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SIi:SSION OF 1914-15.

(VOLUME XIV, PART 1.^

Annual Business Meeting.

Civil Engineering Lecture .Room, Technical College, Halifax.

21st October, 1914.

The President, Donald M. Fergusson, F. C. S.. in the

chair.

Other members present: Dr. A. H. MacKay, Prof. E.

Mackay, Dr. D. Fraser Harris, M. Bowman, Prof.

H. L. Bronson, Prof. D. S. McIntosh, W. McKerron, and

H. Piers.

Presidential Address: (1) Review of the Institute's Work
during the Year, (2) Remarks on Valency, (3) General

Remarks.—By Donald M. Fergusson, F. C. S,

It is the duty of your president at the annual meeting

to speak of members deceased. That, on this occasion, is

unnecessary, for, so far as I know, we have suffered no loss

by death this session.

Proc. & Trans. N. S. Inst. Sci., Vol. XIV, Pr. 1. Puoc.—

A
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Review of Year's Work.

During the year we have had ten papers presented at

our meetings, and the subject matter contained contributions

in the botanical, chemical, physical, geological and phj^sio-

logical sciences, so that the papers read, though not above

our average in number, were varied and represented different

fields of research; and I may say that all the papers embodj^

the results of much patient work and are valuable stepping

stones in the path of scientific progress.

The paper that evoked the most animated discussion

was that of Dr. Eraser Harris on "Coloured Thinking."

Much of our recent work has been in the physical sciences,

and this departure into mental science met with a hearty

welcome.

Of especial practical value to the Province is the series

of analyses of Nova Scotian soils contributed by Prof. Harlow,

Last year we had a paper from Prof. Mcintosh on the geology

of the contact zone at the North West Arm; this year Mr.

Vickery gives us the analysis of the contact rock locally known

as ironstone. This term is somewhat of a misnomer, as

"ironstone" is usually applied to an impure iron ore, but

the term is used locally on account either of hardness or of

the colour of the weathered rock. To contact-metamorphosed

rock the general term hornstone or hornfels has been applied.

We should have for this local rock of commercial utility some

name for common use that would be lithologically correct.

I cannot refer to all the year's work, but I would mention

the paper by Mr. J. H. L. Johnstone "On the Electrical Pro-

perties of Acetic Acid in the Solid and Liquid Phases." This,

following one last year by the same author on the "Cor.-

ductivity of Ice" shews one trend of present chemical research.

Remarks on Valency.

For many years past our Institute, like other scientific

societies, has received papers on measurements of the dis-
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sociation of various electrolj^tes. Tliis field has been well

explored, and the dissociation constants of nearly all elec-

trolytes in water solution are known. Much attention is

now being given to solvents other than water, and to organic

substances, and, as in these papers, to matter in the solid state.

The general acceptance of Arrhenius' theory of electrolytic

dissociation has led to our text books of inorganic chemistry

and analyses being re-written in ionic terms. According to

this, when a molecule of an electrolyte like NaCl is dissociated

in solution we have a positive Na ion and a negative CI ion.

A number of years ago Sir J. J. Thomson, in his hypothesis

of the electrical nature of matter, suggested that valency and

cause of chemical combination consisted in the transfer of

electrons between the reacting atoms. On this basis we have

as positive atom one which has lost one or more electrons,

and as negative atom one which has gained one or more

electrons, the valency of the atom depending on the number

of electrons transferred. The valency question is one of the

fundamental problems of chemistry and the electronic theory

has in many forms been applied as a solution. Electrolytic

dissociation tells us nothing of the solid state or the gaseous.

In dissociation we find H as a positive ion and CI as a negative.

What is the state of the atoms in the electrically neutral

molecule of CI ? In the majority of reactions there seems

to be no difference between the two halves of the molecule,

but some evidence has been found that the CI atom maj''

act positively. On the assumption that the diatomic gas

molecule consists of one atom positive and the other negative,

we have theories of valency, one of which applied to the

formula of the benzene ring I shew on the blackboard. Any

conception of valency must pass the test of the benzene ring

and explain certain peculiarities in the formation of ortho,

meta, and para compounds.

In general terms of the electronic theory, the loss of

electrons corresponds to oxidation, and a gain of electrons
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to reduction. Many reactions are classed as oxidizing with-

out reference to oxygen, and the term "adduction" has been

proposed as the opposite to reduction: adduction means the

adding of positive charges, and reduction the withdrawal of

the same.

Many different electronic hypotheses have been put for-

ward, some not involving transfer of electrons; but the final

solution will come from the physicists who gave us the

electron. Sir J. J. Thomson, who at one time stated that

atoms of one and the same kind may be positive and negative

and combine to form a diatomic molecule, in his recent work

on Positive Rays, considers that for a union of atoms it is

not necessary that one be positive and the other negative,

but that a displacement of positive and negative electricity

in each atom takes place.

It has recently been shown that if electrons are transferred

in oxidation and reduction they are not the same as the beta

particles evolved in radioactive changes.

Within this last two years there has been discovered a

valuable method of exploring into the region of molecules

and atoms. I refer to the discovery of reflection of X-rays

from crystal surfaces. Interesting results are being given

and, though one cannot anticipate the final outcome, we may
soon have established the structure of the atom and the

solution of the valency problem. Recent theories give us an

atom consisting of a central positive nucleus surrounded by
negative electrons. The central nucleus may not all consist

of positive charges, but the net positive charge gives an

atomic number corresponding to the place occupied by the

element in the periodic table. In fact we are promised a

periodic table containing all possible elements.

General Remarks.

As a scientific society we cannot but regret that the present

war means great curtailment of research, especially on the
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continent of Europe. It is hard to say what it will mean

having supplies from Germany cut off, for from tiiat country

alone have come many of our necessary chemicals. On this

continent it is evident that research is increasing in quantity

anil quality, coming not only from the universities Imt from

governmental and endowed research laboratories and from

those of private corporations, such as the General I'^lectric

Co., from the research laboratory of wliich I noticed recently

a publication of which one of our life members was a co-author.

You will have reports presented to you from our Librarian

and Treasurer, and from these you will see that we may have

serious financial difficulties ahead of us. We must endeavor,

however, to continue publishing the Transactions, not only

for the sake of the Institute and the work of our members,

but to act (as we have acted in the past) as the stimulus

to scientific work in this Province by publishing the first

research paper of many a student, who, receiving encourage-

ment in the atmosphere of the Institute, leaves to make

research his life work in the larger world of opportunity

outside our shores.

The Treasurer, M. Bowman, presented his annual report,

showing that the receipts for the year ending 21st October,

1914, were 81,742.28; the expenditures, $1,588.28; the balance

in current account, $154.00; the reserve fund, $311.90; and

the permanent endowment fund, $1,000, the latter being now

invested in Maritime Telephone Co. 6 per cent, bonds. The

report, having been audited, was received and adopted.

Dr. a. H. MacKay reported that he had interviewed the

Government, and urged the restoration of the money grant

which had been received by the society for many years, and

he felt there was a disposition to assist in some way.

The Librarian's report was presented by H. Piers, showing

that 1,766 books and pamphlets had been received by the

Institute through its exchange list during the year 1913;
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and 1,424 during the past nine months of the present j^ear,

1914, viz. January to September inclusive. The total

number of books and pamphlets received by the Provincial

Science Library (with which that of the Institute is incor-

porated) during the year 1913, was 2,928. The total number
in the Science Library on 31st December, 1913, was 51,810.

Of these, 37,614 (about 72 per cent.) belong to the Institute,

and 14,196 to the Science Library proper. Four hundred

books were borrowed, besides those consulted in the library.

No binding or direct purchasing has been done during the

year. The report was received and adopted.

The following gentlemen were elected officers for the

ensuing year (1914-15):

President,—Donald MacEachern Fergusson, F, C. S.,

ex officio F. R. M. S.

1st Vice-President,—Professor David Fraser Harris,

M. D., C. M., D. Sc, F. R. S. E.

2nd Vice-President,—President Arthur Stanley Mac-
kenzie, PhD., F. R. S. C.

Treasurer,—Maynard Bowman, B. A.

Corresponding Secretary,— Professor Ebenezer Mackay,
Ph.D.

Recording Secretary and Librarian,—Harry Piers.

Councillors without office,
—Alexander Howard MacKay,

Ll. D., F. R. S. C; Professor Clarence L. Moore,
M. A., F. R. S. C; Alexander McKay, M. A.;

Professor Donald Sutherland McIntosh, M. Sc;

Carleton Bell Nickerson, M. A.; Professor

Howard Logan Bronson, Ph. D.; and William

Harrop Hattie, M. D.

Auditors,—Watson Lenley Bishop and William McKerron.

On motion, the President, the two Vice-Presidents,

Prof. Bronson, Prof. Sexton, and Dr. Hattie were

appointed a committee to interview the Government in

regard to the restoration of the financial grant to the Institute.
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First Ordinary Meeting.

Civil Engineerinij Lecture Room, N. S. Technical College.

Halifax, N. S.; 9th November, 1914-

The President, D. ]M. Fergusson, in the cliair.

George H. Henderson, B. A., B. Sc, instructor in

physics, Dalhousio University, Halifax, read a paper on

"The Distribution of the Active Deposit of Thorium in an

Electric Field." (See Transactions, page 1). The subject

was discussed by the President, Dr. A. S. Mackenzie,

Dr. Bronson, and Dr. E. Mackay.

Second Ordinary Meeting.

Civil Engineering Lecture Room, N. S. Technical College,

Halifax, N. S.; 14th December, 1914.

The President, D. M. Fergusson, in the chair.

It was reported that Professor Alfred G. Hatcher
and LoRNE N. Richardson, instructor in physics and mathe-

matics, both of the Royal Naval College of Canada, H. M.
Dockyard, Halifax, had been duly elected ordinary members

on the 9th inst.

Professor Da"vid Eraser Harris, M. D., C. M., D. Sc,

F. R. S. E., Dalhousie University, Halifax, read a paper

entitled, "Neuro-muscular Rhythms and the Tremor of

Tonus." The subject was discussed by the President,

Dr. a. H. MacKay, Dr. Bronson, President Mac-

kenzie, and Dr. E. Mackay.
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Third Ordinary Meeting.

Civil Engineering Lecture Room, N. S. Technical College,

Halifax, N. S., 11th January, 1915.

The President, D. M. Fergusson, in the chair.

Herbert Bradford Vickery, Dalhousie University,

Halifax, read a paper entitled, "An Investigation of the

'Chromate Method' of Separating the Alkaline Earths."

(See Transactions, page 30). The subject was discussed

by the President, Dr. E. Mackay, C. B. Nickerson,

C. L. McCallum, and Dr. Eraser Harris. A vote of

thanks was presented to Mr. Vickery.

Fourth Ordinary Meeting.

Civil Engineering Lecture Room, N. S. Technical College,

Halifax, N. S., 15th March, 1915.

The First Vice-President, Dr. D. Eraser Harris, in

the chair.

Professor Howard Logan Bronson, Ph. D., Dalhousie

University, Halifax, read a paper entitled, "A Physical

Measurement of X-Rays," (See Transactions, page 17).

The subject was discussed by Dr. A. S. Mackenzie, Dr.

A. H. MacKay, Dr. Eraser Harris, and others.

Fifth Ordinary Meeting.

Civil Engineering Lecture Room, N. S. Technical College,

Halifax, N. S., 12th April, 1915.

The President, D. M. Fergusson, in the chair.

Professor Donald S. McIntosh, M. Sc, Dalhousie

University, Halifax, read a paper entitled, "Notes on an

Abnormal Wave Occurrence on the Northern Cape Breton
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Coast ill June, 1914." (See Transactions, page 41). The
subject was discussed by the. President, Dr. A. S. Mac-
kenzie, Dr. H. L. Bronson, Dr. E. Mackay, H. Piers,

and others.

A paper by Joseph Perrin, MacNab's Lsland, Halifax,

entitled, "Additions to the Catalogue of Butterflies and
Moths collected in the Neighbourhood of Halifax, etc.,"

was read by title, and a vote of thanks passed to the writer.

Sixth Ordinary Meeting.

Civil Engineering Lecture Room, N. S. Technical College.

Halifax, N. S., 10th May, 1916.

The President, D. M. Fergusson, in the chair.

Professor D. Fraser Harris, M. D., D. Sc, F. R. S. E.,

Dalhousie University, Halifax, read a paper entitled, "Acci-

dental Electrical Stimulation of the Human Retina in situ."

(See Transactions, page 47). The subject was discussed by

Prof. E. Mackay, C. B. Nickerson, Dr. Frank Woodbury,

Dr. F. W. Ryan, Dr. A. H. MacKay, and the President.

Dr. A. H. MacKay presented a paper on "Phenological

Observations in Nova Scotia, 1914." (See Transactions,

page 57). The subject was discussed by H. Piers.

Harry Piers,

Recording Secretary.
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SESSION OF 1915-16.

(Vol. XIV Part 2)

54th Annual Business Meeting.

Mechanical Engineering Lecture Room, Technical College,

Halifax, 13 October, 1915.

The President, Donald M. Fergusson, F. C. S., in the

chair.

Other members present: Dr. D. Fraser Harris, Dr. A. S.

Mackenzie, Dr. E. Mackay, Dr. A. H. MacKay, Carletox

B. Nickerson, and Prof. D. S. McIntosh.

Presidential Address: (1) Obituary Notices, (2) Review

of Year's Work, (3) Some Results of the War.—By
Donald M. Fergusson, F. C. S., Halifax.

Obituary Notices.

Since our last annual meeting we have lost by death

two of our old and valued members: William McKerron

and John Forbes.

Pkoc. & Tr.vns \ S lN8T. Set, Vol .XIY I'R<»' '

(xi)
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William McKerron, born in Elgin, Scotland, came
to Halifax about 48 years ago. He was essentially a business

man, but he took a keen interest in science, especiallj' in

those branches relating to agriculture and horticulture.

For some years he acted as secretary of the Halifax exhi-

bitions, and this position gave him opportunitj' to foster

scientific methods amongst our farmers. He was particularly

active in improving the breeds of cattle in the Province.

He was a faithful attendant at our Institute meetings and

could be depended on to be present whether the subject of

the evening was of interest to him personally or not. He
was the third treasurer of the society, serving from March,

1903 to Nov., 1906. Then he was appointed as one of our

auditors, which position he filled satisfactorily until his death,

which took place on March 23rd, 1915.

John Forbes, son of William Forbes, a government

official, was born at Birmingham, England, January 26th,

1834. He came from England when he was between nine'

and ten years of age. The voyage in the barque "Ma-«%-

chester" took 58 days, a contrast to the time required to

cross the ocean in our present day. He lived in the United

States for some time, and in 1860 returned to Halifax. John

Forbes was a mechanical genius, and his ideas found expres-

sion in several patents which he took out. He was manager of

the Starr iNIanufacturing Co., and the skates made by them
under his patents were known all over the world. Later

on he branched out into structural work, and after leaving

the Starr Mfg. Co., he entered the government railway

employ. For some time he was in business for himself as

president of the Forbes Manufacturing Co. On his retirement

to private life he continued to exercise his inventive faculties

and had a little workshop fitted up at his home. Shortly

before his death he was working on a patent, and one hour's

more work would have completed his model. He died

June 18th, 1915, in his eighty second year. The older
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membors know of the interest he took in the Institute's

work. Whenever I had opportunity to talk to him I found

him to be a mine of information on mechanics and on the

properties of metals. He was a man of sterling character

and was loved and admired by all with whom he came in

contact.

Renew of Year's Work.

The papers presented to us this last year have been rather

under the averag;e—in number, not in quality; for as usual

some of them give the results of research extending over

months and years. We were all struck by the ingenuity

displayed by Mr. Henderson in the construction of his

apparatus from the material at his disposal, apparatus which

gave him results enabling him to take issue with the theories

of some of our leading experimentalists who have access

to all the fine instruments which money can buy.

Dr. Harris, in order to complete his research on neuro-

muscular rhythms and the tremor of tonus, requires some-

'^hing that cannot be built in the college laboratory. • Let

us hope that the doctor may soon meet some wealthy

individual who will give him a vibration-free building or

one at least as free as possible from vibration as human

ingenuity can devise Dr. Harris, I see from current liter-

ature, has been continuing, in collaboration with Dr. Creigh-

ton, the research into the properties of the enzyme reductase,

concerning which they have in previous sessions given, papers

to this Institute. One fact they note, viz., that reductase

is not affected by exposure to the discharges from radium

bromide, and this has an important bearing on the attempts

being made to use these discharges in the treatment of

certain diseases. For those taking a layman's interest

in this subject, I would refer to an address delivered this

year before the Dublin Clinical Club by Prof. Joli. After

stating the theory of the action of beta and gamma rays,

he drew a parallel between the cell and the photographic
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film, and detailed the action on the latter of sensitizers and

developers. Among such are alkaloids, the substances in

tobacco smoke, and tannin bodies. Prof. Joli, unable to

find any custom of the populace to account for increase

of cancer, inquired as to change of food in the last decades,

and he finds an increased use of tea and coffee, both tannin

containing bodies. Relative to the action of nicotine and

tobacco smoke, he stated that in cases of cancer of the mouth

with us, males are in a majority, whilst in the East where both

sexes chew the alkaloid-containing betel nut the cases are

more evenly distributed between the sexes. His suggestion

is that these bodies mentioned sensitize the cells so that they

are responsive to the stimulus which starts the cell into

abnormal growth. Thus we have an addition to the list

of food stuffs which have been blamed as causes of cancer.

Two years ago I referred to the cancer problem and it

is still as pressing a subject for research as ever it was. The

cell of abnormal growth is still a puzzle to medical science

and biology. May we in a flight of imagination conceive,,

the cancer cell with its abnormal mitosis as a type of the

pre-evolved cell existing before Nature by trial and elimina-

tion had found the normal cell with its even and orderly

division of chromosomes—the cell that survived. The

ancients in their evolutionary ideas spoke of the beginings

of life as shapeless masses without form, a description

that fits a cancerous mass, and the active proliferation of

the abnormal cell reminds one of an organism injured and

doomed to die putting forth every effort to propagate its

species.

The discovery of the X-rays and their then known pro-

perties by which they became a valuable adjunct to surgery

made a powerful appeal to the mind of the general public.

Their use to medical science has greatly increased since

the early days by improvement in technique which has been

progressive down to the'present time, and we read of advances
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made in the application of the X-ruys at the battles front

today. As th(> result of Prof. Bronson's researcli we liave

been given a method of measuring X-rays, one of certainty,

and greatly in advance of previous methods which fell short

of what was desired by the physicist and physician.

A year ago I referred to the remarkable results being

achieved in physical chemistry by the use of X-rays in

exploring the structure of crystals, etc. These researches

have been continued and many papers have been published.

The host of workers, Rutherford, Barkla, Moseley, the

Braggs, and others have given us not only theories of atomic
constitution but have shewn the distribution of the atoms
in elements and compounds; and the Messrs. Bragg by
X-ray methods hope shortly not only to shew the distribution

of the atoms but also to give us data concerning their electronic

rings. This will be of value in view of the interest being

taken at the present time in the size or sphere of influence

of the atoms and their compressibilities—in general, of the

factors in the Van der Waals' equation.

I shall mention only one more paper. We have, as usual,

had submitted to us by Dr. A. H. MacKay, the Phenological

Observations in Nova Scotia for the previous year. The
compilation of these data presented year after year entails

a large expenditure of time and labor, gladly given on the

part of our Superintendent of Education. Not only do we

benefit, but the information collected now will be of greater

service to those coming after us, and I trust the pioneer

work of Dr. MacKay will be continued through the future

generations. The collection of the data, affecting as it does

almost every pupil and school teacher, must be looked on

as an important part of education in our Province in that

it not only opens the eye to the wonders of surrounding

Nature but develops the faculty of observation and trains

the child to "see".



XVI PROCEEDINGS.

At this point I would mention a branch of our educational

system that deserves the warmest support of our Institute,

viz.: the teaching of rural science, with which work some

of those in front of me are connected. Many of our school

teachers have been trained, and an ever increasing number

are taking the necessary courses, in rural science at the

college in Truro. Lately, on a visit to the country, I had

the pleasure of seeing some results of the rural science work

and nature study at an exhibition held in the eastern part

of Halifax county. Here were shewn by the children from

many schools, collections of wild flowers and plants, moths,

butterflies, crop-destroying parasites, weeds, weed seeds,

and specimens of rocks and minerals in the various districts.

If there be in the Province any child born to be a great bot-

anist, zoologist, or geologist it has every chance not to miss

its calling and that itself is worth something to the world.

The training of the faculty of observation, a fundamental

to the pupil who would advance in experimental science,

is a valuable asset in any walk of life; and the rising genera-

tion of agriculturalists will moreover be able to understand

and appreciate, and also to cooperate in the work being done

on their behalf by the various Dominion and Provincial

Experimental Farms.

Some Results of the War.

A year ago, in the early days of the war, we wondered

what would be the effect of shutting off the export trade of

our enemies, particularly in the chemical lines. The greatest

sufferers in the public eye at least, seemed likely to be the

agricultural and textile industries; the former from inade-

quate potash supply and the latter from lack of synthetic

dyes. The governments of the United States and Canada

have issued pamphlets to their farmers giving advice relative

to potash and urging them to conserve potash resources on

the farm and prevent waste that too often takes place.

The deficiency of potash has led to enhanced prices of all
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potash salts used in pharmacy and the industrial arts and
has spurred chemists in research toward the manufacture

of potash salts from many sources. Germany, as a supplier

of potash, depended, of course, on possession of great natural

deposits; but her pre-eminence amounting almost to monopoly
in the glass industry, in dye manufacture and in the produc-

tion of the finer synthetic organic chemicals so necessary

to medicine and the arts, was due to other factors. There

arose in Britain and on this continent a popular outcry

against the possibility of being without dyes. It is note-

worthy how war brings out the elemental in humanity.

In the battle front today men display primitive instinct

when killing is no murder, and this popular outcry was

expressive, all unconsciously, of course, of instinct and of

color as a factor in sex selection.

Compared with the days of our forefathers, the improved

material conditions surrounding us everywhere are primarily

due to Science, and one would think that governments

whose chief function is to ameliorate the condition of their

peoples' lives would foster science and encourage and aid

in every possible way scientific endeavor and research work.

In this, to a large extent, the British Government had failed,

notwithstanding appeals made year after year by her leading

scientists. When the war broke out and Britain found

itself dependent on foreign nations for the production of

certain goods necessary to individual and national existence

(dependent even on the enemy for glass for periscopes),

there was at last a national awakening in which process some

decidedly plain and outspoken language was used. The

scientific societies under the leadership of the Royal Society

offered their aid to the nation; the Government threw open

enemy patents to use by British manufacturers and although

such patents often hide more than they disclose, the result

has been highly satisfactory. At the outset, the Board of

Trade had published lists of industrial products and chemi-
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cals the export of which from Britain was prohibited. The
restrictions are gradually being removed, first in favor of

British Colonies and protectorates and of our allies, and

later in favor of other countries excepting, of course, our

enemies; and Britain is now exporting many of these goods

and chemicals necessary to science and the industrial arts

which hitherto she had never manufactured. To cope with

the dye situation the British Government has endeavored

to start a national dye industry.

A committee of the Institute of Chemistry has published

formulae for glasses, from resistance-glass necessary for

chemical apparatus, and hard glass, to the soft glass used

for X-ray tubes; and the production of optical glass is being

actively pushed. We are now able to obtain from England

filter paper of high-grade quality equal to the best foreign

make.

in the United States the Senate called for a report on

the dye situation, and another investigation has been called

for. Many concerns are taking up manufacture of dyes,

chemicals, and glassware. That country can obtain the

crude materials necessary for aniline dyes as bye products

from the coke ovens, of a prospective annual value of

$100,000,000 wasted hitherto.

Not only have British scientists aided the industries

but by committees and boards of invention and research

they are giving valuable assistance to the various branches

of the Army and Navy in the conduct of the war.

It was brought home to the British Government (as

expressed by various pleaders) that the factors in industrial

progress were "organization and research", and that "scien-

tific research work carried out in the laboratory is the soul

of industrial prosperity." In our own country of Canada

there has been some appreciation of science by our Provincial

and Federal Governments as witness our Experimental

Farms, the Geological Survey, etc.; but as an index of where
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we stand let me state that it is at present impossible to

start any cliemical manufacture in which alcohol is used.

Our legislation regarding industrial alcohol is behind that

of Britain as Brita n lags behind the continental nations.

In Ma}^ last there was a debate in the British Parliament

on the appointment of ''an Advisory Council on Industrial

and Scientific Research," and never before has science re-

ceived such notice in that chamber. One speaker stated

that in the chemical works of G ermany there was one highly

trained specialist for every fifteen employees, and so important

was that industry that there was one highly traiijed specialist

in chemistry for every forty-five emploj^ees taking in all

the industries of that country; and he drew a contrast with

Eng'.and where there were three hundred and fifty research

students. He also stated, and his words will bear repetition:

"I go so far as to say that eventually the whole civilization

of this world and not merely that of England itself must
turn on the axis of science, and as we advance we must
give proportionately greater and greater importance to

this great developemgnt of scientific life."

As a re.sult of Britain's awakening to realize the value

of science and scientific research the Advisory Council and

Committee were appointed, and this, we will feel assured,

augurs well for the future of the mother countr\'. Let us

hope the awakening may be complete and permanent and that

the lesson will be taken to heart by the Governments of her

ch Idren, the Over-seas Dominions.

The presentation of the Treasurer's and Librarian's

reports were deferred to a future meeting, their reports

not being at hand. (See meeting of 22 February, 1916).

Dr. a. H. MacKay presented a report from the com-

mittee appointed to ask the Government, on account of
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the accidental lapse of the annual grant to the Institute

for the last two years, to pay, at least, the expenses of

printing the Proceedings and Transactions up to date.

The report stated that the balance owed to our printer on

27 July, 1915, was $776.23; and this amount, on being pre-

sented to the Government, was paid by the latter before

the end of September. The society is therefore indebted

to the printer, at the present time, only for vol. xiv, part 1,

of the Transactions, the bill for which has not been pre-

sented.

The following were elected officers for the ensuing year

(1915-16):

President,—Professor David Fraser Harris, M. B., C. M.,

M. D., B. Sc. (Lond.), D. Sc, F. R. S. E., F. R. S. C,

ex officio F. R. M. S.

First Vice-President,—President Stanley Arthur Mac-

kenzie, Ph. D., F. R. S. C.

Second Vice-President,—Professsor Clarence Leander

Moore, M. A., F. R. S. C.

Treasurer,—Maynard Bowman, B. A.

Corresponding Secretary,—Professor Ebenezer Mackat,

Ph. D.

Recording Secretary and Librarian,—Harry Piers.

Councillors without office,
—Alexander Howard MacKay,

LL. D., F. R. S. C; Professor Donald Sutherland

McIntosh, M. Sc; Carleton Bell Nickerson,

M. A.; Professor Howard Logan Bronson, Ph. D.;

F. R. S. C; William Harrop Hattie, M. D.; Pro-

fessor Frederic H. Sexton, B. Sc; and Donald

MacEachern Fergusson, F. C. S.

Auditors,—George W. T. Irving and Alexander Mac-

Kay, M. a.
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First Ordinary Meeting.

Provincial Museum, Technical College, Halifax; 8th November,

1915.

The President, Dr. D. Fraser Harris, in the chair.

It was reported that at the meeting of Council held on

2nd November, the following gentlemen, who had been

proposed on the 13th October, were elected members:

Melville Gumming, B. A., B. S. A., principal of the

N. S. College of Agriculture, Truro, N. S., (associate);

William H. Brittain, B. S. A., professor of zoology and

entomology, Truro, (associate); Percy J. Shaw, B. A.,

professor of horticulture, N. S. College of Agriculture, Truro,

(associate); James E. Barteaux, M. A., inspector of Manual
Training and Technical Schools, Truro, (associate); Loran
A. DeWolfe, M. Sc, director of Rural Science Schools,

Truro, (associate); J. M. Scott, M. A., M. Sc, professor

of chemistry. Provincial Normal College, Truro, (associate);

John Cameron, M. D., D. Sc, F. R. S. E., professor of

anatomy, Dalhousie University, Halifax, (ordinary); Albert
G. NicHOLLS, M. A., M. D., D. Sc, F. R. S. C, professor

of pathology, Dalhousie Universit}^, Halifax, (ordinary)

;

John G. McDougall, M. D., C. M., lecturer in clinical

surgery, Dalhousie University, and assistant surgeon, Victoria

General Hospital, Halifax, (ordinary) ; George Hugh
Henderson, M.A., B. Sc, instructor in physics, Dalhousie

University, Halifax, (ordinary); Hubert Bradford Vickery,

B. Sc, sicence master, Bloomfield High School, Halifax,

(ordinary); and Donald J. Matheson, B.Sc, senior mas-

ter, Halifax County Academy, Halifax, (ordinary).

A paper by E, Chesley Allen, of Yarmouth, N. S.,

entitled, "An Annotated List of the Birds of Yarmouth
and vicinity, southwestern Nova Scotia," was read by title.

(See Transactions, page 67.)
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On motion it was resolved that at the forthcoming state

funeral of Sir Charles Tupper, Bart., the Institute be repre-

sented by its Council.

Second Ordinary Meeting.

Civil Engineering Lecture Room, N. S. Technical College,

Halifax; 22nd February, 1916.

(The President, Dr. D. Fraser Harris, in the chair.)

The Recording Secretary reported what steps he had

taken, under the resolution of the last meeting, to secure a

place for the Institute in the state funeral of Sir Charles

Tupper; but no such place had been assigned the society,

and no definite reply had been received to his communication.

The Institute, therefore, had been unable to attend in a

body as had been intended.

The annual report of the Treasurer (Mr. Bowman),

dated 6th Oct., 1915, was presented, showing that the receipts

for the year ending 30th Sept., 1915, were $269.00; the

expenditures, $34.30; and the balance on hand $234.70;

while the reserve fund balance was $321.23. The report

was received and adopted.

The Librarian's report, dated 9th Oct., 1915, was pre-

sented by Mr. Piers, showing that 1,803 books and pamphlets

had been received by the Institute through its exchange

list during the year 1914; and 913 had been received during

the first nine months of the year 1915, namely January to

September inclusive. The total number of books and

pamphlets received by the Provincial Science Library (with

which that of the Institute is incorporated) during the

year 1914, was 2,848. The total number in the Science

Library on 31st Dec, 1914, was 54,658. Of these, 39,417

(almost 72 per cent.) belong to the Institute, and 15,241

to the Science Library proper. Two hundred and forty-four
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books were borrowed, besides those consulted in the Library.

No binding or purchasing had been done. Since the outbreak

of tlie present war in August, 1914, no publications have

been receivetl from societies or other institutions in the

enemy's countries, or in the zone of militarj-' operations;

and some societies with headquarters in districts affected,

have announced that for the present they have had to cease

publication. In sending out our Transactions, all societies

in hostile countries have been omitted as recipients, as

well as those within the zone occupied by the enemy. The

report was received and adopted.

It was announced that the Transactions, vol. xiii,

parts 3 and 4, and vol. xiv, part 1, had been distributed

to members and others on the exchange-list.

The chair was taken by Dr. A. H. MacKay, and a paper

was read on "The Beneficial Action of Certan 'Poisons';

and the Influence of Poisons on Protoplasm and on Enzymes

respectively," by the president, Prof. David Fraser Harris,

M. B., C. M., M. D., D. Sc.,.F. R. S. E., of Dalhousie Uni-

versity, Halifax. (See Transactions, page 96.) The subject

was discussed by H. B. Vickery, C. B. Nickerson, Prof.

Cameron, Dr. A. H. MacKay, and D. ]M. Fergusson,

Third Ordinary Meeting.

Civil Engineering Lecture Room, N. S. Technical College,

Halifax; 10th April, 1916.

The First Vice-President, Dr. A. S. Mackenzie,

in the chair.

John Cameron, M. D., D. Sc, F. R. S. E., professor of

anatomy, Dalhousie Univer.sity, Halifax, read a paper on

"Some Recent Researches on the Anatomy and Psychology

of the Ancient Egyptian of the Twelfth Dynasty."
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The Axatomt and Psychology of the Ancient Egyptian.

—By John Cameron, ^NI.D., D.Sc, F.R.S.E., Professor of

Anatomy, Dalhousie University, Halifax, N. S.

(Read 10 April 1916)

The wonderful civilization of Ancient Egypt has for long

fascinated the writer. It is, however, only during the last

eight years that a serious study of the language, manners and
customs of this remarkable race has been undertaken, the

stimulus to which was a request, in 1908, by Miss M. A.

Murray of the Department of Egyptology, University

College, London, to examine and make a report on the ana-

tomy of two mummies belonging to a royal burial of the

twelfth dynast3^ One gets some idea of the immensity of

time when one recollects that these personages had lived

more than two thousand five hundred years before Christ,

and had been buried before the advent of the biblical flood-

They were, therefore, antediluvian. These presented so

many remarkable features (some of which will be referred to

in the course of this paper) that thej^ stimulated the writer

to undertake some further researches on the anatomy and

mentality of the ancient Egyptian. The results of these are

incorporated in the present communication.

Previous to the evolution of the civilization of Ancient

Egypt the river Nile ran through a barren rockbound country

on which authorities have estimated that nothing but primi-

tive man could have subsisted. With reference to the exact

period of time when civilization commenced and paleolithic

man became annihilated in Egypt, remarkable data are

provided by the rate at which the fertilizing Nile mud has

been deposited in the Delta region. Geologists have demon-

strated that in the Archaic Ages this mud was all poured

directly into the Mediterranean. Borings in that area have

disclosed the fact that the maximum thickness of this material

is thirty-three feet, and as careful calculations have shown

that the mud is deposited at the average rate of about four
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inches for each century; bj- a simple cah'ulation one can

ascertain that the maximum period during; which Egypt

could reall}' have existed as a habitable country is about

ten thousand years, that is to say, from about 8000 B. C-

As the written records of the country only begin with the

commencement of the Dynastic Period—about 5000 B. C,
very little is known about the Predynastic or Prehistoric

Period, though one is furnished with proofs of its remarkable

handcraft in the shape of beautiful alabaster jars of elegant

design and workmanship. The burials of this period were also

very characteristic, the body of the deceased being usually

placed in its tomb in the attitude adopted by the unborn

child in the womb, a fact which suggests that this early

race believed in the existence of an after lif€; for the body

was probabl}' placed in this characteristic position so as to

be read\^ for the rebirth, or in other words, the Resurrection. (^)

The culture, the art, and the learning of Ancient Egypt

undoubtedly constituted the foundation of our modern

civilization, and this fact alone affords sufficient justification

for the study of this w^onderful people. Indeed it was, in its

way, of a higher order than the culture (spelt with a K)

which a certain outlawed nation is in this year of Grace, 1916,

trying to thrust upon the world by brute force. During

the earlier dynastic periods, extending over 3800 years,

from B. C. 5000 to B. C. 1200, the Israelites were slaves

in Egypt. During the building of the great pyramids in the

fourth Dynasty they were utilized, under the lash of their

oppressors, to drag the vast blocks of stone up the long

inclined planes which were erected, as the simplest means

then known to the Egyptian engineers, to facilitate the plac-

ing of the blocks in position. There is some disagreement

amongst authorities as to the exact date of the Exodus of

the Israelites from Egypt. Some regard Merenptah, a pow-

1 This fact has been referred to by the writer in a recent paper. See the Cana'linn Mpdical

.lournal for May, 19 IG.
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erful king of the nineteenth Dynasty, as the Pharoah of the

Exodus; whilst others localize that historic epoch two or

three Dynasties later. In any case, the Israelites had

two or three thousand years in which to be influenced by
the Egyptian civilization which they applied to good purpose

in Palestine, and built up the stable fabric of the Jewish

civilization. Another race which was strongly influenced

by the Egyptian culture of the later Dynasties (from the

20th to the 30th) was the Ancient Greeks, and this inter-

change of art and learning between the two races was

greatly facilitated during the Ptolemaic Period. After the

death of Cleopatra, who was the last of the Ptolemies, in

B. C. 30, the occupation of Egypt by the Roman conquerors

enabled them also to obtain much benefit and inspiration

from the Egyptian civilization.

The purpose of this lengthy introduction is to show that

the Jewish, Grsecian and Roman civilizations, which formed

the foundation of European learning and culture, owed a

great proportion of what was "brightest and best" to the

wonderful inspiring influence of Ancient Egypt. It is

declared by some that this wide-spread influence even reached

far away Scotland, which is said to be named after Scota

the daughter of one of the Pharoahs.

In regard to the physical anthropology of the ancient

Egyptian, one of the most striking features I have been

able to ascertain is their small stature. This seems remark-

able when considered in conjunction with the warlike pro-

pensities of the race. All the mummies I have seen or

examined have been those of short people. Indeed, the thing

that strikes one on first examining a mummy is its remarkable

shortness. As a result of my investigations, I have come

to the conclusion that the average height of the Egyptian

male adult could not have been more than 5 feet 3 or 4

inches, whereas, as you know, the average height of a man
nowadays is about 5 feet 7 or 8. This, you will note, is a
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considerable difference. Tliere can, therefore, be no reason-
able doubt about the fact that the human race is gradually
getting taller. As a result, one can prophecy that in a few
more thousands of years, if the present rate of progress is

maintained, we shall find the world inhabited by a race of

giants, I was so much struck with this idea that I made an
examination of the wonderful collection of armour at the

Tower of London, and was enabled to ascertain that many
of the men of today would experience the greatest difficulty

in donning one of these suits. It would thus appear as if

the knights of old were not the splendid specimens of man-
hood one sees, for example, in the Hoth Battalion, C.E.F., of

which Nova Scotia is so justly proud. I do not know if

environment has anything to do with stature, but I feel that

emigration to a new land exerts some influence, for it was
a pleasure to me to witness the magnificent physique of the

members of the Australian Expeditionary Force, who, as

you know, were the wonder and the admiration of everybodv
at the Dardanelles. In the official account of the military

operations there, special reference was made over and over

again to the amazing stature of the Australiajis, and I was
much interested to note that Sir James Crichton Browne
has recently suggested as an explanation that the children

in Australia are brought up on a liberal amount of protein

diet in the shape of beef and mutton, of which, of course,

they possess an abundant supply. Physiologists are unani-

mous in their opinion that this is the most eflficient form

of diet for inducing a rapid and vigorous growth of young
animal tissue.

Now the Ancient Egyptians appear to have indulged

mainly in a cereal diet, as most of their animals were held

sacred and were, on that account, not utilized for food to any
great extent. This statement is borne out by the fact that

the teeth in all the mummies I have examined were worn

Pboc. & Trans. N. S. Inst. Sci., Vol. XIV. Pboc. II.
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absolutely flat, due, as all authorities declare, to the action

of the millstone grit which got mixed with the flour during the

process of grinding the corn. Thus a study even of the

skeleton can provide us ^nth a hint as to the nature of the

diet of the individual. I should mention here that the

teeth of Egyptian skulls, though often worn to an excessive

degree, do not often exhibit decay or caries.-

The capacity of the cranium of the ancient Egyptian,

which is, of course, an excellent criterion as to the extent

of the intellectual development of the individual, was found

to be very high, as was to be expected in such a highly civilized

race. The capacity of all the skulls measured by me was

over 1450 c. cm. They were thus to be regarded as mega-

cephalic, according to the classification of Flower, and indeed

all compared favourably wath the average cranial capacity

of modern white races.

The cephalic index, though it is no criterion of mental

capacity, proved of some interest. All the ancient Egyptian

skulls I examined approached the index of 80, and therefore

tended to be of the brachycephalic or broad-headed type.

This is in striking contrast to the skull of British races, the

average cephalic index of which is about ~6 and thus approx-

imates to the dolicocephalic or long-headed type. It

may be of interest to you to note that the German skull

tends towards the brachycephalic type, so that the present

war might be regarded from the point of view of anthropology

as a fight for supremacy and world domination between the

long-headed and the broad-headed races.

The investigation of the important gnathic or alveolar

index yielded interesting results. As you know, the human

skull is specially distinguished from that of lower mammals

by the vast expansion of the cranial portion, and a relatively

feeble degree of development of the jaws. Therefore, in the

lower races of mankind the jaws are strongly developed and

project forward, as one would expect, such skulls being
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described as prognathous. In tlie white races, on the other

hand, the jaws are feeljly (levehjjK'd whih' the frontal region

is prominent—these skulls l)eiuji- termed orthognathous.

The average alveolar index for the British race is in the

neighbourhood of 96. Some of the ancient Egyptian skulls

I examined were remarkably orthognathous, and, therefore,

represented a very fine type, the index in one case being

93.8. This latter skull, which was that of the son of a prince,

presented a high degree of evolution, the frontal region

being particularly well modelled and intellectual in appear-

ance. I was able, however, to find traces of negro admix-

ture in many instances, one skull that I examined being

strongly prognathous, with an alveolar index of 104.34,

which actually exceeded in degree the average of the aboriginal

Australian of today, which is 104, and is supposed to represent

one of the lowest types of mankind.

Many other customs or habits of the Ancient Egyptians

are shown by the condition of their skeletons. One of the

most interesting of these is- the effect produced by squatting

on the bones of the lower limbs. Chairs or seats of any sort

were a luxury in those days, so that the majority of people

were compelled to us2 Mother Earth to sit upon. The result,

as you will at once recognize, was to produce an extreme degree

of flexion of the hip, knse, and ankle joints. You can study

this posture for yourselves in the Ezypt of today by walking

along the streets of Cairo, where you will see the various

vendors seated in a squatting position on the ground by the

side of their wares. The result of this characteristic attitude

is to cause the neck of the femur or thigh bone to press hard

against the margin of its socket and the capsule of the hip

joint, thus producing a smooth polished surface or facet on

the front of the neck of the bone. The eiTect on the knee

joint is to cause the upper end of the tibia or shin l)one to

become tilted backwards (retroversion) in order to adapt

itself to the altered position of the limbs. In the erect
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attitude of the body the upper end of the tibia ought, of

course, to look directly upwards, in order to receive the weight

of the body in the position of mechanical advantage. Again,

the lower end of the tibia normally distributes the weight

of the body to the foot bj?- bearing vertically upon the upper

surface of the astragalus. The effect of the squatting posture,

however,. is to thrust the front edge of the lower end of the

tibia hard against the neck of the astragalus, thus producing

a squatting facet on that part of the bone. The posture as-

sumed bj' the indi\ddual during life can thus literally leave

its indelible mark on the skeleton, and therefore even a close

study of such apparently uninteresting things as bones can

provide us with some instructive facts regarding the habits

and mode of li^dng adopted by their owner. These squatting

facets were so excessively pronounced in some of the skeletons

that I am inclined to think that these individuals had freely

indulged in luxury and indolent habits.

One can learn much about the psychology of the Ancient

Egyptians by studying the method of disposal of their dead.

No subject has been discussed more freely than the reason

why such very special means were taken to preserve the bodj^

from decay. The whole question is still of a very controversial

nature, but the opinion which apparently possesses most
weight nowadays is that each person possessed a spiritual

double or Ka, the hieroglyph symbol for which is a very

curious one. It is represented by a figure showing the arms
raised above the head in the attitude of prayer or appeal,

possibly for the future welfare of the deceased. The Ka was
at liberty to leave the body of the deceased at death and
might therefore possibly become reincarnated in another

human being or even in an animal. In order to obviate

the latter risk, which would have been manifestly serious,

the body was preserved so that its Ka could return to it

at any time of its own free will. For this purpose various

inducements or^attractions were provided for the Ka in the
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shape of elaborate sepulchral furniture. For example, model

boats with crews were provided so that the Ka could relieve

the tedium of waiting by having a sail on the Nile whi(;h was

(juite near at hand, seeing that all the tombs were situated

along its western bank, placed there, no doubt, in order to

face the rising sun on the morning of the resurrection. Very

frequently two boats were provided, the one for going down
stream being simply sup[)lied with oars whilst the one for

travelling up the Nile against the current was a boat with

the sail set. The transit of the Ka to or from the mummy was

likewise encouraged and facilitated by painting false doors

at intervals around the sides and ends of the coffin. In some

cases these were actually made to open. In order, however,

to ward off evil spirits from the deceased, the eyes of the

hawk-headed god Horus, known as the Sacred Eyes, were

painted on the coffin over the spot where the eyes of the

mummy faced outwards. In the twelfth dj^nasty the mummy
was usually laid on its left side and therefore the Sacred

Eyes were placed on the side. of the coffin opposite this point.

