticles.—The dermal denticles vary in form of sculpturing with age, three-keeled in the young, 

five-keeled in older examples. In a specimen 52.3 cm. long the denticles are very small, being about 
0.17 mm. long by 0.16 mm. broad, closely imbricated, normally three-keeled (3 to 5); apical margin 
normally five-lobed (3 to 5), lobes long, narrow, sharp-pointed; pedicel short and heavy, resting ona 

Fic. 17.—Denticles, Cestracion zygena, 52.3 cm. long, from Beaufort, N. C. 

large rhomboidal base. In an example 124.5 cm. long they are five-keeled; with or without lobed 

apical margin. 

MEASUREMENTS OF A MALE 124.5 Cm. (49 INCHES) LONG, TAKEN IN THE PounD NET, JULY I1, 1914. 

cm, cm. 
SICAL MOREL yh seta cis ine ciara dk iste apres aK aot eestor 35-0 | Distance between dorsals. ........cccccccccccsccnccevees 20.5 

Wradth of hammer, o:.2.hsc0ncccktaseacvecwe Us scree eter et 10.0 | Length of anterior margin of second dorsal.............. 5:0 

Tip of snout to— Length of posterior margin of second dorsal............. 5S 

Oriom ob tirstidorsald ys tz. ae tiais ass sueee pismo oe 35-0 | Base of second dorsal 5:0 

PSUS UPR SINE oriole otemioretelsleratsjarsteiecrete 21-0 | Distance from second dorsal to caudal base 9:0 

Last gillslit..... 28.8 | Length of outer margin of pectorals...............0.000 16.5 

Base of pectoral 26.0 | Length of inner margin of pectorals............... y Gs 

Front of mouth 7-0 | Breadth of distal margin of pectorals 15-0 

Depth of body at origin of first dorsal... 17-0 | Axil of pectorals to origin of ventrals 23-5 

Horizontal. drameteniof orbits) 565000000 ences maa sineims om 2.5 | Length of outer margin of ventrals.............0-0e0000s 9.0 

Tength of tasal apertures os. cee ws cieciajale cae enicse 2 wlataee 2.5 | Length of inner margin of ventrals...............0e0e0es 3-5 

Distance between angles of mouth...................... 8.5 | Breadth of distal margin of ventrals.............. T (gs0. 

Height of— Lenothiof cldsperaict ts oeesac Gaon wer scesies dena PAS 

irstigihishits. bustiocdeeueth canes ae eek ee ae 4.0 | Distance between base of ventrals and anal 10-5 

Second est’, 3 oss os ans ¢.cawanpetienis teas camer Soe 4.0 | Length of anterior margin of anal.................0-000+ 7-0 

Third PA SEE oc teca:s lee eiseaeciateiens ec oiare eae atra 4-5 | Length of posterior margin of anal...... 2.0.6... 0020 eens 5-0 

Fourth gillishtoscse Yocevere es. 4.0 | Length of base of anal + Gas 

Fifth gill slit... . 3-0 | Posterior base of anal to caudal... ...........0cce eee eeee 9-0 

Length of anterior margin of first dorsal................ 20.0 | Length of upper caudal lobe... ...... 2.2... e ee eee cece 39-5 

Length of posterior margin of first dorsal............... 5-5 | Length of subcaudal lobe.... 15-0 

Base of first dorsal Rge:S | LE ON CATE ROTI OLCH col velece histune sate cetelels ais iateieceietabale etenetarnts 8.2 

Dorsal very high, anterior margin nearly straight; distal margin sinuous, markedly concave basally, 
lower lobe short, acuminate, origin of fin over axil of pectoral; second dorsal small, its origin over anterior 
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third of anal, distal margin slightly concave, lower lobe acuminate, reaching nearly to base of caudal; 
pectorals small, distal margin nearly straight; ventrals broad, distal margin very slightly concave; anal 

larger than second dorsal, anterior lobe recurved, acute-angled, distal margin deeply concave, posterior 
lobe acuminate, not as long as that of second dorsal. 

Color.—Dorsal surface deep olive-gray, sides light olive-gray, shading into white of belly; fins body 

color, with dusky margins. 

Stomach contents.—Three menhaden 21, 22.2, and 22.8 cm. long respectively. One taken in 1913 

had been feeding on small shrimp. A male 132 cm. long taken in Newport River, August 3, 1914, had 
in its stomach four menhaden, each 26 cm. long. 

This species is not common in the harbor. None was taken by the laboratory force in 1912, only 

one in 1913, and twoin 1914. ‘The best places to seine for them are near the mouths of the rivers flowing 
into the harbor. According to Coles this is one of the most abundant sharks in the Cape Lookout region 
during the summer months. On one occasion he captured 65 specimens, averaging about 4 feet in 
length, at a single haul of the seine. 

17. Cestracion tiburo (Linneus). Bonnet-nosed shark; shovel-headed shark. 

Reniceps tiburo, Yarrow, 1877, p. 217; Jordan and Gilbert, 1879, p. 387. 

Sphyrna tiburo, Jordan, 1886, p. 26; Jenkins, 1887, p. 84; Wilson, 1900, p. 355; Smith, 1907, p. 35, fig. 5; Gudger, 1907, p. 1005; 

id., 1912, p. 143; Coles, 1914, p. 90. 

Teeth.—Teeth in — 
no diagnostic differences by which they may be distinguished from that species. 

In a female 124 cm. long, there are no marked differences from the male of C. zygena, 132 cm. in 

length; a female 94 cm. long has the same type of teeth but has only two rowsof cuspless teeth at angles 

rows, with a like variation in form as described for C. zygena, but possessing 

Fic. 18.—Denticles, Cestracion tiburo, 89.8 em. long, from Beaufort, N. C. 

in upper jaw and four in the lower. A female 147.5 cm. long has the long, pointed cusps, oblique in 
upper jaw, erect in the lower and compressed teeth, like those of the male of zygena, 124.5 cm. long. 

The average number of rows of teeth is lower in tiburo than in zygena. ‘The differences in the form 

of the teeth are not sexual. The jaws of those specimens in which the teeth are compressed, with oblique 
cusps in the upper jaw and erect or suberect in the lower are markedly smaller in proportion to the 
size of the fish than those with the pavement type in each species. As the specimens were not compared 
nor saved it is not known whether differences other than those of the teeth existed. 

Denticles.—The dermal denticles are larger and not so closely imbricated, but quite similar in 
sculpturing to examples of C. zygena, of the same size. In an example 89.8 cm. long they are about 

0.27 mmm. long by 0.3 mm. broad, imbricated, five-keeled, keels parallel; apical margin five-lobed, lobes 
acute-angled, pedicels slender, resting on a small rhomoidal basal plate. 
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MEASUREMENTS OF A FEMALE 147.5 CM. (58 INcHES) LoNG From NEwporT RIvER, AUG. 3, 1914. 

cm. cm. 

‘Breadthiohhtead 2c gttee seecashs tas seve see aaeeeciaa eee 20-8 | Length of anterior margin of second dorsal.............. 74 
Tip of snout to— Length of posterior margin of second dorsal............. 6.5 

TERE eal SUnGiiee yates arate ctalcttte, barslare «cee mista tes ain miata : Base of secotid dorsally 12/525 4 sancnie hee esee as aslclelnoomeae 4-8 

Last gill slit............. : .3 | Distance from second dorsal to base of caudal. : geo 
Base of pectoral Length of outer pectoral margin.............0ecceee cues 19-4 

Front of mouth Length of inner pectoral margin.............00.sseeeeere 6.8 
Depth of body at origin of first dorsal. Breadth of pectoral : 12.6 

Horizontal diameter of orbit Axil of pectorals to origin of ventrals.......... 00.0: eeee 27-5 

Length of nasal aperttre: coc sscies ies cen eacn-cihsemers 3 Length of outer margin of ventrals...........0c0sseeeeee 9-5 

Distance between angles of mouth..........-..----..+5+ .o | Length of inner margin of ventrals..............0eseeeee 3:8 

Height of— BSTCACGED OF VOTIELAIS. stein sie’ o ninicialm a]a aio nlelalagnin/a\uini nic ainsi atari 8.3 

Bret gull 'SUEs otce Secivte se otic stews sla aatsiele einteraieietsie 4-9 | Distance from base of ventrals to origin of anal.......... 9-2 

Second gill slit .. 5-6] Length of anterior margin of anal...............+eeseeee 6.0 

“Maird gillistit... + coats strat cascranes ce aneen= sep 6.0 | Length of posterior margin of amal.............e2eeeeee 4-2 

otmrthn gill Sit, eee cn eee sessicatsisteeemetas tinsel ote a's Seb | ERASE LOL AIAN, a ciate eae eynieis epee areselaiwiele eral era lcseteiantwre ate) cteiaistatstat 8.0 

Riel (oul Shits ects <= oe nies eterna ae lela ete te <= olaebete 4-8 | Distance from anal to base of caudal...............--.+ eo) gag 

Length of anterior margin of first dorsal..............--- 16.9 | Length of upper caudal lobe.............. cece eee cence 29.2 

Length of posterior margin of first dorsal................ 4-5 | Length of suibcaudal lobe. oo ven. ee wane anne curse >slann 13-0 

Base of first Corsal, geese os seve s « clge vols = see eee: eee XOe4 if eek RES Cie) Co PIKTAR EO SIE CH ae are laine caie.n Ueeina rele ede nepieaecmiegras 7 

Distance between dorsals..........---0eeeeeeee eee eenes 27-3 

Dorsal fin high, anterior margin slightly convex, distal margin rather deeply concave, posterior 

lobe short, acute angled, origin of dorsal over tip of inner pectoral lobe; second dorsal small, slightly 

behind origin of anal; distal margin deeply concave, upper lobe rounded, lower lobe acuminate; pectorals 

short, their length not much greater than their breadth; distal margin slightly concave; anal low, broad, 

distal margin slightly incised; caudal short, about one-fifth total length; subcaudal lobe prominent. 

This individual had nine embryos, six in the left uterus and three in the right one. Of these three 

were males, 12.2 to 14.1 em. long, and four females 13.4 to 14cm. long. Another specimen, 124 cm. long, 

taken on Bird Shoal August 6, 1914, had four embryos in each uterus, about 17.5 to 18.5 cm.long. The 

embryos lie with the head at the forward end of the uterus. The placenta, which was nearly as long as 

the embryo, was richly supplied with villi, some of which were 25 mm. long by 3mm.indiameter. The 

yolk sac at the end of the placenta was attached to the wall of the uterus and was richly supplied with 

blood vessels. 
SPECIMENS TAKEN DURING THE SUMMERS OF I912 TO 1914. 

Date. Locality. | Length. | Weight. | Sex. Stomach contents. 

1912. cm. grams. ¥ roe i 

puta) Beane Sacro Near laboratory’. «<.<.2<. 20.55 -eaens 42-5 286 é 1 shrimp (P. brasiliensis); remains of a 
small teleost; fragments of eel grass; 
bit of wood. 

Dow seeceasees tase (3 TPR HRA IES piace yc narra 49-4 474 é x shrimp (P. brasiliensis). 

DO i jcct acisis scans aes (2 FRM OR fen Beene ia ace aca 48-7 369 é 1 small crab; 2 small yellow stones. 

1th eo seeoesa dees Near Morehead ............0.....0: 95-0 3,290 2 3 shrimps (P. brasiliensis). 

DO? eater e aalsiseee 3 ee en So posers 3 73-0 1,274 toy Empty. | ‘ 

DO secs tase sl seisicle Oe ciciet ie iaceainitete mittee ofsieieyie 70.0 1,161 Material unidentifiable. 

DON esse scanned paltee clr ARR Oa ene eae ane naEer edo 70.0 I, 161 Do. 

Ui hee Gheepaondcerar Newport River. ......--.-.0ss+s0+0+ AjO Sa eee Empty. 

Septixowsen ec.) ct North e avers cece ea sneb eee ' seep el 58.7 780 Do. 

I913- 
July r.. 9 ie ehaw asics Wate ates Sa Re Boe SPO CARER Geo oe aE a wie: Ie cn NA 9c) Sarin icyotie Small blue crabs. 7 . 

Walyaztey scr: wees Towi Creek er neractaneuse rs scene ee SosBhlekn acetone Q 1 large blue crab and other unidentifi- 
able material. 

1914. \ 

1 aE hemomemnese North River: </.cecrtmaseep creel. ce Saroliieiee Seen Remains of a blue crab. 

Freee aecop. aie Wewnort RVers perk seicik es -nne=tis > oc ton Reetaarncnc 

Os aasaerirann lag et as BE uae a ca acs SpRe ROBES E7405 | Ace Sotees a 

Gey. teens tae Bir OAL eis oaee sata atin olsips G70} |e. dese s 1 blue crab. 

te: Onsen ecm celoteee Peat Ster a cenoeskt a: See Cepeaee rey Rol Borie niacis Q 2 blue crabs; 1 pinfish; mass of alge. 

This species is much more abundant in the harbor than the hammer-head, and appears to enter the 

harbor for the purpose of giving birth to its young. 
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Family GALEORHINIDA. The smooth dogfishes. 

Genus GALEORHINUS Blainville. 

18. Galeorhinus levis Valmont. Whipper-tail; dogfish; smooth dogfish. 

Mustelus canis, Smith, 1907, p. 32; Coles, r914, p. 89. 

Teeth.—Teeth small, numerous, pavementlike, anterior base of tooth slightly ridged; upper teeth 

with a short, blunt cusplike projection on posterior margin; lower teeth similar in form, cusp less 
prominent, absent from teeth near angles of mouth. Nosexual differences were noted between the teeth 

‘of a male 75 cm. long and a female gr cm. long from Cape Lookout. 
Denticles—The denticles are large (the larger ones in a specimen 90.8 cm, long being 0.4 mm. long 

by 0.3 mm. wide), unequal in size, overlapping, ovate in outline, with 2 to 4 short, low, nearly parallel 
keels on basal portion of denticle; the length and prominence of the keels vary; rarely do they extend to 

the apical margin; apex acute; pedicel small, relatively high; base small. 

Fic. 19.—Denticles, Galeorhinus levis, 91 cm. long, from Cape Lookout, N. C. 

The laboratory has no record of the capture of examples of this species in Beaufort Harbor. It is 

abundant at Cape Lookout in the spring, but is rarely seen later than June. Individuals left by the 

fishermen, are common on the beaches at Cape Lookout in April. It is locally known as “‘whipper-tail.”’ 

Family SQUALIDA:. The spiny dogfishes. 

Genus SQUALUS Linneus. 

' 19, Squalus acanthias (Klein). Spiny dogfish. 

Squalus acanthias, Gudger, 1912, p. 143; id., 1913b, p. 98; Coles, 1914, p. 92. 

a Be ; netbeans 5 
Teeth.—Teeth in oe regular in arrangement, similar in form in each jaw; upper smaller than 

lower; cutting edges transverse, nearly horizontal, ending posteriorly in a small, sharp-pointed cusp, 
below this a deep notch and a prominent basal shoulder; on basal portion of tooth there is a narrow median 
lobe of enamel, outline of base more or less concave on each side of this projection. Cutting edges of 

upper teeth more oblique than the lower, the cusps being more erect; two rows of teeth functioning. 
Denticles.—The denticles are large, being about 0.46 mm. long by 0.32 mm. broad in a shark 84.5 cm. 

long; a high median keel widest on basal portion of denticles and projecting beyond basal margin; a low 
keel along each margin normally present; apical margin tridentate, median lobe prominent; pedicel 

stout; base large, stellate. 

At Cape Lookout, Coles states that this species is very abundant in April and the first week of May. 

Only a single example, taken May 23, 1907, has been recorded from Beaufort Harbor. This wasafemale, 
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from which three young ones, 14.5, 15, and 15.3 cm. in length were obtained. The description of teeth 
and denticles is based on this specimen. 

Fic. 20.—Denticles, Squalus acanthias, 84.5 cm. long, from Beaufort, N. C. 

Family RHINIDA. The angel fishes. 

Genus RHINA Klein. 

20. Rhina dumeril (Le Sueur). Nursefish; Jakie. 
Squatina squatina, Smith, 1907, p. 38; Gudger, 1913a, p. 10; Coles, 1914, p. 92. 

Coles states that this species is a regular visitor at Cape Lookout, arriving the latter part of March 
and leaving about the 1st of May. As no examples of this species are at present available it is impos- 

sible to describe the teeth and armature of the skin. 

Family PRISTIDA. The sawfishes. 

Genus PRISTIS Klein in Schauplatz. 

21. Pristis pectinatus Latham. Sawfish. 
Pristis antiquorum, Yarrow, 1877, p. 217. 

Pristis pectinatus, Jenkins, 1885, p. 11; Jordan, 1886, p. 26; Jenkins, 1887, p. 84; 

Jordan and Evermann, 1898, pt. m1, p. 2749, id., 1900, pl. vm, fig. 27; Wilson, 

1900, p. 355; Smith, 1907, p. 39, fig. 7; Gudger, r9r2, p. 144; Coles, 1914, p. 92. 

Teeth.—Teeth in about » rows (88 to 178 rows above and 84 

to 176 below),@ small, flattened, in pavement, arranged in quincunx; 

anterior margins rounded, posterior margins truncate; posterior basal 

portion of upper teeth with a short mesial projection and a slight 
indentation on either side of it; in the lower teeth the exposed pro- 

jecting base is more pointed, margin on either side straighter. 
Denticles.—Denticles on rostrum circular, buttonlike, close-set, 

sessile; on the head and trunk they vary from ovate to circular; 

those under first dorsal ovate; pedicel short. Description of teeth 

and denticles based on a specimen from Florida 71.7 cm. (28%4 
inches) long in the United States National Museum. 

“Scales on the very young with broad, rounded bases, short 
Fic. 21.—Teeth, upper and lower jaws, pedicels and leaf-shaped crowns, which latter are more or less sharp 
eae eal angled posteriorly on the greater portion of the body, but with age 

: Kis the crowns become modified, on the fin margins, about the snout and 

head, and appear convex and smooth, button-shaped, and sessile.’’& 

@ Garman, The Plagiostomia, p. 263. 



SHARKS AND RAYS OF BEAUFORT, NORTH CAROLINA. 269 

This species is not rare in the Beaufort region. According to Coles it is usually found in the breakers 

on Lookout Shoals. 

Fio. 22.—Denticles, Pristis pectinatus, 71.7 cm. long, from Florida. (U.S. National Museum no. 30678.) A, Denticles under 

first dorsal; B, denticles on upper surface of rostrum. 

Family RHINOBATIDA. The sharklike rays. 

Genus RHINOBATUS Klein in Schauplatz. 

22. Rhinobatus lentiginosus Garman. Ray; clear-nose. 

Rhinobatus lentiginosus, Smith, 1907, p. 40, fig. 8 (a and b); Coles, 1913, p. 33; id., 1914, D- 92+ 

Teeth.—Teeth in 3 rows in a female 53.5 cm. long and in = rows ihe male 38.8 cm. long, in pave- 

ment, arranged in quincunx; similar in form in both sexes; anterior margin rounded, posterior margin 

of functioning surface truncate; posterior side of teeth narrowed 

basally to a cusplike projection at gum. 
Denticles—The denticles are unequal in size and vary in form 

on different parts of the body; on clear space on either side of rostral 

cartilage they are small, spear-shaped, sharp-pointed, with concave 

margins; on back opposite angles to pectorals they are arrow-headed, 

very unequal in size; on sides under first dorsal they are ovate, 

sharp-pointed; on ventral surface they are in pavement, subquad- 

rangular in outline. 
There is a row of small compressed and depressed tubercles 

along the median line of the back; midway between the dorsals 

these are reduced to ridges covered by skin; a small tubercle on left 

shoulder and two on the right; a row in front of and above eye, end- 

ing at spiracle; five prominent tubercles on tip of snout, three small 

ones behind these. Description of a female 38.8 cm. long. 

Examples from Beaufort agree in the main with descriptions 

of lentiginosus, but possess other characters which are said to distin- 

guish percellens from this species. 

BMGs 3a, cer, Snes es eee Rostral cartilage narrow in the middle, broader toward tip of 
Rhinobatus lentiginosus, 53.5 cm. long. : 5 Z = A 
(Same specimenias fig. 24.) snout, ridges widening forward, the cartilage bearing a flange on the 

outer side of each near the end; groove between the rostral ridges 

narrowing regularly toward tip of snout. 

97867°—vol 34—-16——18 
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Nostrils a little wider than their distance apart, the latter one-half mouth; a long, narrow median 

flap on front margin of nostril and a narrow auxiliary flap extending for one-half distance to inner angle 
of nostril; posterior margin with an inner median flap, larger than one on anterior margin and two broad 
flaps on outer margin. Distance between angles of mouth slightly more than one-third distance from 

mouth to tip of snout; length of spiracles about equal to horizontal diameter of exposed portion of orbit, 
with two lobes, outer larger; supraocular lobe of orbit large; outer margin of pectorals broadly curved, 

strongly convex near axis; dorsals subequal, base of first one-third of its distance from base of ventrals, 

posterior margins truncate; caudal of moderate size, subcaudal convex. 
Color in alcohol.—Dorsal surface light grayish-olive, thickly sprinkled with small spots of lighter 

coloration; clear space on either side of rostral cartilage olive-buff; pectorals and ventrals margined with 

lighter, with traces of a narrow intramarginal band of darker coloration. Ventral surface light naph- 

FG. 24.—Denticles, Rhinobatus lentiginosus, 53.5 cm. long, from Cape Lookout, N.C. A, Denticles on clear space on either side 

of rostral cartilage; B, denticles on back opposite axil of pectorals; C, denticles on side of body below first dorsal fin. 

thalene yellow, under surface of tip of snout dark gray; this area extends backward in a narrow, trian- 

gular patch, more than half way to front of mouth and along each side of snout to opposite nostrils. Fins 
slightly darker than ventral surface. The dark coloration on under side of snout is said to be character- 
istic of percellens. : 

Family NARCACIONTIDA. The electric rays. 

Genus NARCINE Henle. 

23. Narcine brasiliensis corallina Garman. Shockfish; small electric ray. 

? Torpedo occidentalis, Jenkins, 1887, p. 84 (not of Yarrow). 
Narcine brasiliensis, Coles, 1910, Pp. 337, P. 347; Bean and Weed, rorr, p. 232, pl. ro, 11; Gudger, r913a, p. 2; Coles, 1913, 

P. 33; id., 1914, D. 93- 
Narcine brasiliensis corallina, Garman, 1913, p. 298, pl. 26, fig. 3. 

Teeth.—In a male 27.7 cm. long the teeth are =* rows, close-set, arranged in quincunx; dental 

plate narrow, folded outward; teeth small, base subcircular; posterior grinding surface ending in a 

narrow, pointed cusp, margin of cusp continuous with anterior margin of tooth. 

In a female 34 cm. long the teeth are more flattened, grinding surface, including cusp, more nearly 

horizontal, cusp less prominent; teeth in = rows, less crowded than in the male. Skin smooth. 

Examples from Cape Lookout appear to agree more closely in color pattern with Garman’s sub- 

species corallina than either of the other forms. According to Coles this species is a regular visitor at 

Cape Lookout, arriving in the bight of the cape on the night of July 4 of each year. 

There is no authentic record of the occurrence of the Torpedo, Narcacion nobilianus, on this coast. 

The small electric ray (corallina) is known to the cape fishermen as “‘shockfish.’’ It therefore seems 

probable that the form described by Jenkins was this species and not the Torpedo. 
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Yarrow lists the Torpedo, but the form described in his notes, as reported by fishermen, was not a 

ray, but the “electric toad’’ (Astroscopus y-grecum), a form he had not seen. Coues had taken a single 
specimen of the latter species; this accounts for its inclusion in Yarrow’s report. 

Fic. 25.—A, Teeth, upper and lower jaws, of a male, Narcine brasiliensis, 27.7 cm. long, Cape 

Lookout, N. C.; B, teeth, female, 34 cm. long, from same locality. 

Family RAJIDZ. The Skates. 

Genus RAJA Linneus. 

KEY TO THE SPECIES. 

a. Snout very blunt, broadly rounded; disk rounded, slightly broader than long; teeth in about ri 

rows; upper surface of body with rosettes or groups of darker spots.................... ornata. 
aa. Snout produced, angular, disk angular, much broader than long. 

b. Teeth in a6r4a rows; disk and tail rough above; upper surface with numerous dark brown elongated 
42-47 

GPUS nagqooldabs chwid ta Made eRe Mhee 6 oho seedoon rico Shine eD OSU OOS OUOLe ame mabOanion Abas eglanteria. 

bb. Teeth in : = rows; upper surface smoother than in most skates, marked with scattered, unequal, 

EMI DLOWIESPOtS ee rere setae sees cts cisicreieierare tice sterehs ele ini, so)nieltversieatrare o:s"e cneve stabuliforis. 

24. Raja ornata Garman. 

Teeth.—Teeth in about 7 rows, flat, in pavement; anterior margins rounded, posterior margins with 

a small median cusplike projection. 

Armature of skin.—Entire upper surface roughened with small spines; lower surface smooth. A row 

of tubercles above median line of back and tail; a row on either side of these on back and two on the tail; 

a single spine on each shoulder in one specimen, absent in another; a series on each orbital ridge; a 
group on rostral ridge near tip of snout; spines along anterior margin of disk slightly larger than those 
on rest of disk. Descriptions of two young males 19.5 and 21 cm. long. 

A female 25 cm. long differs in having three spines on each shoulder, one on forehead between eyes; 
a group on posterior pectoral lobe, and another near margin of disk opposite eyes. 

Disk broadly rounded, with a slight concavity opposite spiracles, slightly broader than long, its 
length to hinder angle of pectorals 1.1 in its breadth, 2.1 to 2.3 in total length; tip of snout obttise, not 
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produced; eyes prominent; interorbital narrow, about one-third snout; mouth small, waved, situated 

midway between tips of snout and fifth gill slit; ventrals long, narrow, outer margin rounded; tail with 
a thin narrow flap along lower outer margin. 

Color.—Upper surface tilleul buff, marked with regular rosettes of small black or dark brown spots, 
six or more around a central one; six or seven rosettes arranged at regular intervals along upper surface 

of tail, one of these at origin of first dorsal, another at origin of second dorsal; ventral surface white. 

On September 2, 1914, the Fish Hawk collected a female 25 cm. long, with 8-foot beam trawl, at 

station 8244 in 66 fathoms of water, and two young males 19.5 and 21 cm. long at station 8245 in roo to 
r11 fathoms of water. These stations were about 36 to 4o miles east-southeast of Cape Lookout Light. 
This species has previously been taken only in deep water off the coast of Florida. 

25. Raja eglanteria Bosc in Lacépéde. Clear-nose ray; brier ray. 

2Raia levis, Yarrow, 1877, p. 217; Jordan and Gilbert, 1879, p. 387 (after Yarrow); Jenkins, 1887, p. 84 (after Yarrow). 
Raja eglanteria, Smith, 1907, p. 42, fig. 9; Gudger, 1910, p. 398; id., r913a, p. 10; Coles, 1914, p. 92. 

Teeth.—In a male 55 cm. (225% inches) long, in ra rows, arranged in regular, parallel rows across the 

dental plate. Teeth small with a small conical cusp, resting on a broad circular base, anterior margin 
of each tooth overlapping the posterior basal margin of the tooth immediately in front of it; in front of 
mouth the cusps are erect, rather blunt at tip; in the back of the mouth they are much longer, recurved, 
sharp-pointed at tip; 8 to 10 teeth in each row functioning. 

Teeth in a female 43.1 em. (17 inches) long to posterior base of first dorsal (rest of tail lost), in = 

rows; rows closer together, the flaring base of each tooth occupying part of the upper space between two 

adjacent teeth in each row, in quincunx; teeth in front of mouth with flaring edges, the margin being 
continuous with that of anterior basal portion of tooth, and forming a rhomboidal grinding surface; under- 
neath, between the backward projecting cusp with its flaring basal expansion and the posterior base 

of the tooth there is a distinct groove into which the base of the following tooth fits; farther back on 

the jaws some of the teeth more closely resemble the male, except that the cusp has a slight basal 

expansion compressed to a sharp cutting edge which is continuous with the anterior margin of the tooth. 
Armature of the skin.—In the male there is a patch of tentacula opposite the eyes near margin of disk, 

and a narrow, elongate intramarginal band at widest part of disk, tips of tentacula inclined toward 
median line of back; in front of and along inner margin of eye and spiracle there is a row of small tubercles; 

another of larger tubercles extends along the median line of the back to the second dorsal, two or three 

on each shoulder and a row along each side of dorsal surface of tail. Small, sharp-pointed spinules are 
scattered along rostral ridge; those at the tip of snout being enlarged, tuberclelike; others are present 

along outer pectoral margin, on shoulders, between rows of tubercles on tail and on under side of snout, 
backward to opposite mouth; rest of body smooth. 

In a young male, 8 inches in length, the patches of enlarged tentacula opposite eyes and near outer 

margin of disk are absent. Tubercles over eyes, on shoulders, along median line of back and in three 
rows on tail prominent, sharp-pointed, recurved; dorsal surface everywhere studded with small spinules; 
on clear space on either side of rostral cartilage they are scatteringly present. 

In the female the tentacula are absent; spinules scattered over dorsal surface; on the tail between 

the rows of tubercles they are enlarged, some of them nearly as large as the tubercles. 

The R. levis of Yarrow, reported as common, is believed to be this species. The species is common 

along the banks in the spring and is not rare at offshore stations at other seasons. There are no records 
of examples taken in the harbor. 

26. Raja stabuliforis Garman. Smooth skate. 

Raja levis, Linton, 1905, p. 346; Smith, 1907, p. 41; Coles, rorg, p. 92. 

Teeth.—Teeth in the female in 2 rows, exposed surface of tooth rounded, posterior margin with a 

small but distinct cusplike projection; in the functioning teeth the exposed surface is subcircular, the 
cusplike projection being entirely worn away. 

Teeth in the male, in a tows, a long sharp-pointed thornlike cusp extends outward and backward 

from the subcircular base of each tooth; at the sides of the jaws the cusp is in the same plane as basal 
portion; exposed area of tooth ovate in outline. 
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Armature of the skin (male).—Tip of snout armed with small, forward projecting conical tubercles, a 

narrow band of these along anterior margin of disk ending in advance of outer angle of disk; a triangular 

intramarginal patch of large, depressed, sharp-pointed tentacula opposite the eyes; these point inward 
and backward; a large area of similar tentacula opposite angles, situated one-third of distance from 
angle to median line of back; small tubercles over eyes and behind spiracles; a more or less complete 

row of spinelike tubercles along median line of tail and between dorsals; a similar row along each side 

of tail, immediately apove lateral fold; minute tubercles scatteringly present over upper surface of tail; 

outer ventral surface of snout armed with small recurved tubercles. 

In the female the patches of tentacula are absent.. The above description of teeth and denticles 

is based on a male ror.6 cm. (40 inches) long and a female 119.4 cm. (47 inches) long, from Woods Hole, 

Mass. 
Color in alcohol.—Dorsal surface wood brown with scattered, unequal spots of clove brown, which 

vary in size from that of pupil to nearly that of orbit. Ventral surface cream color, pores black. 
The Fish Hawk is reported to have collected small specimens off Cape Lookout on August 14, 1902, 

at station 7310 in 18 fathoms. Coles reports that the species is exceedingly rare and that he has taken 

specimens of a width of 4 feet on the rocks far offshore. 

Family DASYBATIDA:. The sting rays. 

KEY TO THE GENERA. 

a. Tail long, whiplike, with one or more serrated spines; disk subquadrangular to subcircular. . Dasybatus. 
aa. Tail moderate to short, with a serrated spine (sometimes absent in young). 

ihe JOPB ECCS cette ee Be nae Ben OOnc on onde UE OE RRC O DDO STORE CGOODOUGArHOCOner tuck trict. Urobatis. 

Obs sbiskemichy broader than long; rhomboidal: 2 2! foes a. c.ccec snes eise ee ees se.5 tiers Pteroplatea. 

Genus DASYBATUS Klein in Schauplatz. 

KEY TO NORTH CAROLINA SPECIES OF DASYBATUS. 

a. PastInAcHuS: Tail with a keel or winglike expansion below only; disk quadrangular, its length 
1.25 in its breadth; body of the young smooth; adult with broad stellate based, conical pointed, 

irregularly placed bucklers on the middle of the hinder part of the back and on top and sides of 
PEN ee Colette we SA ein clams cA ONRN eee ets DUR TMI ura oa a a marinus. 

aa. Dasypatus: Tail with a low, black keel above and a broad, black winglike expansion below. 

6. Disk quadrangular, a little broader than long; young smooth; adult with a median row of tu- 
bercles along highest part of back and one or two on each shoulder; a small light gray or white 

spot on median line of snout immediately in front of eyes in adult; angle of disk, 54°. .hastatus. 

aaa. Ampuoristius: Tail with a winglike expansion above and a larger one below. 

c. Winglike expansions light-colored, yellowish to orange in life; disk subcircular; snout produced, 
pointed; in the adult the skin is more or less prickly, especially on interorbital area; a row of 

well-developed tubercles along median line of back and tail, one or two tubercles on each 
Shoulders very your smooth; ampleon GiSk, 630 soccer us sm goes ec csncgs cdc ncen ec en sabinus. 

_ ec. Winglike expansions black; disk quadrangular (narrower and more rounded than in hastatus); 
snout blunt; skin nearly or quite smooth; a few tubercles along highest part of back and one 
omewo omishomldersan adults. angle ondiskeicgosisc: sos ne wo toies once cccecs ssacsocecceesees say. 

27. Dasybatus hastatus (De Kay). Sting ray; stingaree. 

Dasyatis hastata, Coles, 1910, p. 338; Gudger, 1913a, p. 4; Coles, 1914, p. 93. 
Dasybatus hastatus, Garman, 1913, p. 391. 

Teeth.—In a male (length of disk, 50.8 cm.) the teeth are in about . rows, reddish-brown in color, 

exposed surface of upper teeth and of lower teeth except near angle of mouth leaflike, with a sharp- 
pointed, very slender acuminate tip; teeth near angles of lower jaw with their posterior edge rounded, 
ridged. 

In a female 155.2 cm. long the teeth are in about * rows, in pavement, irregularly rhomboidal in 
outline; yellow in color. 
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Armature of skin.—Skin in the young smooth; in larger examples small tubercles are present along 

median line of back and a row of three or more on each shoulder; later small spinules are scatteringly 
present on shoulders and interorbital space; in very old examples region adjacent to median line of 
back is thickly sprinkled with small spinules, these are also present on the tail immediately in front 
the spine and along the sides of the tail behind the spine. 

MEASUREMENTS OF A MALE (No. 1) 110.5 CM. (43.5 INCHES) LONG FROM NorTH RIVER, SEPT. 17, 1912, 

AND A FEMALE (No. 2) 155 2 CM. (61.1 INcHES) LONG From Fort Macon, AUG. I, 1913. 

No. 1. | No.2 

cm, cm. 

Din iol stiont to posterior ed ge ol Pectoral oye gedaan eke fe lore eicieeeiriag yee Ser eid es ae eee 45:3 72-3 
Tip ofsnout to posterior axil of pectoral |r. tise wean s cee aera rea ciely cleave eet Renee ee REE See nee wal’ goes! 66.2 
Tiniolsnoutitolbase Of Spitiess manic aectan asics ¢) anittaeneitene chee dbus Nateieare Sein oto aida ebsites aeprrceramer nen ala wal yea Beas 96.0 
Breadth of disk............... 51-0 82.8 
Length of anterior margin of di 32-1 48-0 
Length of posterior margin of disk. 31-5 56.2 
‘Tip of snout to anterior margin of orb: 10.8 17-9 
Horizontal diameter of eye............ a4 2.1 
Interocular space 8.4 13-2 
Tip of snout to— 

RSet OE SUA OTA EDN 5 fas eran us mvs misuse aya cells midst oye Srmalena morn ce ainysts¥al sini ee eiejelnie ohalete oobi elovsiey stv ietaluce’m giciaveinate sissorata ele ier tans 9-7 15.2 
POS As Ve eis ore ET TER OR AE Sa omciaMod es nies cmigenie JOOMEOIOE CARH ibconacco dit 15-9 24.2 
Inner anvle of second: pillslie. 3 hc5c sae cee coe se eae aah nina cin cipipinists pie miainiete eeTein (ala inal seis 17-5 26.1 
Uniner atipleohthird gull sht) 2.03). cct cose ant eby cuts coias ous wats «aac d ate a siete mm areiae aieteiatets Mierets pienie aiete tne emer 18.6 28.5 
Pineranpleon farrtitpill ae pis dae ae ac eae Meera ne ee eee eee netoete tere inion gn ee EER Meee rere oie Mama nem 20.1 30.8 
Lote geuld Ste i hoes CT ame See ae see Seren er ROA Pad ecb OO I0 JOT IOTOA OANA ei OQUor UGS AnaTS Ss mOda acre: 21-3 32-9 

Interspace between anterior gill slits.................. 9-9 15-1 
Interspace between posterior gill slits 6.6 9-6 
Tip of snout to vent 40.0 64.5 
Length of ventrals 8.7 15-3 
Length of clasper: Lon |Fe ee ia 
Breadth of claspe! CAM Bnoionne 
EAC EM ON WOEN sg ors. ois Ss aghioa cine sown hatin cere ticle cae eystee eee tres ace Pe rieera tela te Steintetony brctatata ata tesaik is erciehate Stee alane chore Ab 15-3 

Disk quadrangular; anterior margins nearly straight, meeting in an obtuse angle at tip of snout; 
posterior margins of disk slightly rounded, posterior angle rather sharp; ventrals projecting but little 
beyond the disk; tail with a low median keel on top behind the spine and a long cutaneous fold below. 

When landed in the seine the female gave birth to three young, two females 4o and 51 cm. long and 
amale 48cm. long. These wete similar in form to the adult, upper surface devoid of tubercles. 

The disk and ventrals are narrowly margined with white, with an intramarginal area of dark colora- 
tion, shading into body color; in adults there is a small gray or white spot on median line of snout 

immediately in front of eyes; sides of tail white or grayish; keel and fold of tail black. The ground 
color of these rays changes with change in color of background. 

The females examined had been feeding on clams, shrimps, marine worms, and small teleosts. Males 

examined had eaten shrimps and blue crabs. Anattempt was made todetermine whether there was a 
selective difference between the sexes in the character of food which might throw some light on the 
differences in the form of the teeth, although several females, but none of the males examined, had been 

feeding on clams; sufficient material has not as yet been examined to be of value. No pieces of shell 
were present with the clam meat. 

This species is common in the harbor, especially in North River. That their feeding habits attract 
them to regions where clams and oysters are to be found seems certain. 

28. Dasybatus sabinus (Le Sueur). Sting ray. 

Dasyatis sabina, Radcliffe, 1913, p. 396. 

Teeth.—Teeth similar in form and coloration to D. hastatus;in a male 69.6 cm. long they are in about 

36 
cas rows; in a female (length of disk 39 cm., tail mutilated) in about 44 TOWS; Upper teeth larger than the 

lower; upper jaw more strongly arched than in either of the other species of Dasybatus. 
Armature of skin.—Skin in very small examples smooth, later a median row of sharp tubercles 

appears; in larger examples these extend as far back as spine and one or more tubercles appear on each 
shoulder; in adults the interorbital space is thickly sprinkled with small nade these are scatteringly 
present on the shoulder region in old individuals. 
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MEASUREMENTS OF A MALE 70 Cm. (2754 INCHES) LoNc. 

cm. cm 

Teri Fa Sse cba conon SAD OH BOECOUR GEA. cneeccotloancee B7nb | PULeTOCI ar SUAVE Se eave sa clo cinvidies fs cosa aioe dcletsatcarte anise seid 3-6 
Breadth of disk .. 28.0 | Diameter of eye I. 

eerie tiaron cael yea s.s sisissisiv eves aie sin palaelore sicteiasletsianlsicrelavere ATS a | WV ACLELD OF; SE OTLE LES cir eras aio eresciainsae ele s/eisiciele oie «,oneiciadlanipieciaeiee 305 

Tip of snout to— Distance between anterior gill slits... 6.0 
Outer angle of pectoral 18.9 | Distance between posterior gill slits. . pe 908 
Tecate 2 phat Aelia aan ide Nea PALS CLO CASES Sectors islet clad eivle ee)-icicieroleteraleie itis seine clele Ss 

Front of mouth... 3°5 

First gill slit...... TO. 5 
Last gillslit....... 14.2 
A So Oring SO SOD ION GODS CODGADOUOCIRET BO O)n ADR Gea IEcet 25-0 

Disk subcircular; anterior margin sinuous, concave opposite mouth, tip of snout projecting, pointed ; 

outer angles of disk broadly rounded; posterior angle evenly rounded; ventrals broad, truncate. 

This small sting ray is very abundant in the Beaufort region, being taken in greater numbers than 

either hastatus or say. It is readily distinguished from these species by the subcircular disk, concave 
anteriorly, by the pointed snout, the more prominent tubercles, and by the light coloration of the keel 
and winglike expansion of the tail. In old examples these are somewhat darker in coloration. 

29. Dasybatus say (Le Sueur). Sting ray; stingaree; whip-ray. 

Trygon centrura, Yarrow, 1877, p. 216. 
Dasybatis centrurus, Jordan and Gilbert, 1879, p. 386. 

Dasybatis sayi, Jordan, 1886, p. 26. 

Trygon sayi, Jenkins, 1837, p. 84; Wilson, 1900, Dp. 355. 

Dasyatis say, Linton, 1906, p. 346; Smith, 1907, p. 44; Gudger, 1912, p. 144; Coles, r9r4, p. 93. 

Teeth.—Teeth similar in form and coloration to the other species described; in about 8 tows in a 

37 
45 

than in hastatus, not as strongly arched as in sabinus. 

Armature of skin.—Skin of the young, smooth; in large examples there is a short median row of 
small tubercles along highest part of back, and one or two on each shoulder; in old individuals stellate 
tubercles are scatteringly present on shoulder region and spinules on tail. 

male go cm. long and in about ** rows in a female 76 cm. long. Upper jaw more prominently arched 

MEASUREMENTS OF A MALE 08 Cm. (38.6 INCHES) IN LENGTH FROM NoRTH RIVER. 

Mpeript erat chiciome tee eis aie cis iste alsin o7s cs ipieielwlstaielersias dst sia Givers -5 | Tip of snout to— 

(Breadth of diskinscn<ascenviae snicaelsisc see's d Inner angle of fourth gill slit... .............0eceeeeee 
Length of anterior margin of disk......... E Inner angle of fifth gill slit.... 

Length of posterior margin of disk Distance between anterior gill slits.......... 

Tip of snout to— Distance between posterior gill slits 

Bey eisctae dea & oinle sete eialeeto ne «\0.- plains Mea as nies iain sisi 9-2,)|) Length of: claspersiocc. ss sane nals s(t cattals 
Diygoaly pete a gn Be sect years JBBOD IS? Ga s0CORD Boe 72 Sil Breadth Of Clasperdi. «22 /ducieemsicie «sos <csinentive 

Inneridngleior first gill Sle. yesn « o10)- 5 clelarels ateieieeiste/s,<\« 13-2 | Interocular space.... 

Inner angle of second gill slit Sif REACH OL TMIOTIER orem serine « oc caiettige WSRAE «(6]> a Vitiate <faraleralcte 
Inmer/angle of third gillisht.. .2..-.... ise womans cle = ax 

Disk subquadrangular, its length 1.15 in its width, anterior margins nearly straight, posterior margin 
convex; ventrals rounded, projecting well beyond posterior margin of disk. 

This species is similar in form to hastatus, differing in having a black winglike expansion on upper 
side of tail behind spine; anterior margin of disk shorter in proportion to posterior margin and more 
evenly rounded; ventrals rounded, projecting for a greater distance beyond posterior margin of disk; 

upper surface smooth except in old examples; no light colored spot on middle of forehead in front of 
eyes; angle of snout slightly greater, about 59° as compared with 54° in hastatus. 

A female 106 cm. long taken July 8, 1912, had the left uterus greatly enlarged, 14 by 1ocm.; the inner 

surface of the uterus was covered with the typical slender villi, about 2 cm. long, slightly enlarged at the 

free end; uterus partly filled with a yellow creamy substance which emitted a slight pungentodor. The 

embryos had undoubtedly been extruded during capture. Right uterus not enlarged. 
This species is common throughout the harbor and at times the young are quite abundant in some 

localities. 
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Genus UROBATIS Garman. 
30. Urobatis sloani (Blainville). 

Urolophus jamaicensis, Gudger, 19134, D. 4; Coles, 1914, p. 93. 
5 panes : 

Teeth—‘‘Teeth broader than long, lozenge-shaped on the crown, sharp in males, in *3 rows in 

eight-inch specimen, es in fourteen-inch.’’ @ 

Armature of skin.—‘‘ Skin rough with small spines on head, dorsum and top of tail to upper edge of 

caudal; outer portions of disk, on pectorals and ventrals, and lower surfaces are smooth.’’ 4 

There is a stout spine inserted at about the middle of the tail. 
Coles captured a small example at Cape Lookout in June, ro11. 

Genus PTEROPLATEA Miiller and Henle. 

KEY TO THE SPECIES. 

a. Caudal spine normally absent (reported to be present in very large examples); tail about one-fourth 
lengthiof body? notentacle behind spiracles. -.nco.t eee ia nae eee ae ea dees ae eee micrura. 

aa. Caudal spine present at all ages; tail larger, nearly half length of body; a tentacle behind 
SPITACLE SS Pacha ee eee Soe o matie o/s eis woe « mlemers Hrs mo oyaEsaNe ae Enenee Tease retete ee Gere eaten altavela. 

31. Pteroplatea micrura (Schneider). 

Pieroplatea maclura, Yarrew, 1877, p. 216; Jordan and Gilbert, 1879, p. 386; Jordan, 186, p. 26; Jenkins, 1887, p. 84; Wilson, 

1900, Pp. 355; Linton, 1905, p. 348; Smith, 1907, p. 45; Gudger, ror2. p. 148; Coles, 1914, p. 93- 

Teeth—In a male about 30 cm. long, the teeth are in ue rows, minute, arranged in quincunx, similar in 

form in both jaws; outline of teeth spear-shaped, cusps narrow, elongate, sharp-pointed, curved outward 

and backward; broad basal portion channeled, edges curved outward, so that the anterior margin of the 

Fic. 26.—A, Teeth, upper and lower jaws, of a female, Pieroplatea micrura, 37 cm. long, from Beaufort, N.C.; B, 
teeth, upper and lower jaws, of a male, Pteroplatea micrura, about 30 cm. long, from Beaufort, N. C. 

tooth before mucous is cleaned away appears as a concave edge with pointed outer angles, the basal 
portion being entirely concealed. 

, 6 : f 
In a female 37 cm. long the teeth are in about stows, in one 50.4cm. long in about a rows. These 

resemble the teeth of the male except that the pointed cusp is shorter, not markedly longer than basal 

wings. 
Skin smooth; very large examples are reported to have a caudal spine. 

a Garman, The Plagiostomia, p. 402. 

oe 
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On July 24, 1914, an adult female, 50.4 cm. long was taken in a seine at the laboratory. Length of 
disk 39 cm.; width65.5cm. Each uterus contained a single embryo, apparently almost fully developed. 

Each embryo was rolled up into a cylindrical body, one wing of the disk being coiled up inside the other, 

the latter folding over the whole; tip of snout infolded. (See illustration.) One of the embryos was 

10.7 cm. long; disk 8.2 cm. long by 12.3 cm. wide, posterior margin of disk truncate, nearly straight. The 

uterus was lined with small villi, a mass of elongate ones extended downward through the distended 
opening of the spiracle of the embryo into its mouth, apparently affording a more direct source of supply 
of food. Its intestine was greatly distended, forming a great arch on the ventral surface, the circular 

valve being plainly visible on the surface. The intestine was filled with a greenish liquid, presumably 

excrement retained until birth. The ovary contained three yellow eggs about three-fourths cm. in 
diameter. The stomach of the parent was empty except for a few pieces of shell. Dissection of the 

dorsal surface of the tail revealed no trace of spine reported to be present in old individuals. 

This species is very common in the Beaufort region and is taken on the sandy beaches in shallow 

water. Fishermen not infrequently report seeing large individuals several feet in breadth. Whether 
they are this species or alfavela has not been determined. 

32. Pteroplatea altavela (Linnzus). 

Pteroplatea altavela, Nichols, 1914, Pp. 537; Coles, 1914, D. 93- 

“Two grown embryos, one 174 the other 15 inches in width, furnish probably the first definite North 

American record for this species. 
“Mr. Coles writes that unfortunately the mother was not kept. However, the following data were 

secured. 
“On May 22, 1914, a very large 9 was captured. Width 6 feet 10 inches, length (snout to tip of 

ventrals) 3 feet 8 inches, tail 12 inches. It has two spines on the tail. This specimen contained four 
grown embryos, two on either side. Twoof the embryos * * * have each a single well-developed 

spine on the tail.’’ @ 
Family MYLIOBATIDA. The eagle rays. 

Genus MYLIOBATIS Cuvier. 

33. Myliobatis freminvillii Le Sueur. Eagle ray, 

Mpyliobatis fremenvillei, Jordan and Gilbert, 1879, p. 386. 

Myliobatis freminvillei, Jordan, 1886, p. 26; Smith, 1907, p. 46; Coles, 1913, D. 29-30, 32, 33; id., 1914, D. 94. 

Miliobatis freminvillei, Jenkins, 1887, p. 84. 

Teeth.—Teeth in a male 69.2 cm. long, in seven rows in each jaw, in pavement, those in the three 
outer rows subequal, diamond-shaped, width fore and aft greater than breadth, width of median row 

about one-third breadth; ro teeth in median row in lower jaw, 6 of which function, 8 in the upper jaw; 
5 functioning; functioning teeth much pitted as result of crushing shells. Skin smooth, a serrated spine 
behind dorsal, present. 

MEASUREMENTS OF A MALE (No. 1) 69.2 Cm. (2714 INCHES) LONG AND A FEMALE (No. 2) 45.5 CM. 
(18 IncHES) Lone. 

No. 1. | No. 2 

cm. cm 

Reneth of misicicpm tip olicephaliciappendape . siti. jSeseee ss eee tre ee akdstasiecescscereesoctecsetectetes 23-4 13-0 
Brcadthot aise n. 0. i iivienich smphonnlste 33-9 20.9 
Length of anterior margin of disk. . 18.4 10.7 
Length of posterior margin of disk. 15-7 9-7 
Tip of snout toeye...............- 3-9 2-1 
Piura teal rametenwnleye We ctemes sth wt sesicwe stclckae meme tates ciecceice reomees eciot ds ea ee cicaeceitheeeetes 1-3 1-0 
TPCT ATARI GIO" 8 Ge G pea OO DOO TOE. OOUCOSNES SE RORETERGCT 0g. © Ody ue 8SC Shr 0G PHO EO MEESEETE HEAT: Errata or ists 4:0 
Tip of snout to— 

Mouth 3-9 2-1 
Inner angle of first gill slit. 14 4:2 
Inner angle of fifth gill slit 9-4 5:9 
SVIETIE ieee ens millet ainiauas'sis.y 18.8 11.6 

Menctlkte veniraisseme cece revce ena seca eee cee cae ee wee eect dentine dtccesee ces esmenccaentenaea eosin cene 4:5 2-5 
Reengtht GUGISHERSH ate cies seine piso eiel- aisle as Delain’ aislacianie ceteleainienmmiettat die pide eels -(ulvtale feisietiniss eal aciae take w eta PES Bee Econ 
Deri pthy Of cAUM AL SOURE Soran creniciere wns oesaiie ots aretha ietainiss = wrslate at clasafair inp aueals sisiate istata'a,nicislaie vie'asia'n Stale sale relaie weeie ripley 6.0 2-5 

@ Nichols, Bull. Am. Mus. Nat. Hist., vol. xxxu1, art. XXXU, p. 537. 
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Thissmall ray is not infrequently taken in this region but is apparently never taken in large numbers. 
Coles has taken a few nearly every year at Cape Lookout. 

Genus AETOBATUS Blainville. 

34. Aétobatus narinari (Euphrasen). Devilfish; spotted sting ray. 

Aétobatis narinari, Yarrow, 1877, p. 216; Jordan and Gilbert, 1879, p. 386. 
Stoasodon narinari, Jordan, 1886, p. 26; Jenkins, 1887, p. 84. 
Aétobatus narinari, Smith, 1907, p. 46; Coles, 1910, p. 338-341; Gudger, 1912, p. 150; Coles, r913, p. 29-32, fig. 1-2, pl. m 

(3 figures); Garman, 1913, p. 441, Pl. 49, 54, 55, 57, 73; Gudger, 1914, Pp. 241, 323; Coles, 1914, D. 94. 

Teeth.—Teeth in a single row in each jaw; dental plate of lower jaw about twice as long as the upper 
and about seven-ninths as wide; lower teeth strongly arched forward in the middle; upper teeth much 
straighter, slightly bent backward at the sides. Ina male 220.3 cm. (7 feet, 234 inches) long, there are 14 
teeth in the upper jaw, 7 functioning, and 20 in the lower jaw, 13 functioning; in a male 291 cm. (9 feet 
6% inches) long, there are 23 teeth in upper jaw, 11 functioning; 29 in the lower jaw, 19 functioning; 
functioning teeth more or less pitted. 

Skin smooth, one or more strong serrated spines on tail behind dorsal. 

Measurements and coloration of the male, 291 cm. long, taken with a dragnet by fishermen in 
North River, May 28, 1914, furnished by Mr. Hildebrand. 

Tip of snout to posterior margin of ventrals, 134 cm.; width of disk, 185 cm.; interorbital, 23.5 cm.; 
eye, 3.8.cm.; snout, 22.8 cm.; width of mouth, 12 cm.; length of claspers, 40 cm.; length of dorsal 
base, 6.0 cm.; height of dorsal, 6.0 cm. 

Color.—Upper surface very dark brown, almost black, with white spots or rings, or portions of 
rings, some of these C-shaped, others form perfect circles, still others are in pairs connected by a 

narrow isthmus of white; others are very close together, with only a slight stricture between them oo. 

On the head and snout there are only round spots, no double spots or rings; the double spots are most 
numerous just back of the head; following these on posterior part of back and along posterior margin of 
disk are the rings; no transverse markingson body; tail plain black; ventral surface of body uniformly 

pale. 
The stomach contents were the bodies of clams, without any of the shells. 

In the specimen from Cape Lookout, 220.3 cm. long, whose length of disk to tip of ventrals was 74.3 

cm., breadth of disk 106.8 cm., the jaws are barely half as large as in the specimen just described. 
In small individuals the white spots on dorsal surface are all circular, smaller than eye. 

This strikingly colored ray reaches a length of 12 feet or more. In the Beaufort region, where it is 

quite common, it feeds almost exclusively on clams which it digs from the natural beds. As to its 

method of getting the clams there still seems to be some difference of opinion. Owen (1840) advanced 

the supposition that the projecting lower jaw was used like a spade for digging the shellfish out of the 
sand. Coles (1910) and others state that the snout is used for this purpose. Gudger (1914) questions 
this use of the snout, but advances no opinion as to the probable method used. 

The lower jaw projects beyond the upper, so that the front teeth of the upper jaw and the median 

ones of the lower are used in crushing shells, as indicated by their deeply pitted surfaces. The teeth 
on the projecting portion of the lower jaw are smoother than the crushing teeth. Gudger (1914) noted 

this difference, but offered no explanation for it. In the specimens at hand there are scratches or fur- 
rows on this smoother surface extending fore and aft as if some sharp object had scratched the surface 

in passing overit. The broken and irregular anterior margin of the jaw, the wearing down of the upper 

surface until the pits characteristic of the teeth farther back have disappeared, and the presence of the 
scratches convince the writer that Owen was correct and that the projecting lower jaw is used as a spade 

for digging up clams on which the species feed. 
The stomach of the specimen 291 cm. long contained a considerable quantity of the meats of clams 

without any pieces of shells. Coles states that as much as a gallon of clams has been taken from the 

stomach of a single individual, and that the species is exceedingly destructive. The jaws of this species 

are highly specialized, being used to dig the clams, to crush the shells, following which the meat is 
separated from the shells. Coles has added some very interesting observations to our knowledge of this 
species, and more recently Gudger has written an extended review of the literature, together with addi- 
tional data collected by himself at Beaufort and in Florida waters. This report is well illustrated. 
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Family RHINOPTERIDA. The cow-nosed rays. 

Genus RHINOPTERA Kuhl. 

35. Rhinoptera quadriloba (Le Sueur). Cow-nosed ray; devilfish. 

Rhinoptera quadriloba, Wilson, 1900, Pp. 355- 

Rhinoptera bonasus, Smith, 1907, p. 47; Gudger, 1912, p. 152; Coles, 1914, p. 94. 