Jars containing food, or models of slaves carrying food

baskets were likewise provided for the use of the Ka, as was

clearly explained on the body case of Khnumu-Nekht, a

mummy of the twelfth dynasty which was unwrapped by Miss

Murray and myself. Part of the inscription was in the form

of a prayer that the god Osiris, would give "funeral offerings

of bread, beer, oxen, fowls, clothing, incense, ointment, all

things good and pure on which the god lives, for the Ka of

the great uab-priest Khnumu-Nekht." There can thus be

no reasonable doubt regarding the fact that the Ancient

Egyptian believed not only in the existence of the after life,

but also in the theory of reincarnation.

The process of mummification varied greatly throughout

the dynasties, so that one was thereby enabled to locate the

period to which the burial belonged by noting the means

which were taken to preserve the body. For example the
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mummies of the Ptolemaic Period were characterized by
being embedded in bitumen or resin. The mummies of the

twelfth dynasty investigated by Miss Murray and myself,

were earlier in date than any that had been previously ex-

amined, so that we were eager to discover the mode of pre-

servation and the chemicals used. From an anah'sis of the

remains it was found that the chief materials emplojxd

were the chlorides, carbonates, sulphates, phosphates and

silicates of potassium, sodium, calcium, and aluminium; in

one case the chief substance emploj^ed being common salt,

and in the other lime salts. The operation of embalming

was apparently carried out as follows. The body was first

eviscerated and then allowed to pickle in a solution of the

above compounds for some time, at the end of which period

the bandages were applied. It is astonishing to note the

efforts that were made to preserve every particle of tissue.

Each finger and each toe was carefully bandaged separately,

and special means were taken to preserve even the nails

which were held in position by being bound up with linen

thread. Forty or fiftj^ bandages for each mummy was a

common average, some of these strips of cloth being ten

yards or more in length, and their average width about

four inches. This gives one some idea of the tedious work

involved in the process of unwrapping. I well remember

one mummy which gave two of us eight hours hard work.

The bandages were all made of linen cloth beautifully hand-

woven. This is rather remarkable in view of the fact that

one of the greatest assets of modern Egypt is cotton, which,

however, was apparently not introduced into Egypt until

the Roman qccupation.

The internal organs were separatel}'^ embalmed and in

many cases placed in four earthenware jars closed by a large

wooden plug in the shape of a human head. I may mention

here that the ancient Egyptians were great experts in the

manufacture of pottery. These jars were termed Canopic
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by the earlier Egyptologists, because they were supposed to

resemble the god Canopus who was worshipped in Egypt in

the form of a jar with a human head. The gods of the four

cardinal points—north, south, east, and west—were delegated

to safeguard the preservations of the internal organs, which

were therefore placed in four jars—one for the lungs and
heart, a second for the stomach and large intestines, a third

for the small intestines, and a fourth for the liver and gall

bladder. These jars were then placed in compartments in a

beautifully decorated box called the Canopic Chest, on each

side of which was a false door for the passage of the Ka.

The contents of the chest were, as in the case of the coffin,

rendered secure from all evil influence by painting the Sacred

Eyes on each of the four sides of the box.

To many minds the idea of disturbing the dead may
create a feeling of disapproval or even of repulsion, but I

would like to say in justification of the act that the unravelling

of the mysteries of long past ages can in most cases only

be effected by studying the way in which primitive peoples

disposed of their dead, as these are usually the only memorials

of ancient civilization left to us to study in the absence of

any written records. In this way one is provided with

information not only regarding the mode of living, the

manners and customs of these peoples, but also their mental

outlook both on this life and on the life to come. No one,

I think, will deny the fact that the information thus acquired

is not only of the highest educative value, but also possesses

the inestimable advantage of broadening our own mental

horizon, and ought to stimulate us, fully armed as we are with

all the advantages of a modern civilization, to higher and

nobler achievements.

This paper was discussed by Dr. A. S. Mackenzie,

H Piers, W. H. Prest, G. W. T. Irving, Dr. F. Woodbury,
and Dr. E. Mackay.
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Donald S. McIntosh, M. Sc, professor of geology,

Dalhousie University, Halifax, read a paper entitled, "A
Study of the Cow Bay Beaches, Halifax County, N. S."

(See Transactions, page 109.) The subject was discussed

by Dr. Mackenzie, H. Piers, and W. H. Prest.

Fourth Ordinary Meeting.

Civil Engineering Lecture Room, N. S. Technical College,

Halifax; 10th May, 1916.

The President, Dr. D. Frasbr Harris, in the chair.

In the absence of the writer, Carleton B. Nickerson, M. A.,

read a paper by Henry Jermain Maude Creighton,

Dr. Sc, assistant professor of chemistry, Swarthmore

College, Swarthmore, Penn., U. S. A., on "The Use of Soaps

for the Absorption of Bromine Vapor." (See Transactions,

page 120.) The subject was discussed by C. B. Nickerson,

Prof. E. Mackay, Prof. Bronson, H. B. Vickery, D. M.

Fergusson, and The President.

Lieutenant George Hugh Henderson, R. C. E.,

M. A., instructor in physics, Dalhousie University, Halifax,

read a paper on "The Distribution of the Active Deposit

of Radium in an Electric Field." (See Transactions, page

123.) The subject was discussed by Prof. Bronson,

Prof. E. Mackay, and The President.

A paper by Alexander H. MacKay, LL. D., F. R. S. C,

superintendent of education, Halifax, on "Phenological

Observations in Nova Scotia, for 1915," was read by title.

(See Transactions, page 133).

Harry Piers,

Recording Secretary.
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55th Annual Business Meeting.

Reading Room, N. S. Technical College, Halifax, 13th November)
1916.

The President, Prof. D. Eraser Harris, in the chair.

Other members present: Prof. C. L. Moore, Prof. E.

Mackay, Dr. a. H. MacKay, Prof D. S. McIntosh,
C. B. Nickerson, Prof. H. L. Bronson, D. M. Ferguson,
W. L. Bishop, Prof. A. G. Nicholls, W. H. Prest, and
H. Piers.

Presidential Address: (1) Obituary Notice; (2) The

Man of Science in the Communitj^ Today.—By Professor

David Eraser Harris, M. B., C. M., M. D., D. Sc, F. R.

S. E., F. R. S. C, Dalhousie University, Halifax.

(1) Obituary Notice.

Onl}^ one member of the Nova Scotian Institute of Sci-

ence died during the past session. This was C. C. James,

Ll. D., C. M. G., who died suddenly while travelling on a

tramway car, June 23rd, 1916. He joined this Institute in

Dcember, 1896, as an associate member.
Pftoc & Pavsa N. S. Im3t. Set., Vou X[V. Proc. I.
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Charles Canniff James, M. A., Ll. D., F. R. S. C,
C. M. G., was born in Napanee, Ont., in July, 1863, and

was educated at Victoria University, Toronto. He was Pro-

fessor of Chemistry at the Ontario Agricultural College,

Guelph, from 1866 to 1891; in June of the latter year was

appointed Deputy Minister of Agriculture and Secretary of

the Bureau of Industries of Ontario; and more recently

became the Dominion Commissioner of Agriculture. He -was

a fellow of the Royal Society of Canada, was made a C. M. G.

in 1911, was president of the Ontario Historical Society, and

has also occupied other prominent offices. He was well

known as a lecturer and a contributor to magazines, and has

written several books, and brochures on historical and literary

topics, besides those on agricultural subjects. He was con-

sidered one of the best men in the public service of Ontario

and possessed a thoroughly scientific knowledge of agricul-

ture, combined with high talents of iniative and adminis-

tration.

(2) The Man of Science in the. Community Today.

Gentlemen:—Appalling beyond human comprehension as

are the evils of this insanest of all wars, j^et it cannot be

denied that some measure of good is emerging distinctly

from the welter. It is not too much to say that for the

first time in the history of the British Empire, science is

coming into her own. It is no doubt humiliating to have

to confess that it was the misapplied science of our enemies

which demonstrated to us how inferior was the place we

had given science in our own national life. The land that

produced Roger Bacon, Napier, Gilbert, Harvey, Newton,

James Watt, Jenner, Faraday, Darwin, Kelvin, and Lister

had to be shown by the exponents of science prostituted

that science was nevertheless worth cultivating for its own'

sake.

Possibly nothing less terrific than this irruption of Teutonic
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brutality would have .shaken the British race out of its

comfortal)U', mental inertia. But having been awakened, let

us thankfully admit that our rulers are now doing something

towards recognizing the all-i)re\'ading iini)ortance of science

in the national life. Committees of various learnetl societies

have been formed; the British Science Guild is taking action;

the Ro\'al College of science has recently presented a petition

to Lord Crewe to have men of science adequately recognized,

and the Government from early in the War has been con-

sulting men of science on a large number of economic problems.

Quite recently Sir J. J. Thompson has been elected chairman

of an important committee to study the position of science

in secondary schools and at the universities and its relations

to trades, industries and professions which depend on applied

science.

It cannot be denied that science, as science, has only very

recently been allowed to have an independent existence in

our national, intellectual system. The time is within the

memory of some of us when the attempt to introduce labora-

tory teaching into the University of Oxford was met with

a furious resistance; and when at length studies in practical

chemistry were instituted they were alluded to as "stinks."

History w^as repeating itself; for Leo Africanus, writing in

the earl}'- part of the 16th century, thus described the chemical

society of the learned Arabians at Fez: "There is a most

stupid set of men who contaminate themselves with sulphur

and other horrible stinks."

The attitude of Britain's premier University w'as in

precisely the same spirit as that of the ex-priest Dupin who,

on demanding the execution of Lavoisier, declared: "The

republic has no need of chemists". This was in 1794, but

fifty years later Oxford made it very clear that she too

—

and all that she stood for in English life—had no need of

chemists or of any other kind of scientist. This was the
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traditional mental attitude of educated Englishmen in the

mid-Victorian era. The English gentleman knew no science,

he did not want to know any, and honestly thought that

neither did his country need to know any. We are all

too apt to imagine that what we don't happen to care about

is not worth other people caring about. The English gentle-

man certainly seemed to get on very well without science as

countless ancestors had done before him; and where were

there any gentlemen so perfect as those of English birth?

He spoke, like one of the characters did in "Trilby", con-

temptuously of all foreigners as "damned". The French

perhaps were his only rivals, and even in them he discerned

faults, for did they not gesticulate when they spoke, and

were they not wholly ignorant of sport? Without doubt

^

England's product par excellence was gentlemen. The

public schools turned them out each year worthy of the

high traditions of their forefathers. The English gentleman

had his ancestral country seat in its beautiful timbered

park, a haunt of ancient peace, for in all probability it was

once an ivy-covered monastery; he had a rent roll so large

that he never needed to soil his hands; but if he did want a

profession for a younger son, were not the Church, the Navy,

the Army, the Diplomatic Service, the Civil Service prefer-

ably of India, the Bar or lastly Politics all open to him?

Everything else if not vulgar might be left to eccentric,

beastly, long-haired foreigners—painting, sculpture, poetry,

music. Literature as a profession was not to be thought

of: of course it was respectable, for Macaulay, Lytton, and

Beaconsfield had been it, and Scott was a gentleman; but

really it was not "the thing". Of course there was the life

of a 'Varsity Don, if by chance j^ou were badly off and your

son had brains—the life of a classical scholar was not vulgar;

but the typical English gentleman didn't need University

emoluments, and certainly didn't wish to assume University

duties. The vast majority of University or School appoint-
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merits were held by men who were tUreacly resp.-ctahle

for they were already elergymeii. In the Army and Navy,
whatever else he was, lie was brave; but lie left any seience

which those services required to those far beneath him,

to those who were specially paid to bother about "beastly"

technical details.

As regards the practice of Medicine, an applied science,

he held exactly the same view as the ancient Roman who
said that that was an occupation quite unworthy of a gentle-

man. But to do him justice, had this typical Englishman

desired the profession of pure science, there was none for

him to follow. The only professions he knew of were occu-

pations descended from a remote antiquity—the church,

fighting or the law—with all the prestige and privileges

appertaining to things of such ancient lineage. I remember
well, when, in the early nineties, I once filled up a form under

the heading "Profession" with _the word "physiologist,"

my father exclaiming, "But that's^not a profession". He
was perfectly right from his mid-Victorian point of view;

it was not a profession in the sense that the Church, the

Services and the Law are professions. Where were the

ancient privileges, the social recognition, the pension-; or

fees for physiologists? Nowhere at that date, save as

subjective potentialities. There was a day when it was

true that the world had no need of physiologists. I was

told the aljsolute truth when I was once informed that as

far as my occupation was concerned with social recognition,

I might just as well have been a hangman.

Science had not yet comejnto her own.

No doubt Governments have officially recognized such

a science as Astronomy in the appointment of an Astronomer-

Royal because of the enormous importance Astronomy has

in its relations to navigation so especially important for

a seafaring nation as the English have always been.
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But, as we know, in course of time things changed.

There was at last some science pure and applied, there was

at last some exact knowledge to be known and taught; still

it was not for gentlemen. It might be all very well for those

who had to make engines and steamers and railways and

bridges, but it was still not a profession; you dirtied your

hands over it, and in particular, it was not taught at the

only two Universities in England, for that godless institution( ! !)

,

University College, Gower Street, London, W. C, did not

count at all.

One of the earliest national recognitions of pure science

was the institution of the School of Mines in London, and

later of the Royal College of Science now at South Kensing-

ton. The name of Huxley will always be associated with

these institutions, as well as with drawing the attention of

the British public to the existence of Science as a factor in

the life of the community. He also brought to notice the

dreadful inadequacy of the pay of the pure scientist. It is

told in his biography how on one occasion he was asking

some patron of an appointment he sought to vote for him,

when this gentleman enquired, "But how much is the posi-

tion worth after all?" "One hundred pounds," replied

Huxley; "Good gracious," exclaimed the other, "I give

more than that to my butler!" Precisely; we payforAvhat

we most desire; we will pay for those who provide us with

food and take care of our clothes—but pay scientists! No.

Who are they in any case?—there is no such profession,

day labourers' pay is good enough for them. But sc.;;nce

grew for all that: "magna est Veritas et prevalebit". Even

gentlemen now touched the accursed thing. Did not the late

Marquess of Salisl)ury have a private laboratory

at Hatfield house; was not one of his nephews, F. M. Balfour,

the Reader in Embryology at Cambridge; is not the Earl

of Berkeley a physicist, and F. R. S.; is not Lord Raleigh

at the present moment one of England's chief authorities
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on physical science and an ex-President of the Royal Society

to boot? Boyle of "Boyle's Law" was born in the purple, for

he was the brother of the Earl of Cork; and was not the

discoverer of Hydrogen gas, the Hon. Mr. Cavendish, a mem-

ber of the noble house of that name, the Dukes of Devonshire?

Science then became at last at least respectable, even if

it was not a profession. Doubtless there had always been

a few respectable amateurs who cultivated pure science,

for from them indeed under Kingly Patronage had the Royal

Society itself actually sprung.

The instituting of degrees in Pure Science—B. Sc. and

D.Sc.—by the University of London did a very great deal

to foster the study of pure science in England and give it

academic status. But in some nostrils at Oxford science

still stinks; and it is still no profession.

When one says that the man of science is necessary to tlie

national life, one generally thinks how science underlies

the great trades and chemical manufactures, all the activities

of our vastly complicated social system of railways, ocean

transport, telegraphs, telephones, gunnery, aviation, and

a thousand other modes of activity. But the man of science

is as necessary to the national welfare in an infinitude of

less conspicuous and more familiar ways.

We have all heard of scientific farming, the intelligent

utilising of the resources of the soil in order to raise the

largest crops of the best quality; but in very truth scientific

knowledge underlies a proper understanding of so apparently

simple a thing as marketing, buying the day's or the week's

provisions.

The woman who knows that the nourishing value of

twenty-five cents' worth of green leaves (so called salad)

is not the same as that of twenty-five cents' worth of milk

or eggs or beef is superior to her who has still to learn it by

experience and indigestion. The light of Nature is by no

means sufficient to show the purchaser of food what sort
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of food will best support the body and yield it heat. There

is a science of Food or Dietetics as surely as there is a science

of Astronomy or Geology, and it is of much more consequence

to "the man in the street".

Similarly Science underlies the practice of proper venti-

lation; a knowledge that the constant removal of bedroom

air without a draught is necessary to health would save

thousands of lives annually from being cast upon the void

of tubercular infection. There is a science of Ventilation,

first expounded and practised by an English church clergy-

man, the Rev. Stephen Hales, D. D., F. R. S., in the eighteenth

century, but by no means understood today even by some

most eminent architects. And does not science or exact

knowledge underlie the choosing of clothes' stuffs and even

the wearing of clothes? If, as Carlyle insisted, there is a

philosophy of clothes, there is surely also a science of clothes.

A knowledge of animal calorimetry will inform us as to the

composition, weight, color, texture and much else of the

clothes to be worn under varying conditions.

And so, too, science has something to say about such

commonplace things as the duration of sleep proper to

different ages of the child and of the j^outh; how the lack

of it leads to inefficiency at school, how work before breakfast

for school children is a physiological immorality. Science

has something to say about the arrangment of hours of

work and play in the school time-table, how fatigue of body

and of mind can be recognized, prevented or cured, how

the congenitally deficient child may be distinguished from

the backward or merely lazy one. Science explains the

significance of night-terrors, of growing pains, of headaches,

of uncontrollable sleepiness in children; it has views on the

games suitable for boys and girls at different ages; it super-

vises the gymnasium, the swimming-bath and the playing-

field. The man of applied science, the physician, recognizes

dilated heart, cardiac palpitation, and many of the significant
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things arising from tof> much athletics which were overlooked

by parents and teachers in the good old pre-scientific times.

Science in daily life, in so-called common life, is simply

intelligent living—the great need of the community of today.

The man of science has much to say about house-construction,

house heating, drainage, sewerage and other technical prob-

lems deeply affecting the health of our cities on which "the

light of Nature" throws very little light indeed.

I would go so far as to say that science has become the

most important factor in the life of today. "But," some one

may ask, "shall we not always need lawyers?" To which

I would reply, that as long as human nature remains as it

is, we shall always have lawyers, but we really 7ieed the man
of science to guide us in crossing the unlit, uncharted desert

of this Avorld.

If any one is disposed to belittle science, I have an infal-

lible cure; make him go through a day without the aid of

anything that involved science in its discovery or making.

Let such a person get up and try to light the fire; you cannot

allow- him matches, for phosphorus was discovered by men
of science and is utilized by them in many ways. You could

not allow him to wear clothes, for their fabrics were woven
by a machine which was the result of scientific ingenuity

applied to this very problem of weaviag fibres into fabrics.

But we are not done with science in common life; it

underlies the intelligent rearing of children, and prevents

our giving them gastro-intestinal catarrh by allowing them

a little of "whatever is going" which may range from gin

to Welsh rarebit. The light of Nature gives a young mother

instruction only up to a certain point as regards infant

feeding. The man of science has developed Pediatrics.

Dust and flies have, in these recent days, come under

the light of science, and this has shown them to be grave

menaces to the well-being of the human race. A largo

number of serious, infectious, epidemic diseases are now
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known to be insect-borne. Some of these are infantile gastro-

enteritis, malaria, yellow-fever, typhus fever, typhoid fever,

plague and the ophthalmia of hot countries.

Science has taught us what infection means, that it

is not a vague, indefinable "principle", but a real, living,

objective existence, ultra-visible, yet withal capable of

being apprehended and sealed down under a microscope,

of being recognized as specific, and lastly, happily able to

be destroyed by sunlight, heat and certain chemical sub-

stances. It is sometimes said that science has added new
terrors to our life; it has only done so when misused by the

Hounds of Hell; it has rid our communities of those frightful

scourges of the Middle Ages, Cholera, the Black Death and

the Svveating Sickness, awful in the toll they took of human
life, more awful still in their mysteriousness, for they came

no man knew whence, and went, no man knew whither.

But in the name of precise knowledge, science has arrested

these grim spectres, their terrifying masks have been torn

from them, and they have been revealed as the lowliest of

the fungi, allies of the mushrooms and the moulds which

prefer to live in darkness. The pestilence has been dragged

into the light of noon-day, disarmed and conquered.

Science has added no terror to life; but it has rid us of

the terror by night, of the pestilence that walketh in darkness.

The night of ignorance is fast coming to an end, the bright

dawn of the ampler day of exact knowledge is already bursting

on the world.

And the man of science thinks of the future of the com-

munity; he sees it self-evident that one hundred sick and

weakly children are not likely to grow up to be one hundred

robust adults. He reflects that we take the greatest trouble

to produce good strains of beef-cattle and milk-cows and

dray-horses, prize cats, bulldogs, and canaries. We breed

selectively with an end in view for the lower creation; but

mankind must be left for evermore to breed by the light
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of Nature: to suggest anytliiug else is by some regarded as

a eugenetical immorality. Still it is something to have got

the length of admitting that there is a problem here at all.

Science is of the very warp and woof of the wcl) of hiiiiKin

existence; ought we not to reckon with it officially, as it is

called? Has not the time come to admit that Science is

as important as it reallj'^ has become; for the existence of

something and the official admission that it exists are two

different things? Why should not science be taken under

the care of a cabinet minister? It is no longer vulgar, it

is no longer beneath the attention of the aristocratic intellect;

it is of preponderating usefulness to the nation, and it is

malevolent only when divorced from common-sense and

common morality by the insane, megalomaniacal obsessions

of self-hypnotized Prussians. It is within a very little of

being even a profession! Wh}^ not recognize the pursuit

of something which is almost a respectable profession, why
not have the official interests and the economic aspects

of science presided over by some one who knows something

about them? There is much latent vulgarity in the public

mind, and a great deal of snobbishness is endemic there.

Few people recognize worth at home or excellence in

homespun; the familiar cannot be great, the prophet hath

no honor in his own country. You must have things magni-

fied out of their natural proportions, removed a little from

the every day setting, to be appreciated by the public. To

be quite specific; the man of science must have titles, orders,

decorations before he is appreciated b}' the blind public.

This is due to a weakness inherent in human nature. Prof.

Soddy, F. R. S., writing in the "Glasgow Herald" about the

beginning of August, 1916, said, Science must no longer

be the "Cinderella". "There is a lamentable lack of intelli-

gent interest in the sphere of Science as an essential factor

in the education of the nation, as an indispensible instru-

ment of its civilized progress. The unfortunate attitude
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of the governing classes towards Science is largely the result

of the monastic traditions of the great public schools and

universities in which most of our leading politicians have

been trained. We seek at this supreme crisis of our national

history a man of clear vision and firm purpose who, taking

all branches of knowledge for his province, will assign to

each its true place and function in the education and training

of all classes of the people. Such a man and such a purpose

have yet to be achieved."

Science must no longer be subjected to anj^thing approach-

ing social ostracism. The man of science is just as entitled

to "your excellency" as any diplomat, living or dead.

There has been a great deal of writing during the late

summer on Science versus Latin and Greek; Science in the

public schools and in the Civil Service, and on Science and

Politics.

Prof. H. E. Armstrong says, ''war has become a branch

of Applied Chemistry, hence Germany's superiority." He
goes on to say that Britain is governed primarily by and from

Oxford. "If the horrors of the War do not cause Britain to

reform, we shall be forced to confess that our chemical

industries will silently fade away. Some years ago the

necessity of reforming Oxford was generally recognized by

those in the University and by outsiders. The resident

staff advised the abolition of compulsory Greek, but the

M. A.'s—the country clergy—arose and voted for the "status

quo". Here we have Science versus class-inertia.

Professor Armstrong continues: "France, in 18'!, admitted

that she had been defeated by the Prussian schoolmaster."

A writer in "Nature" wrote lately
—"Our political leaders

and administrators of state departments are trained in

these classical schools where vested interests preserve the

prime places for ancient learning. Science is discouraged

for students who hope to obtain University scholarships

or appointments in the highest rank of the civil serv
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We need to make science the keynote of our public

service and University system as Huml)oldt did early in

the nineteenth century when Prussia was as yet under the

heel of Napoleon. The peremptory necessity of better

scientific organisation is apparent; it is not now only a (jues-

tion of our prosperity but of our existence.

The scientific mind and temper cannot flourish in an

atmosphere of political trickery, nepotism and plunder

such as we have. True science and politics are incompatilile.

They cannot exist together, any more than the eagle and

the squid."

Science, in short, must have a Department, a Government

office, before the public will fully accord it its place of honor.

We may regret that this sort of thing has to be, but our

regret will not change public opinion; and it appears to

be part of the British Constitution that nothing can be done

or should be done without a very large body of public opinion

behind it. But the official recognition of science cannot

wait until the public has seen fit to render science the homage

it deserves. To begin at the top, let there be a Minister

of Science and a Ministrj- of Science with just as much
prestige accorded it as the War Office, the Foreign Office or

the Home Office. The duties of the Minister of Science

would be primarily to foster science in every way possible,

to foster its interests, to administer its affairs somewhat

after the manner in which the Board of Trade looks after trade,

the department of Agriculture and Fisheries, agriculture

and fisheries.

By friendl}^ and intelligent co-operation with the Univ-

versities, Technical Colleges and the leaders amongst the

manufacturers, the relations of science to the state could

be adequately safeguarded; scientific men would be known,

encouraged, subsidized, promoted, rewarded, and pensioned,

For why should state recognition, encouragement, pro-

motion, and rewarding be reserved for sailors, soldiers,
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diplomatists and lawyers? Why should it be so entirely

correct to be paid for legal opinion, and such "bad form"

to be remunerated for scientific advice? Because, you

may rely, the Law is an ancient, respectable profession,

and science is so modern that it is not a profession at all.

But this mediaeval state of affairs cannot go on indefinitely;

it was all very well for the day when there was no science

to foster, and men quarrelled so much that lawyers were

kept very busy, but now "nous avons change tous cela"

—

or at least the earlier part of it. One need not here and

now draw up an exhaustive list of the duties of the Minister

of Science, but might merely remark that much that falls

under the supervision of the Home Office could be transferred

to the Department of Science. Had there been such a

department, Edward Jenner, for instance, would not have

had to struggle against every kind of obstacle and mis-

representation for as long a time as he did, or have had to

wait as long as he had for the official recognition of what

he had done for suffering humanity. Not from his own
private house but from a Government department would

the vaccine have gone forth to eager Europe. He truly

called himself "The vaccine clerk of the whole world."

The first concern of the Science Office would be the place

of science in the schools of the Empire. And here we come

up againts the still burning question of the rival claims of

Science and the Classics. Of course it ought to be per-

fectly possible to instruct boys in as much of Greek and

Latin as would make them know the origin of the words in

English derived from those languages, without necessarily

making the boys read entire Greek and Latin authors in

the original. The practice in the past of educating boys as

though they were all going to be teachers of the classics is

analogous to the teaching of Physiology to medical students

as though they were allgoing to be professional physiologists.

A very small minority of boys need to be able to write Latin
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prose, fur loss verse, or even road Latin authors. Loss

than that is enough to enable them to know the derivation

of words of classical origin, to explain some allusions to

classical mythology, to pronounce the final "o" in Magda-
lene, Penelope, and Irene; and be able to write English with

lucidity and without redundancy. Before this linguistic

and literary instruction is ended, instruction in Natural

Science should have begun, and should bo continued long

after the former is stopped We need not continue to teach

boys Greek and Latin as in the days when there was little

else to teach them; for in the meantime, such vast quantities

of useful and essential facts have been brought to light,

that we grudge all the time not devoted to the assimilating

of them. It is usually supposed that because a boy knows

some science, he will know no classics; and vice versa. I

have never been able to see the necessity for this. Surely

he can study some Science and yet know enough about

Latin and Greek to enable him to understand what his

scientific terms mean. But to expect any boy to attack

no science until he has been made a classical scholar is ridicu-

lous. The old method was virtually to set out to make
everybody a classical scholar, and to end by making possibly

one per cent. such. The other ninety-and-nine non-classi-

cally-minded persons, were made liatin-haters for the rest

of their lives. The new method should be to teach all boys

science, and let the one per cent, become classical experts

if thej^ desire it.

Outside the Arts Faculties of the Universities, there

is no "market" for classical scholars; but there is a vehement

and growing demand for persons who know something of

all the sciences and everything about one of them.

Owing to our national physiological momentum, the

teaching of boys has been continued on the same lines as

those laid down by the educationists of the Revival of Learn-

ing in the Fifteenth Century. What Erasmus, Linacre and



I PROCEEDINGS.

Dean Collet planned was admirable for the day when America

and printing had only just been discovered, but is possibly

not so well adapted to the countrj^ which lights its cities b}'-

electric energy, speaks to America without wires, flies in

high heaven like the eagle and descends to the abyss like

a sea monster.

The Science Office will see to it that science receives

official recognition in all entrance examinations whatsoever,

and that it is not handicapped by receiving fewer marks

than the classics or any other subject. Science must have

her place in the curriculum not on suffrance or by-your-leave,

but by right, and in virtue of its inherent dignity and use-

fulness. Science cannot any longer be the under-fed maid-

of-all-work; Science is the Queen herself coming into her

kingdom. Science is no longer to be merely permitted,

tolerated, apologized for; she must preside at the Council

Board because she already rules the lives of the people.

But it is not only the dead languages which take the

place of the teaching of science in the schools. History,

as often taught, is far too much the record of wars and of

the immoralities of Royal Families. The struggle for free-

dom of thought is quite as important as that for political

liberty. The History of the emancipation of a community

from intellectual darkness is their real history. What do

most people know of the history of Poland?—about what

could be put on a visiting card; and yet they ought to know

that Copernicus was a Pole, and a Doctor of Medicine, and

that the title of his great book is "Revolutionibus erbium

celestium", and the date 1543. The date 1543 is quite as

important as 1314 or even 1066. In many cases the battles

of history were not battles for liberty, but the outcome of

childish quarrels between persons suffering from an inflated

idea of their own importance.

The academic precedence of the Faculties, in which

Theology, Arts, and Law come before Medicine and Science,
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may still bo tolerated at the old Universities as an interest-

ing and significant relic of earlier times; but in all modern
Universities, (as in the University of Birmingham from
its foundation), Science is the Premier Faculty and takes

the first place. The world advances not because of Church
History or Homer or Virgil, but because of James Watt
and Stephenson and Dalton, and P'araday and Harvey and
Jcnner and Darwin and Kelvin and Lister. Better fifty

days of Faraday than a cycle of Aristotle.

This problem of the place of Science in pre-University

education had better be settled once for all, because the

present unsatisfactory state of matters is compromising

our national efficiency. The modern community thinks

that it is time to have its sons taught along lines other than

those laid down by the Humanists of the end of the loth

century. It is rather ridiculous for boys to know some-

thing about Romulus and Remus, and a certain Balbus

and his heaven-entreating, stained-glass attitudes, and about

a few other persons who may or may not have existed before

the Birth of Christ, and yet nothing whatever about the

past, present or future of the world they live in or their

own bodies and their mental and physical health. Ana-

chronism of anachronisms, all is anachronism, saith the

modern preacher.

It is Germany that has shown us national efB.ciency through

science. But it is quite a mistake to suppose that those

Germans who are so well trained in science are not also

educated in the classics. Indeed it has recently been sug-

gested in the British Parliament that the exhibition of Ger-

man national immorality was due to their following Pagan

instead of Christian lines of conduct. Personally, I think

this is only part of the explanation; no Pagan writer with

whom we are acquainted would have sanctioned the descent

to those infra-human depths of cruelty which the Germans

Proc. & Trans. N. S. Inst. Sci., Vol. XIV. 20 Jan. 17. Proc. II.
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have reached. The fact is that most of us Britons acquire

the knowledge of any foreign language—dead or living

—

only with the greatest difficulty. It is not that the life of

the ancient Greeks and Romans does not interest us, but

since the way to it lies through the drudgery of acquiring a

foreign grammar and vocabulary, we shrink from the dis-

tasteful task. The British difficulty in learning languages

is in marked contrast with the Russian ease in this matter.

Closely allied to the subject of official recognition of men
of science is that of the advisability of organizing the medical

profession into a Department of Public Health, a Govern-

ment Department with its medical officers, state-paid and

state-pensioned. In other words, although preventive Medi-

cine is state-controlled, curative Medicine is still the same

old, unorganized, happy-go-lucky competition it ever was.

Some thinkers assert that the time has now come for the

appliced sience of curative medicine to be taken over by

the state and organized into a system. Both departments

—

preventive medicine and curative medicine— would be under

the Department of the Minister of Science. Naturally there

would be but one portal of entrance with one uniform stand-

ard of entrance examniation into the Departments of Cura-

tive State Medicine and of Preventive State ^Medicine'.

The one uniform standard of entrance would remove a great

many existing anomalies. The doctor would then be to

the whole public what the club doctor is to a section of it.

He would have to attend to the care of cases exactly like

the M. O. H. attends to the prevention of cases. He would

be a state official, salaried and pensioned as such. It is

an anomaly if your child has scarlet fever that, while one

aspect of the case can properly be taken in hand by an official

only of the one aspect of medical science, the other aspect

of the case has to be left to private medical enterprise. I

should be able to summon a state-paid physician for a case

of broken leg, pneumonia, or of insanity, just as I do one
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for a case of measles or diphtheria. This wouhl, of course,

lead to the whole problem of medical treatment being solved

by being state-controlled.

The great Hospitals, with their vast, benefi^^ent out-patient

departments, would become state institutions such as prisons,

penitentiaries and asylums are already. There is no valid,

other than a historical, reason why the scientific cure of

disease should not be a state service as much as the scien-

tific prevention of disease. The Indian Medical Service

affords us an example of a state managed, medical service;

it shows us how such an organization might be so vastly

extended as to become imperial. Promotions, disability

pensions, retirement pensions, etc. could be arranged for

as in the civil service. The state would, therefore, also

logically take up the problem of research in medicine, and

directing it, co-ordinate the isolated efforts made in it, in

the manner most beneficial for the public weal. In the

United States private enterprise has endowed medical research

in a truly magnificent manrier. Private endowments could

still be given for medical research within the British Empire,

but it would be well if the direction of medical research were

made a responsibility of the State. Much of it is even now,

as, for instance, the splendid work on plague done in India

and the work on cancer in London. The medical researcher

is a medical man no less than the general practitioner, he

is only more specialized. He should be equally a servant of

the state.

Let us now take the concrete case of the prospective

student of Medicine, a youth of 16 or 17, to whom I have to

teach Physiology. I want him to know something of the

cl assies as well as something of science, and I should like

him very much to know something of chemistry, physics

and biology before I begin to explain to him the functions

of the organs and systems of the human body. I particu-

larly wish that he should know, for instance, the meaning
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of the terms "vascular" as applied to the circulatory system,

"neural" as applied to the nervous, and "digestive" as

applied to the alimentary. I don't want to be asked at

the end of a lecture what I meant by the expression, "the

classical experiment". I should like my students to know
already the meaning of such terms as blastoderm, somato-

pleure, placenta, hermaphrodite,metabolism, homogeneous and

homodromous before they enter upon the study of Physiology

at all. It is not a classical education that we object to, but

an education that is practically exclusively classical, and

often indeed does not impart the very information which

is afterwards most needed. In fact, just as there should

be chemistry for medical students, and physics for medical

students, so there should be Greek and Latin for medical

students. And if it be objected that this would not pro-

duce any measure of true culture, one would be tempted

to ask whether the present sj^stem of preliminary education

is producing a particularly cultured type of student; a visit

to the theatre on "Students' Night" would hardly foster

that impression.

A very useful alteration might be made in the teaching

of mathematics to boys intended for the medical profession

or studying for degrees in the biological sciences. A good

deal of Euclidian Geometry might be cut out, and some

instruction in the use of the differential calculus substituted.

The use of logarithms ought in any case to be taught to all.

But we who teach such a science as Physiology hope that

the day is fast approaching when such instruction in the

sciences introductory to Medicine will be given at school

as will enable the student on entering the University to

profit at once by teaching of University standard. This

would reduce considerably the number of sc^ientific subjects

in the First Year of Medicine, and so lessen the load carried

in that admittedly trying year.

Why, then, is a knowh'dg(> of science so u.seful to the
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modern communit}'? Apart altosothcr from the way in

which science makes for technical efficiency, it is a means

second to none in the training of the intellectual powers.

In the first place it trains us in accuracy of observation,

in reliability of drawing; conclusions, in habits of jirccise

thinking generally; and these are not small things.

Accuracy of observation! Some of us have not the faculty

of observation at all. When we have observed, then comes

the drawing of conclusions, the educing of laws from our

data: this is none other than the age long quest for th^

causes of certain effects. Each science that is differentiated

out of the mass of accumulated facts is one more specific

example of the successful pursuit of the causes of phenomena.

Is not each fresh case I have to see, one fresh prol)l{'m in

the applied sciences of medicine or surgery, an exercise in

the connecting of certain signs with certain underlying

causes or antecedents? To do this unerringly is not at

all easy. Some say, "Oh, he is a good enough medical

man, but he is no surgeon," as though anybody could be

a physician. The proper relating of seen symptom with

unseen condition is the problem of problems in medical

diagnosis, and it requires the highest development of our

powers of observation and of interpreting correctly the

meaning of the data collected. The whole training of the

medical student is towards this end; and in practical medicine

you find as great a field for the exercise of scientific analysis

and synthesis as in any of the other sciences. One has

constantly to disentangle causes from causal conditions;

causes from contributing circumstances, positive from nega-

tive factors, facts from opinions, and so on.

I am quite aware that there is a school of thought which

objects to any one thing being called a cause; but this would

be very troublesome if applied to practical medicine. One

of the earliest things the student has to learn is to distinguish

a fact from an inference about a fact, a phenomenon from
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some one's opinion about it or explanation of it. This is

much more difficult than it seems. How often are beliefs

and views taken for facts !

Science teaches us to sift, discriminate, weigh, relate and

assess. It trains us to investigate without personal or

racial bias. One of the most monstrous assertions of the

Germans is that all true science has been, is, and will be

German.

Science is antagonistic to all mental laziness and all

mental haziness. It is opposed to all tradition which cannot

give a justification for its existence. Superstition flies

before the light of science. Science impresses us with the

dignity of facts; with the majesty of the inexorableness of

law^ the inevitableness of the bond between cause and effect,

and the omnipresence of the principle of continuity. It

does not allow us to accept the opinions of any man how-ever

exalted unless he can demonstrate them to us as derived

from observed data by processes of reasoning similar to those

used by all genuine students of science.

And thus, finally, we are led to recognize three orders

or degrees in science,

—

The collection of data;

The correlation of cause and effect;

The philosoph}' of science.

Facts must be observed, data collected, objects pre-

served and compared. Many men of science do not proceed

beyond this first stage; they are often amateur "naturalists"

who observe and collect much that is of great value. This

is alluded to as "spade work" in science. Some one has to

do it. Linnaeus did it, Roy did it, Darwin and Wallace

did it. All the Anatomists, Embryologists, Zoologists,

Botanists, Entomologists, Conchologists, Geologists, and

Meteorologists are men of this lowest or first order of science.

Theirs are the descriptive sciences. Some persons to-day
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hold that all science is nothing more than description, when
it goes beyond that it ceases to be science and has become

—

I am not sure what thej^ say it has become.

Now, once we begin to use the collected data to "explain"

things, we are beyond merely descriptive science, beyond

empirical science, we have entered on rational science, the

science of the second order. When at last we begin to

speak of the Philosophy of Biology, of Embryology, and

so on, we have arrived at science of the third or highest

order.

Few men of science can voluntarily long remain engaged

in science of the first order. Instinctively they ask, what

do these things mean, what is the bearing of all this? Luckily

most of us have that curiosity that cannot be satisfied with

merely surveying specimens on shelves in a museum or

columns of figures in a Blue Book.

There is so much that seems in need of explanation. Some
hold that explanation is no business of the man of science.

I believe it is his chief business. The veriest layman cannot

be restrained from making his guesses into the meaning

of what he has seen or heard. The man of science, too,

makes his conjectures, his hj'potheses to account for so-and-so.

If right, other facts will be explained and the working hypo-

thesis become a rational theory of the phenomena; but if

wrong, he sets about forming another explanation. Darwin

did a great deal of this sort of thing; in fact the Darwinian

theory is an all-embracing explanation or correlating of an

enormous number of apparently unrelated observations.

Similarly Dalton's great work in chemistry was essentially

the deducing of laws of the widest application from carefully

ascertained experimental data. But examples need not

he multiplied; it is of the essence of all Natural Science,

for facts or objects by themselves are of no interest, no

utility; they lead to nothing.

Once the working hypothesis has passed into the realm
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of an established theory, then scientific prediction, one of

the most fascinating exercises for the human intellect, can

be indulged in. In these investigations the man of science

is above considerations of personal tastes, individual pre-

dilections or considerations of race. He is above considera-

tions of race, for science is international, in spite of the

childish assertion of our enemies that all true science has

been, is, and must be German. The true man of science

cannot be jealous that his brother has discovered some-

thing which he has missed, because he is too happy in the

solace of the reflection that a new fact has been born into

the common consciousness of mankind.

The highest science of all flourishes in a very rare atmo-

sphere, one not to be lived in without due preliminary accli-

matization. It is the realm of the Philosophy of Knowledge.

Not merely what facts mean or even what generalizations

can be framed upon them, but existence in itself, is what

is studied here. This highest of all science examines every-

thing that is fundamental in the constitution of things,

and it includes the mind of man himself as one of the objects

of the most careful study.

Science of the First order deals with Facts, Science of

the Second order with Knowledge, Science of the Third

order with Truth.

The Man of the third order of science—the reverent

philosopher—aspires to a far more searching analysis, to a

very much more comprehensive view of things than that

which merely gives him natural law in the physical world.

He is striving towards an ideal in knowledge, towards a form

of wisdom which is the result of critical investigations in

the realm of the most abstract forms of thought.

Science of the first order may measure the duration

of a phenomenon in terms of seconds, science of the second

order may attempt to explain why a phenomenon occupied

the duration of seconds and not minutes or hours; but
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science of the third ilciii-cc asks, "What is time itself"? Is

it a thiiiji; in itself or is it a Kantian catej^ory of the under-

standing, a conceptual relationship involving simultaneously

the consciousness of the enduring ego along with the uncon-

sciousness of the non-ego?

The man of the third degree of science asks what nexus,

if any. Is there l)etwccn cause and effect; what is the rela-

tionship of antecedent to subsequent; what is matter, force,

energy, yea, even what arc time and space; what, in fact,

are axioms, what are self-evident, truths, and so forth?

Science of the third degree may be called the Philosophy

of Science, but not called Metaphysics, since that term

denotes an intellectual outlook which is thoroughly obsolete.

"Supra-material science" might be a less objectionable name.

But when we call it "philosoi)hy" we do not mean thereby

something which thinks itself above all so-called empirical

science, and which looks down on natural science as a gross

thing belonging to a lower world.

The man of this highest science is merely the thinker

passing from things to the relationships and meanings of

things.

If "the undevout philosopher is mad," the unscientific

philosopher is sterile; and better anything than intellectual

sterility.

The goal of the highest science is the comprehension of

the True and the Botiutiful as only two different aspects of

that supreme knowablc, the intelligible cosmos.

Great is science and it will prevail. Let us not listen

to people who tell us that science destroys i)oetry, the aesthetic

sense, reverence or religion.

The day of the materialistic, unpoetical, unlovely, omni-

scient scientist is gone, we hope, for ever. The poetical

man of science is certainly a possibility: he has come; and

seen and conquered the ai)surd notion that the poetical out-

look is incompatil)le with the scientific. "Proud philo-
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sophy" and "cold science" belong to the eighteenth, not

to the twentieth century.

The tints of the rainbow are not less but more beautiful

to the physicist because he knows how they come to be there,

and why in that particular order. Keats' lament that

Newton, by explaining the rainbow, had taken the poetry

out of it, means merely that Newton had taken the poetrj^

out of the rainbow for Keats.

The lily-of-the-valley will smell quite as sweet to me
even though I may live to see the day when its odor-producing

substance has been identified, extracted, and named b}^

the chemist. The man of science can be as sensitive as the

veriest artist in presence of the beaut}^ of coloring or of

outline, even although he is able to explain the source or

origin of them both.

The man of science is not the less sensitive to physical

beauty which appeals to the senses because he happens

also to kkiow of another order of beauty which appeals to

the intellect.

It is some time since true men of science jeered at religion.

For, for some of them, what is called "religion" is one more

mental phenomenon they are called upon to explain. The

complete man of science is not only a poet, he is a reverent

poet. The prayer of the lisping child, no less than the

profoundest abstraction of the philosopher, is worthy of

his study.

Why is life so vapid for so many? Because they know

neither facts nor the explanations of facts. They know not

the wonder, the beauty, the richness, or the variety ot Nature's

treasures. Culture is too often thought of as a state of

mind which is the outcome of a knowledge of some of the

expressions of Art; it is very rarely imagined as due to the

possession of the scientific temi)orament. But culture is

really not so much the result of the possession of knowledge,
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as an attitude of mind or disposition, a sympathetic attitude

of mind towards all mental products and intellectual interests.

The study of science is in many cases able to confer a

truer culture than half a life-time spent in studios or around

pianos. Your painter or musician may be a perfect ba*-

barian, ignorant, superstitious, self-satisfied, and intolerant.

There need be no fear of allowing science to be freely taught.

Not science, but a hideous, perposterous, soul-destroy in-.?

ethic it is, that has made the Germans what they are to-

day. Science without a love of the beautiful, without

respect for the past, without poetry, without sympathy,

without reverence is the most repulsive product of the mind

of man.

Such is the science of our enemies; and it has led them

into the bottomless pit of national suicide. But such truly

is science falsely so-called.

Science, the true, is the patient, loving interpretation

of the world we live in; it is a striving to attain not merely

to an understanding of the laws whereby the world is governed,

but to the enjoyment of the bsaut}^ and order which is every-

where revealed. And the minds of men capable of attaining

to such heights of appreciation, and the evidences around

us of an all-prevading personality are only so many additional

phenomena to be apprehended as con.stituent elements of

that vast, sublime, age-enduring cosmos which we call

the Universe.

After remarks by Dr. Bronson, Dr. E. Mackay, Dr.

A. H. MacKay, and Mr. Piers, it was resolved that addi-

tional copies of the Pre.sident's address be printed for early

circulation.

The annual report of the Treasurer, Mr. Bowman, was

presented. It showed that the receipts for the year ending

30th September, 191G, were S364.70, the expenditures 5129.30,

and the balance in current account $235.40. The report

having been audited, was received and adopted.
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The librarian's report, dated 11th October, 1916, was

presented by Mr. Piers, showing that 1,278 books and pam-

phlets had been received b}' the Institute through its exchange-

list during the calendar 3'ear 1915; and 981 had been received

during the first nine months of the present year (1916),

namely Januar}'^ to September inclusive. The total number of

books and pamphlets received by the Provincial Science Lib-

rary (with which those of the Institute are incorporated)

during the year 1915, was 1,731. The total number in the

Science Library on 31st December, 1915, was 56,389. Of

thesej 40, 695 (about 72 per cent.) belong to the Institute, and

15,694 to the Science Library proper. 139 books were bor-

rowed in 1915, besides those consulted in the Library. No
binding or purchasing has been done by the Library directly.

—

The report was received and adopted.

On motion of Mr. Piers and Dr. A. H. MacK.w, it was

unanimously resolved that this society express its regret at

the illness of Mr. ]\I.\ynard Bowman who is one of its

oldest members, and its appreciation of his services as treasurer

for the past nine 3'ears.

The following were elected officers for the ensuing year

(1916-17):

President,—Professor David Fraser Harris, M. B., C. M.,

M. D., B. Sc. (LoND.), D. Sc, F. R. S. E., F. R.

S. C, ex officio F. R. M. S.

First Vice-President,—President Arthur Stanley AL^c-

Kenzie, Ph. D., F. R. S. C.

Second Vice-President,— Professor Clarence Leandek

MooRE, M. A., F. R. S. C.

Treasurer,—[George W. T. Irving appointed 12th Dec
1910.]

Corresponding Secretary,—Professor Ebknezer Mack.w,

Pn. D.

Recording Secretari/ and Librarian,—HaUkv Pieks.
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Councillors irithoiU uffice,
—Alexan'dku Howard Mac Kay.

LJ.. 1)., F. 11. S. C; Professor Donald Sutherland

MclNTosir, M. Sc; Carleton Bell Nickerson,

M. A.; Professor Howard Logan Bronson, Ph. D.;

William Harrop Hattie, M. D.; Professor John

Cameron, M. D., D. Sc, F. R. S. E.; and Professor

Albert G. Nicholls, M. D., D. Sc, F. R. S. C.

Auditors,—George W. T. Irving and Donald M. Fergusson,

F. S. C.

Owing to Mr. Bowman's illness it was decided to ap-

point a ti'easurer to succeed him, and it was resolved that the

council nominate a suitable person for the office and report to

the next ordinary meeting for approval. .

First Ordinary Meeting.

Reading Room, N. S. Technical College, Halifax, N. S.;

Monday, 13th November, 1916.

The President, Dr. D. Fraser Harris, in the chair.

The first ordinary meeting of the session was held on the

conclusion of the Annual Business Meeting.

A paper entitled "A New Evening Primrose {(Enothera

novae-scotiae)," by Reginald Ruggles Gates, Ph. D., F. L. S.,

sometimg Lecturer in Biology and Cytology in the University

of London, Eng., and just now of New York, was presented by

Dr. a. H. MacKay. (See transactions, vol. XIV, pt. 2.

p. 14 L A vote of thanks was passed to Dr. Gates for

his communication.

Second Ordinary Meeting.

Physiological Lecture Room, Dalhousie College, Carleton St.,

Halifax, N. S.; Tuesday, 12th December, 1916.

The President, Dr. D. Fraser Harris, in the chair.

It was reported that the council had, on 30th November,

elected the following members:

—

Robert Matheson, Ph.
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D,, assistant professor of economic entomology, Cornell

University, Ithaca, N. Y., U. S. A. (corresponding member)

;

Reginald Ruggles Gates, Ph. D., F. L. S., sometime lec-

turer in biology and cytology. University of London, Univ. of

London Club, London, W. C, Eng., (corresponding member);

and William Weatherspoon Woodbury, B. Sc, D. D. S.,

Spring Garden Road, Halifax, (ordinary member).

On motion of Mr. Piers and Dr. A. H. MacKay, George

W. T. Irving, of the Education Office, Halifax, was duly

appointed Treasurer to succeed Mr. Bowman who is ill.

A letter from Mr. Bowman, dated 11th December, was

read, thanking the society for its resolution of 13th November,

and expressing appreciation of the courtesy received during

the years he had acted as librarian and treasurer.

A paper entitled "A Comparative Study of the Piltdown,

Cro-magnon, and Neanderthal Skull," was read by John

Cameron, M. D,, D. Sc, F. R. S. C, professor of anatomy,

Dalhousie University, Halifax; the lecture being illustrated by

lantt^in slides.

Tb3 subject was discussed at considerable length by the

PresiliENT, who presented a chemical note on the relation of

men tD monkeys; and also by Prof. McIntosh, Dr. A. H.

MacICat, Mr. Irving, Mr. Piers, Dr. Bronson and Prof.

C. J. Co>fNOLLY of Antigonish.

Third Ordinary Meeting.

Physii hgical Lecture Room, Dalhousie College, Carleton St.,

Hilifax, N. S.; Monday 12th March, 1917.

The President, Dr. D. Eraser Harris, in the chair.

Prof. E. MacKay reported that a committee appointed

by the council, and consisting of the President, Dr. Mac-

Ken/IE and himself, had interviewed the Premier of the

Province and urged that the grant to the Institute be con-

tinued, and furthermore requested that an adequate addition
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be made to the grant in lieu of the grant which had been

suffered to lapse in a past
^
year. The Premier while re-

cognizing the needs of the Institute and being in sympathy
therewith, nevertheless felt that it would be very difficult

to enlarge the grant as it appears in the estimates.

Dr. a. H. MacKay took the chair while Dr. D. Fraser
Harris, read a paper on "The Physical Condition underlying

the Varieties of Common Sensation." The subject was dis-

cussed by Dr. A. H. MacKay, Dr. E. MacKay, D. M. Fer-

GUSSON, H. B. VicKERY and Dr. A. G. Nicholls.

It was reported that on 5th January the council had elect-

ed as an ordinary member, Charles C. Forward of the

Laboratory of the Inland Revenue Department, Halifax.

Fourth Ordinary Meeting.

Physiological Lecture Room, Dalhousie College, Carleion St.,

Halifax, N. S.; Monday Ijth May, 1917.

The President, Dr. D. Fraser Harris, in the chair.

On motion of Mr. Piers and Dr. A. H. MacKay, the

following resolution was unanimously adopted:

—

The Nova Scotia Insitute of Science learns with deep

regret of the death of its past president, Henry Skeffington
Poole, D. Sc, Assoc. R. S. M., F. G. S., F. R. S. C, which

occurred at his residence, "Spreyton," Guildford, Surrey,

England, on the 31st of March, 1917, at the age of seventy-

two years. Dr. Poole who was the only son of a foundation

member, joined the Institute on 11th November, 1872, when
Inspector of Mines, and was one of its oldest active m-embers.

He occupied with dignity the presidential chair from Novem-
ber, 1902, to October, 1905. He was an able geologist and
mining engineer, devoted special attention to the coal-

measures of Nova Scotia, on which he was an acknowledged

authority, and his writings have added much to our knowledge
on this subject. All who came into personal contact with him
bear witness to his fine qualities as a man.
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The Institute of Science also desires to place on record its

sense of the loss which it and the cause of education have

sustained through the death of its former president, Alex-

ander McKay, M. A., late supervisor of public schools.

Halifax, which took place at Dartmouth, N. S., on 8th April,

1917, at the age of seventy-five years. Mr. McKay joined the

society on 5th February, 1872, and was its oldest active mem-

ber. He was recording-secretary from 1886 to 1894, and

president from November, 1897, to November, 1899. While

not actually engaged in scientific research himself, he alwa3^s

took keen interest in all work related to science in this pro-

vince. His name will be long remembered for his great service

in the cause of education.

Hubert Bradford Vickery, B. Sc, science master,

Bloomfield High School, Halifax, read a paper on "The

Isochlors of We.stern Nova Scotia." The subject was dis-

cussed by Dr. A. H. MacKay, Dr. H. D. Brunt, H. Piers,

D. M. Fergusson, Prof. L. C. Harlow (Truro), Prof.

E. MacKay, and Prof. D. S. McIntosh.

The following papers were read bj'' title:—

(1) "Phenological Observations, Nova Scotia, for 1916."—
by A. H. MacKay, LL. D., F. R. S. C, superintendent

of education, Halifax. (See Transactions, p. 147).

(2) "Notes on the Birds of the Grand Fr6 Region, Kings

Co., Nova Scotia."—By Robie W. Tufts, Wolfville,

N. S. (See Transactions, p. 155).

(3) "The Orthoptera (Cockroaches, Locusts, Grass-

hoppers and Crickets) of Nova Scotia; with descrip-

tions of the species and notes on their occurrence and

habits."—By Harry Piers, curator of the Provincial

Museum of N. S., Halifax. (See Transactions, p. 201).

A vote of thanks was passed to Mr. Tufts (non-member)

for his paper.

Harry Piers,

Recording Secretary.
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i^oba ^cotian Snsititute of Science

SESSION OF 1917-1918. , ,.^

(Vol. XIV Part 4) NEW VO»K
»«Tanical

56th Annual Session.

Annual Business Meeting.

Cii'il Engineering Lecture Room, N. S. Technical College,

Halifax, lOlh October, 191.7.

The President, Dr. D. Fraser Harris, in the chair.

Other members present: Dr. E. MacK.ay, Dr. A. H. Mac-
Kay, Dr. H. L.. Bronson, Prof. D. S. McIntosh, D. M.
Fergusson, C. B. Nickerson, Dr. J. Cameron, G. W. T.

Irving, H. B. Vickery and H. Piers.

It was announced that Dr. Edward Blackadder, Halifax,

has been elected an ordinary member on 26th September,

1917.

Presidential Address: by Dr. D. Fraser Harris.

Speaking extem'pore the President referred to the general

work of. the Institute durinc; the past year, its prospects

for the present year, and called attention to the loss of two

eminent members of whom brief biographical sketches follow:

Proc. & Trans. N' S. Inst. Sji., Vol. XIV. Proc. I.

(Ixvii)
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Alexander McKay, M. A., passed away at his home in

Dartmouth on 8th April, 1917. He became a member of the

Institute, 5th Feb., 1872, and for the most of the time there-

after was an active member of the Council. He was Recording

Secretary for twelve years—from 12 Oct., 1881 to 12 Nov.,

1894, except during the year Oct., 1885 to Oct., 1886; and was

President from 8 Nov., 1897 to 20 Nov., 1899. The following

brief sketch of his remarkable career as one of Nova Scotia's

greatest educationists is from the Journal of Education,

April 1917;—

"He was born at Earltown, Colchester County, 16th July, 1841 ; commen-
ced teaching in Pictou County, 1856; graduated from the Normal School at
Truro after two sessions, in 1859. He taught thereafter in the counties of

Digby, Colchester and Kings, resigning the principalship of the Wolfville
schools in 1872 for the piincipalship of the Dartmouth schools.

"In 1881 he was appointed to "the department of mathematics and
science in the Halifax County Academy; and in 1884 became Supervisor of
the Halifax Schools which position he resigned at the end of 1916 owing to
illness.

"He filled many other responsible positions simultaneously. As Advis-
ory Commissioner for Nova Scotia, he installed the Provincial Education
Exhibit at the World's Fair in Chicago, 1893; and in 1902 was appointed by
the Provincial Government as a member of the Acadian Commission. He
filled for many years such positions as Director of the Victoria School of Art
and Design, Director of the Halifax Ladies' College, member of the Provincial
Exhibition Commission, Secretary of the Provincial Education Association for

about forty years, Lecturer in the first Technical Institute of Halifax in the
seventies of last century. Lecturer in Education in Dalhousie University, Presi-

dent of the Summer School of Science, President of the Nova Scotian Insti-

tute of Science, President of the Temperance Alliance, a Provincial Exami-
ner in Drawing and Educational Subjects.

"No citizen had been more actively and u.sefully interested in public
affairs. The Halifax School Board raised a monument to his memory while
he was yet living in the fine Alexander McKay School."

Henry Skeffington Poole, D. Sc, F. G. S., F. R. S. C,
was born at Stellarton, Pictou County,Nova Scotia, 1 August,

1844, and was a son of Henry Poole, a well-known mining

engineer of this province. He graduated from King's College,

Windsor, as B. A. in 1865, as M. A. in 1874, and as D. Sc. in

1903; and became an associate of the Ro3'^al School of

Mines, London.
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As an eminent mining engineer he directed coal mining in

Cape Breton, and silver mining in Utah, U. S. A. He was

appointed inspector of coal mines in Nova Scotia from 1872

to 1878. He then became chairman of the Board of Examin-

ers for iMining Certificates and general manager of the Acadia

Coal Company from Avhich he retired with a distinguished

testimonial in 1901. He was president of the Mining Society

of Nova Scotia, a member of the Canadian Society of Civil

Engineers, a Fellow of the Royal Society of Canada, a Fellow

of the Geological Society and a member of the Federated In-

stitute of Mining Engineers. He was a contributor to various

scientific and technical journals, to the reports of the Canadian

Geological Survey, the Journal of the Geological Society,

and especiall}^ to the Transactions of our Nova Scotian In-

stitute of Science, the last contribution being on "Senecio

Jacobaea and Calli)norpha Jacohaea (The Cattle-Killing Rag-

wort and the Cinnabar Moth)" which will be found at page

279 of Volume XIII (Session of 1913-1914).

H-e became a member of the Institute of Science on 11 Nov.,

1872, and was its President from 24 Nov., 1902 to 18 Oct.,

1905. He retired to England, thereafter, where he died on

31 March, 1917, at his home in Guildford, Surre^^

The Treasurer, Mr. Irving, presented his annual report,

showing that the receipts for the year ended 30th Sept., 1917,

were $810.40; the expenditure, $383.40; and the balance on

hand, $427.00.—The report was received and adopted.

The Librarian's report was presented by Mr. Piers,

showing that 1,369 books and pamphlets had been received

through the exchange-list during the year 1916; and 841 have

been received during the first nine months of the present j^ear

1917, namely January to September inclusive. The total num-
ber of books and pamphlets received by the Provincial Science

Library (with which that of the Institute is incorporated)
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during the year 1916, was 1,586. The total number in the

Science Library on 31st December, 1916, was 57,975. Of

these, 42,064 (about 723^^ per cent.) belong to the Institute,

and 15,911 to the Science Library proper. 126 books were

borrowed in 1916 besides those consulted in the library No
binding or purchasing has been clone by the library directly,

there being no money grant at its disposal.—The report was

received and adopted.

The Council reported that on 26th September it had sent

a resolution to the Dominion Premier and the Minister of

Militia and Defence, requesting that in applying the Military

Service Act very special efforts be made to ensure that such

technically trained men as may be enlisted be drafted into

that particular branch of the service for which they -are

most nearly fitted by their training and experience in

civil life. Replies had been received, stating that the In-

stitute's representation would have due consideration.—

-

The Council's action was approved by the meeting.

Some discussion took place- on a subject referred to in the

President's address, and it was resolved that the question be

announced as a subject for discussion at the next ordinary

meeting, viz., Whether the Transactions be more particularity

confined to the publication of papers on subjects bearing more

or less directly on Nova Scotia, except in such non-local depart-

ments as chemistry and physics, as has been the practice in

the past: or whether the publication of papers on non-local

subjects generally be permitted.

The following gentlemen were elected officers for the ensu-

ing year (1917-18):

President,— Professor David Fraser Harris, M. B.,

C. M., M. D., B. Sc. (LoND.), D. Sc, F. R. S. E., F. R.

S. C, ex offiico F. R. M. S.
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First-Vice President,—President Arthur Stanley Mac-
kenzie, Ph. 1)., F. R. S. C.

Second Vice-President,—Professor Clarence Leander
Moore, M. A., F. R. S. C.

Treasurer,—George W. T. Irving.

Corresponding Secretary,—Professor Ebenezer Mackay,
Ph. D.

Recording Secretary and Librarian,—Harry Piers.

Councillors without office,— Alexander Howard MacKay,
LL. D., F. R. S. C; Professor Donald Sutherland
McIntosh, M. Sc; Carleton Bell Nickerson, M. A.;

Professor Howard Logan Bronson, Ph. D.; William

Harrop Hattie, M. D.; Professor John Cameron,
M. D., D. Sc, F. R. S. E. ; and Professor Arthur G.

NiCHOLLS, M. D., D. Sc, F. R. S. C.

Auditors,—Donald M. Fergusson, F. C. S., and Hubert
B. VlCKERY, B. Sc.

First Ordinary Meeting,

Physiological Lecture Room, Dalhousie Medical College,

Carleton Street, Halifax, 11th Fehruary, 1918.

The President, Dr. D. Fraser Harris, in the chair.

Other members present: Dr. A. H. MacKay, Dr. E.

MacKay, Dr. J. Cameron, Prof. Moore, Prof. McIntosh
and Mr. Piers.

As H. B. ViCKERY'' was out of town, the reading of his

paper on "Isochlors of Nova Scotia, part 2," was deferred to

a later meeting.

Dr. J. Cameron then took up his motion, of which due

notice had been given at the last Annual Meeting; to the effect

that the Transactions of the Institute be thrown open to any
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scientific paper, even if not on a subject bearing on Nova Scotia.

The motion was seconded by Dr. A. H. MacKay and sup-

ported by Dr. E. MacKay and Prof. Moore. Mr. Piers

opposed the motion, holding that the Transactions, as has

been the ruling practice in the past, should continue only

open to papers dealing more or less distinctly with Nova
Scotian subjects, except in such essentially non-local depart-

ments as phj'-sics, chemistry, physiology, etc.; other non-

local papers, when deemed worthy, being printed in the Pro-

ceedings.

Dr. Cameron finally modified his motion to read thus:

—

"Resolved that the N. S. Institute of Science throw open its

Proceedings and Transactions to papers in all departments

of science, provided they are contributed by persons working

in Nova Scotia." The motion passed, Mr. Piers dissenting

if the motion was construed as authorizing the publication in

the Transactions of communications having no local bearing,

except in the case of such subjects as had been previously

referred to.

Second Ordinary Meeting.

Physiological Lecture Room, Dalhousie Medical College,

Halifax; 11th March, 191-'.

The President, Dr. D. Fraser Harris, in the chair.

H. B. ViCKERY, read a paper entitled "The Isochlors of

Nova Scotia, part 2." (See Transactions, page 355).

Walter H. Prest, read a paper "On the Nature and Origin

of the Eskers of Nova Scotia." (See Transactions, page

371). The subject was discussed by Prof. McIntosh,

Dr. a. H. MacKay, H. B. Vickery and Dr. E. MacKay.
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Special Meeting.

Legislative Council Chamber, Province Building, Halifax

13th May, 1918.

The President, Dr. D. Fraser Harris, in the chair.

Among those present were: His Honol the Lieut.-

GovERNOR and Mrs. Grant, President A. S. Mackenzie,
Prof. E. MacKay, Dr. A. H. MacKay, Prof. H. L. Bron-

soB, C. B. XiCKERSON, Maynard Bowman, Capt. John

Read, Mrs. Read, the Misses Read, Mrs. A. H.

MacKay, Mrs. E. D. MacAvity, Mrs. A. Lawson, H. Piers,

and other.

President D. Fraser Harris, speaking from the Chair, said:

"Your Honor, members of the Xova Scotian Institute

of Science, ladies and gentlemen:

The Institute is fortunate in having acquired, through

the generosity of a friend who wishes to remain unknown, a

portrait of the late Professor J. Gordon MacGregor, a former

President of this Institute. The portrait, which is about to

be unveiled, was painted by the well-known artist, Mrs.

E. D. MacAvity.

This evening we are further particularly fortunate in

having with us the nearest male relative—a nephew— of the

late Professor MacGregor, in the person of Capt. John Read,

whom I shall ask in a few minutes to unveil the portrait.

We hail this opportunity of welcoming Captain Read back

to his native land after his period of active and honourable

service against an active and dishonourable foe.

But we are also able to congratulate ourselves on having

with us this evening a former student of Professor MacGregor,

Dr. A. Stanley MacKenzie, President of Dalhousie University

who will presently tell us something of the scientific life and
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work of the late Professor MacGregor, work for which, as we
all know, there was conferred on him the Fellowship of the

Royal Society. I confess that I, for one, do not know w^hich of

his researches won for MacGregor that blue ribbon in Science:

but I hope President MacKenzie will tell us about this, for

I believe that tHere has been no public acknowledgement of

the work and position of MacGregor since his death, if we
except an obituary notice of him which appeared in the Trans-

actions of this Institute.

I remember well MacGregor being elected to the Chair

of Natural Philosophy at the University of Edinburgh, a

chair made illustrious b}^ its having been held by Sir John

Leslie early in the 19th century and by Peter Guthrie Tait

in our own day. Dr. MacGregor was one of the last nien of

science of whom I took farewell in November, 1911, a few

days before I sailed for Canada. When I called on him,

though he was evidently busy, he showed me over the de-

partment which had been provided for him out of the building

that was formerly the Edinburgh Roj^al Infirmary. The fam-

ous "old Royal," the Infirmary of the second Monro, of

Syme and of Lister; the Infirmary where Henley the poet

lay convalescing when he wrote those virile lines on his sur-

geons and nurses.

Knowing that I had just come from St. Andrews, the home
of the illustrious academic family of the Hunters.—my wife's

family,—to which Sir John Leslie was related, MacGregor drew

my attention to the instruments, carefully preserved, which

Leslie had used. There, reverently preserved in a kind of

museum, were his hygrometers and differential thermometers

and other apparatus with which Leslie investigated the pheno-

mena of the production of cold by artificial congelation, or

"Leslie's phenomenon" as it is sometimes called.

Professor Tait, MacGregor's immediate predecessor, was

my own teacher in physics. MacGregor told me something
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about Halifax and about Dalhousie, and gave nie kind advice.

I left him to pay two more farewell calls; all three of those from

whom I parted that day have since crossed the dark river.

I crave the pardon of this gathering if I liave introduced

too personal a note into these remarks; but if I have, it is pro-

bably due to my drawing near to that period of life which has

been called one's "anecdotage."

I shall now ask Capt. Read to unveil the portrait."

Captain Read, after unveiling the portrait amidst ap-

plause, said how highly he appreciated the honor which the

Institute had done him in asking him to unveil this fine like-

ness of his distinguished relative.

The President of the Institute then called upon the Presi-

dent of Dalhousie University to read his appreciation of the

scientific work of the late Professor MacGregor.

James Gordon Macgregor

By A. S. Mackenzie, Ph. D., F.R.S.C., President of

Dalhousie University.

This does not pretend to be a life of MacGregor, nor a

proper appreciation of him as a scientist, but merely some

hastily gathered facts, and some recollections and an opinion

or two.

First of all a few dates, etc.

—

1852 Born at Halifax, March 31st,—son of Rev. P. G.

IMacGregor. Educated at Free Church

Academy, Halifax.

1867 Entered Dalhousie College, winning the Entrance

Scholarship.

First Year: 1st prizes in Classics and Mathemat-

ics. 2nd prize in Elocution.
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Second Year: 1st prizes in Classics, Mathematics

and Logic and Psychology.

Third Year: 1st prizes in Classics and Natural

Philosophy.

Fourth Year: 1st prizes in Classics, Ethics, History

and Modern Languages. Sir William

Young's Prize.

1871 Graduated, B. A., Dalhousie.

1871 Won Gilchrist Scholarship.

1871-6 Student at Edinburgh and Leipzig.

1874 Took degree of M. K., Dalhousie.

1874 Took degree of B. Sc, London.

1876 Took degree of D. Sc, London.

1876-7 Lecturer on Physics at Dalhousie.

1877-9 Lecturer on Physics at Clifton College, Bristol,

England.

1879-1901Professor of Physics at Dalhousie.

1882 Charter F. R. S. C.

1882 Elected F. R. S. E.

1888-91 President of N. S. Institute of Science.

1891 Appointed Dean of newly formed Faculty of

Pure and Applied Science, Dalhousie.

1899 Elected F. R. S.

1901-13 Professor of ISI'^tural Philosophy. Edinburgh.

1901 Given degree of LL. D., by Glasgow University.

1901 Given degree of LL. D., by Dalhousie University.

1913 Died, Edinburgh, May 21st.

In order to understand MacGregor's place and importance

in the field of Science in this country, it is necessary to under-

stand the position of Ph3^sics in his student days. To put it

briefly: Natural Philosophy, as it was than called, was a

text-book study; a laboratory for students was unknown; a

student never touched an instrument, but onh' looked at such
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from the respectable distance of his seat in the class-room

—

and then at only a meagre lot. There was an Atwood's

machine (perhaps only a large diagram of it), a Hero's foun-

tain, a model force pump, an air-pump, a feather-and-guinea-

tube, Magdeburg hemispheres, a syphon, a barometer, a

friction electric machine, and some spark apparatus, a gold-

leaf electroscope, Zamboni pile, Volta cup, Leslie's cubes, a

thermometer or two, a tuning-fork set, a balance, some hydro-

meters, and a dozen or two more such instruments—and the

"cabinet" was complete. It is true that in various large uni-

versities there were professors working at research, but the

laboratories were not visible to the undergraduate, and the

idea of a laboratory course of instruction was absolutely for-

eign to the British mind. What didactic instruction might

be given in the ordinary college was just as likely to be given

by the professor of Classics or History, as that of Mathematics

or Astronom^^ The idea of a separate chair of Physics was not

yet general.

When AlacGregor went abroad to studj^ Physics there

were few places in the Old Country where he could get the

kind of instruction he needed; not at Cambridge or Oxford,

or Glasgow, or Dublin, though in all of these were able pro-

fessors, and professors doing research work; but no place for

students wanting to do so. However, at Edinburgh, Tait

was allowing as a great privilege a few selected, promising

students to go into his own private laboratory and help him

with his researches, and, as they became capable, undertake

part of them by themselves. Here MacGregor was initiated

into the mysteries and delights of research, and began to

"find himself," as an independent worker. The very fewness

of Tait's students thus privileged was a great advantage to

them, for they were very close to him and his work, and had

the benefit of almost private tuition from that great leader in

physical thought.
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The Geiman Universities, on the other hand, had develop-

ed regular schools of experimental teaching, and shrewdly

invited students to come to them from all parts of the globe,

and gave a special degree of Ph. D. to denote the termination

of such a course of training. And thus began that 'set' toward

German training, especially for men from this side of the

Atlantic, that gave German Science and German scientists

an unwarranted prestige, which Germany fostered until

it became almost a cult and required a world-war for its un-

doing. MacGregor spent some time at Leipzig, and became

a staunch believer in the experimental method of teaching

science, and at the same time he became more and more con-

vinced of the part science was to play in the progress of the

future, and of its educational value as well. When he returned

to his native land, it was as an apostle, a missionary, an enthus-

iastic devotee of his beloved Physics. From that time for-

ward he worked and fought for the introduction of more

science into the schools and colleges, with an ardor that no

amount of opposition and conservatism and temporary failure

could subdue; and it was a long uphill fight. He formed soci-

eties for its cultivation, addressed gatherings of teachers and

schools and colleges, preached from the platform and through

the Press. He was not merely an advocate of pure science;

but as truly as we see it today he foresaw the meaning and

value of applied science, and even organized out of voluntary

local talent a still-born Institute along the lines of our modern

Technological Institutes. The result of his efforts within the

University is seen after twelve years of constant fight, when he

had a Faculty of Pure and Applied Science set off and differen-

tiated from the Faculty of Arts. He was made its first Dean.

With all his work as a teacher, and in spite of draw-

backs that would have overwhelmed the average man and

turned him into a mere hack, he never ceased his research

work, but, on the contrary, was remarkably productive. No
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one know better than MacGregor that one has almost got to

be an investigator in order to be a success as an inspiring

teacher. How he managed to do the work he did, with prac-

tically nothing to do it with, has always remained a mystery to

me. One wonders whether he would have accomplished much

more, and how much, if he had had even the modest equip-

ment of our physical laboratory of today. This fact is to be

borne in mind, that his going to Edinburgh was the end of his

career as an investigator; I do not know of a single paper of a

research nature that he published after leaving Dalhousic.

He became a reformer there, and administrative work ab-

sorbed his whole energy—and killed him, a warning of a

barren portion of life and its ending which some of us might

well take to heart.

I was one of his students in 1883-5, and I have been trying

to recall what his so-called laboratory was like in that old

building on the Parade; but though I can well recall the little

lecture-room with its sloping floor, I cannot remember any

laboratory. Of "course, w^e students took only lectures; there

was no such thing as a physical laboratory course. There

was a course in practical chemistry which a few curious

beings elected. I was one whose curiositj^ was aroused; we

had practically no instruction, but were given a book of

directions, and shown the aerie in ths attic called the labo-

ratory, and left to ourselves. We tried many combinations

of the contents of bottles whose properties we were pro-

foundly ignorant of, and got many strange and unexpected

"reactions," and explosions; but how the buildings and our

lives escaped is one of those results which a prophet would

not have foretold. I do not know what chemistry we learned,

in the process, but we came away with a profound respect for

Physics. When in 1887 I came back as tutor in Mathema-

tics and Physics, MacGregor was in his new laboratory in

what we now call the Old Building on Carleton Street. He
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had deisgned it with loving care, and it was in my eyes pala-

tial. There I did my J5rst experimenting. As I recall the

equipment he had then been able to gather together after

about ten years of effort, it seems truly pitiful that such a

man should have had such lack of tools. You could put it

all in a good-sized wardrobe. Most of my work was dene

with a primitive lamp-and-scale galvanometer and Wheat-

stone's bridge and a Kohlrausch box of coils, with some

spools of wire, sealing wax, etc. I spent months rewinding

the galvanometer, resilvering its crippled mirror, and cali-

brating a stretched piece of German-silver wire to act as a

potentiometer. Then another three months weie given to

finding the inversion point of a thermo-couple. I must not for-

get formidable efforts which I made to rehabilitate an Atwood's

machine, whose warped supports, upright in name only, not

in morals, and cogwheels stained with verdigris, pathetically

called for rejuvenation. I got it so that it would go on

Saints' days, when one called out all his patience and

other virtues. This was MacGregor's laborator}', and yet

out of it came all that series of researches, as complete a list

of which as I could make in a hurry I have appended to this.

He had to cut his pattern therefore to suit his cloth; and had

to choose lines of research which could be done with a few

chemicals, glass tubing, a balance, a thermometer, and pluck,

determination and brains. Most of his work at this stage of

his career was in connection with the new ionization theory,

which he did much to advance from certain standpoints. He

always complained to me of the way he felt hampered by his

lack of a thorough grasp of mathematical physics; when I

came back from Johns Hopkins he would frequently tell me

how envious he was of the training I had received on that side

of physics. But I think he did himself an injustice, though

it is true he never trusted himself in that region of investiga-

tion or with that implement of attacking physical problems.
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If MacGregor's laboratory and library equipment was so

mean and inadequate, liis mental equipment was of the very

best. The characteristic I should put first is alertness; he saw

your point before you made it; he saw every side of it; and

almost instantaneously' saw the correctness or the flaws in it-

His reply came back like a flash, and almost beat you with its

suddenness: he fairly overwhelmed you with his arguments

drawn from many points of view. This mental alertness, acute-

ness and keenness was a part of his whole, quick, nervous

make-up; he was built of springs, bodily and mentallj-. Such

an alert and nervous temperament meant that he was not

satisfied until a physical conception was absolutely clear to

himself; he possessed no mist}' or foggy notions; he either knew

a thing or did not know it. This characteristic was chiefly

the secret of his excellence as a lecturer, when combined, as

it was, with a good command of fluent expression. He was

probably the best lecturer on Physics I ever heard; even the

dullest bo}' thought he understood mechanics while at Mac-

Gregor's lecture (but he didn't); the presentation was absol-

teh' logical, the illustration was apt, and there were no super-

fluous words to becloud it all. This type of mind is usually

extremely impatient of dullness of intellect; but ^lacGregor

possessed the necessar}' patience to make hira a great teacher.

I would add to this quality an abounding energy and a great

power of concentration and great tenacity of purpose. Given

these and his enthusiasm, it is easy to realize that the cause

of science was assured of progress in this part of the world,

no matter how much opposition and stubborn stupidity

and prejudice it had to encounter. We, who have followed him

owe him an unpayable debt for the easy path left for us to

tread.

I would not place MacGregor so high as an original think-

er. Keen and analytical as were his faculties, enabling him to

see the bearing of all his knowledge, and, therefore, seemingly,
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fitting him for extending the subject he was considering, he

3^et seems to have given vent to his critical faculties, rather

than to striking out into unknown regions. This will be evi-

dent in his philosophical flights, as when he applied his Sbnsdy-

tical powers to dissect the fundamental bases of abstract

dynamics. His forte was in making knowledge his own, and

passing it on to others, rather than in making his own know-

ledge.

As would be expected from the qualities 1 have presented,

MacGregor was a very expert experimental investigator;

with his skill and ingenuit}^ he made anything into apparatus,

and made a little go a long way, and made it give him pre-

cision too. It would shame any one of us to be asked to re-

produce any of his results with the apparatus he used. With

it all he had a kindly, warm-hearted and cheery disposition,

and a true Scottish loyalty to his friends that made him a

delightful companion. His interests were wide, and he had a

taste for good things in literature and in art, and he could tell

a story or incident well. As a consequence an evening spent

with him in the clouds of discussion and of nicotine were hours

of real enjoyment. Dalhousie has been fortunate in manj^

things, but in no respect more than in the quality of those

members of her staff who dug her ramparts and set up her

bulwarks in her early pioneer years, and of these the name of

MacGregor is not the least.

"Forget not the MacGregor."—(Rob Roy).

Nova Scotian Inst., of Science,

May 13, 1918.

Publications

By Professor James Gordon MacGregor.

On the Electrical Conductivity of Certain Saline Solutions,

with a Note on the Density. (With J. A. Ewing). T. R. S. E.,

XXVII, 51-70, 1873.



PUBLICATIONS. Ixxxiii

Note on the Electrical Conducivity of Saline Solutions.

P. R. S. E., 545-559, 1875.

Notes on the Volumes of Solutions. (With J. A. Ewing).

Nature, 376, Aug. 30, 1877.

On the Electrical Conductivity of Stretched Silver Wires.

P. R.S. E., IX, 79-85, 1878.

The Electrical Conductivity of Nickel. (With C. M. Smith).

P. R.S. E., 120-123, 1878.

The Thermo-Electric Properties of Cobalt. (With C. G.

Knott and C. M. Smith). P. R. S. E., 1878.

On the Thermo-Electric Properties of Charcoal and cer-

tain Alloy's, with a Supplementary Thermo-Electric Diagram.

(With C. G. Knott). T. R. S. E., XXVIII, 321-343, 1878.

On the Variation with Temperature of the Electrical Resis-

tance of Wires of certain Alloys. (With C. G. Knott). T.

R. S. E., XXIX, 599-608, 1880.

The Conditions of Scientific Progress. Inaugural Address,

Dalhousie College Convocation, session 1880-81.

A Short Statement of the advantages of University Con-

solidation. Halifax, 1881.

On the ^leasurement of the Resistance of Electrolytes

by means of Wheatstone's Bridge. T. R. S. C, 21-25, 1882.

On the Absorption of Low Radiant Heat by Gaseous Bod-

ies. P. R. S. E., 24-45, 1883.

On the Resistance to the Passage of the Electric Current

between Amalgamated Zinc Electrodes and Solutions of

Zinc Sulphate. T. N. S. Inst, of Sc, 47-52, 1883.

On the Transition Resistance to the Electric Current at

the bounding surface between amalgamated Zinc Electrodes

and solution of Zinc Sulphate. T. R. S. C, 99, 1883.

On some Experiments shewing that the Electromotive

Force of Polarization is independent of the difference of Po-

tential of the Electrodes. T. R. S. C, 49-54, 1883.

Proc. & Trans. N. S. Inst. Sci., Vol. XIV. Proc. II.
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On the Density and Thermal Expansion of Solutions of

Copper Sulphate. T. R. S. C, 69-76, 1884.

Note on Temperatures of Maximum Density. T. N. S.

Inst. Sc, 226-227, 1885.

On the Density of Weak Aqueous Solutions of Certain

Salts. T. U.S. C, 15-19, 1885.

Report of the Committee of the Royal Society of Canada.

P. R. S. C, 1885.

On the Relative Bulk of Certain Aqueous Solutions and

their Constituent Water. N. S. Inst. Sc, VI, 261-264, 1886.

On the Measurement of Temperature and Time. T. N. S.

Inst. Sc, VII, 20-23, 1887.

Elementary Treatise on Kinematics and Dynamics.

1887, (Macmillan).

On the Elementary Treatment of the Propagation of

Longitudinal Waves. T. N. S. Inst. Sc, 89-92, 1888.

A Table of the Cubical Expansions of Solids. T. R. S. C,

3-16, 1888.

Opening Address. T. N. S. Inst. Sc, VII, 185-196, 1888.

On Carnot's Cycle in Thermodynamics. T. N. S. Inst.

Sc, VII, 227-230, 1889.

On the Variation of the Density with the Concentration of

Weak Aqueous Solutions of Certain Salts. T. R. S. C, 23-

31, 1889.

Opening Address. T. N. S. Inst. Sc, VII, 319-336, 1889.

On Calculus Dodging and other Educational Sins-—Address

delivered at the opening of the Physical Classes of Dalhousie

College, session 1889-90.

On a Noteworthy Case of the Occurrence of Ice in the

Form of Non-Crystalline Columns. T. N. S. Inst. Sc,

VII, 378-380, 1890.

On the Relative Bulk of Aqueous Solutions of certain Hy-

droxides and their Constituent Water. T. N. S. Inst. Sc,

VII, 368-376, 1890.
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On a Test of Ewing and MacGregor's method of measuring

the Electrical Resistance of Electrolytes. T. R. S. C, 49-

56, 1890.

On the Densit}' of weak Aqueous Solutions of certain Sul-

phates. T. R. S. C, 19-37, 1890.

Presidential Address. T. N. S. Inst. Sc, VIII, i-v, 1890.

On the Variation with Temperature and Concentration

of the Absorption Spectra of Aqueous Solutions of Salts.

T. R. S. C, 27-41, 1891.

On the Density of Weak Aqueous Solutions of Nickel

Sulphate. T. R. S. C, 15-17, 1891.

On some Lecture Experiments illustrating Properties of

SaHne Solutions. T. N. S. Inst. Sc, 71-75, 1891.

Presidential Address. T. N. S. Inst. Sc, VII, xxxi-xxxv,

1891.

On the Fundamental Hypotheses of Abstract Dynamics.

T. R. S. C, 3-21, 1892.

On the Fundamental Hypotheses of Abstract Dynamics.

Science, Aug. 5, 1892.

Contact-Action and the Conservation of Energy. Phil.

Mag., 134-142, 1892.

On the Hypotheses of Dynamics. Phil., Mag., 234-264,

Sept., 1893.

On the Definition of Work Done. T. N. S. Inst. Sc,

IX, 460-464, 1895.

On the Hypotheses of Abstract Dynamics. T. R. S. C,
I, (2), 85-95, 1895.

On the Calculation of the Conductivity of Mixtures of

Electrolytes. T. N. S. Inst. Sc, IX, 101-119, 1896.

On the Calculation of the Conductivity of Mixtures of

Electrolytes. Phil. Mag., 277-287, April, 1896.

On the Calculations of the Conductivity of Electrolytes.

T. R. S. C, II, 1896.
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On the Relation of the Physical Properties of Aqueous

Solutions to their State of Ionization. T. N. S. Inst. Sc,

IX, 219-245, 1896.

The Hypotheses of Abstract Dynamics and the question

of the number of the Elastic Constants. Phil. Mag., 241-245^

Sept., 1896.

Review of Carhart's Electrical Measurements. P. R.,

IV, 265-267, 1896.

Obituary Notice of the late Professor George Lawson.

P. N. S. Inst. Sc, IX, 1896.

On the Relation of the Physical Properties of Aqueous
Solutions to their state of Ionization. Phil. Mag., 47-109,

Jan., 1897.

On the Calculability of the Results of Electrolysis in Solu-

tions containing two Electrolytes with one Ion in common.
T. R. S. C, IV, (2), 117-148, 1898.

On the Conductivity-Method of Studying Moderately

Dilute Aqueous Solutions of Double Salts. Phil. Mag.,

509-519, Dec, 1898.

On the Calculation of the Conductivity' of Aqueous Solu-

tions containing Two Electrolytes with no Common Ion.

Phil. Mag., 151-157, Feb., 1898.

Note on the Variation with Tension, of the Elastic Pro-

perties of Vulcanised India-Rubber. P. N. S. Inst. Sc, X,

1898-99.

On the Applicability of the Dissociation Theory to the

Electrolysis of Aqueous Solutions containing two Electrolytes

with a common Ion. P. R., VIII, March, 1899.

On Finding the Ionization of Complex Solutions of given

Concentration and the Converse Problem. T. N. S. Inst.

Sc, X, 67-78, 1899.

Matter, Energy, Force and Work. P. R., IX, 59-64,

1899.
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The Utility of Knowledge-making as a means of Liberal

Training. Address delivered at the opening of the fortieth

session of Dalhousie College, Sept., 1899.

On a Diagram of Freezing-Point Depressions for Electro-

lytes. T. N. S. Inst. Sc, X, 211-234, 1900.

Ueber die Bestimmung der Dissociation von zusammen-

gesetzten Losungen von gegebener Konzentration und uber

das umgekehrte Problem. Z. f. Physik. Chemie, XXIII,

529-539, 1900.

On the Depression-of the Freezing-Point in Aqueous Solu-

tions of Electrolytes. T. R. S. C, VI, (2), 3-19, 1900.

Research in the Scottish Universities. Inaugural lecture

delivered at the University of Edinburgh, October 15, 1901.

Dalhousie University.