Teeth.—Teeth in a male 84.8 cm. long in 9 rows in the upper jaw and 8 in the lower, in pavement, 

median row in upper jaw widest, 2.6 in width of dental plate, second row on right side of wider teeth 
than the others, 2.5 in width of median row; with the exception of the marginal row on each side the 
other teeth are hexagonal; median row of lower teeth widest, four-fifths as wide as median row in upper 
jaw, each succeeding row smaller; 12 teeth in a row in upper jaw, 5 functioning; 13 in lower jaw, 6 
functioning; functioning teeth deeply pitted. In this species the dental plates are more nearly 

subequal than in either of the preceding. Skin smooth, a narrow serrated spine immediately behind 
the dorsal fin. 

MEASUREMENTS OF A FEMALE (No. 1) 60.1 Cm. (2334 IncHES) LoNG AND A MALE (No. 2) 84.8 CM. 
(3334 IncHES) Lone. 

No. 1. | No. 2. 

Meet Din EMM ISicr mn eee Tee ee acleicic ea ce en Oe cisreetertnre oR oi oe ate Parse ites "e¥a) ota ties cipe a iels aercniaie g apipiaichawishs crcteeleie datetime 34-6 62.8 
ECE ae es ces cannes QUE CIA GOGO 0bE HOedDS HAUONE JHCOn MHL Seq aH bonne e nOCU rE Raa EE SEBEL eens ceOey «| 59-x 81.3 
IcerIp LN Ch MSIL CMON DUAL II Ck CASI alate ciethiniaicta niein\seisien sleiatailele oa eieietereinia,dala/ahkentet oaiets Seta Ook eaten eae a eee Gem a 28.2 42-1 
LOSI GR GS S9 OP ETA GCEO 5 (cane nosnopangesgoe Seon aden OOO aoe gba a GUCDPECREE INNO BOGE DEMea seen unbt 27-5 45-3 
HN Cree etter cee sieincintcinte wamie nici a cocinciciaeranolstem viriete e damuctaisliiceuintelate ferciatets atalstetaiae ate nie oraietc ercletatcaraiae sialon sites 7 2-7 
EMIRATE MINA SALETIP COT OMG srcicic wlare\asesnia cia)h’ staat t/a ate maim ada o15/phdlans nleteis Sala \agnlats cine » Habe alavathsk ola aie oiahe siatdleteskhwetdlerp alata « ks 1.6 
Interocular width. .... 9-7 14-0 
Preoral length of snout 6.4 93 
Breadth of mouth..... 6.1 10.4 
Tip of snout to vent... nese, 20-4 47-1 
Tip of snout to inner angle of first gill slit.. 9.4 13-4 
PinobsnoMEto inner anpletol tit ile IL SHES ooo cece air .cicteinaiate orelcie/areimiaraimataiaie'nieielein dioinye ek tole olelacnicAaiaeiare wets anal 14-1 21.6 
Interspace of anterior gill slits 9-9 15-1 
Interspace of posterior gill slits 71 10.5 
Length of ventrals................55 8.1 11.9 
Pere tn MALIN aa ca he sae yalae ieiotkcnl = ae wis aiate alstal ole siciaie ates cipal ole Muito: staidiaielelsicasleite AMNICINS atte ohana Reta a ahs cake 6.6 6.8 

The stomach contained several small mollusks. This species is not uncommon in this region, 
apparently being a resident here. More examples of it are brought into the laboratory than any of the 
allied forms. 

Family MOBULIDE. The sea devils. 

KEY TO THE GENERA. 

Gpleetinon,bothMaws; smo tiinferiore eee aa setyenye ad demas aati foots @ ivaleieiayc hyeiaiciw ee dnass Mobula. 
agmLectinom lower jaw, only. motith! anteriorscnccs = sisiite aetinc c iailicttio'ssoeiee ica duiraninecsn ons Manta. 

Genus MOBULA Rafinesque. 

36. Mobula hypostoma (Bancroft). Small devilfish. 

Mobula olfersi, Coles, 1910, p. 341; Pellegrin, r912, p. 414 (with photographs); Gudger, r913a, p. s; Coles, r913, p. 33; id., 1914, 
PD. 94. 

Mobula hypostoma, Garman, 1913, D. 453, Pl. 38, 54, 57, 59. 75- 

Teeth—Teeth (male) in zt rows, minute; dental plate very long and narrow; teeth close-set, over- 

lapping; posterior margin with one to five dentate prongs and with a minute cusp on the outer edge of 
each shoulder, a single row on upper jaw and several in the lower jaw about twice as wide as adjacent 
tows; teeth in lower jaw relatively wider and with shorter cusps than those in the upper. 

Teeth in a female 142 cm. (56 inches) long in = rows, in pavement, arranged in quincunx, not nearly 

so close-set as in the male, not overlapping, rows of wider teeth present as in the male; posterior margins 
of teeth smooth, or with slight ridges, apparently rudiments of the prongs characteristic of the teeth of 
the male. Skin smooth, no caudal spine. 
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MEASUREMENTS OF A FEMALE 142 CM. (56 INCHES) IN LENGTH. 

cm cm. 
Tip of snout to origin of dorsal..................-.-2--55 $5.0] Mereoral erp thao 0 eco nate di waersicte ci wrarercnta RR Re eee 15-3 

Tip of cephalic appendage to tip of pectoral............. ya.5)| Wadtin ofmouth), : 2.2. cs cscs cass cducee tee 15-2 

Breadth of disk Meightiofidorsall i occ cie tw ualastien in ate oe 7-0 

Tip of cephalic appendage to vent....... - Base of dorsal..... 7-2 

yess dots sate seme ciensainiiare sc adien late -5 | Tip of tail to vent 77-0 
Enterorbaitall 5). soi. scnisiaiere ois otelp ars o:s'Sasciastape tae ba ive es 21-0 | Tip of ventral to vent 12.8 

In this individual both uteri were equally developed, the embryos which were presumably quite 

young, had been extruded. The inner surface of the uterine wall was covered with the characteristic 
vascular villi. The uterine milk was greenish in color and more fluid than in an example of D. say 
examined. — 

The red corpuscles in this specimen were 18 long by 11m broad, the nucleus 6.64 by 3.6, or less. 

The stomach was completely filled with countless numbers of a small Mysis-like crustacean, together 
with a quantity of mud. The remarkable development of the gill filaments is shown in the illustration. 
These are well adapted for straining out small organisms. This and the character of the teeth lead to 
the conclusion that its habit of feeding on small fishes, as described by Coles, is a very unusual one, and 

an examination of the stomach contents of individuals actually observed feeding on the fishes is desir- 

able. The stomach contents of nine specimens taken at Cape Lookout July 10, 1913, were examined 

by Prof. W. P. Hay and in every case were found to contain only the Mysis-like crustacean. 

Genus MANTA Bancroft. 

37. Manta birostris (Walbaum). Devilfish. 

Ceratoptera vampirus, Yatrow, 1877, p. 216; Jordan and Gilbert, 1879, p. 386. 

Manta birostris, Jordan, 1886, p. 26; Jenkins, 1887, p. 85; Wilson, 1900, p. 355; Smith, 1907, p. 47; Gudger, 1912, p. 152; Coles, 

1914. D. 94. 

Teeth.—‘‘ Teeth minute, rasplike, on the lower jaw only, occupying the entire width of the jaw, in 
about 100 rows separated by interspaces (on the young).’’¢ 

Body and tail rough with small tubercles. There appears to be some uncertainty as to whether 
there is a barbed spine on the tail. 

The numbers of examples of Mobula hypostoma taken by Coles at Cape Lookout and the rarity of 

observations of the present species, lead one to suspect that in the majority of cases the earlier records 
were of the former species. To date, there is no authentic record of the capture of one of these huge 

rays in this region. That it is found here is not questioned. 

a Garman, The Plagiostomia, p. 454. 
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EXPLANATIONS OF PLATES. 

(The plates are all from photographs.) 

PLATE XXXVIII. 

Fic.1.—Carcharias taurus, lateral view of teeth in upper jaw of a shark about 152 cm. long, from Cape 

Lookout, N. C. 

Fic. 2.—Carchartas taurus, lateral view of lower jaw, same specimen as fig. 1. 
Fic. 3.—Vupecula marina, lateral view of teeth from a specimen about 457 cm. long, from Cape Look- 

out, N. C. , 

Fic. 4.—Cetorhinus maximus, portion of jaw of specimen from Monterey, Cal. U. S. National 
Museum no. 27024. 

PLATE XXXIX. 

Fic. 1.—Ginglymostoma cirratum, teeth of lower jaw, from back. Jaws in U. S. National Museum 
originally from Pensacola, Fla. 

Fic. 2.—Scoliodon terre-nove, lateral view of teeth from a female 102 cm. long, from Shackleford 

Banks, Beaufort, N. C. 

Fic. 3.—A prionodon isodon, lateral view of a female 50.8 cm. long, in the Beaufort laboratory col- 
lections. 

Fic. 4.—Carcharhinus milberti, teeth of a female 147.3 cm. long from Woods Hole, Mass. 

PLATE XL. 

Fic. 1.—Hypoprion brevirostris, teeth of upper jaw of a male 248.9 cm. long, from Beaufort, N. C. 
Fic. 2.—Hypoprion brevirostris, teeth of lower jaw of same specimen as fig. 1. 
Fic. 3.—Carcharhinus limbatus, lateral view of a female 70 cm. long, from Beaufort, N. C. 

Fic. 4.—Carcharhinus limbatus, lateral view of same specimen as fig. 3. 

PLaTE XLI. 

Fic. 1.—Carcharhinus acronotus, teeth in upper jaw of a female 134 cm. long, from Shackleford Banks, 
Beaufort, N. C. 

Fic. 2.—Carcharhinus acronotus, teeth in lower, jaw of same specimen as fig. 1. 

Fic. 3.—Carcharhinus commersonit, teeth in upper jaw of a specimen from Beaufort, N. C. 
Fic. 4.—Carcharhinus commersonii, teeth in lower jaw of same specimen as fig. 3. 

PiaTE XLII. 

Fic. 1.—Galeocerdo arcticus, teeth of upper jaw of a specimen from Loggerhead Key, Fla. U. S. 
National Museum. Collections. 

Fic. 2.—Galeocerdo arcticus, teeth in lower jaw of same specimen as fig. 1. 
Fic. 3.—Galeorhinus levis, teeth of a male 75 cm. long, from Cape Lookout, N. C. 
Fic. 4.—Squalus acanthias, teeth of a female 84.5 cm. long, from Beaufort, N. C. 

PLATE XLIII. 

Fic. 1.—Cestracion zygena, dorsal view of a male 124.5 cm. long, from Beaufort, N. C. 

Fic. 2.—Cestracion zygena, teeth of a male 132 cm. long, from Beaufort, N. C. 

Fic. 3.—Cestracion zygena, teeth of young example 52.3 cm. long, from Beaufort, N. C. 

Fic. 4.—Cestracion zygena, teeth of upper jaw of a female 381 cm. long, from Beaufort, N. C. 
Fic. 5.—Cestracion zygena, teeth of lower jaw of same specimen as fig. 4. 
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PLATE XLIV. 

Fic. 1.—Cestracion tiburo, embryo 18 em. long, showing placenta and villi. (Note remnant of yolk 

sac at end of placenta. The parent from which this specimen was taken was 124 cm. long, taken on 
Bird Shoal, Beaufort Harbor, August 6, 1914.) 

Fic. 2.—Cestracion tiburo, teeth of a female 89.8 cm. long, from Beaufort, N. C. 

Fic. 3.—Cestracion tiburo, teeth of a female 147.5 cm. long, from Beaufort, N. C. 

PLATE XLV. 

Fic. 1.—Raja eglanteria, teeth of a male 57.5 cm. long, from Cape Lookout, N. C. 

Fic. 2.—Raja stabuliforis, teeth of a male 101.6 cm. long, from Woods Hole, Mass. 

Fic. 3.—Raja stabuliforis, teeth of a female 119.4 cm. long, from Woods Hole, Mass. (Note that 
cusps of teeth along front of jaw are entirely worn away.) 

Fic. 4.—Raja stabuliforis, teeth in back of jaw of preceding example, showing form before cusp is 
worn away. 

. 
PLaTE XLVI. 

Fic. 1.—Dasybatus hastatus, teeth of a male from Beaufort, N. C. 

Fic. 2.—Dasybatus hastatus, teeth of a female 155.2 cm. long, from Beaufort (Fort Macon), N. C. 
Fic. 3.—Dasybatus hastatus, a female 155.2 cm. long and young born at time of capture, from Beaufort 

(Fort Macon), N. C. 

PLATE XLVII. 

Fic. 1.—Pieroplatea micrura, dorsal view of an adult female 50.4 cm. long, from Beaufort, N. C. 

Fic. 2.—Pteroplatea micrura, dorsal view of young embryos taken from specimen fig. x1. (Note 
manner in which young are coiled in ovary.) 

Fic. 3.—Aétobatus narinari, dorsal view of a specimen from Beaufort, N. C., showing character- 
istic coloration of young. 

Fic. 4.—Rhinoptera quadriloba, teeth of a male 84.8 cm. long, from Beaufort, N. C. 

PiaTE XLVIILI. 

Fic. 1.—Myliobatis freminvillii, teeth of a male 69.2 cm. long, from Cape Lookout, N. C. 
Fic. 2.—Aétobatus narinari, teeth of a male 291 cm. long, from Beaufort, N. C. 

Fic. 3.—Mobula hypostoma, teeth of a male from Cape Lookout, N. C. 
Fic. 4.—Mobula hypostoma, teeth of a female 142 cm. long, from Cape Lookout, N. C. 

PiateE XLIX. 

Fic. 1.—Mobula hypostoma, gill arches, back view, of a female 142 cm. long, from Cape Lookout, 

Nac. 
Fic. 2.—Mobula hypostoma, a catch of nine, taken by Mr. Russell J. Coles (second from the right) 

at Cape Lookout, N. C., July 10, 1913. (Photograph by Francis Harper.) 



XXXVIII. 7 | BH <q 4 
a Ay 





PLATE XXXIX. 









JAE DOU a OV ea ea n 5) 4 fst =) ia 









Biv. WSs 1s 1%, wee 130 :UN om. 60) 00 & 





WO, Whe Ss 1 Io, woe. PLATE 

— ro ae ER 
ee = 

¥ 

<>) 





v 
ase 

J
k
a
 

ss
th
ti
at
it
ti
tt
ir
, 

P
a
n
s
 o
t
)
 
9
0
2
0
0
0
 

4 





BET. Wi Sb Is TEL, wey IPC NIS) RGONAL 

Boku 





XLVII. ATE Ba, 









Jeheiet, We Sh 1s Ip, wen. Peano, ROCIO: 





THE STRUCTURE AND GROWTH OF THE SCALES OF 

THE SQUETEAGUE AND THE PIGFISH AS 

INDICATIVE OF LIFE HISTORY 

Bog 

By Harden F. Taylor 

Scientific Assistant, U. S. Bureau of Fisheries 

am 

Contribution from the United States Fisheries Biological Station, Beaufort, N. C. 

97867°—vol 34—16——19 285 



4O 2LiAde SMT WO HTWORD GUA SAU IOUT S Gar 

2A, GAOT SHY GAA AVOARATASOS Sit : 

i hate (AOTZIH AIL WO AVITADICH I 

anivialy vé 

J Lh 

: lapel » : 

i 

i 

. 

i 
4 

’ 

j 

t j . bas i 

PA Pe ey arn ia ye 



CONTENTS” 

Mastening tointerament.1\cceies via sie cocks SER Atel, eta) aeo - 
Horn and/modelofiorientation: Jota: frti es onee seep ck ot 

Perforating canaliculi and internal lacune...................... 

structure, formation; andi erowthi: ..\/.%. see tee ele clot ne 
CASS CA EOIN ie yoyars) sgaierefotele everson Saomre: areca re. Fas Bde Saeed. 
APEC OLETMIMATI OMY fete siaraletscarelcrs|oioforaisizysiers overs sinositste bsp Bae ete 

Application of scale characters to age determination ............... 
Soriitotiarrnpslis 2s stays ercicicie Pore sicie’e a aeie (de celeste comin See oaleln Ake win ouke ala 

Rolanizediligh tree cae stuMactaccte de pee eect ee aes 
The selective action of picrocarmine stain.................. 
ADL EFOLIEINISIOLCHESTAG IIs on. suya aetee sietaressteysvetav ace) ous ayaa sd Sie ye 

Weat groupsimilength and weight: <0... ge. cs beds sertetel eles s 

Mrteroretatwon Ol Tue LAGI) +7.% pasos v/s ojo/0ie) xia os 01 8yein) «1 aie also e/a, weer 6.5 

Life history of the squeteague (Cynoscion regalis) as indicated by the scales................... 
Gorteltistoris aera salen aetna tna arte tia aa hs beolerdbemtAS URNS hed 

HPF ERISHOR Yin tak aioeesise alone ae. nelenls Harceeea wens ev eee 
Supplemental observations on the pigfish, Orthopristis chrysopterus 
SRSA VEL AOL ECSU ea sarcrata on ulston a aeev ewido, CI Ne ORE Sala TR Sled see 

ERE USED iale ois chassis sis iers Stee) ayer Hay danaserere alae Siakerscam Rie, asclm siaveoenges 

es 



cori te id pilgayt a Mais ae, 

sy : : {a bog a iialonel t 
fw , if Teast mf rae 

te fe he’s “aN 

“ane Wi, 
pr? |e lle hal iy pair 

‘a F he , i Thon oid j 

a» anes, i : ‘ Gill Bie 

_ ee : Welg wo Niner i Al Ale ita 

a, ie ' Sih aed (a sala wits 

> yah 5 haber! ha, @guinas Wien 7 ; 

' te fi os ge Ua ees ed 
\ sas dlided ong oy Ee oe aia creo 25 algae WM 

Fa , 9 
i hid 

oi ‘ 4 

P ha 
y A x 

, A! 
ei) 

# ~ Z n Pra eyutActth EL Peale} renee att tala ty 

| LL ' re nae it ay 
' 

: 7 

] i] 

ay i” . rd Cat ay wae) age" pe ey 



THE STRUCTURE AND GROWTH OF THE SCALES OF THE 
SQUETEAGUE AND THE PIGFISH AS INDICATIVE OF LIFE 
HISTORY. 

& 

By HARDEN F. TAYLOR,¢ 

Scientific Assistant, U. S. Bureau of Fisheries. 

Bo 

Contribution from the United States Fisheries Biological Station, Beaufort, N. C. 

& 

INTRODUCTION. 

Since the invention of the microscope, fish scales have been the subject of numerous 

investigations and heated controversies” relating almost wholly to structure,. phylo- 

genetic relations, and taxonomic value. It was not until 1898 that scales were thought 

to bear evidences of the age and life history of the fish, when Hoffbauer (1898, 1900) 
observed on the scales of carp concentric rings which he supposed to be growth rings. 

The discovery of these rings and their supposed relation to age and life history has 
actuated a renewal of investigations in England, Germany, Scotland, Norway, and other 
countries. 

These concentric rings (or annuli, as they are called in this paper) are supposed 
to be produced by varying rapidities of growth. This theory has been applied minutely 

to investigations of Atlantic salmon and English brook trout and, to some extent, to cod, 

flounder, sole, eel, halibut, smelt, herring, mackerel, and other fishes, and by it an elabo- 

rate life history of the salmon has been worked out. 

The theory has been objected to, especially by Tims (1906) and Brown (1903). 

The uncertainty existing as to regeneration and constancy of growth has given rise to 

grave doubts as to the reliability of these indications of age and life history. The 

fact stands out, as Masterman (1913a) shows, that these indications of age have never 

been satisfactorily tested; the relation of the annuli to growth has been a supposition, 
and investigations have been limited to a small number of species. 

In America Cockerell, only, has worked on the taxonomy of scales, Nickerson, 

Ryder and Cockerell on their phylogenetic relations, and it is only recently that work 

on life history has been begun by Gilbert and McMurrich on the Pacific coast salmon, 
and Thompson on the halibut. 

It is the purpose of this paper to embody the results of investigations directed toward 

explaining the various scale characters employed in the determination of life history, 

their origin, constancy, bearing on life history, the various methods of detecting them, 

@ The writer acknowledges with thanks the assistance in writing this paper and valuable suggestions as to illustrations by 

Dr. J. J. Wolfe. 

> For an excellent review of the literature of fish scales, see Thomson (1906). 
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and a few other observations not closely allied to the main subject. These investigations 
have been carried on with Cynoscion regalis and Orthopristis chrysopterus, the scales of 
which have not been hitherto investigated, with the hope that the results might broaden 
the knowledge of scales, either by corroborating, modifying, or contradicting the extant 

theories. 
There are also some observations of the radii with a discussion in which a conclu- 

sion is reached that is quite at variance with all previous theories of their origin. If 
this conclusion is sufficiently borne out by facts, it will either negative or seriously 
modify systems of classification employing the radii as characters. 

A review of literature is necessary in order to bring out the investigations in the 

light of what has already been done. 

REVIEW OF LITERATURE. 

FASTENING TO INTEGUMENT. 

Peters (1841) was the first to devote his attention to scales as a part of an integ- 

umental organization. He gives the following analysis of the skin: (1) Epidermis 
composed of squamous cells; (2) layer of pigmented cells; (3) skin proper, a layer com- 

posed of fibrous connective tissue and containing fatty globules; (4) an exceedingly 
thin membrane on the exterior surface of the scale, but distinct from the skin to which 

it is intimately fastened. In this are found the circuli and radii. He maintains that 

scales are not found on the epidermis, but in the skin itself. 
Baudelot (1873) described scales as contained in sacs and more or less visible to 

the exterior, but in some cases (eels, etc.) covered entirely in the skin. The epidermis 

sometimes extends so far over the posterior field as to be pierced by the teeth in cases 

of ctenoid scales. The degree of firmness of anchorage to the scale pocket varies from 

species to species. In imbricated scales, the free portion has intimate connection with 

the skin. In saying that they are contained in dermal sacs, he implies an agreement 
with Peters as to their dermal origin. 

Vogt (1842) advances an interesting theory as to the nature of the scale pocket. 

He regards it merely as a fold in the epidermal membrane. By this he implies that scales 

have their origin in the epidermis. 
Leydig (1851) says: “The scales of most of our fresh-water fishes appear partly 

as ossifications of flattened skin continuations which are generally termed ‘scale 
pockets.’” This is close to Vogt’s theory, but he confuses ‘‘skin’’ with epidermal 

folds. 
In considering the work of Klaatsch (1894), done on trout, Esox, and several 

cyprinoids for the younger stages, I can do no better than quote what he has to say 

about the fastening to the integument: 

Under the epidermis, which contains a large number of mucous cells, the dermis is seen to be raised 
in a series of projections, each of which corresponds with the posterior free end of the scale. Hach scale 

lies in an oblique direction from behind forward and becomes inclosed in a compartment of the dermis, 
the so-called ‘“‘scale pocket.’ In this scale pocket one distinguishes an outer and an inner wall. The 

outer wall consists, in its posterior part, of loose connective tissue containing numerous chromatophores; 
in the anterior part, the outer wall is composed of tense connective tissue which is similar to the inner 
wall of the adjoining anterior scale pocket. The fibrous projections of this connective tissue of the outer 
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wall of the scale pocket unite themselves at the anterior border of the scale with the deepest layer of the 
dermis in which the fibers have a course parallel with the surface of the body. The inner wall of the 

scale pocket at its posterior part unites with the outer wall of the adjoining posterior pocket. Farther 
forward it is built up of the fibrous processes of the deep epidermal layer. Near the scale its condi- 

tion changes, as immediately toward the inside the same number of cells is found in a ground substance 
only slightly developed and not fibrillated. ‘The fibers of the deep dermis layer have a similar arrange- 
ment to that of the ganoids and selachians.4 

FORM AND MODE OF ORIENTATION.: 

Ryder (1893) worked on the arrangement of the scales on the body, seeking to 

account for their arrangement in rows and their imbrication. He shows that scales 

may lie in rows in three directions: (1) Downward and backward; (2) downward and 
forward; (3) along the long axis of the body. 

He advances a most interesting opinion in explanation of this method of orienta- 

tion, viz., that it is due to the segmentally arranged muscles of the body. In support 

of this he notices that in archaic types the number of scales corresponds with the num- 

ber of somites in the body. He summarizes two important conclusions: 

1. Seales of fishes bear a segmental relation to the remaining hard and soft parts of the body and are 
either repeated consecutively in oblique rows corresponding to the number of segments, or they may be 

repeated in rows corresponding to the number of somites, or segmental reduction may occur which 

may affect the arrangement of the scales so as to reduce the number of rows below the number of somites 
indicated by the other hard and soft parts. 

2. The peculiar manner of interdigitation of the muscular somites as indicated by the sigmoid 
outline of the myocommata as seen from their outer faces and the oblique direction of the membrane 

separating the muscular cones has developed a mode of insertion of the myocommata upon the corium 
which has thrown the integument into rhombic areole during muscular contraction. These areole 
are in line in three directions and the folds separating them, particularly at their posterior borders, 

are inflected in such a manner by muscular tensions due to the arrangements of the muscular cones as 

to induce the condition of imbrication so characteristic of the squamation of many fishes. 

Ryder seems to be the only scale investigator who takes into consideration the 

adaptation of the stiff scale to the movements of the fish’s body—a subject which will 

be considered in connection with the function of the radii in another part of this paper. 

Under the caption “Form and mode of orientation” in his paper, Baudelot (1873) 

takes notice only of the extreme variability, from genus to genus, from species to 

species, between individuals and even in the same individual. It is a well-known fact 
among modern taxonomists that the number of scales in longitudinal rows is constant 

enough within certain limits to be a valuable taxonomic character. ~ 

SIZE. 

The basis of age determinations is the fact that the scales are constant throughout 
life, both in identity and number. Steenstrup (1861) noted that cycloid, ctenoid, and 

ganoid scales grow throughout life and increase in size proportionately to that of the 
fish, while placoid scales never exceed certain limits, but fall off, giving rise to others. 

The size and shape are agreed upon as constant within certain limits, and Cockerell 

and others use them as taxonomic characters. It is understood, however, that size 

is by no means constant. 

a Thomson’s translation. 
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CIRCULI. 

The concentricity of the circuli suggested their connection with growth as early as 

1716, when Réaumur said of them: “They occupy the borders of each layer and they 

represent different degrees in the growth of scales.” 

It seems that the difficulty in cutting cross sections has been largely responsible 

for the confusion as to the nature of the circuli. They have been variously regarded as 

the ends of lamine, grooves for blood vessels, “cellular lines,” growth rings, crossings 

of transverse fibers in the superior layer, ete. 

Peters (1841) admits a difficulty with the circuli. He contends that they are not 

the ends of lamine, because they are not always parallel with the outer edge of the 

scale, but are sometimes perpendicular, a condition that could never occur in the case 

of lamina edges. His only attempt at explanation was that ‘‘the crossing of the fibers 

in the superior layer seems to explain the circuli.” 

Agassiz (1834) thought that the number of circuli agreed with the number of 

lamine in the inferior layer, but Peters was never able to bring himself to this opinion. 

Blanchard (1866) rejected this theory because he found that in some species the 

number of circuli is the same in the young as in the old. 

The “cellular lines’ of Mandl (1840) are explained thus: “The laminz are not 

superimposed layers, but have their origin in special cells in the superior layer and 

finally become lines’’—a rather vague explanation. 

Salbey (1868) attempted to show by vertical sections that they have no connection 

with the lamine, but that they belong to the superior layer, and may disappear or 

be replaced, or new ones may be interposed between them. 

Baudelot (1873) gives a thorough description of the circuli under the following 

scheme: 

1. Presence: (a) May be present over the entire scale; (6) may be partially present (on the periph- 
ery); (c) may be absent. 

2. Disposition: (a) Concentric; (6) regularly concentric at periphery, irregular at center. 

3. On posterior field: (2) Sometimes appear; (b) sometimes very rare, losing their regularity and 
becoming enlarged at certain points or covered with tubercles. 

4. Other modes of orientation: (a) Perpendicular with contour, but parallel with each other. 

5. Number: (a) Greater in anterior than in lateral field; (6) greater in lateral than in posterior field. 

He finds the form of the circuli to be a ridge with its edge turned toward the focus. 

Its edge is somewhat serrate, resembling the teeth of a saw. He notes zones where 

circuli appear to be closer together. He considers the circuli as having some relation 

to the moorings to the body, suggesting them as holdfasts. To show that they are not 

edges of lamina he makes the following observations: 

(1) The circuli very rarely effect a complete arrangement in the form of concentric lines; (2) the 
circuli may be perpendicular to the contour of the scale; (3) they may show the most irregular arrange- 
ment, become folded up against one another, entangled in all directions, or even form a sort of network 

of irregular meshes; (4) the circuli are appendages of the superficial layer of the scale; (5) they originate 
at the margin of the scale as points of isolated calcification; (6) they show a marked inclination to the 
focus. 

To sum up his conclusions, he rejects Agassiz’s idea that the circuli are the edges of 

lamine. He considers them as related to the mooring of the scale to the integument, 
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and not as necessary organs of the scale. He finds the zones of apparently unequally 

distant circuli (annuli) which constitute the basis of the modern system of age determi- 

nation. Variations in the number of ridges are not usually great on scales from similar 

positions on the bodies of fish of the same species. In fish of the same species but of 
different ages the number of ridges increases proportionately with age and consequently 

also with the diameter of the scale. 

Klaatsch (1894) noticed that the concentric arrangement of the circuli is unusual 

for superficial reliefs. He says that in trout the cells arrange themselves so as to corre- 

spond exactly with the circuli. He further states: 

One might expect that the superficial scleroblast layer would cover the deeper cell layer with its 
product so that the constituent part of the ridges would be taken up in the interior substance of the 
scale. This does not, however, occur. The cells arrange themselves as they pass through the changes 
described, so that they come to lie in the external surface of the ridges and contribute to their enlarge- 
ment. They elaborate, as it were, the upper relief surface of the scale, for which the deeper cells had 

only supplied the foundation. 

Ussow (1897) noticed the same thing, but at a later stage when the ridges had entirely 

formed. At the stage when the reliefs occurred for the first time no such aggregations 
existed. It is possible that these cells later take part in the formation of the reliefs, 

but he believes that the commencement of their formation arises at the expense of the 

peripheral elements of the papilla. 

Tims (1906), in his work on cod scales, arrives at very different conclusions. He 

describes the circuli as a series of scalelets with their peripheral borders turned up by 

the pull of the stretched pocket. He notes the lateral fusion of two or more scalelets 
which, if carried out completely, would result in the typical clupeoid scale which is 

composed of eccentric imbricated rings. 
In the recent work of Miss Esdaile (1912) are found detailed statistics relating to 

the circuli (which she calls annuli), their number and disposition, and, especially, 

enumerations of their occurrence on scales of different parts of the body. She finds that 

there is a uniform variation in their occurrence, an observation of much importance 

in age determination. Her conclusions are: 

1. A great variation in the number of annuli and in the lengths of the scales taken from 
different parts of the body of the same fish is clearly indicated. This was found on each of three fish 
[Salmo salar], but the results obtained seem to be in no way correlated. 

2. It is to be noticed that in the three fish examined the number of annuli in each peronidium 
increases from the head to the adipose fin, and then diminishes toward the tail. A similar increase 

and decrease is found on both the dorsal and ventral sides of the lateral line. 
3. In a comparison of scales taken from positions at corresponding distances from the head on both 

dorsal and ventral sides of the lateral line it is seen that, as a general rule, the scales on the dorsal side 

have fewer annuli in each peronidium.¢ 

Masterman (1913a) regards the circuli as stiffening or supporting tissue of the 

scale. His discussion is, however, directed not so much toward the morphological 
significance of these structures as toward their bearing on age determination. Conse- 
quently his discussion of this subject is treated in this paper under the heading ‘‘Age 

determination.” 

@ Miss Esdaile has adopted the word “peronidium’’ as meaning that part of the scale which represents the growth of a 

summer and a winter together. 
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' SPINES. 

Kuntzmann (1824) described what he regarded as two distinct kinds of spines: 

(1) Spines which molt, and (2) permanent spines, which are integral parts of the supe- 

rior layer of the scale. Mandl (1840) thought spines were comparable to true teeth. 
Leydig (1851) regarded them as extensions of osseous corpuscles, a view shared also 

by Peters. Salbey (1868) considered them as integral parts of the superior layer appear- 

ing successively at the posterior margin of the scale and which constantly wear away. 

Baudelot (1873) gives a detailed description of all the variations of spines, which is 

too long to reproduce. He concludes, among other things, that their number increases 

with age and on different parts of the body, and in places where they are rudimentary 
they may drop off, leaving cycloid scales. He advances the theory that the spines 

have their origin in the serre on the edges of the posterior circuli. In support of this 
hypothesis he uses the following arguments: 

In many scales * * * the edges of the circuli present a series of very distinct microscopic 
indentations, and in some ctenoid scales the spines are so small as to appear only as indentations of the 
circuli of the posterior region which have become very prominent. In many cycloid scales the posterior 

region shows a series of tubercles arranged with as much regularity as the spines and presenting a striking 
analogy to these structures. These tubercles are, however, only partial thickenings of the concentric 

ridges (circuli). In the same fish the scales become altered and pass from the ctenoid to the cycloid 
condition, and in that case it frequently happens that the spines become replaced by simple ridges. 

This substitution is to him sufficient proof of the homology of the spines and the 

circuli. 
Klaatsch (1890) makes the cycloid scale typical of teleosts, because ‘‘(1) it repre- 

sents simple conditions, and (2) it supplies a suitable object for placing the skin covering 

of the teleosts in line with the selachians and ganoids.’’ He regards the ctenoid scale 
as the result of still further specialization in the teleosts. 

Ussow (1897) thinks that there is no relation whatever between placoid teeth and 

the spines of ctenoid scales, but that the similarity is purely accidental. He thinks 

that spines are formed of the same substance as the superior layer of the scale—the 

hyalodentine of Hofer. 
Tims (1906) finds in the minute projections on the scalelets of the cod the ante- 

cedent form from which the spines of ctenoid scales are derived. If these projections 
(which he finds more prominent on the posterior field) be more pronounced and slightly 

more perpendicular, we have the spines of ctenoid scales. 
Cockerell and Moore (1910) advanced a somewhat different theory, as follows: 

The teeth arise through the modification of the apical ends of the vertical circuli, i. e., cireuli which 
in the apical region retain their vertical position. It is not evident that they have anything to do 
with the radii. In very highly specialized ctenoid scales * * * the teeth form a separate fringe 
which appears to have no intimate connection with the rest of the scale. It follows that a scale with 
completely transverse apical circuli can not be, and can not become, ctenoid. The reason why there 
are no ctenoid cyprinid scales seems to be that the group has advanced too far along the line of modi- 

fication in regard to the circuli to be able to produce them. 

@ Translation by Thomson. 
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RADII. 

The first important hypothesis dealing with the nature of the radii was that of 

Agassiz (1840), who thought them ‘channels at the margin of the external surface 

which connect one layer with another and multiply during the growth of the scale.” 

Mandl (1840) considered them as canals for transporting nutrition to the center of the 

scale. Peters, instead of giving them the function of connective canals, regarded them 

as sutures allowing growth in all directions. He also notes that they are sometimes 
concentric, as in Ophidiwm. 

Williamson (1849) denied the existence of any such canals as Mandl described. 

He says that they are simply the absence of the superior tissue along their course. 
While they are not nutrient canals, neither do they pass through the entire calcareous 

portion of the scale and reach the soft portion, as Agassiz contended. 

Salbey (1868) says that the radii are grooves in the superficial layer, but not through 
what he calls the conjunctive layer, and suggests that they are the channels for the 

continued calcification of the interior conjunctive substances which calcify slowly and 

are not in juxtaposition to any other nourishing parts. Tims considers the radii as 

adaptations to the increasing circumference. 

Baudelot (1873) thoroughly describes radii, both as to structure and disposition. 

Aside from numerous variations, all of which he records minutely, mention might be 

made of the three main modes of disposition. These are (1) divergent from the focus; 

(2) parallel with each other; and (3) parallel with the contour of the scale. Their 

form may be that of simple lines of fissures in which the scale appears to be broken; a 

ravine whose sides are perpendicular with the sides of the scale; a wide and shallow 

trench; a groove of varying width; a series of depressions, or, in some cases, a series 

of small cavities in the same straight line. In regard to number, he says, ‘‘ The number 

of radii of an individual is capable of varying with age, and if the number increases 

with age it may also be reduced.” ‘The same conclusions apply to the transverse or 

concentric grooves. 
Baudelot pointed out that up to his time no satisfactory explanation of the radii 

had been offered, and in his attempt to explain them he attributes them to irregular 

calcification. He says: 

Grooves are lines of noncalcification. The exterior layer has centers of calcification which later 

unite with one another as these centers extend. When the union takes place laterally the grooves will 
be radii; otherwise they will be transverse grooves, and when calcification takes place all over at the 
same time there will be no radii. 

Cockerell (1911) finds radii on both the anterior and posterior fields, calling the 

former ‘‘basal’’ and the latter “apical’’ radii. He attaches enough importance to 

their number to make it a taxonomic character. 

FOCUS. 

The center of the scale would, to most observers, suggest a center of growth; never- 

theless, it has been the subject of much conjecture. Vogt (1842) first noticed that the 

focus is larger in the adult than in the young, suggesting wear, unless the scale, in its 
entirety, increases in size—a supposition very difficult to substantiate. The com- 

paratively large focus in some cases suggested to Agassiz (1834) that it might be the 

result of wearing down of the thickened center. Both Peters (1841) and Salbey (1868) 
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disagree with this, holding that since the scale is covered with a membrane constantly 

lubricated with mucus the wear on the hard scale would not be enough to make a 

noticeable difference. They account for it by a difference of growth. 

Baudelot (1873) admits his inability to give an adequate explanation of the focus. 

He describes it with minute detail in all its variations and concludes that it and the 

annuli are due to the same cause but he can not tell what that cause is. 

Hoffbauer (1898, 1900) calls it the center of growth representing the oldest part of 

the scale and also notes that in some cases it is abnormally large, but that at other parts 
of the same fish it is normal—observations in perfect accord with Dahl’s explanation. 

According to Tims (1906) “it consists of a flattened plate of calcified tissue, 

elliptical in shape with an irregular margin. From its appearance in section and from 

a surface view I believe it to be formed of a fusion of a number of basal plates, the 

spines of which have entirely disappeared.”’ 
Dahl (1911) gives an explanation of abnormally large foci which seems to be ade- 

quate. Those scales with such foci are simply regenerated scales, the focus being 

composed of secreted matter which filled the empty scale pocket following the loss of 

the old scale. He illustrates this with a cut, which shows his evidence to be quite 

conclusive. 
PERFORATING CANALICULI AND INTERNAL LACUNA. 

The observation by Blanchard (1866) of certain very small perforations through 

which water might freely flow seems to be the origin of the theory that scales have a 

respiratory function. He noticed that they are especially prominent in the Cyprinidae. 

They were first described by Baudelot, who was able to make out their structure 

clearly. He describes them as extremely small canals perforating the scale from top 

to bottom. ‘They are found on the posterior side and pass through the scale obliquely— 

i. e., from the exterior surface they incline toward the periphery on the posterior side 

and from the longitudinal axis of the scale. They are developed from notches that 

appear in the posterior margin and, as the scale grows in size, the notches are sur- 

rounded by newly secreted substance becoming canals which extend through the entire 

thickness of the scale. As to function Baudelot thinks that nerves pass through them, 

thus relating them to the supposed sensory function of the lateral line. 

In the interior of the scale the canaliculi may become more or less expanded, form- 

ing a cavity which, in extreme cases, pervades almost the entire scale between the 

inferior and superior layers. He called these lacunz. In the case of Dactylopterus 

volitans the lacunze are very large and are filled with a bony tissue which he regards as 

a connecting link between scales and bones. He confesses that he is unable to conjec- 

ture any function for them. 

STRUCTURE, FORMATION, AND GROWTH. 

Agassiz (1834) believed scales to be analogous to nails and hair and hence not 

living tissue. He explained growth as taking place by secretions from the floor of the 
scale pocket and by the increasing size of the scale pocket, which enlarges in proportion 

to the size of the body of the fish. The laminz were different leaves or folia. As to 

calcification, he regarded it as nonhomogeneous—i. e., occurring in corpuscles or cal- 

careous bodies—which he believed to occur only on the superior and inferior surfaces. 

@ For a review of the older literature on scales, see Thomson, 1904. 
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Mandl (1839), on the other hand, considered scales living tissue capable of growth 

by intussusception and consisting of two layers, the superior and the inferior. ‘The 

inferior layer is laminate, while the superior layer is cartilaginous, the lower part being 

interspersed with calcareous corpuscles. The growth of the superior layer is peripheral, 

while that of the inferior layer takes place by the addition of secretions from the floor 

of the scale pocket. He described the corpuscles as separate elements or cells in the 

superior layer, in definite positions, and of a yellow color which disappears on acidulation. 

Peters (1841) agreed with Mandl as to the laminate structure but with Agassiz 

as to the location of the corpuscles, with the exception that he was unable to find them 

on the surface of the superior layer. 

Williamson (1849) followed, adopting the opinions of Agassiz, Mandl, and Peters, 

with modifications. He stated that there were three layers, the superior, the inferior, 

and the median. The superior layer differs both in structure and origin from the other 

two layers. In section it presents the appearance of an undulating outline with a very 

faintly laminate interior structure. It extends entirely to the periphery. In early 

stages it is a soft membrane which later calcifies. In substance it resembles the ganoin 
of Lepidosteus (Lepisosteus). 

The median layer is built up of a mass of lenticular calcareous bodies which unite 

with one another as they increase in size, losing their shape in this coalescence. In 

thickness it decreases from the center to the periphery until it disappears, leaving the 

periphery flexible. After the fusion of the corpuscles the median layer splits up into 

horizontal laminz which agree in direction with the membranous laminz which exist 

previous to calcification. 
The inferior layer consists of numerous membranous lamine arranged in parallel 

horizontal lines more numerous at the center, only one appearing at the periphery. 

Each lamina is composed of fibers, all parallel with each other. They are the result of 
the calcification of the laminz and have their origin as small centers of calcification 
which grow in size by the addition of layers to the outer surface, in section giving the 
appearance of concentric rings. Growth takes place by the successive increase in size 
of the laminz of the inferior layer. 

Salbey (1868) says that the inferior layer consists of thick lamelle, separated by 
thinner ones. The thin lamelle are conjunctive, while the thicker ones are calcareous. 

The thinner ones finally calcify and fuse with the thicker ones, giving the older scales 
the appearance of having fewer laminz, while they really have more. According to 
him, the mode of growth is that the inferior lamina is fastened by a conjunctive sub- 

stance which eventually calcifies, after which calcification another layer of the con- 

junctive substance is added, which in its turn calcifies, etc. 

The work of Baudelot (1873) is in greater detail than that of any of the foregoing 

authors and probably of more value. He states that calcium phosphate and carbonate 

constitute the inorganic substance of the scale. He described the tissue of scales as 

being a striated substance separable into laminate folia. Corpuscles are more abundant 

in the exterior laminze and comparatively rare in the inner ones. They increase in 
size with age and two or more may fuse. They represent products of a crystalline nature 
and exhibit a series of concentric lines from the center to the outer surface. 

The origin of a scale is a calcified spot which slowly extends until it becomes a lamina. 

The scale always adheres by its inferior surface and periphery and always grows by the 
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addition of layers to the internal face. On the superior surface it is loosely connected. 

Subsequent calcification is from the exterior toward the interior and from the periphery 
toward the center. 

Nickerson (1893) says: 

Throughout the series of scale structures, beginning with the selachian type, there has been a con- 

stant tendency toward the reduction of the superficial parts (spines) and increase of the deeper parts 
which are independent of the epidermis. * * * In the higher teleosts the whole scale growth is 

within the dermis and the more superficial process is entirely lost. 

Klaatsch (1894) divides the scale into the outer homogeneous layer and the inner 

fibrillar layer. The outer layer is bony tissue, entirely soluble in hydrochloric acid 
and having no special structure except a slight layering. It is formed from cells located 

chiefly in the lower surface of the overlying scale pocket. The scleroblasts (formative 

cells that give rise to scales) form the superficial reliefs. This exists for a long time 

before the inner layer appears. 

The inner, less calcified layer consists of fibers in bundles, all the fibers in one 

bundle being parallel, and the bundles being parallel with each other but crossing those 

of the next higher and lower layers at acute angles. This is considered the connective 

tissue layer of the scale. 
In the scleroblast layer there are polygonal elements between which there is a color- 

less network. The cells in this layer arrange themselves in groups whose nuclei come 
to lie closer together. Then those parts of the cells farthest from the nuclei separate 
and are added to the intercellular substance. ‘This substance is added to the part of 
the cell already existing. The scale is thus an intercellular secretion which is eventually 

hardened by lime salts. 

Ussow (1897) concludes his paper as follows: 

The scale of teleosteans is a plate consisting of two layers. The upper layer (including the relief) 
consists of a homogeneous tissue without any structure except a very slight striation parallel to the 

upper surface. This layer originates in the dermis at the expense of theso-calledscleroblasts. * * * 
The tissue of this layer is a simple bony tissue. The lower layer also originates at the expense of the 
same elements. It is formed in part out of the indurated connective tissue. 

Tims (1906) found that in the cod the calcareous material does not form an unin- 
terrupted layer, but is in the form of minute isolated platelets the exterior surface of 
which bears a small spine resembling very small placoid scales. 

CLASSIFICATION. 

The first attempt at classification by means of scales was that of Heusinger (1823).¢ 

He devised the following plan: 

. Fishes with scales entirely hidden in the skin: Anguilla, etc. 
‘Those with scales proper: Esox, Salmo, etc. 

. Those with strongly toothed scales: Chetodon. 

. Those with osseous scales: Lepidosteus, ete. 

. Those with osseous plates: Acipenser, etc. 

. Selachians. An fw NH 

@ Thomson, 1904. This reference not verified by writer. 
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Kuntzmann’s (1824) classification of scales, while artificial and crude, was far in 

advance of his time. It follows: 

Membranous scales—those with concentric lines. 

. Semimembranous—membranous posterior field, but anterior field faintly marked, as in Clupea. 

Simple scales—no radii or circuli; simple center. 
. Scales with a design. 
. Scales divided into regions. 
. Scales with prickles. 
. Spinous scales. SWAN RwWDHH 

Agassiz (1834) gave great impetus to scale classification. He originated the four 

groups—ganoid, placoid, cycloid, and ctenoid. His system was abandoned on account 

of the great variability, but attempts are being made, it seems, to revive it. Cockerell 

and Miss Esdaile are working in this direction. 
Mandl (1839) claimed to have found definite characteristics for each family and 

expressed his belief in their usefulness for distinguishing genera, and even species. 

Peters (1841) repudiated this statement when he found both cycloid and ctenoid scales 

in the same fish. Vogt (1842) was able to distinguish the different orders of ganoids 

by their scales. 

Baudelot (1873) concludes that none of the characters can form a basis of classifi- 

cation, since the presence or absence of spines—the most important scale character— 

is too variable. Although the characters alone are of little value, yet taken together 

they ought not to be neglected in forming natural groups. ‘Tims (1906) distinguishes 

the different groups of the Gadide but goes no further into classification. 
The work of Cockerell (1910, 1911, 1913, 1915) and Cockerell and Callaway (1909) 

on classification is more elaborate than that of any other recent investigators. Cockerell . 

says (1911): 

It has been possible to test rather thoroughly the value of scale characters and the result has been 
to show that while they are not rarely deceptive through convergence, they are, on the whole, of great 
taxonomic importance. 

As indexes of classification he uses size, shape, spines, radii, and circuli. 

AGE DETERMINATION. 

The more important means of age determination is based on Steenstrup’s (1861) 

observation that all scales except placoid grow throughout life proportionately to the 

size of the fish. Agassiz, however, believed that scales are laminate and that one 

lamina was added each year. Baudelot also took this view, with slight modifications. 
By polarized light Carlet (1878) was able to distinguish old scales from young ones, 

the former being birefringent, while the latter were monorefringent. Further, by 

means of picrocarmine stain he was able to distinguish the newer lamina from the 

older ones, the uncalcified parts staining red, the calcified parts staining yellow. 

Hoffbauer (1898, 1900) by observations on the hibernating habit of the carp, showed 

the supposition that the circuli were lamina edges was incorrect, since the number of 
lamine is not the same as that of the circuli and the number of laminz is greater than the 

number of years the fish haslived. He says that the number of circuli between annuli on 
\ 
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scales from the same region of the same fish is approximately constant. He noticed that 

the number of circuli increases where the scale becomes smaller and also that there isa 
considerable difference between different specimens for the same year. In short, his 

theory is that during favorable seasons when the food supply is plentiful, the fish grows 

more rapidly than in seasons of poorer food supply, and that this difference of growth 

is indicated by the circuli, they being closer together during seasons of slow growth than 
in seasons of rapid growth. 

Johnston (1905, 1906, 1907, 1909), in Scotland, undertook to work out the difficult 

life history of the salmon from its scales. He found the annuli and correlated them 

with the known facts of the life of the fish in such a way as almost to establish the con- 

clusion that they are winter marks. He discovered the ‘‘spawning mark,” which is 

the worn or absorbed part of the scale that was the periphery at the time that the fish 

went into fresh water to spawn. 

Thomson (1904) and Tims (1902, 1906) worked independently at about the same 

time. The work of the former was done on the Gadide and Pleuronectide. Besides a 

splendid review of the literature up to his time, of which liberal use has been made in 
this paper, he gives many minute measurements to support the points he makes. He 

is convinced that the annuli represent years and finds that the number of circuli ina 

band of a given width varies but little. His statistics show that if the annuli do not 
represent years there is a remarkable coincidence. 

Tims is skeptical of age determinations by this means. He admits that he is able 

to follow Thomson through the first summer and winter bands, but that he can detect 

no further alternations. In his reasons for his disbelief he points out Klaatsch’s obser- 

vation that scales do not appear simultaneously all over the body and not until the 

- fish is 3 to 4 cm. long, an objection which he admits, however, to be of little consequence. 

He finds variations in the number of annuli on scales on different parts of the same fish. 

Furthermore, the number of circuli varies indefinitely. And more important than all, 

scales are lost and are replaced, and for this reason age determination by means of 

scales is impossible. 

Thomson, referring to Tims’s objections, admitted that age determinations in old 

fishes are difficult, and in some fishes, even in the young, probably more difficult than 
in others, but asserted that in the cod the evidence is both plain and conclusive. He 

includes in his paper many observations of variation, tending to corroborate his con- 

clusions. 

Brown (1904) raises further objections to the theory supported by Thomson and 

others. They are: 

1. Gadoid fishes shed their scales immediately after spawning. 

2. After the age limit of spawning no further shedding takes place. 

3. The concentric rings of scales of fish do not represent annual increments, but 

must have other causes. 

He finds scales on a 3-year-old cod with 30, 60, and go circuli, respectively, depend- 

ing on the location on the body; hence this method of determining age is of no value. 

Among other conclusions, Dahl (1911) says that injuries or aioe. conditions, 

even in summer, will produce annuli. Further, he applied the method devised by 
Johnston of calculating the length of the fish for each year by the proportionate width 
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of the several bands. By this means he shows that comparisons of fish of different 
localities can be made with much fewer fish. Suspecting that the scale-covered parts 
and the remaining parts of the body of the fish might not grow in the same proportion 

he made measurements to show that errors from such a source would be negligible. 

Hutton (1909, 1910, 1914b, 1914c) wrote several papers popularizing and urging the 

economic importance of fish-scale examination. He also gave some notes on photo- 

graphing scales. . 

Esdaile (1912) did a valuable work in determining the degree of variation of scales 

on different parts of the salmon, Salmo salar. She shows that within certain limits 

the circuli in each year band (“‘peronidium”’) is proportionate to the width of the scale, 

but different in absolute number on different parts of the body of the fish. Criticism 

of this part of her work is offered below in connection with the writer’s observations on 

age determinations (q. v.). In her second paper (1913) Miss Esdaile gives the results 

of investigations of salmon scales devoted largely to points in the life history of that 
fish. 

Gilbert (1913) worked on the salmon of the Pacific coast after essentially the 

same methods as those employed by Dahl, Hutton, Thomson, and others. His scale 

photography is brought to a high degree of perfection, and deserves special mention. 

Milne (1913) in a work similar to Gilbert’s, on salmon of the Pacific coast, offers a 

pertinent criticism of Dahl’s (and Johnston’s) method of calculating length. He was 

able to test this method by scales of two fishes captured, marked, measured, and 

recaptured by Johnston. On one, Milne points out, Johnston’s calculation showed an 

error of only one-half inch for the kelt measurement of a 27-inch salmon; the other 

showed an error of 6 inches for a 261%%-inch fish, from which he concludes ‘“‘ either that 

the scale is abnormal, or that Dahl’s system of measurement is not applicable to a fish 
that has spawned.”’ 

MeMurrich (1912), in addition to the methods of Gilbert and Milne, made use of 

evidences found on otoliths. In these structures, zones or lines may be observed which 

are believed by McMurrich and others to represent growth periods. 

Masterman (1913a) perceived that much of the work of recent investigators was 

based on assumptions rather than on definitely settled facts. He therefore undertook 

a careful critique of the work done on salmon, making an effort to decide whether it 

had been proved that summer and winter growth rings are invariably and indubitably 

formed in their respective seasons; and whether the spawning mark invariably records 

the spawning period; and whether its absence can be taken as denoting maiden fish. 

He states the usual assumptions of age determinations, but is doubtful of the 

reliability of this method beyond the fourth or fifth year of growth. Concerning the 

manner of growth of the circuli, he says: ‘They have an innate tendency to be produced 

roughly in lines equidistant from the center and at a certain distance from the preceding 

ridge * * *, The distance between neighboring ridges is determined by the rate 

of growth at the time.’”’ In addition to the accumulation of circuli in summer and 

winter bands, he notices other morphological arrangements of the circuli which may 

also help to indicate the seasons of active growth; but, to quote him on this point, 

“In the case of sea fish, at any rate, they may just as likely have reference to changes 

in food and temperature, with no direct reference to the calendar.” 

97867°—vol 34—16——_20 



302 BULLETIN OF THE BUREAU OF FISHERIES. 

He divides the evidence necessary to prove the general theory of age determinations 

on scales into (a) morphological, (6) experimental, and (c) statistical. To summarize 
his conclusions: 

(a) Morphological: 
(1) The evidence necessary to prove that a broad band is formed in summer and 

a narrow one in winter has not yet been produced. On this point he cites the insuffi- 

ciency of Dahl’s and Johnston’s evidence. 

(2) “‘ The scale can not be an accurate gauge of the lapse of fae unless the zones, 

besides being produced in their respective seasons, are always produced in response 

to these seasons.” 
(3) “‘The formation of these two different series of growth—rings or zones—takes 

place in the winter half or summer half of the year, respectively’’ (quoting Dahl). 

(b) Experimental: The evidence of fishes of known age and kept under artificial 

conditions is convincing as far as it goes (for the first two years), but can not be regarded 

as convincing through the entire term of life until more work is done. 

(c) Statistical: ‘In studying the average sizes, average weights, and seasonal 

occurrence of the different age groups and numerous other statistical relations, the 

age data obtained from the scales give a rational and consistent result throughout.” 

Under the caption, ‘‘The morphology of salmonoid scales”’ he classifies the different 

circuli as complete circles, occurring in the earliest stages of the fish; crescentic or 

incomplete circles, occurring in normal summer growth, and incomplete seasonal 

crescentic ridges. These latter occur in the winter growth, and if his conclusions here 

are reliable, consideration of these short circuli should be a valuable addition to the 

methods already employed, but, of course, not necessarily applicable to any species 

other than the salmon studied by him. 

In connection with his discussion of the 

be summarized as follows: 
1. It may be held as conclusive that the spawning mark is produced by changes 

incidental to the act of spawning. 

2. The spawning mark is not caused by the mechanical vicissitudes of river life or 

the act of spawning, as assumed by Johnston, Dahl, and others. In support of this 

view he calls attention to the following points: (2) The spawning mark is produced 
prior to entering the river and in some cases, long prior to spawning; (b) the fact that 

the scale is imbedded deep in the dermal pocket would, alone, destroy the mechanical 

attrition theory; (c) since it is known that gonads are developed partly by the absorption 

of other tissues, it is not unreasonable to assume that the scales are among the tissues 

so absorbed. 

3. It can not be taken as proved that the absence of the spawning mark is valid 

evidence that the fish has not spawned. In this connection he cites the case of salmon 

kept in aquaria at the Plymouth laboratory that were stripped for two successive seasons 

without the formation of a spawning mark. This, he admits, may possibly be due to 
the artificial conditions. 

4. It seems impossible accurately to define the spawning mark. Consequently the 

personal element will enter into doubtful cases, and differences of opinion will result. 

“ spawning mark,” his conclusions may 
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On the whole, Masterman’s paper constitutes one of the most valuable contribu- 
tions to scale literature. He suggests numerous researches on the subject that are 

needed and that might profitably be followed. 