Dalhousie University.

MacGregor's Resea]

A. Stanley Mackenzie 1885 :

E. Mackay 1886 :

A. M. Morrison (deceased) 1888

H. M. Mackay 1888 ]
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C. L. Moore 1891 :

T. C. MacKay 1893 1
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C. C. A. Lange 1895
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J. Barnes 1899 ]

T. C. Hebb 1900 1

R. S. Boehner 1901

L. L. Burgess 1905

McGill University.

North Battleford.

Dalhousie University.

Arizona University, Tucson

Regina.

University of British Col-

umbia.

Dalhousie University.

Univ. of British Columbia.

Bryn Mawr College

University of British Col-

umbia.
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Dr. A. H. MacKay, Superintendent of Education for the

Province, desired to put on record the highly valued work of

MacGregor for the Public Schools, as Provincial Examiner in

the scientific subjects of the Provincial High School Program,

from 1893 to his departure for Edinburgh in 1901.

The President on bringing the meeting to a close said:

Your Honor, ladies and gentlemen:

—

Dr. Mackenzie has given us exactly what I hoped he

would, an appreciation of MacGregor the man and an account

of the work of MacGregor the scientist. Dr. Mackenzie has

stated clearly to us the nature of the contributions to science

made by MacGregor, as well as shown us that he had pro-

nounced views on the Philosophy of Science.

As regards the place of science in education in Nova
Scotia, Professor MacGregor seems to have been a pioneer;

and it is fitting that we should remember the work of all

pioneers, especially that of him who was one of the brightest

ornaments of the premier University of this Province.

I consider it a privilege to have been entitled to be in the

chair this evening, a chair once occupied by MacGregor him-

self, and I regard it as an honor that it has fallen to me to

take some part in a ceremony that has been designed for the

special purpose of honoring him.

On motion of the President, seconded by His Honor
the Lieutenant Governor, a unanimous vote of thanks was

passed to the donor of the portrait.
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Third Ordinary Meeting.

Physiological Lecture Room, Dalhousie Medical Colic rje,

Halifax; loth May, WIS.

The President, Du. D. Eraser Harris, in the diair.

Prof. John Cameron, M. D., D. Sc, F. R. S. E., read a

paper on "Two Remarkable Skulls from the New Hebrides,"

with lantern illustrations. (See Transactions, page 403).

The subject was discussed by the President, Dr. E. Mac-
Kay (who gave results of a chemical examination of a painted

clay mask attached to one of the skulls), Prof. McIntosh,

G. W. T. Irving, Colonel Croll, M. D., Dr. A. H. Mac-
Kay, H. Piers and Dr. S. T. Ritchie.

Dr. a. H. MacKay, read by title a paper on "Phonological

Observations, Nova Scotia, for 1917." (See Transactions,

page 395).

Harry Piers,

Recording Secretary.
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TPxANSACTIONS

^oba ^cotiau tiieititutc of Science,

SESSION OF 1914-1915.

The Distribution of the Active Deposit ok Thorium
IN AN Electric Field.—By G. H. Henderson, B.A.,

B. Sc, Instructor in Physics, Dalhousie University,*

Halifax.
(Read November 9th, 1914.)

The problem of the distribution of the active deposits of

radio-active substances in electric fields is an old one and was
early investigated by Rutherford\ Russ", Kennedy^, and oth-

ers. In much of this early work no attempt at precision was

made and a considerable part of it was rendered of doubtful

value by faulty experimental arrangements. The problem

in the case of radium was more recently taken up by Wellisch

and ronson^ and by Wellisch^ and in the case of actinium

by Walmsley.^

It was felt that a similar investigation of the active de-

posit of thorium was timely and might throw further light

on the mechanism producing the charged condition of the

active deposit particles and on the conditions which affect

their distribution in electric fields.

* Contributions from the Science Laboratories of Dalhousie University—(Physics).

1. Rutherford, Phil. Mag., Feb. 1900, .Jan. 1903.

2. Ru3s. Phil. Mig, June , 190S.

3. Kennedy, Phil. Mag.. Nov. 1909.

4. Wellisch and Bronaon, .A.m. Journ. S<-i. XXXIII, May 1912.

5. Wellisch, Am. Journ. Sci. XXXVI.. Oct. 1913.

6. Walmsley, Phil. Mag.. Sept. 1913.

Paoo. & Tbass. N. S. iMsr. Set., Vol. XIV. Trws. 1.
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Practicallj^ all the testiag vessels used in the above re-

searches were cylindrical cases having an insulated rod in

the centre. These vessels have the disadvantages of having an

ununiforni field and of presenting surfaces of unequal area to

the active deposits. Therefore it was decided to try vessels

having parallel plate electrodes. It is important that the

testing vessel be so constructed that the active deposit

particles or "rest atoms" would be deposited only on the elec-

trodes and none on other parts of the vessel where they would

remain unmeasured. To accomplish this several types of

vessels were used, onlj^ two of which need be described. The

construction of the first type is shown in Figs. 1 and 2. The

electrodes were cut out of zinc as shown in Fig. 1. The flaps
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Fig. 1.
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were folded over on the dotted Hues running a sliallow box

one end of which was missing. Two of these electrodes, their

hollow sides facing; one another, were slipped open ends down-

wards into a wooden case. The electrodes and case set up

ready for an exposure are shown in cross section in Fig. 2.

A A are the electrodes, B B is the case, C C are wooden pegs

fixed in the sides of the case to separate the electrodes Che

edges of these were .3 cm. apart makin'^ the main parts of

the plates 2.8 cm. apart. D is the bottom on which the case

rests. It projects up a short distance inside B. The top of

this projection is slightl ' hollow id out, formin ; a shallow

trough G on which lay the thorium hydroxide, which was

used as source of the thorium emanation. The plates rest

on the rim of the trough. E E are leads and F is the cover

of the box. All the wooden parts of the apparatus were

boiled in paraffin to secure good insulation. Owing to the

long period of thorium B (10.6 hours) the experiments neces-

sarily proceeded with some slowness. Exposures varying

from 6 to 36 hours were made, about 24 hours being usual.

The plates were then removed from the vessel and their

activities measured. As the decay curve for thorium active

deposit of long exposure is practicall ' flat for the first half

hour, no correction for decay during the time of measure-

ment was needed, and even with exposures as short as 6

hours only a small correction was required. This has been

applied when necessary. The activity of the plates was

measured by an a ray electroscope, similar to that described

by Rutherford.^ I'he earthed case of the electroscope was

surrounded by a second case of cardboard with glass windows,

to protect the instrument from extraneous effects of air

currents and temperature. A water filter was als used to

eliminate the heating effect of the lamp. The gold leaf was

charged to 200 volts and its rate of fall vyas observed through

a tele-microscope. The time required to pass over a certain

1. Rutherford, Radio-Active Substances, p. 90, fig. 12.
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number of scale divisions was measured with a stop watch.

This range of scale was kept the same for any given experi-

ment. A correction for the natural leak of the instrument

was always applied. Chis correction was usuall/ a small

fraction of th anode activity.

A typical set of measurements is given below:

Box 8 Plates 10 Voltage = 40.4. Dry air over Ho SO4. Set

up 2:15 P.M. Oct. 25, 1914.

Plates removed 9: 01 A.M., Oct. 26, 1914.

Plates. Period. Divisions. Time. Rate.

.:5906

.0168

Cor. Rate.

.:3880

.0142

10-

10+

25.6"

9' .W.O"

60-50

60-50

9: 05 A.M.

9: 16 A.M.

Percentage cathode activity = 96.5.
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The first line gives the conditions under which the ex-

posure took phice. :"'he first column shows the electrode

measured. The column marked "Period" gives the time

taken by the gold leaf in moving over the scale divisions in-

dicated in the next column. The column marked "Time"
shows the time of conclusion of each measurement. The
next column shows the rate of fall of the needle, while the

last column shows this rate corrected for natural leak, and

the decay when necessary. The corrected rate is a measure

of the activity of the plate. The percentage cathode act-

ivity

_ Cathode activity X 100.

Cathode activit r + anode activity.

The error in the values of the percentage cathode activity

was mainly that made in measuring the anode activity. This

error was seldom as much as 2 per cent. The readings were

usually repeated several times and the mean taken.

An objection to these vessels might be raised, namaly,

that the plates are very close together at the edges, and that

this distorted field was the determining part of the field.

That this was not the case was shown as follows:

An exposure was taken as usual. The activities of the

plates were measured as usual. Then the plates were covered

with a zinc screen neatly covering the whole of the plates

except a part in the flat portion of the plate where the screen

was cut out, and which could expose a portion of either the

top or bottom half of the plate. The size of this opening

was 5.8 X 2.8 cm.

The activities of the plates were then measured with the

lower and upper portions exposed. he results follow: Box

6. Plates 15. Volts 2.1. Laboratory air.
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Whole Plates.

Activity on cathode = .604.*

" anode = .294.

Percentage cathode activity = 67.3

Total activity on two plates = .89

L *wer Portion Exposed.

Activity on cathode = .228.

" anode = .114.

Percentage cathode activity = 66.7

Total activity = .33.

Upper Portion Exposed.

Activity on cathode = .157.

" " anode = .076.

Percentage cathode activity = 67.3.

Total activity = .23.

The size of the opening was about 22% of the total area

of the plates including the sides. The relative total activities

would show that the density of active deposit on the edges

was less than that on the flat portion of the plates.

In general, fairly satisfactory results were obtained with this

type of vessel. However, some discordant results were obtained

which were hard to explain, but it was thought that the large

amount of insulating material surrounding the electrodes

might be the cause of these irregularities.

A second type of vessel was therefore constructed which

avoided this difficulty as far as possible. End and side views

of this vessel are shown in Fig. 3. The plates, which were of

zinc, were made on the guard ring principle. The main

plates, A, 5.8 cm. square, were slipped into place and held

there by short lugs which engaged with clips on the back of

the guard plate, B. The guard plates were 13 cm. square

with an opening of 5.9 cm. square in the centre to receive the

Arbitrary units.
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plates, A. The guard plates were kept 3.0 cm. apart by wood-

en blocks C and D at top, and bottom. The latter were

supported on glass legs, E. The apparatus was set in a

shallow glass dish and was covered by a rect-

angular glass jar. Control of the atmospheric conditions o^

the exposure was obtained by sealing the bell jar with a layer

of liquid in the shallow glass dish. To secure dry air, con-

centrated sulphuric acid was the liquid used. In experi-

ments on the effect of water vapor, water replaced the acid.

For other gases a mercurj- seal was used to keep the desired

vapor in the vessel. The thorium hj'-droxide was placed in a

shallow wooden box G, under the plates and supported by

the glass legs E. Connections with the plates were made by

wires passing through glass tubes, F F, bent to pass under the

bell jar through the liquid.

A number of advantages can be claimed for this type of

vessel in studying the distribution of the active deposits.

The field is practically uniform over the plates A, any

distortion of the field at the edges being eliminated bj^ the

guard plate.

No insulating material is near the electrodes.

Equal areas of electrodes are presented to the active

deposit.

The activities of the two plates are measured under iden-

tically the same conditions, in the most simple manner, by a

gold leaf electroscope.

Good control of gaseous conditions can be secured.

A series of observations was made with applied potentials

varying from 6 to 12,000 volts. The highest voltage was

obtained by the use of a Wimshurst machine run by an electric

motor. The length of the spark gap was .35 cm. and the

diameters of the knobs 3.0 cm. and 1.5 cm., giving an estimated

voltage of 12,000. The air was dried by standing over con-

centrated sulphuric acid. The results obtained are shown in

Table 1 and plotted in curve A, Fig. 4.
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Table 1.

200 240 280 320

Volts. Percentage cathode
activity.

6.4 82.9

14.1 91.4

14.0 92.0

14.1 91.0

20.4 94.7

32.0 95.9

40.4 96.5

120.0 98.6

12,000.0 99.8

It will be seen that this curve has the general shape of the

ionization saturation curve. The percentage cathode act-

ivity at 12,000 volts is the mean of three observations, in one

of which the activity of the anode measured less than the nat-

ural leak. As this value differs from 100 by less than the

observational error, there is no evidence to show that initial-

ly any fraction of the rest atoms is neutral. It must be under-

stood that the use of the word initially, as in this instance,
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refers only to a time after that infinitesimal fraction of a

second during which recoil is operative. This curve differs

in two respects from that found by Wellisch and Bronson

for radium. (1) It reaches approximate saturation at much
lower voltages. (2) There seems to be no evidence that any
fraction of the rest atoms is initially unchanged. Experi-

ments showed that the dimensions and form of the testing

vessel and the concentration of the rest atoms are largely

responsible for (1), and that approximate saturation in air is

reached with about the same potential gradient for thorium

as for radium.

Thus the evidence in the case of dry air would indicate

that initially all the rest atoms of thorium are positively charg-

ed and that all the activity on the an ode at low voltages is due to

these rest atoms losing their charge by recombination with

negative ions in the air.

It was found by Wellisch and Bronson that 10.4 per cent,

of radium rest atoms were initially uncharged in dry air.

Experiments were made to test whether this difference be-

tween radium and thorium was due to the type of vessel used.

The percentage cathode activity in the case of radium

was measured with parallel plate vessels. The source of

radium emanation used was a layer of radium chloride de-

posited on a sheet of aluminum. Preliminary measurements

with the first type of vessel described, showed that this frac-

tion was of the same order as that found by Wellisch and

Bronson for cjdindrical vessels. Later the experiment was

repeated using the second type of vessel and a potential of

about 12,000 volts supplied by the Wimshurst machine. The
percentage cathode activity was found to be 5.2. This would

make the total fraction unaffected by the electric field 10.4

per cent, in good agreement with the latest value (11.8) found

by Wellisch^

1. Wellisch, Phil. Mag. Oct. 1914.
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The distribution of the thorium active deposit was also

measured in cylindrical vessels. The vessels were of the

usual type. Air dried by passing over phosphorus pentoxide

was passed over thoriuiji hydroxide, and then through the

testing vessel at a slow enough rate so that practically all

the emanation would decay in the vessel. The activities of

the rod and casC; the rod being used as cathode, were measured

by means of a Dolezalek electrometer. The activity of the

rod was measured in a cylindrical vessel, free from active

deposit, of the same dimensions as the anode case; while

the latter was tested with a clean rod similar in dimensions

to that used as cathode. The same general results were ob-

tained as with the parallel plate vessels although the voltage

necessary to bring over a given fraction of the rest atoms on

to the cathode was higher owing to the difference in shape of

the vessels. A similar rise of percentage cathode activity

with voltage was found. With 280 volts (the highest used),

the percentage cathode activity was 95.3.

From these experiments it will be seen that parallel plates

and cylindrical vessels give concordant results.

To test if the variations between thorium and radium

might be due to a surface effect of the electrodes, experi-

ments were made to see if the surface conditions of the elec-

trodes had any effect on the distribution of the rest atoms.

Experiments with copper and lead electrodes gave results

similar to those obtained with zinc plates. The state of polish

of the electrodes also had no effect on the distribution. These

results are in accordance with those found for radium by

Wellisch^ and by Walmsley-.

An interesting result found by Godlewski^ might be re-

ferred to here. He found that on electrolyzing a solution of

actinium, the active deposit was transported to the cathode,

only when the cathode plate had previously been used as

1. Wellisch, Am. Joum. Sci. Oct. 13.

:'.. Walmsley Phil. Mag. Oct. 14.

3. Godlewski, Bull. Acad. Sci. de Cracovie, June 1913.
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anode, and hence was electrolytically saturated with hydrogen.

To test if a similar effect took place with thorium in air, ex-

periments were made, using as cathodes plates previously

used as anodes, and vice versa. No effect was detected within

the limits of observational error.

It was found by Wellisch and Bronson that in the case of

radium a much greater proportion of the rest atoms were

uncharged in an atmosphere containing water vapor than in

dry air. The effect of water vapor on the distribution of

the rest atoms of thorium was accordingly tried. In order to

obtain the maximum effect possible with water vapor ex-

periments were made with air saturated with water vapor

at room temperatures. This was accomplished by substitut-

ing water for the sulphuric acid of the previous experiments

so that the plates stood over water. As the temperature of

the laboratory varied from day to day the conditions under

which the different results were obtained were not identical.

The general effect however is seen in table 2, and is plotted

in curve B, Fig. 4.

Table 2.

Volts. Percentage
cathode activity.

6.4 66.5

14.1 73.7

20.3 78.8

40.0 84.8

99.7 93.4

196. 96.0

313. 97.2

The effect of water vapor is evidently to greatly increase

the ralre of recombination. The^question of its effect on the

initial charged condition of the rest atoms will be referred to

after the effects of ether vapor have been discussed.
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It was found by Wollisch^ that in an atmosphere of 8 cm.

of ether vapor all the radium rest atoms were uncharged.

The effect of adding ether vapor to the air was found to be

very marked in the case of thorium. The apparatus was

placed under a bell jar from which the air was then exhausted.

Ether vapor in different quantities was added, air was then

allowed to enter till atmospheric pressure was reached. The

results obtained are shown in table 3 and graphically in fig. 5.

The potential employed was 40 volts and old type vessels

were used.

Table 3.

Ether added in

cm. mercury.
Percentage

cathode activity.

96.5

3.8 83.8

9.9 68.0

15.7 60.6
37.2- 54.5

The effect of different potentials in the case of ether vapor
is shown in table 4. The ether vapor was saturated at room
temperatures and the results therefore are not strictly com-
parable. The general effect however is seen. Old type ves-

sels were used.

Table 4.

Volts.
Percentage

cathode activity.

13.9

40.0

292.0

51.1

54.5

62.3

1. Wollisch, Phil. Mag, Oct. 1914.

2. Estimated, air saturated.
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O

10 20 30

Ether added in cms. of Merciuy.

Fig. 5.

40 50

Two conclusions are suggested from these tables. 1st.

With a given voltage the percentage cathode activity de-

pends on the quantity of ether vapor present. 2nd. There

is no evidence that with high potentials a value at all near

100 exists for the percentage cathode activity. This evidence

points to the conclusion that part of the rest atoms are initial-

ly charged and part uncharged, and that the relative amounts

of charged and uncharged rest atoms depend on the relative

quantities of ether and air.
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To further test this point, the following experiments were

tried, the voltage in both cases being 313.

1st. The testing vessel was placed under a bell jar, the

air exhausted and 10.2 cm. of ether vapor allowed to enter.

Then air was admitted till atmospheric pressure was reached.

The percentage cathode activity was 63.8.

2nd. The testing vessel was set up under a bell jar as

before and the air exhausted to 0.7 cm. Then 10.2 cm. ether

vapor were added and the exposure taken under a total pres-

sure of 10.9 cm. The percentage cathode activity was 50.8.

A similar effect in the case of water vapor was sought.

The bell jar containing a dish of water in addition to the

testing vessel was exhausted to 1.6 cm. and an exposure taken

using a potential of 312 volts. Owing to leakage the final

pressure was 2.3 cm. The percentage cathode activity was

79.9. The exact proportions' of water vapor and air in the

bell jar were hard to determine but at least half the pressure

was due to water vapor.

At such low pressures the percentage of the active deposit

on the anode is increased due to recoil of the rest atoms. In

order to test whether recoil could wholly account for the low

value of the percentage cathode activity with water vapor,

an exposure was taken using dry air at initial and final pres-

sures of 1.35 and 1.55 cm. respectively. The percentage

cathode activity was 94.6.

Thus we see that in an atmosphere of pure ether all the

rest atoms are uncharged, which further strengthens the con-

clusions drawn from tables 3 and 4. The results with water

vapor point towards similar conclusions, notwithstanding the

experimental difficulty; the pressure of the water vapor being

necessarily small, and there being a considerable fraction of

air present.

Experiments tried in atmospheres of various other sub-

stances gave no evidence that in any pure atmosphere the
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rest atoms were initially partly charged and partly uncharged.

In this respect thorium seems to differ from radium. It was

shown by Wellisch that, in hydrogen and in carbon dioxide,

the rest atoms of the latter are partly charged and partly

uncharged. The case of air is peculiar as it is a mixture.

Further investigation along these lines is in progress.

Summary.

A new type of vessel for this kind of work has been de-

veloped and its advantages noted.

It has been shown that in dry air all the thorium rest

atoms are initially positively charged.

In pure ether vapor all the thorium rest atoms are initially

uncharged and in a mixture of ether vapor and air the charged

condition of the rest atoms depends on the relative amounts

of ether vapor and air present. A similar state of affairs

appears to be true with water vapor.

In conclusion I wish to express my best thanks to Dr.

Bronson, who suggested the work and without whose con-

tinued interest this work would not have been possible.



A Physical Measurement of X-Rays.— liv Howaud L.

Bronson, Ph. D., Projcssor oj Physics in Dalhousis

University.
(Road 15 March 1915)

Introduction.

The use of Roentgen rays by the medical profession has

increased very rapidly during the past few years, but, as yet,

no method of measurement has been generally accepted.

At present a large variety of instruments, methods, and units

are used. For adding another method to the number already

too large, the writer finds his justification in the fact that he

not only employs a physical measurement of some accuracy,

but also that is it not too complicated for practical use. All

the physical principles used are old and have bsen used

before.

The problem was suggested to the writer several years

ago by Dr. G. P. Girdwood of Montreal, but a satisfactory

galvanometer was not available at that time. The galvano-

meter needed for this work should be of the D'Arsonval

type with a sensitiveness of at least 5 x 10"^" amperes per

scale division, but should not be delicate mechanically.

The resistance of the galvanometer is unimportant, but it

should have as short a period as possible and at the same time

be critically damped on open circuit. Dr. Edward Westoii

has recently developed an instrument which just meets these

requirements. One of these he very kindly loaned for this

work. The other things essential for satisfactorily carrying

out this work were supplied by Dr. W. H. Eagar of Halifax,

who was kind enough to place his office and most excellent

X-Ray equipment at my disposal. In addition to this,

experiments were carried on at Dalhousie University and at

the Nova Scotia Technical College with the apparatus belong-

ing to these institutions.

Froc & Trans. N. S. Inst. Sci., Vol. XIV. Tra.vs. 2.

(17)
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Roentgen rays are commonly used for two distinct

purposes:

(1) For diagnostic work by means of fluoroscope and

radiograph;

(2) For their therapeutic action.

In each case it is important to know both the quantity

or intensity and the quality or hardness of the rays furnished

by the tube. There are two general methods of measurement:

(1) -The electric energy delivered to the bulb is measured

and it is assumed that all or a constant fraction of this leaves

the bulb as X-rays. A recent article by Dr. G. W. Holmes*

shows that experience would seem to justify this assumption.

This method does not distinguish directly between the quan-

tity and quality of the rays, but the applied potential is taken

as a measure of the hardness;

(2) The quantity and quality of the rays themselves

may be directly measured; the quality by some form of

penetrometer, which involves the comparison of the intensity

of illumination of two surfaces; the quantity by the change

produced in the color of some substance, such as barium

platino-cyanide, in which case a color comparison is involved.

In a few cases the ionization produced in air has been

used as a means of measuring the strength of the rays. Ex-

cept for experimental difficulties, this should be the ideal

method as practically all the evidence indicates that the

various effects of Roentgen rays are directly related to their

ionizing action. A simple direct reading instrument, making

use of this principle, has been recently described by Dr. B.

Szilardf. For some purposes this instrument should prove

very useful, but for others the length of time necessary to

get a reading would be objectionable. The instrument is

calibrated to give directly the total number of ions formed in

1 c.c. of the air exposed to X-rays during the time of an

exposure.

*The American Journal of Roentc^enology, May, 1914.

t.\rchive3 of the Roentgen Ray, June, 1914.
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The writer also makes use of the ionizing action of X-rays,

but employs quite a different method for measuring it. He is

able in a few seconds to determine with considerable accuracy

the intensity and hardness of the rays, as well as the time

of exposure necessary to obtain radiographs of proper density,

even under verv unfavorable conditions.

ALSqA
LeaJ Sheet.

AL£aA

|o lesfino ]/es5el

18 cm.

C Ah Sh^^h

D 5efl/;n^ Wax-

Dunamo ordaikru. Lead Cable,

Hioth Resistance.

Fi^. I-

Apparatus.

Figure 1 shows a section of the testing vessel drawn

approximately to scale and gives a diagram of connexions.

The galvanometer was a Weston Model 89, having a tripod

base, and was very easily adjusted by means of an attached

spirit level. It was mounted on a window-stool, shelf or

mantel according to circumstances, and its deflection was

read by means of a lamp and scale. With the scale at a

distance of one meter, it gave a deflection of 1mm. for a

current of 3 x 10~^° amperes. The high resistance R. of about

10^ ohms, was made by a pencil line on ground glass and was

used merely to protect the galvanometer. The resistance of
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the testing vessel was so high in comparison that R can be

neglected in the calculations. ^I may be anj' fairly steady

source of potential, high enough to produce practical satura-

tion. It should be at least 100 A'olts and was about 200 in

the present experiments. Sometimes it was obtained from

storage cells and sometimes from a small 220 volt D. C.

motor used as a dynamo and driven by a small A. C. motor.

One potential terminal was connected to the outside

lead covering of the testing vessel and the other to the insu-

lated aluminum foil E. The foil F was used to protect E
from possible electrostatic action, and both were too thin

to produce appreciable absorption of the X-rays. The
aluminum plate C was very carefully insulated on sealing

wax so that the galvanometer would be sure to measure the

current due to the X-ray ionization between the plates E
and C. The wire leading from C to the galvanometer was a

small lead covered cable. The lead cover was connected

through the high resistance R to one terminal of the galvano-

meter and to the lead case of the testing vessel, thus com-

pleting the circuit.

The X-ray tube was mounted at any desired distance

directly above the opening F. The size of the bundle of

rays entering the vessel was determined by placing on top

of the vessel a lead sheet with suitable opening. Six tubes

of various makes and construction were used and similar

results were obtained with all. The smallest tube was

about 13cm. in diameter and had a light platinum target,

and the largest was about IScm. in diameter and had a

heavy tungsten target.

The different sources of power used included a large and

a small induction coil with both Wehnelt and mechanical

interrupters and a high tension transformer and commutator
(Waite and Bartlett Mfg. Co.), giving an interruptcrless

current. The current through the tube was measured by
a milliammeter, but the spark gap was the only means at
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my disposal of estimating the potential on the tubs. In

the various experiments the currents used varied from 5

to 0.3 milliamperes and the spark gap from 8 to 18cm.

Experimental Methods and Results.

The present investigation may ba divided into three

di'stinct parts:

(1) To discover whether the action of Roantgen

rays on a photographic plate is proportional to the

ionization in the air near the plate, and thus to ba able

to determine the proper length of time for an exposure;

(2) To compare the action of the rays on a Sabour-

aud pastille with their ionizing action;

(3) To find an accurate method of comparing the

hardness or penetrating power of the raj's.

(1)

In order to test the first point the ionization current was

measured with some object, for example several sheets of

glass, aluminum or lead, covering the opening F of tha

testing vessel. Then a photographic plate, covered by th3

same object, was exposed to the action of the rays, produced

under the same conditions as before. The X-ray plates

used were either Ilford or Wellington, the developer was

carefully prepared according to the maker's directions, and

great pa'.ns was taken to alwa3^5 use the same quantity of

fresh developer at the same temperature and to develop for

the same length of time.

It was discovered by preliminary experiments that an

exposure of 5 sec. gave a satisfactory negative, when the

deflection of the galvanometer was 40mm. with a bundle

of rays 100 sq. cm. in area. Thereafter the time of exposure

of any plate was adjusted to be inversely proportional to th3

current through the galvanometer, that is, the product of the
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time of exposure and the deflection of the galvanometer

was always 200.

The procedure in a particular case where six sheets of

lead foil, each .026mm. in thickness, was to be the subject

radiographed, was as follows: The six sheets of foil were

first placed over the opening F, the tube was started up and

the galvanometer deflection was 30mm. The foil was then

removed from F and a small photographic plate was placed

at C. Upon this there were placed, side by side, three

strips of lead containing respectively 4, 6 and 8 thicknessess

of the above foil. The strips with 4 and 8 thicknesses each

were used merely to have some contrast on the negative.

The plate was then exposed for -30-= 7 sec, with the tube

working under as nearly as possible the same conditions

as previously.

Over one hundred radiographs were taken as described.

Various thicknesses of glass, aluminum and lead were used

as the subjects for the radiographs and the rays in the different

experiments differed widely in their characteristics, but the

negatives showed practically the same photographic action

on those portions covered by the materials under examina-

tion. Table I gives a record of six plates, all having lead

foil for the subjectjof the radiograph, but taken with rays

which were very different for the different plates. The
first three were taken with a 17cm. tube having a tungsten

target and using an interrupterless current and the last

three with a 13cm. tube having a platinum target and operated

by a small induction coil and a mechanical interrupter.

The density of the negatives appeared to be alike within

the limits of accuracy of the various measurements..
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Table I.

Plate
No.

Milliam-
meter. Spark Gap. Lead. Gal. Defl. Exposure.

91 1.1 unknown .104mm. 23 9 sec.

95 4.1 unknown .208mm. 16 12.5 sec.

96 3.1 unknown .208mm. 29 7 sec.

10 0.38 18cm .104mm. 7 29 sec.

10 9.38 18cm .156mm. 5.5 36 sec.

107 0.50 9cm .104mm. 5 40 sec.

A comparison of the currents through the tube with the

galvanometer deflections, in the cases of 95 and 96 and of

105 and 107, shows how unsafe it is to judge the intensity of

the X-rays by the milliammeter alone. In both cases the

current through the tube increased, but the galvanometer

reading decreased, and the radiographs showed that the

desired results were obtained by increasing the time of ex-

posure, as w^as actually done. We must conclude then that

the relative action of Roentgen rays on a photographic

plate and in ionizing the air near the plate remains practi-

cally constant, however the rays themselves may be altered.

In order to compare the absorbing power of various

parts of the body wnth various thicknesses of lead foil, radio-

graphs of the knee, the thigh and the chest were taken with

lead foil of varying thicknesses on the same plates. The
results were rather unsatisfactory, because somewhat dif-

ferent results were obtained with rays of different hardness,

and in practice it would be better to use aluminum sheet

in place of lead foil for this purpose. However, the negatives

showed about the same density for the following when the

penetration was 8 or 9 Benoist:

Knee joint and 8 thicknesses of foil each .026mm.
Thigh bone and 10

Flesh of thigh and 8
" "

Ribs and 10 or 12 "
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By making such a comparison once for all, and using

aluminum instead of lead, it would be possible in a few

seconds by a single reading of the galvanometer, with proper

thickness of aluminum over the testing vessel, to determine

the time of exposure necessary to obtain a satisfactory

radiograph of any part of the body. Of course, this would

be of no practical value for powerful installations, where

exposures are for only a second or two, but might be of great

value where exposures for a considerable time have to be

made.
(2)

In order to investigate the second point, a Sabouraud

pastille was placed on the aluminum foil at F and exposed,

sometimes to the direct action of the X-rays and sometimes

with slight aluminum screening. During the time of exposure

the deflection of the galvanometer was read at regular intervals

The average of these readings multiplied by the time of

exposure and by the galvanometer constant gave the charge

that passed through the galvanometer, and this divided by

the volume of air ionized and by the number representing

the change in color of the pastille, as measured by Dr. Hamp-
son's radiometer, should give a constant K, if the effect

on the pastille is proportional to the ionization produced in

the testing vessel. The last nine comparisons gave the

following values for K: 2.4, 2.6, 2.7, 2.4, 2.5, 2.6, 2.4,2.4, and

2.6, all multiplied by 10^ Thus, we see that this method

furnishes an accurate and quick method of testing the thera-

peutic action of any tube. In these experiments only the

interrupterless current was used, but hard and soft tubes

were tried with currents varying from 1 to 5 milliamperes.

(3)

Less attention was paid to the measurement of hardness

than to the previous parts of the work, but a numl)cr of

experiments were tried to see how the ionization current
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through the testing vessel is changed by various thicknesses

of lead or aluminum placed over the opening F, and in each

case the hardness was measured by a Benoist penetrometer.

Table II shows the nature of the results obtained in a single

experiment.
Table II.

Hardness.
Sheets of Lead Foil,

each .26inm thick.
Gal. Defl. % of Max. Defl.

9 Benoist

100

47

29

14

Table III gives a summary of the results obtained with

different tubes of various degrees of hardness. Columns 3

and 4 give the thickness of lead and aluminum necessary to

reduce the ionization to half value. Column 5 gives the

ratio of the ionization when there are two and when there is

only one sheet of lead foil over F, and column 6 gives a

.similar ratio of the ionization for 4mm and 2mm of aluminum.

Table III.

Tube. Hard.iess. 3 4 5 6

No. 1 9 Benoist .036mm 4.4mm 62% 73%
No. 2 7 Benoist 3.5mm 64%
No. 2 6 Benoist .023mm 45%
No. 2 5 Benoist .018mm 1.7mm 28% 43%
No. 4 7 or 8 Benoist .030mm 3.6mm 55% 68%

In practice it would be much easier and quicker to

obtain the hardness of a tube from the data of column 5

or 6 than from 3 or 4. It is a well known fact, which is alo
clearly shown in Table III, that X-rays become less and
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less easily absorbed the more lead they pass through. It

is for this reason that the jfigures in columns 3 and 4 have been

made to apply to rays which have already passed through

.026mm of lead or 2.0mm of aluminum respectively.

Table III shows that the apparatus is well suited to

make comparisons of the hardness of X-rays. It is only

necessary to take two readings of the galvanometer, first

with one sheet of foil and then with two sheets. The ratio

of the readings may then be used as a measure of the hardness.

By obtaining foil of the right thickness, it would be possible

to arrange a simple scale which would correspond with any

of the various penetrometers now in use.

Discussion of Results.

The experiments above described show how a single

instrument may be very simply used to determine both

the quantity and quality of the Roentgen rays from any

tube, as well as the length of time of exposure needed to

produce radiograms of proper density. In each case the

ionizing action of the rays is made use of and the measure-

ments are all made with a galvanometer, which avoids the

uncertainty and difficulty of comparing the color or the

equality of illumination of two surfaces.

The physical explanation would seem to be that the

magnitude of the effect produced by the rays on the photo-

graphic plate, the pastille and in ionizing the air depends

on the energy used up in each case, and that the relative

amounts absorbed in the three processes remain practically

constant for rays differing widely in their characteristics.

The nature of the apparatus makes it comparatively

easy to calculate the number of ions produced per c.c. near

the photographic plate during the time of exposure or near

the pastille during the time of some definite change in color.

LetV = volumr- of testing vessel exposed to the ionizing

action of the rays.

f = time of exposure in seconds of either plate or pastille.
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N = total number of ions per c.c. produced in the testing

vessel during time t.

e = charge on an ion—4.7X10~~^° E. S. units.

/: = galvanometer constant—3.0X10~'° amperes per mm.
deflection.

d = deflection of galvanometer.

5 = charge passing through the galvanometer in time i.

Then q = NeV E. S. units (if there is no recombination).

also q = kdt coulombs

and ^eY={kdt) 3X10^

In the experiments with the photographic plates, as

has been stated, t was so chosen that di = 200, and V was

100 X 4.5 = 450c.c.

. 3X10-^°X200X3X109_
' •

•^- 450X4.7X10-^°
-8.5X10

Of course the value of N necessary to produce a satis-

factory radiograph depends on the plate used and upon the

method and time of development.

T. J f

The average value of the constant K = —— found in the
V

experiments with the Sabouraud pastille was 2.5X10~^.

As above

k dt ZXIO^N = -

Ve
9 f; N/ 1 n—8 V 5 \^ 1 09

= 1.6X10^^
4.7X10-^0

This, then, gives the number of ions per c.c. formed in

the air immediately surrounding the pastille during a change

in tint corresponding to one number on Hampson's radio-

meter. Now the normal or epilation dose is determined by

tint B, as it is called, and corresponds to a change equivalent

to four numbers. Therefore, the number of ions per c.c.



28 PHYSICAL MEASUEEMENT OF X-RAYS.—BRONSON.

produced in air surrounding the pastille during normal dose

is 4N or about 6.4 XlO^^ In measuring this dose the pastille

is ordinarily placed half way between the anticathode and

the skin. Therefore the number of ions per c.c. produced

near the surface of the skin during an epilation dose would

be 1.6 XIO^^ This vahie is apparently very much smaller

than that obtained by Dr. Szilard (loc. cit.), although there

is some confusion in the part of his paper dealing with this

calculation. A small part of this difference is due to the

small value, 3.4 XlO"^'' which he used for e, but the chief

difference is due to the nature of the testing vessels used in

the two experiments.

The vessel used by Dr. Szilard had a volume of 1 c.c.

and was lined with lead. In a vessel of this kind the ioniza-

tion due to secondary rays would be very large. Some

of the secondary rays are very easily absorbed, but produce

an intense ionization for a millimeter or two in air, so that

their relative effect is especially great in a small vessel.

The effect is also much greater with a lead than an aluminum

vessel. Even in the large vessel used in the present investi-

gation, the ionization was doubled by covering the plate C

with lead foil. In the smaller vessel the ionization caused

by the secondary rays might be several times as large as that

due to the X-rays themselves. That the effect of the second-

ary rays from the aluminum plate C was small, was shown

by covering C with a sheet of wet tissue paper, which reduced

the ionization current less than 10%.

There is a still greater objection to using lead instead of

aluminum for the interior of the testing vessel; namely the

fact that the relative amount of secondary ionization depends

on the hardness of the rays. The extra ionization in the

testing vessel also requires the use of a higher voltage in

order to prevent recombination.

Summary.

1. It has been shown that the action of Roentgen rays

on a photographic plate and on a Sabouraud pastille is
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proportional to the ionization produced in the air ininu-diately

surroundng them.

2. A simple apparatus, making use of this principle, has

been devised for measuring the intensity and hardness of

th? rays.

3. It has also been shown that this same apparatus

can be easilj' used to determine the length of time of exposure

needed to produce radiographs of suitable density.

In conclusion, I desire to express my indebtedness to

Dr. Edward Weston for his kindness in fitting up and loaning

me a galvanometer suitable for this work; to Principal

Sexton and Professor Aj^ars of the Nova Scotia Technical

College for the use of their X-ray apparatus, and especially

to Dr. W. H. Eagar for his many helpful suggestions and for

the use of his office and equipment.

Dalhcusie University, Halifax, N. S.

March 15, 1915.



An Investigation of the "Chromate Method" for

SEPARATING THE AlKALINE EaRTHS.* By HuBERT
Bradford Vickery, Dalhousie University, Halifax.

(Read 11 January 1915)

This investigation was undertaken with the twofold

object of discovering the degree of sensitiveness of which

the ordinary "chromate method" for the separation of the

alkaline earths is capable, and also under what conditions

this sensitiveness may be increased. Incidentallj^ a con-

siderable improvement was made in the procedure.

Throughout the experimental work the idea was kept

constantly in mind to have the conditions of working as

nearly as possible those which obtain in the manipulation

of the average student of qualitative analysis, and where

these have been changed, to make them very easily attainable,,

so that the j5nal quantitative results might fairly represent

the degree of accuracy obtainable in ordinary work.

While several methods exist for the separation of the

alkaline earths which are extremely delicate, f they depend

largely upon the use of alcohol and ether to decrease the

solubility of the various precipitates, and hence are scarcely

suitable for class use. The chromate method, on the con-

trary, uses water solutions alone and obviates the necessity

for inconveniently long waits for complete precipitations,

thus greatly decreasing the time required for a single analysis

and making this method eminently suitable for use in class.

The procedure ordinarily followed t consisted in precipitating

the carbonate in strongly alkaline solution, magnesium being

held in solution by means of ammonium chloride. The

* Contributiona from the Science Laboratories of Dalhousie University (Chemistry).

t J. Am. Chem. Soc, 30, 611. (190'i).

t G. S. Newth: Manual of Chemical Analysis, p. 35.

(30)
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carbonates were then dissolved in the least possible quantity

of acetic acid, the solution diluted, barium removed as

chromate, and ammonium sulphate added to the filtrate.

This was supposed to throw down the insoluble strontium

sulphate, but retain the calcium by its solvent action upon

calcium sulphate.

It was at this point that difficulty was usually encountered

as the calcium almost invariably came down in some quantity,

especially if present in large amounts, rendering a complete

separation impossible and obscuring the confirmatory flame

tests. However, sufficient calcium was retained to give the

confirmatory oxalate test, and by again bringing the precipi-

tate into solution and treating with a solution of calcium

sulphate, the strontium was confirmed even in the presence

of a large amount of calcium. This method, resulting as

it does in only an approximate separation, is unsatisfactory,

and attempts were made to improve it.

Solutions of barium, strontium and calcium as chlorides

were made up and carefully standardized gravimetrically,

the first two by precipitating a known volume with silver

nitrate, and the last with ammonium oxalate. Appropriate

volumes of these solutions were run from burettes into flasks

and made up so that each solution should contain a milligram

of the metal per cubic centimeter. These standard solutions

were used for the analysis.

The first step was to investigate quantitatively each

precipitation occuring throughout the procedure and record

its delicacy under the conditions normally occuring in the

course of an analysis. The method followed was to run

various quantities of the standard solutions into a series of

beakers, dilute them with hot water, and add the cold reagents

in the order given. This resulted in the precipitation taking

place at a temperature of 65°-70°. By watching the row of

beakers it was easy to compare the amounts of precipitate

occurring and to find that one which yielded no precipitate.
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thus fixing a lower limit to the sensitiveness of the particular

precipitation, and ensuring uniform conditions.

The reagents used were:—Ammonia sp. gr. .90 (equival-

ent to three times the volume of sp. gr. .96).

Ammonium Chloride 10%
Ammonium Carbonate 25%
Potassium Chromate 5%
Ammonium Sulphate 10%
Ammonium Oxalate 5%
Acetic Acid 50^

BARIUM CARBONATE

The precipitating reagents were 3cc NH4OH, lOcc

XH4CI, lOcc (NH4)2C03. The total volume of the solution

was lOOcc.

0.5 mg. of barium gave no precipitate.

1.0 mg. gave no precipitate.

2.0 mg. gave no precipitate.

3.00 mg. gave very slight deposit on lines of rubbing

with glass rod.

5.0 mg. gave slight deposit.

7.0 mg. gave verj^ slight precipitate.

10.0 mg. gave feathery crystalline precipitate in few

moments.

25.0 mg. gave feathery precipitate almost at once.

STRONTIUM CARBONATE

Conditions same as above.

0.5 mg. of stronium gave no precipitate.

1.0 mg. gave very slight precipitate in 5 minutes.

2.0 mg. gave slight precipitate in four minutes.

4.0 mg. gave decided precipitate in few monents.

10.0 mg. gave fairly heavy precipitate, but not coming

down instantly.

25.0 mg. gave heavy precipitate at once.
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CALCIUM CARBONATE

Conditions same as above.

0.3 ins- of calcium gave no precipitate.

0.5 ing. gave no precipitate.

0.6 mg. gave very slight precipitate.

0.8 mg. gave slight precipitate.

1.0 mg. gave slight precipitate in 4 minutes.

5.0 mg. gave precipitate almost at once.

10.0 mg. gave heavy crystallins precipitate at once.

It was found that a temperature much in excess of 70^

caused an interaction of the carbonate with the ammonium
chloride, giving an evolution of carbon dioxide and resulting

in the solution of the precipitate or complete failure to form

a precipitate.

In each case completeness of precipitation of a solution

containing 25 mg. of the metal was tested by filtering after

ten minutes and allowing to stand over night. Onl}^ in the

case of barium. did any deposit form and even in this case

it was in very small quantity. The precipitates were ex-

amined microscopically, but it was found that although the

crystals when falling from very dilute solutions were quite

easily differentiated, from more concentrated solutions

they were almost indistinguishable, especially since calcium,

and to a lesser extent barium, show a tendency to come down

as gelatinous masses from cool solutions.

BARIUM CHROMATE

Precipitating reagent, 3cc K2CrOi. Total volume of solu-

tion, lOOcc.

In neutral solution, even one tenth of a milligram of

barium gave a cloudiness in five minutes, but in a solution

containing l-2cc acetic acid 2 mg. failed to give a precipi-

tate, while 2.5 mg. gave a slight one on standing a few

Proc. & Trans. N. S. Inst. Sci. Vol. XIV. Trans. 3
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minutes. 5 mg. gave a precipitate almost at once. Boiling

temperature m'sls used.