Calderwood (1914) takes up some of Masterman’s criticisms of the spawning-mark 

doctrine. Referring to Masterman’s theory that the mark is due to absorption incident 

to spawning he pointed out that the attrition is noted on the lateral, seldom on the 
anterior, margin. If Masterman’s view is correct, the anterior margin ought to suffer 

most. It will be observed, however, that Masterman had taken this into consideration 

and suggested that this absorption of the lateral margin rather than the anterior margin 

might be in anticipation of the decreased girth after spawning. Calderwood also cites 

Milne’s observation that the thickness of the scale is increased at the spawning mark 
which according to the latter observer is due to a continued secretion of the scale sub- 

stance while the size of the body remains constant. Calderwood finds difficulty in 

seeing how absorption of scale substance and a deposition of more at one and the same 

time could take place; yet this must be true if Milne’s contention is correct. Calder- 

wood rather regards the attrition of the scale as necessary for the thickening and 
toughening of the skin, but fails to point out very clearly just how this is accomplished. 
He ends his paper by expressing the belief that the absence of the spawning mark is 

valid negative evidence. 

In the application of the scale reading no more important work has been pub- 

lished than that of Hjort (1914). Since, however, no effort is made in this paper to 

review the general applications of the subject which are entirely too voluminous to 

permit it, further comment on his work may be omitted here. A great volume of 

work of this nature has been done not only by Hjort and his assistants, Lea and Dahl, 

but by McMurrich, Gilbert, Petersen, Johnston, Calderwood, Hutton, Esdaile, Masterman, 

Hoek, and a host of others. 

The work of Winge (1915) on the cod supplies much of the evidence that Masterman 

found lacking in the salmon. He measured the ‘‘platelets”’ (Tims) or as he calls them 

“‘sclerites,’’ each one individually from the focus to the periphery, constructed curves 

from these measurements, the maximal and minimal modes corresponding to the summer 

and winter growths, respectively. By comparing these scale measurements with the 

actual lengths of living fishes measured, marked and recaptured, he was able to show 

that these modes agree quite satisfactorily with the growth of the fish. These modes 

(the summer and winter growth bands) are, in the cod, formed in September and March, 
respectively. 

Another division of his paper deals with the question whether the growth of the 

scale is exactly proportional to that of the fish. By measurements on four marked 

cod, he finds a surprisingly close agreement—altogether within the limits of experi- 

mental error. Furthermore, he was able to show that cod living under similar con- 

ditions will show similar curves when plotted in his manner. And, finally, he tests 

the otoliths as a means of determining age, using his data from scales as a check. Judg- 

ing from his excellent technique, his results must be regarded as reliable. He concludes: 
‘ck + 3k in the cod examined a very high degree of uniformity exists between the 

growth of the scales and that-of the otoliths. Both scales and otoliths exhibit growth 

rings by means of which the age of the cod can be determined.” 
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Mention should be made here of the work of the investigators of the Kommission 

zur Untersuchung der deutschen Meere, Reibisch (1899), Jenkins (1902), Heincke (1905, 

1908), Maier (1906), and Immermann (1908). These investigators worked chiefly on the 

sole, cod, and turbot, while Wallace (1907, 1909, 1911), in England, worked on the plaice, 

employing the otoliths and bones as means of age determination. The result of this 

work seems to show that not only are age indications to be found on scales, but on the 

otoliths, opercula, and bones. Since these structures reveal age only after they are 

prepared by special technique, it is evident that they can never be employed in the ex- 

amination of large numbers of specimens, as can the scales. These structures have served 

the useful purpose of verifying, to a certain extent, the evidences found on scales. 

In spite of all this work, there remain doubtful points. Heincke (1908) cites 
numerous instances of fishes that were very old, but undersized, along with examples 

of variation in size among fishes of this same age, but of different sex or from different 

localities. Yet he fails to show that these variations are in the number of age rings 
rather than in age. He concludes that the number of age rings is normal and correct 

and that growth in these cases is abnormal; but from his data he might as well have 
concluded that the size was normal but the number of rings abnormal. 

APPLICATION OF SCALE CHARACTERS TO AGE DETERMINATION. 

The idea that the age and life history of fishes may be determined by their scales 

has given rise to much investigation. Each method has been investigated and an 
attempt has been made to find other indications of age on scales. 

The different means of determining age with more or less accuracy are: 

(1) A count of the annuli aided by— 

(a) Polarized light. 
(b) The selective action of picrocarmine stains. 

(c) The origins of the radii. 
(2) Identification of year groups by measurements of length and weight. 

These methods may be used in combination. 

COUNT OF ANNULTI. 

It has been contended that, at least for some species, growth does not proceed 

uniformly, but that during the winter and in other seasons, because of lack of food or 

because of injuries or other causes, growth takes place more slowly than in summer or in 

seasons of more abundant food supply or when conditions are otherwise more favorable. 

Such changes of conditions as well as certain peculiar habits are said to leave their 
marks on scales. From the investigations of Johnston, Gilbert, and Dahl on salmon and 

trout, and Hoffbauer on carp, it would seem that circuli appear at fairly regular intervals 

of time while the growth of the scale in width depends on the growth of the fish. The 

appearance of the circuli at regular intervals of time while the scale increases more 
rapidly in size in summer than in winter would produce concentric areas in which the 
circuli were close together alternating with areas in which they were farther apart. 
The earlier investigators considered these areas in which the circuli are not widely 
separated “winter bands,” assuming that the fish grew less rapidly in winter than in 
summer, thus producing rings analogous to the annual rings in tree trunks. 
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When viewed under low magnification, these alternate bands appear, in most cases, 

clearly; and if they really represent winters, it is a simple matter to determine age by 

counting them. Hoffbauer seems to have demonstrated that these zones do represent 

winters by observations on the scales of carp kept in aquaria and under known conditions. 

One is, however, confronted with many obstacles in relying entirely on this means 

of age determination. In very old fishes, as Tims points out, the annuli, through wear 

and diminished growth, become so indistinct and close together that it is almost, if not 

quite, impossible to arrive at a satisfactory conclusion as to age. 

Investigating the scales of Cynoscion regalis and Orthopristis chrysopterus, the writer 

has not been able to verify all these observations, for the reason, possibly, that these inves- 

tigations were made on English brook trout, salmon, and carp, the scales of which he has 

not had the opportunity to examine. 

Miss Esdaile (1912) in the following language accepts and states very clearly the 

fundamental assumption of all the workers on age determination: 

Examination * * * shows that the annuli [circuli] are arranged in a definite manner, some 
far apart and others closer together. Those far apart are, according to Mr. Johnston, formed during the 

rapid growth of the fish in the summer, and those closer together during a time of slow increase in the 
winter. 

This implies clearly that bands representing equal lengths of time ought to exhibit 

at least approximately equal numbers of circuli, and that scales of the same size ought 

to be sculptured with a similar number of circuli. But later in her paper she states 

that “there is no constant variation in the number of annuli in the different periods of 
the scales from the same position.” In her table no. 2, scales from positions 4 and 5 

have the third peronidia of the same width—o.48 mm.—yet one has 10 circuli, the other 

7.8 circuli on the long axis. Again, scales from positions 6 and 7 have total lengths of 

6.07 and 6.09 mm., respectively; yet one has a total of 107.8 circuli, the other of 118.2 

circuli, a difference of 10.4 circuli, or 9.2 per cent variation from the mean. In no case 

where the widths of any two peronidia were the same, were the corresponding numbers 
of circuli identical. 

A similar criticism can be made from the photographs in Gilbert’s paper (1913); 

take, for example, plate vi, figure 10, of his paper: Judging from the width of the 

summer bands, the growth each year is less than that of the preceding, yet the sepa- 

ration of the circuli is greater each year than that of the preceding. There are more 

circuli per linear centimeter in the third band than in the fourth, yet the former is 
wider and is supposed to have grown more rapidly. 

The following observations bear on the nature of the annuli: 

1. The circuli on the scales of the C. regalis are aimost equidistant. Figure 1 is a 

graph correlating the number of circuli and distance apart measured in tenths of a mil- 
limeter. Each ordinate unit represents one circulus and the units of the abcissa are 

tenths of a millimeter. If the annuli are uniformly one-tenth millimeter apart a 45° 
straight line would result. Barring very small fluctuations, this is true. Their sep- 
aration does not vary in the vicinity of the annuli, nor does their separation vary 
with different distances from the periphery. 

2. The direction of the annuli is not necessarily coincident with that of the circuli. 

This is more or less apparent on all the scales examined but is most strikingly demon- 



306 BULLETIN OF THE BUREAU OF FISHERIES. 

strated on the scales of the Clupeide. On the scales of Brevoortia tyrannus and Pomo- 
lobus mediocris and others of the Clupeide the annuli cross the circuli at more or less 

acute angles—laterally at almost right angles—the annuli being coincident in direction 

with the scale contour while the circuli are arcs of concentric circles whose center is 

posterior to the scale, and are not coincident in direction with the contour. (PI. Lv, 
fig. 22.) In these cases there seems to be no more than an accidental relation between 
the annuli and the circuli. It may be seen that this is also true for C. regalis in plate Lv1, 

figure 19. Whether the annuli in these different genera are homologous characters is 

open to question, but their number, disposition, etce., suggest that they are. 

3. On the scales of Cynoscion regalis the number of circuli between the last annulus 
and the periphery, is, in July and August ® much less than half the number of circuli 

between any two adjacent annuli. The number of circuli between any two annuli is 
from 30 to 100. Between the last annulus and the periphery the number of circuli 

varied from 4 to 8 in July and August. 

4. Measurements calculated from the annuli considered as summer bands agree 

with the length groups actually measured. The following method was employed: 

Three hundred and: eighty-two specimens were measured at random.? ‘Their lengths 

were found to fall in modes of 19.91, 26.31, etc., em. (Tables 1, 2, 3.) Then the 

lengths of 28 specimens were divided into parts proportionate to the distances between 

the several annuli, and these lengths entered as the respective first, second, ete., years 

of the fish. (Table 1.) The averages of these lengths were then compared with the 

modal lengths of the 382 measured fish. (Table 2.) It will be seen that the averages 
agree remarkably. 

5. Annuli are narrow areas parallel with the contour of the scale, in which the 
regularity of the circuli is interrupted, manifested as branches, breaks, or terminations. 

6. The scale is separable into lamin, the edges of which coincide with the annuli. 
7. Annuli stain pink with picrocarmine. 
8. Annuli have a refractive index different from that of the spaces between.° So 

far as the writer has been able to determine, the refractive index of scales has never 

been actually measured. 

The conclusion of previous investigators that annuli are approximations of circuli 

and are caused by retarded growth is rendered questionable by the foregoing observa- 

tions. If the annuli were approximations of circuli, the expected curve would be the 

dotted lines in figure 1, showing retarded growth at the time the annuli were formed. 

In the second place, if retardation of growth brought the circuli closer together, then in 
the fifth or sixth year of the life of the fish, when growth is much slower than in the 
earlier years (indicated by the narrowness of the bands), the circuli would be closer 

together, giving the scale the appearance to the unaided eye, or under low magnification, 
of having at the center widely separated circuli while, approaching the periphery, the cir- 
culi would appear closer together. The scale would then have a light inner part, growing 

darker toward the periphery. The writer did not find this to be the case on the scales 

@ This character is much less constant on the scale of the pigfish, Orthopristis chrysopterus, Linnzus, due, perhaps, to the 
more variable spawning time of the latter fish. Specimens 2 cm. long were taken as early as June rs and as late as Sept. r, 1913. 

b The detailed measurements in the table cover only 65 specimens. However, in addition to these the lengths of 382 fishes 

measured by Hecht and Crozier were used in constructing the modes. 

¢ Carlet (1878); Dahl (1910). 
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of Cynoscion regalis, nor, judging from the cuts in the papers of Hutton, Dahl, and others, 

does it appear to be true of other species. If each annulus represented a year and 

the circuli appeared at regular intervals of time, then the number of circuli could vary 
but little in each band. In the third place, that annuli and circuli have nothing in 

common is proved beyond doubt by the fact that the former may cross the latter. 

The suppositions referred to are negatived by these observations, and it remains that 
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Fic. 1.—Showing number and distance apart of the circuli on a scale of the squeteague including two annuli. Dotted line 

represents the expected curve of such a correlation if the annuli were groups of approximated circuli. 

one annulus may be produced each year, but that it is not produced by retarded growth, 

nor does it consist of approximated circuli. 

That the annuli do not represent winters, as contended by the previously mentioned 
investigators, is verified by the observations on Cynoscion regalis as already noted. If the 
annuli represented winters, then in July and August the number between the periphery 

and the last annulus ought to be at least half the average number of circuli between any 

two adjacent annuli. But the small number of circuli found points to May or June as 
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the time of formation of the last annulus. In the case of the comparisons of measured 
and calculated lengths (table 2), if the annuli represented winters a discrepancy between 
the averages would be expected; for the fishes measured would be approximately an 

even number of years old (spawned in June and measured in July and August), while 

the winters represent points midway between birthdays. But the calculated and 

measured lengths agree remarkably (table 2; also fig. 2 and 7), suggesting the view that 

annuli are year-old marks, but not winter marks. 

These observations seem to justify the opinion that the annuli are simply the 

margins of the lamin composing the scale. Plate 1, figure 3, a photomicrograph of 

a part of a scale under high magnification, including two annuli in the field, shows 
clearly that the annuli are not circuli closer together, but simply branching circuli. 
This branching possibly may be explained by the disproportionate growth of the an- 

terior and posterior fields. 
It is seen that while several circuli are being formed across the anterior field, only one 

is formed on the lateral field, hence the branching. A glance at plate Lv1, figure 19, will 

show that all the circuli on the anterior field are traced back to a point on the posterior field 

where they join the following circulus, and that an annulus is being formed continually. 
Thus the last circulus on the periphery is, at its posterior extremity, part of an annulus 

that will not be complete till the next year. The beginning of a new annulus appears 
to be determined by a sufficient lateral growth to permit the formation of another cir- 

culus. 
But this does not explain the annulus on the anterior field. Here, as elsewhere, it 

seems to be the edge of a lamina. Just why these laminz end at the ends of years is 

yet undetermined. It suggests that the fish passes through year cycles of growth, and 

that one lamina is formed each year. It has been suggested that the fish spawns every 

year from the first,and that the lamine represent differences of calcification during 

spawning time. 
Dahl proposes a unique theory. The scale is secreted by the floor of the scale 

pocket and the increasing size of the pocket explains the increasing size of the scale. The 

thickness of the scale is only dependent on continued secretion. Thus if the scale 

pocket remains constant in size, so will the scale; if it increases in size, a new ring will 

be added to the periphery, etc. But a contraction of the pocket will produce an upward 

fold in the thin edge. It is conceivable to him that during the spawning period the 
body is more or less distended and while it is in this condition a new layer is added from 

the floor of the scale pocket. Now a contraction of the body follows the spawning 

period and with it a contraction of the scale pocket, pulling the thin periphery upward. 
Such a process would produce structures similar to what we know the annuli to be, if 
we leave the interior structure out of consideration. 

The evidence, however, does not point to this conclusion. That spawning has noth- 

ing to do with the formation of annuli is evidenced by four different points: 

(1) Annuli are often found running in a direction contrariwise to that of the 

circuli. 
(2) Spawning leaves a mark on scales of a character quite different from that of 

the annuli. (Masterman 1913a, Milne 1913, Calderwood 1911.) 

(3) Expansions and contractions of the body of the fish consequent upon the spawn- 
ing of the fish could not possibly affect the scales on the caudal peduncle, head, etc., yet 
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annuli are found on scales taken from these parts which correspond exactly to those on 

scales taken from parts of the body subject to expansion. 

(4) The process of expansion and contraction could not produce the separable lam- 
ine of which the annuli seem to be edges. 

It seems to be explained by differences of calcification. The inferior layer, in which 

the laminz occur, is the secreted product of the floor of the scale pocket. As the fish 

grows, both the scale pocket and its secreting floor increase in size proportionately. We 

thus get a scale constantly increasing in size and thickness, the lower lamina of which is 
always the newest part. This secretion on the inferior side is constantly being added 

and calcifies much more slowly as it is pushed outward. If calcification should vary, 

we would find layers of more and less calcification. In this case, if the scale were torn 

forcibly, the less calcified part would yield while the more calcified parts would adhere, 

giving the idea of separable lamine. This was actually done; in one case six lamine 

were easily separated. The scale, according to this view, is a solid mass, and the 

apparant layers are strata of slightly differing degrees of calcification. That mineral 

metabolism, at least, in some marine animals is dependent on temperature is indicated by 

investigations? in which it is shown that the magnesium content of crinoid skeletons is 

higher in tropical than in colder latitudes. It is quite possible that the same variation 

will be found in the calcium content of fish scales—not only in fishes from different 

regions, but in the different lamine of the same scale. 

Polarized light—The utility of polarized light in age determinations is twofold: 

(1) When the scale is young—i. e., less than 1 year old—it is monorefringent to polarized 

light; when more than 1 year old—i. e., consisting of more than one lamina—it is bire- 

fringent (the writer was unable to verify this observation) ;° (2) when used with a selenite 

plate, the annuli stand out in colors different from those between. ‘This is said to be 
due to the scarcity of mineral salts in the vicinity of theannuli. The chief value of polar- 

ized light is thus to bring out the annuli clearly in obscure cases. The refringency of light 

is of little value, since it only differentiates fishes less than 1 year old from those more than 

1 year old, which usually in fishes so young is sufficiently indicated by the annuli alone. 

The selective action of picrocarmine stain.—Picrocarmine is the most satisfactory 
selective stain for scales. Its value in age determinations depends, as shown by Carlet 

(1878), on the selection of the carmine by the uncalcified parts. By it the outer lamina— 

i. e., the youngest—which is deficient in mineral salts, is stained pink. The next inner 

lamina is an orange, while the older completely calcified lamine stain yellow with the 

picric acid. The edges of the several laminz up to three or four from the periphery 

also stain pink. The value of this stain in age determinations, then, is twofold: (1) It 

differentiates the last lamina, which is always the most difficult in old fishes; (2) it also 

stains the edges of the laminze between this one and the first or second. Thus in most 

cases the age of a fish 5 or 6 years old may be easily deciphered. 

The origins of the radii.—Like polarized light and picrocarmine stain, the radii are 

only supplementary to the annuli as a means of age determinations. 

@ Clarke, F. W., and Wheeler, W. C.: Composition of crinoid skeletons. Professional Paper 90-D, U. S. Geological Survey. 

June 16, ror4. 

> Carlet (1878). 
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As in the majority of teleosts, radii appear on the scale of Cynoscion regalis only on 

the anterior side. ‘They begin, usually four to six in number (on the sides of the fish), at 

about the seventh circulus, counting from the focus. These usually continue to the 

periphery. As the scale increases in size, more radii are added on either side of those first 

appearing, beginning at various distances from the periphery. Proceeding laterally from 

the long axis, one finds that they extend diminishing distances from the periphery. They 

are usually symmetrically arranged—i. e., a radius beginning on one side of the axial 

radius will correspond with a similar radius beginning at the same distance from the 

periphery on the other side. The points at which radii begin in the main coincide with 

the annuli. It would, then, be a simple matter to count these points to determine age, 

but this rule is by no means infallible. Radii often begin between two annuli, and some- 

times continue for a short distance only and then disappear. But radii beginnings, not- 

withstanding this variability, are sufficiently constant to afford a valuable means of veri- 

fying and supplementing the other methods. 

In case we find an old fish on whose scales the annual rings are very obscure, 

the various aids in combination make it possible to determine accurately the age of 

the fish or, at least, to count the annuli. When the annuli near the periphery are so 

near and indistinct as to be indecipherable, the picrocarmine stain will clearly differen- 

tiate the last two laminze and probably stain the edges of two or three more. The 

radii origins indicate the intermediate ones. These can be verified by color differentia- 

tions of polarized light through a selenite plate. We then have the following scheme: 

First annulus: Usually clearly distinguishable. 

Second, third, and fourth annuli: Stain red with picrocarmine; color differentiations 

by polarized light. 
Fifth and sixth annuli: The last stains red; the next inner stains orange. 

YEAR GROUPS IN LENGTH AND WEIGHT. 

This is a statistical method of verifying the other means of age determinations 
and must be employed before the age characters of any one species can be settled defi- 

nitely. Upon measuring a great number of squeteagues the writer found that they fall 
into groups of different lengths around 20, 26, 31, 37, etc.,cm. (Table 1 and text fig. 2.) 
These are what Johnston (1904, 1905, 1907, 1909) called ‘‘year groups’’—those falling 

around 20 cm. being probably 1 year old, around 26 cm., 2 years old, etc. If the other 

means of determination agree with these results, they may be taken as correct. 

Another suggested means of age determination—probably of little importance— 

is based on the observation of Williamson that the calcareous corpuscles are also built 

in layers, so that when viewed in section they appear as concentric rings. ‘This, it 

seems, is due to a difference of calcification, and the rings would probably represent 

years, but investigations of the structure of these corpuscles have not been sufficient to 

warrant an opinion as to their value in this connection. At any rate, it would be an 

extremely difficult method to apply. 
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INTERPRETATION OF THE RADII. 

Various conjectures as to the function and importance of the radii appear in the 

literature on scales. They were an important item in the Agassiz-Mandl controversy. 

In some systems of classifications by scales they have peen considered constant enough 
to be used in distinguishing genera and species. Observations recorded below point to 
conclusions differing from any that have been advanced hitherto. 

In examining a large tarpon scale focussing was accomplished by bending the scale 

on the stage. While this was being done the radii were noticed, their edges coming 

closer together as the scale was bent (viewed from the distal side), and they seemed 
to be lines of most flexibility. 

The number of radii on different parts of the body of the fish seems to vary as the 

mobility of the parts. (Text fig. 2.) On the caudal peduncle more radii were found 
than on any other part of the body. This 
number decreases (subject to the influence of 

size, shape, thickness, etc.) as one proceeds 

anteriorly. On all the inflexible parts—i. e., 
above the head, on the opercula, nape, etc.— 

the scales were entirely without radii; but 

proceeding posteriorly, on the parts where 

there is slight movement, a wave was found 

in the anterior field. (Pl. Li, fig. 4.) Pro- 

ceeding farther posteriorly, the number of 

radii increases and there is a tendency toward 

an increase ventrally from the median line of 

the back.. In no case were radii found on 

scales taken from inflexible parts of the body, 

and the other factors being equal, notably 

shape, their number varied directly as the 0 

30 

20 

Number of radti 

H D Ne Cc flexibility of the part from which the scales 

were removed. 

These facts suggested that radii might 

be hinges to permit the scale to bend in 

Fic. 2.—Polygon showing the occurrence of radii on scales 

taken from different partsof thebody. H, scales from 

head; D, sca les from a point below the anterior base of 

the spinous dorsal fin; P, scale from a point beneath 

pectoral fin; C, scales from caudal peduncle. 

adaptation to the movements of the body of 

the fish. The fact that all degrees in the formation of radii, from total absence, then 

wavy folds, then a few to finally numerous radii, are found and that these correspond 

with the mobility of the part, which varies from zero, then slight, and finally to the 

maximum on the peduncle, is alone sufficient evidence to support the hypothesis that 

radii are simply hinges. 

There are numerous other evidences to support this hypothesis. As was shown 
under the head of age determination, the uncalcified parts stain red with picrocar- 

mine; the radii stain heavily with it. Plate xm, figure 14, shows a cross section of a 

scale that will illustrate how the radii facilitate bending. 
An examination of a scale will make this clear. It will be noticed that the radii 

do not begin at the focus, but the young scale must increase to a size that will interfere 

with the movement of the fish, i. e., the scale must become stiffened by calcification 

so as not to bend readily with the body of the fish before the radii begin to appear. 
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They then increase in number as the periphery is approached, the radii in most cases 

appearing late, beginning at the lamina edges. This is explained by the supporting 

effect of each lamina on the next following lamina. On the under side of the scale 

the radii do not appear, for the lower or uncalcified layer is flexible and does not break 

until it becomes calcified, when it leaves a fissure showing, in stained scales, the uncalci- 

fied, red-stained layer below. 

All the other factors being constant, then, the radii might be eed to increase 

in a definite proportion as the periphery is approached. The number of radii varies 

with (1) the activity of the fish, (2) the size of the scale, (3) its shape, (4) its thick- 

ness, (5) its degree of calcification, (6) its curvature, and (7) the position of the fulerum 

of the scale. 

(1) Variations of activity may mean relative activity of the different parts of the 

body, or of the same parts of the body at different seasons of the life of the fish. By 

examining scales from all parts of the body of the same fish (pl. Li, L1tt) it will be seen 

that there are no radii on the inflexible parts; on the very slightly movable parts very few 

are found; and on very movable parts the whole anterior field is sculptured with radii; 

but on certain scales, symmetrical in shape, and on flexible parts of the body, the num- 

ber is found to increase to a certain extent as the periphery is approached, afterwards 

diminishing, until there are no more radii at the periphery than at the focus (pl. Liv, fig. 

15). This is explained by the relative activity of the fish at different seasons. If this 
explanation is correct we have an index of the relative activity of the fish throughout life. 

(2) As the scale increases in size the number of radii must increase proportionately 
if the extent of bodily movement remains constant; but if the radii are found to increase 
in number to a certain point, then remain the same in number where an increase would 

be expected, or decrease, and if we assume that the radii are caused by bodily move- 

ment, the probability is that the fish suffered a diminution in activity at this point. The 
number of radii at the several annuli on the scales of forty specimens were counted and 

tabulated (table 5), showing that the expected increase does not occur on Cynoscion 

regalis. Plate Liv, figure 15, shows a scale on which the radii thus decrease in number 
after the third year. 

(3) Narrow scales have fewer radii than broad ones, the reasons aie which are 

obvious. Rachycentron canadus has long narrow scales with very few radii; Paralichthys 

albiguttus has scales of a similar shape with one or two radii. The scales of Istiophorus 

nigricans, the extreme of this shape, have no radii at all. Scales around the vent of 

Brevoortia tyrannus or Cynoscion regalis are long and narrow, and have very few radii. 

On a scale taken from the top of the peduncle of Cynoscion regalis, one of the anterior 

angles was prolonged, and there were many more radii on the side of the prolonged angle 

than on the opposite side. Shape also determines the relative direction of the radii. 

When the anterior angles are both prolonged, the radii are seen to be parallel and not diver- 

gent, as usual. (PI. Lu, fig. 7.) The scales of Fundulus majalis normally possess this 
character, and here the radii are uniformly parallel. 

(4) Thin scales have fewer radii than thicker ones. On the scale of Urophycis 
earlli® no radii were found, and the scales were extremely thin, although large. Thick- 

ness, however, varies little in the scales of the same fish, and, so far as the writer has 

found, in the same species. 

@ This is an interesting scale bearing evidence relating to Baudelot’s theory of spines (see Review of Literature). 
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(5) Apparently the scales of some fish do not calcify so rapidly as those of others. 

Synodus fatens has very thick and broad scales; nevertheless they are not marked with 

so many radii as might be expected. They are calcified very little in comparison with 

those of Archosargus probatocephalus. In fact, judging from the flexibility of these 
scales, one would expect still fewer radii were it not for convexity. 

(6) Most scales are more or less meniscus in shape, the convex side being exterior. 

This is believed to be responsible for the radiate rather than a transverse direction of 
the radii. If a scale were perfectly flat, fewer radii would appear, and they would run 

perpendicular to the long axis of the body of the fish. The more depressed the body of 

the fish, the more convex the scale, and consequently the more sculptured with radii. 

Brevoortia tyrannus furnishes an example of a scale that is nearly flat. On this 

scale the radii are irregular in direction and are generally perpendicular to the long axis 
of the scale. 

(7) The scale acts as a lever. When the posterior side is raised, the center rests 

against the upper edge of the scale pocket as a fulcrum, and the anterior edge is pressed 

inwardly. It is easily seen, then, that the more posterior the fulerum—i. e., the more 

deeply inserted the scale—the more numerous the radii. Asa further substantiation 
of this theory, it has been possible to tear the several lamin apart. The segments 
between two radii of the upper laminz were completely separable from the surrounding 

tissue, indicating that they were not held in place by the tissue of the lamine from 

which they were taken, but by the stratum below. In the upper lamin the scale 

being stiffened by calcification, broke into separable segments, while the uncalcified 
stratum below yielded when the scale was bent. 

There are probably numerous other factors influencing the presence, number, and 

character of the radii. Among these might be mentioned the elasticity of the scale 

pocket. This is probably less in older fish than in young, with a concomitant increase 
in the number of radii. The shape of the body of the fish, its length, comparative 

activity, and habits may be more or less important influences. 

With this large number of variants contributing to the production or nonproduction 

of radii, their value as taxonomic characters appears very doubtful. For instance, it 

is certain that the scale grows more anteriorly than posteriorly, being forced deeper and 

deeper into the pocket, throwing the fulcrum posteriorly, tending to produce more radii. 

It also increases in size, again necessitating more radii. At the same time, calcification 

is going on, making the scale less flexible, and its thickness is increasing by the constant 

addition of secretions from below, the shape remaining practically constant throughout 

life. All these conditions tend to a geometrical increase in the number of radii. But 

while the fish is growing older, its activity is possibly declining, tending to reduce the 

number of radii. Distention consequent upon spawning may be another factor, increas- 

ing or diminishing the number of radii. These variants may conflict and neutralize, 

or may work together to increase the number of radii. From all this we may conclude 

that by simply counting the radii without taking the contributing factors into considera- 
tion, fallacious conclusions may be reached. 

Some of these factors are, however, taken into consideration in taxonomy. The 

shape of the fish is always noted. The size (number of scales in a line) and shape of 

scales are also noted. If now, instead of counting the radii, the other factors of elasticity 

and thickness were considered, we would have much more reliable additions to ordinary 
characters in classification. 
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LIFE HISTORY OF THE SQUETEAGUE (CYNOSCION REGALIS) AS INDICATED BY THE SCALES. 

Unlike the salmon, which spends a life of widely varying conditions, and which, 

by its various markings, first attracted the attention of scale investigators to the possi- 
bility of determining age by 
this means, the squeteague 

leaves only obscure evidences 

of its life history on its scales. 

Since it spends its entire life 
under fairly constant condi- 

tions, the sculpturings on its 
scales are rather uniform. 

Effort has been made to 
determine: (1) The age of 
the fish of average size; (2) 

the rapidity of growth; (3) 
the age at first spawning; (4) 

the maximum ageand length; 
(5) winter habits. 

(1) The average length 

of all the fish measured ®@ is 

32 cm.; of the 38 specimens 

the age of which were com- 

puted (see table 6 and text 

fig. 4), 94.7 per cent survive 

till the third year. 

(2) The rapidity of 

growth during thefirst year of 

the life of the fish is remark- 

able. The average length of 

the squeteague at the com- 
pletion of its first year is 20 
em. It is very rare for a 
fish to grow more during any 

subsequent year than in the 
first. (Text fig. 3.) How- 

Age in years ever, there is here the possi- 

Length in cm. 

Fic. 3.—Comparison of calculated and measured Jengths. Continuous line, lengths bility of a slight error. In 

calculated from width bands on scales; broken line, length groups measured. fishes of 4 or 5 cm. in length 

rai TGR INI the scales do not overlap, but 
must grow proportionately more rapidly than the body in order to do so. In addition 

to this, it is also noted that the proportion of the exposed part to the unexposed part 

@ Including 382 fish measured by Hecht and Crozier and the 65 specimens represented in table 2, total of 447. It will be 

noticed that there are very few one-year fish in the table. This accounts for the high average of total length, 38 cm., which 

agrees well with the calculated length for the average age (4.1 yr.), which is in the fourth-year column, 38.48. (Table 1.) 

> Carl H. Eigenmann (Investigations into the history of the young squeteague: Bulletin, U. S. Fish Commission, vol. 

XXI, r90r, p. 47) concludes from measurements that a fish may reach the adult length of 400 mm. in 7 months. It will be 

noted that this is at wide variance with the conclusions in this paper based on evidences found on scales, It will also be noted 

that some of Eigenmann’s measurements were made on young fish kept in an aquarium, while those of the larger fish were made 

on fish taken at a later time, with apparently no means of determining age. 
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is constantly diminishing, indicating a more rapid growth of scales than of the body. 

Hence, the proportionate distance apart of the several annuli does not represent the 
correct proportion of growth of the fish. This is probably compensated for by the late 
appearance of the scales (Vogt, 1845). The fish is from 3 to 4 cm. long before any scales 
appear. That any error here is negligible is testified to by the close agreement of the 

“calculated” and “measured” lengths. (Table 2.) After the fourth or fifth year, 
growth probably takes place very slowly, although the writer’s data on very old fish 
‘are too meager to afford definite conclusions. 

(3) Age at first spawning has been the subject of much conjecture. The opinion 

seems to have prevailed generally, probably on account of the rapid growth during 

25 

20 

Number of specimens 

; Yfyyypyyyp rrovin 

1 2 3 4 5 6 7 8 

Age in years 

Fic. 4.—Polygon showing the occurrence of Cymnoscion regalis at different ages. 

the first year, that spawning takes place at the end of the first year. With the evidences 

afforded by scales, the writer is not prepared to accept this conclusion, unless the annuli 

represent spawnings and they occur every year of the life of the fish. There are two evi- 

dences which lead to the conclusion that spawning takes place for the first time in the 

third year: (a) The survival of 94.7 per cent of all fishes through three years. (See table 
6.) As they increase in age and length after this point, their numbers decrease remark- 
ably. (Text fig. 4.) (6) The relative activity, asindicated by the radii. (Table 5.) 
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If the ratio of the number of radii present to the number expected represents rela- 

tive activity, a speculation may be ventured that activity decreases the third year. (See 

table 5.) It is at least possible that the activity, if variable at all, drops at first spawn- 

ing, and decreases with age. This sudden decrease, followed by a continued decrease 

points to the third year as maturity, or the time of first spawning. If this is true, 
market fish ought to agree in size with fish of this age. 

(4) The oldest fish caught was 8 years old, and at this age the annuli were so close 

together as to make their enumeration very difficult. It is likely that they seldom 
exceed this age, although fish of much greater size and probably greater age are reported 

from more northern waters.% 
(5) It may be inferred from observations of the scales that winter habits do not 

differ greatly from those of summer, the annuli alone not being sufficiently pronounced 

to warrant such a belief. At any rate, very little evidence has been gathered from 

scales bearing on this point. 
CONCLUSIONS. 

AGE DETERMINATION. 

Age may be determined in two ways: (1) By counting the annuli, the count 
being facilitated by (a) polarized light, (b) picrocarmine stain, (c) beginnings of radii; 

(2) by year groups in length and weight. 

RADII. 

The following observations support the theory that radii are hinges permitting the 

scale to bend: (1) Scales on inflexible parts of the body have no radii, while their num- 
ber when present is proportionate to the degree of flexibility. (2) In thick scales the 

radii are seen to close when the scale is flattened. (3) In broad scales the radii are more 

numerous than in narrow scales. (4) Very young (uncalcified) scales have no radii; 

in older scales they appear to begin at some distance from the focus. (5) In cross 
section they appear as ridges of calcified matter on the flexible uncalcified substratum; 

when these ridges approach each other the scale is so bent as to make it more nearly 

flat. (6) Scales whose anterior angles are prolonged and acute have parallel radii; 

those with rounded anterior peripheries have divergent radii. (7) Radii stain as uncal- 

cified parts with picrocarmine, the stained uncalcified layer below being visible through 
the radii fissures. (8) Those radii which do not begin at a point near the focus usually 

have their beginning at an annulus which is explained by the tendency of a lamina to 

crease without the support of the next superior lamina. (9) The radii on the several 

laminz are in straight line one with another. This is explained by the support of the 
inflexible parts between the radii, i. e., the newly formed lamine will bend in lines coin- 

cident with those of the next superior lamina. (10) No previous theory explains them. 

CIRCULI. 

(1) The number, distance apart, and mode of growth of the circuli afford no evi- 

dence as to the cause or periodicity of the annuli; (2) they are of uniform distance 

apart, regardless of the rate of growth, hence they do not represent definite periods of 

time; (3) their function is probably that of anchoring the scale in the pocket. 

@ Gill, Theodore: Natural history of the weakfish. Transactions of the American Fisheries Society, p. 269-276. Washing- 

ton, 1910. 
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ANNULI. 

(1) Annuli are edges of lamine, and are not composed of circuli occurring closer 

together; (2) they do not represent periods of retarded growth; (3) they probably 

represent differences in degree of calcification. 

CLASSIFICATION. 

(1) Spines, not being permanent, have little classificatory value; (2) radii have 

none; (3) shape, alone, has none; (4) size has none; (5) the foregoing characters, collec- 

tively, may be of some value in classification; (6) circuli, appearing as the most constant 

character, are probably of some classificatory value. 

LIFE HISTORY. 

(1) If the squeteague grows more in summer than in winter, it leaves no trace of such 

a difference on its scales; (2) this fish probably spawns in its third year; (3) the maxi- 

mum age is not less than 8 years, the oldest fish caught being of this age; (4) an average 

adult fish of this species is 32 cm. long; (5) little has been learned of winter habits 
from scales. 

TABLE 1.—SHOWING GROWTH EacH YEAR OF CYNOSCION REGALIS, LENGTHS CALCULATED FROM 
GrowTH BANDS ON SCALES.@ 

Number. 
First |Second} Third | Fourth} Fifth | Sixth |Seventh) Eighth Sex. | Age. |Weight. Fier 
year. year. year. year. year. year. year. year. 

@ The measurements of length in this paper are from tip of snout to the end of the shortest rays, middle of the caudal fin. 

97867°—vol 34—14 21 
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TABLE 2.—LENGTHS AT DIFFERENT AGES OF 65 EXAMPLES OF CYNOSCION REGALIS AS CALCULATED 
FROM THE SCALES AND AS AVERAGES OF MEASURED YEAR CLASSES, WITH THE NUMBER OF FISH 

MEASURED IN Eacu CASE. 

Length. Number of fish. Length. Number of fish. 

Year. 
Calcu- Meas- Calcu- Meas- 
lated. ured. lated. ured.@ 

cm. cm. 
19-91 20.5 38 aCe) 
26.31 26.6 37 (+13 

31-84 3263 36] x5(+ 3 
38.48 37-0 ar 6(+ 3 
46.22 45-2 Is 9 

@ As the number 1, 2, 3, and 4 year-old fish used in table 1 was small the present table includes 27 additional specimens 

employed for length measurements, their distribution is indicated by the numbers in parentheses. 

TABLE 3.—VARIATIONS IN LENGTH AT DIFFERENT AGES OF CYNOSCION REGALIS. 

Maxi- Mini- Differ- Aver- 
Wear mum. | mum. ence. age.2 Rear: mum. | mum. ence. age.a 

cm. cm. cm. cm. cm. cm. cm. cm. 
32-37 11.67 20.70 19-91 || Fourth............. 55-59 25-20 30-39 38-48 
40. 8x 17-51 23-30 EG 500) RGLEM ae ertieel= Serene 59-15 29-35 29. 80 46.22 
47-85 21.00 26. 85 SrCoSi |) AREA Walseaarecemme ee 65-50 BI. 72 33-78 46.96 

@ Average not of the maximum and minimum in class, but of entire class. 

TABLE 4.—RELATIVE DISTANCE APART OF THE ANNULI (ARBITRARY STANDARD), AND THE NUMBER 
oF CrrcuLI BETWEEN Eacu Two. 

< Number bis 
Band. | Width. Ghicaeatls) Ratio. 

I 19 78 4-01 
ry 10 40 4-00 
3 6 2 3-50 

4 6 20 3-33 
oi 3 10 3-33 

TABLE 5.—NUMBER OF Rap IN EACH YEAR OF THE LiFE OF 40 FisH, COUNTED ON THE ANNULL.® 
Ne 

. Sec- + . . Sev- . Sec- : . « Sev- First Third] Fourth | Fifth |Sixth First Third) Fourth | Fifth | Sixth 
Number. | vear. = year.| year. | year. | year. tae Number. | year = year.| year. | year. | year. hei 

@ Different series from table x. ‘The fortuity that the small number of scales more than three years old includes, No. 4, 

ro, and 39 which have an unusually large number of radii, serves in a measure to obscure the purpose of the table; with these 

abnormal figures omitted throughout, the averages corroborate the fact that it is otherwise obvious to one who examines the 

scales. y 



TABLE 6.—NUMBER OF FisH (CYNOSCION REGALIS) ATTAINING THE DIFFERENT AGES.4 

Year. “an T Chie re Total. Vear. 

Male. | Female. 2 Male. Female. 

@ This table shows that 36 out of originally 38 specimens, or 94.7 per cent survived till the third year (see text, p. 314). 
’ 

SUPPLEMENTARY OBSERVATIONS ON THE PIGFISH, ORTHOPRISTIS CHRYSOPTERUS. 

SCALE OBSERVATIONS OF THE SQUETEAGUE AND PIGFISH. 

Sex. Sex. 
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The foregoing investigations on the scales of the squeteague were done during the 
summer of 1912. 

the summer of 1913. 

the investigation also throws additional light on the nature of the annuli. 

Number of specimens 
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Length in cm. 

Fic. 5.—Occurrence of pigfish of different lengths, one year old and upward. The 10 cm. class 

consists of specimens ro to 11 cm. in length, etc. 

The writer undertook a similar work on the scales of the pigfish in 
Besides bringing out some points in the life history of this fish, 

The scales of the pigfish are similar in type to those of the squeteague, i. e., they 
are ctenoid, radiate, and characterized by circuli, annuli, etc., and they have the same 

general shape as those of the squeteague. 

The radii found on the scales of the pigfish are similar to those of the squeteague 
in structure, but are much more regular in arrangement. Branching is not common 
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inside the second annulus and as the annuli seldom exceed two in number, branching 

bears a much less important relation to age determination on the pigfish than on the 
squeteague. At the focus the radii are usually from six to nine in number, and more 
often than not continue to the periphery without branching. 

The radii on the pigfish scales corroborate the evidence found on the squeteague 

and make even more convincing the probability that radii are adaptations to bodily 
movement. A cross section of the pigfish scale 
shows a very characteristic structure strongly 

supporting the proposed explanation. Imme- 

diately under, and coincident with, the radii 

are corrugations, in the upper layer of whose 
summits are the radii. These corrugations 

stain rose pink in picrocarmine (Hoyer), while 
the superior layer stains hardly any. 

Scales taken from the opercula of the 
pigfish offer still further corroboration of the 
conclusions drawn from observations on the 
scales of the squeteague. They present in 
cross section a sinuous outline suggesting the 

view that they are stages intermediate between 

those that bend and have the regular radii and 
those occupying inflexible parts and having no 

radii. 
A series of experiments was carried on 

directed toward determining what influence 
food supply has on the formation of the annuli. 
Two aquaria were kept. (See feeding record, 

table 7.) In aquarium no. 1 four fish were 
placed, ranging from 14 to 18 cm. in length; 
in aquarium no. 2 seven fish of lengths ranging 
from 14 to 22 cm. were placed. All were 

started in aquaria on June 24. From June 27 

the feeding record shows their treatment till 
they died or were taken out, August 22. In 

the beginning the fish in aquarium no. 2 were fed sparingly, but as it was learned that 
they could live on very little, feeding was practically abandoned during the month of 

August. In all cases the fish in aquarium no. 1 were fed daily all they would eat, while 

those in no. 2, even when fed, were never satisfied. For some unaccountable reason all 

of the ‘‘well-fed’”’ fish died on August 6, while one of the ‘‘starving”’ fish died August 5. 
Careful watch was kept on the growth of the scales, but no difference whatever 

was noticeable in the formation of annuli. Any difference in growth was so small as 
not to be reckoned with. (Pl. Lvut, fig. 25, 26.) 

These results appear to offer conclusive evidence that feeding habits have no in- 

fluence upon the formation of annuli. Other possible factors yet untested are the 
influence of temperature and the presence of lime salts in the food and water. 

Number of specimens 

1 2 3 4 
Age in years 

Fic. 6.—Occurrence of pigfish at different ages. 
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The method of determining the probable length of life and spawning time of the 

pigfish was the same as that pursued for the squeteague. The survival of the great 

majority of pigfish through two years, followed by a sudden and great diminution in 
number, suggests the conclusion arrived at by Gilbert (1913) for the Pacific coast salmon, 

i. e., that this is the age of sexual maturity and that as a general rule they perish after 

this time. A glance at text figure 6 shows that out of 167 fish observed, only one reached 
the fourth year; 17 reached the third year, while 75 and 74 reached the ages of 1 and 
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Fic. 7.—Occurrence of pigfish of one, two, and three years old. OA, fishes one year old; PB, two 
years; NC, three years. ‘The 8 cm. class consists of specimens 8 to 9 cm. long, etc. 

2 years, respectively. At all events, if the pigfish ever lives over four years it is 

extremely exceptional, since out of the total of 337 fish examined only one was found 

of that age, and none exceeded it. (Text figure 8.) Reasoning then from the small num- 

ber of fish upon which perpetuation of the species would depend if spawning did not 
take place before the fourth or third year, we are forced to the assumption that the 
pigfish spawns in the second year if not in the first. There is no evidence on the scales 
to indicate whether or not spawning occurs in the first year, unless we regard the almost 

universal survival through the second year and the unripe condition of the ovaries and 
testes in July in 1-year-old fish as evidence that spawning does not occur the first year. 
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There seems to be greater latitude in the spawning time of the pigfish than in that 
of the squeteague. Not only was the length of individuals of the various age groups 

much more variable, but through the entire summer fry of all sizes from 1 cm. up were 

taken in great numbers in dragnets, while during the summer of 1912 the writer was led 

to believe that the squeteague had a very definite spawning time by the uniformity 

of length and the absence of small fry. 

As to the winter habits of the pigfish the scales bear no evidence, since the experi- 

ments described above indicate that feeding habits have no influence upon the formation 

of the annuli. 

a TLE al bai 

Ly ll 

111213 14 1S AG 17-18 $1920) $21) 909360425296 

Length in cm. 

Fic. 8.—Comparison of calculated and measured lengths of the pigfish, 

Age in years 

i) 

Numerous efforts were made to fix upon some method of marking individual scales 
for comparison of growth, and of paralyzing parts of the body to observe the formation of 
radii, but these efforts were uniformly without very encouraging results. To mark 

scales the writer tried AgNO,, india ink, slips of tinfoil inserted under the scales, various 
aniline dyes, etc., but in all cases the mark was sloughed off or had impressed itself only on 
the mucous secretion covering the body of the fish. In order to determine empirically 

the growth of scales, the writer removed with a pair of fine-pointed scissors a segment 

of a scale, leaving the remainder in the scale pocket for comparison. It appears that 
such a segment in the scale pocket is partly or completely absorbed and almost entirely 

regenerated. 
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TaBLE 7.—FEEDING RECORD.2 
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Date Aquarium no. rt. Aquarium no, 2. | Date. | Aquarium no. r. Aquarium no. 2. 

June 27...... aanchovies........... 4 anchovies. July 9-13 Fed well on cut fish...| No food. 
June 28 2 shrimps... 2 shrimps. July 14 d .| Anchovies sparingly. 
June 29 ECON ein cuieaieoe .| No food. July 15-27...| Anchovies daily.. No food. 
June 30 Fed well on anchovies.| 2 anchovies. July 28......| Anmchovies..... Full meal anchovies, 
aaty I Fed well on cut fish. ..| No food. J uly’ 29-Aug. | Anchovies daily.. No food.¢ 
July 2 eleiens Do. 6. 
July 3 Anchovies sparingly. |} Aug. 7.......|...ssseeeeee Anchovies sparingly, 
July 4 No food. Aug. 8-r10.... .| No food. 
July 5 Well fed. Align ria. «ese loc Do. 
July 6-7 No food. Ag: 12-22. 6 .|scccccscces Mee Wreseiateieete Do. 
WSU GZ Ste secre | eisisars 4 small anchovies. 

@ This feeding record embraces a period of 57 days. In aquarium no. 1 the fish were fed daily between June 27 and Aug. 6, 
when they died; while the fish in aquarium no. 2 were fed in the 57 days covered by the record only 9 times. This total for 
aquarium no. 2 includes 2 days well fed, July 5 and 28; the remaining feeding days they were fed very sparingly, the amount 
varying from x to 4 anchovies for 7 fishes. 

© All fish in aquarium no, 1 died; reason unknown. 
€ One fish died. 

TABLE 8.—TotaL LENGTH AND Total WEIGHT OF PIGFISH. 

[Lengths for each year calculated from the annuli.] 

Length |Length |Length | Length Length |Length |Length 
No. here ok first | second | third | fourth No. ree ee first | second] third 

- eOt.! year.@ | year. | year. | year.a fi bbe < 4 

gm. cm. cm. gm. 
3-0 fo wcces 22.6 209-5 
200 foveceeesle 18.2 74:5 
Te frccccvecloccecee 19-6 94-1 

184.0 9+ 33 19-6 94-1 
184-0] 14.48 16.1 52-3 
189.0] 16.23 19-5 84.8 
47-0 II. 37 17-2 63-4 

55-0 | 14.44 17-1 55-3 
52.0 II. 70 16.1 51.6 
50-0] 13-12 14-7 4I-4 
32-0 8.75 22.0 145-7 
82.0 13-27 17-3 57-2 

4-8] 10.80 19-4 | 90-5 
102.0 15-15 15-7 48-9 
Ee Banoo 17-8 74-1 

52-0 13-44 2aI.I 123-3 
207-2 | 13-42 20.6 99-7 
125.1 15-23 3 ar.8 109-3 
200-8 | 14.16 4 18.1 78.0 
57-6 | 16.26 I. 19-0 81.0 
89.8 15-08 5. 17-9 64-9 
62-6] 13-18 2. 17-3 67-1 
60.2} 15-05 2. 19-2 81.2 
75-3 14-42 3 17-7 65-2 
50-5 12. 86 3 10. 5 13-8 
80.7 | 15-51 3° 19-5 97-9 
63-5 12.38 4 18.1 73-4 
88.2 16. 53 eee dol Bacisiseis 18.2 83-1 

115-4 | 11.06 8. 17-7 63-3 
17-4 15.28 BeOd. pects coche 17.6 70.2 
51-2] 11.80 4-79 |evcvess 17-8 77-0 

150-6 | 16.48 5. 16-3 54-8 
46-1 | 14.21 Ear Ci Mea 18.5 17-5 
60-3 | 10.50 3 18.0 67.8 
56.7 8.09 7. 16.6 55-7 
74-5 | 13-66 AsO) |sensereaiels 18.4 71. 
42-5 | 13.08 2. 18.5 977-8 
72-1 17-13 TaSB5iljeresie'ssss 25-8 | 205.5 

132-9 | 15-45 5. 
56.2 11.67 (ote haasoocrl| aerocnca il) avec s=h9 ng oases] idaborned 
92-8] 12.56 Ge Baill siaruneedne Petereraietotets 

© Figures in these columns represent amount added for the respective years; the total length for any year may be found by 
adding the increment for one year to the preceding total. 

. 
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TABLE 9.—PIGFISH.—COMPARING THE AVERAGE LENGTHS MEASURED FOR THE DIFFERENT YEAR 
Groups WITH THE LENGTHS CALCULATED, AND THE NUMBER OF SPECIMENS MEASURED AND CAL- 

CULATED IN Esc CASE. 

Length. Number of fish. 

eat ae | eT 

Measured. | Calculated.| Measured. | Calculated. 

cm. cm. 
Bivens 13-1 12-8 77 78 
Brent 17-8 16.7 58 78 
Feria 21-3 19-5 20 17 
Access 25-5 25-5 I I 

Dota |i1. tates phiee< awe enieieivianes 156 174 

SYNONYMY OF TERMS. 

Owing to the great number of terms applied to the different structures of scales 

and the confusion resulting from it, this synonymy has been arranged to specify the 

terms employed in this paper. 

The exterior surface of scales is marked with numerous, more or less distinct relieved 

lines, concentric, or nearly so, in most cases, with the periphery. They are variously 

known as annuli (Esdaile), circuli (Cockerell), strie, fibrille, concentric rings, and 

growth-rings. Such lines are here denoted as circuli. (PI. L, C.) 
For their common center, usually somewhat posterior to the center of the scale, 

the term jocus adopted by Cockerell is used in this paper. It has also been called the 

center, centrum, center of growth, and nucleus. (PI. L, F.) 

Concentric with the circuli are bands or zones, which are here denominated annult. 

They are darker than the space between them and have been regarded as zones in 
which the circuli are closer together. They appear in some cases to be regions in which 

the regularity of the circuli is interrupted. They are variously known as annuli, pero- 

nidia, annual rings, winter bands, and growth-rings. (Pl. 1, A.) 

Radi, as they are called in this paper, are lines found usually on the anterior side 

of the scale, perpendicular to the circuli, directed from the focus to the periphery and 

usually increasing in number as the latter is approached. They have been known as 

grooves, radiating grooves, and radii. (PI. L, R.) 

The outer edge of the scale is called in this and other papers the periphery. It 
has been called the margin. (Pl. L, P.) 

In some scales the posterior field is found to be covered with spines, barbs, or 

teeth. The author uses the term spines for these. They have been called denticles, 

spinules, and teeth. (Pl. L, Sp.) 

A scale may be divided into four areas or fields. They are referred to in this 

paper as the anterior field or that portion covered in the scale pocket and directed toward 

the head of the fish; the posterior field or that part opposite the anterior field and in 

ctenoid scales covered with spines; and the /ateral fields or those on either side of the 
scale. In connection with areas of the scale surface the words apical and basal have 

been used for posterior and anterior, respectively. 

The inferior side is that nearest the body. The exterior or superior side is the 

sculptured side. 
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Fic. 1.—Cynoscion regalis. Typical scale showing all the terms used in this paper: F, focus; 
C, cireuli; P, periphery; R, radii; A, annuli; Sp., spines. X 10. 
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Fic. 2.—Cynoscion regalis. Regenerated scale showing unusually large 
focus marked with fine sculpturing. X 12. 

Fic. 3.—Cynoscion regalis. Photomicrograph of two annuli, A, showing 
that the annuli are not in reality bands in which the circuli are closer 
together. X 4o. 
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Fic. 5.—Scale taken from above the eye and 
on the median line. X 14. 

Fic. 4.—Scale taken from the head of the fish 
directly above the eye and slightly off the 
median line. 12. 

Fic. 6.—Scale taken Fic. 7.—Scale taken from posterior base of the dorsal fin. ™ 1 1. 
from cheek. % 14. 

Cynoscion regalis,—Scales taken from different parts of the body showing the influence of movement and shape on 
the presence and number of radii, 
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Fic. 8.—Scale taken from 
side of vent. X 12. 

Fic. 10.—Scale taken from 
side of vent. X 12. 

Fic. 9.—Scale taken from point 
near the vent. Tae 

Fic. 1r.—Scale taken Fic. 12.—Scale taken from slightly be- Fic. 13.—Scale taken 
from point near low the anterior base of the dorsal from base of first 
the vent. X tro. fin. X ro dorsal fin on median 

line. X To. 

Fic, 14.—Cross section of scale bent to show opening of radii. qo. 

Cynoscion regalis—Scales taken from different parts of the body showing the influence of movement of the fish and 
shape of the scale on the presence and number of radii. 
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Fic. 15.—Scale showing the diminution of the number of radii after the third year. X 12. 

Fic. 16.—Scale taken from anterior base of caudal fin. % 14. 

Cynoscion regalis.—Scales taken from different parts of the body showing the influence 
of movement of the fish and shape of the scale on the presence and number of radii. 
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Fic. 17.—Cynoscion regalis. Scale from a fish beginning 
its second year. % 15. 

Fic. 18.—Cynoscion regalis. Scale froma fish beginning its 
third year, X 14. 
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Fic. 19.—Cynoscion regalis. Scale from a fish beginning its fourth year. X12. 

Fic. 20.—Cynoscion regalis. Scale from a fish beginning its fifth year. X 12. 
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, g its sixth year. cale from a fish beginnin Ss Fic. 21.—Cynoscion regalis. 

X 40. A, annulus; R, radii. Showing annulus crossing circuli. 
Fic. 22.—Pomolobus mediocris. 
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Fic. 23.—Orthopristis chrysopterus. Scalefromafish1yearold. X 35. Fic. 24.—Orthopristis CEOS: Scale from a fish 2 
years old. .X 12. 

Fic. 25.—Orthopristis chrvsopterus. Scale from a well- Fic. 26.—Orthopristis chrysopterus. Scale from a spar- 
fed fish in aquarium no. 1. X12. (See table 7.) ingly fed fish in aquarium no. 2. ™ 12. 
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Fic. 27.—Orthopristis chrysopterus. Scalefroma fish 4 yearsold. 12. 

Fic. 28.—Orthopristis chrysopterus. Scale from a Fic. 29.—Orthopristis chrysopterus. Scale from a fish 
fish 14cm. long but with noannuli. X 12. 3 yearsold. X 12. 
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a 

Contribution from the United States Fisheries Biological Station, Fairport, Iowa. 

Bad 

INTRODUCTION. 