STROXTIUM CHROMATE

Precipitating reagent, 15cc K2Cr04. Total volume of

solution, 200cc.

In neutral solution 200 mg. of strontium gave a very

slight deposit in beaker in ten minutes. 400 mg. gave a

heavy precipitate in a few moments. In solution containing

acetic acid, 500 mg. failed to give a precipitate over night.

CALCIUM CHROMATE

Conditions same as in precipation of 'strontium chromate.

In neutral solution 500 mg. of calcium gave a barely

perceptible precipitate in fifteen minutes, while in acid solu-

tion none formed at all.

The barium chromate when suddenly thrown down is

very fine and scarcelj- crystalline, but boiling for a few

minutes causes it to crystallize. Under the conditions of

ordinary work there is little risk of obtaining a precipitate

of strontium chromate, while the barium is almost completely

removed.
STRONTIUM SULPHATE

Precipitating reagent, lOcc (NH4)2 SO4.

2 mg. failed to give a precipitate on boiling while 2.5 mg.

gave a scarcely perceptible one. 4 mg. gave very slight

precipitate on standing. lOmg. gave a precipitate in a few

moments. The experiments were repeated with both neutral

and acetic acid solutions, with practically identical results.

CALCIUM SULPHATE

Precipitating reagents, 2cc acetic acid, lOcc (NH4)2S04.

Temperature, 70°C.

200 mg. gave heavy feathery precipitate at once.

100 mg. gave small precipitate in one minute, which

rapidly increased in size.
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90 mg. gave small i:»rcc'ipitate on standing an hour.

75 mg. gave no precipitate on standing.

Thus, under the conditions of ordinary work, calcium

when present in excess of 90 mg. is precipitated along with

the strontium. 200 mg. of calcium, and 40cc of (NH4)2S04

gave a heavy precipitate on warming, but no solvent action

was noticeable on boiling; 40cc more were added and boiled

and a slight solvent action took place. On adding 40cc of

ammonium chloride to this solution it was observed that

the greater part of the precipitate went into solution on

boiling for a few moments. As this action appeared import-

ant, it was determined to investigate it further.

To try the effect of the addition of ammonium chloride

before precipitating the sulphate, two solutions of 400 mg.

of calcium each were prepared. To Xo. 1 were added

40cc XH4CI and to each Ice of acetic acid. Both were

brought to 70° and lOcc (NH4)2 SO4 added. The effect of

the ammonium chloride was very noticeable, for in five

minutes only a very few cry.stals had appeared in Xo. 1,

and very little deposit had formed on the bottom of the

beaker, while in the second beaker the precipitation had

been heavy and was nearlj^ complete. Other experiments

were tried, and it was found that 80cc of ammonium chloride

solution were sufficient to prevent completely the precipita-

tion of 200 mg. of calcium, while 50cc failed to do so, as a

slight deposit formed on boiling. 160cc were sufficient to

hold up 400 mg. of calcium, showing that there should be

80cc of ammonium chloride present for each 200 mg. of

calcium. It was found that the total volume should be

not less than 150cc as a smaller volume rendered the precipi-

tation of the calcium more likely. The effect of the am-

monium chloride upon the strontium was investigated, and

it was found that in the presence of a large excess, 4 mg. gave

a precipitate on boiling, while 3mg. gave a very slight tur-

bidity. Thus the effect is scarcely appreciable. The amount
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of ammonium chloride is perhaps somewhat excessive, but

it was found that when much smaller quantities were used,

the calcium was liable to fall when the solution was boiled

or digested on the water-bath. It is quite easy to tell from

the character of the precipitate at this point if the calcium

is precipitating. The strontium precipitate is very fine

grained and falls immediately. The calcium sulphate pre-

cipitate, especially if ammonium chloride is present, is

feathery, crj^stalline and forms slowly. It usually forms

first at the surface, and is particularly liable to come down

on boiling.

CALCIUM OXALATE

0.1 mg. of calcium gave a perceptible precipitate on

standing for a few minutes. The effect of ammonium
chloride in considerable quantities seemed to be to make the

precipitation rather slower, but 0.1 mg. could still be easily

detected.

SENSITIVENESS OF METHOD

The next step in the investigation was to carrj^ out a

series of analyses under normal conditions, using large excess

of two of the metals and varying small quantities of the

third until it could no longer be detected by the methods

used. In this way the limit of detectability for each metal

in the presence of excess of the others was found when the

complete analysis is carried through.

A solution containing 4 mg. of barium and 200 mg. each

of calcium and strontium was made up. The carbonates

were precipitated and allowed to digest at 70° for 15 minutes,

and then filtered and dissolved as usual. A slight precipitate

formed in 5 minutes after adding 5cc of the chromate and

on boiling and filtering a distinct yellow deposit was left

on the filter after washing the potassium chromate out.

A. similar solution, but containing only o mg. of barium
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as chloride, failrd to form a precipitate in lo niinutcs, or

to leave a deposit on the filter. Hence tlio limit of detection

of barium using the ordinary procedure is 4 mg. when excess

of the others is present.

A solution containing 15 mg. of strontium and 200 mg.
each of calcium and l)arium was treated b}- the ordinary'

procedure and the barium removed. Insufficient ammonium
chloride was added and a considerable precipitate formed
with the ammonium sulphate. This was boiled with am-
monium carbonate and dissolved in acetic acid and calcium

sulphate added. A very fine precipitate formed in the

course of a few hours. A similar solution was taken and

sufficient ammonium chloride (i.e. 80cc) was added, after

removing the barium, to hold up the calcium. A very fine

granular precipitate was obtained with ammonium sulphate

in a few minutes, and no trace of the typical calcium crystals.

Its identity was easily established. A solution with 1.3 mg.

of strontium failed to give a precipitate, hence the limit

of deteetability of strontium is 1.5 mg. when an excess of

barium and calcium is present.

A solution containing 1 mg. of calcium, 200 mg. of barium

and 500 mg. of strontium was treated as before, and the

barium and strontium removed as chromate and sulphate

respectively. A fine white precipitate appeared in a few

moments on making alkaline and adding ammonium oxalate,

A solution containing 0.5 mg. gave no precipitate on boiling

15 minutes, but gave a very fine deposit on standing over

night. Hence, the limit of deteetability of calcium is 1 mg.

or somewhat under, when excess of barium and strontium are

present.

PROPOSED PROCEDURE

The results of the investigation can best be summarized

by giving a procedure with notes for the separation of the

alkaline earths by the improved chromate process.
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Procedure I. Precipitation of group {after ridding of sulphur).

To solution after removal of iron and zinc group, (60cc),

add lOcc NH4OH, 2OCCNH4CI and 20cc (NH4)2 CO3 at a

temperature of 70°, and let stand several minutes. Filter

and wash with little cold water.

j^otes— 1. At temperature much above 70° the carbonates

react with the ammonium chloride forming the soluble

chloride with evolution of carbon dioxide.

2. At temperature much lower calcium comes down

as a gelatinous mass and barium, also has this tendenc3^

Warming on the water bath will cause them to crystallize.

3, Precipitation of strontium and calcium is com-

plete in 10 minutes and of barium very nearly so.

Procedure II. Precipitation gf Barium.

Pour a 5cc portion of acetic acid through the filter a few

drops at a time, and pour through repeatedly until it

runs through clear. Then wash thoroughly with hot water.

Make up to 80cc and heat to boiling. Add 5cc of K2Cr04

solution a few drops at a time with constant stirring and

boil a few moments. Filter and wash with cold water.

(Yellow precipitate shows presence of barium)

Notes— 1. The 5cc of 50% acid should be diluted somewhat

and used hot.

2. 500 mg. of calcium and strontium fail to pre-

cipitate under these conditions while 4 mg. of barium give

a distinct test.

3. The filtrate should be j^ellow rather than red, but

should be tested with another drop of chromate.

Procedure III. Confirmatory test for Barium.

Pour a little hot HCl through the filter repeatedly and

evaporate almost to dryness. Test in flame on platiipium

wire. Green color confirms barium.
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Procedure IV. Precipitation of Strontium

Evaporate to about 80cc and add 80cc of NH4Clfor
every 200 mg. of barium present; in no case less than 80cc.

Add 10-15cc (NH4)2 SO4 solution. Fine granular white pre-

cipitate indicates strontium. Heat to boiling and let digest

a few moments. Filter and wash with hot water.

Notes— 1. Calcium, if present to the extent of 100 mg.,

will precipitate at this point unless held in solution by a

large quantity of NH4CI. If a feathery precipitate in quite

large crystals appears on heating, it is probably calcium.

2. Ammonium chloride inhibits the precipitate of

strontium to only a very slight extent.

3. 15 mg. of strontium can be easily detected in

the presence of large amounts of barium.

3. The confirmatory test should always be tried.

Procedure V. Confirmatory test for Strontium.

Boil the precipitated sulphate with ammonium carbonate

and neutralize with acetic acid. Concentrate to 10-20cc and

filter if necessary. Add saturated solution of Ca SO4 and

boil. Fine white precipitate confirms strontium.

Note— 1. The strontium sulphate is converted to carbonate

by the ammonium carbonate and brought into solution by
the acid. The calcium is likewise converted but calcium

acetate cannot give a precipitate with calcium sulphate, while

the less soluble strontium sulphate separates at once on

heating.

Procedure VI. Precipitation of Calcium.

To the hot filtrate add NH4OH to strongly alkaline

reaction and then lOcc more. Add 20cc hot (NH4)2 C2O4

solution and stir. White precipitate indicates barium.

Note— 1. 1 mg. of calcium can be easily detected in the

presence of 400 mg. of barium and strontium.
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Summary

1. Each precipitation occurring in the chromate process

for the separation of the alkaline earths has been quantitatively

investigated.

2. The chromate process has been found not to effect

an exact separation of the three metals.

3. An improvement has been suggested by which the

separation is practically complete, and a procedure for-

mulated.

4. The limit of detectability for each metal by this

procedure has been determined.



Notes on an Abnormal Wave Occurrence on the North-
ern Cape Breton Coast.—By D, S. McIntosh,

B. A., M. Sc, Professor of Geology, Dalhousie Uni-

versity, Halifax, N. S.

(Read 12 April 1915)

The occurrence which formed the basis of this paper,

while relatively of little importance, is thought by the writer

to be of sufficient interest to be recorded in the Transactions

of the Institute.

In a small indentation on the northern coast line of Cape
Breton Island between Cape St. Lawrence and Bay St.

Lawrence, is situated the little settlement of Meat Cove.

It has no harbor, and the boats of the fishermen, after

each trip, are hauled up on the beach beyond reach of the

waves.

From correspondence with Mr. Joseph O'Brien, of Ding-

wall, Aspy Bay, supplemented by personal observation,

;Mr. A. H. ^Mcintosh, of Pleasant Bay, furnished the writer

with the following description of the wave phenomenon:

The monthl}' bulletin issued by the Department of

Marine and Fisheries, Ottawa, gives the total catch of fish

for Canada, also the kinds of fish, quantities and values.

It also aims at giving such information as weather conditions

during the month, loss of life, boats and gear among the

fishermen.

In the copy for June 1914, we find this entry: "Nine
boats were lost at Meat Cove, Victoria County." Had the

facts connected with this loss been given they would have

interested the readers of the publication. The following

statement is given as what occurred. "On the evening of

the night on which the boats were lost, the fishermen had

(41)
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hauled them up on the beach to a place where they were

considered to be in safety. A light wind began to draw from

the land, and all the usual signs in which fishermen believe

promised a fine night. Judge of the surprise of those men

when on coming to the beach in the very early morning not

only were their boats gone, but they were not even in sight

on the sea. Eventually, one or two were found along the

shore, but others were found only after some days had elapsed,

picked up at great distances from the starting-place. The

marks on the beach showed plainly that the tide had come

up very much higher than usual, and while at this place, it

seemed to have been the highest, it was also noted as an

unusually high tide at Pleasant Bay on the west, and Bay

St. Lawrence and Aspy Bay to the eastward. One man

near Bay St. Lawrence, at about eleven o'clock, saw it

come in the form of two large seas succeeding each other,

and rushing on shore. A fishing schooner lying some two

miles off shore also reports several heavy seas striking the

vessel about the hour mentioned; otherwise the night was

calm. Some six years before, this same vicinity was visited

by something of the same nature, but as it came in the day, it

occasioned no loss."

The above account shows plainly that the disturbance

was abnormal. That it falls outside the category of tide

phenomena is evident. It occurred on a calm night and

consisted of a succession of high waves which continued

for a brief period of time. Tidal waves of the nature of a

bore or as the result of conflicting currents are in the highest

degree improbable as an explanation. In searching about

for a probable cause, one recalls some well-known and strik-

ingly disastrous effects of great abnormal sea-waves.

In 1755, Lisbon was laid in ruins by an earthquake which

had its origin about 50 miles off the coast. About half an

hour after the shock, a succession of high waves, one of

which had a height of 60 feet, reached the city and added
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to the destruction wrought by the earthquake. The waves

were felt with diminishing effects at great distances, even

north as far as Norway, south beyond the Madeira Islands,

and west in the West Indies.

Japan was visited by a severe earthquake in 1854. Its

focus was also evidently off the coast, for about a half hour

after the shock, a series of waves thirty feet high struck the

shore and destroyed the town of Simoda. From this spot

the waves radiated with diminishing force, travelling the

whole breadth of the Pacific to California.

The Coast of Peru was devastated by a great earthquake

in 1868. The seat of disturbance was likewise off shore, for

in less than half an hour a succession of waves fifty or sixty

feet high rushed in and increased the work of destruction

of the earth-waves. These waves were felt thousands of

miles from the seat of origin, even as far as the coast of

Japan, 10,000 miles away.

Manj^ other cases of such waves have been observed and

recorded by tidal gauges, such as that of 1877 at Iquique in

Northern Chile, and that of 1885 around Krakatoa. The
great disturbance of 1896 in the North Pacific will be recalled

by many, where 175 miles of the Japan Coast were laid

waste. A great amount of shipping was destroyed and

27,000 people lost their lives.

These waves are caused by a dislocation of the earth's

crust beneath the sea. The break occurs most often where

the water deepens rapidly, as in the case of the western coast

of South America where a few miles off shore the water

suddenly plunges from the edge of the continental shelf to

the ocean abyss. Similarly, off the Japan Islands the descent

from the land platform to the Tuscorora Deep is very abrupt.

The evidence is abundant and strong that such a condition

of land and sea makes a line of weakness in the earth's crust

and here may, and does, occur faulting or slipping. As
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observed from the shore, the sea, during a disturbance of

this kind withdraws from the land, and then returns with

great speed and height causing great destruction.

In the opinion of the writer, the cause of the disturbance

in Northern Cape Breton was a slipping of the rock, either

solid or unconsolidated material, off the coast of Meat Cove.

The accompanying map shows the locality where the dis-

turbance was greatest, and the adjoining areas.

''•

\ ^ ^
P^^.

'

^•^'':'"-*

It is seen that a short distance east of St. Paul's Island the

water deepens very rapidly. Here is the western margin

of the submerged channel of the old St. Lawrence river.

The 100-fathom line approaches to within about a mile of

the island. Here, where there is a declivity of steep grade,

a slipping or break in the bottom might be looked for. No
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record of the disturbance, however, is obtained from St.

Paul's Island, and, moreover, the description of the phenom-

enon localizes it rather between the island and the adjoining

Cape Breton coast. The isobathic lines constructed from

the chart show the 50-fathom line about two miles ofif

Meat Cove, with the 80-fathom line about an equal distance

beyond that. Here, in all probabilit}^ was the seat of the

disturbance. A deepening of 80 fathoms in about 4 miles

gives a gradient of about 1 foot in 44 feet or a 2}/l% grade.

The depths as given on the chart within the area bounded

by the 80-fathom line suggest an uneven bottom where may
be found steep slopes. Doubtless a large thickness of un-

consolidated material has accumulated on the sea bottom.

A sliding of this along the slope or a break in the solid rock

would give the necessary impetus to the water to produce

the waves.

When weather indications point to a calm night, boats

are hauled up by the fishermen just bej^ond the range of

high tides. The average difference between high and low

water at Meat Cove, we may take as about four feet. To
sweep the boats away would require an additional height

of water of, say, three or four feet. Waves, therefore, of

six or eight feet must have rolled in upon the shore to accom-

plish the work recorded. If the ordinary proportion between

height and length of w^ave were preserved, the length of

'these waves must have been sixty or eighty feet. A slip of

a belt of rock a hundred or so feet in width on the sea bottom
near the 80-fathom line, or within the area bounded by this

line would cause a gravitational movement to the water from

the landward direction, followed by a return of the water,

in the form of a succession of high weaves. These waves

would diminish in force as they radiated from the place of

origin, as was observed to the eastward and westward of

Meat Cove. Did the dislocation produce a rise in the sea
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flow, the water would be lifted and the accompanying phenom-

ena would be of the same nature as those that would occur

in the case of the downward movement.

From the occurrence of a similar wave disturbance at

Bay St. Lawrence some years before, as reported, it would

be inferred that the surface of the sea bottom is unstable

off the coast of Northern Cape Breton, and that such dis-

turbances may recur until the area has arrived at a state

of stability.



Accidental Electrical Stimulation of the Human
Retina in Situ. — By D. Fraser Harrjs, M. D.,

D. Sc, F. R. S. E., Professor of Physiology in Dal-

housie University, Halifax.

(Read 10 May 1915)

In the summer of 1912 I had a lower left molar tooth filled

with a temporary stopping consisting of an amalgam of at

least three metals, silver, mercury, and tin. Within half

an hour of having this inserted I noticed that each time I

clenched the jaws at all forcibly, there appeared a bright

flash of light in the left eye; all through the rest of the day

flashes of light, getting fainter and fainter, kept recurring.

I noticed that the tooth in the upper jaw which touched the

amalgam in the lower was gold-capped. The light exper-

ienced was of a canary yellow and more like the sensation of

a vivid lightning flash (forked lightning) than of any mere

luminosity or diffusion of light. So vivid were these sub-

jective flashes that my first thought was that there had

been lightning, but on the day in question there was no

lightning, thunder or rain.

The first explanation that occurred to me was that this

was a case of "contact electricity" (Kelvin), that the dis-

similar metals—the gold of the upper tooth and the amalgam
of the lower—having been in contact in the liquid saliva, pro-

duced sufficient current to stimulate the retina heterologously.

But the following experiment seemed to be against this; I

held between the teeth a copper rod in contact with a silver

rod, but no flash of light was experienced when these metals

were pressed together.

The next explanation which occurred to me was that the

crystallization of the amalgam could give rise to currents

sufficiently intense to be the cause of physiological stimula-

tion. Dr. Frank Woodbury kindly told me that he had

(47)
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known of currents caused in this waj^ being sufficiently intense

to give pain in the upper gold-covered tooth when that tooth

had an unduly sensitive nerve. I therefore suggest that

the electric current thus produced was conducted through

the bones and tissues of the head and, encountering the

retina en route, stimulated it to give rise to the subjective

sensations of light. The possibility of stimulating the

retina in situ by electric current was discovered by Ritter

in 1800; a constant current passed either transversely across

the head in the temporal regions or from the eyelid to the

neck will, both at make and break, stimulate the retina

causing flashes of light to be perceived. I renewed my
acquaintance with these effects by passing the constant

current from one dry cell through the eyes transversely across

the head; at the make and break the flashes due to this

current were slightly less vivid than the flashes due to the

tooth-current. On using two dry cells, I obtained flashes

closely resembling those from the tooth-current. I am
assured that the current from two dry cells would be painful

to the inflamed nerve of a tooth.

It is well known that pressure on the eye-ball produces the

sensation of light—the phosphene. I noticed that the

subjective flashes from two dry cells were not quite so vivid

as the phosphene from moderate (non-painful) pressure

on the eye-ball. The electrically produced flashes are more

diffuse than the phosphene which has a circular outline; the

sensations from drj^ cells or the tooth-current are more

truly flashes.

Based on these considerations, I make an attempt to

estimate the amount of the tooth-current, say, during the first

few seconds of its production. Assuming that the resistance

of the head is about 3000 ohms, and that each dry cell can

develop 1.5 volts; then, for two cells, wc have

1.5 X 2 1

^ "^
QonrP "^ ^,^ of an ampere or one milliampere.



Additions to the Catalogue of Butterflies and Moths
collected in the neighbourhood of halifax,

ETC., Nova Scotia.—By Joseph Perrin, McNab's
Island, Halifax.

(Read 12 April 1915)

In the Transactions of this Institute, volume xii, part 3

(for 1908-09), Halifax, 1912, pages 2,58-290, there was pub-

lished a Catalogue of Butterflies and Moths mostly collected

in the neighbourhood of Halifax and Digby, by the present

writer and Mr. John Russell, then of the latter place. Since

1909 the writer has continued collecting these insects, and

has also received specimens and records of captures from

Air. George E. Sanders, field officer of the Department of

Agriculture, entomological laboratory, Bridgetown, Annapolis

County, N. S., and from Mr. E. Chesley Allen of Yarmouth,

N. S. To those two gentlemen I wish to express my thanks.

In the present supplementary paper there is presented

a list of two Butterflies and sixty Moths which were not

previously reported; with additional remarks on species

before listed, and on such as have been taken at Halifax for

the first time. These notes are arranged in two groups:

(a) species not hitherto reported from Nova Scotia, and (b)

additional notes on species previously reported.

Our previous catalogue contained 60 nominal species

and varieties of Butterflies, and 480 of Moths; total 540.

The present supplement brings the number up to 62 Butter-

flies and 540 Moths, total 602.

The nomenclature and arrangement is that of Dr. Harrison

G. Dyar's List of North American Lepidoptera (Bulletin

U. S. National Museum, No. 52; Washington, 1902), and his

numbers are prefixed.

(49)
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All the specimens from McNab's Island (which is situated

in the mouth of Halifax Harbour) were taken by myself;

other localities have attached the names of those responsible

for the records for those places. As before, doubtful speci-

mens have been referred, as far as possible, to specialists for

their opinion.

Species not hitherto reported from Nova Scotia.

Order Lepidoptera.

Rhopalocera (Butterflies).

Superfamily Papilionoidea.

Family Pierid^.

65. Eurymas eurytheme Bois. MacNab's Is., Halifax;

Sept. 4, 1910, female; Sept. 12, 1913, male. (Perrin).

Family Lyc^nid^.

432. Rusticus scudderi Edw. South East Passage, Halifax

County; July 3, 1911, one male; and August 9>

1914, one male and one female. (Perrin).

Heterocera (Moths).

Superfamily Sphingoidea.

Family Sphingid-e.

706. Sphinx chersis Hiibner. Digby, N. S.; July 26, 1907.

(Russell).

721. Ceratomia amyntor Geyer. Bridgetown; June 16, 1913.

(Sanders).

Superfamily Bombycoidea.

Family LiTHOSiiDiE.

808. Hypoprepia fucosa Hiibner. Yarmouth; July 27, 1913.

(Allen).
Family Arctiid^e.

828. Eubaphe Iceta Gu6rin. Deerfield, Yarmouth Co.; July

28, 1913. (Allen).

853. Estigmene prima Slosson. South East Passage, Halifax

Co.; June 9, 1912. (Perrin).
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Fiiniily Noctuid.b.

Subfamily Noctuins.

960. Panthea acronydoides Walker. MacNab's Is.; June

15, 1912.

1158. Iladena modica Guen^e. MacNab's Is.; August 20,

1909, at light.

1418, Platagrotis pressa Grote. MacNab's Is.; July 15,

1912, at light.

1455. Agrotis geniculata Grote & Robinson. Deerfield,

Yarmouth Co., August 16, 1911. (Allen).

1788. Mamestra liquida Grote. MacNab's Is.; July 14,

1911, at light.

2060. Tricholita signaia Walker. IMacNab's Is.; August 6,

1911.

2078. Xylina disposita Morrison. MacNab's Is.; Sept. 26,

1913, at light.

2079. X. petulca Grote. MacNab's Is.; Oct. 21, 1912.

2090. X. antennata Walker. Bridgetown; Sept. 17, 1913.

(Sanders).

2092. X. grotei Riley. (X. cinerosa Grote.) Bridgetown;

Oct. 11, 1913. (Sanders).

2095. A", innominata Smith. Bridgetown. (Sanders).

2102. X. georgii Grote. Bridgetown; Sept. 24, 1913.

(Sanders).

2106. X. unimoda Lintner. Bridgetown; Oct. 17, 1913.

(Sanders).

. Hydroecia micacea Esp. Bridgetown; Oct. 10, 1912.

(Sanders).

2244. Scopelosoma devia Grote. Yarmouth; May 17, 1913.

(Allen).
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Subfamily Catocalinse.

2905. Catocala gracilis Edw. MacNab's Is.; Aug. 21, 1914.

3006. Erebus odora Linn. Yarmouth; about June 20, 1906.

(Allen).
Subfamily Hypenin^.

3039. Chytolita morbidatis Guenee. MacNab's Is.; July 8,

1912, at light.

Family Nycteolid^.

3083. Nycteola revayana Scopoli. MacNab's Is.; Sept. 19,

1914.
Family Lasiocampid^.

3221c. Malacosoma disstria erosa Stretch. MacNab's Is.;

July 8, 1911,atlight (Perrin); common at Bridge-

town (Sanders).

Family Geometrid^.

Subfamily Hydriomeninse.

3352. Eustroma triangulata. Deerfield, Yarmouth Co. ; July

28, 1913 (Allen)

Subfamily SterrhiuEe.

3551. Eois anticaria Walker. MacNab's Is.; July 7, 1910.

Subfamily Geometrinse.

3578. Synchlora oerata Fab. MacNab's Is.; July 9, 1912, at

light.

Subfamily Ennominse.

3881. Phigalia titea Crsimer. MacNab's Is.; April 27, 1914.

3898. Anagoga pulveraria Linn. MacNab's Is.; July 14,

1907.

3931. Plagodis phlogosaria Guenee. MacNab's Is.; July

14, 1914. There is some uncertainty as to the

determination of this specimen. It was at first

named Plagodis altruaria by Dr. Henry Skinner of

the Academy of Natural Sciences, Philadelphia,

after inspection of the specimen itself. This name

does not appear in Dyar's List and possibly is a
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new one. Subsequently it was determined as

Plagodis phlogosaria, Guen6e, by Mr. Albert F.

Winn of Westmount, Montreal, from a drawing

of the specimen.

3947. Gonodontis obfirmaria Hiibner. South East Passage,

Hx. Co.; June 8, 1912. (Perrin).

3956. Euchlcena obtusaria Hiibner. Deerfield, Yar. Co.;

July 8, 1913. (Allen).

3960. E. johnsonaria Fitch. Deerfield, Yar. Co.; July 6,

1913. (Allen).

4028a. Abbotana clemataria transducens Walker. Dartmouth,

Hx. Co.; June, 1907. (Perrin).

Fainily Epiplemid.e.

4043. Callizzia amorata Packard. Digby; July 16, 1908.

(John Bussell).

Superfamily Tixeoidea.

Family Ptralid^.

Subfamliy Pyraustinae.

4410. Phlyctcenia terrealis Treitschke. MacNab's Is.; July

16, 1912.

4451. Pyraiista rubricalis Hiibner. MacNab's Is.; June 10,

1910.

Subfamily Scopariinae.

4510. Scoparia centuriella Denis & Schiffermiiller. Digby;

June 23, 1908 (Russell). MacNab's Is.; July 8,

1911 (Perrin).

Subfamily Pyralinae.

4511. Aglossa cuprealis Hiibner. MacNab's Is.; June 20,

1911.

Subfamily Scboenobinse.

4547. Schcenobias forficellus Thunherg. MacNab's Is.; July

14, 1911.
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Subfamily Crambinse.

4560. Cramhus hamellus Thunberg. Yarmouth. (Allen).

4566. C. unistriatellus Packard. Yarmouth, July 30, 1912.

(Allen).

4574. C. alhodavellus Zeller. Yarmouth. (Alien)

.

4579. C. hortuellus Htibner. Yarmouth. (Allen).

4580. C. perlellus Scopoli. Yarmouth; August 14, 1911.

(Allen).

4583. C. myelins Hiibner. Yarmouth. (Allen).

4585. C. vulgivagellus Clemens. MacNab's Is.; Aug. 10,

1909.

4587. C. ruricolellus Zeller. Yarmouth. (Allen).

Subfamily PhycitinaB.

4874. Ephestia kuehniella Zeller. MacNab's Is.; Jan. 8,

1915. This pest has only lately been imported

into the Island in one of the cereals for family

use (Perrin).

Family Pterophorid^.

4981. Pterophorus monodactylus Linn. MacNab's Is. (Per-

rin). Yarmouth, Sept. 20, 1913 (Allen).

Family Tortricid^.

Subfamily Olethrcutina!.

5031. Olethreutes nimhatana Clemens. Bridgetown; Aug.

9, 1912. (Sanders).

5142. Eucosma otiosana Clemens. Bridgetown; Aug. 8,

1912. (Sanders).

5143. E. similana Hiibner. Bridgetown; Sept. 2, 1912.

(Sanders).

5237. Tmetocera ocellana Schiffermliller. Bridgetown; Aug.

13, 1913. (Sanders).
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Subfamily Ti)rtricina).

5335. Cenopis reticulatana Clemens. Bridgetown; Aug. 10,

1912. (Sanders).

5382. Platynota flavedana Clemens. MacNab's Is.; July 7,

1911.

5391. Pandeniis limitata Robinson. Bridgetown; Aug. 15,

1912. (Sanders).

5400. Tortrix Jumijerana Clemens. MacNab's Is.; July 7,

1911; at light.

Family CEcopho.iid.b.

5894. Simioscopsis allenella Walsingham. MacNab's Is,;

July. 19, 1911.

Additional notes on species previously reported.

Family Noctuid^.

975. Apatela daciylina Grote. MacNab's Is.; June 20,

1908.

1053. Harrisimemna trisignata Walk. One specimen, Mac-
Nab's Is.; July 9. 1912.

1007. Chytonix pcdliatricula Guenee. Reported by J. Rus-

sell as very common at Digby; but only one

specimen has been taken at MacNab's Is., July

11, 1911, in sixteen years of collecting.

Family Geometrid.e.

3331. Venusia comptaria Walk. Only four specimens of this

pretty little moth were taken by J. Russell at

Digby, the last being captured on July 20, 1908.

Four years later one specimen was collected at

MacNab's Is.; July 18, 1912.

3370. Percnoptilota fluviata Hiibn. Several forms were taken

at light on MacNab's Is., in July, 1912.
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3390. Hydriomena tceniata Stephens. The moth so named

by us has been redetermined Larentia [Hydrio-

mena] hasaliata Walk., by Mr. A. F. Winn of

Montreal from a specimen taken by me at Mac-

Nab's Is., August 14, 1914. Mr. Winn says that

H. tceniata is European, and has not as j^et been

taken on this side. Dyer considered H. hasaliata

Walk., as a synonymn of H. tceniata Stephens. It

is merelj^ a question as to the tT\"0 forms being

distinct.

3909. Therina athasiaria Walk. MacNab's Is.; May 26,

1910.

Family SESim^a;

.

4191. Bemhecia marginata Harris. This species has also

been taken at Yarmouth by Mr. E. C. Allen,

August 29, 1912.



The Phenology of Nova Scotia, 1914

—

By A. H.

MacKay, Ll.D.

(Read by title 12 May 1915)

These phenological observations were made in the schools

of the province of Nova Scotia as a part of the Nature Study

work prescribed. The pupils report or bring in the flowering

or other specimens to the teachers when they are first observed.

The teachers record the first observation and observer, and

vouch for the accurate naming of the species. The schedules

from 350 of the best schools form the material of the following

system of average dates (phenochrons) for the ten biological

regions of the Province, and the phenochrons of the Province

as a whole. The averaging of these schedules was done

by H. R. Shinner, B. A. The * marks dates not averaged.

The Province is divided into its main climate slopes or

regions not always coterminous with the boundaries of

counties. Slopes, especially those to the coast, are sub-

divided into belts, such as (a) the coast belt, (b) the low

inland belt, and (c) the high inland belt, as below:

—

No. Regions or Slopes.

I. Yarmouth and Digby Counties,

II. Shelbume, Queens & Lunenburg Go's.

III. Annapolis and Kings Counties,

IV, Hants and Colchester Counties,

Belts,

(a) Coast, (b) Low Inlands,

(c) High Inlands.

(a) Coast, (b) North Mt., (c)

Annapolis Valley
,
(d)Corn-

wallis Valley, (e) South
Mt.

(a) Coast, (b) Low Inlands,

(c) High Inlands.

V. HaUfax and Guysboro Counties,

VI.A.Cobequid Slope (to the south),

VI.B.Chignecto Slope (to the northwest),

VII. Northumberland Sts Slope (to the n'h)

VIII. Richmond & Cape Breton Go's.,

IX. Bras d'Or Slope (to the southeast),

X. Inverness Slope (to Gulf. N. W.),

The ten regions are indicated on the outline map on the next page.

(57)
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Thunderstorms—Phenological Observations, Nova Scotia, 1914.

The indices indicate the nu:nb3r of stations from which the Thunderstorms

were reported on the day of the year specified.
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Thunderstorms—Phenological Observations, Nova Scotia, 1914.

The indices indicate the number of stations from which the Thunderstorms

were reported on the day of the year specified.

Observation Regions.
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Thunderstorms—Phbnological Observations, Nova Scotia, 1914.

'Vhv indices indicate the nuiuhiT of stations troin which tlic ThiUKhirstornis

were rt^jiorted on the day of the year specihe<i.

Observation Regions.
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'"T^HE attention of members of the Institute is directed to

^ the following recommendations of the British

Association Committee on Zoological Bibliography and

Publications:

—

"That authors' separate copies should not be distributed

privately before the paper has been published in the regular

manner.

"That it is desirable to express the subject of one's paper

in its title, while keeping the title as concise as possible.

" That new species should be properly diagnosed and

figured when possible.

" That new names should not be proposed in irrelevant

footnotes, or anonymous paragraphs.

"That references to previous publications should be made

fully and correctly, if possible in accordance with one of the

recognized sets of rules of quotati ons, such as that recently

adopted by the French Zoological Society."
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TRANSACTIONS

|lol)a ^cotutu Institute of .^dcncr

SP:SSI0X of 1915-16.

Annotated List of Birds of Yarmouth and Vicinity.

Southwestern Nova Scotia.—^By E. Chesley Allen,

Yarmouth, N. S.

(Read 8 November 1915)

The following notes are based upon observations made
throughout a period of seventeen years.

While the greater part of the observations were made

in or within easy walking distance of Yarmouth, a few are

on specimens sent in to Yarmouth taxidermists from the

adjoining counties of Digby and Shelburne. Where, how-

ever, birds are mentioned as having come in to local taxi-

dermists without any mention of the locality from which

they came, it should be understood that such birds were

taken within the limits of the three counties.

Where particular localities are mentioned, it should be

understood that they are in Yarmouth County unless other-

wise stated.

The lack of observations on the shore and sea birds,

as compared with those on the land birds, should not be taken

Proc. & Trans. N. S. Inst. Sci., Vol. XFV'. Th.^na. 5.

(67)
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as any indication of the scarcity of the former in this vicinity.

The writer has given most of his attention to the land birds*

and the few observations on the other groups are presented

for what they are worth.

Where dates for ''first appearance," ''becoming common/'

"last appearance," etc., are given, the number of years on

which the average date was reckoned is enclosed in paren-

theses. Except in two or three cases the writer is not respon-

sible for the birds reported as "taken" or "shot".

The numbers and nomenclature are those used by the

American Ornithologists' Union. The list contains 170

species and subspecies.

2. Colynihus holhoellii (Reinh.). Holboell's Grebe.—
One observation only. A specimen shot at Sand

Beach, Jan. 1, 1906.

6. Podilymhus podiceps (Linn.). Pied-billed Grebe.—
Two observations only. A specimen in winter

plumage and without ear-tufts taken off Yarmouth,

Nov. 16, 1906(?), and brought in to local taxidermist.

Another shot at Barrington Passage, by Chas.

Weddleton, about Mar. 15, 1915.

7. Gavia immer (Briinn.). Loon.—Breeds in all our

secluded woodland lakes where there are islands.

July 17, 1906, a nest with the usual two eggs was

found very close to the water's edge on a small

island in a lake near Deerfield. We did not observe

the bird leave the nest, but on July 18th we paddled

noiselessl}' around the end of the island and surprised

the old bird. She launched herself into the water

and splashed along over the surface for about

seventy-five yards using her wings as paddles

with great effect, then dived to reappear a quarter

of a mile up the lake. On the night of July 21st.

and also on the 24th and 25th we had much rain,
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and both the old birds were much distressed, calling

mournfully all night. We visited the nest on the

evening of the 26th and found that the lake had

risen so that the eggs were half submerged. One
old bird was observed a few yards away. More
rain followed and next day the eggs were completely

submerged. We neither heard nor saw either old

bird that day. or thereafter except at a distance and

at long intervals. The fact that loons nest so near

the water's edge and that they are thus exposed

to danger by sudden elevations of the water may
in part answer the question asked by one naturalist

—

Why such wary, strong birds with apparently so

few natural enemies do not increase in numbers.

July 28, 1911, on the lake at Deerfield, two old

loons were noticed close in shore in a gravelly cove.

Closer observation showed that they were attended

by two very small young. We judged the latter

to be not more than a week old. We immediately

pushed off in the boat, and rowed between the

loons and the open lake. One old bird immediately

dived and reappeared out in the lake. He(?) soon

disappeared. The other old bird remained with

the young until very closely pressed to the shore

when she too went under but reappeared just

outside the boat where she remained to watch

proceedings. The youngsters, when left alone,

immediately submerged themselves, reappearing in

the same place. This they continued to do for

some time, remaining under each time, on an average,

fourteen seconds, and above, two or three seconds

if undisturbed. Any sudden motion on our part,

however, would send them down immediately.

They were constanth' watching for an opening, and
soon separated, swimming rapidly along the shore,
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and being most of the time under water. We
confined our attention to one of the babies and found

that at each reappearance we were gaining upon

him. When, however, we judged that his next

reappearance would bring him within our grasp

he failed to appear; and it was only after waiting a

minute or more that we discovered that he had

doubled beneath our boat and was away in our

rear paddling bravely toward his retreating parent

and brother. It is evident that the instinct for

self-preservation develops very early in the little

loons.

11. Gavia stellata (Pont.). Red-throated Loon.—One
specimen seen, which was shot in the Tusket River,.

Nov. 23, 1905.

31. Uria lomvia lomvia (Linn.). Brunnich's Murre.—
A specimen was brought to me Feb. 22, 1908, by a

gunner who said that they had been about the

harbour for two or three weeks.

34. Alle alle (Linn.). Dovekie.—A few (not more than

half a dozen) brought in to local taxidermists each

winter.

35. Megalestris skua (Brlinn.). Skua.—On May 25, 19 10^

a specimen from Shelburne Co., consigned to a

dealer in Boston was intercepted by the game
warden here.

38. Stercorarius longicaudus Vieill. Long-tailed Jaeger.

>—One observation. A specimen brought in to local

taxidermist in late summer of 1910. This was

evidently a young bird as it was in immature plumage.

39. Pagophila alba (Gunn.). Ivory Gull.—Dec. 9, 1905,

while the coal steamer "Coban" was nearing Sable

Island, an ivory gull came aboard. It was captured

and brought into Yarmouth for mounting.
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40. Rissa tn'dactyla tridactyla (Linn.). Kittiwake.—Not
more tlian three observation.s in seventeen years.

All winter birds, brought in to taxidermists.

47. Larus marinus Linn. Black-backed Gull,.—Appar-
ently irregular along our coasts in winter, and
begins to vi.sit the fresh water lakes as soon as they

are open in the spring. A large, and apparently

increasing colony breeds on several small islands in

Lake George, twelve miles north of Yarmouth.
The nests, containing normally three eggs, are

situated on the ground. Some are at the roots of

stumps, some among the thick bushes, and some
among the pebbles on the beach. The shallow

hollows are edged with coarse sticks, and lined with

tufts of grass, dead leaves, feathers, or other soft

material. Two cases have been noted in which

the clutch of eggs included one egg of a very pale

blue color with obscure lavender markings. Frag-

ments of fishes of large size may be found about

the islands. The Bay of Fundy shore is only four

miles west of the colony. A visit to the colony

June 9, 1912 showed over one hundred nests with

eggs, many nests still unused, and about forty

young not more than three or four days old. We
estimated that there were more than a thousand

adult birds in the colon}'. Another visit was made

July 15, 1913. The colony seemed larger than in

1912, nests being found in places not used then.

Hatching was practically done, and most of the

young were well grown. Many were able to give

us a good chase in the boat. We were banding

them. They are not, however, rapid swimmers,

and good steady pulling soon brings the boat up

to them. But their habit of turning suddenly oflf

at right angles makes them difficult to capture.
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They never dive to avoid capture, and when caught

are able to put up a good fight.

51. Larus argentatus Pont. Herring Gull.—In company

.with the large colony of Black-backed Gulls at Lake

George, is a smaller colony of Herring Gulls, their

numbers being roughly in the ratio of one to ten

of the former. Their nests seem to be confined

to one island, the most heavily wooded of all those

used by the gulls.

70. Sterna hirundo Linn. Common Tern.—Common
about our shores in summer. I have never visited

any of its reported breeding-places off our coasts.

106. Oceanodroma leucorhoa (Vieill.). Leach's Petrel.—
' One was found alive, but unable to rise, on Main St.,

Yarmouth, Nov. 19, 1909. Three years before, I

found the dried body of one at the foot of a ventilat-

ing flue in the South End School.

117. Sula hassana (Linn.). Gannet.—A specimen in im-

mature gray plumage shot off Chegoggin Point,

Oct. 29, 1904, and another in white plumage shot

off Yarmouth, Nov. 8, 1904.

129. Mergus cwiericarnis {Cb,ss.). American Merganser.—
Two male specimens both from Digby Co. sient to

taxidermists here. One Feb. 15, 1904, the other

Jan. 15, 1912.

130. Mergus serrator (Linn.). Red-breasted Merganser.

—A female or young male shot at Arcadia, Dec.

25, 1900. A male in fine plumage shot off Yarmouth,

Feb. 28, 1904.

182. Anas plaiijrhynchos Linn. Mallard.-—A mule speci-

men sent to taxidermist here from Shelburne Co.,

about Nov. 5, 1904. Another brought in the same

fall.
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133. A7ias rubripes Brewst. Black Duck.—Rcmain.s with

us in flocks throughout the winter. Breeds in our

inland meadows and in coves along our salt marshes.

Pairing is apparently complete by May 15. I

usually find young broods about June 15.

137. Mareca americana (Gmel.). Baldpate.—A male (one

of three) was shot at Little River, Yarmouth Co.,

Jan. 9, 1912. Mr. Benj. Doane, local taxidermist,

had a female shot near Yarmouth some years before.

139. Nettion carolinense (Gmel.). Green-winged Teal.—
Tavo males shot at Arcadia, Dec. 20, 1901.

140. Querquedula discors (Linn.). Blue-winged Teal.—
One specimen (male) brought in to local taxi-

dermist, from the vicinity of Clarke's Harbour,

Apr. 19. 1906.

144. Aix sponsa (Linn.). Wood Duck.—One specimen

(male) sent from Shelburne Co., about Sept. 1, 1908.

146. Marila americana (Eyt.). Redhead.—One specimen

(male) shot at Yarmouth in winter of 1902-3.

Another male sent from Seal Island, Feb. 29, 1914.

147. Marila vallisneria (Wils.). Canvasback.—-A male

shot at Clarke's Harbour, Oct. 29, 1905.

148. Marila marila (Linn.). American Scauf Duck.—
Common along our coast in winter.

151. Clangula clangula americana Bonap. American Gol-
den-eye.—Common along our coast in winter.

153. Charitonetta albeola (Jjinn..). Bufflehead.—Two notes

only. A specimen (male) sent from Shelburne Co.,

Apr. 5, 1906. Another male taken near Yarmouth
during Dec. 1909.

162. Somateria spectahilis (Linn.). King Eider.—Two
males sent here from Shelburne Co., Mar. 15, 1906,

and Feb. 1, 1909.
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166. Oidemia yers-picillata (Linn.). Surf Scoter.—They

were common along our shore during the winter

of 1905. I have no other record of them.

167. Erismatura jamaicensis (Gmel.). Ruddy Duck.—
One sent in that was taken at Cape Sable Island,

Jan. 5, 1909.

169a. Chen hyperhoreus nivalis (Forst.). Greater Snow
Goose.—One was shot near Comeau's Hill, Yar-

mouth Co., about Nov, 1, 1911, in immature

plumage.

172. Branta canadensis canadensis (Linn.). Canada Goose.

—Spring migration of this species is less observed

now than a few j^ears ago. I have two mid-winter

observations. Two seen Jan. 7, 1907. Flock of

forty fij^ing north, Dec. 11, 1910.

173. Branta hernicla glaucogastra (Brehm..). Brant.^—I have

seen not more than two in seventeen years.

190. Botaurus lentiginosus (Montag.). American Bittern.

—Found in solitary pairs breeding in our swamps,

meadows, and tidal marshes. First appearance

(4 years) May 2. Last appearance (4 years) Oct.

14. The mating call is heard as soon as it arrives,

and continues as late as June 2. A nest was found

at Arcadia, June 20, 1914. The four eggs were

laid on a rude mat of rushes in the swamp. The

old bird positively refused to be frightened from

her nest, and could be lifted or pushed aside without

deserting her charge.

194. Ardea herodias herodias Linn. Great Blue Heron.—
This bird remains about some of our lakes and

streams all summer, but I have yet to find them

breeding. Earliest recorded appearance. May 28.

Last appearance (3 years) Sep. 26.
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200. Florida caerulea caerulea (Linn.). Little Blue Heron.

—One note only. A specimen seen in the flesh,

at taxidermist's, Oct. 21, 1913.

212. Rallus virginianus Linn. Virginia Rail.—One taken

at Yarmouth, Nov. 15, 1908.

215. Coturnicops novehoracensis (Gmel.). Yellow Rail.—
One shot at Little River, Yarmouth Co., Dec. 14,

1904.

219. Gallinula galeata galeata (Licht.). Florida GallInule.

—One caught by the foot in a trap near Yarmouth,

Dec. 14, 1909.

228. Philohela minor (Gmel.). American Woodcock.—
Apparently more common as a fall migrant than a

spring migrant. A few breed in this vicinity.

In two cases observed, July 13, and July 22, 1910,

the young were able to fly just well enough to avoid

being caught. Two winter observations,—-one re-

mained about an open brook during first half of

Feb. 1900, one found dead Jan. 1, 1905. First

appearance (5 years) Apr. 4. Last appearance

(4 years) Nov. 3.

230. Gallinago delicata (Ord.). Wilson's Snite.—Summer
resident. Undoubtedl}' it breeds here, as the

aerial nuptial performance of the males may be

heard and observed over most of our meadows during

the nesting season, but I have yet to find the eggs

or young. First appearance (8 years) Apr. 20.

Last appearance (5 years) Oct. 30. The "bleating"

of the males may be heard from the time of their

arrival till June 10.

231. Macrorham'phus griseus griseus (Gmel.). Dowitcher.

—Two shot at Crawley's Island, Yarmouth Co.,

July 7, 1903. The only observation.
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239. Pisohia maculata (Vieill.). Pectoral Sandpiper.—
Numbers of them about our coast during first half

of Oct. 1908. The only observation.

242. Pisohia minutilla (Vieill.). Least Sandpiper.—Mixed

flocks of this and the next species are common

along our shores in late summer and fall.

246. Ereunetes pusillus (Linn.). Semipalmated Sandpiper.

—Common in late summer and fall.

248. Calidrisleucophaea(Pall.). Sanderling.—Several seen

on Port Maitland Beach, Sep. 7, 1903, and on Sep.

17 of the same year several were brought in to

taxidermist here.

254. Totanus melanoleucus (Gmel.). Greater Yellow-

legs.—Common during the fall migrations^ remain-

ing about our shores till after the middle of Oct.

258. Catoptrophorus semipalmatus semipalmatus (Gmel.).

WiLLET.—Summer resident, but more common

during the fall migrations. They show all evidence

of breeding in our locality, though I have not yet

found nest or j^oung. First appearance (5 years)

May 4.

263. Actitis macularia (Linn.). Spotted Sandpiper.

Breeds along our shores, streams, and lakes. First

appearance (5 years) May 17. Nests with eggs

usually found during first ten days of June. Some

interesting observations were made in regard to

the young along the lake shore at Deerfield. These

young birds, which accompany their parents along

the gravelly beach, when alarmed, are in the habit

of taking refuge in the fringe of low bushes that

border the beach along its upper side, and when

they once reach this cover it is quite useless to look

for them. On three separate occasions, however.
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their retreat to the bushes was cut off, and invariably

they took to the water, swimming buoyantly and
with perfect ease out on the lake. When pursued

while swimming they immediately dived, swimming
about a foot beneath the surface and for a distance

of fifteen or twenty feet. When swimming beneath

the surface the feet were not used at all, being

carried straight behind, the bird propelling itself

by quick, regular, downward beats of its little wings.

Though apparently perfectly adapted for loco-

motion either on or below the surface of the w^ater,

the youngster in every case showed restlessness in

that element, and constantly watched^ for an open-

ing to reach the shore and the bush cover. The
wing feathers mature very rapidly, and the young
are often able to fly while the head and body are

still clothed only in down.

270. Squatarola squatarola (Linn.). Black-bellied Plover
—Occurs here during both spring and fall migrations.

274. jSgialitis semipalmata (Bona.p.). Semipalmated Plov-
er.—Very common during the fall migrations.

. Often found in compan}^ with least and semipal-

mated sandpipers. I have but one spring observa-

taion. May 3, 1901.

298c. Canachites canadensis canace CLmn.). Canada Spruce
Partridge.—Seldom seen near the coast, and said

to be becoming less common in the interior. Oct.

31, 1907, one appeared in the street at the north

end of the town, and, after posing for several camera
exposures, wandered off.

300a. Bonasa umbellus togata (Linn.). Canada Ruffed
Grouse; "Birch Partridge."—Apparently becom-
ing less common. Drumming first heard (5 years)

Apr. 5, and may be heard every month till Oct.,
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when it becomes common again. Ernest Thompson
Seton, in "Redruff," says, ''By a strange law of

nature, not wholly without parallel among mankind,

all partridges go crazy in the November moon of

their first year." I have the following notes that

may be of interest. At Argyle, Oct. 1, 1900, a

young but full grown grouse of that season, flew

from somewhere and alighted at my feet as I stood

on the doorstep of my boarding house, remaining

long enough to allow me to pick it up, when it

immediately struggled to escape. At Yarmouth,

Oct. 22, 1907, one was seen on the railway track

near the harbour, flying up and down and finally

disappearing. Another specimen flew in broad

daylight through the window of a house on William

St. On Nov. 2, 1907, a young grouse was caught

while flying about the freight sheds on the Dominion

Atlantic Railway wharf, but when liberated flew

off. Our Yarmouth specimens show two color

phases, red and gray, with intermediate specimens.

. Phasianus torquatus (Gmel.). Ring-necked Pheasant.

—A number of these birds (fifty or more) have

been liberated here during the last five years, and

are said to be multiplying rapidly. The mating

call of the male is heard as early as Mar. 26, and is

becoming one of the spring sounds of the woods,

while reports of young broods come in from all over

the western part of the country at least.

316. Zenaidura macroura carolinensis (Linn.). Mourning
Dove.—Only five observations of this species

during seventeen years.

325. Caihartes aura septentrionalis Wied. Turkey Vul-

ture.—One shot at Clarke's Harbour, Shelburne

Co., fall of 1892*. One shot at Seal Island, Shel-

Tliis spofiim-n is now in tlio Proviiu-ial Musrmin, Ilalif.ax, accession No. 21!)6
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burno Co., about 1896. One taken at Kcniptvillc,

Yarmouth Co., Nov. 10, 1909.

331. Circus hudsonius (Linn.). Marsh Hawk.— I find this

our most common species in the fall, but uncommon

during spring and summer.

332. Accipiter velox (Wils.). Sharp-shinned Hawk.—
Common during the fall migration.

334. Astur atricapillus atricapillus (Wils.). Goshawk.—
Not at all common with us. I have but two obser-

vations; both in winter.

337. Buteo borealis borealis (Gmel.). Red-tailed Hawk.—
Only four observations; all of birds brought in to

taxidermists.

347a. Archihuteo lagopus sancti-johannis (Gmel.). Rough-

legged Hawk.—One shot near Yarmouth, about

Nov. 23, 1906.

352. HalifPetus leucocephalus leiicocephalus (Linn.). Bald

Eagle.—Only one observation in life; one seen

Feb. 10, 1906. An average of perhaps one in a

season brought in to local taxidermists, from this

and neighbouring counties.

360. Falco sparverius sparverius Linn. Sparrow Hawk.—
Rare here. Two observations only: Oct. 6, 1907;

Jan. 17, 1910.

364. Pandion haliceetus carolinensis (Gmel.j. Osprey; "Fish

Hawk."—With the exception of a pair that shows

every indication of breeding about the lakes at

Deerfield each season, I have very few records of

this species.

365. Aluco pratincola (Bonap.). Barn Owl.—On Dec. 16,

1910, Mr. W. H. Robbins, of Tusket, found an owl

in his barn. Mr. Robbins endeavored to catch

it, but it escaped, and next morning was found
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dead outside the barn. The weather at the time

was severely cold. The bird proved to be the

above species.

366. Asio wihonianus (Less.). Long-eared Owl.—Rare

here. One observation only, Dec. 30, 1909.

367. Asio flammsics (Pont.). Short-eared Owl.—^Rare

here. Mr. Doane, taxidermist here, says he has

not received more than two or three in twenty years.

368. Strix varia varia Barton. Barred Owl.—I have

found this to be the most common of our owls.

372. Cryptoglaux acadica acadica {Gm.21.). Saw-whet Owl.
—

-I have never observed a live specimen of this

species, but one or two are taken in this vicinity

each winter.

375. Bubo virginianus virginianus (Gmel.). Great Horned
Owl.—Not uncommon inland.

376. Nyctea nyctea (Linn.). Snowy Owl.—A few appear

in this vicinitj^ each winter. Earliest recorded

date, Oct. 27. Unusually common in the winter

of 1902-3. In the fall of 1905 we received our share

of the great migratory wave of these owls that swept

down across the continent.

377a. Surnia alula caparoch (Mull.). Hawk OwL.^One
shot near Yarmouth, Oct. 26, 1905. The only

observation in the period covered by this paper.

387. Coccyzus americanus amsricanus (Linn.). Yellow-
billed Cuckoo.—-A specimen was taken alive and

sent to Yarmouth from Cape Sable Island, Oct. 8,

1913.

388. Coccyzus erythrophthabnus (Wils.). Black-billed

Cuckoo.—Decidedly uncommon here except in one

season, the summer of 1900, when they were rather

common.
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390 Ceryle alcyon (Linn.). Belted Kingfisher.—Not

common. Seems less so than formerly. First

appearance (6 years) Apr. 28. Last appearance

(8 years) Oct. 16.

393. Dryobates villosus leucomelas (Bodd.). Northern
Hairy Woodpecker.—Rather uncommon resident.

394c. Dryohatea puhescens medianus (Swains.). Downy
Woodpecker.—Resident. A little more common
than the la.st.

400. Picoidea arcticus (Swains.). Arctic Three-toed

Woodpecker.—Three observations only: A pair

at Argyle, Apr. 6, 1901; a male near Yarmouth,

Dec. 27, 1904; another male near Yarmouth, Jan.

20, 1906.

402. Sphyrapicus varius varius (Linn.). Yellow-bellied

Sapsucker.—Summer resident. Not uncommon in-

land. First appearance (4 years) Apr. 30.

405a. CeophloRus pileatus ahieticola (Bangs). Northern
Pileated Woodpecker.—I have seen this species

only twice in life: Apr. 25, 1904, and Oct. 31, 1904.

On the former occasion the spring call was heard.

It was much like the "if-if-if
— '' of the Yellow

Hammer but the sjdlable "if" was not repeated

as many times as in the Yellow Hammer's call.

This bird had. also, the Yellow Hammer's trick

of drumming on a dead limb.

421a. Colaptes auratus luteus Bangs. Northern Flicker;

"Yellow Hammer."—Our nost common wood-

pecker. Summer resident, but occasionally ob-

served in winter. P'irst appearance (10 years)

Apr. 6. Last appearance (8 years) Oct. 29.

420. Chordeiles virginianus virginianus (Gmel.). Night^
hawk.—Common summer resident. Seems to favor

burned forest tracts. First appearance (4 years)
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May 28. Last appearance (4 years) Sept. 20.

The "booming" may be heard until after the middle

of August.

423. Chcetura pelagica CLinn.). Chimney Swift.—Tolerably

common summer resident. As common in wood-

land as in settled areas. First appearance (11 years)

May 15. Last appearance (6 years) Aug. 23.

428. Archilochus colubris (Linn.). Ruby-throated Hum-
mingbird.—A few seen each season. First appear-

ance (5 years) May 21. Last appearance (9 years)

Sept. 16. Five nests found: July 18, 1904, nest with

young well feathered; July 9, 1905, nest with eggs,

young appeared July 25; July 10, 1905, another

nest just vacated, family still in neighbourhood.

July 1, 1906, nest with, probably, eggs; July 21, 1906,

another nest with eggs or small young, judging

from action of old bird.

444. Tyrannus tyrannus (Linn.). Kingbird.—Tolerably

common summer resident. Seems very irregular

as to first appearance, but regular in disappearance.

First appearance (4 years) May 24. Last appear-

ance (7 years) Sep. 8. Unusually large flocks seen

Sep. 4, 1904, and Sep. 1 to 8, 1907.

459. Nuttallomis horealis (Swains.). Olive-sided Fly-

catcher.—Rather uncommon summer resident.

Nests near Yarmouth.

461. Myiochanes virens (Linn.). Wood Pewee.— Fairly

common summer resident in the wooded regions.

463. Empidonax flavivenlris Baird. Yellow-bellied Fly-

catcher.—Rather uncommon summer resident.

Nests in our county.

466a. Empidonax trailli alnorum Brewst. Alder Fly-

catcher.—Common summer resident.
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\{)1. Enipidonax minimus W. M. & S. F. Baird. Lp:ast

Flycatcher.—Very common summer resident. May
be called the most domestic of our flycatchers,

building about our gardens and ornamental trees.

First appearance (8 years) May 16. Last appear-

ance (4 years) Aug. 22.

474. Otocoris alpestris alpestris (Linn.). Horned Lark.—
One to three observations each winter. Earliest

recorded appearance in fall, Nov. 8, 1908. Latest

recorded appearance in spring, Mar. 17, 1914.

477. Cyanocitta cristata cristata (Linn.). Blue Jay.—-Resi-

dent. More common inland than near the coast.

484. Perisoreus canadensis canadensis (Linn.). Canada

Jay.—Tolerably common resident. One seen carry-

ing nesting material Mar. 12, 1905.

486a. Corvus corax principalis Ridgw. Northern Raven.—
Not uncommon. Resident.

488. Corvus hranchyrhynchos branchyrhynchos Brehm. Crow.

—Abundant resident. Begins to nest by Mar. 31.

More apparent about the town during severe winter

weather, and when snow is on the ground.

494. Dolichonyx oryr-ivorus (Linn.). Bobolink.—I have

found it uncommon in Yarmouth Co., except in one

locality—the salt marsh at the head of Yarmouth

Harbour, where a number are to be found in the

breeding season.

495. Molof.hrus ater ater (Bodd.). Cowbird.—Five records:

May 16, 1903, a male; Aug. 3, 1910, a female; Apr.

21, 1911, a male; Oct. 1, 1911, a male; Oct. 22, 1911,

two males.

498. Agelaius phceniceus phoRniceus (Linn.). Red-winged

Blackbird.—I have seen but two in seventeen

years: Dec. 19, 1908; and Apr. 3, 1899.

Proc. & Trans. N. S. Inst. Sci., Vol. XIV. Trans. 6.
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501. Sturnella magna magna (Linn.). Meadow Lark.—
One taken at Comeau's Hill in fall of 1908. An-

other at Emerald Island off Shelburne Co., Feb.

20, 1912. This was said to be one of three or four

on the island at the time,

507. Icterus galhula (Linn.). Baltimore Oriole.—One

shot on Green Island, off Yarmouth, May 10, 1908.

509. Euphagus carolinus (Mull.). Rusty Blackbird.—
Rather common summer resident, nesting in our

swamps. First appearance (8 years) Mar. 27.

511b. Quiscalus quiscula ceneusRidgw. Bronzed Grackle.—
The following records onl}-.—One Jan. 13, 190-1,

with English Sparrows. One Oct. 18, 1904. On

Oct. 26, 1905, at Mood's Mill, about ten miles east

of Yarmouth a flock of over thirty were seen.

Feb. 23, 1908, one seen with English sparrows.

In summer of 1914 a pair nested at the south end

of the town. The same pair returned in 1915.

515. Pinicola enucleator leucura (Mull.). Pine Grosbeak.—
Generalh^ considered a winter bird only in Xova

Scotia, but my records show observations for every

month but September. In July, 1911, Mr. Harrison

Lewis, a very careful and accurate observer, found

old birds feeding fledgelings on the Mood Road,

about ten miles from Yarmouth. During a few

fine days in January, 1906, I had an opportunity

to observe several in song about an open sunny

clearing near Yarmouth. The song resembled that

of the purple finch, but was interspersed with a few

very robin-like notes. Like the purple finch, too,

. the grosbeaks were sometimes observed to sing on

the wing. I have heard the song since in March,

April, and June.
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517. Carpodacus purpureus purpureus (Gmel.). Purple
Finch.—Common summer resident. First appear-

ance very irregular; as late as Oct. 27. Song period

from first appearance till middle of July.

. Passer domesticus domesticus (Linn.). House or Eng-

lish Sparrow.—Abundant resident. They are ob-

served "house hunting" here as early as Mar. 14,

and nest building is common during last week in

Mar. In the fall months a local migration is notice-

able from the town to the country about July 1,

and returning about Oct. 1, the attraction to the

country being, probably, the grain fields, as clouds

of sparrows are seen about them during July, Aug.,

and Sept.

521. Loxia curvirostra' minor (Brehm.). American Cross-

bill.—Occurs very irregularly here; some seasons

common, then none observed for three or four

years. I have observed it in Jan., ^lay, Jun.,

Jul., Aug., and Sep.

522. Loxia leucoptera Gmel. White-winged Crossbill.—
Less common than the last. Observed from Aug.

to Jan.

528. Acanthis linaria linaria (Linn.). Redpoll.—Though

I am keeping all Redpoll notes under this specific

name, it is possible that some of my observations

may have been of other species of Redpolls. One

observation in Dec; all others confined to Feb.

and Mar.

529. Astragalinus tristis tristis (Linn.). American Gold-

finch.—Mostly a summer resident, though an

occasional winter flock may be seen here. I feel

sure from observations at Deerfield that they nest

there, though I have not found the nest or young.
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533. Spimis pinus pinus (Wils.). Pine Siskin.—Irregular

here. Common in 1901 and 1902; also in 1906,

1907, 1908. I have seen none since. On June 16,

1907, a male was observed in full song. The song

was typically finch-like, being a confused ramble,

and uttered while on the wing, the bird spreading

wings and tail and displaying all the yellow to the

utmost. Song again heard during June, 1908.

534. Plectrophenax nivalis nivalis (Linn.). Snow Bunting;

Snowflake.—Winter visitor. Very irregular in its

abundance from year to year. Some winters

none are observed; during others it is common.

Unusually common in 1904. Earliest recorded

date Nov. 10. Latest date, Feb. 16.

540. Pooecetes gramineus gramineus (Gmel.). Vesper Spar-

ROW\—Observed here as a fall migrant only. First

appearance (5 years) Oct. 7. Last appearance

(4 years) Nov. 30.

542a. Passerculus sandwichensis savanna (Wils.). Savannah

Sparrow.—Abundant summer resident. First ap-

pearance (7 years) Apr. 22. Last appearance (4

years) Oct. 5.

549.1a. Passerherhulus nelsoni suhvirgatus (Dwight). Acadian

Sharp-tailed Sparrow.-—Found common about

our salt marshes. Doubtless breeds near Bunker's

Island and on marsh at the head of Yarmouth

Harbour, but up to the present I have not found

the nests.

558. Zonotrichia albicoUis (Gmel.). White-throated Spar-

row.—Common summer resident. First appear-

ance (6 years) May 1. Last appearance (8 years)

Oct. 18. Song period from first appearance to

Oct. 1.
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559. Spizella monlicola monlicola (Gmel.). Thee Sparrow.
—All my ohsorvations of this species are in Feb.

and Nov.

560. Spizella passerina passerina (Bech.). Chipping Spar-
row.—Seems irregular in its occurrence here. Most
common in Sep. and Oct., less so in May and June,

and isolated observations in Nov., Dec, and Jan.

563. Spizella pusilla pu.silla (Wils.). Field Sparrow.—
One observation onh', Nov. 24, 1907.

567. Junco hijemalis hyemalis (Linn.). Slate-colored
Junco.^Abundant. Mostly summer residents, but

a few are seen in winter. Date of becoming common
(7 years) Mar. 27. Song period continues to near

the end of July. Nesting does not appear to become
common till May 1. I have two records of j uncos

departing from their own simple song and attempt-

ing to imitate other birds. In one case the song of

the song sparrow was attempted, and in the other

that of the robin.

581. Melospiza melodia nielodia (Wils.). Song Sparrow.—
Abundant. Mostly summer residents, but a few

remain all winter. Date of becoming common (13

years) Mar. 28. Nesting not common till May 1.

One nest, loosely built, in top of young spruce, ten

feet from the ground. Song period normally ex-

tends to middle of Aug., but is frequently heard in

Oct., with that of other birds which revive their

songs again at this season.

583. Melospiza lincolni lincolni (Aud.). Lincoln's Spar-

row.—One record only; Sand Beach, near Yar-

mouth, June 22, 1906.

584. Melospiza georgiana (hsbth.). Swamp Sparrow.—Com-
mon summer resident. First appearance (2 years)

Apr. 21. Last appearance (2 years) Oct. 8.
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585. Passerella iliaca iliaca (Merr.). Fox Sparrow.—
Observed during four fall migrations and once in

spring. First appearance in fall (4 years) Oct. 27

Last appearance in fall (4 years) Nov. 6. Observed

a flock; Apr. 7, 1907. They remained about the

town for a few daj's, treating us to their song, which

reminded one of that of the purple finch but was

shorter.

595. Zamelodia ludoviciana (Linn.). Rose-breasted Gros-

beak.—One observation only: a male in song at

Mood's Mill, summer of 1906.

608. Piranga erythromelas Viell. Scarlet Tanager.—One

taken at Arcadia, three miles from Yarmouth,, about

1912. Though I saw the bird I failed to record the

date. Two or three others have been received by

taxidermists here.

610. Piranga rubra rubra (Linn.). Summer Tanager.—

A

male found dead in the garden of J. Bond Gray,

Yarmouth, Apr. 20, 1913. Had been dead two or

three days. This specimen is now in the Provincial

Museum, Halifax (Acces. No. 4130).

612. Petrochelidon lunifrons lunifrons (Say.). Cliff Swal-

low.—Abundant summer resident. First appear-

ance (10 years) May 17. Last appearance (6

years) Aug. 25. Nest building is common by May
25.

613. Hirundo erythrogaster (Bodd.). Barn Swallow.—
Abundant summer resident. First appearance (10

years) May 3. Last appearance (9 years) Sep. 9.

Completed nests containing eggs are not uncommon
by June. 1.

614. Iridoprocnebicolor {V\Q\\\.). Tree Swallow.—Abund-
ant summer resident. First appearance (10 years)

Apr 29. Last appearance (6 years) Aug. 23.
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Breeds very commonly with us, nesting in hollow

trees and bird-houses.

616. Riparia riparia (Linn.). Bank Swallow.—A few

breed at the lower end of Bunker's Island, near the

mouth of Yarmouth Harbour, and doubtless in

other suitable localities along our shore, but as they

seem to show a decided preference for the sea-shore

we seldom see them even a mile or two inland.

Latest date observed, Sep. 16.

619. Bombycilla cedrorum, Vieill. Cedar Waxwing.—Most
years this species occurs here as a summer resident

only. First appearance (4 years) June 1. Last

appearance (-1 years) Sep. 17. A flock (forty or

fifty) remained about Yarmouth during the third

week of Nov., 1912. Two dead ones were brought

to me. One had the berries of black alder (Ilex

verticillata) in its throat. During the third week

of Feb. 1913, there were many about the town.

At this time three dead and one apparently paralyzed

were brought to me. The above are my only wdnter

records for this species, and, judging from the

number of casualties, they do not seem to make a

success of wintering here.

621. Lanius horealis Vieill. Northern Shrike.—Only

three certain records: Dec. 27, 1905; Nov. 10, 1908;

Jan. 9, 1910.

624. Vireosylvia olivacea {lAnn.). Red-eyed Vireo.—Com-
mon summer resident, but I am not near enough

to its favored haunts to get good dates for its arrival

or departure.

626. Vireosylvia philadelphica Cass. Philadelphia Vireo.

—One record; a specimen shot near Norwood, Yar-

mouth Co., Jul. 9, 1904.
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629. Lanivireo solitarius solitarius (Wils.). Blue-headed

ViREO.—Four records only: Aug. 24, 1904; Sep.

25, 1904; July 20, 1910; July 23, 1910.

636. Mniotilta varia (Linn.). Black-and-White Warbler.

—Common summer resident. First appearance (7

years) May 16. Last appearance (5 years) Sep. 23.

645. Vermivora ruhricapillaruhricapilla (Wils.). Nashville

Warbler.—I have only one certain record of this

species. On the nights of Sep. 9, and 10, 1909,

many birds were killed at the light near the month
of Yarmouth Harbour. A basket containing sixty-

five was handed to me. It contained: Oven-birds

1, Black-throated Green Warblers 7, Black-throated

Blue Warblers 1, Parula Warblers 1, Wilson's

Warblers 3, Black and White Warblers 1, Yellow

Warblers 2, Magnolia Warblers 1, Blackburnian

Warblers 4, Nashville Warblers t, Northern Water-

thrushes 7, Savannah Sparrows 5, Maryland Yellow-

throats 13, Redstarts 13, Red-eyed Yireos 4, Wood
Pewee 1.

648a. Compsothlypis americana usnece Brewst. Northern
Parula Warbler.—Fairly common summer resi-

dent. First appearance (3 years) Maj^ 15. Latest

date seen Aug. 28, excepting observation under

Nashville warbler above.

fi52. Dendroica cestiva cestiva (Gmel.). Yellow Warbler.—
About the town of Yarmouth this is our most
common warbler. First appearance (11 years)

May 13. Last appearance (7 years) Sep. 9.

654. Dendroica ccerulescens cmrulescens (Gmel.). Black-
throated Blue Warbler.—Only five observations

in seventeen years: Jul. 12, 1903; Jul. 7 and 9, 1904;

Oct. 18, 1906, and Sep. 11, 1909.
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655. Dendroica coronata (Linu.). Myrtle Warbler.—An
abundant summer resident, and fairlj'' common
winter resident. Date of becoming common in

spring (9 years) Apr. 29. It remains common as

late as the middle of Oct. Oct. 8, 1909, a partial

albino was observed. F^ntire head and neck, bill.

and feet white, a very few dark streaks on body

and tail, and wings about half white. The yellow-

patches, however, of the crown, rump, and sides of

breast were retained faintly, and served, with the

company the bird was in, to identify it.

657. Dendroica magnolia (Wils ). Magnolia Warbler.—
Common summer resident. First appearance (6

years) May 20. Last appearance (3 years) Sep. 26.

659. Dendroica peiisylvanica (Linn.). Chestnut-sided

Warbler.—Fairly common summer resident. First

appearance (4 years) May 21.

660. Dendroica castunea (Wils.). Bay-breasted Warbler.

—One observation in seventeen years,—a male in

song, June 4, 1911.

661. Dendroica striata (Forst.). Black-poll Warbler.—
This warbler makes its appearance about the town

of Yarmouth about May 15, and its song may be

heard among the ornamental trees for a few days.

After this, throughout the breeding season, it may
be found in the spruce woods covering the west

cape near Yarmouth Harbour.

662. Dendroica fiisca {MuW.}. Blackburnian Warbler.—
Rather uncommon summer resident. I have seen

the old birds feeding young during July. Earliest

date seen, May 13.

667. Dendroica virens (Gmel.). Black-throated Green
Warbler.—Abundant summer resident. First ap-

pearance (9 years) May 17. Last appearance (6
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years) Sep. 20. Song period from first appearance

to about July 25. I have found them nesting as

early as May 21.

672a. Dendroica palmarum hypochrysea Ridgw. Yellow
Palm Warbler.—Rather uncommon summer resi-

dent, and nests in our county; but very common
during the fall migrations. First appearance (3

years) Apr. 25. Last appearance (6 years) Oct. 15.

674. Seiurus aurocapillus (Linn.). Oven-bird.—Common
summer resident inland. First appearance (4 years)

May 17. Last appearance (3 years) Aug. 27.

While camping at Mood's Mill we noticed that the

common cry of "Teach-er, Teach-er,—" ceased

after Aug. 7, but that the aerial song continued

through the month. A nest was found at Carleton,

Yarmouth Co., May 24, 1912, nearly completed.

It was in a hollow of the ground, and dome-shaped,

with the entrance at the side.

675. Seiurus noveboracensis noveboracensis (Gmel.). Water-

thrush.—Eight or ten observed in seventeen years.

At Carleton, Yarmouth Co., a pair was observed

feeding young July 4, 1904. Latest observation,

Sep. 21.

679. Oporornis Philadelphia (Wih.). Mourning Warbler.—
Four observations only: June 1903, one; July 7, 1904,

one; July 16, 1904, a female; July 30, 1911, a pair.

681. Geothlypis trichas trichas (Linn.). Maryland Yellow-

throat.—Our most common warbler in low places.

First appearance (8 years) May 17. Last appear-

ance (8 years) Sep. 20.

685. Wilsonia pusilla pusilla (Wils.). Wilson's Warbler.—
Five observations only. Seen with young at Deer-

field, Aug. 10 and 13, 1908. See note under Nashville

warbler.
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686. Wilsonia canadensis (Linn.). Canadian Warbler.—
Rather uncommon summer resident. Evidently

breeds here, as it has been seen feeding young

several times. Earliest date seen May 24. Latest

Aug. 29.

687. Setophaga ruticiUa (Linn.). Redstart.—Abundant
summer resident. First appearance (5 years) May
19. Last appearance (5 years) Sep. 1.

697. Anthus ruhescens (Tunstall). American Pipit.—Two
observations. A large flock seen Sep. 26, 1906,

and another in the fall of 1903.

704. Dumetella carolinensis (Linn.). Catbird.—An un-

common summer resident in this vicinit}'. Earliest

date seen May 23. Latest, Oct. 3.

722. Nannus hiemalis hiemalis (VieilL). Winter Wren.—
Sep. 30, 1905, one observed; Oct. 26, 1905, one.

July 16, 1906, at Mood's Mill, and from then on to

the end of the month in that localit}' one was heard

in full song. On July 30 two were heard. These

are the only observations of this species.

726. Certhia familiaris americana (Bonap.). Brown
Creeper.—Rare in summer, but during some
winters it is rather common, being found in company
with the kinglets and chickadees.

727. Sitia carolinensis carolinensis Lath. White-breasted
Nuthatch.—I have not seen more than a dozen in

seventeen years.

728. Sitta canadensis Linn. Red-breasted Nuthatch.—
More common here than the last, and becomes

abundant some years during the fall migrations.

On May 24, 1912, at Carleton, an adult was observed

feeding a fledgeling. The latter, however, was well

developed and almost weaned from parental care.

Nesting evidently began early.
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735. Penthestes atricapillus atricapillus (Linn.). Black-

capped Chickadee.—Abundant resident. Nesting

begins as early as Apr. 20. In two eases observed,

the sitting bird would allow herself to be stroked

while on the nest, and was only driven off by jarring

the stump.

740a. Penthestes hudsonicus littoralis (Bryant). Acadian

Chickadee.—A record of the comparative abund-

ance of this and the last species, kept carefully for

three years, shows that the Acadian chickadee may
be found here at any time, but is more common
during the winter than the summer months; and

that the Black-cap is generally more abundant at

any time of year. While I have never found the

nest, I have seen them feeding young here in Jul3^

748. Regulus satrapa satrapa Licht. Golden-crowned
Kinglet.—Common winter resident, and a few

remain with us throughout the summer. Observed

in every month except June. Heard in song in Apr.

1909, and July 1910.

749. Regulus calendula calendula (Linn.). Ruby-crowned
Kinglet.—-Fairly common summer resident. First

appearance (4 years) Apr. 30.

756. Hylocichla fuscescens fuscescens (Steph.). Wilson's

Thrush; Veery.—An uncommon summer resident.

Occurs very locally and may be found in the same

place year after year. I know of only three "tangles"

in Yarmouth Co. where I can be reasonably sure

of hearing its wild ringing song.

757a. Hylocichla alicice bicknelli Ridgw. Bicknell's Thrush.
—-Found in only one locality about Yarmouth, as

far as my observations are concerned. A number

of them summer on the West Cape near the mouth

of the harbour, and probably nest there.
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7oN:i Ilijlocichla ustulata sicdinso/ii (Tschutli). Oi.ivp:-

BACKED Thrush.—Only twice obsorved. Aug. 11,

1904, one; July 10, 1905, four or five, probably one

familJ^

759b. Hylocichla guttata pallasi (CsLh.). Hermit Thrush.—
Common summer resident. First appearance (4

3^ears) Apr. 26. Last appearance (5 years) Oct. 22.

761. Planesticus migratorius migraiorius (Linn.). American

Robin.—Abundant summer resident. A few remain

over all winter. First appearance (10 years) Mar.

25. Become common ((11 years) Mar. 29. Nest-

ing commonly by Apr. 30. Last appearance (8

years) Nov. 14,

766. Sialia sialis sialis (Linn.). Bluebird.—Only seven

observations in all: five in fall and two in spring.

I have been told that they nested here in Yarmouth,

and at Carleton. In May, 1911, a pair appeared

and paid some attention to nesting boxes on a farm

about three miles from Yarmouth but in a day or

two they disappeared.



On the Beneficial Action of Certain "Poisons"; and
ON the Influence of Poisons on Protoplasm and on
Enzymes Respectively.—By D. Fraser Harris, M. D.,

D. Sc, F. R. S. E., F. R. S. C, Professor of Physiology in

Dalhousie University, Halifax, N. S.

(Read 22 February 1916)

It would no longer be in accordance with the teachings

of physiolog3^ to regard such katabolites asCOo, lactic acid or

urea as poisonous or wholly deleterious in the animal body.

Just as the heat evolved along with the motion in muscle

is not waste or undesirable heat, as much of the heat in the

steam-engine is, so the CO2 evolved bj^ tissue-katabolism is

not under all circumstances a deleterious or noxious substance

to be instantly eliminated. It may serve some good purpose

on its way to be excreted. For, first of all, there is no doubt

that it is one of the normal chemical stimuli to the activity

of the respiratory centre. Normally CO2 constitutes 5-6%
of the volume of alveolar air. Any rise above normal in the

CO2 concentration in the outer air must retard the elimina-

tion of CO2 from the alveoli; this causes CO2 in alveolar air

to increase and therefore to increase in the blood, and so

produce hyperpnoea, thus:

—

When CO2 is 3% of the inspired air, there is accelera-

tion of breathing, when it is 11% of the air, there is distinct

hyperpnoea, when it amounts to 15% of the air, there are

generalized convulsions, when CO2 rises to 40% of the outer

air, it acts as a direct narcotic to the central nervous sys-

tem. The converse of all this is that the excessive elimina-

tion of CO2 gives an apnoea, a chemical apnoea (Acapnia).

(2) In the second place, CO2 causes maximal diastolic filling

of the heart when it exists in the blood at 5-8%. This is

(96)
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its optimum tension; for a rise to 12 to 20% ciiu.scs diminisliod

systolic output. Conversely, a considerable diminution of

CO2 produces tachycardia at the same time that it stimulates

the vaso-constrictor centre. This naturally leads to an un-

satisfactory condition of the circulation, for the rapid, weak-

ening heart works badly against increased peripheral resis-

tance. Over 8% of CO2 in the blood stimulates the vasocon-

strictor centre.

(3) It is now definitely known that excess of carbon diox-

ide in the blood dilates the coronarj^ vessels. Barcroft and

Dixon in 1906 wrote; "we have given reasons to show that the

liberation of metabolic products from the heart, the chief

of which is carbonic acid, controls the vaso-motor changes

in the coronary arterioles." This is comparable with the

dilator action of muscular katabolites on the arterioles

of muscle demonstrated long ago by Gaskell.

(4) Both CO2 and lactic acid hasten the rate at which

arterial blood with low tensions of oxygen gives up its oxy-

gen, that is, is reduced. When hydrogen or nitrogen is

bubbled through arterial blood saturated with oxygen, the

saturation falls from 100% to 80% at the end of twenty five

minutes, but

—

Blood containing

. 04% lactic acid falls to about 68% saturation in 25 minutes

20. 00%o CO2 falls to about .. ..60%o
" "" "

0.09% lactic acid falls to about 50%o
" " " "

45.007c CO2 falls to about .... 25%,
" " " "

0.20%o lactic acid falls to about 15% " " "

100. 00%o CO2 falls to about. .. 7% " " " "

Both CO2 and lactic acid afe, therefore, beneficial to the

organism in that they accelerate the reduction of capillary

blood. After vigorous exercise there may be 0.07% of lac-

tic acid in the blood.
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The Effect of CO2 on the Rate of Oxidation and of the

Reduction of Blood Respectively.

At 37.5°C, the time taken by bubbling hydrogen or

nitrogen to reduce oxygen-saturated blood to 50% satura-

tion is twice as long as the time to oxidize blood from zero

to 50% to saturation, no CO2 being present in either case.

The oxygen present in the oxidative process is 13.5% volumes,

hydrogen being the rest. Barcroft has shown that the

addition of CO2 (six volumes %) to the hydrogen in the

reduction process shortens the time (for reduction from full

saturation to 50%) and makes it equal to the time for oxi-

dation. The practical import of this is very clear; it means

that the velocity of the uptake of oxygen by the pulmonary

blood is just the same as that of its loss to the tissues. The

rates of pulmonary oxidation and of tissue reduction of

haemoglobin are the same, but only in presence of CO2.

Another example of the beneficial action of a katabolite

or poison is urea. Matthews says in his recent text-

book: "it is found that the addition of a little urea to arti-

ficial perfusion solutions when one is perfusing the heart or

other organs, is, as a rule, advantageous. This action is not

so well marked in mammals as in teleostean and lasmobranch

fishes."

In addition to all this, urea is it?3lf a good diuretic

,

which circumstance is too obviously of advantage to the

organism to merit further remark. Ammonia is a kata-

bolite, but it is a valuable agent for warding off acid intoxica-

tion in the body. Certain amines, katabolites, are vaso-

dilators and wash acid out of the tissues.

A poison may be defined in more than one way. Some-

thing that is not a food and not inert in the body, is one good

description. A poison might be described as something which

compromises or tends to compromise the vitality of the tissues;

but unless we qualify the "something," we shall have to in-

clude such a thing as a rope tied round the neck producing
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sufTocation. Comprisinfi; the vitality of the tissues l)y

chemical means, is inherent in the notion of a poison. Any
chemical substance which interferes witli the action of the

heart or of the respiratory centre to such an extent as to im-

peril life is a poison. Unquestionably certain drugs are in-

cluded under this heading. Here we are not thinking of such

things as crude acid or alkali which has been swallowed and

has destroyed the very tissues themselves; these indeed com-

promise life and are therefore poisons. Nor are we thinking

of such a substance as strychnine which kills in a round-about

way by asphyxia. It causes such prolonged inspiratory

spasms of the diaphragm that breathing is interfered with

and the due entrance of oxygen into the blood and thence

to the tissues effectually prevented.

In a sen.se, strychnine kills as mechanically as does a

rope tied round the neck; both ultimately prevent the access

of oxygen to the living tissues. It is the narcotic poisons

which present the tj^pical problem to the physiological

chemist.

Why and how^ are alcohol, chloroform, ether, morphia,

cocaine, and hydrocyanic acid poisons? On what preciseh'

do the}' act; and is that thing the same substance as that on

which perchloride of mercury, for instance, exerts its bane-

ful influence?

Do poisons act on protoplasm or on the i)roducts of

protoplasmic activity, such as the enzymes? For it is prac-

tically certain that a poison must either compromise the pro-

per functional activity of the biogens or living molecules,

or it must interfere with the due action of some one or more

of the enzymes possessed by or liberated b}^ the protoplasm.

Thus for convenience we speak of a protoplasmic poison which

kills living protoplasm, and of an enzymic poison which

prevents its fermentative activity.

Pro. & Trans. N. S. Inst. Sci. Vol. XIV. 21 Jl 16. Trans. 7
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Prof. A. D. Waller, F. R. S. in 1910 investigated the ty-

pical case of the poisonous alkaloid aconitine: he found that,

whereas aconitine was distinctly poisonous for frog's muscle,

it did not in the least restrain the activity of such an enzyme

as ptyalin. A 0.01 Normal solution of aconitine after twelve

hours' contract with ptyalin and starch was found to have

exerted no restraining influence on the enzyme at all.- It

saccharified starch as rapidly as did an unpoisoned control.

Now aconitine is a deadly poison, but to bioplasm itself, not

to its product the secretion-enzyme, ptyalin. The relative

toxicity of some poisons for frog's muscle is given by Waller

(A), and along side it, I place a table of poison? for reduct-

ase (B).

A.

Aconitine 1000.00
Quinine 100.00
Nicotine 33 . 00
Theobromine 18.00
Caffeine 12.00
Chloroform 6.00
Ether 0.72
Alcohol 0.06

B.

Chloroform 5

Ether ^

Morphine ,3
Caffeine '

Alcohol
I ,_, .

Quinine
|

Aconitine 1

From these figures we see that whereas aconitine is the

most deadly for protoplasm, it is actually the least injurious

"poison" for the reducing, respiratory tissue-enzyme, reduc-

tase. Again, chloroform is low down as to toxicity in Wal-

ler's list; it is at the top of the poisons of re lucta-ie.

Once more, take the case of alcohol, a pi)ison to living

protoplasm. Protozoa dosed with alcohol are immobiliz^^d

and die; cilia are killed in water containia';- alcohol. By the

power it has to compromise the activity of the "vital" centres

in the Medulla Oblongata, that is hy interfering with the inner-

vation of respiratory and cardiac muscle, alcohol in sufficiently

high concentration is a poison; l)ut alcohol does not interfere

to the same serious extent with pe[)sin. a secretion enzyme.
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No (li)iil)t v>'ry larj^e draughts of alcohol do inhibit p 'psiii by

precipitatiuii; it and so throwing it out of the sphere of chemical

activity (solution); but we know quite well that both gastric

and intestinal digestion can proceed in the presence of notable

([uantities of alcohol, .\lcohol is a poison both to protoplasm

anil to its cnzymic secretions, but it is more toxi(; to the former.

As Ehrlich long ago insisted, a poison can exert its in-

fluence only so long as it unites chemically with the mole-

cules of the living protoplasm, the biogens; a substance that

cannot unite, even temporarily, with the living stuff cannot be

a poison: if it cannot get into relations with it, it cannot in-

fluence it.

Xow it is abundantly clear that poisons do enter into

union with the living stuff; chloroform continues to be elimina-

ted by the breath for many hours after the anaesthetized

person awakes. It is, of course, by its more or less firm union

for the time being with the living heart-muscle that chloro-

form "acts" in high doses so profoundly as a depressant of tha

cardiac myoplasm which it immobilizes so that the fibres

tend to die in diastolic atony.

The respiration of tissues is their chief "vital" character-

istic, their taking in oxygen and giving out carbon dioxide

—

internal respiration—- is of the essence chemically speaking of

tissue-life.