Under an appointment by the Commissioner of Fisheries, during the summer of 

1914, at the United States Fisheries biological station at Fairport, Iowa, an extended 

examination was made of the parasitic copepods which infest our fresh-water fishes in 

the Mississippi River and its tributaries and of the mussel glochidia which are also 
parasitic upon fish during their term of metamorphosis. Several of the early American 
naturalists became interested in the copepods found upon fresh-water fish, and many 
new species were described. This was especially true of Le Sueur and Dana, and singu- 

larly enough the Danish investigator, Krdyer, also obtained a number of American species 
from fish sent to the Copenhagen Museum. But in every instance the species described 

were isolated, they were sometimes founded upon single specimens, and many of them 

have never been seen since their original discovery. 

Prof. S. I. Smith published in the Report of the United States Commissioner of Fish 

and Fisheries for 1872-73 alist of the crustacean parasites of the fresh-water fishes of 

the United States (p. 661-665). This list included two argulids, one caligid, one ergas- 
ilid, six lernzopods, three of which were new to science, and two lernzans, 12 species 

in all. With true scientific foresight, Prof. Smith stated that the few species he enumer- 
ated were ‘‘doubtless only a small fraction of those which really prey upon our common 

fishes,” and that his principal object was to ‘‘call attention to the subject and furnish 

a basis for future investigation” (p. 661). But his suggestion did not meet with the 

response it deserved and beyond the investigations of Smith himself, Packard, Kelli- 

cott, Wright, Fasten, and a few others, all widely scattered, no attempt has been made 

to increase the list up to the time of the present investigation. 

About 1895 Mr. R. R. Gurley, at that time in the employ of the United States 

Bureau of Fisheries, gathered together all the available data with reference to the 

copepods parasitic upon fresh-water fishes, translating the descriptions given by Krdyer 

and other foreign investigators and identifying both hosts and parasites amongst the 

material in possession of the Bureau. He made no attempt to establish new species, 

but only to bring together all that had been previously described, and he accumulated 
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a manuscript of about 150 pages, which was subsequently turned over to the present 

author. ‘This has proved of great value on other occasions as well as the present, and 

Gurley’s original identifications and additions to the work of previous authors are 
acknowledged in the following pages. 

The specimens and other material were derived from several sources. First, the 

work of the biological station involves the handling of large numbers of fish, and several 

of the regular staff, notably Mr. H. W. Clark, Mr. T. Surber, and Dr. A. D. Howard, 

have saved such parasitic copepods as they found while examining the gills for glochidia. 

These were generously turned over to the present author, who had also accumulated 

a large number of specimens during the surveys of the mussel fauna of various regions 
of the United States under the auspices of the Bureau of Fisheries. 

These collections were augmented during the present investigations by a careful 

examination of all the preserved gills of fish in the possession of the biological station, 

of the gills of live fish caught by the regular seining crew or brought to the station for 
glochidial infection, and of a large number of dead fish caught by local fishermen. 

In these different ways, and including chiefly the waters of the Mississippi Valley, 

the original list has been increased to 46 species, 10 of which are new to science; 1 of 

Kr¢yer’s and 1 of Le Sueur’s species have been rediscovered, and there have been added 
the larve of 4 other species in various stages of development. 

During the investigation it early became apparent that certain economic relations 

existed between the copepod parasites and the mussel glochidia, which are also parasitic 

on fish. Although the broad fact that parasitized fish do not take or hold glochidia as 
well as the nonparasitized ones was observed early in the work at the station, neverthe- 

less the existence of particular mutual relations between copepods and glochidia had 

never been suspected. Of all the authors above mentioned Fasten is the only one who 

has ever treated the copepods from an economic standpoint, and his excellent papers 

deal chiefly with the artificial propagation of a single species. It is at once evident, 

however, that the interrelations between the fish and the two kinds of parasites must 

exert considerable influence upon the artificial propagation of mussels, as well as upon 

an intelligent study of the parasitism of the copepods. Accordingly these economical 

discussions are placed first in the present paper, and the description of the species is left 
until the last. 

RELATIONS BETWEEN THE COPEPODS AND THEIR HOSTS. 

As has elsewhere been stated, both by the present author (Proceedings of United 

States National Museum, vol. 25, p. 654) and by other investigators, it is not probable 

that the copepod parasites of fresh-water fishes become under natural conditions a 

serious menace to the life of their host. But it must be remembered that their presence 

upon the fish is always injurious to the latter and can never be beneficial nor even 
indifferent. 

1. There is a notion prevalent in certain quarters that a limited amount of dirt and 
vermin is wholesome rather than harmful. It is needless to say that this is erroneous, 

and that there is no truth also in the idea that a few of these creatures do their host 

no real harm, but that a considerable number must be present in order to become really 

injurious. Even a single parasite withdraws from its host enough blood for its own 
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sustenance. That amount may be small, but it is nevertheless a loss, and it weakens 
the fish’s vitality by just so much. The simple fact that a sufficient number of para- 

sites can weaken or even kill a fish is enough to prove that each one does his share toward 

that end and is therefore harmful. And here in the Mississippi Valley there are other 

considerations which tend to greatly increase this influence of parasitism. 

2. The parasites, especially the ergasilids, are more numerous upon young fish; 

one can scarcely examine a young crappie or calico bass 3 to 5 inches in length without 

finding it infested with Ergasilus czruleus, its particular parasite, and the same may be 

said of the hosts of the other ergasilids. It is not quite as noticeable in the case of the 

argulids and lerneopods, although even here the smaller fish are the ones most frequently 

infested. ‘These young fish are like the young of all animals, including even man. They 

are growing rapidly; they need all the vital energy they can produce to carry on this 

growth successfully, and hence they are more susceptible to the injurious effects of 
parasitism than the matured adult. We thus find a maximum of numbers of parasites 
at that very stage of development when there is a minimum of resistance on the part of 

the host, and this greatly increases the influence of the former upon the latter. 

3. Again, the parasites are more numerous in the slews and cut-offs (so-called lakes) 

than in the main river. This is due partly to the absence of a current, thereby enabling 

the parasite larva to swim about freely, and partly to the crowding together of the para- 

sites and fish, which materially aids the former in their search for the latter; but in 

these shut-off bodies of water the conditions are not as favorable to the fish as in the 

open river, especially late in the season. There is not as much food, the water is not 

as well aerated, and there is a keener struggle for existence. Furthermore, in these 

slews the young fish far outnumber the older ones; these are the very places to which 
they resort to escape their enemies. Scarcely a fish can be found in these ‘‘lakes” and 

slews which is free from parasites, and towing reveals the presence of large numbers of 

parasite larve swimming about in search of a host. Thus the parasites attack their hosts 
not only at the stage of development when they are most susceptible, but also in the 

places and under the conditions when they are least able to withstand the attack, again 

greatly augmenting the influence of parasitism. 

4. With the time, the place, and the conditions thus favorable to the parasites, 

the latter respond quickly and show an abnormal increase in development. A far greater 
number reach maturity than under less favorable conditions; these in turn breed, and 

the number of larve is increased a hundredfold; a considerable percentage find hosts, 

thus crowding the gills of the young and already weakened fish. In this way parasites 

that are comparatively harmless under ordinary conditions may, and often do, become 

a serious menace to the life of the fish. 

These considerations are enough to show that the presence of even a few parasites 

is not a matter of indifference. Fortunately, under ordinary conditions the parasite 

has an even harder struggle for existence than its host. In this struggle the different 

kinds of parasites are affected differently, while the ultimate issue is the same for them all. 

The ergasilids swim about freely until they reach maturity. The male never be- 

comes a parasite, but completes its life as a free swimmer, while the female seeks a par- 

ticular host. During this comparatively long free-swimming period both sexes have to 
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contend with many enemies. They are then a part of the plankton and as such have to 

contribute their share toward the support of all the varied life which feeds upon the 

plankton. There are many animals which eat copepods and none of them are at all 

particular as to the species. These free-swimming ergasilids are fully as toothsome as 

other kinds and are as often eaten. The male never escapes this danger, but the female 

does when she has once fastened to the gills of a fish. It sometimes happens, however, 

that when the female is ready to fasten to a fish all the fishes suitable for hosts have left 

the vicinity. Under such conditions the female parasite must die unless she can swim 
far enough to find a host. 

The argulids swim about freely, even after reaching maturity, especially the males. 

During this swimming they also become part of the plankton and share in its dangers 

and vicissitudes. Being external parasites, they are not compelled to find a particular 

host, for they can remain temporarily upon almost any fish until their true host is found. 

They are thus much less susceptible to the dangers of the plankton than the ergasilids, 

and when they have once reached maturity they are thenceforth free from such dangers. 
Their much larger size also operates in their favor, for they are too bulky to be caught 

by most of the creatures which eat ordinary copepods. 

The lernzopods have but a very short free-swimming period, a few hours at the 

most, and during that time they, too, are subject to the dangers of the plankton. They 

must not only survive these dangers but they must also find a particular host within 

this brief period or they perish; and the same disaster often overtakes them that 

happens to the ergasilids, namely, when they are ready to attach themselves there are 
no suitable hosts available. 

The lernzids also become a part of the free-swimming plankton at two separate 

periods in their development. First during the nauplius and metanauplius stages, 

when they are indistinguishable from all other copepods in the same stages, so far as the 

dangers of the plankton are concerned. Then they spend the copepodid stages as 

parasites upon the gills of some fish, apparently any that happens to be available. On 

leaving this intermediate host they again enter the plankton and swim about freely 

while a union of the sexes takes place. The male develops no farther, but the female 

must seek a permanent host, and this time it must be a particular species of fish. 

During this latter period, therefore, they are in the same condition as the lernzopods 

and often experience the same trouble, namely, when they are fully developed there 

are no suitable hosts available. 

It follows that the parasites are ordinarily held in check by these means, and if 

they are to become anything of a menace to the fish there must be peculiar conditions 

favorable to them and unfavorable to their hosts. The custom practiced by the bio- 

logical station of seining the fish out of the “‘lakes’’ and slews that are likely to go dry 

and putting them back into the main river is the best thing that could be done to get 

rid of the parasites. We have just seen that the latter breed rapidly under the conditions 
obtaining in the slew and that everything works together in their favor. By removing 

the fish such breeding is at once stopped; all the parasite larve and adults left in the 
slew die, and the new conditions in the main river are such as to keep subsequent breed- 
ing within due bounds. 
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RELATIONS BETWEEN THE COPEPODS AND THE GLOCHIDIA. 

We have just discussed the relations between the fish and the copepods, but both 

copepods and glochidia infest our common fresh-water fishes. Consequently, in view 

of the efforts which are being put forth by the United States Bureau of Fisheries for the 
success of artificial mussel propagation it becomes imperative to know whether the 

habits of these two kinds of parasites are harmonious or antagonistic. Does the presence ’ 

of copepods upon our common fishes influence in any way their susceptibility to infection 

by mussel glochidia? This problem can be most intelligently discussed in the form of 
a series of questions and answers. 

I. Are the fish that serve as hosts for the copepods those which are naturally susceptible 

to infection by glochidia? 

This question can be best answered by arranging in tabular form a list of the fishes 

with their glochidia and copepod parasites in parallel columns. 
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A careful reading of this table shows us: 

1. The fish which carry the copepods are also those which serve as hosts for the 

glochidia. ; 
There are a few exceptions on either side—some fish, like the eel and the shovel- 

nosed sturgeon, which carry only glochidia, and others, like the dogfish and the bull- 

head, which carry only copepods. But these are simply the exceptions that prove the 

rule, and we must also remember that not all the fishes in the list have been thoroughly 

examined for both copepods and glochidia. Future investigations are very likely to 

reduce these exceptions and possibly to eliminate them entirely. This is exactly what 

would be expected, for the temporary parasite, the glochidium, is not so very different 

in some respects from the permanent parasite, the copepod. The conditions which are 

favorable to the one would favor the other also, and the conditions which are adverse to 

the one would be adverse to the other. Hence we may go a step further and affirm: 

2. The species of fish which are ordinarily free from copepod parasites do not furnish 
conditions favorable to infection by glochidia. 

The numerous species of buffalofish, carp, suckers, lampreys, minnows, shiners, 

dace, chubs, and darters are excellent examples. The above table includes all the fresh- 

water fish at present known to serve as hosts for either copepods or glochidia, and prac- 

tically none of these fish appear in either list. Nor are they likely to appear in any 

numbers, for these fish have been as thoroughly examined as any others, but nothing 

has been found upon them. Lefevre and Curtis mention some of the mechanical factors 

which tend to render a fish immune to infection by glochidia, such as the smallness of 

the gill openings, the rapidity of the fin movements, and the texture of the gills. They 
mention as the most striking instances of immunity the German carp, certain minnows, 

and the darters, three of the above-named fish. By means of artificial infection they 
exposed these fish to glochidia, a few of which fastened upon their gills and fins; but 

these were quickly sloughed off, and none could be carried through the parasitic period. 
“The disappearance of the hookless glochidia of Lampsilis from both gills and fins of 

thecarp * * * suggests rather that there may be some reaction of the host’s tissues 
comparable to the processes which confer immunity against parasitic bacteria in higher 

vertebrates.” (Lefevre and Curtis, Bulletin Bureau of Fisheries, vol. xxx, p. 163.) 

We can readily understand how an immunity of this character could operate against 

the parasitic copepods as well as against the glochidia. Extensive examination in the 

future may, and probably will, reveal straggling copepods and glochidia, but in such 
small numbers that they must be regarded as accidental infections. # 

3. The fish which make the best copepod hosts are also those which are naturally 
infected with the greatest number and variety of glochidia. 

A fish’s efficiency as a host may be measured either by the number of any single 

parasite it harbors, or by the variety of species. In the copepod parasites these two 

criteria are usually separated and must be considered independently. In the mussel 
glochidia they are nearly always united, and may therefore be treated conjointly. 

Keeping these facts in view, we notice first that the crappie, Pomoxis annularis, 
stands at the head of both lists. It serves as the host of at least 13 species of mussel 

glochidia, and yields often as many as 500 or 800 specimens of some particular species 

@ Argulus foliaceus and Ergasilus sieboldii have heen found once or twice on the carp (Cyprinus carpio) in Europe, while 

Lernaocera pectoralis was reported by Kellicott from the red-fin shiner (Notropis cornutus) in the Shiawassee River, Mich. 
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like L. ligamentina or L. ventricosa. When artificially infected, each crappie will take 
from 1,000 to 2,000 glochidia and sometimes even more. 

Turning now to the copepods, we find that while it carries on its gills only twospecies, 

it is, nevertheless, the worst infected’ fish in the Mississippi River so far as numbers are 

concerned. Hardly a crappie examined during the summer season failed to yield speci- 
mens of one or both copepods, and frequently the number from a single fish reached into 

the hundreds and sometimes came close to a thousand. The difference in size between 

the glochidia and copepods make these numbers closely correspond, and the limit in 

both instances is apparently determined only by the actual living space on the gills. 

The second fish on the list is the sheepshead, A plodinotus grunniens, which serves as 

a host for 11 species of mussels, and upon the gills of which the number of individual 

glochidia is usually well up in the hundreds and frequently reaches into the thousands. @ 

This is an apparent exception to the rule, for while there is an external Argulus parasite 

to correspond with the few fin glochidia, a careful examination of all the sheeps- 

head gills that were available (about 500) failed to reveal a single copepod; but there 

are certain facts which profoundly influence our judgment in the present instance. 

First, and of the greatest importance, this fish habitually feeds upon thin-shelled 

mussels, crushing the shells with its powerful pharyngeal jaws. Whenever the shell of a 

gravid mussel is crushed in this way the gills of the fish necessarily become infected with 

the glochidia which are set free. L. levissima and P. donaciformis are the ones whose 
glochidia are found in greatest numbers, and these as well as most of the others have 

papery shells. ‘This method of infection is quite different from that in the crappie and 
other fish and cones close to being artificial. Furthermore, such infection is practically 

constant, in fact as constant as the feeding of the fish, and thus the gills are kept loaded 
with glochidia all the time. The presence of these glochidia prohibits that of the cope- 

pods, as will be shown later. The glochidia of the thick-shelled mussels like Q. heros 
are obtained in the usual way and are much fewer in number. 

Again we find upon the sheepshead’s gills, in addition to the mussel glochidia a 
trematode ectoparasite, which exists in as great abundance as the copepods upon the 

gills of the crappie. The presence of these worms may still further explain the absence 
of copepods. 

After the sheepshead comes the sauger with six species of glochidia, the green sun- 

fish with five, the bluegill and white bass with four each, and the gizzard shad, the large- 

mouth black bass, the skipjack, and the calico bass with three each. Of these the 

bluegill, the white bass, and the calico bass are each infested with the same two species 

of Ergastlus as the crappie, in smaller numbers but still to a considerable degree. The 

largemouth black bass carries a still smaller number of individual copepods but com- 

pensates for it by being the host of five different species. The green sunfish, the gizzard 

shad, and the skipjack have but a single copepod parasite on their gills, but they are 

also really the host of but a single kind of glochidium, the others being found in such 

small numbers that they can be regarded only as accidental infections. Having thus 

determined that the same fish serve as hosts for both copepods and glochidia, a second 

question naturally arises: 

@ On the gills of one fish of this species 5,200 glochidia of FP’. donaciformis were found, and upon another fish 10,400 of the same 

glochidia. 
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Il. Is there any fellowship between the different species of the two kinds of parasites? 

Do we find certain species of glochidia associated with the same copepod wm a majority of 

anstances? wi 
This question can also be answered by reference to the table (p. 338), from which 

we deduce the following: 

1. Of the external-fin glochidia Anodonta corpulenta is by far the most widely dis- 

tributed and is always accompanied by an external Argulus parasite, usually A. appen- 
diculosus. ‘The green sunfish, the calico bass, and the skipjack are apparent exceptions; 

Anodonta glochidia have been found upon them but no Argulus copepod. It must be 

remembered, however, that the glochidia are fastened in the fins and remain there no 

matter how long the fish may have been kept or how much it may have been handled. 

On the other hand, the copepod merely clings to the outside surface of the fish and is 

easily brushed off when alive and practically always falls off when dead. Only a few 

of these fish have been examined under conditions favorable for finding the copepods, 
while the conditions are always favorable for finding glochidia. 

Such being the case, it seems reasonable to expect that an Argulus parasite will 

be found upon the three fish just mentioned as the result of future examination; but 

the argument ought to work equally well in the opposite direction, and hence we may 

look for the future discovery of the glochidia of A. corpulenta upon the channel cat, its 
copepod fellow having been already found. 

2. The glochidia found upon the gills of fish may be divided into the two great 

groups of Lampsilis species and Quadrula species. Accompanying the former we find 

Ergastlus ceruleus in every instance, except upon the largemouth black bass, where it 

is replaced by Ergasilus nigritus, one of the new species. Accompanying the Quadrulas 

we find Evgasilus versicolor upon the catfishes and the skipjack and Ergasilus centrarchi- 

darum upon the Centrarchide. In this instance the copepods and glochidia are equally 

well protected, and the only hindrance to their discovery is the lack of fish specimens. 

Some species of fish are always scarce, while others that may be ordinarily plentiful 
may be scarce at just the time when they are likely to become infested with the copepods 
or the glochidia. Hence, while one of the parasites might be well known upon the fish, 
the other might have escaped notice. 

Apparently something of this sort has happened to a few of the catfishes and Cen- 

trarchide; copepods have been found upon them repeatedly, but thus far no mussel 

glochidia have been discovered. It would seem reasonable, however, to expect them, 

and some species of Quadrula will probably be found in the future upon the yellow cat, 

the bullhead, and the Fulton cat, while some species of Lampsiulis will be found upon 

the common sunfish, Eupomotis gibbosus, the warmouth bass, and the smallmouth black 
bass.2 

In connection with the association between EF. centrarchidarwm and Quadrula 
glochidia the following may be suggested: 

(a) E. centrarchidarum is found on the gills of the largemouth black bass, but it is 
accompanied by FE. nigritus, one of the new species which evidently takes the place on 
this host of E. ceruwleus, the regular associate of Lampsilis species. The presence of 
centrarchidarum, therefore, is not to be interpreted as indicating that it is here excep- 

@ Since the writing of this paper two species of Lampsilis glochidia have been discovered upon the gills of the warmouth 
bass and have been inserted in the table on page 338. 
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tionally associated with Lampsilis species but, rather, that Quadrula glochidia will be 

found in the future upon this fish as they have been upon so many of the sunfishes and 
basses other than the largemouth. ; 

(b) Upon the sunfishes it is worth noticing that the two copepods ceruleus and 

centrarchidarum occur together, and we should expect such fish to become the natural 

hosts of both Lampsilis and Quadrula glochidia. Two of them, the bluegill and the 

green sunfish, have already yielded both kinds of glochidia, and it would seem probable 

that future investigation will find both kinds upon the other sunfish where now there 
is but a single kind. 

(c) E. centrarchidarum is found upon the gills of the wall-eye, which have thus far 

yielded only Lampsilis glochidia; but upon the sauger, another fish of the same genus 

as the wall-eye, both kinds of copepods and both kinds of glochidia appear. Further- 
more, both fishes yield the same species of Argulus, so that it does not seem presumptive 

to suppose that the second species of Ergasilus and Quadrula glochidia will eventually 
be found upon the wall-eye, as they have already been upon the sauger. 

3. There is a single well-marked instance of individual association between a 
glochidium and a copepod. Lampsilis anodontoides, whose glochidia are practically con- 

fined to the gars, is found to be accompanied by a peculiar copepod, Ergasilus elegans, 

another new species, which differs markedly from the others of its genus in the fact 
that the female remains free swimming for a much longer period. Indeed, it seems 

probable that they leave the fish’s gills after having fastened to them and swim about 

freely. ‘There are two other new species, Ergasilus lanceolatus from the gizzard shad 

and /. elongatus from the spoonhill cat, which are fully as peculiar as FE. elegans and 

which may well be the copepod half of other individual associations whose glochidial half 

has not yet appeared. Furthermore, we may look for F. elegans upon the alligator gar, 

whose gills have already yielded specimens of Lampsilis anodontoides. 

4. It has long been known that certain species of copepods are confined to particular 

hosts and are not found upon any others. ‘The table furnishes us several well-marked 

examples of this: Argulus mississipprensis and A. ingens are each found upon a single 

host, and although the two hosts are gars and very closely related to each other the 
copepods are distinct species. Again, the two species of Evgasilus just mentioned, 

namely, /anceolatus and elongatus, are each restricted to a single kind of fish and are not 

likely to be found elsewhere. The same is true of Ergasilus megaceros and of Salmincola 

oquassa and S. edwardsii; in fact, a good proportion of copepod parasites of both fresh- 

water and salt-water fish show such restrictions. 

When we look at the glochidia we find that there are fully as many of them confined 

to a single host. Lampsilis alata, gracilis, and purpurata, and Quadrula solida, ebenus, 

and trigona are good examples. Probably further investigations will modify many of 

these as well as of the copepods, but it is equally probable that some of them will prove 

to be always solitary. In the case of the glochidia we are not compelled to wait for 

natural infections, for we can subject a fish to the glochidia of many mussels and deter- 

mine experimentally whether or not it will make a suitable host for them. In fact, 

this has been done by Dr. A. D. Howard, who, in the Bureau of Fisheries document 

no. 8or1, calls attention on page 36 to what he calls “Restricted infection,’’ which 

he has demonstrated by actual experiment in the case of Quadrula pustulosa upon the 
channel cat. 
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Nothing of this sort can be tried with the copepods, since we can not supply larvee 
in the right stages of development as we can glochidia. But although our knowledge of 
both kinds of parasites is rather limited as yet, enough data have been accumulated to 

show that the two kinds of parasites behave very similarly in regard to their hosts. 

There is thus a decided similarity between them when each is found by itself upon some 

suitable host. 
III. Does the actual presence of copepods on a fish’s gills exert any influence upon its 

susceptibility to infection by glochidia? 

In other words, granting that the same fish do serve as hosts for both glochidia and 

copepods, are the conditions favorable for both at the same time? This is manifestly 
something which can not be watched under natural conditions, and the only way to 
answer the question is by artificial infection experiments. Accordingly a hundred crap- 

pies, Pomoxis annularis, of nearly uniform size (5 to 6 inches long), which had been 

caught and brought to the station for artificial infection, were carefully examined and 

25 were found to be infested with Ergasilus ceruleus, while the other 75 were free from 

them. ‘The entire hundred were then infected in the usual manner and under exactly 
the same conditions with the glochidia of the black sand-shell, Lampsilis recta. After 

infection the 25 parasitized fish were killed, their gills were removed, and the number 
of copepods and glochidia on each was counted with the following results: 

Fish. Glochidia. | Copepods. Fish. Glochidia. | Copepods. 

x ° 350 14 102 87 

2 46 Tso 15 7 393 
3 176 12t 16 190 36 
4 126 140 17 63 gio 
5 104 78 18 495 8 
6 337 7 19 40 196 
7 47 253 20 80 112 
8 38 218 2r 16 372 
9 169 142 22 395 10 

To 257 44 23 9 403 
It 301 63 24 Ir 396 

The average number of glochidia upon each of the nonparasitized fish was between 

1,000 and 1,200. By comparing this with the numbers given in the table we deduce the 

following: 
1. The presence of even a small number of copepods upon the gills of a fish reduces 

its susceptibility to infection by glochidia to one-third or one-fourth of what it would 
be if no copepods were present. 

Even the gills that contained 10 copepods or less showed the presence of only a 

few hundred glochidia instead of the thousand or more upon a nonparasitized fish. 

Such a marked reduction can not be explained by the mere presence of the copepods; 

they do not occupy enough of the gills to exert any crowding influence, neither are they 

ever found attached to the tips of the filaments where the glochidia mostly congregate. 

Manifestly there is room enough for both kinds of parasites without serious crowding; 
gills that will accommodate 1,200 glochidia with no apparent injury to the fish can 

certainly find room for more than 400 when only 10 copepods are present. 

Lefevre and Curtis say that the stimulus which causes the glochidium to close and 
thus to fasten itself to the fish is purely a mechanical one (Bulletin Bureau of Fisheries, 
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vol. XXVI, pt. 1, p. 622). Here again the mere presence of a few copepods upon the 

gills of a fish could have no effect upon sucha stimulus. The respiratory movements of 

the fish may have considerable to do with it; the crappie’s respiration is not very vigor- 

ous even at its best, and this is especially true of small fish (Lefevre and Curtis, Journal 
Experimental Zoology, vol. 9, p. 103). 

The irritation due to the presence of parasitic copepods may still further reduce 

these movements and thus prevent infection by glochidia; but if this were the only cause 

10 copepods could hardly produce so large an effect. It would seem as if there must be 

something further, either chemical or physiological in its action, in order to accomplish 

the known results. It will not be very easy to prove what this is, but meanwhile the 

facts remain unaltered that in some way the presence of a very few copepods greatly 

reduces the fish’s susceptibility to infection by glochidia. 

2. As the number of copepods upon a fish’s gills increases its susceptibility to 

infection by glochidia diminishes. Naturally a limit is soon reached beyond which the 

susceptibility has diminished so much that practically there can be no infection at all; 

this limit for small crappies is about 200 copepods. If more than this number is present, 

the glochidia are very scattering and are usually below 50 in number. The copepods 

often increase to 500, and in such instances there are no glochidia, or, if any, their 

number is expressed by a single digit. 

Certain conclusions naturally follow from these facts. The first is that it is obvi- 

ously disadvantageous to attempt to infect with glochidia fish that are already carrying 

copepods. A few glochidia will always stick to their gills, but not in sufficient numbers 

to repay the labor expended. Since the large fish are relatively freer from copepods 

than the smaller ones, it follows that they make the better hosts. Not only are their 

gills larger and thus capable of carrying more glochidia, but the latter will fasten to 

them more readily because of the comparative absence of copepods. 

Again, the fish from the main river, whatever their size, make better hosts than those 

from the slews and “‘lakes,’’ because they, too, are freer from copepods. ‘This is espe- 

cially true at those times when the water is very low; during a long-continued drought 

it would be of little use to try infecting fish caught in such places because they would 
be so infested with other parasites that very few of the glochidia would fasten to them. 

The best thing to do with such fish would be to replace them in the main river and trust 

to taking them again after they had gotten rid of their copepods. 

3. It is obviously a poor rule that does not work both ways, and we find that the 

presence of glochidia is as prohibitive to the copepods as are the latter to the former. 

This also is something that can not be watched under natural conditions; neither can 

it be proved by experiment, for we can not supply parasitic copepods as freely as we can 
glochidia; but it is abundantly sustained by a study of natural infections on the gills of 

fish taken in the river. There are in the possession of the biological station about 1,000 

vials of gills showing natural infection by various glochidia. These were all carefully 
examined for parasitic copepods under a dissecting microscope, and in not a single 

instance where the number of glochidia exceeded 300 was there even a single copepod 

present. 

This mutual antagonism between the copepods and glochidia enables us to under- 

stand clearly why the sheepshead’s gills are never infested with copepods. From the 
nature of the fish’s food, as already explained, its gills are kept crowded with glochidia 
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all the time, and thus the copepods are shut out. This leads to the conclusion that when 
a fish’s gills are artificially infected with glochidia the fish is thereby rendered immune 
to the copepods. Artificial infection therefore, as regularly practiced at the biological 
station, not only does the fish no harm but is even positively beneficial. 

And this suggests a possible safeguard or remedy for some fish hatcheries. It occa- 
sionally happens that parasitic copepods get to breeding in a hatchery in such numbers 
that they kill the fish. Judging from the cases thus far reported, this seems more 

likely to occur among trout than among other game fish. The European trout (Salmo 

jario Linneus) is the natural host of Margaritana margaritijera, but our American trout 

have been examined very little for glochidia. However, if there is any virtue in the 

conclusions here drawn, the very fact that they are more susceptible than other fish to 

the copepod parasites indicates that they would make excellent hosts for glochidia. 

If this be so, an infection with glochidia would be harmless to the fish, but at the same 

time would render them immune to the copepods. At all events, the experiment is 

worth trying. 

4. The breeding season of the copepods thus acquires especial economic importance 
with reference to mussel propagation. It is manifest that at the close of a breeding 

season, when the larval brood of copepods have sought and found their hosts, their 

numbers will be at a maximum. Consequently this would be the time least favorable 

to infection with glochidia. On the other hand, the early spring, before the copepods 

begin to breed, and the intervals between successive breeding periods, would be the 
most favorable to glochidial infection. 

We are not yet sufficiently acquainted with either kind of parasite to be able to 

make a complete schedule of their times of breeding, but many interesting facts have 
been ascertained. 

Lefevre and Curtis in the Bulletin of the Bureau of Fisheries, volume xxx, page 141, 

divide mussels into two groups according to the length of the period of gravidity. Those 

having a long period of gravidity, among which Lampsilis species predominate, produce 

ripe glochidia during the fall and winter and spring months. Those having a short 
period of gravidity, among which Quadrula species predominate, produce ripe glochidia 

during the summer months. Turning now to the copepods, we find that the ergasilids 

and argulids have three breeding seasons in the year, the first at the end of May or the 

beginning of June, the second at the middle or latter part of July, and the third in the 

latter part of September. We do not yet know all the breeding seasons of the lernzids 

and lerneopods, but from the material here presented and that obtained from many other 

investigations it is certain that they also have a breeding season during the middle or 

latter part of July, and it is probable that there are two other seasons corresponding to 
those just given. 

Comparing the breeding of the copepods with that of the mussels, it will be seen 

that the winter or early spring is the best time for infection with Lampsilis glochidia, 

since the only copepods then on the fish’s gills are such adults as have lasted through 

the winter. None of the Quadrula group produce glochidia early enough to be used 

for spring infection, and the best months for them would be July and September, just 

before the second and third copepod breeding seasons; and from what has already been 

said of the cumulative effects of unfavorable conditions during low water the month of 

July would ordinarily be preferable to September. 
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In the paper already referred to Lefevre and Curtis call attention to the desirability 
of reducing the length of the parasitic period of the glochidium (p. 191), which is inversely 

proportional to the temperature of the water. Whether the shortening of the parasitic 

period during the warm summer weather will compensate for the increase in the num- 

ber of parasitic copepods is a question that can be decided only after careful experi-. 
mentation. We now know, however, that the presence of these copepods and their 

periods of breeding are factors that must be given due consideration before the question 
can be solved. 

SYSTEMATIC. 

A complete description, fully illustrated with appropriate figures, is given of all the 

species which are new to science. Of those which have been previously described only 

such notes are included as are of interest or furnish additional information. The larve 
of a few species were hatched out in the laboratory of the station, and they also are 
fully described and illustrated, since they add considerably to our previous knowledge 

of the species. Several parasites were obtained by H. Krdyer, a Danish zoologist, from 
fish taken near New Orleans and sent to the Royal Museumin Copenhagen. Most of these 

fish were such as come up the Mississippi River from the Gulf of Mexico, and hence their 

parasites can not be included amongst the strictly fresh-water species; but they are 

included in the present list because they are likely to be found in that part of the river. 

" The parasites of fish in the Great Lakes, the Lake of the Woods in Canada, and of 
several isolated lakes are also enumerated, since they are all fresh-water forms and really 

belong with the great fresh-water fauna of the interior of our continent. A few species 
have been included from west of the Rocky Mountains and east of the Appalachians. 

THE ARGULIDA. 

Argulus canadensis, new species. (Pl. Lx.) 

Host and record of specimens.—Three fine females were obtained by T. Surber at Le Claire, Minn., 
from fish caught in the Lake of the Woods. Two were from a species of whitefish, Coregonus, while the 

third was from a rock sturgeon, Acipenser rubicundus. The better of the first two is made the type of 
the new species and has been given catalogue no. 43521, U. S. National Museum. The other has been 
given catalogue no. 43525, U. S. National Museum, while the specimen from the sturgeon received 
catalogue no. 43526, U. S. National Museum. 

Specific characters of the female.—Carapace elliptical, a little longer than wide, the posterior lobes 
broad, evenly rounded, and reaching to about the center of the third thorax segment, leaving the two 

posterior pairs of legs fully visible in dorsal view. Instead of projecting anteriorly the cephalic area is 
slightly reentrant, ovate, and relatively very small; posterior sinus one-third the length of the carapace, 

its width posteriorly equal to its length, but narrowed and squarely truncated anteriorly. The support- 
ing rods in the lateral areas of the carapace are peculiarly arranged, meeting at a point far forward and 

giving the creature a sort of hunch-backed appearance. The respiratory areas are also peculiar, the 
outer one club-shaped, the large end anterior, while the handle of the club extends backward along the 
outer margin of the inner area, an arrangement wholly different from anything heretofore described. 
Abdomen a little more than one-fourth the entire length, its width to its length as 5 to 8; anal sinus cut 

beyond the center, its sides parallel, lobes narrow-elongate and rather bluntly rounded, papille basal. 
Eyes large and so far forward as to almost touch the anterior margin, but widely separated; sucking disks 
also far forward and well separated, one-eighth the width of the carapace. 

Antenne small and weakly armed, the terminal joints of the first pair not reaching beyond the 
lateral claw, the anterior claw minute and nearly straight; second antenne slender, basal joint enlarged 

with a small spine on its posterior margin. A pair of large accessory spines behind the antennz and 

close to the median line; another pair between the bases of the maxillipeds or slightly posterior to them. 



COPEPOD PARASITES AND MUSSEL GLOCHIDIA ON FRESH-WATER FISHES. 349 

The supporting rods of the membranous border of the sucking disks are made up of an oblong basal 
joint and a series of roor 11 plate-like disks, overlapping one another like shingles and diminishing in 
size distally, similar to those in Argulus megalops. The basal joint of the maxillipeds is much swollen, 
the basal plate does not quite reach the posterior margin, and is armed with three slender acuminate 
teeth; this plate has a rounded lobe outside of the teeth, which carries a short spine at its center. The 

ventral protuberance is large in area, oval in outline, and is put on diagonally, the small end filling 

out the rounded external lobe just mentioned; there are also spiny areas at the distal end of the basal 
and third joints, and over the whole surface of the second joint; there are two terminal claws and a 

fingerlike process outside of them. 
Color (preserved material), carapace, abdomen, and the entire ventral surface a clear creamy white; 

dorsal surface of the thorax covered with rounded spots of a deep reddish purple, with a white streak 
through the center above the intestine; these spots extend forward beneath the carapace as far as the 

mouth; eyes and semen receptacles a lighter purple. 
Total length, 12 mm.; carapace, 7.2 mm. long, 7mm. wide; abdomen, 3.4 mm. long, 2.2 mm. wide. 
(canadensis, Canadian.) 

Remarks.—This is a large and powerful parasite and is evidently our American representative of 
the European species coregoni. It would be interesting to ascertain whether they produce any such 
effect on the fish in the Lake of the Woods as is recorded for the fish of the lakes in Jemtland by Dr. 
Nystrom. (Proceedings U. S. National Museum, vol. 25, p. 725.) 

That our species is distinct from coregoni is shown by the following differences. There are no 
flagella on any of the legs, while in coregoni they are full sized. The cephalic area is reentrant anteriorly 

instead of protuberant. The eyes almost touch the anterior margin and are rather small. There is no 
ovate papilla on either side of the opening of the oviduct, which Thorell makes one of the prominent 
characters of coregoni. The respiratory areas are very different, not only from coregont but from every 

other known species of Argulus. ‘This is evidently a northern species, since it has not been found upon 
any of the numerous species of Coregonus in the Great Lakes. The male is as yet unknown. 

Argulus flavescens, new species. (Pl. uxt, fig. 7-12.) 

Host and record of specimens.—Two females were obtained from the outside of the dogfish, Amia 
calva, caught in ‘‘Sunfish Lake,’’ near Fairport, Iowa, August 8, 1914. The betterof the two is made the 

type of the new species and has received catalogue no. 47759, U. S. National Museum; the other becomes 

a cotype with catalogue no. 47760, U.S. National Museum. A third mutilated specimen was obtained 
from the gills of the mud cat, Leptops olivaris. 

Specific characters of female.—Carapace elliptical, a little longer than wide, and evenly rounded; 
lateral sinuses scarcely perceptible; posterior sinus more than twice as long as wide, and two-fifths the 

length of the carapace, with nearly parallel sides; posterior lobes not reaching the abdomen, broad and 
plump; abdomen broadly ovate, as wide as long, and narrowed to a short neck where it joins the thorax; 

anal sinus about one-third the length of the abdomen, considerably enlarged at the base; anal papille 
spherical and basal. 

Entire under surface of the body, including the abdomen, covered with small spines, pointing 
backwards; eyes small, placed well forward and some distance apart, facets minute; lateral ramifications 

of the stomach large and particularly prominent by reason of their color and lobed edges; respiratory 
areas made up of a small anterior, nearly circular portion, and a long posterior portion, which reaches 
nearly to the tip of the posterior lobes; sucking disks of medium size, placed well forward and close 
together, First antenne slender, the anterior claw rudimentary, the lateral claw curved into three- 

quarters of a circle, the two terminal joints slender and reaching well beyond the tipof theclaw. Second 
antennz with swollen basal joint and three long terminal joints, abruptly reduced to one-third the 
width of the basal joint and sparsely armed with sete; a small flattened spine on the basal joint of each 
antenna and an accessory pair of larger and sharper spines posterior to the second antennz and close to 
the midline. 

Basal plate of the maxillipeds small and narrow, with short, flattened, and bluntly rounded teeth; 
raised area a long and narrow oval; the four terminal joints each with a roughened area along the anterior 
and distal margins; last joint tipped with two minute claws and a fingerlike process. Swimming legs of 
the usual pattern, the posterior pair with a small lobe, which is not boot-shaped, but flares at both ends, 

97867°—vol 34—16——23 
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and which does not reach the margin of the abdomen. The supporting rods of the border of the sucking 
disks are made up of a basal rectangular section and from four to six barrel-shaped terminal sections, 
the distal one incomplete and shaped like the letter J, with the stem convoluted. 

Color, a pale yellowish white; the entire digestive canal, including the ramifications of the stomach, 
a rich creamy yellow, in strong contrast to the white background; eyes dark cinnamon brown; upper 
surface of the body covered with irregular spots of jet black, thickly sprinkled along the center and over 
the lateral ramifications of the stomach, but entirely lacking around the eyes and the anterolateral 
sinuses; semen receptacles yellow, surrounded by a black line. 

Total length, 6 mm.; carapace, 4.35 mm. long, 4.20 mm. wide; abdomen x mm. long and wide. 

(flavescens, yellowish, alluding to the digestive system). 

Remarks.—This is a small and highly colored species and is apparently rather rare, since only the 
three specimens were found during the entire summer. It may be recognized at once by the prominent 
yellow lateral lobes of the stomach, the jet-black pigment spots on the dorsal surface, and the compara- 
tively minute abdomen, with its tiny anal papille in the enlarged base of the anal sinus. It seems 

probable that the mud cat is the real host of this species and that the two specimens on the outside of 
the dogfish were only seeking temporary lodgment. 

Argulus mississippiensis, new species. (Pl. Lx1, fig. 13-15; pl. Lxu, fig. 21; pl. Lxmm.) 

Host and record of specimens.—Six males and six females were taken by the author from the short- 
nosed gar, Lepisosteus platostomus, at Fairport, Iowa, July 17,1912. They have been given catalogue no. 

43571, U. S. National Museum. One of the largest females has been selected as the type of the species 
and has received catalogue no. 43528, U. S. National Museum. This species is found upon the back of 
the gar’s neck just above the dorsal aorta, and there is usually only one parasite on each fish. 

Specific characters of female.—Carapace about three-fifths of an ellipse, its long diameter transverse; 
anterior sinuses narrow and deep; posterior sinuses one-quarter the length of the carapace, longer than 
wide, its sides approximately parallel; lateral lobes very broad, obliquely truncated posteriorly, not 

quite reaching the abdomen. Eyes comparatively minute and widely separated; respiratory areas 
placed obliquely at the extreme posterior end of each lobe, the outer area semilunar, its ends consid- 

erably enlarged and well rounded, the inner area about the same size as one of the sucking disks, inserted 

on the inner side of the outer area near its anterior end, but separated from it by a considerable interval. 

Abdomen elliptical, one-fourth longer than wide, and half as long as the carapace; posterior sinus narrow- 
triangular, not cut to the center; papille lateral, near the tips of the lobes; semen receptacles elliptical 

and close to the midline, their long diameters parallel with the axis of the abdomen. 
Antenne small and stout; first pair with a medium-sized anterior claw and a long and stout lateral 

one, the terminal joints linear and not projecting beyond the tip of the lateral claw; second pair with a 
ventral protuberance on the basal joint just above the basal spine. Sucking digts small, only one- 

fourteenth the width of the carapace and widely separated; supporting rods slender and made up of a vari- 
able number of linear joints; no fringe on the margin. Maxillipeds also small but stout; basal plate 
projecting far behind the margin of the basal joint and carrying a large lobe distal to the spines; the latter 

large and acuminate; ventral protuberance small and circular; a roughened plate on the third joint; 
terminal claws and papilla minute. A pair of small accessory spines between the bases of these maxilli- 

peds and another larger pair some distance behind the antenne. 
Each of the three posterior pairs of swimming legs carries a ventral lobe fringed with seta on the 

basal joint; the lobes on the second and third legs are small, that on the fourth legs is much larger and 
projects beyond the lateral margin of the abdomen; the second joint of the endopod of the fourth legs 
also carries a small posterior lobe. There is a small anal papilla on either side of the opening of the 

oviduct. 
Total length of figured specimen, 15 mm.; carapace, 10 mm. long, 12 mm. wide; abdomen, 4.80 

mm. long, 3.75 mm. wide. 
Specific characters of male.—The Senki make-up of the male is similar to that of the female, the 

carapace lobes slightly overlapping the base of the abdomen; the testes are elliptical and not much 
larger than the semen receptacles in the female; the basal portion of the anal sinus, proximal to the 
papille, is a mere slit, whose sides are in contact or even overlap slightly. The secondary sexual appa- 
ratus is very complicated and closely resembles that of A. lepidostei. There is a roughened plate, armed 
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with short spines, on the ventral surface of the basal joint of the second legs, at each end of which is a 
stiff fingerlike projection; the basal joint of the third legs carries a boot-shaped posterior lobe fringed 
with setze; on the anterior margin, parallel with the axis of the joint, is a fingerlike process, covered with 
short spines, whose tip is turned forward just beyond the distal end of the joint; inside of this tip is 
the base of another long process, flattened anteroposteriorly and covered with short spines, which extends 
outward parallel with the second joint and overlaps the bases of the rami; on the posterior margin of 
this second joint, distal to the opening of the semen receptacle, is a small laminate process, fringed with 
long sete; the musculature of these two basal joints is peculiar, as may be seen in fig. 27. The peg on 
the fourth leg is double and stouter than in most species. 

Total length of figured specimen, 11 mm.; carapace, 7.50 mm. long, 9 mm. wide; abdomen, 3.50 

mm. long, 2.50 mm. wide. : 
Color of both sexes: Carapace, abdomen, and the ventral surface a light yellow, thickly sprinkled 

on the dorsal surface with small circular dots of light cinnamon brown. There are no spots on the thorax 
but the dorsal surface of the oviducts beneath the muscles is dark cinnamon brown, and it shows through 
very plainly; semen receptacles and testes dark orange yellow; eyes deep cinnamon brown. 

(mississip piensis, of or belonging to the Mississippi River.) 

Remarks.—With the exception of Argulus ingens, this is the largest species of the genus in America, 

and the measurements sometimes exceed those given above. For example, one female was found which 
measured 20 mm. in length, while one of the males was 15 mm. long. In addition to its large size it 
presents many peculiarities of structure, the most noticeable being the double lobes on the fourth legs, 
the peculiar papille on the sides of the anal sinus, and the complicated respiratory areas. One of these 
parasites is as large as an ordinary copper penny and must drain the blood of its host quite severely. 

Fortunately for the fish, it is rare to find more than one parasite on a single fish; otherwise they would 

soon drain its blood. The present species completes the list and is the third found upon the gars, so 
that each gar now has its peculiar parasite, Argulus lepidostei upon the long-nosed gar, A. mississip piensis 
upon the short-nosed gar, and A. ingens upon the alligator gar. 

Argulus lepidostei Kellicott. (Pl. ixm, fig. 16-19; pl. LxIv; pl. LXv.) 

Argulus, lepidostei, Kellicott, Bull. Buffalo Soc. Nat. Sci., vol. 3, p. 214, 1877; Wilson, Proc. U. S. Nat. Mus., vol. 2s, 
Pp. 712, pl. 16. 

Host and record of spectmens.—Twenty males and twenty-one females were obtained from the short- 

nosed gar, Lepisosteus platostomus, at Fairport, June 23, 1914, by Dr. A. D. Howard; they have been 

given catalogue no. 43543, U.S. National Museum. One male and a female were taken from the long- 
nosed gar, L. osseus, at Defiance, Ohio, by H. W. Clark; these have received catalogue no. 43522, U.S. 

National Museum. Most of these were found near the pectoral fins of their host, as was recorded of the 
original specimens by Prof. Kellicott. 

Specific characters of female.—In addition to the descriptions given in the above references we may 
note the following: The respiratory areas are situated close to the posterior end of the lateral lobes; the 
outer and larger area is curved parallel with the margin of the carapace, its anterior end is narrowed, 

while the posterior end is thickened; the smaller and inner area is elliptical in outline and is inserted 
in the inner margin of the outer area near its anterior end (see fig. 29). 

The ventral surface of the carapace is covered with orange-colored spines pointing backward. ‘The 

color of the living female is a pale lemon yellow in young specimens, with only a few spots of cinnamon 
brown. These spots increase in size and number with advancing age and in full-grown adults become 
continuous along the dorsal surface of the free thorax. The eyes are deep violet brown, the semen 
receptacles a much paler yellowish brown. 

Specific characters of male.—The accessory sexual apparatus of the male is complicated; the posterior 
flap on the second legs is roughened and armed with short spines; the peg on the fourth legs has an 
accessory peg distal to itself, which is solid and is not connected with the receptacle inside the first 
peg; the boot-shaped flap on this leg has no heel. 

On the third legs a long slender and flattened process extends outward from the anterior margin of 
the ventral surface of the basal joint, parallel with the axis of the leg. Its tip is curved upward around 
the end of the second basal joint and often extends back toward the body on the dorsal surface. Above 
this process, on the anterior margin of the dorsal surface of the second joint, are two peculiar structures. 
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The proximal one is a curved papilla, solid and thickly covered with short spines; the distal one is a 
hollow conical papilla, split along its dorsal surface, its free edge and much of its dorsal surface covered 
with short spines. In the posterior portion of this second basal joint is the usual semen receptacle 
within easy reach of the peg on the fourth legs (see fig. 17). 

The color of the male is similar to that of the female but paler; the brown on the dorsal surface of 

the free thorax forms in adults a continuous line over the intestine; testes at first brownish yellow, then 

light reddish brown, and finally cinnamon brown. The ventral surface of both sexes is pale yellowish 
white without any pigment. : 

The newly hatched larva.—Two females of this species full of ripe eggs were captured July 3, 1914; 

one of them laid a string of 30 eggs the following night and these all hatched on July 14, an interval of 
to days, the water being kept at the same temperature as that in the river (72° F.). This is the shortest 
incubation period yet observed for any species of Argulus, and since the eggs were kept at the same 
temperature as the river water it must be close to the normal period. 

The eggs are similar to those of A. maculosus (Proceedings U. S. National Museum, vol. 32, pl. 31, 
fig. 15), the chief differences being that they are not inclined to one another but are all in the same 
straight line, and while there are two large jelly masses at the junction of every two eggs there is no 

row of them standing out like the spokes of a wheel. The eggs were transparent and cream colored 
when first laid but became opaque within 36 hours, and the eyes appeared on the fifth day. 

The newly hatched larve are much more active than those of maculosus and swim about rapidly 
with a steady gliding motion similar to that of the adult. At first they swim largely at the surface but 
later sink to the bottom. They are much more heavily pigmented than any larve thus far observed, 

especially through the center of the carapace and along the midline of the thorax, the pigment being 
the same color as that of the adult. 

Carapace broadly elliptical, the width to the length in the proportion of 13 to 14; anterior margin 
evenly rounded and with a scattering fringe of very short hairs, amongst which are one or two longer 
ones on either side; posterior sinus broad and very shallow; free thorax and abdomen forming a wide 
triangle, whose base, the second thorax segment, is a little less than half the width and whose altitude 
is a little more than half the length of the carapace. Abdomen half the width of the last thorax segment 
and a little longer than wide; anal laminz small and rectangular, each armed with two short spines of 
about the same length. 

In the first antennz the hook of the basal joint is long and slender and reaches to the base of the 
terminal joint; the latter is spherical and armed with seven large sete, whose tips reach beyond the 

margin of the carapace, while all the rest of the appendage is covered. 

In the second antenne the entire endopod projects beyond the carapace, the distal joint of the basipod 

is twice the length of the proximal joint, the temporary exopod is curved backward, is distinctly three- 
jointed, and is tipped with a single short spine. 

The temporary mandibular palps are exactly like those of the maculosus larva, even to the spine 
connected with their base. The second maxille (“anterior maxillipeds’’) are also similar and termi- 
nate in two sickle-shaped claws, of which the dorsal one is armed with three barbs. 

The maxillipeds (“posterior maxillipeds’’) are five-jointed, the second and third joints armed on 
their ventral surface with spines and bristles. The first swimming legs have a two-jointed basipod, the 
distal joint armed along its anterior border with a row of short spines; the exopod is three-jointed and 
ends in two short spines; the endopod is one-jointed and terminates in two long nonplumose sete. All 
the other swimming legs are uniramose, immovable stumps, each ending in a short and blunt spine. 
There are no traces of skin glands. 

The eyes are large and close to the lateral margins; the ocelli are also exceptionally large and there 
are only 10 or 12 ineach eye. The pattern of the median eye is also peculiar and very different from 

that of any other species. The sting connected with the mouth is long and projects far in front of the 

carapace. 
Total length, 0.66 mm.; carapace, o.40 mm. long, 0.35 mm. wide. 
Remarks.—This species is fairly common on the gars in the river, and as it was recorded by Kellicott 

from the Niagara River at Buffalo it is probably as widely distributed as its host. Young specimens of 
both sexes, fully developed but only z.50 mm. in length, were obtained in the tow in considerable 
numbers during the middle and latter part of August in several of the slews and in ‘‘Sunfish Lake,” 
near Fairport. 
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These tiny specimens were very active and moved about much more constantly and with more 

speed than the free-swimming forms. They were so thin as to be almost perfectly transparent and made 
excellent microscope mounts. Their abnormal abundance was doubtless due to the congested con- 
ditions in the places where they were found, as already noted (p. 335). 

Argulus stizostethii Kellicott. (Pl. Lxm, fig. 20.) 

Argulus stizostethii, Kellicott, Amer. Jour. Micros., vol. 5, p. 53; Wilson, Proc. U.S. Nat. Mus., vol. 25, p. 713, pl. 17. 

Host and record of specimens.—This species was originally obtained by Kellicott from the wall-eye, 
Stizostedion vitreum, in the Niagara River near Buffalo. Adult specimens have been obtained by the 
author from wall-eyes and saugers, S. canadense, in the Mississippi River and from wall-eyes in Lake 
Maxinkuckee. Young specimens of both sexes less than 1.50 mm. in length were taken in considerable 

numbers in the tow at “Sunfish Lake,’’ near Fairport, August 2, 1914. These were associated with 
A. lepidostei, the numbers of the two species being about even, but the males of both species much more 

numerous than the females. 

Specific characters of female.—These small Arguli being transparent, it was possible to make out the 
nervous system with ease. Comparing it with that of other species, we may notice first the exception- 
ally large size of the eyes, each of which is as large as the entire supraesophageal ganglion. The optic 

nerves are also very large and swollen into a barrel shape. 

The first of the ventral chain of ganglia is enlarged laterally to nearly twice the diameter of the 
four following ones, which are all the same width, but the second and fifth ones are three times the 
length of the third andfourth. The nerves are given off exactly like those in A. americanus (Proceedings 
U. S. National Museum, vol. 25, p. 633). 

The supporting rods in the membranous border of the sucking disks are made up of ro or 12 parts; 
the basal one is a narrow oblong with concave sides, the second, third, fourth, and fifth are much wider 

but about the same length, convex posteriorly and concave anteriorly; the remaining parts are more or 
less completely fused into a narrow threadlike rod. 

The bordering fringe is narrow and made up of short and stiff hairs. The male was fully described 
in the references above given, and there is nothing to add here. 

Remarks.—This species is not as common as the preceding; it was originally obtained from the 

wall-eye, but Kellicott records that specimens placed in an aquarium with the long-nosed gar and 
some minnows fastened on them and eventually killed the minnows. This suggests that under natural 
conditions they may often fasten on other fish than their usual host, especially under the conditions 
prevailing in the slews and “‘lakes.”” 

Its presence in such numbers in the tow is indicative that the species must be fairly common in the 
vicinity. 

Argulus appendiculosus Wilson. 

Argulus appendiculosus Wilson, Proc. U.S. Nat. Mus., vol. 32, p. 419, pl. 32. 

Host and record of specimens.—The types of this species were obtained from a sucker (species not 
given) at Montpelier, Vt., and were sent to the United States Bureau of Fisheries at Woods Hole, Mass., 

in August, 1898. 
Since the original description it has been found in several places in the Mississippi Valley, as follows: 

A single female from the outside of the channel cat, Ictalurus punctatus, at Cumberland Falls, Ky., 
July 7, 1911, catalogue no. 39588, U. S. National Museum; a male and female from the outside of the 
sheepshead, A. grunniens, at Lock 21 on the Cumberland River in Kentucky, catalogue no. 43523, 
U. S. National Museum; several specimens of both sexes from the largemouth black bass, M. sal- 
moides, at Fairport, Iowa, July 20, 1912, catalogue no. 43527, U. S. National Museum; two males and 

two females from the outside of the redmouth buffalo, Ictiobus cyprinella, at Fairport, May 27, 1910, 

catalogue no. 43542, U. S. National Museum; a male and female from the smallmouth buffalo, I. bubalus, 

at Fairport, June 28, 1914, catalogue no. 47761, U. S. National Museum. Isolated specimens were also 
obtained from the gizzard shad, Dorosoma cepedianum, the crappie, Pomoxis annularis, and the white 

bass, Roccus chrysops, which goes to prove that these fish at least serve as occasional hosts. 

Remarks.—This species was established in 1907 upon 20 specimens taken from a sucker at Mont- 
pelier, Vt., and both sexes were fully described and figured in the reference above given. All that can 
be added here is a few data with reference to the color. Both sexes when alive are a transparent creamy 
white, covered on the dorsal surface of the carapace and abdomen with opaque white dots, circular in 
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outline, very minute and thickly scattered, especially near the margin of the carapace. On the carapace 

there are also blotches of pale reddish brown, much larger than the white spots and more widely scattered. 
Each blotch has a small spot near the center where there is no pigment; immediately around this spot 
the pigment is deeper in color and pales gradually toward the edges. The dorsal surface of the thorax 
over the eggs is a rich golden yellow, thickly streaked with longitudinal rows of purplish brown blotches, 
smaller than those on the carapace, deeper in color, more uniform in size, and more regular in shape. 
Most of these blotches also have small circular spots free from pigment, sometimes two to four in the 

same blotch and of different sizes. The eyes are deep golden yellow, each separate facet with a dark 
purple center. The sperm receptacles are golden yellow. 

Although the species was originally found outside of the Mississippi Valley, there seems to be no 
doubt that it belongshere. Its wide distribution and the variety of hosts show that its range is universal 
throughout the eastern and central United States. 

Argulus ingens Wilson. 

Argulus ingens Wilson, Proc. U.S. Nat. Mus., vol. 42, p. 233, pl. 30. 

Host and record of specimens.—Both sexes of this species were obtained from the alligator gar, Lepiso- 
steus tristoechus, at Moon Lake, Miss. 

No alligator gars were captured during the present summer, but they are fairly common in the 
Mississippi River, and when carefully examined will probably yield specimens of this parasite. 

Argulus nobilis Thiele. 

Argulus nobilis Thiele, 1904, Mitteil. aus dem Zool. Mus. Berlin, II Band, 4 heft, p. 23, pl. 7, 8, fig. 64-76. 

Host and record of specimens.—Thiele found six females and one male of this species among the 
specimens of the Berlin Zoological Museum; the name of the host upon the museum label was given as 
“‘Lepidosteus aculeatus.’’ No such association of names is known in ichthyological literature, noris 
there any hint as to whether the mistake was made in the generic or the specific name, so that we are left 

in a quandary as to its identification. Thiele suggested that it may have been “ L. viridis,’’ which is the 
name given by Giinther to the alligator gar, but this was only a guess and was unaccompanied by any 
proof. 

Remarks.—The present species differs from ingens in the relative size of the abdomen and carapace, 
in most of the details of the first and second antenne, in the general structure and armature of the 
maxillipeds, and especially in the accessory sexual apparatus of the second and third swimming legs 
of the male. The two species resemble each other in their exceptionally large size, in the general form 

of the abdomen, and in the approximation of the two outer spines on the basal plate of the maxillipeds. 
Nothing is stated with reference to the respiratory areas of nobilis, but those of ingens are very peculiar, 

If Thiele’s conjecture that the alligator gar is the host of this species should prove true, it would 
greatly increase the probability that ingens and nobilis are synonymous, and Thiele’s name would take 
precedence. 

At present, however, there are so many specific differences, and the identity of the host is so uncer- 

tain, that we can only leave the species as described and await future developments. 

Argulus maculosus Wilson. 

Argulus maculosus, Wilson, Proc. U. S. Nat. Mus., vol. 25, p. 715, pl. 19. 

Host and record of specimens.—The original types of this species were 11 females and 3 males, found 
unlabeled in the National Museum collection, and a single female from the muscalonge, Esox nobilior, 

at Clayton, N. Y. Since then two females were obtained from the red-eye, Ambloplites rupestris, at 
Lake Maxinkuckee, Ind., August 8, 1906, and a single female from the yellow catfish, Ameiurus natalis, 

August 22, from the same locality. Numerous specimens were subsequently obtained from the two 

catfish, Ameiurus nebulosus and A. natalis, at Lake Maxinkuckee, and these are evidently their true 

hosts, (Proceedings U. S. National Museum, vol. 32, p. 416). 
Some egg strings were obtained from these last ripe females and have received catalogue no. 32826, 

U.S. National Museum; the newly hatched larve (catalogue no. 32822, U. S. National Museum) were 

fully described in the last reference above given. 
Remarks.—There is nothing to add to the full descriptions already given. Only one mutilated 

specimen has yet been found from the Mississippi River, but as the two catfish are plentifully distributed 
throughout the valley no doubt more will be discovered in the future. 
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Argulus versicolor Wilson. 

Argulus versicolor Wilson, Proc. U. S. Nat. Mus., vol. 25, p. 716, pl. 20; vol. 27, p. 643, fig. 22-33, text. 

Host and record of specimens.—This species was originally obtained from the common pickerel, 
Esox lucius, at Warren, Mass. It was also found at other localities in the same State. A male and 

female were taken from the same host at Lake Maxinkuckee, Ind., August 15, 1906. 
Remarks.—The single pair above mentioned are the only specimens of this species thus far found 

in the Mississippi Valley, but the host is one of the most widely distributed fish in America and other 
specimens should be discovered in the future. They are usually found inside the mouth or in the gill 
cavity and not on the outside surface. 

Argulus catostomi Dana and Herrick. 

Argulus catostomi Dana and Herrick, Amer. Jour. Sci., vol. 31, p. 297, unnumbered plate; Wilson, Proc. U. S. Nat. Mus., 

vol. 25, p. 709, pl. 13; vol. 32, p. 411, pl. 29. 

Host and record of specimens.—This species was originally found upon a sucker near New Haven, 

Conn. It was taken by the present author from Catostomus bostonensis in Massachusetts, and from 

C. catostomus at Lake Maxinkuckee, Ind., and from C. nigricans and C. catostomus in the Missequoi 
River at Swanton, Vt. The Maxinkuckee specimens have been given catalogue no. 32820, U.S. National 
Museum. 

Remarks.—Only one or two suckers were taken during the summer of 1914 and no specimens were 
found upon them, but the species is in the valley and is probably as widely distributed as its host. 

Argulus americanus Wilson. 

Argulus americanus Wilson, Proc. U.S. Nat. Mus., vol. 25, p. 718, pl. 21; vol. 27, p. 627, fig. 1-21, text. 

Host and record of specimens.—Originally obtained by Prof. Reighard from Amia calva in the labo- 

ratory aquaria at Ann Arbor, Mich., this species was afterward found on the same host at Lake Maxin- 
kuckee, Ind. (catalogue no. 32825, U. S. National Museum), and at Fairport, Iowa, August 26, 1912 

(catalogue no. 43601, U. S. National Museum), and on Umbra limi in one of the aquaria at Fairport, 
Iowa, February 7, 1911 (catalogue no. 43529, U. S. National Museum). 

Remarks.—This species is a great aquarium pest and thus is more likely to attract notice than some 

of the others. Itis widely distributed throughout the valley but fortunately sticks closely to the dogfish 
forahost. Its presence on the mud minnow as above recorded was probably only temporary, and appar- 

ently it does not infest other fish. 

Both sexes of the adults and the larve are fully described and figured in the references given above. 

Argulus trilineatus Wilson. 

Argulus trilineata Wilson, Proc. U. S. Nat. Mus., vol. 27, p. 651, fig. 34-38, text. 

Host and record of specimens.—The type was a female taken from goldfish in an aquarium at Macon, 

Ga. Another female was obtained by L. V. Lewis in a bowl of goldfish at Henderson, Ky., October 
30, 1914, and sent to the National Museum for identification. It was afterward returned to Mr. Lewis. 

Remarks.—In the reference given above the specific name ended in the letter ‘‘a’’ through an 

oversight of the author; it should end in “‘us’’ so as to agree with the genus name, and that change is 

here made. 
It was gratifying to obtain a second specimen from Kentucky and thus to know that the species 

was a valid one and quite widely distributed. This latter location comes within the range of the present 
paper and so the species is here included. 

Argulus funduli Krdyer. 

Argulus funduli Kréyer, Naturhistorisk Tidsskrift, 3 Raekke, 2 bd., p. 92. 

Host and record of specimens.—Kr¢yer found this species on the gills of a species of Fundulus near 
New Orleans. While this brings it into the Mississippi River, its host is a marine or brackish-water 
fish, and hence the parasite does not rightly belong among the fresh-water forms. The present author 

has found it repeatedly at Beaufort, N. C., and at Woods Hole, Mass., but always in salt water. 
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ERGASILID. 

Ergasilus lanceolatus, new species. (Pl. uxvt, fig. 40-46.) 

Host and record of specimens.—Twenty females with egg strings were obtained from the gills of the 
gizzard or hickory shad, Dorosoma cepedianum, at Lock 21 on the Cumberland River in Kentucky, July 
16, 1911. This lot has been given catalogue no. 43555, U. S. National Museum, and from it has been 
selected a single female (catalogue no. 43556, U. S. National Museum) to serve as the type of the new 

species. 
Specific characters of female—General body form long and narrow, lanceolate; cephalothorax ellip- 

tical, one-half longer than wide, almost squarely truncated posteriorly, projecting a little anteriorly, 

with a small knob at the center of the anterior margin. First three free segments narrowed regularly 

backwards, the first of them (second segment) a little more than half the width of the carapace and 
about twice the width of the fourth segment; fifth segment very short and narrow; genital segment one- 

half wider than the fifth segment, with strongly convex sides. Abdomen the same width as the fifth 
segment, three-jointed, the basal joint longer than the others; anal lamine small, rectangular in out- 

line, each armed with two sete, the inner of which is 7 or 8 times the length of the outer one. 

First antenne six-jointed, the basal joint much longer than any of the others and armed with a 
very long, jointed seta, the other joints carrying shorter and simple sete. Second antennae not very 

large but powerful, basal joint short but much swollen and projecting strongly on the outer margin; 

second joint with a small stout spine near the center of the inner margin; terminal claw long, stout, and 
strongly curved. 

The mouth parts project much more strongly than in any species thus far examined, both the 
upper and the under lips standing out prominently to form a long and sharp cone, from whose summit 
project on either side the long first maxille. Mandibles exceptionally large and thickset, the terminal 

portion turned forward at right angles to the basal. The latter carries on its anterior margin, just out- 
side the narrow neck, a bluntly rounded process projecting forward; the cutting blade is triangular in 

outline and armed with sete along its inner margin only. 
The palp is exceptionally long; starting from the posterior corner of the basal joint and reaching 

nearly to the center of the cutting blade with a row of corrugations along its outer margin. 

First maxille small but projecting strongly, each armed with two plumose sete; second maxille 

much smaller than the mandibles, but otherwise of the usual size and pattern. Endopods of the first, 
third, and fourth legs longer than the exopods; exopods of second legs longer than the endopods; all 

three joints of the endopods of the first legs and the two basal joints of the endopods of the second legs 
armed with minute teeth along their outer margins; exopod of fourth legs two-jointed, the basal joint 
twice the length of the terminal one. The arrangement of spines and sete is as follows: First exopod, 

I-o, 0-0, 1-5; endopod, o-1, o-1, 1-4; second exopod, mi-o, 1-1, 1-6; endopod, o-1, o-2, 1-4; third 

exopod, I-o, o-1, 0-6; endopod, o-1, o-2, 1-4; fourth exopod, o-o, 1-4; endopod, o-1, o-1, I-2. 

The egg strings when first extruded are conical, largest at the base and tapering to a single egg at 
the tip; when fully developed they are cylindrical and considerably shorter than the body; eggs in 

5 or 6 rows, about ro eggs in a row. 
Color (preserved material), a uniform light brown without pigment markings. 

Total length, 1 mm.; cephalothorax, 0.60 mm. long, o.40 mm. wide. Length of egg strings, 0.60 

to o.80 mm. 
(lanceolatus, lanceolate, alluding to the general body shape.) 

Remarks.—This species is not associated as yet with any glochidium, but may well take the place of 

ceruleus or cenivarchidarum or versicolor. 

Its presence on the shad indicates that this fish would make a good host for some of the gill glochidia 
as well as for those already found upon its fins. Like other parasites found upon the herrings and their 
close relatives, this species does not infest any fish except its immediate host, and hence it is not likely 

to be found except on the gizzard shad. 

Ergasilus nigritus, new species. (Pl. LXvul.) 

Host and record of specimens.—Ten females, most of them with egg strings, were obtained from the 
gills of the largemouth bass Micropterus salmoides, in the Mississippi River at Fairport, Iowa, July 20, 
1914. They have received catalogue no. 43562, U. S. National Museum, and become cotypes of the 
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new species, while a single female (catalogue no. 43561, U. S. National Museum) has been selected to 

serve as the type. 
Specific characters of female.—General body form short and squat; cephalothorax three-quarters of 

the entire length, one-fifth longer than wide, and strongly flattened dorsoventrally; dorsal surface mod- 

erately convex, ventral surface flat, with the mouth projecting but little, if any. 

Antennal area rectangular in outline with rounded corners and projecting strongly anteriorly, so 

that the bases of both pairs of antenne are carried in front of the body of the carapace. This latter is 
about as long as wide, is slightly narrowed posteriorly, and shows a distinct dorsal groove and marginal 
sinus separating the head from the first thorax segment, which is only one-fifth the length of the head. 
Second (first free) segment abruptly narrowed to half the width of the first and very short; remaining 
thorax segments also short and narrowed regularly backward; fifth segment concealed dorsally between 

the fourth and genital segments; the latter considerably wider and three times the length of the fourth 
segment, with strongly convex sides. Abdomen three-jointed, joints about the same length but nar- 
rowing posteriorly and indistinctly differentiated; anal laminz small and rectangular, each bearing two 
sete, of which the inner one is twice the length of the outer, and about the same length as the free thorax 

and abdomen. 
Egg strings ovate and strongly divergent, only one-fourth longer than wide, and so much inflated 

that they meet dorsally at the midline; eggs large, arranged in eight or nine longitudinal rows, about 
seven eggs in the longest rows. First antenne six-jointed, the penultimate and basal joints longer 
than the others and all the joints heavily armed with sete; second antenne long and stout, the basal 

joint much inflated and quite convex externally, the terminal claw stout and strongly curved. 
Mouth parts rather small and effectively concealed beneath the upper lip, not projecting as in other 

species but flattened with the rest of the ventral surface. Mandibles with a narrow cutting blade, 
armed with sete along the inner margin only; palp about as long as the cutting blade, armed with sete 

or toothed along the posterior margin. 
First maxille with a large base and two stout sete; second maxille with a straight cutting blade, 

fringed with sete along both margins, basal joint large and rectangular. Endopods of first and 
fourth legs much longer than exopods, the two rami of the second and third legs equal; exopod of fourth 

legs two-jointed. The arrangement of the spines and sete is as follows: First exopod, I-o, o-1, 1-5; 
endopod, o-1, o-2, I-4; second exopod, I-o, o-1, o-6; endopod, o-1, 1-2, o-5; third exopod, o-o, o-1, 0-5; 

endopod, o-1, o-2, o-5; fourth exopod, o-o, o-4; endopod, o-1, 0-2, 0-5. 

Color (preserved material), young females a uniform creamy white without pigment; in later 
development black pigment appears in scattered spots on the dorsal surface of the carapace and gradu- 
ally covers the entire copepod, including even the swimming legs and anal lamine and sete but not 

the second antenne. : 

Total length, 0.70 mm.; carapace, o.50 mm. long, 0.40 mm. wide. Egg strings, 0.35 mm. long, 0.23 

mm. wide. 
(nigritus, blackened.) 

Remarks.—This tiny species may be recognized at once by the jet-black color of the mature adults 
and by the very short and thickset egg strings. 

It can not be very common, since only the single lot has been obtained from many hundreds of 

largemouth black bass which have been examined for copepod parasites. It seems to take the place 
on this bass of ceruleus upon the other Centrarchide, being associated with Lampsilis glochidia. 

Ergasilus megaceros, new species. (PI. LXvI, fig. 49; pl. Lxvul, fig. 57-61.) 

Host and record cf specimens.—Four females, two of which had egg strings, were taken from the 
lamellar plates in the nasal fosse of a Fulton cat, Ictalurus anguilla, captured at Fairport, lowa, May 

16, 1914. Three of these specimens have been given catalogue no. 43548, U. S. National Museum, and 
become cotypes of the new species, the fourth and best one (catalogue no. 43544, U.S. National Museum) 

becoming the type. 
Specific characters of female-—General body form long and slender; cephalothorax ovate, one-half 

longer than wide, narrowed and pointed anteriorly, squarely rounded posteriorly; first thorax segment 

as wide and half as long as the head and separated from the latter by marginal sinuses and a distinct 
dorsal groove; eye far forward just behind the bases of the first antenne; thorax segments diminishing 
regularly in size backward, the fifth one very short; genital segment the same width as the fourth seg- 
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ment, with strongly convex sides. Abdomen three-jointed, the joints all about the same width and 
length; anal laminz nearly as long as the entire abdomen, narrow and enlarged at the tip into a rounded 
knob on the outer margin, each tipped with two long plumose sete, the inner of which is one-half 

longer than the outer. Egg strings elongate ellipsoids, a little shorter than the cephalothorax; eggs 
large, arranged in 6 or 7 longitudinal rows, about 8 eggs in the longest rows. 

First antennz exceptionally large, six-jointed, the jointing indistinct, the fourth segment carrying 
on the inner distal corner a huge jointed seta, which reaches back to the center of the second thorax 

segment; the terminal joint is tipped with another huge seta, unjointed but nearly as long as the jointed 
one. Second antennz also long but slender, the terminal claw bluntly rounded. Mouth tube pro- 
truding strongly; mandibles with a short neck and cutting blade, turned forward diagonally; palp long 

and narrow and armed along its inner margin with short bristles. 

First maxillz of the usual pattern; second maxilla meeting on the midline, the cutting blade short 

and small and armed with a few sharp spines. Endopods of the first and fourth legs longer than the 
exopods; rami of the other legs equal; arrangement of the spines and sete as follows: First exopod, 
I-o, I-1, I-6; endopod, o-1, o-1, o-6; second exopod, I-o, I-1, I-5; endopod, o-1, o-2, 1-4; third exopod, 

I-o, I-1, 1-5; endopod, o-1, o-2, 1-4; fourth exopod, I-o, 1-4; endopod, o-1, o-2, 1-3. 

Color, a transparent yellowish white, oviducts white, egg tubes yellow, the ventral surface of the 
carapace and thorax covered with irregular patches of a light sky-blue pigment. 

Total length, 1 mm.; carapace, 0.50 mm. long, 0.40 mm. wide; first antenne, including sete, 0.60 

mm.long. Egg strings, 0.40 mm. long. 

(megaceros, péyas, large, and xépas, horn, alluding to the large first and second antennz.) 

Remarks.—So far as known, this is the first parasitic copepod to be found in the nasal fosse of any 
fresh-water fish. They are common in both the nasal fossz and spiracles of salt-water fish, sharks, and 

rays, and probably the reason why they have never been found in fresh-water fish is simply because 
they have never been looked for. The nostrils of this catfish were only quarter of an inch in diameter, 
and hence the ergasilid larva must do some strenuous hunting to find its chosen place on the host. It 
is more than likely that the examination of similar fossze on other large fresh-water fish will yield speci- 
mens of this or similar species. Being found thus in the nose, the species can not be associated in any 

way with mussel glochidia, but its presence emphasizes the testimony of those species found on the 
gills, that the Fulton cat would make a good host for glochidia. If the ergasilid larva can find its way 
into the nose of these fish, it is possible that the mussel glochidium can perform the same feat. At all 

events it will be worth while to examine the nose of large fishes for both copepods and ylochidia. 

E£rgasilus elongatus, new species. (Pl. Lxv1, fig. 47, 48; pl. Lxvim, fig. 62-66.) 

Host and record of specimens.—Twenty-five females with egg strings were obtained from the gill 
wakers of the spoonbill cat, Polyodon spathula, from the Mississippi River at New Boston, IIll., July, 
1914, catalogue no. 47764, U.S. National Museum. ‘Thirty females from the same host at Keokuk, Iowa, 

August 28, 1914, catalogue no. 47763, U. S. National Museum. A single female (catalogue no. 4776s, 
U. S. National Museum) has been selected from this last lot to serve as the type of the new species. 

Sections of two gills of the same fish, with specimens of the species in situ, have received catalogue no. 
47762, U. S. National Museum. 

Specific characters of female.—General body form an elongate ovoid, the larger end anterior; cephalo- 

thorax one-half longer than the rest of the body, widest at its center, strongly tapered anteriorly, almost 

squarely truncated posteriorly. Antennal area reaching the entire width of the anterior end and dis- 
tinctly separated from the rest of the head. 

Free thorax segments diminishing regularly in width and length from in front backwards; fifth 

segment plainly visible and half the width of the fourth; genital segment barrel shaped, its sides mod- 
erately projecting. Abdomen segments the same length but diminishing regularly in width; anal 
laminz half as long again as the last abdomen segment, narrow with square comers, each tipped with 

two short setz, the inner of which is one-half longer than the outer. Egg strings to the entire length of 
the body as 8 to 11, rather narrow; eggs arranged in 6 or 7 longitudinal rows, about 25 in the longest rows. 

First antenne rather slender and short, six-jointed, and sparsely armed with sete; second antennz 

also short but stout, not long enough to reach more than halfway around the gill raker, but clasping it 

so tightly as to make a groove init. Mouth tube exceptionally far forward and not projecting as strongly 

as in most species; upper lip rather square, and entirely covering the mouth parts. Mandibles as large 
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as the second maxille, cutting blade turned forward at right angles to the base, very wide and armed 
with sete along both margins; palp short and narrow, with a row of comblike teeth along itsinner margin. 

First maxillz small and inconspicuous, not visible in side view owing to the fact that they are covered 
by the upper lip; second maxille small, the cutting blade narrow and armed with sete along both 

margins. This species resembles elegans in having the endopod of the first legs as well as the exopods 

of the fourth pair two-jointed. 

The arrangement of the spines and sete is as follows: First exopod, I-o, 1-2, mI-5; endopod, o-t, 
u-6; second exopod, I-o, I-1, 1-7; endopod, o-1, o-2, 1-5; third exopod, Lo, 1-0, 1-5; endopod, o-1, 

o-2, u-5; fourth exopod, o-o, 1-5; endopod, o-1, o-2, 1-4. The oviducts are so arranged that when 

filled with ripening eggs they do not distort the shape of the cephalothorax as in other species. 

Color, a transparent grayish white, oviducts and egg strings dark yellow, ventral surface covered 

with an interlaced network of lines and patches of indigo blue. 

Total length, 1.40 mm.; cephalothorax, 0.85 mm. long, 0.30 mm. wide. Egg strings, 1 mm. long. 
(elongatus, elongate, alluding to the general body form.) 

Remarks.—This species is unique in its general body form as well as in its habitat and may be 
recognized by either peculiarity. It will be remembered that in the paddle fishes, to which the spoon- 
bill cat belongs, the gill rakers are very long and slender and in a double series on each gill arch, the 

series separated by a broad membrane. These copepods were fastened to the rakers, sometimes on the 

outside, sometimes on the inside between the raker and the membrane, with their head indifferently 

in either direction, toward the arch or away from it, and the short but stout second antenne grasped the 
taker firmly enough to make around it a groove from which the copepod could not be separated except 
by cutting the raker close to the antennz. 

So far as known this is the only instance of any of the Ergasilide fastening itself to the bony gill 
rakers instead of the soft filaments, and this makes the strength of the attachment the more worthy of 
notice. 

Apparently this species is not connected with any glochidium, but this may be changed later when 
the spoonbill cat has been further and more extensively examined. The body is fully as thick as it 
is wide and the carapace fits snugly on the general contour, giving the copepod a peculiarly clean and 
graceful appearance. 

Ergasilus elegans, new species. (PI. Uxrx, fig. 67-73.) 

Host and record of specimens.—This species was captured several times in the tow at Patterson 

Lake and ‘‘Sunfish Lake’’ before it was found on any fish host; these free-swimming specimens have been 
given catalogue no. 47767, U. S. National Museum, and are all without egg strings. A second lot with egg 
strings was obtained from the gills of the bullhead, Amezurus melas, caught in “Sunfish Lake,’’ August 

24, 1914; they have been numbered catalogue no. 47768, U. S. National Museum. A single female 
has been selected from this lot to serve as the type of the new species, with catalogue no. 47769, U. S. 
National Museum. A few were also obtained from the gills of the long-nosed gar, Lepisosteus osseus, in 
the Mississippi near Fairport, Iowa, catalogue no. 47766, U. S. National Museum. Others were found 
on the gills of the short-nosed gar, L. platostomus, from Patterson Lake, August 6, 1914. 

Specific characters of female.—General body form elongate; cephalothorax one-half longer than wide, 
the first thorax segment distinctly separated from the head and somewhat narrower; carapace well 
rounded and scarcely projecting anteriorly; antennal area poorly differentiated. 

Second, third, and fourth thorax segments about the same length and diminishing regularly in width, 
fifth segment scarcely visible; genital segment barrel-shaped, with moderately projecting sides. Abdo- 
men three-jointed, joints about the same length but diminishing slightly in width; anal sete as long as 
the last two segments, twice as long as wide, with square corners, each tipped with two setz, a longer, 
jointed one at the inner corer, and a shorter oblique one at the outer corner. 

Egg strings less than half the length of the body and rather wide; eggs exceptionally large and 
arranged in two rows, 15 or 18 eggs in each string. First antenne six-jointed and heavily armed with 
sete; second antennz very long and slender, basal joint short and not swollen; second joint and terminal 

claw the same length, the former with a small spine on its ventral surface, the latter bent into a half circle. 

Mandibles with a rectangular base abruptly narrowed into the neck, which is half as long as the base 
and is tipped with a triangular cutting blade, heavily fringed with sete around its entire margin; palp 

as long as the cutting blade, narrow and armed along the inner margin with a row of heavy, comblike 
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teeth. First maxille small but protruding well and armed with long sete; second maxille with a 

broadly triangular blade, fringed only along its posterior margin; muscles and rudiments of the maxilli- 
peds present behind the second maxille; lower lip a small narrow, semicircular plate behind the tips of 
the second maxilla. Endopod of the first swimming legs and exopod of the fourth legs two-jointed; all 
the other rami three-jointed; arrangement of the spines and setz as follows: First exopod, I-o, o-1, 0-5; 

endopod, o-1, l-5; second exopod, I-o, o-1, I-6; endopod, o-1, o-2, 1-4; third exopod, I-o, o-1, I-5; 

endopod, o-1, o-2, 1-4; fourth exopod, 1-0, 1-5; endopod, o-1, 0-2, I-3. 

Ground color that of transparent cartilage, covered over the entire ventral surface with large irregular 
patches of deep purplish blue; these coalesce into a line along either side of the digestive tract, which 
latter is a rich golden yellow; on the bases of the antenne and mouth parts, around the eyes, and out- 

side the blue line in the genital segment are patches of pale brick red; the compound eye is dark purple. 
Total length, 1.25 mm.; cephalothorax, 0.60 mm. long, o.40mm. wide. Egg strings, 0.50 mm. long. 
(elegans, elegant, neat in appearance.) 

Remarks.—This species closely resembles versicolor, but can be readily distinguished by the two- 

jointed endopod of the first legs. From all the other species it is at once distinguished by its varied 

coloration, as well as by its free-swimming habits. It is associated with Lampsilis anodontoides, the . 
yellow sand-shell, and apparently with no other glochidia. Accordingly it is likely to be found upon 
the alligator gar at the right season. 

In swimming the large second antennz are folded like arms across the thorax, and neither they nor 
the first antenne are used for locomotion. 

Movement is accomplished entirely by means of the swimming legs and consists of a series of rapid 

dashes, without any particular direction. 

These movements are swifter and they carry the copepod many times farther than those of the 

regular free-swimmers, so that if the tow be placed in a large shallow glass these free-swimming parasites 
can be at once detected by their movements. Apparently this species swims about freely in the slews 
until its eggs are ripe, since the females obtained from the tow are fully as large as those from the fish. 

Like the young A7guli they frequent the surface in the daytime and sink to lower depths at night, 
and they must fasten upon the fish when fully matured rather than in a larval stage. 

Ergasilus ceruleus Wilson. (PI. Lxrx, fig. 74.) 

Ergasilus ceruleus Wilson, Proc. U.S. Nat. Mus., vol. 39, p. 334, pl. 43. 

Host and record of specimens.—When this species was established it was found only upon bluegills 

in Tippecanoe Lake and Twin Lakes, Ind. Here in the Mississippi River, however, it is extremely 

abundant; its chief hosts are the two crappies, Pomoxis annularis and P. sparoides. 

From the former lots have been obtained which have received catalogue no. 43531, 43535, 43530 
43532, U. S. National Museum; from the latter the lots are catalogue no. 43545, 43514, U. S. National 
Museum. Catalogue no. 43541, U. S. National Museum, contains a set of gills just as they were taken 
from P. annularis, with the parasites preserved in situ, and nearly 500 of them upon the single fish. 

A single female (catalogue no. 43538, U. S. National Museum) was obtained from the blue-spotted 
sunfish, A pomotis cyanellus; several (catalogue no. 47774, U. S. National Museum) were taken from the 
bluegill, Eupomotis gibbosus, captured near Fairport, Iowa; two were found on the sauger, Stizostedion 
canadense (catalogue no. 47776, U. S. National Museum); three on the gills of the white bass, Roccus chry- 
sops (catalogue no. 47777, U. S. National Museum); and one on the gills of the long-nosed gar, L. osseus. 
These fish were all captured in the Mississippi River at or near Fairport during the present season. 

Newly hatched nauplius larva.—Some of the females obtained on August 14 were carrying eggs whose 

blue color showed that they were ready tohatch. These were accordingly placed in a suitable aquarium 

and all hatched out on the following day. The issuing nauplius proved to be quite similar to that of 
Ergasilus centrarchidarum, but with these differences: 

General body form ovate, considerably narrowed and pointed posteriorly, and nearly twice as long 

as wide; the knob at the posterior end, the future abdomen, is much larger than in centrarchidarum and 

projects farther. The three pairs of appendages are similar in all their general features to those of the 
other Ergasilide and differ only in little details. The basal joint of the first pair is somewhat swollen; 
the masticatory process on the second pair is proportionally large and carries a very long spine which 
is not much curved; the lamina shaped like the blade of a case knife, found upon the endopod of the 

third appendages, is sometimes jointed and is relatively large. 
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The upper lip is diamond shaped, considerably longer than wide, the anterior end well rounded, 
the posterior end pointed, and reaching some distance behind tie masticatory processes of the second 
antennz. 

The balancers at the posterior end of the body are straight instead of curved and stand at an angle 
of about 45 degrees with the body axis. 

Remarks.—The large numbers (soo or more) of specimens found upon a single fish are worthy of 

notice; in some instances it does not seem as if any more could be crowded upon the gills, three or four 

copepods being found, one above another, upon the same filament. Like the original specimens from 

the bluegills, they are always found on the inner side of the gill filament, between the rows of filaments 
on the same arch. 

Here in the Mississippi Valley the two crappies are evidently the chief hosts of the species and it 
is worthy of note that they are vegetable feeders like the bluegill. This species of Ergasilus therefore 
may be fairly regarded as a parasite of the vegetarian Centrarchide. 

It is also worth recording that of the many hundreds of ceruleus examined every one was scrupu- 

lously clean; there were no protozoa or algze upon any of the specimens. This is in marked contrast to 
the following species from the catfishes, nearly every specimen of which is covered with these para- 

sites. The present species is associated with the Lampsilis group of glochidia and has been found upon 

every species of fish that serve as hosts for these glochidia except the sheepshead and the largemouth 
black bass, on which latter fish it is replaced by £. nigritus, a new species. 

Ergasilus ‘versicolor Wilson. 

Ergasilus versicolor Wilson, Proc. U.S. Nat. Mus., vol. 39, p. 341, pl. 45. 

Host and record of specimens.—Originally found upon two species of catfish at Lake Maxinkuckee, 
Ind., this ergasilid proves to be even more abundant upon the catfishes of the Mississippi, and the fol- 

lowing lots were obtained during the summer: Catalogue no. 43558, U. S. National Museum, from the 

gills of the skipjack, Pomolobus chrysochlorus, taken in Lake Pepin and sent to Fairport July 23; cata- 
logue no. 47770, U. S. National Museum, from the gills of the channel cat, Ictalurus punctatus, taken at 
Fairport July 25; catalogue no. 43533, U. 8. National Museum, from gills of channel cat taken at Fair- 

port September 2, 1910; catalogue no. 43560, U. S. National Museum, from gills of the bullhead, Amei- 
urus nebulosus, taken in Patterson Lake July 3; catalogue no. 43509, U. S. National Museum, from 

gills of the Fulton cat, Ictalurus anguilla, taken at Fairport May 14, 1914. 

Remarks.—All these specimens except those included in no. 47770 were heavily infested with 
parasitic protozoa and fresh-water alge, and some were so thoroughly covered as to be effectively con- 

cealed. This is probably due in part to the feeding habits of their hosts, all of whom stick close to the 
mud at the bottom of the river. 

The species is associated with the Quadrula group of glochidia and in all probability will be found 
upon Leptops olivaris, the mud cat. 

Ergasilus centrarchidarum Wright. 

Ergasilus centrarchidarwm Wright, Proc. Canadian Institute, n. s., vol. 1, p. 243, pl. 1; Wilson, Proc. U. S. Nat. Mus., vol. 

39, D. 331, DI. 42. 

Host and record of specimens.—In addition to those found upon various hosts at Lake Maxinkuckee, 

Ind., and recorded in the last reference given above, the following lots were obtained during the past 
summer: Catalogue no. 43507, U. S. National Museum, from the gills of Pomoxis annularis, taken in the 

Mississippi at Fairport, May 25, 1910; catalogue no. 43537, U. S. National Museum, from the gills of the 
largemouth black bass, M. salmoides, taken in Crooked §S Slew, Fairport, May 26, 1910; catalogue no. 

47778, U.S. National Museum, from the gills of the white bass, Roccus chrysops, taken at Fairport, August 
6; catalogue no. 47775, U. S. National Museum, from the gills of the sauger, S. canadense, taken at Fair- 

port, August 14; catalogue no. 47779, U. S. National Museum, from the gills of the largemouth black 
bass, taken in Patterson Lake, August 6; catalogue no. 47780, U. S. National Museum, from the gills 

of the warmouth, Chenobrytlus gulosus, taken in Patterson Lake, August 6. A single female was also 
obtained from the gills of the green sunfish, A pomotis cyanellus, taken at Fairport, August ro. 

Remarks.—This species is frequently associated with ceruleus upon the same host, but the two can 
always be separated by their position on the gill filaments; centrarchidarwm is always on the outside, 

while c@ruleus is as constantly on the inside between the two rows of filaments, and no exception has 
yet been found to this rule. 



362 BULLETIN OF THE BUREAU OF FISHERIES. 

This species is associated with glochidia of the Quadrula group, and its presence in considerable 

numbers upon any fish indicates that its host would make a good carrier of Quadrula glochidia. It is 
worthy of note that these two species, centrarchidarum and ceruleus, which accompany the two groups 
of glochidia, are associated upon those fish which serve as hosts for the glochidia and are often found 
together, while centrarchidarum and versicolor are never found upon the same fish although they accom- 
pany the same group of glochidia. 

Ergasilus chautauquaensis Fellows. 

Ergasilus chautauquaensis Fellows, Proc. Amer. Soc. Microscopists, vol. 9, p. 246, 1 plate, unnumbered; Wilson, Proc. 

U.S. Nat. Mus., vol. 39, p. 343, Pl. 46. 

Host and record of specimens.—This species was originally discovered in the tow of Lake Champlain 
and both sexes were afterwards found by the present author in some samples of tow from Lake Mendota 

at Madison, Wis.; these specimens received catalogue no. 38617, U. S. National Museum. It has not 
thus far been found upon any fish, but in all probability its habits are like those of the new species elegans. 
The males are free-swimmers throughout life and the females swim freely until their eggs are ready to 

pass out into the external sacks. The present species will probably be found at another time of year 

upon the gills of some fish in Lake Champlain or Lake Mendota. 

Ergasilus funduli Krgyer. 

Ergasilus funduli Kréyer, Naturhistorisk ‘Tidsskrift, (3), vol. 2, p. 228, pl. 11, fig. 1, a-f; Wilson, Proc. U. S. Nat. Mus., 

vol. 39, p. 328. s 

Host and record of spectmens.—Krgyer found a few specimens of this species on the gills of Fundulus 
ocellaris (F. limbatus Krgyer) taken near New Orleans in the Mississippi River. This is another of the 
marine or brackish water fish that comes up the river a little ways, but its parasites can not be regarded 
as true fresh-water species. 

Ergasilus lize Krgyer. 

Ergasilus lize Kréyer, Naturhistorisk Tidsskrift, (3), vol. 2, p. 232; Wilson, Proc. U. S. Nat. Mus., vol. 39, p. 340. 

Host and record of specimens.—This is another species captured by Kréyer near New Orleans on the 
gills of Mugil curema (M. liza Krgyer). Like the preceding, it can not be regarded as a true fresh-water 

species, neither have any further specimens ever been found. 

LERNAZOPODIDA. 

Salmincola californiensis (Dana). (Pl. Lxx.) 

Lerneopoda californiensis Dana, U.S. Exploring Expedition during the years 1838 to 1842, vol. 12, p. 1379, pl. 96, fig. 1a, 1b. 

Salmincola californiensis Wilson, Proc. U.S. Nat. Mus., vol. 47, p. 605. 

Host and record of specimens.—Eight females were obtained from the gills of Oncorhynchus nerka at 
Big Payette Lake, Idaho, June, 1914, and were sent to the auther from the United States Bureau of 
Fisheries. They have received catalogue no. 43563, U. S. National Museum, and since Dana’s original 
specimens have been lost they will serve as surrogate types of the species. 

Specific characters of female.—Dana’s original description and figures were excellent as far as they 

went, but he included only the general body characters and no appendages were mentioned except the 

second maxille. 
‘These new specimens show a wider and shorter body, strongly flattened on the ventral surface, and in 

the larger females showing distinct ventral grooves of segmentation. The cephalothorax is inclined 
nearly at right angles to the trunk; the contour of its dorsal surface is clearly shown in figure 77 and is 
very different from that of any other species of the genus, approaching most closely that of salmonea. 

The first antenne are very short, apparently three-jointed, and tipped with a minute spine; the 
second antennz are long and stout, the basal portion two-jointed, the rami one-jointed and about the 
same size, the exopod tipped with a fairly large chela, the endopod with two or three small spines; on 
the ventral surface of the exopod near the base of the chela is a peculiar compound spine. The mandi- 
bles are long and slender, with strongly hooked teeth; the first maxillz are short, somewhat swollen at 
the center, and end in three small spines of about the same size; the second maxille in younger speci- 
mens are smooth and longer than the trunk, in older females much wrinkled and shorter than the trunk. 
The maxillipeds are large and stout, the basal joint considerably swollen and armed on its inner margin 
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near the distal end with a small papilla like those in other species; the terminal joint is slender and is 
tipped with a larger and a smaller claw, somewhat like a chela. 

Total length (larger specimens), 4.40 mm.; cephalothorax, 1.60 mm. long, 2.40 mm. wide; trunk, 

2.75 mm. long, 3.30mm. wide. Eggstrings, 5.g4omm. long, 1.25mm.wide. Bullaz.65 mm. in diameter. 
Remarks.—It is gratifying to obtain new specimens of Dana’s species, probably from the same host. 

They confirm his description in all its essential features and enable us to supply the details of the 
appendages which were lacking. They also establish the species beyond any doubt, as is shown by the 
dorsal contour of the cephalothorax, the general body form and proportions, and the details of the man- 

dibles, second antenne, and first maxille. 

Salmincola siscowet (Smith). 

Lerneopoda siscowet Smith, Report U. S. Commissioner Fish and Fisheries for 1872-73, pt. 2, p. 664, pl. 3, fig. x5, 16; Wilson, 

Proc. U. S. Nat. Mus., vol. 47, p. 608, pl. 30, fig. 23-29. 

Host and record of specimens.—Seven females were taken from the gills of Cristivomer namaycush 

siscowet at Outer Island, Lake Superior, by J. W. Milner; they are numbered 39597, U. S. National 
Museum. 

Salmincola edwardsii (Olsson). 

Lerneopoda edwardsii Fasten, Report Wisconsin Commissioners of Fisheries for 1911-12, p. 11, 4 unnumbered plates; Biol 

Bull., vol. 27, p. 116, pl. 1-3. 

Salmincola edwardsii Wilson, Proc. U. S. Nat. Mus., vol. 47, p. 609, pl. 30, fig. 30-35. 

Host and record of specimens.—Twenty-five females (catalogue no. 43574, U. S. National Museum) 
from gills of brook trout, Salvelinus fontinalis, at Wild Rose, Wis. Others have been obtained from the 

same host at Caledonia, N. Y.; Houghton, Mich.; Northville, Mich.; St. Paul, Minn. 

Remarks.—This species often causes serious trouble in fish hatcheries, loading the gills of the trout 
until they are suffocated and large numbers of them perish. Each of the lots mentioned above have 
come from hatcheries thus afflicted, and Fasten’s first paper gives an excellent account of the disease 

produced in brook trout by this parasite. 

Salmincola oquassa Wilson. 

Salmincola oquassa Wilson, Proc. U.S. Nat. Mus., vol. 47, p. 611, pl. 31, fig. 36-40. 

Host and record of specimens.—Five females were obtained from the blueback trout, Salvelinus 
oquassa, at Rangely Lakes, Me., November 27, 1884; they have received catalogue no. 39604, U. S. 
National Museum. 

Salmincola bicauliculata (Wilson). 

Lerneopoda bicauliculata Wilson, Proc. U. S. Nat. Mus., vol. 35, D. 472, pl. 82. 

Salmincola bicauliculata Wilson, idem, vol. 47, p. 612, pl. 31, fig. 41, 42. 

Host and record of specimens.—A single female was taken from a “‘trout’’ at Mapleton, Oreg., by 
Dr. S. E. Meek in 1896 and has received catalogue no. 38575, U. S. National Museum. 

Salmincola falculata (Wilson). 

Lerneopoda falculata Wilson, Proc. U. S. Nat. Mus., vol. 35, p. 473, pl. 83. 

Salmincola falculata Wilson, idem, vol. 47, p. 613, pl. 31, fig. 43, 44. 

Host and record of specimens.—Four females from the gills of Oncorhynchus nerka at Baker Lake, 
Wash., in 1902, catalogue no. 38586, U. S. National Museum. ‘Three other lots were obtained by the 

Bureau of Fisheries from trout in California, catalogue no. 38588, 38589, 38590, U. S. National Museum. 

Salmincola inermis (Wilson). * 

Lerneopoda inermis Wilson, Proc. U.S. Nat. Mus., vol. 39, p. 632, pl. 68. 

Salmincola inermis Wilson, idem, vol. 47, p. 614, pl. 32, fig. 47-51. 

Host and record of specimens.—This species has been found abundantly upon the lake herring, 

Argyrosomus artedi, in Lakes Huron and Superior and in rivers running into them. 

Salmincola beani (Wilson). 
Lernaopoda beani Wilson, Proc. U. S. Nat. Mus., vol. 35, p. 470, pl. Sr. 

Salmincola beani Wilson, idem, vol. 47, p. 615, pl. 32, fig. 52, 53- 

Host and record of specimens.—Found in considerable numbers on the gills of the quinnat salmon, 
Oncorhynchus tschawytscha, in McCloud River, Cal., and at Battle Creek, Colo. 
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Salmincola carpenteri (Packard). 

Achtheres carpenteri Packard, Annual Report U. S. Geol. and Geog. Survey of the Territories for 1873, p. 612, 1 text figure, 

Salmincola carpenteri Wilson, Proc. U. S. Nat. Mus., vol. 47, p. 616, pl. 33, fig. 54-60. 

Host and record of specimens.—From the gills of “‘trout’’ in a tributary of the East River, Colo., and 
from ‘‘salmon’’ at Battle Creek, Colo.; the former host has been identified by R. R. Gurley as Salmo 
mykiss. 

Remarks.—Neither this nor any of the other species of the genus have ever been found associated 
with any glochidium, but not because the two are uncongenial. Very few, if any, of the species of 

trout and salmon have been examined for glochidia, because usually the streams and lakes in which 
they live are inhabited by only a few mussels, none of which are of any value commercially. Further- 
more, neither of the two kinds of fish are found in those localities where artificial infection has been 

tried, and thus there has been no chance to ascertain whether they will take the glochidia or not. But 
the susceptibility of these fish to copepod parasites would lead us to suppose that they would make 
good hosts for glochidia. In all probability future examination will discover glochidia upon some of 
them, and if artificial propagation is tried in lakes as well as rivers there would seem to be no reason 
why these fish could not be used as carriers for the glochidia. 

Achtheres pimelodi Kréyer. (Pl. Lxx1.) 

Achtheres pimelodi Kréyer, Naturhistorisk Tidsskrift, 3 Raekke, 2 bd., p. 272, pl. 17, fig. sa, sb; Wilson, Proc. U. S. Nat. 

Mus., vol. 47, p. 628, pl. 38. 

Host and record of specimens.—Both sexes have been obtained from the gill arches of various catfish; 

from Ictalurus punctatus at Cincinnati, Ohio; from Ameiurus nebulosus at Put-in Bay, Ohio; from [ctalu- 

rus anguilla and Leptops olivaris at Fairport, Iowa. From the former of the last two a female was 
obtained and numbered 47726, U. S. National Museum; from the latter a female with ripe eggs, which 

has been given catalogue no. 47771, U.S. National Museum. 

First copepodid larva.—The egg strings of the ripe female just mentioned were detached and the larve 

hatched out in an aquarium, August 22, 1914. These larve differed in several important particulars 
from those of ambloplitis already described (Proceedings U. S. National Museum, vol. 39, p. 208), as 

may be seen by the following: 
Cephalothorax elliptical, the breadth to the length as rz to 17, not enlarged anteriorly over the base 

of the second antenne; head separated from the first thorax segment by lateral notches, but without a 
well-defined groove; posterior lobes large and evenly rounded. Attachment end of the filament excep- 
tionally large, somewhat quadrate in dorsal view, and close to the frontal margin; coiled portion of the 
filament also unusually long and situated far back in the cephalothorax. Dorsal color patch about the 

same size as the attachment end of the filament, shield-shaped, and placed nearly at the center of the 

cephalothorax. Posterior portion of the body made up of four segments, all the same width, but dimin- 
ishing in length backwards, the fourth one about one-third the length of the first, which latter ‘carries 

on its sides, the rudiments of a third pair of swimming legs. Anal lamin twice the length and more 
than half the width of the last segment, so that they overlap on the midline, each armed with two large 
sword-shaped, jointed setz on the inner side and three shorter ordinary ones on the outer margin. 

First antenne four-jointed and heavily armed with sete; second antennz similar to those in amblo- 

plitis; mandibles short and thickset, made up of a single spherical joint tipped with a stout spine and 
carrying a triangular palp on the outer margin. First maxille two-jointed, the basal joint spherical, 
the terminal one long and pointed; second maxillz with a strongly swollen, almost spherical basal joint 
and a stout terminal claw, bent at right angles near its center; maxillipeds comparatively slender, with 
two unarmed joints and a stout curved claw. Swimming legs similar in all respects to those of amblo- 
plitis, biramose, each ramus one-jointed, the exopods tipped with four plumose sete, the endopods 

with six. 
Total length, 0.45 mm.; width of cephalothorax, o.20 mm. 
Remarks.—The most noticeable differences between the present larva and that of ambloplitis are 

the lack of separation of the first thorax segment, the comparatively enormous attachment filament, the 
swordlike sete on the anal laminw, and the bulky, swollen form of the mandibles, first and second 

maxilla. In the present larva also the mandibles have a rudimentary palp while the first maxillz 
have none, the reverse being the case in ambloplitis. ‘There are four patches of pigment, but the dorsal 
patch and the posterior ventral one are relatively much larger than the others, which are reduced to 

minute spots. 
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Achtheres corpulentus Kellicott. 

Achtheres corpulentus Kellicott, Proc. American Soc. Microscopists, vol. 1, p. 54, pl. x, fig. 1-3; Wilson, Proc. U. S. Nat. 

Mus., vol. 47, p. 619. 

Host and record of specimens.—This species has been obtained from Argyrosomus ariedi in Buffalo 
Harbor and Niagara River; from A. prognathus in Lake Ontario and Lake Michigan; from A. hoyi in 

Lake Michigan; and from Coregonus clupeiformis in Lake Erie. 

Achtheres micropteri Wright. 

Achiheres micropleri Wright, Proc. Canadian Institute, n. s., vol. 1, p. 249, pl. 2, fig. 1-11; Wilson, Proc. U. S. Nat. Mus.. 

vol. 47, Dp. 620, pl. 34. 

Host and record of specimens.—Found by Wright on the smallmouth black bass near Toronto, Canada, 

and by the present author on the same host in the Kankakee River, Ind.; also found upon the large- 
mouth black bass in the Kankakee River and at Lake Maxinkuckee, Ind., and at Constantia, N. Y. 

Remarks.—On the gills of the largemouth bass this species, together with Ergasilus centrarchidarum, 
is often associated with glochidia of the Lampsilis group. ‘Thus far none of these glochidia have been 

found on the gills of the smallmouth bass, but since both of the copepod parasites are found there it is 
reasonable to believe that future search will reveal some of the glochidia. Atallevents, the presence of 
the copepods shows that both bass are good subjects for artificial infection. 

Achtheres lace Krgyer. 

Achtheres lace Krgyer, Naturhistorisk Tidsskrift, 3 Raekke, 2 bd., p. 348, pl. 17, fig. 6; Wilson, Proc. U. S. Nat. Mus., vol. 
47, P- 622, pl. 35. 

Host and record of specimens.—Found originally by Krgyer in the mouth of a North American perch, 
which he called ‘‘ Perca laca,’’ probably P. flavescens. Eight females were obtained from the gills of the 
striped bass, Roccus lineatus, in the Potomac River near Washington, D. C. 

Remarks.—If Krg@yer’s specimens really came from P. flavescens, they were strictly fresh-water 
species; the striped bass, on the other hand, goes back and forth from fresh to salt water. This fact of 

course would make it of no use as a carrier of glochidia; none have ever been found upon its gills nor are 
they likely to be in the future. 

Achtheres coregoni (S. I. Smith). 

Lerneopoda coregoni Smith, Report U. S. Commissioner Fish and Fisheries for 1872-73, pt. 2, p. 664, pl. 3, fig. 17. 

Achtheres coregoni Wilson, Proc. U.S. Nat. Mus., vol. 47, p. 623, pl. 36. 

Host and record of specimens.—This species has been found upon the whitefish, Coregonus clupei- 
formis, in Lake Michigan, upon Argyrosomus artedi in the Niagara River, and upon A. hoyi in Lake 
Michigan. It has not yet been associated with any glochidium. 

Achtheres ambloplitis Kellicott. 

Achtheres ambloplitis Kellicott, Proc. American Soc. Microscopists, vol. 1, p. 56, pl. 3, fig. 6, 7; Wilson, Proc. U. S. Nat. 

Mus., vol. 47, p. 626. 

Host and record of specimens.—Found on the red-eye, Ambloplites rupestris, at Lake Maxinkuckee, 
Ind., and in the Shiawassee River, Mich., and upon “redfish”’ at Big Payette Lake, Idaho. 

Remarks.—This species is associated with Lampsilis glochidia on the gills of the red-eye, and its 
presence indicates that these fish are good hosts for artificial infection, as has been proved by actual 
experiments. 

LERNAIDA. 

Lernzocera variabilis, new species. (Pl. LxXxt.) 
Host and record of specimens.—Ten females were obtained from the scales and flesh of Lepomis 

pallidus in Whisky Slew, Fairport, Iowa, July ro, 1912, and have received catalogue no. 47727, U.S. 
National Museum; fifteen females were obtained from the same host in the Mississippi River at Fairport, 
July 25, 1912, and have received catalogue no. 47738, U. S. National Museum; six females from the 
same host in McPhersons Slew, Fairport, August 8, r912, catalogue no. 47739, U. S. National Museum; 
eight copepodid larve from the gill filaments of the short-nosed gar, Lepisosteus platostomus, in ‘‘Sun- 

fish Lake,”’ Fairport, July 24, 1914, catalogue no. 47740, U. S. National Museum; five copepodid larve 
from gill filaments of the sauger, Stizostedion canadense, in Whisky Slew, Fairport, August 12, 1914, 

catalogue no. 47741, U. S. National Museum; four copepodid larvz from gill filaments of sauger in Dark 
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Slew, Fairport, August 14, 1914, catalogue no. 47742, U. S. National Museum; three copepodid larve 

from gill filaments of sauger in Lake Pepin, Mississippi River, August 28, 1914, catalogue no. 47743, 

U.S. National Museum. One or two copepodid larve were also obtained from the gills of the bullhead, 
Ameiurus melas, in ‘‘ Sunfish Lake,’’ August 20, 1914; these were preserved and used for sectioning. 

Specific characters of female.—Body club-shaped, enlarged two or three diameters posteriorly; horns 
varying in number, size, and arrangement; usually they are four in number, short and very wide and 
strongly flattened dorso-ventrally, so that they become thin laminz; the four are arranged in pairs, 

attached to the sides of the thorax, behind the head, the first pair just in front of the first swimming 

legs, the posterior pair just in front of the second legs; they are all about the same size, nearly as wide 
as long, and each is attached separately to the thorax and extends out nearly at right angles to the long 

axis of the body. Sometimes the two anterior horns are much larger than the posterior ones (fig. 90) 
and are turned forward like a large horseshoe, whose sides are parallel to the body axis; sometimes the 

two posterior horns are more or less fused into a single one, much smaller than the lateral anterior ones. 

Instead of being buried in the flesh these horns are often applied to the surface of the scales (fig. 92), 
with whose substance they apparently fuse quite solidly, so as to furnish a secure attachment. 

The body is segmented and the diameter posteriorly is three times that anteriorly; at the posterior 
end there is a small lateral tubercle on either side, ventral to the egg string, and a much larger median 

dorsal tubercle, the abdomen, which reaches far behind the lateral ones; the anal papille are compara- 
tively large and jointed, and each carries three or four small sete around the base in addition to the 

large terminal one. 
The egg strings are narrow and elongate, less than a third the length and width of the body. 
Head elliptical, a little longer than wide, without an anterior rostrum; first antenne three-jointed, 

the two basal joints considerably longer and wider than the terminal one, and all of them heavily armed 

with sete; second antenne two-jointed, the terminal joint half as long again as the basal and ending in 
a single large claw and a tuft of sete, the basal joint unarmed. Mandible a single slender curved claw 
mounted on a stout hemispherical base inside the lips; first maxilla a very much stouter claw, curved 
abruptly near the base and bluntly rounded at the tip; second maxilla armed with the usual two stout 
claws, also abruptly curved, but nearer the tip, which is much sharper than in the first maxilla. 

Maxilliped comparatively large and stout, tipped with five strong curved claws, with a large blunt 

knob at their base and a medium-sized papilla on the inner margin, tipped with a single seta. 

Color a dark creamy white. 
Body length (excluding horns and egg strings), 6 mm.; greatest diameter, 1 mm. Length of egg 

strings, 3 mm. ; diameter of same, 0.36 mm. 

(variabilis, vaneble, alluding to the size, number, and position of the cephalic horns. ) 

Remarks.—This species is chiefly characterized by the four flattened horns, which are entirely 
separated to their base and which are often attached to the surface of a scale instead of being buried in 
the flesh. The antennz are also quite different from those of other species. 

The discovery of the copepodid larve upon the gills of the sauger, the catfish, and the short-nosed 
gar serves to associate this species, and presumably the others also, with gill glochidia. These larvee 
are very similar to an adult ergasilid but are smaller and of course without egg strings. They are very 

lively and loosen their hold (which is made by means of the curved claws on the second antennz) on 
the gill filament at the slightest provocation and dart around over the gills rapidly, taking a new hold 

somewhere else. For this reason they would probably offer more hindrance to the attachment of the: 
mussel glochidia than the sluggish ergasilids. At the same time the hindrance would be only tempo- 

rary, since these are larve whose transformation only requires a brief period for its accomplishment, 
after which they leave the gills and fasten themselves elsewhere upon the body of a new host. 

Lerneocera tenuis, new species. (PI. Lxx10, fig. 102-107.) 

Host and record of specimens.—A single female was taken from the side of the ats of a sheepshead, 
Aplodinotus grunniens, at Fairport, July 16, 1914; it becomes the type of the new species and has been 

given catalogue no. 47737, U. S. National Museum. 
Specific characters of female.—Body long and slender with very little posterior enlargement; a single 

horn on either side of the head attached farther back than in other species, extending out at right angles 
to the body axis, and divided into two branches, the dorsal of which is much larger and nearly four 
times as long as the ventral; both branches are somewhat enlarged and bluntly rounded at the tip. 
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Behind the head the body narrows for a short distance, then widens gradually, and there is no abrupt 
posterior enlargement. At the posterior end on either side above the base of the egg string is a small 
tubercle which is single and does not project much from the body; the dorsal median tubercle, the 
abdomen, is considerably larger than the lateral ones and terminates in the usual anal papille. Each 
egg string is half the length of the body and four-fifths the width and tapers posteriorly to a narrow 
rounded point; the eggs are minute and there are about 150 in a string. 

The head is circular in outline and a little wider than long; first antenne three-jointed, joints 
diminishing a little in length and diameter from the base outward and heavily armed with sete; second 
antennz two-jointed, joints the same length, the basal one unarmed, the terminal one with the usual 

armature of stout curved claw and sete. Second maxille as large as the maxillipeds, with stout ter- 

minal claws; maxillipeds short and thickset, each with four terminal claws, a small knob at their base 
and a minute process on the inner margin. 