In a rec-nit research Dr. H. J. M. Creightoii and I

studied more particularly the inspiratory aspsct of tissue

respiration, namely that carried out by th? reducing ferment

of the tissues hitherto called "reductase."

The problem we put to ourselves wa-; this,—Do the al-

kaloids and other deadly narcotic poisons, substances which

kill animals in a very short time, act as inhibitants (poisons)

of "reductase" to anything like the same extent? The

answer in the negative was so unexpected that we tried to

verify it in every possible way. Our method was as fol-

lows—the tissue juice from a cat's liver crushed in physiolo-

gical (Ice) saline was mixed with a dilution of cat's blood in
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water one in twenty-five. This—the control—was kept at

40°C and examined from time to time with the spectroscope

to ascertain the exact moment at which the oxyhaemoglo-

bin became reduced to haemoglobin. The other tube con-

tained poisoned liver-juice and blood, the juice and the poison

having been kept in contact for ten minutes before

being added to the blood. Some of the deadliest protoplasmic

poisons had very little retarding effect on hepatic reductase,

in fact caffeine (the citrate), in 0.01 normal solution prolonged

the time of reduction to 24.5 minutes, whereas hyoscine

hydrobromide of the same strength only prolonged it to 6.5

minutes, the normal time for the control being -1.5 minutes.

Some of our results are given in full in the table below;

TABLE I.

4.5 minutes required for reduction of normal mixture.

Time in minutes required for the reduction of mixtures

containing Ice of liver juice, 2cc of blood solution and Ice of

an aqueous solution of the poison having a normal concen-

tration of

Poison 0.1 0.02 0.01 0.0010.0001 0.00001

Hyoscine hj^dro

bromide
Cocaine hydro-

chloride

Morphine sulphate .

Atropine sulphate. .

Strychnine sulphate

Quinine hydro-

chloride

Caffeine citrate ....

Alcohol

Ether
Chloroform

5.5

5. 5

6.0
8.0

destroys

blood

7.5

8.0
7.0
6.0

8.0

6.5

8.5
7.5

6.5

6.0

4.0

10.0

6.5

3.5

4.5
7.5

4.5

4.5

destroys

blood

10.0

11. Oi 9.0
I

25.0J24.5
.. ..,10.0

5.0..

10.0 .

6.5

8.0

12.5

6.5

9.0

10.0

9.0

5.0
9.0 8.0

6.0

0.9

7.0



INFLUENCE OF POISONS ON PROTOPLASM, ETC. HARRIS. 103

The f^cneral inference from those and many similar ex-

periments was that, just as Waller had found aconitine had no
influence on ptyalin, a secretion enzyme, we found that

other deatlly alkaloids had only a slight retarding action on the

enzyme of internal respiration in the liver, hepatic reductase.

An alkaloidal poison is, therefore, not deadly because it com-
promise.s tissue respiration, at least on its inspiratory side,

as studied in the liver.

Realizing that the narcotic poisons act characteristically

on the central nervous system, we next tried the effect of

deadly narcotic poisons on brain-juice.

Six and a half minutes was the time required for cat

b.-ain-pulp to retluce the oxyhaemoglobin; the following table

shows that aconitine only added 2.5 minutes, hyoscine 3.5

and morphine 6.5 minutes respectiveh'.

TABLE II.

Time in minutes required for reduction of mixtures con-

taining Ice of brain juice, 2cc of blood solution and Ice

of an aqueous solution of the poison having a no.-mal con-

centration of

Poison 0.1 0.05 0.001 0.00001

Hyoscine hydrobromide
Morphine sulphate

9.5
13.0

9.5
13

Aconitine 9.0 8 5

Caffeine citrate destroys

blood 13

Alcohol 11.5

13 .

5

22

12

Ether 13 5

Chloroform 12

Alcohol, ether and chloroform were all much more in-

hibitory to the velocity of the tissue respiration of brain

than were such lethal poisons as hyoscine, morphine and aconi-
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tine. Our inference once again was that the deadly alkaloidal

narcotics do not compromise life by interfering seriously

with the inspiratory phase of tissue-respiration. But if

this be admitted, then the deadly narcotics must be assumed

to act on the living molecules of bioplasm, the biogens them-

selves. The deadly character of the narcotic alkaloids is

exerted not on any substance in the outer sphere of influence

of the bioplasm, not even on the endo-enzyme of tissue res-

piration, but on the very centre and citadel of life itself.

Doubtless this is much as we should have expected a priori;

and some critic may remark that it is not throwing much

fresh light on protoplasmic poisons; but it at least tells us

where the toxicity of alkaloids does not preeminently exert its

power. This may not be much by itself, but it clears the

ground for the next inquiry, namely:

What is it in the biogen for which the alkaloid has af-

finity, what is it precisely that is immobilized in fatal poisoning?

The poisonous action of alcohol on the lowliest forms of

life is well brought out in a set of curious experiments by

Professor Woodhead of the University of Cambridge. Us-

ing plate-cultures of the phosphorescent bacillus of Byer-

inck, he actually contrived to photograph the light produced

by it in a twenty minutes' exposure. When 7 to 12 per cent,

of alcohol was introduced into the culture, the light was

abolished altogether; when 5% was introduced, the exposure

required was 2.5 hours to obtain the same depth of result

as was given by the unpoisoned bacilli in twenty minutes.

Here we may say we have the toxic power exerted on the

organism as a whole, for we may not in all cases of plants be

able to discriminate between protoplasm and enzyme.

In certain animals which produce light, for instance the

fire-fly, Photinus pyralis, the light production has actually

been attributed to a ferment luciferase an oxidase carrying

oxygen to a substance luciferin. It is claimed that these sub-

stances can be separated; each alone produces no light. whereas
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the intraction of the two does so. It is tluM-ctore {;on('(Mval)l(;

that the toxicity of alcohol against liii;lit-production might,

in the case of animal bioplasm, be exerted on the enzymes and

not on the biogens.

One of our general conclusions was thus stat:\l; sub-

stances which are known to ba rapidly fatal to animals and
which depress the vitality of isolated tissuss (muscles, nerves,

etc.) that is, are deadly protoplasmic poisons, are not poisons

in the same sense for reductase from liver or from l)rain.

Another was; substances which are virulent poisons to pro-

toplasm (e.g., aconitine, hyoscine hydrobromide) inhibit

reductase no more elTectively than substances very much less

poisonous to protoplasm, namely, alcohol and caffeine ci-

trate.

We were not prepared for these results; we had expected

that such virulent poisons as aconitine, hyoscine and morphine

would seriously interfere with tissue respiration. These

alkaloids interfere with tissue respiration to a trifling extent

compared with what they do as regards putting the vital

machinery itself out of action. These deadly poisons com-

promise the activity" neither of such separated substances as

the secretion-enzymes, nor the non-separated endo-enzymes,

but they do interfere in some way not at present understood

with the inmost molecular activity of the biogens themselves.

They put their enemy out of action, not by destroying his

ammunition but by destroying the factories themselves.

Yet the various narcotics differ inter se in regard to their

toxicity both for neuroplasm and for neural reductase: thus

chloroform is about 2.3 times as poisonous as hyoscine to-

wards neural reductase.

Poisons of Bioplasm, of Endo-Enzymes and of Exo-Enzymes.

Certain poisons for bioplasm are poisons also for both its

endo-enzymes and its exo-enzymes; such a substance is

mercuric chloride. Its toxicity for the whole organism is
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well known. Dr. Creighton and I found it fairly poisonous

for hepatic reductase: when the normal liver (cat) needed

ten minutes to reduce diluted blood, the addition of 0.01

normal HgCl2 prolonged the time to 17 minutes. Waller

and others have shown the high toxicity of HgCl2 for ptyalin

and for pepsin, both exo-enzymes. Mercuric chloride is

therefore poisonous not only for the biogens, but also for

their products, the enzymes which remain in the cells as well

as for those which leave them.

Another poison HON or KCN has been examined in

regard to this threefold conception of the vital machinery.

Its toxicity for the entire organism is notorious. Dr. Creigh-

ton and I found it very poisonous towards hepatic reductase;

it added 24 minutes to the time (10 minutes) for the reduction

of the blood by unpoisoned liver juice. Mr. J. B. Reed°

found 1% KCN destroyed all the oxidase (for indo-phenol)

in vegetable cells; he further found that the ventral nerve-

cord of crawfish after treatment with KCN was quite unable

to exhibit any oxidizing power. KCN also prevented any

oxidase activity on the part of the leycocytes of human blood.

But KCN, except in very high concentration, does not affect

the activity of pepsin. KCN is therefore highly toxic to-

wards living matter and towards both the reducing and oxidiz-

ing endo-enzymes, but not towards secretion-enzj-mes.

Another substance poisonous for protoplasm and endo-

enzyme, but not for secretion-enzyme is arsenious acid

(AS2O3). It is highly toxic for naked protoplasm. Dr. Creighton

and I found it added 23 minutes to the time (10 minutes)

for hepatic reductase to reduce blood. It was used in 0.01

normal concentration. But against pepsin it has little

power except in very high concentration. Ether for instance,

does not inhibit the action of lipase.

°Th(' role of oxidiusos in resi)iration. J. B. Reed, .11. Biol. CliiMii. Au^. 1915.
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The following (it'scriplion of ciiiinino not written nt !il|

from our presentpoint of view shows that it l)elonp;s to the lust

mentioned group of poisons^

"Quinine is frecjuently ealled a protoplasm poison beeause

of its aetion on undifferentiated i)rotoi)lasm. In small

amounts it stimulates movement in Infusoria, but in larger

amount paralyzes these minute organisms immediately.

The alkaloid also retards the action of some unorganized

ferments, espeeialh' that of the oxidases."

It appears, then, that all substances w^hich we may call

"poisons" do not act in exactly the same manner on the same

constituent of the vital mechanism. One might attempt a

classification of poisons somewhat as follows:

—

1. Substances which act b}' destroying the histological

integrity of the tissues altogether: strong acids, alkalies and

nascent elements, as CI in the "gassing" b}^ Germans. The
lesions may be so extensive that death results from shock

or from internal haemorrhage.

2. Substances which replace O2 in air breathed or pre-

vent O2 gaining access to the Haemoglobin such are CO, COo,

and CH4. They kill by asphyxia as truly as if the person had

been suffocated or strangled.

3. Substances which cause either spasm of the muscles

of respiration or of the diaphragm or paralysis of them, so

that the inspirations are suspended, no O2 reaches the tissues

which are asphyxiated, e. g., strychnine and allied alkaloids;

also curare which immobilizes muscles by making them in-

accessible to nerve impulses.

4. Substances which immobilize the biogens of the neuro-

plasm of the central nervous system, so that consciousness

is ultimately abolished and the respiratory centre paralj'zed.

All the narcotics proper fall into this group. The vegetable

alkaloids are the typical members of this group inasmuch

^The Plant alkaloids. Henry. J. and A. Churchill, 19i;3, p. 17L
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as they act specifically on the neuroplasm, but not nearly so

directly on the enzymes of tissue-respiration.

5. Substances which both immobilize the biogens of

neuroplasm and also retard the velocity of action of one or

other of the enzymes of internal respiration, namely reduc-

tase and oxidase, but do not destroy secretion-enzymes.

Examples of these are chloroform, ether, alcohol, quinine,

KCN, AS2O3.

6. Substances which act injuriously on all the three,

the biogens, the endo-enzymes, and the secretion-enzymes.

Examples:—Mercuric chloride, silver nitrate, and all salts

of heavy metals when in sufficient concentration. Thus

Uranium salts as weak as 0.0001% retard ptyalin, and in

solution no stronger than 0.008% completely inhibit it.



A Study of the Cow Bay Beaches.—By 1). S. McIntosh,

B.A., M. Sc, Professor of Geology, Dalhousie University,

Halifax, N. S.

(Read 10 April 191tt)

Introduction.

For many years, the Cow Bay beach has been a summer

resort for the residents of Halifax and Dartmouth. The

wide expanse of sand and pebbly beach open to the ocean

attracts bathers, and the sheltering groves of spruce within

a stone's-throw of the sea has become a favourite spot for

picnicing parties.

I"iG. 1.

—

Location' of Cow Bay.

A drive of six miles by automobile or carriage over a

macadamized road from Dartmouth through Woodside and

along the harbour-front to Eastern Passage, followed by

that over a less level and less smooth road for four miles is

the usual way of reaching the locality which lies a few miles

to the East of Halifax harbour. The recently constructed

"Halifax and 'Eastern" railroad passes within about a mile of

the beach, and will likely have a station near.

(109)
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Statement of the Problem.

This beach is one of several similar beaches along the

Atlantic seaboard of Nova Scotia. The most striking

characteristic of this coast is the irregularity of the shore line

with its numerous islands—the result of relative coastal

subsidence. The channels made by the streams in the

quartzites and slates of the area when the land stood higher

are now invaded by the sea, and their lower courses are

estuaries. In these estuaries, beaches have formed, ponding

back fresh or brackish water. Cow Bay beach is neither

the largest nor the smallest of these beaches, but has been

selected for study on account of the presence back of the

present shore-line of a series of beaches older than the modern

beach. The purpose of this paper is to account for the present

form of this beach—the modern storm beach with the older

beaches lying behind. It is hoped, too, that the conclusions

arrived at in regard to modern coastal stability are of value,

and make the paper one of more than local interest.

General Description.

The general direction of the coast-line east of Halifax

is about east-northeast; that of Cow Bay about northeast.

The extent of the bay inland from the line of headlands is

about a mile. The length of the beach under discussion is

about three-fourths of a mile, the eastern corner of the bay

having another beach with ponded freshwater. The pond

or lagoon back of the beach extends inland for about a mile.

It is shallow, and over a large part, the bottom is chiefly

drifted sand overlaid by decaying organic material. In the

pond is a comparatively large island, the outline and attitude

of which is similar to that of the hills in the vicinity. This

island appears to have been protected from the sea-waves,

even b(»fore the present beach was in existence, as it shows

no evidence of marine wave action.
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On account of tlic (illin^ up of the poiul Ity material

washed over the l)each and by wind-borne sand, it is difficult

to locate, with any degree of certainty, the outlet at any

particular time while the beach was in process of formation.

The depth of water and the low cliffs on the north-east side

of the island seem to point to the presence there, at some

time, of a water course. Doul^tless, the outlet has been

Fig. 2.

—

Location of present-day and Restored Drimlins.

generally shifted towards the western end of the beach by

the prevailing trend of the shore-currents. Within the

recollection of the present inhabitants, the water of the

pond has been fresh, and drained into the lagoon to the west

of the beach (See Fig. 2). About fifteen years ago, however,

a storm closed the outlet of the lagoon, the ponded water rose
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and burst through at the present outlet, a hundred yards

or so from its former exit. A breakwater was then built

here to provide a boat harbour. Since then, the water of

the pond has been brackish. The lagoon to the west is

flooded during high tide, largely through the outlet, but

also over a low part of the beach on the western headland.

The surface irregularities of the locality and the sur-

rounding country consist chiefly of rounded elliptical hills

with the longer axis approximately south-east and north-w.^st.

This direction conforms to that of the glacial scratches on

the bed rock. These hills are made up of drift-material, and

are therefore drumlins. Some of these drumlins are shown

in Fig. 2.

The Drumlins.

These drumlins enter largely into this discussion. Some

of them are entire, others are partially wave-eroded, while

two show but the wave-sorted base remnant. The' western

half of the promontory which ends at Osborne Head—-drumlin

A (Fig. 2)—has the seaward portion wave-eroded so as to

produce cliffs. The waves still attack the south-eastern end

and are wearing it away, but the cliffs on the side facing

Cow Bay are largely grass-covered with shelving beaches

extending to the sea. This condition does not, however,

seem to have been brought about by elevation of the strand-

line, but is rather the result of the seaward building or pro-

grading of the beach, so that the foot of the cliff is now

beyond the reach of the waves. Drumlin B (Fig. 2), at the

eastern end of the Cow Bay beach, is partly destroyed by

wave-action, but the site of the eroded part is shown by the

boulder-strewn bottom which extends seawards a hundred

and fifty or two hundred feet. It was from a study of this

foundation material that it was possible to restore drumlins

C, D, and E (Fig. 2). .\lthough the rock of the area is slate,

the boulders of the drumlins are quartzite with a spriuLiing
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of granite from the district to the iiortii. I'Vcjin tli'- croilcd

part ail the finer material has been washed away by the

waves, and but the coarsest remains. The bouhiers in this

part of the site, moreover, are not rounded by the waves, but

are typically jilacial, and they ajipear not to have been

moved from their positi(ju in the drumliii, excei)t in so far

as they have fallen from an upper level to a lower. A boulder

bottom thus frinu;es the seaward end of the partly eroded

drumlins. West of drumlin B about five hundred yards

along the beach is a drumlin site C as indicated by the boulder-

covered bottom. Nothing but the coarser material remains.

A few yards further along towards the west is another drumlin

site D. The area that forms the south-western boundary

of Cow Bay is also fringed seaward by a boulder-strewn

bottom, the remains of a former glacial mound E.

I'K;. :;.— I'k\( HKS— MoiKKN, KILI, LINKS; OI,U, DOITED LINh;-

HR(>U.\BLE BAKLY BK.VCH, DOT A.VD DA.SH LINK.
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The Beaches.

The beaches under discussion extend for about three-

quarters of a mile with an average width of about four

hundred feet. The seaward side is open crescent shaped; the

pond side, in general, concave, but with tongues of gravel

and pebbles extending into he pond at several places, and

pond-made material irregularities in others. These tongues

of pebbly material were formed by the action of waves

carrying cobbles over the storm beach. Beginning at B

going towards the west, (See Fig. 3), the beach for about

a hundred and fifty yards has a gentle slope, and beyond

the reach of ordinary storms, is ridged with small sand dunes,

while the pond side holds scrubby spruces. From this point

at the cres ,
two beaches branch, one a low modern beach,

the other an old one. These diverge slightly as they con-

tinue westward until at about one hundred yards further

west, this old beach divides into two, and the three continue

towards the west very gently crescentic for a hundred yards

or so. At this point, the farthest back beach is fifty feet from

the middle one, and the latter about seventy from the modern.

The area here is wooded along the line of beaches with inter-

vening sand patches—the beaches are cobbles. The pond-

ward old beach continues west, coalescing with the other

old beach and preserving about the same distance from the

modern beach until in a line with the restored outline of

drumlin C. In the drumlins C and D area, the modern

beach is low with small grass-covered sand dunes pondward

and a low old beach about fort}^ yards back of the modern,

and with marshy material to the edge of the pond. From

the drumlin site D the modern beach continues to rise towards

the west until about half-way to the outlet, it is steep as is

possible for the cobbles to rest on one another, and is ten

and a half feet above the last high tide. This part of the

modern beach continues high up to near the outlet. Back

of this high modern beach is a series of low old beaches in a
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sort of fun shape, spreading out towards the pond outlet

and converging towards drumlin D. The ends of the fan

curve down stream. These beaches lie nine and a half feet

below the high modern beach (See Fig. 4). Of the two old

beaches to the eastward of dnunlin C, the furthest back is

higher than the modern beach at this part. Here the crest

of the modern storm beach is six feet five inches above the

last high tide, while the old beach is eight feet two inches to

ten feet four inches above the same mark. This latter is,

at its highest part, a flat dome-shaped mass of flat cobble-

stones now lichen-covered (See Fig. 5). Towards the

pond side and towards the westward margin, the stones are

smaller than on the summit and towards the east.

Storms and their Effects.

The frequency and intensity of storms along this coast

for the ten years previous to 1012 is contained in "Wind

Data" compiled for the Halifax Ocean Terminals. In this

compilation, it is shown that, as one would expect from the

latitude of the locality, by far the greatest number of storms

has been from the south-west. As this wind bows along

the shore, the only effect is seen on the headlands where the

beach material is being moved eastward. Where, however,

as at Cow Bay the beach is protected from this wind, little

effective action of the waves and littoral currents is shown.

North-east storms, which are few compared with the south-

west, also blow along shore, and have a like effect, unless

somewhat east of northeast. The heaviest storm recorded

for the ten years blew from this direction with a velocity

of over sixty miles an hour. Such a storm would doubtless

drive great waves into the bay with an accompanying lit-

toral current. South-east storms are more frequent than

north-east, and as the bay lies open and exposed to the full

force of the Atlantic waves, the effect should be great, espec-

ially when the storm is accompanied by a high tide. It is,

Pro. & Trans. N. S Tnbt Sci. Vol. XIV. 20 Aug.. '16. Trans.—

8
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indeed, surprising, at first glance, to see boulders of compara-

tively small size unmoved from the wave-swept drumlinbase.

This is owing, however, to the shallowness of the bay for

some distance seaward. In heavj^ storms, a line of breakers

is formed off-shore, and the force of the waves diminished.

Origin of the Beaches.

The material of which the beach is composed came from

the easily-eroded glacial mounds, and appears to have been

carried largely towards the west. On the seaward side of

the present beach were at least two islands C and D (Fig. 3).

It is not unlikely that between B and C were one or more

small islands further seaward that protected the island in

the pond from the waves before the beach was formed, and

which were early destroyed. While the drumlins A and E
extended further seaward than today, the islands were

more sheltered than later. The on-shore storms would,

however, act upon them, and their reduction was begun.

With shallow water, as todaj^, and a current along the shore,

the tendency would be for the waste from the drumlin-

heads to be carried in the direction of the current, and to

form bars which might eventually tie the drumlins, as in

Fig. 3. As the waves cut back the drumlins, these beaches

would be driven further towards the pond-head. There was,

probably, a channel kept open by the currents for some

time between B and C, but this was gradually driven towards

the western end of the beach, until at length the water from

the pond emptied into the lagoon. When the drumlins

were consumed, or but shreds remained on the rear, the

beaches were located slightly seaward of the oldest old beach

of today. So much material had by this time accumulated

that, under ordinary conditions, the movement of the beaches

landward was ended. A violent storm, probably accomp-

panied by a high tide, next swept the shore. Its work was

most effective in the wider space between B and C, and



t33

HHJHIK'

RHpS^^^^P
^^^^^^^^B

Hnii
|̂HB^]ju|^^HjS ^^^^^V'

^Pi'i'^^'' '.^^B^Sk

B
k^J^L^'j^^^ l^^p^^^^^^^MD ^^^1 |^:)i,^B^ ^^^B

B^HMy^wK^flp|^Hm|^'v,*H l^'^v^H^
^^^K^
^^H'

^^^Ki^'^il^^^Hl ^B
^B^^nCv^viC^^I ^^'^^^^H ^^K*

Jm

l^M •v^R^IX^'k
^^^^S]^k^L*;^Qi^

1 LB'









A STUDY OF TUK COW BAY BEACHES— D. S. McINTOSII. 117

where already the heach was highest. The sand, i)el)bles,

and (()hl)les were carried by the westerly trendinjj; curren;

and heavy waves over the hifj;h beaeh and spread to the

edfje and into the ponil, l('a\'in>i the crest of this highest

old l)each dome-shaped as at present. This height was

not again reached by the waves, and the beach prograded,

and another storm beach formed, making the second old

l)each in this ])art. This hitter forms an arc of a larger circh'

within the arc of a smaller one, the oldest beach. Prograding

has continued to the present modern beach.

In the western part of the beach after the destruction

of the drumlins, the force of the waves was reduced l)y

sweeping over the drumlin-base. The seaward old beach

is probably of the same age as one of those to the east, while

the low ones lying behind seem to have been the result of

storms carrying material over a low storm beach through

troughs in the beach and into the western part of the pond

where it joined the lagoon. The development of a high

modern beach has preserved them in their present form.

Evidences of the Age of the Beaches.

The oldest beaches reached their present position when,

or soon after, the work of consuming the drumlins was

completed. For several year they were, doubtless, like the

ordinary beach without vegetation. Now they are fringed

with spruce trees. A stump of one of the largest of these

trees about two feet in diameter shows one hundred and

twenty annual growth rings. The younger old beaches are

also bordered with trees but of a smaller size. The low

old beaches have, in places, their margin covered with from

six Inches to a foot of firm marsh-grown peat which must

have taken many years to accumulate. The minimum

age of the o dest beach may be fixed at about a hundred

and fifty years.
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Conclusions.

The Cow Bay beaches were the result of wave erosion

influenced bj^ littoral currents operating upon the glacial

material of islands and hills in and around the bay. The
process was mainly that of lateral tying. Until the drumlin

islands were consumed the beach retreated; afterwards, it

grew seaward. The age of the oldest beach is not less than

a hundred and fifty years or thereabouts, however much
older it may be.

In connexion with old beaches, there naturally arises

the question of elevation or subsidence of the shore-line.

The subject is one that has, during the last few years, received

a good deal of attention. The statement that the north-

eastern coast of North America is at present sinking at the

rate of about one foot per century has been disputed.

Detailed work has recently been done in several places

along this coast, and Dr. Douglas W. Johnson, in an interesting

paper,^shows that much evidence that has been adduced in

support of elevation and of subsidence can be otherwise

explained. From his study of the Nantasket area, in col-

laboration with Mr. W. G. Reed Jr., the conclusion is reached

that ''no marked changes in the relative position of land and

sea have occurred in that locality during the last thousand

years at least."

In the Cow Bay area, there appears to be no evidence that

necessarily points to elevation of the coast-line. The grassed

cliff on the partly eroded drumlin A, with its shelving beach,

is the result of wave erosion succeeded by prograding of the

beach brought about by the accumulation of the abundant

material driven in from Osborne head. The highest old

beach is the work of a heavy storm. The evidence is strong

in favor of this explanation. This b3ach is, moreover,

not higher than the high modern storm beach at the western

1. Douglas W. Johnson, Fixite de la Cote AllaiUique de V Amerique du Mord (Annalei de
06oj£raphie, tome XXI, 1912, pp. 193-212).
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end of the bay. And, again, had there been elevation, the

lowest old beaches would not be as they are today, just above

the high water mark. Nor is there evidence of depression

shown by tlie low old beaches. They resulted from storm

action. These beaches are, then, rather the effect of waves

upon a stationary coast—one which has remained so for at

least a hundred and fifty years.
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The Use of Soaps for the Absorption of Bromine Vat or.

—By Henry Jermain Maude Creighton, Dr. Sc,

Assistant Professor of Chemistry, Swarthmore College,

Swarthmore, Pennsylvania, U. S. A.

(Read 10 May 1916)

The writer has recently had occasion to investigate a

large number of solid substances with regard to their power

of absorbing bromine vapor. Of the different classes of

substances examined, the following ma}'' be mentioned:

soda lime, infusorial earths, solid alcohols, and soaps. The

best results were obtained with soaps.

The absorption capacity of the different substances for

bromine was determined as follows: A .slow current of

air was first bubbled through liquid bromine and then through

concentrated sulphuric acid, after which it was passed

through a U-tube containing the finely divided absorbent.

To the exit of the U-tube was attached a small calcium

chloride tube to prevent any loss of moisture. On leaving

the U-tube, the air was conducted through a wash bottle

containing a solution of potassium iodide and starch. The

first appearance of blue colour in the wash bottle indicated

the complete saturation of the absorbent with bromine.

During the absorption of bromine vapor by some of the

.soaps investigated, it was observed that considerable heat

was developed in that part of the tube where absorption

took place.

In all cases, it was found that the amount of bromine

absorbed by the different soaps varied inversely as the

rate at which the gas ,was passed through the absorption

tube. For example, when air saturated with bromine was

(120)
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passed through tlic iil^sorption tube at tlie rate of four Inibhlcs

per seeond, "(lold Dust" was found to absorb about one-

half its weiglit of l)r()Hiine; whereas it was found to al)sorb

0.883 times its weiglit of the gas, when the rate was reduced

to two bubbles per second. In some cases it was found that

a sample of soap, which had become saturated with bromine,

was capable of absorbing a further quanity of the gas after

being allowed to stand for a time. For instance, a certain

sample of "Castile" soap which had absorbed 0.75 times

its weight of bromine was found, after an interval of eighteen

hours, during which period it had remained in the U-tube,

to be capable of taking up a further quantity of bromin?,

the weight absorbed increasing to 0.9G-4 times the weight

of the soap. Further, it was found that the amount of

bromine absorbed by different soaps is influenced by the

amount of moisture which they contain. Thus, a freshly

ground, brown laundry soap, containing a high percentage

of sodium oleate and some sodium resinate, was found to

absorb 0.983 times its weight of bromine. When the same

soap had been dried, it was only able to take up 0.515 times

its weight of bromine.

Below is given the maximum weight of bromine absorbed

by unit weight of soda lime and a number of different soaps,

when air saturated with bromine was passed through the

absorption tube at the rate of two bubbles per second:

Soda lime 0.477 gram

"Ivory" soap 0.48 "

"Santo" soap 0.607 "

"Olivette Castile" soap 0.631 "

"Gold Dust" 0.883
"

"White Castile" soap 0.964 "

"Oleate" soap (a brown laundry soap) 0.983 "

Pure sodium resinate 1.068
"

Pure sodium oleate 1.113
"
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From the figures in the foregoing table, it will be observed

that all the soaps are better absorbents of bromine vapor

than is soda lime, a substance commonly employed for this

purpose. It will further be noted that those soaps contain-

ing a high percentage of sodium oleate, such as "White

Castile" soap and pure sodium oleate, and those containing

a high percentage of solium oleate and sodium resinate,

such as brown laundry soaps and pure sodium resinate, have

the greatest capacity for absorbing bromine. It is evident

from the values in the foregoing table, that the efficacy of

soaps in absorbing bromine vapor is due to the presence of

the unsaturated carbon atoms of oleic and resin acids.

In view of the large capacity of soaps prepared from

oleic and resin acids for absorbing bromine vapor, the writer

recommends their use in the laboratory for this purpose,

and suggests that such soaps, or pure sodium oleate or sodium

resinate, might be employed with advantage in masks as

protection against breathing bromine vapors.



The Distribution of the Active Deposit of Radium

IN AN Electric Field.—By G. H. Henderson, M. A.,

Instructor in Physics, Dalhousie University,* Halifax.

(Read 10 May 19 10)

I. Introductory.

The experiments described in this paper were suggested

by the results of a previous investigation, by the writer^, of

the analogous problem for thorium. In the former paper

it was shown that all the active deposit particles (or rest-

atoms) of thorium could be collected on the negative electrode

in a strong electric field. Hence all the rest-atoms, at least

at the end of their recoil, are positively charged.

In the case of radium, however, early investigators found

that only from 90 to 95% of the total active deposit was

positively charged. But their results were little more than

qualitative in nature. More recently Eckmann^ came to

the 'conclusion that 98% of the rest-atoms were positively

charged and the remaining 2% negatively charged. The

experiments of Walmsley^ seemed to show that, even in the

strongest fields, the fraction of the rest-atoms which was

positively charged reached a maximum, leaving a small

fraction uncharged. The methods of both experimenters,

however, are open to very serious objections; the most

important is the fact that they both used a cylindrical testing

vessel with a central electrode, and then assumed that

the total active deposit was the sum of the deposits

obtained on it when first cathode and then anode. They

thus neglected the considerable amount of deposit which

collected on the case of the vessel itself.

Contriljutions from the Science Laboratories of Dalhousie University (Physics].

. Henderson, Trans. N. S. Inst. Sci., XIV. pt. 1, p. 1.

*. Eckman, Jahr. der. Radioakt., May, 1912.

3. Walmsley, Phil. Mag., Oct., 1914.
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The only apparently satisfactorj'- results which remained

were those of Wellisch^. He found that there was a limiting

value to the fraction of the rest-atoms which could be con-

centrated on the cathode, as the strength of the field was

increased. Later"', he gave .882 as the value (corrected for

diffusion) of this limiting fraction when the radium emanation

was in an atmosphere of drj^ air. He found similar limiting

values of .882 and .789 when the emanation was in atmospheres

of hydrogen and carbon dioxide respectively. He also found

that all the rest-atoms were uncharged in an atmosphere of

ether vapor, as was found by the writer in the case of thorium.

Several experimenters, Wellisch and Bronson^, Wellisch^, and

Walmsley^, have shown quite conclusively that no appreciable

fraction of the rest-atoms is negatively charged. Hence,

according to Wellisch's results, 11.8% of the rest-atoms are

formed uncharged in dry air.

In the writer's experiments on thorium it was found

that the charged condition of al the rest-atoms was the

same in a pure gas (i. e. either all positive or all neuk-al),

and that in a mixed atmosphere the fraction of the rest-

atoms positively charged depended on the relative propor-

tions of the constituents of the mixture. The explanation

of this seemed to be that the charged condition of the rest-

atom depended on what kind of molecules surrounded it.

No such simple explanation seemed applicable to the

results of Wellisch. It, therefore, seemed desirable to investi-

gate further the behavior of the rest-atoms of radium.

It was suggested by the writer in the previous paper

that the fact that there seemed to be a limit to the fraction

of the rest-atoms one could collect on the cathode was due

to the fact that air was a mixture. This formed the starting-

point of the present investigation. It might perhaps be

3. Wilmsley. Phil. .Mag., Oct., 1014.

4. Wo;i.sch, A.-n. Journ Sc:., Oct. 1913.

5. Wellisch, Atii. Journ. Sci., Oct. 1914.

. Wellisch and Bronson, .\ni. .Journ. Sci., May, 1912.
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expected that in an atinosplicrc of pure nitrogen, say, all the

rest-atoms would he similarly eharged. l^xix'rimcnts carried

out in atmospheres of pure nitrogen and oxygen gave a|)proxi-

mately the same fractions positively charged as for air,

wiiieii disj)osed of this suggestion.

A possible explanation of the results ol)tained by Welliseh

might be found in the type of vessel used. In these investiga-

tions Welliseh, as well as the others, used as a testing vessel

a cylindrical case with an insulated rod fixed centrally inside

it, case and rod serving as electrodes. The great disadvantage

of this type of vessel is its non-uniform field. A simple

calculation will show that most of the drop in potential

between the electrodes takes place near the rod. The
presence of ionization still further weakens the potential-

gradient in the bod}^ of the vessel and increases it near the

rod. In the corners at the ends of the cylinder and near

the insulating plug, the field is much weaker than even in

the body of the vessel. Now, although the average value

of the field within the vessel maj^ be such as apparently to

prevent recombination, there is a part of the volume of

the vessel in which the field is very much weaker than the

average and in which recombination might take place to

a considerable extent.

To avoid this and other difficulties, the vessel used

in the present experiments consisted essentially of two
parallel plates surrounded by guard-rings. This type of

vessel gives a much more uniform potential-gradient than

the cylindrical type. The guard-rings prevent distortion

of the field at the edges of the electrodes and also allow

the use of insulating material on their outer edges without

effect on the field between the real electrodes.

XL- Apparatus and Method.

The testing-vessel used in these experiments was a

slight modification of the "second type" of vessel, described
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previously by the writer. It is shown in plan and elevation

in Fie. 1.

Fig. 1.

The electrodes A and B were two circular brass plates

7.00 cm. in diameter, supported on guard-rings C and D by
small lugs e fixed to A and D. The guard-rings, also of
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brass, were 7.10 cm. in iiitci'uiil ;iiiil 10.') cm. in rxtcrnal

diametrr. Tho tj;uar(l-rings V aiul D were held parallel

8.00 em. from one another by three glass rods f. The glass

rods G supi)orted the whole on the plate of an air-pump, to

whieh the lower plate was electrically connected. The glass

rods F and the outside edges of the guard rings were coated

with paraffin to prevent electrical leakage, but no insulating

material was near the field between A and B.

To prevent diffusion of recombined rest-atoms from above

or below the plates, cotton wadding was placed over C and

under D to close up the small space between the rim of the

guard-ring and the bell-jar. This was the only essential

modification of the previous vessel. The effect of the wadding

will be referred to later.

In filling the bell-jar with the required gas the former

was exhausted to at least 1 or 2 mm. pressure and the gas

was then allowed to pass in through a tube of CaCl2 and a

tube of P2O5. The bell-jar was again exhausted and the gas

allowed to enter a second time. The radium preparation

and two small dishes containing P2O5 were always kept in

the bell-jar, being placed above A.

In this condition the apparatus was allowed to stand

from 12 to 24 hours in order to allow sufficient emanation to

collect. It should be noted that the greatest quantity of

emanation present at any time was minutely small, very

much less than that employed by Wellisch. This small

quantity would not cause the potential-gradient near the

plates to be much greater than that in the body of the vessel.

Hence the potential gradient would not be very ununiform.

For the last 4}^ or 5 hours' exposure of the plates to the

emanation the desired potential difference was applied

between them. Above a potential difference of 450 volts, i. e.

above a potential gradient of 150 volts per cm., the

potentials were supplied by a Wimshurst machine run by

an electric motor. The values of the potentials obtained
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in this way were calculated from the length of the spark gap,

by use of the formula:

V = 1500+ 30000d

where V is the potential difference in volts and d is the

length of the spark gap in cms. When the bell-jar was
removed the emanation was allowed to escape before the

potential was withdrawn. The activities of the plates

were then measured in an a-ray electroscope, at from 10

to 25 minutes after the escape of the emanation. The
procedure was much the same as that described fqr thorium
in the previous paper, except that correction was, of course,

made for decay during the interval of time between removal

of the emanation and measurement of the activity.

III. Experimental Results.

While carrying out experiments in air and other gases

it was found that a much higher potential-gradient was
required to bring over to the cathode a certain percentage

of radium rest-atoms, than was needed to bring over the

same percentage of thorium rest-atoms. A series of experi-

ments was then made in dry air using high potential-gradients.

The results obtained are given in Table I. The first column
gives the potential-gradient in volts per cm. The second

gives the percentage cathode activity, i. e. the percentage

of the total activity collected by the cathode. The per-

centage of the total positively charged is obtained by sub-

tracting from 100 twice the percentage found on the anode,

as there is also deposited on the cathode by diffusion an

amount of activity equal to that deposited on the anode.

The error in the percentage cathode activity, which depends
largely on the error made in measuring the anode activity,

is probably somewhat less than 1%. The values of the

percentage cathode activity given in Table I are each the

mean of several values calculated from different observations.

1
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Table I.

129

\'(>lts per cm.
Percentafj;e

cathode activity.

13 92.7
25 93.5
80 94.8
150 94.9

1000 96.2
2000 96.4
4000 96.9
12000 97.8

These results differ in two respects from those found

by Wellisch. In the first place a considerably larger fraction

of the total activity is found positively charged at the higher

voltages than the results of Wellisch indicated. Secondly,

there appears to be no limiting value to the percentage

brought to the cathode. As the potential-gradient is in-

creased this percentage gradually, though slowly, increases.

Thus, the evidence of Wellisch to the contrarj^, one seems

justified in concluding that all the rest-atoms could be brought

to the cathode in a sufficiently strong field, and hence that all

the rest-atoms are initially positively charged. It is further

to be noticed how much more difficult it is to bring over to

the cathode the rest-atoms of radium than those of thorium

under similar conditions. To obtain 97.8% of the thorium

rest-atoms on the cathode a potential-gradient of only

about 30 volts per cm. would be required, as compared

with a potential gradient of 12,000 volts per cm. in the case

of radium. The ionization between the plates was of the

same order of magnitude in the two cases.

That the value previously found for the percentage

cathode activity' of radium was but little above that obtained
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by Wellisch, must be ascribed to the fact that in the earlier

types of vessels there was no means of preventing the recom-

bined rest-atoms from diffusing into the vessel proper and

settling on the plates. That such an effect was appreciable,

even in the present vessel where there was little space between

the edges of the guard-rings and the bell-jar, was shown in

the following manner. Two tinfoil screens were arranged to

slip over the plates while in the electroscope. One exposed

only the outer part of the anode plate, while the other exposed

an equal area at the centre of the anode. If diffusion of

recombined rest-atoms took place from outside one would

expect to find more activity per unit area near the edge

than near the centre of the plates. This would of course be

noticeable on the positive plate only. Experiments were

performed, leaving out the cotton wadding previouslj^ referred

to. It was found that the activity near the edge of the anode

plate was about 1.4 times that on an equal area near the

centre. Similar experiments carried out with ths wadding in

place gave the activity near the edge practically the same

as that on an equal area near the centre.

A few experiments were carried out in atmospheres

of hydrogen, carbon dioxide and sulphur dioxide, with the

results shown in Table II.

Table II.

Potential

gradient
Percentage Cathode Activity.

Volts per

cm.
Ho. CO.. SO2.

150

4000
12000

95.3

96.2

89.9
93.1

93.9

93.2
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In hytlrogen at a potential gradient of 150 volts per cm.

more of the rest-atoms can be collected on the cathode than

in air while at 4000 volts per cm. a smaller percentage is

collected by the cathode than in air with the same field.

With this intense electrical field it is difficult completely to

eliminate brush discharge. This would produce water vapor

by causing the h3^drogen to combine with the traces of oxygen

present. That some moisture was present seemed evident

from the fact that the P2O5 in the vessel was affected to a

much greater extent than under a low potential-gradient, or

n any other gas tried, though the same precautions were taken

in all cases to dry the gas before admitting it tathe vessel. Very

small quant s of moisture are known to lower considerably

the percentage cathode activity. This would seem to explain

the low values of this percentage found in hydrogen with

h gh potential gradients. If the effect of moisture could be

eliminated it seems probable that a higher percentage cathode

activity would be obtained in hydrogen than in air at all

potential gradients. In hydrogen as in air the conclusion

seems justified that at a sufficiently high potential-gradient

all the rest-atoms could be collected on the cathode.

In carbon dioxide and in sulphur dioxide, it is much more

difficult to bring over the rest-atoms to the cathode than in

air. It will be noticed that both carbon dioxide and sulphur

dioxide at room temperatures are on the border line between

vapors and gases. To test if any abrupt change in the be-

havior of tie 5(st-atoms takes place near the critical tem-

perature, experiments were carried out in carbon dioxide at

temperatures of 4°C., 19°C., and 36°C. It seemed a little

more difficult to bring the rest-atoms over to the cathode at

the lowest temperature, but the difference was very slight.

The fact that the percentage cathode activity is increas-

ing .so slowly when it is as low as 93% should perhaps make

Pboc. & TRAN3 N. S. Inst. Sci., Vol XI /. 23 .\i?. 'IG. Trans.—
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one hesitate to conclude that all the rest-atoms could be

collected on the cathode with a sufficiently high potential-

gradient However, it seems unnatural to suggest any limit

other than 100 for the percentage cathode acti\at3'', especially

in \dew of the fact that with the highest voltages the per-

centage was still increasing. Therefore, in the absence of

contradictory evidence, it seems reasonable to conclude

that in sulphur dioxide and in carbon dioxide all the rest-

atoms of radium are initially positively charged.

1\. COXCLUSIOXS.

In atmospheres of air, hydrogen, carbon dioxide, etc.,

all the rest-atoms of radium appear to be initially positively

charged.

So far no gas or vapor has been discovered in which the

radium rest-atoms are not all similarly charged. In this

respect the behavior of the rest-atoms of radium is the same

as that of the rest-atoms of thorium. The slight differences

in this respect which do exist are differences of degree and

not of kind.

In a future paper the writer hopes to give some discussion

and explanation of these experimental results.

I msh to express my gratitude to Dr. H. L. Bronson for

his continual inspiration and advice throughout this inves-

tigation.



The Phenology of Nova Scotia, 1915

—

By A. 11.

AIacKay, Ll.D.

(Read by title 10 May 1916)

These phenological observations were made in the schools

of the province of Nova Scotia as a part of the Nature Study-

work prescribed. The pupils report or bring in the flowering

or other specimens to the teachers when they are first observed.

The teachers record the first observation and observer, and

vouch for the accurate naming of the species. Thd schedules

from 350 of the best schools form the material of the following

system of average dates (phenochrons) for the ten biological

regions of the Province, and the phenochrons of the Province

as a whole. The selecting and averaging of these schedules

was done by Mr. H. R. Shinner, B. A.

The schedules for each year are carefully bound up in a

large annual volume which is placed in the Provincial

Museum library for the use of students of climatology.

The Province is divided into its main climate slopes or

regions not always coterminous with the boundaries of

counties. Slopes, especially those to the coast, are sub-

divided into belts, such as (a) the coast belt, (b) the low

inland belt, and (c) the high inland belt, as below:

—

No.

I.

II.

III.

Repions or Slopes.

Yarmouth and Digby Counties,

Shelburne, Queens & Lunenburg Go's.