Color (preserved material), a grayish white. 

Body length (excluding the horns and egg strings), 9.60 mm.; greatest diameter, 0.60 mm.; trans- 
verse length of both horns and head, 5.66mm. Length of egg strings, 4.25 mm. 

(tenuis, slender, alluding to the body as a whole.) 

Remarks.—This species may be recognized by the fact that its horns stand out at right angles to 
the body axis and are cylindrical instead of flattened; its body is not enlarged posteriorly, and the egg 
strings are very long and slender. It does not appear to be common, since only a single specimen has 
thus far been found, and it is not known to be associated with any glochidium. 

Lernzocera cruciata Le Sueur. (Pl. L.xxm, fig. 108, 109; Pl. Lxxtv, fig. 110.) 

Lern@ocere cruciata Le Sueur, 1824, Jour. Acad. Nat. Sci. Philadelphia, vol. 3, p. 286, pl. 2; Kellicott, 1880, Proc. Amer. 
Soc. Microscopists, vol. 1, p. 64, pl. 1, fig. 1. 

Host and record of specimens.—This species was originally reported by Le Sueur from the “rock bass, 
Cichla enea”’ (Ambloplites rupestris) of Lake Erie. Kellicott’s specimens were taken from “rock bass 

in the Shiawassee River, the Upper Saginaw, at Corunna, Mich., about 25 per cent of the fish being 
parasitized. * * * They are taken occasionally from the Niagara at Buffalo.” (p. 68.) Gurley in 
his manuscript identified this species from the following hosts and localities: On rock bass from Lake 
Erie at Erie, Pa., June 21, 1894; from the Sandusky River at Fremont, Ohio; and from Fox Creek (tribu- 
tary of the Detroit River) at Detroit, Mich., the latter on August 22, 1894 (collector, Cloudsley Rutter). 
On the sunfish, Eupomotis gibbosus, from Cattaraugus Creek (tributary of Lake Erie) at Gowanda, 
N. Y., August 17, 1893; from Elk Creek, Girard County, Pa., August 3, 1893; and from the Maumee 
River at Perrysburg, Ohio. On the redhorse, Moxostoma macrolepidotum duquesnei, from Maple River 
in Cass County, N. Dak. Gurley adds: “It should further be noted that the specimen in question is 
clearly L. cruciata and not Kréyer’s L. catostomi, which also infests the redhorse.’’ 

Three lots of specimens were taken from the flesh along the sides of the body of the largemouth 
black bass, Micropterus salmoides; 10 females from Black Creek, N. C., catalogue no. 42306, U. S. National 
Museum; 7 females from Crooked S$ Slew, Fairport, Iowa, catalogue no. 47728, U.S. National Museum; 
5 females from Scott, Lonoke County, Ark., catalogue no. 47729, U. S. National Museum. 

Specific characters of female.—Body club-shaped, rather slender toward the head, gradually increas- 
ing in diameter posteriorly and terminating in a sudden enlargement at the posterior end. From either 
side of the cephalothorax extends a stout horn, chitinous in texture, which immediately divides into two 
conical branches, one of which is turned forward and the other backward at varying angles. ‘The basal 
portion of each horn is short and very broad, while the base of the posterior branch is often twice the 
diameter of the anterior. Body obscurely segmented, with a large double tubercle on either side at 
the posterior end, the median dorsal tubercle, the abdomen, being still larger though single and termi- 
nating in two small anal papille, each armed with two or three sete. Egg strings conical, the base 
attached to the body, the pointed end free, one-third as wide as long; eggs small, not arranged in rows, 
about roo in each string. 

Head one-quarter wider than long, with a narrow rostrum projecting from the center of the anterior 
margin; first antennz four-jointed, the basal joint the shortest, the next joint the longest, all the joints 
heavily armed with sete; second antenne two-jointed, joints about the same length, the basal one 
unarmed, the terminal one ending in two curved claws, two long setee and a shorter one, with four minute 
spines along the inner margin. ‘ 
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First maxilla ending in a single claw; second maxilla with two claws of the same size; maxillipeds 
two-jointed, the basal joint unarmed, the terminal joint ending in five curved claws, at the base of which 

is a large rounded knob, and back of the knob on the inner margin a tiny process terminated by a single 
spine. The bases of the maxillipeds are so far behind the mouth tube that their tips do not quite reach 
the bases of the second maxillz. 

Color of young specimens a uniform creamy white, turning more or less dark reddish brown with 
age, the tips and sometimes the entire branches of the cephalic horns dark brown, almost black. 

Body length (excluding horns and egg strings), 8 mm.; greatest diameter, 0.70 mm.; diameter of 
posterior enlargement, 1.40 mm. Length of egg strings, 2.10 mm.; greatest diameter of same, o.70 mm. 

(cruciata, torturing or tormenting.) 

Remarks.—The parasite is usually attached nearer the head than the tail of the fish; the head, horns, 

and one-third of the body are buried in the flesh, usually beneath a scale or in the angle between two 
scales, and in such a way that the posterior two-thirds of the body points diagonally backward, and 
when the fish is in motion hangs close to the body of the latter. This species is associated with the 
glochidia of Anodonta corpulenta upon the largemouth black bass, and suggests that these external glo- 

chidia will subsequently be found also upon the other fish which serve as hosts for this Lernzoceran. 

Lernzocera tortua Kellicott. (Pl. xxiv, fig. 111-113.) : 

Lerneocera tortua Kellicott, 1881, Proc. Amer. Soc. Microscopists, vol. 2, p. 41, 1 unnumbered plate. 

Host and record of specimens.—Originally obtained by Kellicott from Grindstone Creek, a tributary 
of Lake Ontario, in July, 1880. Each Lernzocera was deeply buried in a tumor caused by its presence 

just behind, or in the axilla of, a pectoral fin of ‘‘Ameiurus catus Gill.’’ According to Dr. B. W. Ever- 

mann A. catus does not occur in Lake Ontario, the forms found there and usually referred to it being 
either melas or nebulosus, in this instance more probably the latter. Seven females were taken from 
A. nebulosus at Thomaston, Ga., by B. B. White and have been given catalogue no. 12030, U. S. National 

Museum. A single female was taken from Ictalwrus furcatus at Fairport, Iowa, June 2, 1910, and has 

received catalogue no. 47772, U. S. National Museum. 
Specific characiers of the female.—Body straight and somewhat enlarged posteriorly; a lateral horn on 

either side of the cephalothorax, dichotomously branched, tuberculated, and standing out from the 
head at right angles to the body axis, so that the two horns are in the same straight line; a single dorsal 
horn, forked at the apex; all three horns strongly flattened anteroposteriorly and half as wide as long. 

In the Iowa specimen the horns are flattened, but the branches are much smaller and more slender 
than those of the Georgia specimens. Body sometimes obscurely segmented, with no lateral tubercles 
at the posterior end; the median dorsal tubercle or abdomen comparatively long and three-quarters of 
the diameter of the body; anal papille large and well armed with plumose sete; egg strings moderately 
long (one-third the length of the body) and subcylindrical, tapering posteriorly. 

Head ovate, considerably longer than wide; first antenne four-jointed, the three distal joints about 
the same length, the proximal joint sHorter; second antennez three-jointed, the two distal joints about 
the same length, the proximal one much shorter; the terminal joint is enlarged and tipped with a long 

curved claw and several curved sete; second maxille comparatively stout, each terminating in two 
large curved claws; maxillipeds rather short and stout, the terminal joint much narrower than the 

basal and ending in four or five slender claws, with a large knob at their base, but no papilla on the inner 
margin. ‘ 

The two lateral cephalic horns are united across the front of the head and the ridge thus formed 
projects a long ways ventrally, owing to the anteroposterior flattening of the horns. On the ventral edge 

of the ridge, or a little removed from it on the posterior surface, is the first pair of swimming legs. 

Color (preserved material), a rich reddish brown. 

Body length (excluding horns and egg strings), 11.25 mm.; greatest diameter, 0.75 mm.; combined 

length of lateral horns, 3.90 mm. Length of egg strings, 4 mm. 

Remarks.—The foregoing description and the accompanying figures agree fully with those given 
by Kellicott, except in the position of the fourth swimming legs(see p. 111). In all the specimens 

obtained at Thomaston, Ga., the fourth legs are relatively much nearer the posterior end of the body 
than is represented by Kellicott, and there is no indication of another groove posterior to them or between 

them and the third pair. This species does not seem very widely distributed nor very abundant in any 
locality. While its hosts are common in the Mississippi River, only a single specimen of the parasite 
has thus far been found. 
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Lernzocera catostomi Krgyer. 

Lerneocera catostomi Kr¢yer, 1863, Naturhistorisk Tidsskrift, vol. 2, p. 321, pl. 18, fig. 4, a-e. 

Host and record of specimens.—Two females were found by Krgyer upon a Moxostoma macrolepidotum 

duquesnii from the Mississippi River near St. Louis, Mo. None have been found since and the original 
specimens are probably lost, so that we are compelled to rely wholly upon Kréyer’s description and 
figures, which may be summed up as follows: 

Specific characters of female ——Body long and club-shaped, enlarged two or three diameters posteri- 
orly; a short horn on either side of the cephalothorax, flattened anteroposteriorly and cleft at the tip; 
a similar median dorsal hom. Body segments indistinct; lateral tubercles at the posterior end poorly 
defined, median dorsal tubercle, the abdomen, but little longer and comparatively wide; egg strings 
narrow and elongate. 

Head circular in outline, with a small broadly obtuse rostrum on the anterior border; first antenne 

three-jointed and heavily armed with sete; second antennz two-jointed, the basal joint long and linear, 
the terminal joint small, oval, and armed with small sete and spines; maxillipeds with a swollen basal 

joint and an oval terminal joint, tipped with four large and strong claws, gradually increasing in size, 

the outermost one as long as the segment; knob at the base of these claws small, papilla on the inner 

margin also small and tipped with a single spine. 
Color, a uniform whitish yellow. 

Body length (excluding horns and egg strings), 8 mm.; greatest diameter, 1.35 mm. 

Remarks.—Neither of Krgyer’s specimens had complete egg strings, so that their length can not 

be given, but the remnant left on one of the females indicated that they were long and narrow and the 
eggs were small. ‘The species is readily distinguished from cruciata, which is found on the same host 
by the fact that it has three horns instead of two. From tortwa it may be distinguished by the smaller 
size of the horns and the larger size of the abdomen and by the details of the antennz and maxillipeds. 

Lernzocera pomotidis Krdyer. (PI. Lxxiv, fig. 114-118.) 

Lerneocera pomotidis Krfyer, 1863, Naturhistorisk Tidsskrift, vol. 2, p. 323, pl. 15, fig. 5, a-h. 

Host and record of specimens.—Six or seven females were originally obtained by K¢gryer from the gills 

of a “ Pomotis’”’ species near New Orleans. These are the types of the species and if extant are in the 
Royal Museum at Copenhagen. A single female was taken from the gill cavity of the bluegill, Lepomis 
pallidus, at Fairport, August 29, 1914. It has received catalogue no. 47773, U. S. National Museum, 

and will serve as a surrogate type of the species if the original specimens are no longer in existence. 
Specific characters of the species.—Body long and slender, only slightly enlarged posteriorly; a horn 

on either side of the cephalothorax, divided into two branches which are longer than those in cruciata, 
more slender, and more nearly parallel with the long axis of the body; each horn is two-fifths the entire 

length of the body and about the same diameter as the anterior portion of the thorax. Body obscurely 

segmented, the lateral tubercles at the posterior end large, distinct, and with a slight emargination at 
the center; the median dorsal tubercle, the abdomen, heart-shaped and but a trifle longer than the 
lateral ones; egg strings narrow and elongate. 

Head circular in outline, about the same length and width and without any anterior rostrum; first 

antennz four-jointed, the three terminal joints the same length and well armed with sete, the basal one 
shorter and unarmed; the terminal joint carries at its tip two curved claws, similar to those on the second 
antennz; the latter are two-jointed, the terminal joint considerably longer than the basal and more slen- 

der; second maxilla small with slender terminal claws; maxillipeds also small and slender, two-jointed, 

and terminating in three claws, with no knob at their base but with a large process on the inner margin, 
tipped with a tiny spine; these maxillipeds do not quite reach the posterior border of the maxille. 

Color a uniform creamy white. 

Total length (excluding horns and egg strings), 10.45 mm.; greatest diameter, 0.50 mm.; length of 
horns, 4.20 mm. 

Remarks.—This is undoubtedly the same as Krgyer’s specimens and shows that the species is not 
confined to the lower part of the river nor to one host, but is likely to be found elsewhere. ‘The present 

host is one of the sunfishes and is closely related to Krgyer’s “ Pomotis sp.,’’ and may even possibly be 
identical with it. The species may be distinguished by the long, sharp, and slender horns and by the 
fact that the body has almost no posterior enlargement. It is also worth special notice that it is found 
on the gills or in the gill cavity and not on the outside of the body. It is not well enough known as 
yet for it to be associated with any glochidium. 
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Lernzocera pectoralis Kellicott. 

Lerneocera pectoralis Kellicott, 1882, Proc. Amer. Soc. Microscopists, vol. 4, Dp. 77. 

Host and record of specimens.—A dozen females were obtained from the red-finned shiner, Notropis 
cornutus, in the Shiawassee River at Corunna, Mich., in July and August, 1881. They were fastened 
to reddish lumps in the axils of the pectoral fins. None of these original specimens have been preserved 
and no others have been obtained, so that Kellicott’s description gives us all the knowledge we possess 
of the species; he published no figures. 

Specific characters of female-—Body strongly bent and club-shaped; three horns on the cephalo- 

thorax, the two lateral ones three or four pronged, the dorsal one stout and forked at the apex. Body 

indistinctly segmented; the lateral tubercles at the posterior end small, the median dorsal tubercle, 

the abdomen, much longer and wider, and extending far over the bases of the ovisacs; the latter are 
short and club-shaped. 

Total length, 7.50 mm.; width of horns, 1.70 mm. 

Remarks.—This species resembles L. tortua but is little more than half as long, the dorsal horn is 
forked, the egg strings are shorter and club-shaped, and the terminal sete on the anal papille are not 
plumose. 

None of these species of Lerneocera are as yet well enough known to enable us to 

establish their relations with the mussel glochidia. Whatever may be the relations of 

the adult fastened in the flesh of its host to the mussel glochidia on the fins, it is reason- 

ably certain that the copepodid larve of the various species of Lerneocera are much more 

closely related to the glochidia on the gills. Before we can understand this relation 

thoroughly, there must be considerable more research and observation on the genus. 

To facilitate the distinctions between the different species, the following table may 

be presented; in it the entire length of the parasite is taken as 100 units, and the distance 

of the four pairs of swimming legs from the anterior border of the head (excluding the 

horns) is given in percentages of 100. 

Species. t leg. 2 legs. 3 legs. 4 legs. 

4 8.3 30 7o 
74 ir 35 70 
5:4 7 30 70 

12 38 52 88 

10 15 42 75 
4 8 48 80 

It is almost certain that the absolute distances vary in the same species with the 

development of the individual; the older the parasite becomes the farther removed are 
the legs from the head; but the relative distance of the pairs one from another ought 

not to vary much, and it is these relative distances that are expressed in the above table. 
The male does not develop beyond the fourth copepodid stage and never attaches 

itself to the flesh of a fish nor to the body of the female, but after the mating of the 

sexes the male dies. This makes it necessary to secure the male from the tow or from 

the gills of some fish prior to the mating, by no means an easy task; but these males 

and the copepodid stages of the females furnish the data which will eventually decide the 
validity of the various species, as well as their economic relations. 

GENERAL REMARKS. 

In a recent paper by Dr. W. A. Cunnington, which is a report on the parasitic 

Eucopepoda and forms part of the “Zoological Results of the Third Tanganyika Expe- 

dition,’ he says: “It is clear that whatever may be the case for marine fishes, the fishes 

@ Proceedings Zool. Soc. London, 1914, p. 819-829, pl. 1. 
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of fresh water are relatively seldom the prey of parasitic Eucopepoda under natural 

conditions” (p. 828‘. And he adds: “‘A study of the literature of the subject confirms 

our conclusion.” 

His judgment is based upon the results of this African expedition, during which he 

says very large numbers of fish were examined, but only two of them were found infested 
with eucopepods. 

While such a conclusion seems inevitable from the data he has given, it must be 

understood as applying to Africa, and perhaps to that portion covered by these Tan- 
ganyika expeditions and not to the world at large. There has been very little work 

done on the parasites of fresh-water fishes, as has been already shown (p. 333), and no 

one can say what the future holds in store. It is possible that other portions of Africa 

are richer in these parasites, and it is certain that the results of the present investigation 

are not essentially inferior to those obtained from salt-water fishes. It has already been 

stated (p. 341) that a fish’s efficiency as a host may be measured either by the number 

of any single parasite it harbors or by the variety of species. If we are comparing 
fresh-water fish with salt-water fish, or the fish from one region in the world with those 

from another region, we should take into account both the number and the variety. 
In variety of forms the salt-water fish considerably surpass those from fresh water, but 

in number of specimens the latter sometimes surpass the former. The present author 

never has obtained any salt-water fish that could compare with the two crappies in 

numbers of parasites. Furthermore, in the variety of species found upon any single 
kind of fish the fresh-water fish present an average fairly comparable with those from salt 

water. Three and four from the same fish are the general rule rather than the exception. 
(See table, p. 338.) 

And if we were to include the mussel glochidia and all other kinds of gill parasites 

with the copepods, the salt-water fish would be hard pushed for a victory. Not many 

salt-water fish can compare with the crappie (P. annularis), which harbors 13 species of 

glochidia, 3 species of copepods, and 3 species of trematode ectoparasites, 19 in all; or 

with the sheepshead, which acts as the host of 11 species of glochidia, 2 species of trema- 

todes, and two of copepods, 15 in all; or with the sauger, upon which have been found 
6 species of glochidia, 2 species of trematodes, and 4 species of copepods, 12 in all. And 

it must be remembered that these are all natural infestations, which have occurred under 

perfectly normal conditions. When we come to the abnormal conditions which are 

favorable to the copepod parasites, then their numbers increase to such a degree that 

they cause serious epidemics in“the breeding ponds and often kill off large numbers of 

the fish; and since it is fresh-water fish only that are bred in this way it follows that 

this sort of damage is confined to them and does not occur amongst salt-water fish. 

The facts presented in the present paper open up a very fascinating chapter in the 

book of copepod parasitology, and one that bids fair to become far-reaching in its prac- 

tical relations; but it must be remembered that we have as yet scarcely made a begin- 

ning, and that a vast amount of work is still to be done before we can reach a final solu- 

tion of the problems. From the facts here presented, however, it would seem as if fresh 

water presented fully as rich a field to the parasitologist as can be found in the ocean. 



EXPLANATION OF PLATES. 

PLATE LX. 

Female of Argulus canadensis. 

Fic. 1. Dorsal view. 

Fic. 2. Respiratory areas. 
Fic. 3. First and second antenne. 

Fic. 4. Chitin ribs supporting the margin of the 
sucking disks. { 

PLATE 

Fic. 5. Maxilliped. 
Fic. 6. Basal joints of fourth leg. 

LXI. 

Females of Argulus flavescens and A. mississippiensis. 

Fic. 7. Dorsal view of A. flavescens. 

Fic. 8. Respiratory areas. 

Fic. 9. First and second antennz. 
Fic. 10. Chitin ribs supporting the margin of the 

sucking disk. 

Fic. 11. Maxilliped. 

Fic. 12. Basal joints of fourth’swimming leg. 
Fic. 13. Chitin ribs of sucking disk of A. missis- 
sip piensis. 

Fic. 14. Maxilliped. 

Fic. 15. Second, third, and fourth swimming legs 
of male. 

PLate LXII. 

Male and female of A. lepidostei and male of A. mississippiensis. 

Fic. 16. Dorsal view of male of A. lepidostei. 
Fic. 17. Third leg of male, showing accessory 

sexual apparatus. 

Fic. 18. Chitin ribs supporting margin of sucking 

disk. 

Fic. 

Fic. 

A 

Fic. 

19. Maxilliped of female. 

zo. Chitin ribs supporting sucking disk of 
. stizostethii. 

21. Dorsal view of male of A. mississippiensis. 

PuiaTe LXIII. 

Male and female of Argulus mississippiensis. 

Dorsal view of female. 

Respiratory areas. 
First and second antennz. 

Fic. 

Fic. 

Fic. 

22. 

23. 

24. 

Fic. 25-27. Second, third, and fourth legs of 
male, showing accessory sexual apparatus. 

Pirate LXIV. 

Male and female of Argulus lepidostei. 

Dorsal view of female. 

Respiratory areas. 

First and second antenne. 

Fic. 
Fic. 

Fic. 

28. 

29. 

30. 

Fic. 31, 32. Second and fourth legs of male, show 
ing accessory sexual apparatus. 

PLATE LXV. 

Newly hatched larva of Argulus lepidostei. 

Dorsal view. 

First antenna. 
35. Second antenna. 

36. Mouth tube and first maxilla. 
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Kic. 
Fic. 

Fic. 

Fic. 

33- 
34. 

Fic. 37. Second maxilla. 
Fic. 38. Maxilliped. 
Fic. 39. First swimming leg. 
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Pirate LXVI. 

Females of Ergasilus lanceolatus, elongatus, and megaceros. 

Fic. 40. Dorsal view of E. lanceolatus. Fic. 47. Side view of E. elongatus. 
Fic. 41. Mouth parts. Fic. 48. Mouth parts. 

Fic. 42. Second antenna. Fic. 49. Mouth parts of E. megaceros. 
Fic. 43-46. First, second, third, and fourth 

swimming legs. 

Pirate LXVII. 

Female of Ergasilus nigritus. 

Fic. 53-56. First, second, third, and fourth swim- 
ming legs. 

Fic. 50. Dorsal view. 
Fic. 51. Second antenna. 

Fic. 52. Mouth parts. 

PLaTE LXVIII. 

Females of Ergasilus megaceros and E. elongatus. 

Fic. 62. Dorsal view of E. elongatus. 

Fic. 63-66. First, second, third, and fourth swim- 

ming legs. 

Pirate LXIX. 

Fic. 57. Dorsal view of E. megaceros 
Fic. 58-61. First, second, third, and fourth swim- 
ming legs. 

Female of Ergasilus elegans. Z 

Fics. 70-73. First, second, third, and fourth swim- 
ming legs. 

Fic. 74. Nauplius larva of E. ceruleus. 

fc.*67. Dorsal view. 
Fic. 68. Second antenna. 

Fic. 69. Mouth parts. 

PiaTE LXX. A 

Female of Salmincola californiensis. 

Fic. 75. Dorsal view. Fic. 79. Ventral view of same. 
Fic. 76. Side view. Fic. 80. Mandible. 
Fic. 77. Top of head. Fic. 81. First maxilla. 

Fic. 78. Second antenna, side view. Fic. 82. Maxilliped. 

PLATE LXXI. 

Male and first copepodid larva of Achtheres pimelodi. 

Fic. 83. Side view of male. Fic. 87. Mouth parts: md, mandible; mx, first 
Fic. 84. First and second antenne. maxilla. 

Fic. 85. First maxilla. Fic. 88. Second maxilla. 

Fic. 86. Dorsal view of larva. Fic. 89. Maxilliped. 

Pirate LXXII. 

Female of Lerneocera variabilis. 

Fic. go. Ventral view. Fic. 95. Mouth parts: md, mandible; mx', first 
Fic. 91. Head and anterior thorax, much enlarged. maxilla; mx*, second maxilla; Jb, labium. 

Fic. 92. Seale of fish host, showing mode of | Fic. 96. Maxilliped. 
attachment. Fic. 97-100. First, second, third, and fourth 

Fic. 93. First antenna. swimming legs. 

Fic. 94. Second antenna. Fic. ror. Anal lamina. 
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PLATE LXXIII. 

Females of Lern@ocera tenuis and L. cruciata. 

Fic. 102. Ventral view of L. tenuis. Fics. 105-107. First, second, and third swim- * 
Fic. 103. First and second antenne. ming legs. 
Fic. 104. Mouth parts: mx”, second maxille; mxp, | Fic. 108. Ventral view of L. cruciata. 

maxillipeds. Fic. 109. Dorsal view of same. 

PLATE LXXIV. 

Females of Lerneocera tortua, cruciata, and pomotidis. 

Fic. 110. Mouth parts and antenne of L. cruciata: | Fic. 114. Ventral view of L. pomotidis. 
an’, first antenna; an*, second antenna; mx!, | Fic. 115. Dorsal view of posterior end of body. 
first maxilla; mx?, second maxilla; mxp, max- | Fic. 116. First antenna. 

illiped. Fic. 117. Second antenna. 
Fic. 111. Ventral view of L. tortua. Fic. 118. Maxilliped. 

Fic. 112. Dorsal view of horns. 

Fic. 113. Antenne and mouth parts, lettering as 
in figure 110. 
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THE FISHES OF THE STREAMS TRIBUTARY TO 

TOMALES BAY, CALIFORNIA. 

Bd 

By JOHN OTTERBEIN SNYDER, 

Stanford University, California. 

& 

INTRODUCTION. 

The larger coastal streams of California which enter the ocean at points between 
the Klamath and Carmel Rivers are in most cases inhabited by one or more species of 

fluvial fishes which are either identical with forms found in the Sacramento-San Joaquin 
system or are very closely related to them. Beginning at the north and enumerating 

these streams, it is found that Redwood Creek has no fresh-water fishes. Bear, Eel, and 

Mad Rivers exe inhabited by a single species, Catostomus humboldtianus, a representative 

of the common Sacramento sucker. Mattole, Noyo, and Big Rivers and the smaller 

streams which drain the region between Bear and Navarro Rivers have no fluvial species. 

Navarro and Gualala Rivers each has a single species of Hesperoleucus (Rutilus sym- 

metricus of authors generally), a minnow measurably differentiated from H. venustus of the 

Russian and Sacramento Rivers, while Garcia River, about as large as either of these and 

draining a basin between them, has no minnows. Russian River has several species of 
minnows and one sucker, all of which are Sacramento forms. The streams entering San 

Pablo and San Francisco Bays have fishes identical with those of the Sacramento; in 

fact, they form a part of the great Sacramento-San Joaquin system, the waters of the 

bay not constituting a barrier sufficient at all times to prevent the passage of fresh-water 
fishes. The small creeks between the Golden Gate and Monterey Bay are not known to 
have fluvial fishes. In the streams tributary to Monterey Bay are found Sacramento 

species and others closely allied to them. 
Faunal reports have appeared from time to time dealing with the various basins of 

this entire region except that including the streams which enter Tomales Bay, and it 

is the purpose of this paper to present an account of the fishes which inhabit them. 

Only two streams flow into Tomales Bay which are large enough to support fishes, 

Papermill Creek, with Olima and Bear Valley Creeks as tributaries, which enters the 
southern end of the bay, and Walker Creek, which flows into the northern part. A 
recent examination of these streams shows that the fishes living there are specifically 
identical with those of near-by basins. Besides forms able to withstand salt water, as 

the trout, cottoids, and sticklebacks (no salmon were seen), there are found here a 

sucker, Catostomus occidentalis, and a minnow, Hesperoleucus venustus,® the latter 

occurring in all the streams, while the sucker is apparently absent from Walker Creek. 

@ Under the direction of the Bureau of Fisheries the writer and Lee R. Dice visited the creeks tributary to Tomales Bay in 
the latter part of October, 1910, and while searching for young salmon made a collection of fishes on which this account is based. 

’ Through some oversight Evermann and Latimer (Barton Warren Evermann and Homer Barker Latimer: On a collection 

of fishes from the Olympic Peninsula, together with notes on other west coast species; Proceedings of the Biological Society of 

Washington, vol. xxm, p. 133) record Rutilus bicolor as having been taken in Walker Creek. This species is indigenous to the 
Klamath system. 
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No important differences have been detected between the fishes of the streams entering 
Tomales Bay and those of Russian River or the Sacramento. There is then no zoological 
evidence to offer concerning t he origin of the Tomales Bay fauna further than that it was 
probably derived from either the Russian River Basin or from’some stream tributary to 

San Pablo Bay, for it will be observed from the map that the catchment basin of Tomales 
Bay is bounded on the north and east by the territory drained by Russian River and the 

Map of Tomales Bay, showing tributary streams large enough to support fishes. 

small creeks which flow into San Pablo Bay. Furthermore, it is separated from rivers 

farther up the coast by a barrier of sea water which can not be traversed by fluvial 

species. 
SYSTEMATIC DISCUSSION. 

Catostomus occidentalis Ayres. Sacramento sucker. 

This species was observed in Olima and Papermill Creeks but not in Walker Creek. Specimens 

have been collected in Olima Creek at its mouth. On the 2oth of October and on the following day, 

4 Of interest in this connection is a paper by Prof. Ruliff S. Holway; The Russian River, a characteristic stream of the 

California coast ranges. University of California publication, in Geography, vol. 1, no. 1, Apr. 8, 1913. 
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when the water was low and clear, the stream was carefully examined for a distance of 3 or 4 miles above 

its mouth, and although minnows and trout were plentiful, no suckers were seen. Neither is the 

species well represented in Papermill Creek, which has a considerably larger volume of water. Much 

time was spent in carefully observing the stream above Tocaloma before any individuals were seen. 
Specimens were later obtained only with great difficulty, as they were uncommonly shy, seeking shelter 

under driftwood and overhanging banks, usually disappearing long before the trout or minnows were 

disturbed. 
When compared with examples of the species from Russian River and the Sacramento Basin, a 

slight degree of differentiation appears in the Papermill Creek specimens. The dorsal fin is a little 
higher, the caudal seems to be somewhat longer, and the scales a little larger. In numerous specimens 

from the Russian and Sacramento Rivers, between which no differences have been detected, the dorsal 

measures 0.15 to 0.21 of the length, while the Papermill Creek specimens have a dorsal measuring 0.19 
to 0.23. The caudal of Sacramento examples measures 0.21 to 0.27, that of Papermill Creek specimens 
0.24 to 0.29. Sacramento individuals have 13 to 17 scales above the lateral line, while those from 

Papermill Creek have 11 to 13. These measurements have been based on only 15 specimens from 
Papermill Creek and are not sufficient in number to be of real value. It is of interest, however, that 

the apparent differentiation of these specimens is in the direction of that exhibited by C. humboldtianus 

of Bear, Eel, and Mad Rivers. 
Measurements of 10 specimens follow: 

MEASUREMENTS OF TEN SPECIMENS OF CATOSTOMUS OCCIDENTALIS, PAPERMILL CREEK. 

210 210 198 180 112 138 140 12r 111 110 

©. 225 | 0.235 | 0.23 | 0.24 | 0.24 | 0.23 | 0.23 | 0.225] 0.24 0. 25 
+22 +22 °2t +22 +23 +24 +25 <2, -25 +24 
09 ~085 209 +09 08 «09 +08 °9 08 °9 
165] -175 15 165 | -17 +15 -16 1s 16 16 
II It 10 +I -It «It II 10 II Ir 

+04 +04 +04 +04 05 +04 035 04 045 05 
+10 095 10 +10 +10 +09 09 095 °9 095 
16 165 | .165 17 -165 | «16 17 17 17 17 
20 20 20 +20 -2I +22 2I 20 22 2r 
49 495 | +50 st | -s2 | -49 | «so | +49 50 50 
55 565] +565] +57 +60 +575 57 58 +58 59 
17 175 19 +16 +19 . a8 -185 18 4 18 
08 °9 08 ~075 | -09 exe} 075 o7 fe} 07 

Height dorsal. 19 20 -22 +20 +23 -2I -20 20 ~2I at 
Height anal... 24 27 21 +20 20 -19 18 -18 19 18 

gth pectoral =ar +23 +23 +21 +23 «21 +20 -2I +20 +20 
Length ventral -175| «18 -17 -I5s| -18 -195 | -17 -17 -17 +18 
Length caudal. - 26 26 28 25 29 ~26 24 227 26 24 

Dorsal rays.. 13 13 14 13 13 12 13 12 12 12 
Anal rays 7 8 8 7 8 8 7 8 7 
Scales lateral line 69 68 64 62 66 63 59 62 63 60 
Scales above latera 12 12 12 13 13 12 II 12 12 II 
Scales below lateral line. 10 9 10 10 Io 9 8 8 9 9 
Scales before dorsal 32 30 3r 30 Pes eeoncg anerred tucsccy jocpocea jo s0c0% 

Hesperoleucus venustus Snyder. San Francisco roach. 

Examples of this species resemble those of the Russian River in the trim, slender body, rather 
pointed snout, slender caudal peduncle, and long fins. They have usually 9 dorsal and 8 anal rays, 

the number counted in 167 specimens being as follows: 

Dorsal rays. Anal rays. 

[Ba erem Creel vevara hin) srase nie siarehe cies a thats slaieinin sols icles suit Sue dinabtan bina valent Meeicis Ate oS wetewd] oaanes 
Bear Valley Creek . 
Walker Creek 
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Where 8 rays are recorded the last is cleft to the base, the distinction in this case being somewhat 
arbitrary. The scales in the lateral series number from 49 to 59, the most usual number being 50 to 56. 

Scales lateral Vine J. 6 cs... stove cece cata she ceesine 49 50 5I 52 53 54 55 56 57 58 59 

(Pdpermill' Creeks f is .c.ecccaaacednes cons caeiadeceeee ee 
Bear Valley Creek. . , 
Walker Creekery 0 pice. ance nubs te sare bam nra nenisen 

In shape the scales are more or less quadrangular, although elongate and spatulate specimens often 
occur. The basolateral angles are strong and weil marked. The apicolateral angles are usually weak. 

Lateral radii are not common, and not over two have been observed on one side of ascale. The apical 
radii number from rr to 25. 

This form differs from those of the Navarro and Gualala Rivers in being more slender in outline, 

in having somewhat longer and more pointed fins, and a different number of fin rays, H. navarroensis 
having generally 8 dorsal and 8 anal rays, and H. parvipinnis 8 dorsal and 7 anal rays. 

Minnows were seen in large numbers in the pools of Olima, Bear Valley, Papermill, and Walker 
Creeks. They were especially abundant in Walker Creek, where they were considerably smaller than 

those of Papermill Creek. In the latter stream specimens were collected October 21 which measured 
130 millimeters, something more than 5 inches in length. An attempt was made to determine the age 
of some of these from an examination of the scales, and it appeared that fishes measuring from 100 to 

130 millimeters in length were in their third year; those measuring from 70 to 110 millimeters were in 

their second year; individuals hatched in the previous spring were from 70 to r10 millimeters long. 
None was seen which appeared to be older than the third year. 

Measurements of 10 specimens from Papermill Creek are here given. 

MEASUREMENTS OF TEN SPECIMENS OF MINNOWS, “PAPERMILL CREEK. 

Terigth af body e.hatcios te wteis sfeicinisaipiaje oF 2 mm..| 87 85 85 80 81 78 80 81 76 7O 

Wengelo head 54 5st s!s ae a eetes = 2 «state alaic sates 1 eee tale 0.25 | 0.25 | 0.26 | 0.27 | 0.26 | 0.255] 0.25] 0.25 | 0.26 0. 24 
Depth ody.” 35 wees Mee wanste ts lets cic/acsm emesis cake -277 | 27 +26 28 +26 +26 -27 | .26 +29 -35 
Depthicaudal’ peduncle sg Fo.0..5. aieleis ode ecrassewne cheaters +I0 ixx ort «505 |} «I05 |) .r0 EX! |e eXOR))|) 1ekO -IL 
eenpeh Sn Outee Wares 40ers = hetteleenicte sieitinvocle-atele eis +09 +09 +10 210 +085 | 085 +08 | -09 +09 +085 
PIAMIELCH EYE. Sites case RSeicae cent cede Gussme neko wece +055 | +06 +055 | -06 +06 +06 +06} .06 +06 +065 
Interorbital width, \..5s.c jac dees ceemuew en oss sock +10 +09 +09 +10 +09 +09 +09 | «10 +10 +09 
Dn eh ead sires caw sbaawre asics eelrenevanie akon eine vanes +19 -20 +19 -185 | 20 -18 +19 | .20 +19 +19 
MMOD LONOCCIDILES im seca es eebetelaam detinsstass Aine ni cte +2 +21 +21 +22 +2 +2I 22r| .22 +2 -22 
SHOE EC COTS oa iscc Me eyelet cmt claret ada oyouate tide ten cisate -58 +59 +58 -58 258 +58 -s8| -58 +59 °s7 
SSMLOIESEORV ENCE S «ch teathie caaslivineion she aas viet rica aeleie 5r +52 °53 +54 +52 +53 +53 1-53 +53 +52 
ieenethi pase of dorsalis zis: sgaetesidad atau neebaew sn +14 +135 | -14 «135 | -33 «125 «13 | -33 +125 +33 
ength pase offatial 6 itr ce a eines Remains peniteciecde +10 +10 -II +10 +10 +095 +09 | -10 +09 +10 
HMeiph fedlorsal yoo ici den ste.c cater a imitate eles eae ncinicle -18 +19 18 +19 +19 -18 ~20] .18 -18 +20 
Peiphtianalenmectccs sea uketieetne tasmasceeececnene +165 | .18 -16 -18 +17 +16 +18 | .17 +17 -18 
MERE DECtOMa Wyyrenniissicciseccionncaetemeetrmanteat: +18 +18 «18 +21 +20 +19 -I9 | -1I9 +185 +23 
Menipthivertral o.oo scsi) veiscs pnisieelahvinetatteine anise ine +15 +16 rai -16 +16 o xa +15] -16 +145 +17 
Merivthcaridall . sete coc ba.c sane da notaries oecieare clea 25 2 27 29 28 - 265 27 28 275 +275 

Darsalirae ce te rates mao actena deieaias Sea witness 9 9 9 9 9 9 9 9 9 9 
Anollitays? noir Vases MISS, Seat ealcstee cece nae 8 8 8 8 8 8 8 8 8 8 
mepalestatera likin emacs oe treet seis ete aisle Saree 56 54 58 54 53 57 55 56 53 52 
Scales above lateral ines. osc tegen cciaciimms derisir els 14 13 13 13 13 13 14 13 13 13 
scales below datetal Minel ssc. seca cece sneeeen teens 8 7 7 8 7 7 8 8 8 8 
Scales betore dorsal ase ns cms neem css man mecise seat 3r 32 32 30 32 33 33 32 32 33 

Salmo irideus Gibbons. Rainbow trout. 

Small trout were plentiful in Papermill and Olima Creeks. A few were seen in Walker Creek. 
Large steelheads come in from the bay immediately following the first heavy rains of winter. 

Gasterosteus cataphractus (Pallas). Alaska stickleback. 

This species enters all the streams which flow into Tomales Bay. 
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Cottus asper Richardson. Prickly bullhead. 

Found in the deeper and more quiet pools in the lower courses of the streams, and especially 
common near their mouths. 

Cottus gulosus (Girard). Rifflefish. 

Two small specimens were collected on the rocky bottom of Papermill Creek several miles above 

Tocaloma. 
This is the rifflefish of the miners, known to them because it frequently lodged above the riffles 

or cross slats of their sluices, and by its vigorous flopping sometimes caused fine particles of gold to 

Pass over. 
C. aleuticus was not seen. 
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THE FAIRPORT FISHERIES BIOLOGICAL STATION: ITS 

EQUIPMENT, ORGANIZATION, AND FUNCTIONS 

a 

By Robert E. Coker, Ph. D. 

Assistant in Charge of Scientific Inquiry, Bureau of Fisheries 

(Formerly Director of the Station ) 
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THE FAIRPORT FISHERIES BIOLOGICAL STATION: ITS 
EQUIPMENT, ORGANIZATION, AND FUNCTIONS. 

& 

By ROBERT E. COKER, Ph. D., 

Assistant in Charge of Scientific Inquiry, Bureau of Fisheries. 

(Formerly Director of the Station.) 

& 

FUNCTIONS OF THE STATION. 

By means of the Fairport fisheries biological station, with personnel of investigators 
and fish culturists, equipment of laboratories and ponds, and apparatus for scientific and 
practical work, the Bureau is enabled to inaugurate a more positive effort for the promo- 

tion of all fishery interests of the Mississippi Basin. This institution is located upon 
the Mississippi River, approximately midway between St. Paul and the mouth of the 

Ohio, 8 miles above Muscatine, Iowa, and 20 miles below Davenport, Iowa, and Rock 

Island, Il. 

The station, with permanent and temporary employees and associates, engages 

in the propagation of the pearly mussels; in the cultivation of fishes with experimental 

and practical ends; in the investigation of problems relating to mussels, to fishes and to 
fishery conditions; and in biological research. With such scope, this biological station 

affords a nucleus for many phases of the Bureau’s activities for the promotion of fishery 

interests in interior waters. Its operations are not restricted to the station or to its 

vicinity, but extend into the distant parts of the basin, as evidenced by the propagation 
of mussels in Minnesota, Wisconsin, Indiana, and Arkansas, and by the investigation 

of fishery resources and biological conditions in South Dakota and Tennessee, in Minne- 
sota and Louisiana, and elsewhere. 

In brief, the institution is a “‘fish-cultural experiment station,” as well as a 

center for mussel propagation and for investigations in laboratory and field. The 

broad field and the varied responsibility do indeed require care against the dissipation 

of energies, but all activities so far have been coordinated in such a way as to make 

them mutually helpful and contributory to a common end. It is the function of the 

station in the first years to lay a secure foundation upon which, as means and agents 

become available, the service may be continually extended. 

ESTABLISHMENT OF THE STATION. 

The station was established by act of Congress in 1908; the construction was begun 

in the late fall of 1909; with temporary equipment, the station began operations in the 
investigation of mussel problems in June, 1910; the propagation of mussels on a practical 

scale was entered upon in 1912; the main laboratory building was constructed in 1912 

387 
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and 1913, and opened for general investigations June 15,1914. In response to the urgent 

request of local organizations, there was held on August 4, 1914, a formal celebration of 

the opening of the laboratory, with exercises of dedication. The attendance of some 
5,000 persons, the sympathetic addresses by men of prominence in public life and by 

scientific men of established repute, and the presentation of a memorial tablet,’ were 

regarded as manifestations of an unusual public interest and a gratifying indorsement 

of the purposes of the Bureau as expressed by this new endeavor. 

The equipment and the several phases of activity of the station are briefly described 
under several heads, but it is not found practical to separate in description the practical 

and the experimental aspects either of the propagation of mussels or of the fish-cultural 

operations. 
EQUIPMENT OF THE STATION. 

BUILDINGS AND PONDS. 

The main laboratory building is about 100 by 50 feet, with two complete stories, 

besides a finished half story anda basement (pl. Lxxv). The building includes offices 

for administration, six laboratory rooms, a museum, a preparation room, a photographic 

room, a library, storerooms, packing room, eleven dormitory rooms, dining room, kitchen, 

and bathrooms. The laboratory is provided with steam heat, with filtered water service 
throughout, and with running river water in the basement. A fume chamber with 

proper vent is built in the chemical laboratory and there are many sinks, tanks, and 

aquaria where required. The several floor plans are shown in text figures 1 to 4. 

There is also a tank house which is a one-story building, 25 by 50 feet, located near 

the laboratory (pl. Lxxvr). Nearly all of the tanks in the laboratory and tank house 

are of concrete of light but substantial construction, and painted concrete floors gen- 

erally are found where water is used. 

An important building is the boiler and pump house on the river bank about 700 

feet from the laboratory. Other necessary buildings are the boat and net house, the 

temporary laboratory, the storehouse and carpenter shop, the shell-testing plant, the 

barn, and five cottages affording living quarters for members of the regular staff 

(pl. Lxxvu, fig. 3 and 5).° 

Up to the present time there have been constructed 17 earth ponds, the largest of 
which is a little over an acre in extent. They are intended primarily for rearing fish 

which constitute a reserve stock for use in mussel propagation and for experiments 

in the propagation of fish and mussels. The larger units generally have a depth of 6 

feet in deepest portion. The total acreage of earth ponds is about 7 acres. There are 

also 14 small concrete-lined ponds with a combined area of about 4,800 square feet. 

The concrete-lined ponds are designed for retaining fish or for experimental work relating 

to the growth of mussels or to other problems as they may arise. (See map following 

Pp. 495.) 
THE WATER SYSTEMS. 

Two systems of water are used. The crude river water of the Mississippi at this 
place contains the necessary elements for the life of fish and mussels, and after standing 
in the earth ponds, under the active influence of sunlight and vegetation, it develops a 

@In memory of J. F. Boepple, founder of the fresh-water pear! button industry and late shell expert of this station, pre- 

sented by those who have built an important industry upon the foundation so well laid by Mr. Boepple. 

> Other ponds are in construction (May, ros6.) 
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THE FAIRPORT FISHERIES BIOLOGICAL STATION. 359 

Fic. 1.—Plan of basement of laboratory. 1, Furnace room; 2, steam boiler; 3, coal bin; 4, store room; s, toilet; 6, kitchen; 

7, pantry; 8, dining room; 9, not excavated. 

Fic. 2—Plan of main floor of laboratory building. 1, General laboratory; 2, library; 3, chemical laboratory; 4, sterilizing and 

embedding room; s, general office; 6, director's office; 7, stock room; 8, packing room; 9, closet for office storage; 10, alcohol 

closet; 11, janitor’s closet; 12, preparation room; 13, Museum. 
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rich stock of food to form a peculiarly favorable condition for fish life. For domestic 
and scientific purposes it is also necessary to have a small supply of clear water, which 

is obtained by passing river water, after preliminary sedimentation, through a covered 
gravity sand filter. 

The pumping equipment consists of two 60-horsepower return tubular boilers and 

three steam turbine-driven centrifugal pumps. The two larger pumping units are of 

40 and 20 horsepower and have capacities of 1,400 and 800 gallons per minute, respec- 

tively; the crude river water is delivered through a main of 14 and ro inch pipe to 
the storage reservoir, from which there is a gravity flow to the ponds, to the tank house, 
to the basement of the laboratory, and to the temporary laboratory, which has been 

converted into a hatchery (text fig. 5, p. 393). 

The storage reservoir for river water has, in approximate terms, an area of nine-tenths 
of an acre, a depth of 1414 feet at the outlet, and a capacity of 2,000,000 gallons. The 

reservoir allows opportunity for sedimentation of the coarser particles in the river water 

and for the development of the elements of fish food. While pumping operations are 
usually carried on for five to eight hours each week day, the capacity of the reservoir 

makes it possible to discontinue operations in case of emergency for two or three days. 

The smallest pumping unit is a 15-horsepower steam turbine-driven centrifugal 

pump which delivers filtered water to low and high pressure cisterns, respectively, which 

are constructed of concrete in the ground and covered (text fig. 6). The low-pressure 

cistern is of 60,000 gallons capacity and at sufficient elevation to supply all floors of the 
laboratory building; it is connected also to the tank house and the barn. The high- 

pressure cistern is of about 4,000 gallons capacity and located about 75 feet higher, so as 

to supply the cottages and hydrants upon the hillside (text fig. 7). The use of the two 

cisterns permits substantial economy in pumping operations, since it is not necessary to 

lift any considerable amount of water higher than is requisite for the intended service. 

The clear water is obtained by passing a small portion of the water from the storage 

reservoir through a gravity sand filter of about 20,000 gallons maximum daily capacity, 
located near the boiler house. The filtered water is not absolutely pure, but has been 

used with satisfaction. 
There must, of course, be complete systems of pipe lines for water, sewers, and drains, 

and these comprise in all about 3 miles of underground piping (text fig. 4, 5, 6 and 7). 

The water-pipe lines are principally of cast-iron, well asphalted within and without, with 

bevel joints and the sections drawn together by bolts. Some threaded pipe is used, but 

the asphalted cast-iron has been most satisfactory. To prevent freezing, the water lines 

are laid with a minimum of 4 or 5 feet of cover, according to location. ‘The size of water 

pipes varies from 2 to 14 inches; that of sewers and drains from 4 to 15 inches. A 

feature of the pipe lines is the provision of emergency connections. It is possible to 

cut out the reservoir and to pump directly into all units ordinarily supplied from the 

reservoir (text fig. 5). Similarly, it is possible to pump directly into all buildings and 

hydrants supplied from the clear-water cisterns (text fig. 6). The former connection is 

accomplished by the insertion of proper valves at a junction point just south of the rail- 
way, and the latter by a short emergency line on the hillside. An explanation of the 
emergency connection on the reservoir line will be of interest. 

It will be noted from the plan of the river water system, as shown in text figure 5, 

that the ro-inch “reservoir supply line”’ (through which water passes from the pumps to 
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the reservoir) and the 8-inch ‘‘pond supply’ (through which water returns from the 

reservoir to the ponds below the railroad) pass through the same culvert beneath the 

railway tracks, and are therefore parallel and closely approximated for a short distance. 

A little south of the railroad, a crossover connects the two lines, as may be seen in the 

foreground of figure 7, plate Lxxvi. There is a valve in the crossover which is ordi- 

narily closed, so that the two lines function quite distinctly. It is possible, however, to 

open this valve and at the same time to close a valve in the reservoir supply line just 

above the crossover. If the pumps are then set in operation, the water passes through 

the 14-inch portion of the reservoir line as far as the crossover, where it turns into the 

pond supply and its various branches, and will even flow into the lower end of the 
reservoir unless the valve controlling the normal outlet from the reservoir be closed. 

Again, if for any reason it becomes necessary to operate both pumps at the same time 

and thus to force an unusually large volume of water through the reservoir supply line, 

the friction head may be substantially lowered, by leaving open all valves in connection 

with the crossover. The discharge through the 14-inch pipe then divides into several 

streams, passing through (a) the ro-inch continuation of the reservoir line, (b) the 8-inch 

pond supply, and (c) the 4-inch ‘“‘A-B branch.” In this case the water may be per- 

mitted to enter the reservoir at both ends, that is, through the normal outlet as well as 

through the inlet. 

The plans of drains and sewers are shown in text figures 7and 8. All sewers from 

buildings north of the railroad and the drains from the reservoirs, cisterns, and upper 
tiers of ponds, converge into a main 12-inch line, which discharges into a storm chan- 

nel in the eastern part of the grounds. Through this storm channel the waste water 

passes into the river some distance below the intake for the pumps. 

OTHER EQUIPMENT. 

At the present time the station owns two launches, one of which is kept on Lake 

Pepin, Minn., at a considerable distance from the station (pl. Lxxrx, fig. 11), the other 
being regularly used at Fairport. ‘There are also three small power flatboats employed 
in investigations and in fishing operations and a number of small rowboats both at 

the station and in the field. 

The original temporary laboratory has been equipped with a battery of hatching 

jars which may be used for experimental purposes or for practical hatching operations, 

as opportunities and necessities arise. 

It is unnecessary in this place to mention in detail the scientific apparatus such as 
is ordinarily found in a biological laboratory, or to refer to the various field and me- 

chanical tools that are necessary for the maintenance of an institution of this size loca- 

ted at a distance from an important town. 

Mention should be made, however, of the fact that the station has a complete outfit 

of simple button-making machinery of the old type, by means of which commercial 
tests of shells can be made by cutting and finishing buttons or novelties. The machin- 

ery is that which was formerly used by the late J. F. Boepple, who founded the fresh- 

water pearl button industry. The shell-testing shop is the small building seen at the 
extreme left of figure 3 (pl. Lxxvm), being designated on the map as the temporary 

pump house. 
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Fic. 6.—Plan of clear-water supply, Fairport station. (See also fig. 7.) 
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PERSONNEL. 

The personnel consists of the director, superintendent of fish culture, four scientific 

assistants, including two associated with the Homer station, a shell expert, a foreman, 

two laborers, an engineer, and two firemen. ‘The work of the station is not carried out 
by these men alone; in the propagation of mussels, which is distributed over a wide 

territory, it is necessary to engage temporary foremen who, as the heads of local parties, 

assume no light measure of responsibility. In a later place reference is more appro- 

priately made to the associated investigators who must contribute so largely to the 

ultimate usefulness of the institution. 

GROUNDS OF THE STATION. 

The grounds of the station comprise 60 acres and will afford opportunity for subse- 
quent expansion with the construction of additional ponds. Being intersected by the 

Rock Island double-track railway, and by the county highway, the grounds are divided 

into three portions which happen to be somewhat distinct in character. (See map 

following p. 405.) 
The lower or southern grounds between the railway and the river afford convenient 

locations for pumping station, boathouse, shops, and ponds, series A (concrete) and B 

(earth). (Pl. yxxvu, fig.3.) The lowest parts of the lower grounds are only slightly 

flooded by the highest stages of the river, but the pond embankments and the floors of 
all buildings are above the highest recorded flood stage—that of 1892. Technically, this 

level is 560 feet, referred to the Memphis datum, while “low” water is 541.689 feet. 

The highest stage attained since the establishment of the station is 555.4, in 1912, the 

lowest being about 114 feet below “low.” 

The main grounds north of the railway and south of the highway comprise over 

30 acres of original meadow and bottoms, mostly suited for ponds. There isa generally 

moderate slope rising more abruptly to the highway. This region affords excellent sites 
for the chief buildings, laboratory and tank house, for the storage reservoir (water 
surface 592.5 feet), and the principal ponds (pl. Lxxv1, fig. 2; pl. Lxxvu, fig. 4). A 

small portion, known as the western grounds, is cut off by a natural drain channel, 

or storm gulley, and is occupied by the barn lot and a field that is not at present utilized, 

except as pasturage for the station horses. 

Above the highway is a beautiful hillside, somewhat terraced naturally and covered 

by an original grove of walnut and oak (pl. Lxxvu, fig. 5). While the cottages are con- 

veniently and attractively located upon the principal terraces, yet practically nothing 

has been done to mar the naturally beautiful features of the grove. Since the hill ascends 
rather quickly to an elevation nearly 200 feet above the river, it has been easy to find 

favorable spots where the high and low pressure cisterns could be constructed at a 
moderate cost and under ground, while still at sufficient heights to give the desired 
pressures. The water surface elevations of these cisterns are 630 and 705 feet, respec- 

tively, or at heights of 69.5 and 144.5 feet above the floor of the pumping station. 

It will be manifest that the grounds as a whole possess most favorable features in 
the way of natural drainage, ample space for the construction of ponds, and natural and 

easy grades for the construction of reservoirs, cisterns, and pipe lines for gravity flow 

97867°—vol 34—16——26 
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to the buildings and fish-cultural ponds. It has previously been shown how, in the 

location of reservoir and low and high pressure cisterns, advantage has been taken of 

the grades to obviate the pumping of any water higher than is necessary for the desired 

head and thus to provide for minimizing the perpetual cost of operation. 

A word should be said as to the unusual natural beauty of the location. The par- 

ticularly graceful outline of the hillside gives an effective background for the main 

building as viewed from the river or the railway, while its heights offer vantage points 
for the survey of the entire station. In the architectural and engineering features of 

the station proper, consideration has been given to simplification and to harmonizing 

of design with reference to the natural endowment. Much of the attractiveness of the 
station and much of the congeniality of the laboratory for persevering and enthusiastic 
labors is fairly attributed to the inspiriting influence of the appropriate natural sur- 
roundings. 

BIOLOGICAL ENVIRONMENT. 

In fisheries or in biology, studies in a laboratory can only be supplemental to those 

based upon outdoor nature. A true biological station must be larger out of doors than 

indoors. While, therefore, a full report could properly be written upon the subject of 

the environment, it is beside our intention in this place to offer more than the mention 

of some general features of the surroundings which will suggest the nature of the habi- 

tats available for study. 

It is manifest that the assembly of fish-cultural ponds, supplied originally with water 

from the Mississippi but permitted to develop essentially pond conditions, stocked with 

abundant aquatic vegetation and rich in entomostraca, insect adults and larve, together 

with the customary variety of smaller animal forms that thrive on the bottom, amidst 

the vegetation or in free-swimming condition, offer favorable opportunities for biological 

and physical studies bearing upon problems of fish food, as well as for investigations of 

more particular scientific interest. 

The river with its willow-lined shores, its variety of sandy bars, gravel and mud 

bottoms, deeper channels, and quiet eddies below the wing dams, presents many favorable 

conditions for investigations where collecting may be done by hand, by dredge, by nets, 

or by seines. Fishes of many species, turtles, mussels, Necturus, etc., are not only near 
at hand, but are taken daily in course of the routine collecting of the station. 

Just across the river are the islands and lowlands of Illinois, where distinctive con- 

ditions are found amid the intricate slues and in the ordinarily isolated overflow ponds 

that form the favored breeding grounds of some species of important fishes. 

Botanists find a rare interest in certain striking habitats within a couple of miles 

of the laboratory, such as Wyoming Hill, Wild Cats’ Den, and, on the Illinois side, 

‘Turtle Slide’ and “The Grottoes.”” Especially The Grottoes and Wild Cats’ Den are 

of a character unique for the geographic region, displaying striking plant associations 

and presenting opportunities for examination of trees and plants of great rarity for the 

territory, some of which are growing in luxuriant natural abundance. 

At some distance from the station, and yet reached by a day’s journey by steam- 

boat, by launch, or by rail, is the newly formed Lake Cooper above the dam at Keokuk 

and Hamilton. Here, as pointed out ina previous report,® are unexampled opportunities 

@ Coker, Robert E.; Water-power development in relation to fish and mussels of the Mississippi. U.S. Bureau of Fisheries, 

document 805. 1913. 
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Fic. 3.—From left to right, concrete ponds of series A, shell-testing shop, storehouse and carpenter shop, concrete filter bed, 
flagstaff (old position), boiler house, temporary laboratory, boathouse. 

Fic. 4.—Ponds, series D, concrete ponds, series C, and southeast portion of grounds. The largest pond is a little more than an 
acre inextent. (See also fig. 13.) 

Fic. 5.—On hillside, director’s cottage, and in the distance cottage of foreman, scientific assistant, and superintendent. In 
foreground, reservoir and ponds, series D. 
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for the study of the development of lake conditions and of the effect of such conditions 

upon the abundance of commercial fishes. As far as its means permit, the Bureau has 

already availed itself of these advantages for studies of the movement of fishes and of 

the effect of the new conditions upon the supply of fish food and the development of 

fishery resources. A good deal of valuable data has already been secured. 

The favorable features of location and environment which have been described 

under the heads of ‘“‘Grounds”’ and “‘ Biological environment” are some of those which 

dictated the establishment of the station at Fairport. 

MUSSEL PROPAGATION, BY EXPERIMENT AND PRACTICE. 

ORGANIZATION AND GENERAL .PLAN. 

In the practical propagation of mussels the Fairport station serves as headquarters 

for field operations conducted throughout the Mississippi Basin, including the Mississippi 

River and its various tributaries. There may be in the field at one time from two to six 

field parties operating near the station or at distances of several hundred miles, and all 

parties are organized under the superintendent of fish culture. 

While the available personnel and means do not permit of covering the extensive 

field, the present endeavor is to restrict the operations to certain localities favorable for 

the work and needing of replenishment, and to distribute these localities as widely as 

practicable through the territory. Hence operations are now conducted in Lake Pepin 

of Minnesota and Wisconsin, on the Mississippi at Fairport, Iowa, on the Wabash in 

Indiana, and on the White and Black Rivers of Arkansas. 

Each field party is under the direction of a competent head, who may be a perma- 

nent or temporary employee, sent out from the Fairport station or from the central 

office in Washington to work under the direction of the Fairport station. The crews 

employed in the seining of fishes, inoculating them with glochidia, and liberating them 

again in the river are made up of local laborers or fishermen temporarily employed. 
There is no definite outlay of apparatus required. The chief of the party is pro- 

vided with a compound microscope or a dissecting microscope, an ordinary Coddington 

magnifier, the usual dissecting instruments, and a field equipment which may consist 

of seines, fyke nets, tubs, tanks, buckets, etc. A Government-owned launch and row- 

boats may be used or launch and: rowboats may be employed in the region where the 

operations are conducted. It is generally convenient to use flat-bottom rowboats of 
small size, 16 to 24 feet in length, but a launch is also practically necessary in order 

that more rapid movements can be made from place to place, thus extending the sphere 

of operations possible for a day’s work. In some cases the field parties can find accom- 

modation in towns conveniently situated, but in other cases a house-boat must be 

rented in order that the fishing party may have a place in which to sleep and board. 

The methods of propagation are based upon a peculiar feature of the normal course 

of development of fresh-water mussels. The very young fresh-water mussels, with rare 

exception, when first liberated from the incubation pouches of the parent, must become 

parasitic upon fish in order to pass through the next stage of their existence. To this 

end, if the chance offers after liberation, the young mussels, or glochidia, as they are 

called in this stage, attach themselves to the gills, fins, or scales of a fish. The mussels 

of economic importance attach themselves almost exclusively to the gills. In attaching 

or biting on the fish a very slight wound seems to be caused, which begins at once to 
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heal over; but in the process of mending the glochidium is overgrown and thus inclosed 

within the tissues of the fish. The mussel is now actually an internal parasite, in 

which condition it remains for a period of two weeks, more or less. It is thus con- 

veyed wherever the fish goes, until, when the proper stage of development is reached, 

it frees itself from the host and falls to the bottom; if through favorable fortune it finds 

suitable lodgment, it continues its growth to form an adult mussel.¢ 

The glochidia are so small that the infection, if not excessive, has no apparent 

injurious effect upon the fish that serves as host. Investigations by the station have 

shown that mussels do not attach to fish indiscriminately, but that for each species of 

mussel there is a limited number of species of fish which may serve as host. Particular 

instances are mentioned on a later page. 

The task of propagation is to bring together suitable fish and the glochidia of mus- 

sels. Careful studies of natural and artificial infections show that a moderate sized fish 

may successfully carry in parasitism from 1,000 to 2,000 of the microscopic glochidia, 

but that under the chance operation of nature few of the glochidia find a lodgment upon 
the proper fish or upon any fish. 

During the last fiscal year, in round numbers, 344,000,000 glochidia were liberated 
in parasitic condition, 208,000 fish being employed in the operations. A considerable 

proportion of these glochidia undoubtedly fall upon unfavorable ground or from other 

causes fail of reaching maturity. However, it is the large number which can be 
infected and liberated at small expense that justifies a confidence in the accomplishment 

of commensurate benefits. The average cost per 1,000 glochidia artificially infected in 

the fiscal year 1915 was 2.7 cents, inclusive of overhead expenses. 

METHODS OF PROPAGATION. 

The operation of infecting the fish with glochidia is a very simple one, though the 

methods may vary considerably with each party. Essentially the method is as follows: 

(1) The first step is to secure a number of gravid mussels in order to obtain a supply 

of glochidia. Generally this can be accomplished by visiting the beds where mussel 

fishermen are engaged in work, looking over the catch, and picking out the desired 

number of gravid females, for which a small sum may be paid. 

(2) These mussels are then opened, the marsupial passages are cut out, placed in 

a pan of water, where they may be opened with scissors or scalpel and the glochidia 

squeezed out into the water. The glochidia are taken up with a suitable pipette and 

placed in a small container, such as a glass or can. Usually this operation is delayed 

until the fish have been obtained. 
(3) It is now necessary to secure as many fish as possible by means of seine or 

nets, and the species of fish must be appropriate for the species of mussel to be propa- 

gated. (See pl. Lxxrx fig. 8-10.) After the fish are transferred from the seine to tubs 
or tanks, and when a suitable number of fish are in the tanks, overcrowding being 

avoided, a lot of glochidia are thrown into the water. (See pl. LXxrx, fig. 11.) There 

is no definite rule as to the number of glochidia to be used with any number of fish, 

but the person in charge is guided by his experience with due regard to the temper- 

@ There are one or two species of mussels which need not attach to fish, but these are of no commercial yalue. There are a 

few species which during the period of parasitism increase in size manifold, being true parasites; but the greater number of species 

are between these two extremes, using the fish for conveyance and protection, but certainly deriving no considerable amount 

of nourishment. 
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Fic. 6.—Interior of general laboratory, showing alcove arrangement and concrete tank tables. 

Fic. 7.—Three principal cast-iron pipe lines entering culvert beneath railway tracks. From left to right, the 4-inch clear-water 
supply, the 14-inch (reducing to 10-inch) reservoir supply, and the return 8-inch pond supply. In the foreground a valve 
poxis oe valve controls an emergency ‘‘crossover’’ connection between reservoir supply and pond supply. (See 
text, D. 392. 
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ature of water, the number and size of fish, and the activity of the glochidia. The 

fish may remain exposed to the glochidia for a period of 5 to 20 minutes. From time to 

time a specimen of fish is taken by hand, or with a small hand net, and the gills exam- 

ined to ascertain if a sufficient degree of infection has obtained. When, in the judg- 
ment of the operator, the fish show the optimum degree of infection they are ready 

for liberation. 
(4) Using buckets or small nets, the fish are transferred from the tank back into 

the river or the entire tub may be turned over into the river. This concludes the 

operation of infection as ordinarily carried on in a practical way. 

INVESTIGATIONS RELATING TO PROPAGATION. 

A good deal of experimental work is being carried on at the station to determine 

what species of fish are best suited for certain species of mussels, to ascertain the period 

of parasitism and the life history of the young mussels after parasitism, and to lead to 

such improvement of methods as will make the work most productive of practical 

results. 
In addition to the study of special problems of importance, three general lines of 

investigation have been carried on practically continuously. These are (1) the daily 

collection of fish from the river for study of the condition of natural infection, (2) experi- 

ments in artificial propagation, employing various species of mussels and fish and keep- 

ing careful observation of the methods and results, and (3) the study of the habits and 

distribution of juvenile mussels. The results have been so favorable as to justify the 

continuance of these studies for a considerable time. 
The fishes of the sunfish family, game fishes, such as the bass, crappie, sunfish, etc., 

are usually used for the mucket (Lampsilis igamentina) and the fat mucket (Lampsilis 

luteola). For a very important mussel, the pimple-back (Quadrula pustulosa), the Silu- 

ride, or catfishes, are found to be best suited. One of the best species of mussel, the 

“niggerhead” (Quadrula ebenus), is known to become parasitic only upon one species 

of fish, the river herring, Pomolobus chrysochloris. This fish is so delicate that it has 
been impossible to handle it in a practical way, and, therefore, no operations in the 
propagation of this mussel are yet pursued. Some experiments have been conducted 

which are promising of success. Examples of the herring found during the breeding 

season of the ‘‘niggerhead”’ are usually so heavily infected that it may not be necessary 
to use artificial methods with this mussel, although the abundance of the fish should 

be promoted. The matter is now under investigation. A very valuable species of 

mussel, the yellow sand-shell (Lampsilis anodontoides), is parasitic upon the several 

species of gar. 
Other investigations are now being conducted with reference to the possibility of 

rearing young mussels after parasitism in ponds or in floating crates, and the preliminary 

results are as encouraging as could be expected. It is interesting to note that from 

glochidia of commercial species of mussels artificially infected upon fish at this station, 

young mussels have been reared within a period of two years to such a size that it 

was possible to cut and finish buttons from the shells (pl. xxx). Some of these were 

reared in floating crates and some in one of the larger earth ponds. They are not only 

the first mussels to be reared to such a size from artificial infection, but they are the 

first commercial forms known to have grown in ponds. The experiments have not yet 
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advanced to a stage where any definite statements can be made as to the practicability 

of rearing fresh-water mussels in waters other than the natural mussel streams. 

Two years ago an interesting discovery was reported by Lefevre and Curtis, when 

it was found that some glochidia of the squaw-foot mussel (Strophitus edentulus) devel- 

oped into young mussels without becoming parasitic. Howard, in our laboratory, has 

since extended these observations by showing that the glochidia of that species will also 

develop by the customary mode of parasitism and by the discovery that another spe- 
cies, a small ‘‘floater’’ (Anodonta imbecillis), will develop without parasitism. Neither 

of these species, the only ones that have ever been made to develop without the use of a 

fish as host, is of any commercial importance, but it suggests itself as an important 

investigation that methods should be sought for causing other and useful species to 

develop without the fish. Whether the problem should prove simple or difficult, it is . 

worthy of the endeavor. 

The interesting and very practical discoveries which have been made, as a result 

of the close association of practical and investigational work, and the direct bearing of the 

information gained upon the promotion of the natural resources are held to demonstrate 

the essential wisdom of Congress in providing at the beginning that the propagation of 

mussels and the investigation of mussels should go ‘“‘hand in hand.”’ 

The most clearly outstanding feature of our work is the absolute dependence of mussel 
conservation upon fish conservation in the broadest sense. “There can not be abundant 

mussels if there are not abundant fishes. There can not be varied mussel resources 

if there are not varied resources in fin fishes. Probably no step for the promotion of 

the mussel fishery would yield greater benefits to that fishery than effective efforts for 

the conservation of fin fishes. 

The interlocking interests of shell fishers and fin fishers is properly a matter of par- 
ticular interest and worthy of emphasis, although, of course, the conservation of fishes 

rests upon a far broader basis than any consideration of value derived from the depend- 

ence of shell fisheries. 

PROPAGATION AND RECLAMATION OF FISH WITH EXPERIMENTAL AND PRACTICAL ENDS. 

The pond-cultural operations are planned to be carried out with particular experi- 

mental objects. It is hoped by careful observational and experimental methods to 
contribute to the improvement of methods of cultivation of pond fishes, especially as 

relates to the rearing of fish to a size suitable for the table. It is held as a most impor- 

tant responsibility of the station to stimulate and to guide the development of fish 

farming as a more widespread industry. This function as a fish-cultural experiment 

station should rightly be regarded as second to none, but its full accomplishment will 

depend upon the future provision of means proportionate to the labors involved and 

the far-reaching benefits to be gained. 

Meantime the propagation of mussels and of fishes is well carried on hand in hand. 

While it is not feasible now to rear the quantity of fish requisite for the propagation of 

mussels, it is attempted by means of the experimental operations of pond culture at the 

station to obtain a reserve stock of young fish of several species which in the fall are 

infected with mussels and liberated in the river. A threefold purpose isserved in the 

increase both of the fish and of the mussels in the public waters and in the acquisition 
of experimental data. 
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Fic. §.—Seining fish from overflow water for infection with glochidia of mussels. (See text, p. 403.) 

Fic. ro.—Seining fish in Lake Pepin for mussel propagation. Fic. 11.—Transferring the fish to the infection tank. The 
foreman standing in the boat is pouring the glochidia 
from a can into the tank. (See text, p. 4oo.) 

Fic. 9.—Sorting the fish for infection with glochidia. 
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From the account of the operations of mussel propagation it is seen that the supply 

of fish for use in mussel propagation is obtained chiefly by seining in the public waters. 

In the spring after the heavy floods there are many overflow ponds near the course of 

the rivers which are filled with water and fish during the flood and which are left isolated 

as the water recedes. Under natural conditions these ponds will dry up and the fish will 

die. In connection with the work of mussel propagation some of the overflow ponds are 

seined out and such fish as are suitable for infection with mussels are used in that work. 

These and other fish that are taken are then liberated in the main course of the river; 

thus a double object is accomplished in the reclamation of fish, which would otherwise 

be lost, and in the infection with glochidia of mussels. During the past fiscal year 66,645 

adult fish were reclaimed in this way. While this reclamation work, as carried on at the 

Fairport station, is incidental to propagation work, the benefits are of great importance 
and would in large part justify the entire expense of the field work in propagation. 

The Bureau also carries on an extensive work in the reclamation of fish which is not 

connected with this station. 
INVESTIGATIONS.@ 

STUDIES OF MUSSELS. 

The investigations relating to the natural and artificial propagation of mussels have 

already been referred to in connection with the work of propagation. Such experiments 

and observations are those which have received the principal attention of the permanent 

staff continuously and which have been most productive of results. The systematic 

study of conditions of natural infection, the careful experimental observation of artificial 

infections of mussels on various species of fish, the systematic study of glochidia, the 

investigation of the early or juvenile life history and distribution of juveniles, the rate 

of growth of mussels, the structure of shell and conditions affecting its abnormalities, 

the formation of pearls, the chemical and physical properties of mussel shell, the utiliza- 

tion of mussel meats—these are some of the problems which have been engaged upon, 

and several of which have been reported by the different investigators. As illustrations 

of the nature of results gained, there may be mentioned the accumulation of observations 

making easier the identification of mussels in the glochidium stage, the discovery of the 

particular relations existing between mussels and fishes, there being a restricted group 

of hosts for each species of mussel, the discovery of an additional case of development 

without parasitism, the discovery of important enemies of the juvenile mussels, the 

observation that rate of growth in some important species is more rapid than had ever 

been supposed, the observation that interruptions of the growth of mussels may cause 

effective flaws or faults in the structure of the shell, and the demonstration that mus- 

sels may directly absorb nutritive substances from solution in the water. 

Mention must be made of the investigation of streams and lakes productive of 

mussels. In some cases the studies have been in the nature primarily of economic 

reconnoissances, in others more particular attention has been given to the facts and 

problems of distribution and ecological relations. The Kankakee, the Maumee, the 

@ In so brief a summary of the investigation it will not be necessary or practicable to associate each topic with the name of 

an investigator. It is, however, desired to mention the names of those whose studies have contributed to the success of the sta- 

tion. Profs. George Lefevre, W. C. Curtis, and Charles B. Wilson, H. Walton Clark, Dr. A. D. Howard, Thaddeus Surber, 

A. F. Shira, Prof. F. D. Barker, J. F. Boepple, J. B. Southall, Ernest Danglade, E. P. Churchill, F. B. Isely, W. I. Utterback, 

and the present writer have appeared as authors of published reports emanating from this laboratory. Among others who 

are now conducting experiments and investigations are Emerson Stringham, H. L, Canfield, Dr. A. S. Pearse, R. H. Linkins 

(with Prof. H. B. Ward), and Miss Susanne Parsons (with Prof. F. D. Barker). 
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Cumberland, the Illinois, and the Fox Rivers have been reported upon as well as various 

streams in Oklahoma, Missouri, Minnesota, and South Dakota, and Caddo Lake in 

Texas. 
Yet other studies have related to the methods and condition of the mussel fishery, 

and the essential measures of protection and conservation of the resources both in 

mussels and in fish. 

INVESTIGATION OF FISHES, WITH REFERENCE TO HABITS, PROPAGATION, AND ENVIRON- 

MENTAL CONDITIONS. 

The operations of fish propagation with experimental ends in view has been alluded 

to on a previous page. Two fundamental objects are the encouragement of fish farming 

and the laying of a surer foundation for the intelligent conservation of the public fish 

resources. Problems which are now receiving especial attention are: The possibilities . 

of promoting the abundance of fish food in artificial ponds; the proper association of 

species of fish for best results in pond culture; the study of the migrations, habits, 

and food of fresh-water fishes; the effect of artificial improvements or developments in 

the course of streams upon the abundance or distribution of fishes; and the propaga- 

tion and rearing of buffalofish, an important commercial fish that is diminishing in 

abundance. It is thought that the station is now in a position to direct some effective 

attention to these significant problems, although its activities under present conditions 

can not be nearly so broad as the importance and the complexity of the problems 

would justify. 
During the past year buffalofish, from eggs artificially fertilized and hatched in 

the laboratory, were reared in the ponds of the station under varying conditions. The 

results at the close of the season were most encouraging as regards the percentage of 

survival under the least favorable conditions of food supply and crowding and the 

rate of growth under better conditions. From 180,000 fry planted first in a small new 

pond and subsequently removed to a new pond of 1 acre extent, barren of vegetation 

and with only the scant natural food supply in a pond of this kind, about 50,000 finger- 

ling buffalofish were obtained in the fall, having a length from 1 to 6% inches. Where 

a small number were placed in a small pond with good growth of vegetation, an average 

length of more than 6 inches resulted. About 19,000 of the buffalofish were retained for 

further growth under experimental conditions. 

Other experiments are being conducted with such food fishes as the bass, bream, 

crappie, and catfish. While the progress of these investigations is satisfactory, it is 

yet too early to announce definite results. 

ASSOCIATE OR TEMPORARY INVESTIGATIONS. 

From the description of the equipment of the station, it is manifest that the 

laboratory and the ponds, as well as the natural environment, afford unusual facilities 
for the investigation of problems of biology. It is the policy of the Bureau to encour- 

age the use of its facilities by competent investigators for the promotion of biological 
studies. Every step of the endeavors of the Bureau for the promotion of fishery 

interests shows the essential need of more knowledge than is now possessed. We do 

not know enough either of the habits and development of economic forms or of the 
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Fairport Biological Station 

Fic. 12.—Shells of mussels reared ina pond from glochidia artificially infected upon fish. The buttons were cut from the 
shells within two years from the date of infection. The quality is good, but the shells are yet too thin for commercial uses. 
(See text, p. gor.) 

ay 

Fic. 13.—Ponds used for experiments in cultivation of fish and mussels. The mussels of figure r2 were reared in the pond in 
right foreground. Buffalofish are being reared in pond in left background. 
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conditions of their existence; and such conditions involve an unlimited variety of 
elements. Before we can form a proper judgment of the possibilities of fishery develop- 

ment or take any intelligent step for increasing the abundance of fish life we have to 

know something of the favorable and the unfavorable features of the environment of 
the fish, something of the enemies, the parasites, the competitors, the food elements, 

and the minute forms upon which the prey of fish subsist; finally, we are compelled to 

study the chemical and the physical conditions of the streams or lakes or ponds. It is 
a fair statement that the possibilities of effective service for the promotion of fisheries 
are directly proportionate to the growth of knowledge of fresh-water biology, including 

the environmental conditions. 
It is impossible for the Bureau alone to cope with a task thus outlined. Therefore, 

in pursuance of the custom established since the beginning of the Fish Commission, the 

Bureau not only manifests its sympathy with the excellent investigations pursued by 
other institutions but invites to its laboratories for temporary periods the men of 

technical skill and ability whose services it is not always practicable to employ. Par- 

ticularly during the summer season, therefore, there are found in the laboratory a 

number of temporary investigators, whose relation to the Bureau is upon one or another 

basis. Appointments with stated compensation can be extended to a limited number 
of skilled scientists who will engage upon problems selected or approved by the Bureau 
as of immediate importance. The Bureau may direct the course of these studies and 

the time and manner of reporting. There are other investigators who find in the labora- 

tory the facilities necessary for the prosecution of their studies and who make applica- 

tion for the occupancy of tables. To these, upon the approval of the application, the 

Bureau is glad to extend its facilities freely, and the applicant enters upon his studies 

without compensation or reimbursement of expenses, other than the free use of the 

ordinary facilities. It is perhaps unnecessary to state that the Bureau gives due con- 

sideration both to the equipment of the applicant and to the proposed subject of inves- 

tigation. The relation in such cases is one of mutual benefit; the table occupant 
receives privileges for which a substantial compensation might be necessary in some 

institutions, and the Bureau finds its future practical efforts facilitated by the increase 

of knowledge resulting from studies regarding the local forms or local conditions. The 

advantages of association and coordination if scientific work are too well known to 

require emphasis. 
Some important phases of the work of the Bureau, including the operations of 

mussel propagation, owe their origin to studies which were pursued primarily for 
scientific ends but which were given practical effect through the volunteer or temporary 
association of university men with the Bureau, involving relatively small demands 

upon the appropriated funds. ‘The general policy of offering judicious encouragement 
to biological research was at the beginning the expression of a well-founded faith; at 

the present time it is based upon the sure demonstration of experience. 
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NOTES ON THE EMBRYOLOGY AND LARVAL DEVELOPMENT 
OF FIVE SPECIES OF TELEOSTEAN FISHES. 

& 

By ALBERT KUNTZ, Ph. D., 

St. Louis University, School of Medicine. 

& 

Contribution from the United States Fisheries Biological Station, Beaufort, N.C. 

& 

INTRODUCTION. 

The work of which the results are embodied in the present paper comprises observa- 

tions on the eggs and larve of five species of teleosts, viz, Cyprinodon variegatus, Lucania 

parva, Kirtlandia vagrans, Gobiosoma bosci, and Ctensgobius stigmaticus. ‘This work 

was carried on at the Beaufort, N. C., station of the Tinited States Bureau of Fisheries 

during the summer of 1914. It was undertaken in p irsuance of a general plan of the 

Bureau to secure a record as complete as possible of the time of spawning and of the 

embryological and larval development of fishes common in these waters. 
It is not the purpose of this paper to discuss at length the embryological development 

of each species, but rather by means of illustrations and descriptions to afford a ready 

means of identifying eggs or larval fishes at any time during embryological and larval 

life. The eggs of the three species first named above are very typical. The study 

of their development adds nothing essentially new to our knowledge of the embryology 
of teleosts. The eggs of Gobiosoma bosci are characterized by a small yolk sphere and a 

relatively large amount of protoplasm. This condition is emphasized still further 

in the eggs of Ctenogobius stigmaticus in which the yolk sphere is exceedingly minute 

and the quantity of protoplasm relatively enormous. The disparity of yolk in proportion 

to the quantity of protoplasm present in these eggs leads to some interesting deviations, 

during the process of gastrulation and the differentiation of the embryo, from the course 

followed by the more typical teleostean eggs. 

Observations were made exclusively on living material. The eggs of each species 

were fertilized and hatched in the laboratory. Males ripe for stripping were rarely 
taken. In nearly all cases fertilization followed the maceration of the testes of the male 

in the water into which the eggs were stripped. 

' CYPRINODON VARIEGATUS. SHEEPSHEAD MINNOW. 

Spawning.—The spawning season of this species, which is very abundant in the 

brackish waters of North Carolina, continues throughout the summer. According to 

records kept by Mr. S. F. Hildebrand, director of the station, gravid females were taken 

in Mullet Pond as early as April17. The ovaries of these females contained, in addition 

to the mature ova, immature ova of at least two different stages of development, thus 

suggesting the probability that more than one brood is produced during the season. 

409 
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On May 4 young ranging from 6 to 12 mm. in length were present in considerable 

numbers. During the month of August, when the following observations on the eggs 

and young of this species were made, young ranging from 6 to 30 mm. and over in 

length were present in great abundance. It is obvious therefore that the spawning 
season continues from April until late summer. 

Females ripe for stripping taken in August spawn relatively few ova, while imma- 
ture ova in various stages of development are still present in the ovaries. Many females 

which could not be stripped when taken yielded a relatively small number of mature 
ova after being kept in an aquarium for several days. The presence in the ovaries 
of ova in various stages of development and the relatively small number ripe for spawn- 

ing at the same time during late summer seem to indicate that these fish spawn repeatedly 
during the season. 

Eggs.—The mature unfertilized ova (fig. 1) are spherical in form and 1.2 to 1.4 

nun. in diameter. Their specific gravity is slightly greater than that of sea water and 
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CYPRINODON VARIEGATUS. 

Fic. 1.—Mature unfertilized egg. X 33. Fig. 2.—Egg with fully developed blastodisc (Bp). 

they adhere in clumps, being held together by a tangle of very minute adhesive threads. 

They are yellowish in color and highly translucent. The egg membrane is thick and 
horny. Between it and the delicate vitelline membrane there is a perceptible peri- 
vitelline space. The large micropyle appears as a conspicuous cone-shaped depression 

in the egg membrane which also causes a slight indentation in the surface of the volk. 

Scattered over the surface of the yolk are small groups of minute oil globules. The 
single large oil globule contained in the yolk sphere normally rests at the upper pole. 

Blastodisc——The quantity of protoplasm contained in these eggs is relatively 

large. Before fertilization the protoplasm is disposed in a layer of uniform thickness 

investing the yolk. After fertilization has taken place this layer of protoplasm becomes 

concentrated at one pole of the yolk sphere to form the blastodise. The protoplasm 

being coarsely granular in appearance, the ‘‘streaming’’ movements toward the pole 

of the blastodise which occur during the process of concentration may be readily 

observed. These ‘‘streaming’? movements have been well described by Ryder @ in 

the eggs of the cod and more recently by other investigators in the eggs of other species 

of teleosts. 

@ Ryder, J. A.: Embryography of osseous fishes. Report, United States Fish Commission, 1882, p. 455-605. 
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The fulty developed blastodise (fig. 2, BD) forms a thick protoplasmic cap, circular 
in outline, covering one pole of the yolk sphere. It is apparently of nearly uniform 

thickness throughout the central area and thins out very abruptly near the periphery. 

At the periphery it fades away almost imperceptibly into the very thin layer of proto- 
plasm which remains at the surface of the yolk. 

After fertilization has taken place the egg membrane becomes slightly expanded 
and the perivitelline space becomes more apparent. As the blastodise becomes differen- 

tiated the egg also becomes somewhat more transparent. 

Segmentation—Segmentation takes place in a manner quite typical for the eggs 

of teleosts. The first act of cleavage occurs about one and one-half hours after fertiliza- 

tion. The second occurs less than 30 minutes after the first. The first and second 

cleavage planes cut the blastodise meridionally and at right angles to each other. The 

first four blastomeres are usually approximately equal in size and quite symmetrical. 

The cleavage furrows cut deeply into the blastodisc and the blastomeres show a decided 
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CYPRINODON VARIEGATUS. 

Fic. 3.—Egg with blastodisc of 8 cells. Fic. 4.—Egg with blastodisc of 8 cells, op- 
tical section. 

tendency to assume a spherical form. During the 2-cell stage the axis of the blasto- 
disc at right angles to the first plane of cleavage is noticeably elongated. During the 

4-cell stage the two axes are again approximately equal. 

As the third act of cleavage occurs one axis of the blastoderm again becomes dis- 

tinctly longer than the other. The eight blastomeres thus formed are at first quite sym- 

metrical, but before the fourth act of cleavage occurs much of the symmetry of the 

blastoderm is lost and the arrangement of the cells becomes quite irregular (fig. 3). 

Viewing the blastoderm of eight cells from the surface, the cells appear distinctly 

outlined peripherally. Viewed in optical section from the side, however, the marginal 

cells appear somewhat constricted at the base but are not entirely cut off peripherally 

(fig. 4). They remain continuous with the thin layer of protoplasm which invests the 
yolk. 

As segmentation continues beyond the 8-cell stage the arrangement of the cells 

becomes increasingly less symmetrical. A typical blastoderm of 16 cells is illustrated 

in figure 5. A less symmetrical blastoderm of the same stage in an egg of Lucania 

parva is illustrated in figure 21. The blastoderm is now approaching a circular outline 

and becomes more nearly circular as segmentation advances. 
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Formation of the periblast—As segmentation advances the blastoderm becomes 

distinctly dome-shaped and the segmentation cavity becomes apparent beneath its 
central area. The thin layer of protoplasm at the surface of the yolk becomes con- 
centrated at the periphery of the blastoderm to form a somewhat flattened ridge. This. 

ridge of protoplasm gives rise to the periblast (fig. 6, PB). While the periblast is becom- 
ing differentiated nuclei become apparent in it. As observed by Agassiz and Whitman,* 

these nuclei are doubtless derived from the marginal cells of the blastoderm. The 
periblast is relatively broad and deep. The periblast nuclei are relatively numerous 

and easily observable in the living material. 

During the earlier stages in the differentiation of the periblast the cells at the 

periphery of the blastoderm remain continuous with it. As segmentation advances 
farther the peripheral cells of the blastoderm become completely cut off from the peri- 
blast. A thin sheet of protoplasm now advances centripetally beneath the segmen- 

tation cavity. 

Formation of the germ ring and differentiation of the embryo.—The germ ring arises 

during the later stages in the differentiation of the periblast as an apparent thickening 

a , ——e 

CYPRINODON VARIKEGATUS. 

Fic. 5.—Egg with blastoderm of 16 cells. Fic. 6.—Egg with blastoderm in late cleavage 
stage; PB, periblast. 

of the peripheral area of the blastoderm. (A late stage in the differentiation of the germ 

ring in an egg of Lucania parva is illustrated in figure 22.) This apparent thickening 

is due primarily, as observed by Gétte,® to the thinning of the central area of the blasto- 

derm and secondarily to the ingrowth (invagination) of the marginal cells. The part 

played by invagination can not be satisfactorily studied in living material. For a 

detailed discussion of the rdle of invagination in the formation of the germ ring and 

the embryonic shield the reader is referred to Wilson’s valuable paper on the embry- 
ology of the sea bass.° 

As the central area of the blastoderm becomes thinner its under stifle becomes 

distinctly concave. The subgerminal cavity between the blastoderm and the central 

periblast is now closed in on all sides by the germ ring. 

Before the germ ring is completely differentiated it becomes apparent that invagi- 

nation begins earlier and advances more rapidly at one pole than round the rest of the 

@ Agassiz and Whitman: On the development of some pelagic fish eggs. Proceedings, American Academy of Arts and 

Sciences, vol. 20, 1884. 

b Gotte, A.: Der Keim des Forelleneies. Archiv. f. Mikr. Anat., 1873. 

¢ Wilson, H. V.: The embryology of the sea bass (Serranus atrarius). Bulletin, United States Fish Commission, vol. 1x 

1889, P. 209-277. 
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periphery of the blastoderm. From this pole, which is the posterior or embryonic pole 

of the blastoderm, a broad tongue of cells several layers in depth grows forward into the 

subgerminal cavity. While the germ ring is becoming differentiated the blastoderm 

gradually increases in size by centrifugal growth. After the germ ring is completely 

differentiated the growth of the blastoderm round the yolk continues more rapidly 

than in the earlier stages. The broad tongue of cells growing forward from the germ 

ring at the posterior pole of the blastoderm becomes longer and gradually assumes a 

roughly triangular form. In this manner the embryonic shield becomes distinctly out- 

lined. As the embryonic shield increases in size a thickening representing the axis of 
the future embryo occurs along its anteroposterior axis. As soon as this linear thick- 

ening occurs an embryonic and an extra-embryonic area may be distinguished within 
the embryonic shield. Figures 7 and 8 illustrate two successive stages in the differentia- 

tion of the embryonic shield and the embryonic axis. ‘The linear thickening advances 
anteriorly from the posterior pole of the blastoderm but the differentiation of the embry- 

onic axis begins in the head region and advances posteriorly. The embryonic area soon 
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CYPRINODON VARIEGATUS. 

Fic. 7.—Egg with blastoderm showing germ ring, GR, Fic. 8.—Egg showing later stage in differen- 

fully differentiated and an early stage in differen- tiation of embryonic shield; Ea, embryonic 

tiation of embryonic shield, Es; PP, posterior pole area; EEA, extra-embryonic area. 

ot blastoderm, 

becomes broader in the anterior or head region than in the posterior region. In surface 

view the embryonic area now presents a more or less regular spatulate form. During 

the formation of the embryonic shield and the differentiation of the embryonic axis the 

growth of the blastoderm round the yolk advances very rapidly. Before the embryo 

is well differentiated (fig. 8) the blastoderm covers more than three-fourths the surface 

of the yolk. Before segmentation of the embryo becomes apparent the blastoderm has 

grown completely round the yolk and the blastopore is closed (fig. 9). 

The closure of the blastopore occurs less than 24 hours after fertilization. At this 

time the embryo extends less than halfway round the circumference of the yolk. It 

is relatively short and thick and somewhat irregular in outline. There is as yet no 

evidence of pigmentation and the embryo is almost transparent. 

Soon after the closure of the blastopore relatively large melanophores appear 

sparsely scattered on the surface of the embryo and throughout the extra-embryonic 

blastoderm. Yellow chromatophores appear somewhat later. The latter never become 

numerous in the extra-embryonic blastoderm but soon become more numerous on the 

97867°—vol 34—16——27 
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embryo than the melanophores. Figure 10 is an attempt to illustrate the distribution 

of chromatophores on the embryo and in the extra-embryonic blastoderm about 48 

hours after fertilization. No attempt is here made to distinguish between black and 

yellow chromatophores. The embryo is now segmented throughout and circulation is 
established. ‘The chromatophores in the extra-embryonic blastoderm show a marked 
tendency to become aggregated along the larger blood vessels. 

As development advances the yolk mass becomes materially reduced. At 72 
hours after fertilization (fig. 11) the embryo appears relatively large and plump. The 

posterior portion of the body is free from the yolk and moves freely within the egg 

membrane. 

As the time of hatching approaches the yolk mass may be reduced to half its original 

volume. The embryo is well developed and exhibits a characteristic distribution of 

CYPRINODON VARIEGATUS. 

Fic. 9.—Egg showing an early stage in Fic. 1o.—Egg 48 hours after fertilization. Fic. 11.—Egg 72 hours after fertilization. 

differentiation of embryo. 

chromatophores. It remains relatively short and plump. Its length usually does not 

exceed the circumference of the egg. 

Larval development.—Incubation at laboratory temperature occupies five to six 

days. The newly hatched larve (fig. 12) are approximately 4 mm. in length and rela- 

tively plump. The yolk sac remains relatively large but the head is not deflected. The 
dorsal fin fold has its origin relatively far posteriorly. Both dorsal and ventral fin 
folds are continuous. The depth of each fold is less than half the depth of the body 
posterior to the vent. The vent is located at the posterior margin of the yolk sac. The 

larva is slightly yellowish in color and the posterior half of the body is marked by lighter 

and darker vertical bands. 
At five days after hatching (fig. 13) the yolk is almost completely absorbed. The 

larvee are now 5 mm. or over in length. The head has become bluntly pointed and the 

depth of the body has somewhat increased. ‘The general color remains slightly yellowish 
and the vertical bands are somewhat more conspicuous than in the preceding stage. 

Figure 14 illustrates a young fish 9 mm. in length. At this stage many of the 

characters of the adult are already apparent. The body is relatively slender, however, 

and the back is not yet elevated. The vertical bands characteristic of the species are 

present but not fully developed. 
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Young fish 12 mm. in length (fig. 15) exhibit practically all of the diagnostic 

characters of the species. The back is becoming strongly elevated and the depth of 

the body is proportionally greater than in the preceding stage. The caudal fin still 

SS } 

Fic. 15.—Young fish 12 mm. in length. 

CYPRINODON VARIEGATUS, 

remains more rounded than in the adult. The coloration is quite characteristic, although 
the general color is lighter and the light vertical bands are more conspicuous than in 

the adult. 
LUCANIA PARVA. RAINWATER-FISH. 

Spawning.—The spawning season of this species, like that of Cyprinodon variegatus, 
continues throughout the summer. According to the records kept by Mr. Hildebrand, 

females ripe for spawning were taken in Mullet Pond on April 17. He also observed at 
this time that in addition to mature ova the ovaries contained immature ova in various 
stages of development and suggested the probability that more than one brood is pro- 
duced during the season. Young ranging from 15 to 19 mm. in length were taken on 

May 25. During the latter half of July, when the present study was begun, this species 

was still spawning freely, although a few of the females taken were entirely spent. The 
ovaries of many of the females gravid with mature ova still contained immature ova 
in more than one stage of development. Females ripe for spawning were taken in consid- 
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erable numbers as late as August 15. During the latter half of August very few females 

with mature ova were taken. Young ranging from ro to 30 mm. and over in length were 
present in abundance throughout July and August. 

Eggs.—The mature unfertilized ova (fig. 16) are spherical in form and 1.1 to 1.3 mm. 

in diameter. Their specific gravity is slightly greater than that of sea water and they 

LUCANIA PARVA. 
Fic. 16.—Mature unfertilized egg. 35. Fic. r7.—Egg showing early stage in for- 

mation of blastodisc (BD). 

are held together in loose clumps by a tangle of coarse adhesive threads. They are very 
slightly yellowish in color and almost transparent. The egg membrane is relatively 

thick and horny. A small perivitelline space is apparent but not conspicuous. The 
micropyle is relatively small. The yolk sphere contains a group of oil globules of 
unequal size, varying from 12 to 20 in number, which normally rests at the upper pole. 

LUCANIA PARVA. 

Fic. 18.—Egg with blastoderm of 2 cells. Fic. 19.—Egg with blastoderm of 4 cells. 

Embryology.—The eggs of this species develop in a manner quite typical for teleosts. 

The course of their development conforms essentially to the course of development as 

outlined above for the eggs of Cyprinodon variegatus. The embryology of this species 
will, therefore, be discussed but briefly and with reference to the above discussion of the 

embryology of the former species. 
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The quantity of protoplasm contained in these eggs is relatively less than that 
contained in the eggs of the former species and early development advances somewhat 
more rapidly. The blastodisc is well developed one hour after fertilization. An early 
stage in the development of the blastodisc is illustrated in figure 17. It is now lenticular 
in form, but before cleavage occurs it becomes of nearly uniform thickness throughout 

LUCANIA PARVA. 

Fic. 20.—Egg with blastoderm of 8 cells. Fic, 21.—Egg with blastoderm of 16 cells. 

the central area and thins out abruptly near the periphery. ‘The first act of cleavage 

usually occurs within one and one-fourth hours after fertilization. A typical 2-cell stage 
is illustrated in figure 18. Successive stages of cleavage are illustrated in figures 19 to 21. 

Later cleavage advances relatively rapidly and at 13 hours after fertilization the 

germ ring is completely differentiated (fig. 22, GR). Figure 23 illustrates a late stage in 

LUCANIA PARVA. 

FIG. 22.—Egg with blastoderm showing germ Fic.23.—Egg with blastoderm showing advanced stage 

ring (Gr) fully differentiated; pr, posterior in differentiation of embryonic shield; EA, embryonic 

pole of blastoderm. area; EEA, extra-embryonic area. GR, germ ring. 

the formation of the embryonic shield in which the embryonic axis is already differen- 

tiated. The blastoderm now covers more than half the surface of the yolk. 

At 24 hours after fertilization (fig. 24) the embryo is well differentiated and the 
blastopore is closed. At this stage the length of the embryo is less than half the cireum- 

ference of the yolk sphere and is relatively more slender than the embryo of Cyprinodon 

variegatus at a corresponding stage. 

The later development of the embryo advances relatively slowly. Incubation at 

laboratory temperature occupies seven to eight days. Before the close of the second 
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day of incubation the embryo becomes segmented throughout and circulation is estab- 
lished. An attempt is made in figures 26 and 27 to illustrate the course of the larger 
blood vessels in the extra-embryonic blastoderm 68 hours after fertilization. 

A late stage in the development of the embryo is illustrated in figure 29. It is now 
relatively large, its length exceeding the circumference of the egg. The yolk mass is 
materially reduced and the embryo is free to move within the egg membrane. 

LUCANIA PARVA. 

Fic. 24.—Egg 24 hours after fertilization; Kv, Fic. 25.—Egg 48 hours after fertilization. 

Kupfier’s vesicle. 

Pigmentation.—The eggs of Lucania parva afford very favorable material for the 
study of the development of chromatophores. While the embryonic shield is becoming 

differentiated, cells which may be recognized in the living material by their refractile 
properties proliferate from its inner margin and from the inner margin of the germ ring 
and become sparsely scattered over the blastoderm. ‘These cells are irregular in outline 

and usually send out a relatively small number of slender protoplasmic processes. ‘They 

LUCANIA PARVA. 

Fic. 26.—Egg 68 hours after fertilization, Fic. 27. Egg 68 hours after fertilization, 

viewed from the dorsal aspect of the viewed from the anterior aspect of the 

head of the embryo. head of the embryo. 

undergo slow ameboid movements which involve form changes of the cell body rather 

than marked extension and retraction of protoplasmic processes. These cells at first 
appear isolated. Before the embryonic axis is well differentiated many of them are 

apparently connected by their protoplasmic processes and form a syncytial network 
which involves the entire extra-embryonic area of the blastoderm. Some of the ameboid 
cells still remain isolated. 
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Soon after the closure of the blastopore, i. e., about 24 hours after fertilization, 

melanin granules arise in some of these ameboid cells. These granules first appear in 
the central region of the cell, i. e., in proximity with the nucleus, and gradually push 

out toward the periphery or into the protoplasmic processes. Under high magnifica- 

tion the movements of these granules may be readily observed. They are apparently 
determined by the movements in the cytoplasm. 

In the course of a few hours after the appearance of the first melanin granules, 

yellow pigment granules arise in some of the ameboid cells. Like the melanin granules, 
the yellow pigment granules arise in the central region of the cell and later push out 
toward the periphery. The movements of these granules are apparently identical 
with those of the melanin granules. 

The phenomena involved in the development of chromatophores could not be as 
satisfactorily observed on the embryo as in the extra-embryonic blastoderm. Pigment 
arises in the chromatophores on the embryo simultaneously with the appearance of 

pigment in the chromatophores in the extra-embryonic blastoderm. Furthermore the 

LUCANIA PARVA. 

Fic.28.—Egg 90 hours after fertilization. Fic. 29.—Egg just before hatching. 

chromatophores on the embryo, during the early stages of development, are cells of 

essentially the same character as those in the extra-embryonic blastoderm. It is quite 
probable that they arise in the same manner. Figure 25 is an attempt to illustrate 

the distribution of chromatophores on the embryo and the extra-embryonic blastoderm 

about 44 hours after fertilization. 

After circulation becomes well established the majority of the chromatophores in 

the extra-embryonic blastoderm become aggregated along the larger blood vessels. 

The distribution of chromatophores along the blood vessels in the extra-embryonic 
blastoderm 68 hours after fertilization is illustrated in figures 26 and 27. 

As indicated above, the pigment granules arise in the central region of the cell and 

gradually push out toward the periphery. Until pigment is present in all parts of the 

cell the parts free from pigment remain clear. Even after pigment has been present 

in all parts of the cell it may become concentrated in the central region leaving the 

peripheral region clear. In many instances as the pigment becomes concentrated 

isolated granules or groups of granules remain far out in the protoplasmic processes. 

The concentration and redistribution of pigment granules is obviously not due to 

ameboid movements of the cells but to movements of the pigment granules in the 
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cytoplasm. ‘This conclusion is in full accord with the findings of Franz (1908) in larve 
of Pleuronectes platessa.* 

As development advances ameboid movements of the chromatophores become 
less apparent. No conclusive evidence of ameboid movement of chromatophores was 

secured during the later stages of embryonic development or in newly hatched fishes. 

Larval development.—The newly hatched larve are 4.5 to 5 mm. in length. The 

yolk sac remains large but the head is not deflected. The dorsal fin fold has its origin 
relatively far posteriorly. Both dorsal and ventral fin folds are continuous. The 

depth of each fold does not exceed half the depth of the body posterior to the vent. 

The vent is located at the posterior margin of the yolk sac. The color is light yellow 
and quite uniform. 

At seven days after hatching (fig. 31) the larve have grown to a length of approxi- 

mately 6mm. The yolk is completely absorbed. The head is slightly depressed and 

Fic. 31.—Larval fish 7 days after hatching, actual length 6 mm. 

LUCANIA PARVA. 

the depth of the body is somewhat greater than in the preceding stage. The color 

remains light yellow. 

The young of this species assume the general appearance of the adults relatively 

early. Young 15 to 20 mm. in length show many of the diagnostic characters of the 

species. The larger young taken in July and August were almost identical in appear- 
ance with the adults. 

KIRTLANDIA VAGRANS. ROUGH SILVERSIDE. 

Spawning.—During the latter half of July and the first week in August a few females 

of this species ripe for spawning were brought into the laboratory. The great majority 

of the females taken during this period were already spent. The height of the spawning 

season obviously occurs earlier in the summer. 

Eggs.—The mature unfertilized ova are spherical in form and 0.8 to 1 mm. in diame- 

ter. They are slightly heavier than sea water and are held together in clumps by a 

tangle of adhesive threads, a small tuft of which arises from the membrane of each egg. 

They are slightly yellowish in color and almost transparent. A small perivitelline 

@ Franz, V.: Die Struktur der Pigmentzelle. Biologisches Zentralblatt, vol. 28, p. 536-543. 
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space is apparent between the egg membrane and the vitelline membrane. The micro- 
pyle is relatively small. The yolk sphere contains a group of oil globules of unequal 

size, varying from about 8 to 15 in number, which normally rests at the upper pole. 

Embryology.—The embryological development of these eggs conforms in all essential 

respects to the course of development as above outlined for the eggs of Cyprinodon 

KIRTLANDIA VAGRANS. 

Fic. 32.—Egg with blastoderm of 2 cells. X so. Fic. 33.—Egg with blastoderm of 4 cells. 

variegatus. A detailed discussion of the embryology of this species would therefore be 

superfluous. Successive stages in the process of cleavage and the differentiation of 
the embryo are illustrated in figures 32 to 37. Early development advances somewhat 

more rapidly than in the eggs of Cyprinodon. The embryo is well differentiated less 

KIRTLANDIA VAGRANS. 

Fic. 34.—Egg with blastoderm in advanced Fic. 35.—Egg with blastoderm showing germ ring 

cleavage stage. (GR) fully differentiated and an early stage in dif- 

ferentiation of embryonic shield (Es), 

than 20 hours after fertilization. At 40 hours after fertilization (fig. 38) the embryo 

is relatively large. It is segmented throughout and circulation is well established. A 
few chromatophores are now apparent on the anterior region of the body. A few hours 

later a relatively small number of melanophores arises also in the extra-embryonic 
blastoderm. 
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Figure 39 illustrates an egg shortly before hatching. Thelength of the embryo now 
exceeds the circumference of the egg. The yolk mass is materially reduced and the em- 

bryo moves freely within the egg membrane. Pigmentation has not increased materially 

and the embryo remains relatively transparent. 

Larval development.—The incubation period, at hort temperature, occupies 

six to seven days. The newly hatched larve (fig. 40) are approximately 5 mm. in length. 

KIRTLANDIA VAGRANS. 

Fic. 36.—Egg showing an early stage in differentia- Fic. 37.—Egg showing later stage in differ- 

tion of embryo (£); EEA, extra-embryonic area of entiation of embryo. 
embryonic shield. 

The yolk sac is relatively small. The dorsal fin fold has its origin just posterior to the 
head. Both dorsal and ventral fin folds are continuous. The depth of each fold does 

not exceed half the depth of the body at the vent. The vent is located near the posterior 
margin of the yolk sac. The newly hatched larve are highly transparent. <A few pig- 

KIRTLANDIA VAGRANS. 

Fic. 38.—Egg 4o hours after fertilization. Fic. 39.—Egg just before hatching. 

ment spots occur on the dorsal aspect of the head and in a line at the base of the ventral 
fin fold. 

Figure 41 illustrates a young fish 9 mm. in length. The body is relatively slender. 

The soft dorsal and anal fins are becoming differentiated. A few pigment spots remain 

scattered on the dorsal aspect of the head and a dark longitudinal line extends along the 
side of the body. ‘The silvery character of the side is not yet apparent. 
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Figure 42 illustrates a young fish 11 mm.inlength. At this stage the young exhibit 

some of the characters of the adult. The characteristic number of rays are present 

in the soft dorsal and anal fins. The spinous dorsal is not yet fully differentiated. The 
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Fic. 42.—Young fish rr mm. in length. 

KIRTLANDIA VAGRANS. 

color remains lighter than that of the adult. The sides are becoming distinctly silvery, 

but the pale green on the back, characteristic of the species, is not yet apparent. 

GOBIOSOMA BOSCI. NAKED GOBY. 

Spawning.—This relatively obscure species was found spawning in Mullet Pond 
throughout August. The majority of the females taken during this period were already 

spent. Only occasionally was one found ripe for stripping. Obviously the height of 
the spawning season was past. 

Eggs.—The mature unfertilized ova (fig. 43) are approximately spherical in form and 

about 0.5 mm. in diameter. They are yellow in color and opaque.’ Their specific 

gravity is greater than that of sea water. In the ovary they are attached to a central 

rachis by a thick peduncle composed of bundles of minute hairlike threads and inserted 

in the egg membrane. When stripped from the female they remain aggregated in a com- 

pact clump. The egg membrane is comparatively thin and closely applied to the vitel- 

line membrane. 

As soon as fertilization has taken place the egg membrane begins to expand and 

gradually assumes an elliptical form. When fully expanded the major axis is 1.2 to 1.4 

mm. in length, the minor axiso.5 too.7mm. The point at which the peduncle is inserted 

remains at one pole of the major axis. The egg remains located near one pole of the major 
axis where it lies in a cavity the volume of which is somewhat greater than its own. 

The wall of this cavity is indicated by a dotted line in figure 44. It is indicated also at a 

later stage in figure 48. 

Embryology.—The volume of protoplasm is considerably greater in proportion to the 

volume of yolk in these eggs than in the more typical teleostean eggs described above. 

In the unfertilized egg the protoplasm is disposed in a layer of uniform thickness investing 
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the yolk sphere. After fertilization has taken place this layer of protoplasm becomes 
concentrated in a typical manner to form the blastodise (fig. 44, BD). The protoplasmic 

movements involved in the process of concentration can not be satisfactorily observed 

by reason of the opacity of the yolk. The fully differentiated blastodisc is relatively 

thick and covers a relatively larger area of the surface of the yolk than is the casein the 

more typical eggs described above. It thins out gradually toward the periphery and 

GOBIOSOMA BOSCI. 

Fic. 43.—Mature unfertil- Fic. 44.—Egg with fully developed blastodisc Fic. 45.—Egg with blastoderm of 2 cells. 

ized egg. X 50. (BD). 

fades away almost imperceptibly into the thin layer of protoplasm which remains at the 

surface of the yolk. 

Cleavage occurs essentially as in the eggs above described. The volume of proto- 

plasm being relatively greater, however, the cleavage furrows become deeper and the 
early blastomeres become more widely separated and show a more marked tendency to 

become spherical in form. After the first act of cleavage is completed the first two 

GOBIOSOMA BOSCI. 

Fic. 46.—Egg with blastoderm of 4 cells. Fic. 47.—Egg with blastoderm of many cells. 

blastomeres, in surface view, appear circular in outline. The same tendency is apparent 

also in the 4-cell stage. After the second act of cleavage is completed the first four 

blastomeres stand out in perspective (fig. 46) as more or less isolated rounded elevations. 

As cleavage advances the blastoderms exhibit a greater degree of irregularity than is ob- 

served in the more typical teleostean eggs. Figure 47 illustrates an egg four hours after 

fertilization. The blastoderm is now circular in outline but remains relatively thick. 

As cleavage advances the blastoderm becomes distinctly dome-shaped and a small 
cleavage cavity becomes apparent. The periblast appears relatively thick, but can not 

be satisfactorily observed in the living material by reason of the opacity of the yolk. 

The phenomena involved in the formation of the germ ring and the early differentiation 
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of the embryo also are somewhat obscured in the living material. As far as may be 
observed, however, these stages conform in all essential respects to the corresponding 
stages above described in the egg of the Cyprinodon variegatus. 

The later development of the embryo advances rapidly. At 48 hours after fertiliza- 

tion (fig. 48) the embryo is well formed and already shows six to eight somites. At 60 

FiG. 50.—Egg 96 hours after fertilization. 

GOBIOSOMA BOSCI. 

hours after fertilization (fig. 49) the embryo has increased materially in size. Its length 

exceeds three-fourths the length of the major axis of the egg membrane. The yolk mass 

remains opaque, but the embryo is highly transparent. No pigment is as yet apparent. 

Fic. 53.—Young fish 10 mm. in length. 

GOBIOSOMA BOSCI. 

As the time of hatching approaches (fig. 50) the length of the embryo exceeds the length 

of the major axis of the egg membrane and the tail becomes bent uponitself. The embryo 

remains highly transparent, only a few small pigment spots appearing in proximity with 

the vent. 
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Larval development—The incubation period at laboratory temperature occupies 
approximately five days. The newly hatched larve (fig. 51) are approximately 2 mm. 

in length and almost transparent. The remaining yolk mass is opaque. The air 

bladder is already apparent at the posteriodorsal aspect of the yolk mass. The dorsal 
fin fold has its origin relatively far posteriorly. Both dorsal and ventral fin folds are 
continuous. The depth of each fold does not exceed half the depth of the body at the 
level of the vent. The vent is located less than half the length of the body from the 

posterior end. A few small pigment spots occur just above the vent and at the base of 

the ventral fin fold posterior to the vent. 

Figure 52 illustrates a larval fish 3 mm.inlength. The yolk is completely absorbed. 

The body remains almost transparent. The line of pigment spots at the base of the 
ventral fin fold is somewhat more conspicuous than in the newly hatched larve. 

Young fish 10 mm. in length (fig. 53) show many of the diagnostic characters 

of the species but remain almost free from pigment. The air bladder is still apparent 
microscopically. The head is gradually assuming the shape characteristic of the species. 
The fins are well differentiated and the sucking disc formed by the ventrals is well 

developed. 
CTENOGOBIUS STIGMATICUS. SCALLOPFISH. 

Spawning.—Like the related species, Gobiosoma bosci, this species was spawning in 
Mullet Pond throughout August. As in the case of the former species, also the majority 

CTENOGOBIUS STIGMATICUS. 

Fic. 54.—Mature un- Fic. 55.—Egg with fully devel- Fic. 56.—Egg with Fic. 57.—Egg with 

fertilized egg. X oped blastodise (BD); Y, yolk. blastoderm of 2 blastoderm of 4 

60. cells. cells, 

of the females taken were already spent. Obviously, the height of the spawning 

season occurs earlier in the summer. 

Eggs.—The mature unfertilized ova (fig. 54) are very small, having an average 

diameter of approximately 0.3 mm., and somewhat irregular inform. They are yellow 

in color and highly translucent. Each ovum is attached in the ovary by a slender 

peduncle composed of very minute threads inserted in the egg membrane. When 

the female is stripped the eggs do not remain aggregated. They are only slightly 
adhesive. Their specific gravity is very little greater than that of sea water. The 

egg membrane is thin and delicate and is usually drawn out into a blunt apex at the 
insertion of the peduncle. Except on this side the egg membrane appears closely 
applied to the vitelline membrane. These eggs are characterized by a relatively enor- 

mous amount of protoplasm and very little yolk. The transparent yolk mass usually 

rests in the center of the mass of protoplasm, but in some eggs it occupies a some- 

what eccentric position. 
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Blastodisc.—As soon as fertilization has taken place the protoplasm becomes con- 

centrated to form the blastodise (fig. 55, BD). The process of concentration can hardly 

be described as a “‘streaming” of the protoplasm toward one pole of the yolk sphere, 

but rather as a thinning of the layer of protoplasm on one side of the yolk and a cor- 

responding thickening on the opposite side which pushes the yolk out into an extremely 

eccentric position. The fully differentiated blastodise covers approximately half 

the area of the surface of the yolk. The other half remains invested by a very thin 

layer of protoplasm, which is continuous with the blastodisc. 
Segmentation.—Early cleavage takes place essentially as in the more typical tele- 

ostean eggs, but advances more rapidly. The first act of cleavage occurs approxi- 

mately 30 minutes after fertilization and the successive acts follow each other in rapid 

succession. Because of the disparity of yolk the figures presented by the early cleavage 

stages differ widely from those presented by the corresponding stages of the more 

typical eggs. The first cleavage plane cuts deeply into the blastodisc and divides it 

into two blastomeres of approximately equal volume (fig. 56). They are usually 

quite symmetrical but may show considerable variation. The second cleavage plane 

cuts the first at right angles. Figure 57 illustrates a typical blastoderm of four cells 

viewed through the transparent yolk. The blastomeres are quite symmetrically 

CTENOGOBIUS STIGMATICUS. 

Fic. 58.—Egg with Fic. s59.—Egg with Fic. 60.—Egg with 

blastoderm of 8 blastoderm of 16 blastoderm of 
cells. cells. many cells. 

arranged and are seen to extend beyond the periphery of the yolk. They remain 

continuous with the thin layer of protoplasm by which the latter is invested. 
The early blastoderm usually spreads widely over the surface of the yolk, the 

blastomeres being arranged in a single series. Figure 58 illustrates an egg with a blas- 

toderm of 8 cells which deviates somewhat from this condition, the blastomeres appear- 

ing heaped up at one side of the yolk. Figure 59 illustrates an egg with a very typical 

blastoderm of 16 cells. The cells remain in a single series and the yolk sinks deeply into 

the concavity of its inner surface. 
As cleavage advances beyond the 16-cell stage the cells no longer remain in a single 

series but become heaped up on one side of the yolk. Eggs in advanced stages of cleav- 

age are illustrated in figures 60 and 61. 
During the later stages of cleavage the granular protoplasm on the surface of the 

yolk at the margin of the blastoderm becomes somewhat more conspicuous (fig. 61). 

This slightly thickened zone in the layer of protoplasm investing the yolk doubtless 
represents the periblast. It does not become differentiated into a well-marked ridge, 

however, and nuclei were not apparent in it. 
As cleavage advances further the blastoderm becomes more distinctly dome-shaped, 

its central area becomes appreciably thinner, and the periphery advances round the 
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yolk. The blastoderm is now distinctly thickest at the periphery. A well-marked 

germ ring, however, is not apparent. The yolk mass becomes constricted at the level 

of the periphery of the blastoderm and is apparently squeezed up into the dome-shaped 

space beneath its central area, almost entirely obliterating the cleavage cavity (fig. 62). 

As the peripheral growth of the blastoderm advances still further the yolk is entirely 
engulfed and the blastopore is closed. 

Differentiation of the embryo.—The closure of the blastopore occurs within six hours 

after fertilization. Soon after this stage is reached a distinct linear thickening of the 

CTENOGOBIUS STIGMATICUS. 

Fic. 61.—Egg with Fig. 62.—Egg with  Fic.63——Egg show- Fic. 64.—Egg show- Fic. 65.—Egg show- 
blastoderm in late blastoderm growing ing early stage in ing later stage in ing embryo well 

cleavage stage. round yolk, shortly differentiation of differentiation of differentiated. 

before closure of embryo, 6 hours embryo. 

blastopore, 5 hours after fertilization. 

after fertilization. 

blastoderm, representing the axis of the future embryo, grows anteriorly from the 

blastopore (fig. 63). Whether invagination of cells from the periphery of the blastoderm 

plays a part in the differentiation of the linear thickening could not be determined in the 

living material. A distinct embryonic shield was at no time apparent. As this linear 

thickening of the blastoderm advances anteriorly, the subgerminal cavity becomes 

apparent at its anterior extremity. As the differentiation of the embryonic axis ad- 

vances the anterior region of the differentiated area of the blastoderm becomes dis- 

CTENOGOBIUS STIGMATICUS. 

Fic.66.—Egg 11 hours Fic. 67.—Egg just be- Fic. 68.—Newly hatched fish, actual length 

after fertilization. fore hatching. 1.2mm, 

tinctly broader than the posterior region (fig. 64). Obviously, the differentiation of 

the embryo begins in the anterior or head region and advances posteriorly. 

The further differentiation of the embryo advances rapidly. Within 11 hours 

after fertilization (fig. 65) the embryo is well formed and already shows 10 to 12 somites. 

At 12 hours after fertilization (fig. 66) the embryo makes almost a complete turn within 

the egg membrane. The posterior region of the body 1s already free from the yolk. 

Pigment is not yet present and the embryo is highly transparent. Figure 67 illustrates 

an egg just before hatching. The yolk mass is materially reduced. The embryo 
remains highly transparent but is marked by small areas of delicate pigment. It now 

makes more than a complete turn within the egg membrane. 
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Larval development.—The period of incubation at laboratory temperature occupies 

not over 18 hours. The newly hatched larve are approximately 1.2 mm. in length and 

exceedingly delicate. They remain highly transparent but are marked by small areas 
of delicate yellow pigment on the dorsal aspect of the head, just over the vent, and ina 

vertical band approximately halfway from the vent to the tip of the tail. Both dorsal 

and ventral fin folds are continuous. The depth of each fold is equal to or greater than 

the depth of the body posterior to the vent. The vent is located a little less than half 

the length of the body from the anterior end. 

These larve being extremely delicate, it was not found possible to keep them 
alive in the laboratory longer than a few hours. As no recently hatched young were 

taken, the advanced larval stages can not be described. Young ranging from 25 to 30 

mm. in length have already assumed the general appearance of the adults and present 
many of the diagnostic characters of the species. 
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NOTES ON THE FISHES OF EAST TENNESSEE. 

& 

By BARTON WARREN EVERMANN and SAMUEL F. HILDEBRAND. 

& 

INTRODUCTION. 

In September and October, 1893, the senior writer of this paper made an exami- 

nation of a number of the springs and streams of east Tennessee for the purpose of 
selecting a site for a Federal fish-cultural station in that State. 

The field investigations were begun September 24 and continued until October 109, 

during which time Dr. Evermann was assisted by Dr. Revere R. Gurley, then of the 

United States Fish Commission, and Dr. Josiah T. Scovell, of Terre Haute, Ind. 

In addition to an examination of numerous springs with special reference to their 

suitability for fish-cultural purposes, many of the streams of east Tennessee were inves- 

tigated with regard to the volume and character of their waters, the physical character- 

istics of the country through which they flow, and the abundance and distribution of 
the different species of fishes and other aquatic life which they contain. 

A full and detailed report on the fish-cultural phases of the investigations was made 

to the Commissioner of Fisheries immediately upon the completion of the field work. 

Although the study of the fishes collected was begun at that time, a multiplicity of 
other and more pressing duties intervened, and not until recently was an opportunity 
presented for completing the report. 

GENERAL PHYSICAL FEATURES OF EAST TENNESSEE AND DESCRIPTIONS OF THE REGIONS 
AND WATERS EXAMINED. 

The investigations were confined almost wholly to east Tennessee, and entirely to 

the Tennessee River Basin. The valley of east Tennessee, as a continuation of the 

great valley of Pennsylvania and Virginia, aids in forming one of the principal features 

of the Appalachian Mountain system. It trends from northeast to southwest with 

other members of the system and is between 50 and 60 miles wide. It is bounded on 

the southeast by the Bald, Great Smoky, and Unaka Mountains which rise to an eleva- 

tion of 4,000 to 5,000 feet. On the northwest it is bounded by the Cumberland Plateau, 
which has an elevation of about 2,000 feet. The valley has an elevation of about 700 
feet in the southwest, rising to about 1,400 feet in the northeast. 

The mountains on the southeast are of Lower Silurian, Cambrian, or older rocks, 

while the plateau on the northwest is of Devonian and Carboniferous strata. ‘The 

rocks of the valley itself are mainly of the Upper Silurian. The numberless mountain 

ridges which subdivide the great valley into many minor ones are mainly composed of 
compact limestones and sandstones, while the valleys are of shales and fragile schists. 

433 
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The most extensive exposure of rocks seen in the valley was in the neighborhood of 
Chattanooga. 

In the valley of Chickamauga Creek the lowest stratum is a massive limestone 

called the Chickamauga limestone, while Missionary Ridge, forming the western bound- 

ary of this valley, is composed mainly of Knox dolomite. In the valley of Chattanooga 

Creek west of the ridge, Chickamauga limestone occurs again, while Lookout Mountain 

on the west rises from this limestone through Knox dolomite and Devonian strata to a 

heavy bedded carboniferous sandstone, known as the Walden sandstone, at an eleva- 

tion of 2,000 feet, which is about the elevation of the western boundary of the great 

valley. Lookout Creek on the west has cut down to the Chickamauga limestone, while 
the hills on the west rise to the Walden sandstone again. 

The soil covering these rocks is frequently clay,.often very red and filled with 

masses of flint or chert. In some places the soil is sandy, and in many places seemed to 

be of poor quality. The forests are mainly of oak and pine, with hickory, maple, 

sweet gum, sycamore, sassafras, blue beech, laurel, and cedar, with willows, alders, etc., 

along the streams, and some chestnuts on the higher ridges. 

KNOXVILLE AND VICINITY, SEPTEMBER 27 AND 28. 

Several springs in the vicinity of Knoxville were examined, among them the 
following being the most important: 

Fountain Head Springs at Fountain City.—These are four or five in number, the 

largest, known as Fountain Head Spring, emerges from near the base of a clay bank 

about 10 feet high, and flows off through a relatively level tract of land, after forming a 

small marsh near the spring. The temperature of the water at 10.30 a. m. was 58° F. 

Measured immediately below the spring the stream averaged 214 feet wide, 5 inches 

deep, and flowed three-fifths of a foot per second. This gives a flow of about 280 

gallons per minute. The water is pure and clear and the pond below is filled with 

water cress. 

A few rods distant are two other springs, each of which, however, is smaller than 

the one just described. The temperature is about the same in all of these springs. 
The total amount of water that could be obtained here by bringing the various 

springs together is probably about 400 gallons per minute. 

Callahan Springs—These springs are located about 5 miles northwest of Knox- 

ville. The principal one comes out from limestone rock, flows about one-quarter of a 

mile, when it disappears and follows an underground passage for about 200 feet; then 

it appears as a stream about 214 feet wide, 214 inches deep, and flowing 10 feet in seven 

seconds. This indicates a volume of about 300 gallons per minute. The temperature 

of the water at 4.20 p. m. at the place where it finally leaves the rock was 58.5° F. 

Tennessee River —The Tennessee River was fished at the mouth of Lyon Creek. 
Lyon Creck.—This creek was examined near the insane asylum, about 5 miles 

west of Knoxville. It was fished for the last half mile of its course. Width 13 to 15 

feet; depth less than a foot; current about 11% feet per second; temperature at noon 

60° F.; of air in shade at 10 a. m., 62° F. 

The bed and banks of this stream are of red clay, the bottom quite muddy in most 

places; some limestone rock; banks usually 2 to 5 feet high, covered with a good 
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growth of willows, sycamores, oaks, walnuts, papaws, etc. In the stream there are 

many logs and much rubbish. 

From Knoxville southwesterly for some 70 miles to Athens, only limestones were 

seen. The Knoxville dolomite, which is abundant at Chattanooga and intervening 
localities, is very prominent at Knoxville. Some of the beds are fine-grained, hard, 

and blue; some contain numerous chert nodules which fill the soil resulting from the 

decay of such rocks. These beds of clay and chert are often compact enough to stand 
firmly in vertical sections. The rocks generally are much tilted, often standing at a 
high angle. These rocks abound with fissures and small caves, and springs are com- 

mon everywhere, but no springs of large size occur in the immediate vicinity of 
Knoxville. 

CHATTANOOGA AND VICINITY, SEPTEMBER 29 TO OCTOBER 2. 

Newman Spring, Ga.—This spring is about 6 miles southeast of Chattanooga, on the 

east side of Missionary Ridge near Rossville Gap, and a few rods from the Tennessee line. 

There are several small springs here which, by damming (about 6 feet high one-fourth mile 

below the spring), have been converted into a large pond known sometimes as Green’s 

pond. ‘This pond is about 20 by 80 rods and covers 8 to 10 acres. We had no facilities 
for measuring the depth, but it is probably 10 feet or more in the deepest places. Most 

of the springs are now beneath the surface of the pond. One spring at the west end 

flows about 30 gallons. Its temperature was 59° F. at 4 p. m., when the air was 72° F. 

At the lower (east) end of the pond the temperature at a depth of 2 feet was 63° F., while 

at the surface near the west end it was67° F. The pond is well filled with Myriophyllum, 

Potamogeton, Chara, Lemna, various species of alge, and other species of water-loving 

plants. Desmids and diatoms and the smaller crustaceans seemed to be abundant. The 
water is hard and, of course, comes from limestone. The water is led from the pond 
through a race to a gristmill a short distance below, and finally finds its way into South 

Chickamauga Creek, where it enters the State of Tennessee. The total amount of water 
supplied by this pond was estimated by us at 1,500 gallons per minute. The land 
surrounding the pond is mostly of yellow clay and sand and is extensively cultivated. 

Crawfish Springs, Ga., September 30.—These springs, situated about 12 miles south of 

Chattanooga near the West Chickamauga Creek, are of enormous size. The upper one, 

near the Park Hotel, had been dammed, thus forming a large pool 15 to 25 feet deep. 

The water is exceedingly clear, small objects upon the bottom being distinctly seen in a 
depth of 12 feet. The temperature at 8'% feet depth at noon was 59° F. The dam, 

measured on the lower side, is about 15 feet high, or nearly that height above the surface 

of the water in the stream immediately below. 

The waste water flowing over the lip of the dam measures 11 feet wide, 2 inches deep, 

and flows 3 feet persecond. ‘This is about 2,500 gallons a minute. The amount wasting 

through the power house is probably as many gallons more, so that the entire flow of 

this one spring may be put at 5,000 gallons per minute, or 7,200,000 gallons per day. 

Below this spring the large stream which flows from it runs for several rods througha 

rather deep gorge which it has worn through the limestone rock, then the banks become 

lower, particularly the left one. At a distance of less than a mile from the spring its 

outlet unites with West Chickamauga Creek. At various places in this course there are 

springs which come out in the bed of the stream; one just below the railroad bridge 
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probably furnishes even more water than the Crawfish Spring proper. These various 

springs augment the stream greatly, so that, measured near its mouth, it was found to 
average 120 feet wide and 5 feet deep, but possesses a rather slow current. 

The upper spring and much of the outlet are abundantly supplied with Myriophyllum, 
among which small crustaceans and mollusks abound. 

Many years ago the United States Fish Commission placed a few rainbow trout in this 

spring. It was stated that the plant proved very successful, and much sport was 

afforded to local anglers and guests. 

Chickamauga Creek.—This stream was examined at Lee and Gordon’s mill, on the 

Lafayette road, 3 miles from Crawfish Springs. The stream, which has a rocky bed in 
most places where examined, is here 62 feet wide, 1 foot deep, current 15/, feet per 
second, temperature 63° F. Fishes were quite abundant. 

South Chickamauga, Chattanooga, and Lookout Creeks nave rocky beds, and when 

the water in the Tennessee is low the currents of these creeks are rapid, but when the 

water is high in the Tennessee it backs up these creek channels for miles, depositing 

great quantities of sediment. Across the river north of Chattanooga, rocks, soil, and 
timber are much the same as on the south side of the river. 

Read’s Spring, October 1.—This spring, about 7 miles north of Chattanooga, is 

really a series of small springs, altogether forming a creek of considerable size. The 

largest one issues from the limestone bluff at the head of the creek and is a very nice 

spring. The temperature is 58° F. and the flow, when increased by the addition of a 

number of much smaller springs a few yards below, is about 300 gallons per minute. 

The springs and streams are well filled with various species of alge, insect larve, 

and small mollusks. 

Nickajack Cave and Stream, October 2.—This cave, at Shellmound, about 20 miles 

southwest of Chattanooga, has been eroded from limestone rock by a little stream 

which flows into the Tennessee within a mile of the cave. When high, the river backs 

up into the cave for a long distance. The cave seemed to have increased downward 
by erosion and upward through the fall of strata from above. The mouth of the cave 

is about 150 feet wide and 75 feet high. The stream was followed into the cave for 

more than half a mile. It was found to be a continuous stream, 1 to 2 feet deep and 
8 to 10 feet wide in most places, but at irregular intervals there were pools 2 to 4 feet 

deep. Curiously enough, this stream seems to be subject to considerable fluctuation 

in volume. No fishes are known from this cave except from near the entrance, but a 

species of blind crawfish occurs in limited numbers. 

CLEVELAND, TENN., OCTOBER 3 AND 4. 

Cleveland, about 30 miles a little northeast of Chattanooga, is situated in an undu- 

lating region in which we saw nothing but limestone rocks, from which springs issued 

in abundance. There are a great many springs, large and small, in the vicinity of 

Cleveland, of which the most important are: 

Craigmile’s Springs.—These are situated 1 mile north of Cleveland. By damming 

and embanking, a pond of an acre or more has been formed. The principal spring 

issues from the limestone at the upper edge of the pond. The total flow is about 400 
gallons per minute. The water is of good quality. The temperature of the water as 

it issues from the rock is 59° F.; in a small spring below the dam it is 60° F.; while in 
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the boat house it was 68° F. at 10 a. m. when the air was 74° F. There is considerable 
alge and Chara growing in the pond. 

Payne’s Spring.—This spring is located about 2 miles north of Cleveland. It 

emerges at the foot of a low hill, which is of red clay resting on sandstone. It is a very 
fine spring, flowing about 1,000 gallons per minute. The temperature of the water is 

58° F. The stream flowing from it is filled with water cress. The outlet is in South 
Mouse Creek, a short distance to the north. 

Stith’s Springs.—About 1 mile south of Cleveland are two good springs, about 

one-fourth mile apart. The combined flow is about 275 to 300 gallons and the tem- 

perature of the water is 59° F. 

Julian’s Spring.—This is a large spring about 8 miles southeast of Cleveland. It 

has a flow of over 400 gallons per minute, and the temperature was 59.5° F. when the 

air was 74° F. The soil in this region is thin and mostly red clay. The vegetation in the 

streams was especially abundant, the alge, water cress, etc., greatly obstructing the 

flow of the water. The forests are mainly of oak with some pines and other trees. We 

noticed three oaks, three elms, pine, chestnut, black walnut, maple, tulip, sweet 

gum, dogwood, ash, cedar, hickory, ironwood, persimmon, sassafras, blue beech, 

sumach, wild cherry, redbud, sycamore, wild plum, willow, alder, elder, etc., making 

up quite a varied forest vegetation, indicating considerable variety of soil and possibly 

of rocks, but to a casual observer the outcropping rocks seemed much the same every- 

where in the region about Cleveland. 

ATHENS, TENN., OCTOBER 4 TO 7. 

About Athens, 30 miles east of north from Cleveland, the country is more broken and 

uneven. The rocks were generally limestone, but near Arnwine Spring, about 5 miles 

north of Athens, other rocks were seen. This region is also well supplied with springs 

and streams. Within a few miles are several of the most important rivers of east Tennes- 

see. To the southward 12 to 15 miles is the Hiawassee, to the northeast about 20 miles is 

the Little Tennessee, while the Tennessee River is only 15 miles distant on the west or 

25 miles on the northeast. These and a great number of smaller streams near-by are 

all excellent fish streams. Among the more important springs which we examined in 
the vicinity of Athens are the following: 

Arnwine Spring, or Matlock Spring.—This spring is about 5 miles north of Athens. 

It is a very large and excellent spring, issuing from a fissure in the limestone at the base 

of a gentle hillside, and at once forming a large stream which flows southeast over granit- 

oid, schistose, and other metamorphic rocks through a narrow valley which becomes 

wider as the distance from the spring increases. This spring is tributary to a branch 

of North Mouse Creek, which flows for a short distance over metamorphic rocks, but 
most of its course is over a limestone bed. The temperature of the water in the spring 

was 57.5° F. at 3.30 p. m. when the air was 72° F. The volume of water furnished by 
this spring is over 2,000 gallons per minute. 

The spring, mill race, and upper end of the pond are well filled with water vegeta- 

tion, consisting chiefly of mosses on the rocks, Lemna, Chara, and filamentous alge. We 

were surprised to find no water cress, Myriophyllum, or Potamogeton in this spring and 
pond. 

In the mill race and stream are a great many small gasteropods and small blobs, 

and crawfish, young dace, and frogs are quite numerous. 
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The stream below the mill is well suited to such small fishes as darters and minnows, 

and we found 10 or 12 species of these two families. Smallmouth black bass and rock 
bass are abundant farther down the stream. 

Norvel Spring.—This spring is situated about 7 miles east of Athens, or 2 miles 

north of Tellico Junction. This, like all other springs of east Tennessee, comes out of 
limestone rock. The stream, measured 2 rods below the spring, was found to be 52 

inches wide, 4 inches deep, and to flow 1°/, feet per second, which would give a volume 
of more than 1,000 gallons per minute. The temperature of the water was 59° F. at 

g a. m. when the air was 67° F. 

The opening through which the spring issues from the rock is unusually large, and . 
the sound of running water from some distance back of the opening can be distinctly - 
heard. It was stated that on at least one occasion, during a heavy rain, cornstalks and 

other surface rubbish came up in the spring; these, presumably, had been carried under- 
ground through some “‘sink’’ connected with the stream somewhere. At such times the 
water must necessarily become more or less muddy. 

Eastaunaula Creck.—This is a small stream flowing southwest through the town of 

Athens and joining the Hiawassee near Calhoun. ‘The water is relatively warm and the 
species of fishes found were chiefly minnows and darters. 

TELLICO PLAINS, TENN., OCTOBER 7 TO 9. 

On Tellico River, about 20 miles east of Athens, the rocks are metamorphic; no lime- 

stone seen; only slates, schists, granites, and other forms of metamorphic rocks; soil 

scanty. ‘Timber varied; fewer oak, more pine, chestnut, black walnut, maple, beech, 

dogwood, ash, hickory, whitewood, sweet gum, and others were seen. Water plants 

were not abundant and those found were different from any observed before. Between 

Athens and Tellico mainly limestone with much red soil. 

The Tellico River at Tellico Plains breaks through the last important foothills of 

the Great Smoky Mountains, turns abruptly northward, and joins the Little Tennessee 

about 30 miles northeast of Athens. ‘The Tellico is one of the most beautiful and inter- 

esting of the many fine streams which have their sources in the Great Smokies. At 
Tellico Plains it is a cold clear stream about 60 feet wide. Its banks, however, are 80 

to go feet apart, so that in high water the stream is considerably wider. The granite 

axis of the fold flanked by shale is shown here. Just above the ‘‘Mansion”’ house the 

stream flowing over the upturned edges of this shale, whose dip is upstream, causes a 

very pretty series of rapids when the water is not too low, otherwise a series of isolated 

streams and pools 1 to 4 feet deep. The river here averaged perhaps 2 feet deep and 

had a very swift current. Lower down in the more level country the current is less rapid 

and the depth is correspondingly greater. In the more rapid portions of the river the 

rocks are covered with a species of moss which adheres very closely to them and among 

which small mollusks and insect larve were abundant. ‘The principal fishes in this part 

of the stream were darters, which were found to be quite plentiful. In the deeper and 

more quiet water the smallmouth black bass, pike (Lucius), wall-eyed pike, and goggle- 

eye are abundant, affording much sport to local fishermen. 
The upper portion of this river would apparently prove very suitable for trout, 

unless the rapacious species already mentioned be too numerous. 
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MARYVILLE, TENN., OCTOBER 9 TO 10. 

There are many springs in the vicinity of Maryville, only a few of which were exam- 

ined. 

Pistol Creek.—This is a small stream flowing through the town. It is about 15 

feet wide and 1 foot deep, and is fed chiefly by springs, some of which are of large size. 

There is one spring a short distance west of the Jackson House which furnishes about 

350 gallons per minute. Another in the town east of the hotel runs about 450 gallons 
per minute; its temperature was 59° F. at 6 a. m. when the air was 55° F. 

About 2 miles northeast of the town is a series of small springs, the total flow of 

which is probably 400 gallons per minute. The temperature is 59° F. 

GREENVILLE, TENN., OCTOBER IO TO II. 

At Greenville, something over 75 miles northeast of Knoxville, only limestone rocks 

were seen, and they were the only rocks noticed between the two places. ‘This is also 

a region of springs, and several very good ones are found in and about the town. There 

is one large spring in the town near the Grand Central Hotel. 

Davis Spring, about 114 miles northwest of Greenville, is quite a good spring, flowing 

about 500 gallons per minute. Temperature 59° F., air 84° F. 

Big Spring.—This spring is about 8 miles southwest of Greenville and flows only 

about 500 gallons per minute. Temperature of water 59° F., air 68° F. 

Nolichucky River.—This is a stream of considerable size, flowing westward from the 

Unaka Mountains through Greene County to the French Broad River southwest of 

Morristown. It was visited at Love’s ferry south of Greenville. At that place it is 

about 250 feet wide, 10 to 15 feet deep, and has a strong current. The Nolichucky is 

one of the best fish streams in east Tennessee. Algz, Chara, water cress, Lemna, and 

other aquatic vegetation ate abundant in the springs and little streams flowing from them 

and in protected places in the river. 

Roaring Fork.—We visited Roaring Fork about 5 miles northeasterly from Green- 
ville. In all directions rock, soil, and timber were much the same; soil red and thin 

on the hills, lighter colored and thicker in the valleys; on the hills forests of oak and chest- 

nut with occasional pines and hickories. In the valleys sycamore, maple, elm, and 

willow were common; beech, mulberry, black walnut, whitewood, redbud, and others 

were seen. 

TAZEWELL, TENN., OCTOBER 12 TO 14. 

Tazewell, Claiborne County, is about 40 miles north and a little east of Knoxville. 

The rock of this region is chiefly limestone which is readily soluble, as evidenced by the 

numerous caves of considerable size. Tazewell is 100 to 150 feet below the summits 

along the divide between Powell and Clinch Rivers, both of which flow southwesterly, 

each about 6 miles from Tazewell, the former to the north and the latter to the south. 

The town is 400 to 450 feet above the level of the rivers. The country is rocky and 

broken, abounding in steep slopes, narrow valleys, and rapid streams. ‘The rocks are 

mainly limestones, but we saw one thin bed of shale; soil scanty; agriculture practi- 

cable only in the narrow valleys; forests of oak, pine, chestnut, sassafras, persimmon, 

etc., on the higher slopes, with maple, hickory, box elder, ash, willow, etc., along the 

stream. Near the railway station there is an opening into a large cave and other caves 

are found in the immediate vicinity. 
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Clinch River.—We examined this river at Walker’s ford about 8 miles in a direct line 
southwest from Tazewell. At that place the river is about 400 feet wide, shallow, and 
easily waded in most places. The current is swift, and there are many small islands in 
the river. The rocks are chiefly limestone, but one bed of shale was noticed. ‘The soil 
is thin, and agriculture is practically confined to the narrow valleys. 

This stream is well supplied with fishes, the species of minnows, darters, and suck- 
ers being especially numerous. The Clinch River is also remarkable for its rich mollus- 

cous fauna, the species of gasteropods being especially abundant and interesting. 

Three small creeks enter the Clinch River at or near Walker’s ford. Bear Creek 

joins it from the northeast and Flint Creek from the south, their mouths being almost 

directly opposite each other. Just above the ford the river has cut its way through 

Lone Mountain, and just below the ford it has cut in a similar way through Wallen’s 

ridge, below which Straight Creek enters the Clinch from the northeast. 

Ousley Spring.—This spring, about 8 miles from Tazewell, flows approximately 

500 gallons per minute. It is surrounded by trees. The stream formed by the spring 

is nearly 31% feet wide, 2 to 4 inches deep, and has a 2-foot current. The temperature 

was 55.5° F., the coldest we found in Tennessee. The stream comes out near the base 

of a limestone ledge on the left side of the road going to Walker’s ford, and flows across 

the road and into a meadow. 

CUMBERLAND GAP, OCTOBER I4 TO I9. 

Cumberland Gap, about 12 miles in a direct line northwest of Tazewell, is an interest- 

ing locality from a geological point of view. The upper strata on either side of the Gap 

are of red sandstone, the lower strata east of the Gap of limestone, all in nearly horizontal 

strata. But in the Gap there is a mass of shale or slate through which a railway tunnel 

has been driven. We did not work out the relations of these strata, but the slate in 

the Gap and not east of it at the same level suggests an old anticlinal which has been 

covered by nearly horizontal strata of limestones and sandstones. In the cave just east 

of the Gap the strata seem to dip a little toward the west, at least the stream in the cave 

crowds the west wall which overhangs the stream. The cave exhibits well several 
kinds of cave action. By mechanical action and by solution the stream is enlarging 

the cave downward and sidewise. Rocks falling from above furnish material for rock 

fragments which aid in erosion, while they are dissolved by the water and broken upon 

each other. In other places the fallen rocks are cemented together by stalagmitic matter 

from dripping water, and in some cases chambers are being obliterated by the growth 

of stalactites which serve as pillars to prevent the rocks from falling, and then the room 

is at length filled by the slowly forming stalagmite. Soil thin. Forests of chestnut and 

oak, some pine, maple, sassafras, etc. 

King Solomons Cave.—This cave was examined October 14. One enters the cave 

through a house built over its mouth. The descent of 15 to 20 feet into the cave is made 

by a winding stairway. After going some little distance a small creek about 10 feet wide 

and 18 inches deep is reached. Several hauls were. made with a small seine, but no 

fish were found. It is doubtful if any are there. The only animal life noted were two 

salamanders, crickets, flies (probably two species), one spider, a beetle, and a worm. 

A species of mould was abundant. At the mouth of the cave we caught two specimens 

of Rhinichthys atronasus which had been put there by the owner of the house. 
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Ball Creek.—This is a small stream rising just west of Tazewell and, flowing south, 

joins Big Sycamore Creek a mile above the latter’s union with the Clinch. A small 
collection of fishes was made in this creek. 

Big Sycamore Creek.—This creek, tributary to Clinch River, was examined by Dr. 
Gurley and some fishes obtained. 

Indian Creek.—Dr. Gurley examined this tributary of Powell River near Cumber- 

land Gap October 17. He also made small collections in Nigger Cave on the same date. 

Following is a list of the streams and springs examined and the localities at or near 

which they were visited. Collections were obtained at most of the places mentioned. 

For convenience of reference the names of the streams and springs are arranged in 

alphabetic order. For detailed descriptions of the various places see pages 434-441. 

Arnwine, or Matlock, Spring and Creek, 5 miles north of Athens or 2 miles north of Mount Verd, 
October 4, 5. 

Ball Creek, near Tazewell, October 15. 

Bear Creek, near Walker’s ford, 12 miles southwest of Tazewell, October 12. 

Big Spring, 8 miles southwest of Greenville, October 11. 
Big Sycamore Creek, near Tazewell, October 18. 

Callahan Springs, 5 miles northwest of Knoxville, September 27. 
Chickamauga Creek, at Lee and Gordon’s mill, September 30. 

Clinch River, at Walker’s ford, r2 miles southwest of Tazewell, October 12. 

Craigmile’s spring, 1 mile north of Cleveland, October 3. 
Crawfish Springs, near Chickamauga, September 30. 
Davis Spring, 114 miles from Greenville, October 11. 
Eastaunaula Creek, at Athens, October 7. 

Flint Creek, near Walker’s ford, 12 miles southwest of Tazewell, October 12. 

Fountain Head Springs, at Old Camp Ground, Fountain City, 5 miles north of Knoxville, Septem- 
ber 27. 

Green’s pond, or Newman Spring, 6 miles southeast of Chattanooga near Rossville Gap, Septem- 
ber 29. 

Greenville Spring, in the town of Greenville near the Grand Central Hotel, October ro. 

Indian Creek, near Cumberland Gap, October 17. 
Julians Spring, 8 miles southeast of Cleveland, October 4. 

King Solomons Cave, at Cumberland Gap, October 14. 
Lyon Creek, 5 miles west of Knoxville, near the insane asylum, September 28. 

Matlock, or Amwine, Spring and Creek, 5 miles north of Athens or 2 miles north of Mount Verd, 

October 4, 5. 
Newman Spring, or Green’s pond, 6 miles southeast of Chattanooga, September 29. 

Nickajack Cave and Stream, at Shellmound, 22 miles west of Chattanooga, October 2. 

Nigger Cave, at New Tazewell, October 12. 
Nolichucky River, at Love’s ferry south of Greenville, October rr. 

Norvel Spring and branch, 7 miles east of Athens, or 2 miles north of Tellico Junction, October 7. 
Ousley Spring, 8 miles from Tazewell, October 12. 
Payne’s spring, 2 miles north of Cleveland, October 3. 
Pistol Creek and Springs, at Maryville, October 10. 
Read's spring, 7 miles north of Chattanooga, October 1. 

Roaring Fork, 5 miles north of Greenville, October 11. 

Springfield Springs, 2 miles northeast of Maryville, October ro. 

Stith’s springs, 1 mile south of Cleveland, October 4. 
Tellico River, at Tellico Plains, October 8. 

Tennessee River, near mouth of Lyon Creek, 5 miles west of Knoxville, September 28. 
Wildwood Spring, at Wildwood, 9 miles from Chattanooga, October 2. 
Wine House Cave, at Shellmound, about 22 miles west of Chattanooga, examined October 19, 1901, 

by Prof. W. P. Hay. 
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ANNOTATED LIST OF SPECIES. 

Following is an annotated list of the species of fishes obtained or observed during 

these investigations. Unless otherwise stated, the specimens from each stream or 

spring were obtained at the place mentioned in the alphabetically arranged list of 
streams, springs, and localities on page 441. 

1. Ictalurus punctatus (Rafinesque). Channel cat. 

Four specimens, 2.25 to 3.25 inches long, from Ball Creek; four, 3 to 3.5 inches long, from Clinch 
River; and one, 2.5 inches long, from Chickamauga Creek. 

~S 

Fic. 1.—Iclalurus punctatus. Channel cat. 

2. Leptops olivaris (Rafinesque). Mud cat; yellow cat. 
Three young, 4 to 5.5 inches long, from Clinch River. 

. Schilbeodes eleutherus (Jordan). Mad tom. 
Abundant in Clinch River; seven specimens saved, 1.5 to 2.25 inches long. 

w 

4. Schilbeodes miurus (Jordan). Mad tom. 
Common in Clinch River, Tennessee River, and Chickamauga Creek. Nine specimens, 1.5 to 2.5 

inches long, from Clinch River; one, 2.25 inches long, from Tennessee River; and three, 2 to 2.75 inches 
long, from Chickamauga Creek. 

Fic. 2.—Catostomus commersonii, Common white sucker. 

5. Catostomus commersonii (Lacépéde). Common white sucker. 
One specimen, 3 inches long, from Ball Creek; five, 4.5 to 6.5 inches long, from Arnwine Spring 

Creek; eight, 5 to ro inches long, from Eastaunaula Creek; and several from Roaring Fork. 
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6. Catostomus nigricans Le Sueur. Hog sucker; stone roller, 

Common in most streams examined. Three specimens, 3 to 3.75 inches long, from Ball Creek; 
two, 2 and 4 inches long, from Tennessee River; four, 4.5 to 9.5 inches long, from Eastaunaula Creek; 

one of 5 inches long, from Arnwine Spring; four, 3 to 3.5 inches long, from Tellico River; and one 3 

inches long, from Chickamauga Creek. Specimens also from Indian Creek, Roaring Fork, and Clinch 
River. 

7. Moxostoma aureolum (Le Sueur). Common redhorse. 
Abundant nearly everywhere. Twenty-eight specimens, 2.5 to 3.75 inches long, from Indian 

Creek; twelve, 2.25 to 3 inches long, from Ball Creek; twelve, 2.75 to 3 inches long, from Clinch River; 
one 2.75 inches long, from Nolichucky River; five, 3.75 to 8.5 inches long, from Roaring Fork; six, 

2.5 to 6.25 inches long, from Tennessee River; one 9 inches long, from Arnwine Spring Creek; and 

six, 4 to 9 inches long, from Chickamauga Creek. 
The free edge of the dorsal fin is slightly concave in all our specimens. 

Fic. 3.—Moxostoma aureolum. Common redhorse. 

8. Placopharynx duquesnii (Le Sueur). Big-toothed sucker. 
A fine specimen of this species was examined by the senior writer on July 4, 1878, at Alexander’s on 

the French Broad River, from which the fish was caught. 

9. Campostoma anomalum (Rafinesque). Stone roller; rot-gut minnow. 
Abundantin most places. Forty-seven specimens, 2 to 6 inches long, from Indian Creek; seventeen, 

1.75 to 4.75 inches long, from Ball Creek; three, each 2.75 inches long, from Clinch River; thirty-six, 

2.25 to 5.5 inches long, from Roaring Fork; fifty-four, 1.5 to 5.75 inches long, from Eastaunaula Creek; 
and one 4.75 inches long, from Chickamauga Creek. It was also found in the Tellico River. 

to. Chrosomus erythrogaster (Rafinesque). Red-bellied dace. 
Observed only in Roaring Fork. 

11. Pimephales notatus Rafinesque. Blunt-nosed minnow. 
Found by us only in Chickamauga Creek, from which we have two specimens each 2 inches long. 

12. Semotilus atromaculatus (Mitchill). Horned dace; creek chub. 

Two specimens, 3.5 and 5.5 inches long, from Ball Creek; four, 4.25 to 5.25 inches long, from Eastau- 

naula Creek; and one 2.25 inches long, from Norvel Spring. 

13. Cliola vigilax (Baird & Girard). 
One specimen, 2.5 inches long, from Ball Creek; fourteen, 1.5 to 2.25 inches long, from Clinch 

River; three, 2 to 2.25 inches long, from Tennessee River; and three, 1.75 to 2.5 inches long, from 

Chickamauga Creek. 
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14. Notropis blennius (Girard). Straw-colored minnow. 

Thirteen specimens, 1.5 to 1.75 inches long, from Indian Creek; twelve, 1.5 to 2 inches long, from 
Ball Creek; nine, 1.5 to 1.75 inches long, from Clinch River; and seven, 1.75 to 2.25 inches long, from 
Roaring Fork. 

15. Notropis shumardi (Girard). 
Two specimens, each 2.5 inches long, from Indian Creek. 

16. Notropis galacturus (Cope). 

Very common throughout the region examined. Highty-eight examples, 1.75 to 4.25 inches long, 

from Indian Creek; thirty-six, 1.75 to 4.75 inches long, from Clinch River; twelve, 1.75 to 2.25 inches 
long, from Tennessee River; one 3 inches long, from Roaring Fork; forty-seven, 2 to 4 inches long, 

from Eastaunaula Creek; twenty-five, 2.5 to 4 inches long, from Tellico River; and twelve, 2 to 3 

inches long, from Chickamauga Creek. Specimens also from Ball Creek. 

The young among these specimens have the mouth almost terminal and the gape oblique. When 
the fish reaches a length of about 2.5 inches the mouth becomes subinferior, the gape nearly horizontal, 
and the upper jaw projecting. 

17. Notropis cornutus (Mitchill). Shiner. 

Very common throughout the entire region. Ten specimens, 3.25 to 5 inches long, from Indian 

Creek; eight, 2.75 to 6 inches long, from Ball Creek; two, each 2 inches long, from Walker’s ford; 

thirty, 1.75 to 4.5 inches long, from Roaring Fork; three, 3.25 to 6 inches long, from Eastaunaula Creek; 
two, each 5 inches long, from Arnwine Spring Creek; and one 3 inches long, from Tellico River. 
Specimens were obtained also from Nolichucky River and Chickamauga Creek. 

18. Notropis coccogenis (Cope). 

A fairly abundant species. Four specimens, 3.25 to 4 inches long, from Indian Creek; one 1.5 
inches long, from Ball Creek; twenty-nine, 2.75 to 4.25 inches long, from Arnwine Spring; twenty-nine, 

2 to 3.75 inches long, from Tellico River; and ten, 2.5 to 3 inches long, from Chickamauga Creek. 

19. Notropis zonatus (Agassiz). 

Five specimens, 2 to 2.75 inches long, from Nolichucky River. 
Head 4.2; depth 4.5; D. 8; A. 10; scales 6-40-4, 15 before the dorsal; pectoral not reaching ventrals; 

dorsal inserted slightly behind ventrals. No distinct lateral band; no caudal spot; fins plain. 
This species has previously been recorded only from the mountain streams in the Ozark region of 

Missouri and Arkansas. 

20. Notropis rubricroceus (Cope). Red fallfish. 
Four specimens, 2 to 2.25 inches long, from Cleveland, Tenn., probably from South Mouse Creek, 

where they were collected May 18, 1894, by Mr. J. D. Patton, who kindly sent them to us. The species 
was not obtained by us in 1893. 

21. Notropis leuciodus (Cope). 
This species was found only in Indian Creek and Tellico River, in each of which it is fairly abun- 

dant. We have nineteen specimens, 1.5 to 2.5 inches long, from Indian Creek, and nine specimens 
of same size from Tellico River. 

22. Notropis telescopus (Cope). 

Abundant in Indian Creek and Tellico River, but not seen elsewhere. We have sixty-five speci- 

mens, 1.5 to 2.75 inches long, from Indian Creek and seventy-five, 2 to 3.25 inches long, from Tellico 
River. 

23. Notropis stilbius Jordan. 
One specimen, 1.75 inches long, from Ball Creek; forty-one, 1.75 to 2 inches long, from Clinch 

River; one 2 inches long, from Tellico River; four, each 2 inches long, from Nolichucky River; and 

four, 2 to 2.75 inches long, from Chickamauga Creek. 

This minnow has been previously recorded only from the Alabama basin, where it is said to be 
abundant. It is apparently very close to N. telescopus, but the larger eye and more backward inser- 
tion of the dorsal of the present species separate the two. Eye 3 in head, longer than snout; distance 
from origin of dorsal to base of caudal equal to distance from middle of eye to origin of dorsal. 
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24. Notropis micropteryx (Cope). 
We have forty-four specimens, 1.75 to 2.25 inches long, from Clinch River, and three, 2.5 to 2.75 

inches long, from Tennessee River. 

25. Phenacobius uranops Cope. 
Three examples, 3 to 4 inches long, from Indian Creek; two, 3 and 3.25 inches long, from Ball 

Creek; one 3.25 inches long, from Clinch River; and six, 2.5 to 3.25 inches long, from Chickamauga 

Creek. 5 
Scales in lateral series, 53 to 64; before dorsal, 22 or 23. 

26. Rhinichthys atronasus (Mitchill). Black-nosed dace. 

A species widely distributed throughout this region. We have twenty-two specimens, 1.5 to 3 
inches long, from Indian Creek; two from King Solomons Cave; thirty-one, 1.25 to 3 inches long, 
from Ball Creek; eight, 2 to 3.5 inches long, from Nigger Cave; one 1.75 inches long, from Roaring 

Fork; thirteen, 2.5 to 3.25 inches long, from Eastaunaula Creek; and five, 1.5 to 2.5 inches long, from 

Norvel Spring. 
‘This species as represented in this collection is very variable. Depth in length of body, from 5 

to 6; length of snout very variable; examples from Ball Creek have snout almost as long as examples 
of the related species, R. cataracte; eye 1.25 to 2 in length of snout; scales 60 to 70; size of barbel quite 

variable. Our alcoholic specimens show no distinct variation in color. 
Smaller scales and a more distinct barbel are characters given to distinguish the variety croceus 

from the typical species, but specimens from Nigger Cave, 2 to 3.5 inches long, have 7o scales in a lat- 
eral series, with the barbel scarcely visible; other examples, from Indian Creek, 1.75 to 2.25 inches 

long, have 60 scales in a lateral series, and a very evident barbel. 

27. Hybopsis hyostoma (Gilbert). 
Only two specimens obtained, one 2.25 inches long, from Clinch River and one 1.5 inches long, 

from Tennessee River. 

28. Hybopsis monaca (Cope). 
Two specimens, each 2.75 inches long, from Indian Creek; six, each 2.75 inches long, from Clinch 

River; also obtained from Ball Creek. 

29. Hybopsis dissimilis (Kirtland). Spotted shiner, 
This species, though widely distributed, was not abundant anywhere. We have eight specimens, 

2.25 to 3.5 inches long, from Indian Creek; two, 2 and 3 inches long, from Tennessee River; and one, 

3 inches long, from Tellico River. We also have specimens from Ball Creek and Chickamauga Creek. 

30. Hybopsis amblops (Rafinesque), Silver chub. 
This species was not found to be abundant, but it is distributed throughout the entire region exam- 

imed. We have 32 specimens, 1.5 to 2.75 inches long, from Indian Creek: two, 1.5 and 1.75 inches 
long, from Ball Creek; seven, 2 to 3.5 inches long, from Clinch River; three, each 1.75 inches long, 

from Tennessee River; one 2 inches long, from Roaring Fork; one 2.75 inches long, from Eastaunaula 

Creek; and five, 2.5 to 3 inches long, from Chickamauga Creek. We also found it in Tellico River. 

31. Hybopsis kentuckiensis (Rafinesque). Hornyhead; river chub. 
One of the most abundant and widely distributed fishes of the region. We have 59 specimens, 

1.75 to 5 inches long, from Indian Creek; ten, 1.5 to 6.5 inches long, from Ball Creek; seven, 2.5 to 3 

inches long, from Clinch River; two, 2.5 and 5.5 inches long, from Tennessee River; two, 4.25 and 4.75 
inches long, from Eastaunaula Creek; five, 2 to 4.5 inches long, from Tellico River; one 5.25 inches long, 
from Arnwine Spring Creek; and twenty-nine, 2 to 5.5 inches long, from Chickamauga Creek. 

32. Fundulus catenatus (Storer). 
Our collections contain 141 specimens, 1.5 to 3.75 inches long, from Indian Creek; five, 2.5 to 3.25 

inches long, from Ball Creek; ten, 1.75 to 2.75 inches long, from Clinch River; and one 1.75 inches 

long, from Tellico River. 

33. Fundulus notatus (Rafinesque). Top minnow. 
Five specimens, 1.25 to 2.25 inches long, from Norvel Spring, the only place where it was seen. 

34. Typhlichthys subterraneus Girard. Small blindfish. 
On October 19, 1901, Prof. W. P. Hay, while studying the crawfish fauna of Tennessee, visited 

Nickajack Cave and other caves in the vicinity of Shellmound. In Wine House Cave, which is probably 

97867°—vol 34—16——29 
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a part of Nickajack Cave, he saw a small blindfish which was almost certainly this species. He was 
unable to capture it. 

Wine House Cave is reached by going through the cellar of a house, then down a passage about 80 
feet. 

PERO Keyes 
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Vic. 4.—Hybopsis kentuckiensis. Hornyhead. 

35. Ambloplites rupestris (Rafinesque). Rock bass; red-eye; goggle-eye. 
Only a few small specimens of this fish were obtained. We have six examples, 1 to 4 inches long, 

from Clinch River; one 3 inches long, from Roaring Fork; and eight, 1 to 4 inches long, from 
Eastaunaula Creek. It is also known to occur in the Tellico River. 
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Fic. 5.—A mbloplites rupestris. Rock bass. 

36. Lepomis megalotis (Rafinesque). Long-eared sunfish. 
Common throughout the region but only small examples obtained. Six specimens, 1.75 to 2 inches 

long, from Ball Creek; five, 1.75 to 2.75 inches long, from Clinch River; one 1.75 inches long, from 
Tellico River; two, each 3 inches long, from Amwine Spring; and one 1.5 inches long, from Chicka- 
matga Creek. 

37. Lepomis pallidus (Mitchill). Bluegill. 
Found by us only in Arnwine Spring, whence we have three specimens 4.75 to 6.5 inches long. 
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Fic. 6.—Lepomis megalotis. Wong-cared sunfish. 

Fic. 7.—Lepomis pallidus. Bluegill. 
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38. Micropterus dolomieu (Lacépéde). Smallmouth black bass. 

Only small specimens obtained. Seventeen, 2.25 to 3.75 inches long, from Indian Creek; three, 

2.25 to 2.5 inches long, from Ball Creek; three, 3.5 to 4.5 inches long, from Clinch River; and two, each 
3inches long, from Tellico River. It was also obtained in Chickamauga Creek. 

By 
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Fic. 8.—Micropterus dolomieu. Smallmouth black bass. 

39. Micropterus salmoides (Lacépéde). Largemouth black bass; ‘‘ green trout.’ 
Found by us only in Clinch River and Chickamauga Creek. 

40. Stizostedion vitreum (Mitchill). Wall-eyed pike. 

Reported as common in the Tellico River, but no specimens were obtained. 
In a letter dated March 2, 1904, Dr. E. G. Anderson, of Newport, Tenn., reports the capture, in 

the French Broad River near that place, of three fine examples of wall-eyed pike. They measured 28, 
29, and 31'% inches in length, and weighed 81%, 9, and 12 pounds, respectively. They were caught 
by Mr. J. C. King, of Rankin, Tenn. 

Fic. 9.—Micropterus salmoides. Largemouth black bass. 

41. Stizostedion canadense (Smith). Sauger; sand pike. 
One specimen, 14 inches long, from Big Sycamore Creek. 

42. Percina caprodes (Rafinesque). Log perch. 
Not common. Found by us only in Indian and Ball Creeks and Tennessee River. 

43. Hadropterus macrocephalus (Cope). 
Found by us only in Indian Creek, whence we have one specimen 2.75 inches long. 

Scales in lateral line 80 to 83, 80 pores. 
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44. Hadropterus aspro (Cope & Jordan). Black-sided darter. 
Found by us only in Ball Creek, from which we have three specimens, each 2.15 inches long. 
Head 4 in body; D. xm or xm, 13; A. 11, 9 or 10; scales 5 to 7-57 to 6c-g to 11. Fewer scales in 

transverse series than given in current descriptions. ‘ 

45. Hadropterus evides (Jordan & Copeland). 

Widely distributed but not many specimens obtained. Five examples, 1.25 to 2.5 inches, from 
Clinch River. It was also found in the Tellico River. 

<K 

2 . Fic. 10.—Coltogaster copelandi. 
46. Hadropterus scierus Swain. 

Seven specimens, 2.25 to 3 inches long, from Clinch River. 

47. Hypohomus aurantiacus (Cope). 
This beautiful darter was found only in Clinch River at Walker’s ford, where two fine specimens, 

2.5 and 3 inches long, respectively, were secured. They showed the following life colors: Belly and 
lower two-thirds of side white, with slight greenish shade; middle of side with a series of almost con- 
tinuous large rectangular black blotches, extending forward across the opercle and preopercle, under 
eye, and around snout, but scarcely on upper jaw; anterior end of this series mostly below lateral line, 
posterior half with lateral line rumning through its middle; side above this band very light straw yellow 
with a series of about 21 to 23 small dark spots running from occiput to under soft dorsal; a dark 
median line and some dark clouding on back; fins all plain, except tip of spinous dorsal, which is light 

orange. 

48. Cottogaster copelandi (Jordan). 4 

Seven specimens, each 1.25 inches long, from the Tennessee River. 
Only the anterior portion of the belly naked; ordinary scales for a short distance in front of anal. 

Fic. r1.—Ulocentra stigm@a. 
49. Ulocentra stigmza (Jordan). 

Eleven specimens, 1.5 to 2.75 inches long, from Ball Creek, and two, each 2.5 inches long, from 
Arnwine Spring Creek. 

We have compared these with specimens from Wolf and Obeys Rivers collected by Dr. Kirsch. 

Two forms are represented. 

Examples from Wolf and Obeys Rivers in general agree with the cotypes, which were secured 
from the United States National Museum for comparison, but they differ in having the cheeks naked, 
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fewer scales (five) in a transverse series below the lateral line, and the lateral line extending as far 

back as the last ray of the soft dorsal, wanting on 13 to 15 scales. Other examples from Ball Creek 
and Arnwine Spring Creek have a more slender body; ventral outline nearly straight; longer snout, 

which is less convex in profile than in the typical form; mouth horizontal, lower jaw included, pre- 

maxillary with a narrow frenum. Scales 6-50 to 54-7. Lateral line incomplete, pores wanting on 7 

to 10 scales. Breast naked, opercles with large scales, cheeks with a small patch of scales back of 

the lower posterior border of the orbit. These specimens are closely related to the form saxatilis, 
described as a distinct species by O. P. Hay,® but which was later found to be identical with stigmea 
by Dr. Gilbert.> 

50. Ulocentra gilberti Evermann & Thoburn. 
‘Three specimens, 1.5 to 2 inches long, from Clinch River. 

This species was described by Evermann and Thoburn.¢ The above specimens represent the 
type and cotypes. United States National Museum type no. 47511. 

51. Ulocentra meadize Jordan & Evermann, 
Three specimens, each 2 inches long, from Indian Creek. 

This species was described by Jordan and Evermann.¢ ‘The above specimens represent the type 
and cotypes. United States National Museum type no. 48903. 

Fic, 12.—Etheostoma zonale. 
52. Ulocentra simotera (Cope). 

One hundred seventy-eight specimens, 1.25 to 2.25 inches long, from Indian Creek; twenty-eight, 
1.75 to 2 inches long, from Ball Creek; fifty-six, 1.25 to 2.25 inches long, from Roaring Fork; six, 1.5 to 

2.5 inches long, from Eastaunaula Creek; three, 1.5 to 2 inches long, from Tellico River; and fifty-two, 
1.5 to 2.25 inches long, from Armwine Spring Creek. 

A variable species. Opercles scaly; cheeks often c.osely scaled; sometimes almost naked; premax- 
illary occasionally joined to the forehead by a narrow frenum. Color variable; some examples with 

faint blotches on back and sides; other examples with quite evident blotches on back and sides; these 
sometimes connecting at sides, forming bars posteriorly; a few specimens with a dark lateral band. 

53- Diplesion blennioides (Rafinesque). Green-sided darter. 
This species was found to he fairly abundant throughout this region. Forty-seven specimens, 1.75 

to 3.25 inches long, from Indian Creek; one, 3.75 inches long, from Ball Creek; eight, 2.5 to 3.75 inches 
long, from Clinch River; one, 4 inches long, from Tennessee River; six, 2.5 to 3.5 inches long, from 

Chickamauga Creek. 

54. Etheostoma variatum Kirtland. 

One specimen from Indian Creek. 

55. Etheostoma zonale (Cope). 

Eighty specimens, 1.5 to 2 inches long, from Indian Creek; one, 1.5 inches long, from Ball Creek; 
one, 2.25 inches long, from Eastaunaula Creek; and nine, 1.75 to 2 inches long, from Chickamauga 

Creek. This species was obtained also from the Tellico River. 

@ Proceedings U. S. National Museum, vol. 3, 1880, p. 495. ¢ Bulletin U. S. National Museum, no. 47, p. 1049. 

6 Bulletin U. S. Fish Commission, vol. 1x, 1889, p. 150. @ Bulletin U. S. National Museum, no. 47, p. 2852. 
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56. Etheostoma camurum (Cope). Blue-breasted darter. 
Thirty-five specimens, 1.25 to 2.25 inches long, from Clinch River. Specimens were also obtained 

from Indian Creek, Ball Creek, Tennessee River, and Tellico River. 

57. Etheostoma maculatum Kirtland. 

Found in Indian and Ball Creeks and Clinch, Tennessee, and Tellico Rivers. 

58. Etheostoma rufilineatum (Cope). 

Twenty-nine specimens, 1.25 to 2.5 inches long, from Indian Creek; two, 1.5 to 2.5 inches long, 
from Ball Creek; nine, 1 to 2 inches long, from Clinch River; two, 1.75 and 2 inches long, from 

Tennessee River. 
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Fic. 13.—Etheostoma rufilineatum. 

59. Etheostoma flabellare Rafinesque. Fan-tailed darter. 
This species was found in but two places. One specimen, 1 inch long, from Indian Creek; four, 

1.25 to 1.5 inches long, from Ball Creek. 

60. Cottus ictalops (Rafinesque). Miller’s thumb. 

This species common throughout this region. Sixty specimens, 1.25 to 2.25 inches long, from 
Indian Creek; twenty-seven, 1.25 to 3.75 inches long, from Ball Creek; three, each 1.5 inches long, 

from Tennessee River; one, 3.5 inches long, from Nolichucky River; forty-eight, 1.5 to 4 inches long, 
from Amwine Spring; twenty-five, 1.5 to 4 inches long, from Eastaunaula Creek; three, 1.5 to 3.75 

inches long, from Norvel Spring; twenty-three, 1.25 to 3.25 inches long, from Chickamauga Creek; 
and two from Nickajack Cave. 
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