Annapolis and Kings Counties,

IV. Hants and Colchester Counties,

Belts,

(a) Coast, (b) Low Inlands,

(c) High Inlands.

(a) Coast, (b) North Mt., (c)

Annapolis Valley , (d)Corn-

walUs \'alley, (e) South

Mt.

(a) Coast, (b) Low Inlands,

(c

V. Halifax and Guysboro Counties,

VI.A.Cobequid Slope (to the south),

VI.B.Chignecto Slope (to the northwest),

VII. Northumberland Straits Slope (to the n'h)

VIII. Richmond & Cape Breton Go's.,

IX. Bras d'Or Slope (to the southeast),

X. Inverness Slope (to Gulf; N W),

The ten regions are indicated on the outline map on the next page.

(133)

High Inlands.
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Thunderstorms—Phenological Observations, Nova Scotia, lOlo.

The indices indicate the number of stations from which the Tliunderstorms

were reported on the day of the year specified.
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Thunderstorms—Phenological Observations, Not^A Scotia, 1915.

The indices indicate the number of stations from which the Thunderstorms

were reported on the day of the year specified.

Observation Regions.
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'T^HE attention of members of the Institute is directed to
"" the following recommendations of the British

Association Committee on Zoological Bibliography and

Publications:

"That authors' separate copies should not be distributed

privately before the paper has been published in the regular

manner.

"That it is desirable to express the subject of one's paper

in its title, while keeping the title as concise as possible.

"That new species should be properly diagnosed and

figured when possible.

" That new names should not be proposed in irrelevant

footnotes, or anonymous paragraphs.

"That references to previous publications should be made

fully and correctly, if possible in accordance with one of th«

recognized sets of rules of quotations, such as that recently

adopted by the French Zoological Society."
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A New Evening Primrose. Oenothera Novae-Scotiae.

— By Reginald Ruggles Gates, Ph. D., F. L. S., some-

time Lecturer in. Biology and Cytology in the University of

London, and Acting Associate Professor of Zoology in the

University of California.

(Reafl 13 November 1916)

The number of species of Oenothera was, until recently,

supposed to be very limited. Although pre-Linnaean botanists

described briefly a number of forms which they grew in their

gardens, introduced from North America, yet Linnaeus

recognized at first only one species, which he afterwards

called Oe. biennis. He later described several other species,

but the name Oe. biennis came to be applied generally to

nearly all the forms in Eastern North America, and to those

which had been naturalized in Europe as well.

The investigations of de Vries on mutation in Oe. Lamarck-

iana aroused new interest in the genus, and in recent years

an intensive study of the group has produced a voluminous

literature and has led incidentally to the recognition of a

large number of forms which formerly passed under the name
Proc. & Thv.ss. N. S Inst. Sn., Vol. XIV. Tkans. 10

(141)
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Oe. biennis^. It is certain that a great many more clearly-

defined species remain to be described from the North Ameri-

can continent. But the characters of these plants are so

numerous and they are so often imperfectly expressed in

the wild condition, that adequate studies and descriptions

can only be made from the plants by cultivating them, in

which condition their characters are fully expressed. Many
studies of this kind are now being made, with the result that

our knowledge of the genus Oenothera, the distribution,

variability and characters of the species, is rapidly becoming

more accurate and detailed.

The majority of the forms occupying the middle and

eastern part of the continent agree with Oe. biennis L. in

having petals about 20-25 mm. in length, though forms

with larger and smaller flowers also occur. North of this

area, in a zone extending in a general sense from Maine and

Nova Scotia to Manitoba and passing through northern

Ontario, occur forms having smaller flowers. Certain of these

forms, related to Oe. muricaia L., have been briefly charac-

terized elsewhere.- Here I wish to describe a species from

No-va Scotia having small flowers as in Oe. muricata but

clearlj'^ requiring delimitation as a distinct form. The descrip-

tion is as follows:

Oenothera Norae-Scrdiae sp. nov.

Diameter of mature rosette (maximum) 48 cm., leaves

smooth or slight!}^ crinkled, elliptical or oblanceolate to

nearly spatulate, relatively broad and rather broad pointed,

about 25 cm, long and 56 mm. greatest width, margin ol)-

scurely repand-denticulate, narrowed below to petiole, midrib

usually pink above and more or less pink beneath, leaf finely

puberulent on both faces (Fig. 1).

1 For a resume of these forms and their taxononiic history, see Gates. The Mutation
Factor in Evolution, with particular reference to Oenothera, chap. ii. MacMillan, 1915.

1 Op. cit.. pp. 2.3-26.



Fig 1. Rosette of Oenolhera Novae-Scoliae.





Fig 2. Oenolhera Novae-Scotiae in bloom.
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Mature plant (Fig. 2) about .3 ft. high, l)raiiching from

noar the base or from higher up, lower branches with a

collar at their base, stem and branche.s reddish (usually

bright red) to near the top, also bearing numerous long hairs

ari.sing from red oapillae. Stem-leaves about 15 cm. long and

35-10 mm. broad, finely puberulent, tapering at both ends,

short-petioletl, broad margin repand-denticulate, midribs

pink above, and also below except near the base. Bracts

more or le.ss curled, very short petioled, lanceolate with

rounded base and acute, narrow point.

Flowers small, buds green, cone 15 mm. long, squarish,

sepal tips terminal, approximate, spreading at the extreme

ends, petals 15 x 15 mm. (minimum length of petals at end

of .season 8 mm.), hypanthium40 mm. long, 2.5 mm. thick,

ovary 16 mm. long, bud cone and hypanthium bearing very

scattered long hairs and numerous short ones; ovary reddish

and with numerous rather small hairs of the longer type

arising from red papillae. Petals obcordate to truncate,

lemon yellow, opening out fiat and half-closing to a vertical

position next day, not overlapping but with spaces between

the petals, style short, surrounded by the anthers, stigma

lobes stout, reaching 10 mm. in length; capsules green with

scattered small red papillae bearing hairs, cylindrical, taper-

ing near the top, about 4 cm. long.

Diagnosis:

Folia radicalia plana aut leviter corrugata, elliptica,

oblanceolata aut subspatulata, modice lata, circa 25 cm. longa

et 56 mm. maxima latitudine margine repando-denticulato,

utrincjue subtiliter puberula, angustata ad petiolos, costis

fere utrinque puniceis. Caulis et rami subrufi, multis longis

pilis rubro-tuberculatis instructi. Folia caulina untrinque

acuta, breviter petiolata, circa 15 cm. longa et 35-40 mm.
lata, bracteye plus aut minus crispse. Spica densa. Petals

flava, circa 15 mm. longa et 15 mm. lata; hypanthium 40 mm.
longum: ovarium 16 mm. longum; antherae stigmata attin-
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gentes. Alabastrse rarissimis longis et multis brevis pilis

instructse, obsolete quadrangulares ; apices sepalorum, ter-

minales, approximati.

The main distinctive features of this segregate from

Oe. muricata are (1) the broad, nearly smooth leaves of

the rosette having relativelj'^ narrow, pale pink midribs,

(2) the red stems with leaves tapering at both ends and

bracts somewhat curled, (3) the green buds and small flowers.

The plants from which this species is described were

grown at the Universitj^ of California in 1916 from seeds

collected on the North Mountain road above the reservoir

near Middleton, Annapolis County, Nova Scotia, in Septem-

ber 1914. A type specimen is preserved in the Herbarium

of the University of California, No. 193440.

As a part of my cultures in 1916, one thousand seeds of

this species were germinated by placing them between

blotters in a germinating incubator. The air in their seed

coats had previously been replaced with water by putting

the seeds in water under a bell jar and exhausting the air

with an air-pump. In one month 836 of the seeds in the

blotters had germinated, or 83.6%. Examination of the

remaining seeds showed that 127 of them, or 12.7% of the

whole number, were empty or contained quite small embryos.

Thus almost complete germination was obtained. Of the

seedlings which germinated, 424 were planted in soil in a

greenhouse, and 370 of these were afterwards transplanted

outdoors and grown to maturity. They were a very uniform

lot, showing ver^^ little variability. A few, however, differed

in having smaller rosettes with white midribs, and some of

these produced dwarfed plants. It is probable that these

dwarfed individuals received less water under the conditions

of irrigation, and that they were therefore not genetic

dwarfs. This point will be tested another year by growing

their seeds. The only other variations noted were in width

of loaves and in smoothness or slight crinkling of the leaves.
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There is no evidence that the 12.7% of empty or nearly

empty seeds represented a class of zygotes vvhi^^h was being

eliminated, although it is possible this may have been so.

The pollen was also examined at the end of the blooming

season, and three flowers from as many different plants gave

respectively 41.7%, 25.9% and 29.5% of bad pollen. Occa-

sional 1-lobed grains (as in Oe. gigas) were also observed.

Thus we find again a wild species producing a considerable

amount of sterile pollen and non-viable seeds. Yet the

flowers are close-pollinated and there is no reasonable basis

for assuming this sterility to be the result of crossing.

The distribution of this species remains to be determined.

It probably occurs widely in western Nova Scotia, but many
species of Oenothera are found to be quite local in distribu-

tion. Another form in the muricata series, from Middleton,

has been figured elsewhere^.

In conclusion, the writer would be grateful for Oenothera

seeds sent him from any part of Canada. Seeds should

always be collected from individual plants separately, and
should be accompanied by notes on the exact location and

habitat. It is desirable to collect seeds separately from

several individuals in a locality, to obtain a knowledge of

the range of variation. By this means it will be possible

ultimately to reach a thorough understanding of the variabil-

ity and evolution of this remarkable genus from the systematic

point of view.

A portion of the expenses of these cultures was defrayed

by a grant from the Elizabeth Thompson Science Fund.

New York Botanical Garden.

»0p. oit.,p. 23, figs. 4, .5.





The Phenology of Nova Scotia, 1910

—

By A. H.
MacKay, Ll.D..

(Read by title 14 May 1917)

These observations were made by the school children of

the Province of Nova Scotia as a part of the Nature Study
work prescribed. The pupils report by bringing into the

school-room the flowering or other specimens when first

observed, for authoritative determination by the teacher

who generally credits the first finder by placing the name
and the observation on the honor roll section of the blackboard
for the day. The teacher after testing the correctne.ss of

the observation, marks it on the schedule with which every

teacher is provided—a copy of which is sent in to the Inspec-

tor with the school returns at the end of June and January.

The following tables are compiled from 180 of the bes

:

schedules out of the 435 sent in. The selections were made
and compiled under the direction of Mr. H. R. Shinner, B. A.,

and Miss M. G. McLeod, of the Education Department.
The schedules for each year are carefully bound up in a

large annual volume which is placed in the Provincial Museum
and Science Library where they can be used by students of

climate, etc. The compilers of the phenochrons of the

diSerent belts,, slopes or regions, have been rural science

teachers who have most distinguished themselves as instruct-

ors. They were selected for the purpose on the recommendation
of the Director of rural science education. The sheets

from which the provincial phenochrons are calculated, are

also bound in annual folio volumes for ease of consultation

and preservation.

The Province is divided into its main climate slopes or

regions not always coterminous with the boundaries of

counties. Slopes, especially those to the coast, are sub-

divided into belts, such as (a) the coast belt, (b) the low

inland belt, and (c) the high inland belt, as below:

—

No. Regions or Slopes. Belts.

I. Yarmouth and Digby Counties, (a) Coast, (b) Low Inlands.

(c) High Inlands.

II. Shelbume, Queens & Lunenburg Co's.
" " "

III. Annapolis and Kings Counties, (a) Coast, (b) North Mt., (c)

Annapolis Valley, (d)Com-
wallis Valley, (e) SouthMt.

IV. Hants and Colchester Counties, (a) Coast, (b) Low Inlands.

(c) High Inlands.

V. Halifax and Guysboro Counties,
" " "

VI.A.Cobequid Slope (to the south),
" " "

VI.B.Chignecto Slope (to the northwest),
" " "

VII. Northumberland Straits Slope (to the n'h) " " "

VIII. Richmond & Cape Breton Co's.,

IX. Bras d'Or Slope (to the southeast),
" " "

X. Inverness Slope (to Gulf,. N. W.),
The ten regions are indicated on the outline map on the next page.
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rHUNDER.ST()RMS—PnEXOLOGIC.\L OBSERVATIONS, XoVA S< OTIA, I'Jlt).

Tli(> indices indicate the nuinb:'r of stations from which the Tiiunderstorm-

were reported on th'fe day of the year specified.
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Thunderstorms—Phenological Observations, Nova Scotia, 1916.

The indices indicate the number of stations from which the Thunderstorms
were reported on the day of the year specified.

Observation Regions.

-o

§ ^ >

cc (U o ., bO
03

3 >> fl

3
.23

'o CO

O

fl o

o3 O

^ fl

O 3 flm

IB

CO
CO .

?3

«3

i-H

o3
a;

'3

2-^ 3 OJ ^5
.20

0! fl
Oil—

(

SO
fl2

^ < K m m ^ ^ m oo H
T—

1

C-1 CO T)^ lO CO 1>^ 00 oi 1—1

1 160
161

160
161

162
1632

16^

163
164'

1652

17P
172*

1633

16# 164 16430 1643 164 164*5

16.52

1713 17P
172'i

171
172*

171
172^

171
1723

' 1728

"

173

171
1726

173

171"

1728 1722 172*9

17.32

174 174
175

1742

175
179
1802

179

180^ 180'^

18P
1802 1803 180 1808 1

802'

181* 181»

182 1S2 18?2

228
237

?,2S

?37

251
252

?51

252 •^.522

253 ^.53

258
260

258
'YiO

261 261

262 ?fi2

266 266 2662

267 267
269 269

282 282^ :>823

2832

301

2832

301

303 303
306 3(16

307 3')7 307
308

307 307
.30S3

315

307*
308*

315 'i\h^ 315*

316 316
318
321

318
321

:uo 340 340'

359 359



Notes on thk Birds of the Grand Fr(: Region, Kings

County, Nova Scotia.— By Robie Wilfrid Tufts,

Wolfville, N. S.
;Reacl 14 May 1917

1

The observations herein recorded are the fruits of careful

and painstaking field-work, carried on intermittently for a

period covering the past twentj^ years.

The countrj- covered by these notes is the region embraced

by Kings County, especially that portion within a radius of

en miles of Wolfville, and including the Grand Pr^ (or

Great Prairie) which stretches from the mouth of the Corn-

wallis River to the mouth of the Gaspereau. The mud-flats

exposed at low tide in Alinas Basin; the salt marshes and

sand beaches adjacent to the Grand Pre meadows; the

heavily wooded hills, fresh-water lakes, river marges and

forests of the Black River (a tributary of the Gaspereau

River) ; all these have contributed their quota to the obser-

vations here set down.

It may Ijie noted that my spring records for that class of

birds knVDwn as "waders" are rather vague and incomplete.

This must not be construed as indicating that these birds

do not pass through this region on their northern iourney,

but rather that my time at this season of the year is alwaj's

spent in the more attractive woodland areas.

To my brother, Dr. Harold Freeman Tufts, now of

Boston, Mass., I am deeply indebted for much general data,

more particularh' in reference to the "water birds".

The list contains 180 species and subspecies, and of these

we have discovered the nests or seen the fledgings of 91. The

numbers and nomenclature are those of the American

Ornithologists' Union. Local bird names in use in the district

are enclosed in .juotation marks.

(155)
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The following, I believe, is a complete list of all articles

that have appeared in reference to the birds of this particular

district.

''Notes on the Birds of King's County, Nova Scotia."

By Harold [Freeman] Tufts. The Ottawa Naturalist, vol. 12,

no. 9 (Dec, 1898), pp. 172-177; no. 11 (Feb., 1899), pp. 229-

233; no. 12 (Mar., 1899), pp. 259-262. An annotated list

of 158 nominal species.

"Nesting of Crossbills in Nova Scotia '" By Harold

F. Tufts. The Auk, N. Y., vol. 23, July, 1906, pp. 339-340.

Notes on the nesting of American and White-winged Cross-

bilJiS near Wolfville, in the winter of 1906.

"A New Song Sparrow from Nova Scotia." By John E-

Thayer and Outram Bangs. Proceedings of New England

Zoological Club, vol. 5, pp. 67-68, May 29, 1914. Description

of Melospiza melodia acadica subsp. nov., collected by R. W.
Tufts at Wolfville.

"Wilson's Snipe" Wintering in Nova Scotia." By R. W.
Tufts. Bird-Lore, Harrisburg, Pa., vol. 17, no. 3 (May-

June, 1915), p. 208. Describes occurrence of a snipe at

Wolfville in January, 1915.

Colymbus holbodlii (Reinh.). Holbcbll's Grebe.—
On May 13, 1917, I saw one of these birds on

Sunken Lake in the Black River district. It was

near the shore and was readily distinguished from

auritus and podiceps by its much larger size. 1 have

a record of this species from Lunenburg County, but

this is the first for Kings.

Colymbus auritus Linn. Horned Grebe.—^Rare tran-

sient. Only one record; a specimen in immature

plumage taken in December, 1890, by D. R. Munro,

of Wolfville, near the mouth of the Gaspereau

River. This bird was mounted and is still preserved.
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6. Podili/mbus podiceps (Linn.). Pied-b(lled Grebe.—
Uncommon transient. A few records for late

summer and fall. A male taken Aug. 30th, 1900, by

myself in a small fresh-water pond near Wolfville.

7. Gavia immer (Briinn.). Loon.—Summer resident.

Common about oar lakes and still-waters, also

occasionally observed along the coast in late Novem-

ber. Their arrival at the lakes in spring is coincident

with the breaking up of the ice; and they remain till

driven out by its return. Nests in June on low-lying

islands, always within a few feet from the water's

edge. Eggs two in number.

11. Gavia stellata (Pont.). Red-throated Loon.—Rare

spring, fall, and winter visitor. A specimen in

immature plumage taken Nov. 8th, 1913, by the

writer, at the mouth of the Cornwallis; and a female

on May 26, 1917 in the same locality. No observa-

tions except at salt-water.

34. Alle alle (Linn.). Dovekie.—One record only. A
specimen taken November, 1900, by myself, on

the Grand Pre, in a pond hole a few hundred yards

from tide water. A fierce gale was raging, and

the bird, nearly exhausted, was easily captured

alive.

47. Larus marinus Linn. Great Black-backed Gull;

"Saddle-back".— Permanent resident. Common
in summer, rare and irregular in winter. During

the latter part of April the "Black-backs" may
be seen in twos and threes, winging their way

inland from the salt marshes of the Minas Basin

to the fresh-wate'' lakes, several of which are favored

by these birds as breeding localities. One of these,

Methaul's Lake, I visited in 1908 and again in

1914, about the middle of May. About 20 to 30

Pro-. & Trans. N. S Inst. Sci., Vol. XIV. Trans. 11
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pairs were fourd nesting on each occasion. Solitary

granite boulders in the middle of the lake were

used, some being scarcely large enough to hold the

nest. Some small islands contained four or five

nests. The birds were very shy, and left their

nests while the intruder was still several hundred

yards distant. Eggs three in number.

51. Larus argentaius Pont. Herring Gull; "Sea Gull",

"Gray Gull."—Permanent resident; very common
in summer, rare and irregular in midwinter. Nests

about June 1st. A favorite breeding site is Isle-au-

Haute, an abrupt rock-bound island of the Bay of

Fundy.

54. Larus delawarensis Ord. Ring-billed Gull.—One

record only. Specimen taken in May, 1896, by

H. F. Tufts.

60. Larus Philadelphia (Ord.). Bonaparte's Gull.—
Rare transient. One record only. Specimen t ken

Sept. 28, 1897, on the Grand Pre, by H. F. Tufts.

A heavy north-east rain storm and a high tide

prevailed at the time.

106. Oceanodroma leucorhoa (Vieill.). Leach's Petrel;

"Mother Carey's Chicken,"—Exceedingly rare.

One observation only. After a heavy storm, on

Nov. 8, 1913, a flock of a dozen or more were seen at

the mouth of the Cornwallis. These were asleep,

holding on to the stems of the rank marsh sedges

which were about half submerged by the high tide,

and thus afforded a mooring. We approached them

in a boat, and captured several in our hands.

117. Sula brassana (Linn.). Gannet.—About 1898 and

regularly for some years previous, a pair of Gan-

nets nested at Harborville, Kings County. The

nest was on a ledge of rock, about one hundred
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feet above the beach, on the perpendicular sea-wall

of the Bay of Fundy. Above the ledge was a huge

overhang of rock extending thirty' or forty feet

out and rendering the ledge absolutely inaccessible.

One of the pair, probably the female, was shot

while on or by the nest by a young man named
Morris, and was picked up on the beach below.

Charles Morris, now of Margaretville, Annapolis

County, the boy's father, recently told me of this,

and described the bird so clearly as to leave no doubt

whatever as to its identity, although the specimen

was not preserved. This is the only record I have

of the occurrence of this species in Kings Couaty.

119. Phalacrocorax carho (Linn.). Cormorant.—Uncom-
mon transient. One specimen taken in November,

1898, near the mouth of the Gaspereau River.

Occasionally seen on the Minas Basin in spring

and fall, but more frequently in the spring.

120. Phalacrocorax auritus auritus (Swains.). Double-
crested Cormorant.—A fine specimen was captured

alive in a fish-weir on the mud-flats off Starr's

Point, Cornwallis, on May 16, 1917, and a second

specimen w^as taken in the same weir on May 28th

of the same year. They are the only records I have.

129. Mergus americanus (Ca^s.). American Merganser;
"Goosander."—Uncommon winter visitor. Only a

few^ records. A specimen in immature plumage

taken on the Grand Pre marshes, Dec. 9, 1913.

A male in full plumage taken in December, 1898.

No observations except at salt water.

130. Mergus serrator (Linn.). Red-breasted Merganser;
"Shell-drake."—Permanent resident, most com-

mon about our rivers and lakes. Breeds about

the middle of May. Locally this bird is frequently

mistaken for the rare Wood Duck.
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132. Anas platyrhynchos Linn. Mallard.—Rare fall visitor

Two records only. A hne drake taken on the

Grand Pre, Oct. 19C0, by D. R. Munro,of Wolfville,

and a specimen in female or immature plumage

by H. A. Ford, now of Calgar}-, Alta., also on the

Grand Pre, in Oct. 1903.

133. Anas rubripes Brewst. Black Duck; Blue- winged
Duck.—Abundant permanent resident. These birds

frequent the salt marshes about the estuaries

of the Alinas Basin from September to April.

With the advent of sp'ing and the breeding

instinci, thej^ leave for the inland fresh-water

lakes and rivers. Some remain to breed in

the fresh-water sloughs, pond-holes and ditches

of the Grand Pre. Late in November and

all through December when the ice has driven

the inland breeding ducks to the cbast, flocks of

thousands may be seen any da}^, feeding on the

salt marsh—known locally as "The Flats"—at

the mouth of the Cornwallis River. During Janu-

ary and February fully ninety per cent, of these

birds leave for more southerly feeding grounds.

137. Mareca aviericana (Gmel.). Baldpate.—Rare fall

migrant. One specimen taken bj' my brother.

H. F. Tufts, on the Grand Pre, in October, 1896.

139. Nettion carolinense (Gmel.). Green-winged Teal.—
Fall migrant, not so common as formerly. Two
records for winter. A male taken by H. F. Tufts>

Jan. 11, 1898, and two specimens seen at mouth

of Gaspereau, Jan. 3, 1916.

140. Querquedula discors (Linn.). Blue-winged Teal.—
Rare fall migrant. One record only,— a specimen

in immature plumage, taken by my brother, Sept.

27, 1898.
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143. Dafila acuta (Linn.). Pintail.—Uncommon fall mi-

grant. A few specimens, which I have seen in the

flesh, have been taken by local gunners during the

period covered by these notes,

149. Marila affinis (Eyt.). Lesser Scaup Duck.—Rare

fall migrant. Two specimens taken by H. F. Tufts

on the Grand Pre dykes, one in the fall of 1896,

and the other on Oct. 14, 1902.

153. Charitonetta albeola (Linn.). Bufflehead.—Rare fall

migrant. One specimen shot by my brother on

Minas Basin in October 1896, after a heavy storm.

154. Harilda hyemalis (Linn.). Old Squaw; "Pine Knot;"
"Cockawee."—Common along the coast of the Baj'

of Fundy. Occasionally observed in small flocks

in the late fall in Minas Basin.

160. Somateria dresseri Sharpe. American Eider.—Rare

fall visitant. In November, about 1898, a large

flock of Eiders was regularly seen on "The Flats"

at the mouth of the Cornwallis Hiver. Xov. 1st to

10th, 1903, a flock of fifty or more was regularly

observed in the same vicinity.

163. Oidemia americana Swains. American Scoter; "Coot."'

—Uncommon and irregular. Sometimes a large

flock is seen in Minas Basin in the fall after a heavy

storm.

165. Oidemia deglandi Eonap. White- winged Scoter.—
Much more common than the preceding species.

Seen from Aj ril to November in Minas Basin.

Some years ago, when the shad fishing industry

flourished, the.se birds, during the moulting .season,

would become stranded on the mud-flats behind the

the seines, and being unable to fly were easily cap-

ture d.
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166. Oidemia perspicillata (Linn.). Surf Scoter.—A male

of this species, in transition plumage (no white

crown patch, otherwise tj^pical) was taken on the

mud-flats at Starr's Point, Cornwallis, May 21st,

1917, and brought to me alive. Though unhurt,

it was not able to rise and seemed to be starving

in the midst of plenty. The following day a female

was taken about the same place and was in a similar

emaciated condition. Both were mounted and are

now in the Provincial Museum at Halifax.

172. Branta canadensis canadensis (Linn.). Canada Goose;

"Wild Goose."—Common spring and fall migrant.

While seen on the marshes as early as Feb. 21,

('97), the average date for spring arrivals is the

latter part of March. Some seasons they linger

on well into April, while other years they remain

but a few days. About the middle of December,

and almost any day thereafter until the end of

that month, these living wedges may be seen by

day or heard by night, "honking" high over head

on apparently tireless wings. They rarely stop on

our marshes in the fall.

173. Branta hernicla glaucogastra (Brehm) . Brant.— Rare

spring and fall migrant. Sometimes seen in the

late fall after a severe storm. In the spring of

1870, the year following the very extraordinary

"Saxby tide" of Oct., 1869, I have been told that

these birds were seen in unusually large numbers,

and many specimens were taken. Since that

time their occurrence has been rare and irregular,

and I have no records since the spring (April) of

1903.

190. Botaurus lentiginosus (Montag.). American Bitti rn;

"Stake Driver;" "Marsh Hen."—Fairly common
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summer resident. Common on the Grand Pr6

in fall from middle of August to middle of

October. Nests in May. Anj^ sluggish stream or

pond hole with reedy margin is a likely place to

find these strange looking birds.

194. Ardea herodias herodias Linn. Great Blue Heron;
"Crane."—Summer resident, occurring from about

April 10 to latter part of October. Most common
during the fall, about the extensive mud flats which

are bare at low tide—also commonly seen during

the spring and summer about the inland fresh-water

lakes and streams. On May 22nd, 1913, I had

the rather rare privilege of visiting a heron colony in

the Cloud Lake region near the Kings-Annapolis

line. Securing information from a trapper as to the

approximate location of this colony, I started

with a guide through heavily wooded country.

Our ob.iective was a ridge of land, ten miles distant,

which separated two small lakes. Arrived there,

we found it covered with a magnificent growth of

giant, shaggy trunked, yellow birches. After much
ranging back and forth we reached the vicinity

of the nests, and soon the birds, attracted by the

noise we made, were flying overhead uttering

their raucous cries. A few minutes later we found

ourselves in the midst of the heronry—and a noisy

place it was. A few big spruces and hemlocks were

interspersed among the birches, and the top of

each one served as a perch for an old heron, which

by 'the aid of toes and flapping wings, was able to

hold on after a fashion. Over 50 nests ciould be

seen, but of these only about 20 were new. Two
trees contained three nests; several had two, but

in most cases there was but one nest to a tree.

They were fastened among the topmost twigs,
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at heights ranging from 70 to 85 feet. Many nests

contained young birds—^their cries could be heard

plainly, and in some cases their long necks protruded

over the edge of the nest. Under such nests we
invariably found bits of broken blue egg-shells.

Finally a nest was located under which no shells

could be found, but other tell-tale signs showed

that it was in use. The first limbs were fully

forty feet up, and by this time a fierce gale was

blowing, accompanied by driving rain; but after a

strenuous climb I gained the topmost twigs which

held the nest. It consisted of a rude platform

of twigs, and had a rough lining of reeds and shredded

bark. It contained 5 eggs, pale blue in color.

Some eight or ten years ago, from 75 to 100 pairs

were numbered in this colony. The diminution

in numbers has been caused chiefly, I believe, by

the wanton persecution that these birds receive

at the hands of ignorant hunters and trappers,

who blaze away with their rifles at the perching

birds which make easy and inviting targets. About

a dozen remains of adult birds were found under

the trees we visited.

,202. Nycticorax nycticorax naevius (Bodd.). Black Crown-
ed Night Heron.—Rare transient visitor. One

record only, a specimen in immature plumage taken

on the Grand Pre, Oct. 22nd 1898.

214. Poriana Carolina (Linn.). Sora.—Summer resident.

Probably not uncommon, but seldom seen on

account of its retiring habits. Frequents reed-

grown sloughs, pond holes and cat-tail swamps

of the Grand Pre. When seen is usually walking

or running over the reedy surf^ice of the water

from one tangle of rushes to the next.
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215. Coturnicops noceboracensis (Gmcl.). Yellow Rail.—
One record only. Sept. 19. 1895, a .specimen was
taken alive by my brother near the mouth of the

Cornwallis River. It seemed unable to rise and

tried to hide in the grass, but apparently had not

been wounded.

219. GalUtnda galeata galenta (Licht.). Florida Gallinule.

—Rare; two records only, both at Canard River,

a sluggish reed-grown stream which winds through

the meadows and flow.s into Minas Basin. One
taken Sept. 2G, 1898, by my brother, and the

other one, Oct. 15, 19l.'5, brought to me in the

flesh for identific.ition.

222. Phalaropus julicarius (Linn.). Red Phalarope.—
Only one record, a specimen taken on th? Grand
Pre (H. F. Tufts), Oct. 17, 1898. after a north-

easterly storm.

228. Philohela minor (Gmel.). American Woodcock.—
Summer resident; not uncommon in suitable locali-

ties from first week in April to November 10th, or

until the advent of frost compels them to forsake

their feeding grounds. Most common during Octo-

ber, the period of southern migration. They nest

early in May, on the ground; and any fine evening

(or at daybreak) during the nesting period the male

may be heard singing his weird song which accom-

panies his aerial performance known as the "sky

dance," so admirably described by Chapman in

his "Birds of Eastern North America". The

female sits so "close" on her eggs that she may
often be touched before I cirg induced to leave them.

230. GaUinago deUcata (Ord.). Wilson's Snipe; "Meadow
Hen;" "English Snipe;" "Jack Snipe."—Not

uncommon summer resident in suitable localities,
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but more common in the fall during the migration.

Occurs from middle of April to late in November.

In 1896 a pair wintered near Wolfville in a sheltered

swamp, watered by a series of springs, which do

not freeze even in the severest weather Again in

1915 (January, etc.) a single bird wintered in this

same swamp, and was frequently observed (see

Bird Lore, vol. 17, no. 3, May-June, 1915, p. 208).

These birds are much less common than formerly.

232. Macrorhamphus griseus scolopaceus (Say). Long-bill-

ed DowiTCHER-—I have but a single record of

the occurrence of this bird. Oct. 20, 1898, my
brother shot a specimen on the Grand Pre. It

was feeding by a fresh-water pond hole a few rods

from the salt marsh and was very tame.

234. Tringa canutus Linn. Knot; "Robin Snipe."—Un-

common and irregular transient visitor in autumn.

Two specimens, a male and a female taken at Long

Island Beach, Aug. 20, 1898 (H. F. Tufts). A
female taken Aug. 27, 1907 (R. W. T.).

239. Pisohia maculata (Vieill.). Pectoral Sandpiper;

"Grass Snipe."—Formerly a common fall visitor;

but of late years uncommon and irregular. Found

generally on the salt marshes after the hay has been

cut.

240. Pisohia juscicoUis {\\e\\\.) . White-rumped Sandpiper

—Rather uncommon, but regular, fall visitor;

Sept. 15 to November 25. Found at Long Island

Beach.

241. Pisohia hairdi (Coues). Baird's Sandpiper.—Very

rare fall visitant. One specimen taken by my
brother, Sept. 7th, 1899, is the only record. His

notes read:
—"This bird was feeding with a half

dozen or more Least Sandpipers and was readily
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distinguished from them by its larger size and buff

markings." This bird was mounted, and is now,

I believe, in the Victoria Memorial Museum (Geo-

logical Survey) at Ottawa.

242. Pisohia minutilla (Yieill.). Least Sandpiper; "Peep,"

—Common in fall, rare in spring. Occurs from

July 25 to Oct. 20th. Frequents salt marshes

after hay is cut, the mud-flats at low tide, or the

ponds of brackish water just out of reach of the

tide, but is rarely seen on the sand beaches.

243a. Pelidna alpina sakhalina (Vieill.). Red-backed Sand-

piper.—Uncommon autumn visitor. Seen on Long

Island Beach during latter part of August and first

of September in pairs or small flocks.*

246. Ereunetes pusillus (Linn.). Semipalmated Sandpiper;

"Peep."—From about July 23rd to latter part of

September these birds may be seen on the mud
fl&ts and sand beaches. They are by far the most

common among the shore-birds which visit Nova
Scotia during the fall migrations. At Long Island

Beach, where most of my observations have been

taken, they occur in myriads from August 5th

to 20th. Here they are much persecuted by "pot-

hunters," despite the fact that they are protected (?)

by theProvincial game laws till Sept. 1st, by which

date most of them have passed on.

248. Calidris leucophcea (Pall.). Sanderling.—Common
fall migrant, Sept. 1 to Nov 25th. One record

for winter, a pair seen at mouth of Gaspereau River,

Jan. 7th, 1916. No records for spring.

Compare also Piers's remarks on the possibility of the occurrence of the Dunlin (Pelidna

alpina alpina) in Nova Snotia. in Trans. N. S. Inst. Sc, v )1, 13, pp. 232-234 (1915).
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251. Limosa hcemastica (Linn.). Hudsonian God wit.—
Rare fall migrant. One record only, a specimen

taken by my brother, Oct. 19, 1899, on the Grand

Pre.

254. Totanus melanoleucus (Gmel.). Greater Yellow-
legs.—Transient visitor in spring and autumn.

Not so common as formerly. Occurs in spring.

May 12 to 21st., in fall from Aug. 10 to Nov. 1.

Seen chiefly about the Grand Pre marshes, though

often to be noted about the shores of our inland

lakes and rivers.

255. Totanus flavipes (Gmel.). Lesser Yellow-legs.^
Fall migrant, formerly not uncommon. No records

since Aug. 13, 1898, when two were shot at Long

Island (H. F. T.) This species was always less

common than the "Greater," but during the past

twenty years, seems to have become very rare. I

have records for 1896, 1897, and 1898 all in August.

Since 1898 my opportunities for observing it have

been rather limited, but I am satisfied that it is

much more uncommon than formerly.

256. Helodromas solitarius solitarius (Wils.). SoLiTARi-

Sandpiper.—Rather uncommon fall migrant, less

common than formerly; July 20th to Oct. 1st. One

record for spring, a belated, lone specimen seen

along the Gaspereau River, May 24, 1913.

261. Bartramia longicauda (Bechst.). Barframian Sand-

piper.—Rare and irregular fall visitor. Several of

these birds were observed on the Grand Pre meadows
by my brother, Sept. 13, 1896, one of which was

taken. Another was taken by him on Ciinaid

dykes, Oct. 8, 1902, and is now in the Pro-

vincial Museum, Halifax. These arc the only

records I have.
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263. Actiti^ macularia (Linn.). Spotted Sandpiper; "Tee-

ter-tail;" " Peep."—Summer resident, common;
nesting first week in June. F'ound about the

rocky lake shores and river margins; also (chiefly

after the nesting season) along the shores of tide

water.

265. Numenius hudsonicus Lath. Hudsonian Curlew.—
Rare fall migrant. A flock of five was seen Sept.

1899, on the Grand Pr^, three of which were taken

(H. F. T.). I have no other records till 1906,

when, on September 11th I saw three chasing

grasshoppers on the Grand Pre meadows. A few

other records, all for September.

270. Squatarola squatarola (Linn.). Black-bellied Plover;

"Beetle Head."—Not uncommon fall migrant.

Seen from August 10th to Nov. 15 or later, chiefly

about the sand beach at Long Island, and on the

exposed mud flats; also found on the salt-marshes

after the hay is gathered, or occasionally inside on

the green meadows. The adult birds appear first

in the autumn, and by Sept. 20th the immature

plumaged birds come along. By this time, however,

the former have passed on further south'. The young

birds with their whitish breasts are not infrequently

mistaken for the now rare Golden Plover.

272. Charadrius dominicus dominicus (MiilL). Golden

Plover.—Formerly common transient in autumn;

now rare and irregular. As recently as 1888 and

1890 Golden Plover occurred about Wolfville during

September and October in large flocks and seemed

to favor the upland pastures for their feeding

ground. Since then I have records for Sept. 12,

1898, Sept. 19, 1899, Aug. 27, 1907, Sept. 20, 1908,

— singles and small flocks, all seen on the Grand
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Pre meadows and Long Island beach. The Golden

Plover has no hind toe, and it is the total absence

of this member which afiords the chief distinguishing

mark between this species and che Black-bellied

Plover,—the immature plumaged birds of both

species being very similar as to color and size.

274. JEgialitis semipalmata (Bonap.). Semipalmated

Plover; "Ring-neck."—Common fall migrant.

From about July 25th to Sept. 10th these birds

may be found at Long Island beach, feeding in

small scattered flocks by themselves or mingled

with the large flocks of Semi-palmated Sandpipers.

I have no records for spring though I have no doubt

as to their regular occurrence at that season.

283. Arenaria interpres interpres (Linn.). Turnstone.—
Rare and irregular fall transient. A few specimens

taken at Long Island beach, Aug. 20, 1898(1);

Aug. 24, 1899(3); Aug. 27, 1907 (1); a few other

records for August.

298c. Canachites candensis canace (Linn.). Canada Spruce

Partridge.— Rare permanent resident. Nests

about the middle of May. This bird is most fre-

quently found in the spruce swamps and extensive

barrens of the interior and owing to its apparent

stupidity and tameness is veiy easily taken. In the

fall, about 1890, a female appeared in our garden

and could be touched with the hand—it was so

tame.*

300b. Bonasa umhellus thayeri Bangs. Nova Scotian Ruff-

ed Grouse; "Birch Partridge."—Common per-

manent resident. Nests about May 10th on the

Some years ago Watson L. Bishop, while residing at Kentville, Kings Co., aucoesa-

fully kept a numbor of Spruce Partridges in a large enclosure for several years, as

described in his paper on "The Canada Grouse in its Captivity, its food, habits, etc."

in Trans. N. S. Inst. Sci., vol. 13, pp. 150-153 (1912).
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ground, and lays from 9 to 12 eggs. Despite its

persecution by the ubiquitous gunners, to say

nothing of its winged and four-footed enemies,

this splendid game bird seems to be holding its

own in this locality.

315. Ectopistes migratorius (Linn.). Passenger Pigeon;

"Wild Pigeon."—I have not been able to learn

anything definite about the occurrence of this

bird in Kings County years ago when the species

frequented the pTovince. The following informa-

tion applies to New Albany, a small settlement in

the adjoining county of Annapolis, ten miles south

of Middleton and about eight miles westward of

the Kings-Annapolis Counties line. Although not

actually referring to Kings County it is worthy

of preservation as the latest occurrence known to

me of this extinct species in this locality. During

the boyhood of my father. Prof. J. F. Txifts of

Acadia University, who was born at New Albany

in 1843, flocks of "wild pigeons" were not uncom-

mon there, though they were not seen in large

numbers. The last time he can recollect having

seen one of these flocks was in the autumn of 1855,

when twenty or more of the birds alighted on the

limbs of a huge dead pine. They remained there

for some moments until alarmed by a gunshot

from the thick undergrowth beneath the tree.

Three of the birds were seen to drop. My father

ran over to the tree and found there an old Indian

trapper with a wounded pigeon in each hand and

the third Ijang dead beside him.

316. Zenaidura macroura carolinensis (Linn.).

—

Mourning
Dove.—Rare and irregular; two records only.

One taken on the Grand Pre, Oct. 1896 (H. F. T.),
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and the other seen in midwinter (Jan. 1910) in the

Gaspereau valley. The snow was deep and the

bird was feeding on weed seeds in a sheltered nook.

It was observed there for several days and when
alarmed would always seek shelter in a nearby heavy

growth of spruce.

331. Circus hudsonius (Linn.). Marsh Hawk; "Toad
Hawk;" "Mouse Hawk."—Summer resident. Com-
mon on the Grand Pre meadows. Arrives first

part of April and remains until latter part of October.

One record for winter—a female seen on the Grand

Pre, Jan. 1st (1917), and again on Feb. 25th of the

same year. I have no doubt this was the same

bird. Nests about May 15th.

332. Accipiter velox (Wils.). Sharp-shinned Hawk-
"Chicken Hawk."—Permanent resident, fairly com;

mon. In winter these birds, commonly called

"Chicken Hawks," may sometimes be seen about

the streets of the town, darting after English

sparrows, and apparently quite fearless of the

passers-by.

333. Accipiter cooperi (Bonap.). Cooper's Hawk.—Un-

common. No records for the winter months. A
nest found May 18th, 1904, built in a maple tree

about 30 feet up, contained four eggs.

334. Astur atricapillus actricapillus (Wils.). American Gos-

hawk; "Blue Hen Hawk;" "Blue Darter."—
Uncommon. permanent resident. These hawks fre-

quent the heavily-wooded districts generally, but

in fall they prefer the smaller woods adjacent to

farms, especially those which are well stocked with

poultry, on which they prey. They nest in hard-

wood forests, and return to the same nesting site

year after year. The nest is generally placed in a
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beech or maple, 15 to 30 feet frcjiii tlie ground.

Some fifteen nests of this species have been observed.

Eggs 2 to 4 (usually 3).

337. Biiteo borealis borcalis (Gmel.). Red-tailed Hawk.—'

Summer resident, not uncommon. Occurs from

March 20th to last of October. More common
inland—a bird of the liills and big woods. Nests

the last week of April in the Black River regions.

347a. Archibiiteo lagopiis sandi-joJiannis (Gmcl.). American

Rough-legged Hawk.—Rare winter visitant of

irregular occurrence Common on the Grand Pre

during the winter of 1899-1900, when it was not

unusual to observe twenty-five or more in a single

afternoon. None have been seen since.

352. Haliosetus leucocephalus leucocephalus (Linn.). Bai^d

Eagle.—Exceedingly rare. About 1895 a pair of

eagles nested at Long Island, but this nest with

the young was destroyed bj- farmers of that locality.

A specimen in immature plumage was taken at

Greenwich in 1912. Another, an adult, was trapped

at Kingston in the winter of 1912, and kept in

captivity for some months.

353. Falco islandus Briinn. White Gyrfalcox.—On the

morning of Jan. 21, 1902, I saw a large bird flying

at a height of about 150 yards overhead. The

sky was heavily overcast with dark storm clouds,'

and against this sombre background the bird's

white plumage stood out in bold relief. When
first observed, it was sailing on steady wing; but

as I watched it, greatly puzzled, the manner of

flight changed suddenly, and I noted the quick

wing-beats characteristic of the Duck Hawk.

This bird I have always believed to be a White

PRor. & Trans. N. S Inst. Sci., Vol. XIV Trans. 12
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Gyrfalcon; and while I know siuch a record is really

of no scientific value, the above is given for what

it is worth.

354b. Falco rusticolus ohsoletus (Gmel.). Black Gyrfalcon.

—Exceedingly rare winter visitant. One record;

a female taken Jan. 8, 1898, on the Grand Pre

meadows by my brother, Harold F. Tufts. This

specimen is still preserved in the collection of

William Brewster, Cambridge, Mass.

356. Falco peregrinus anatum (Bonap.). Duck Hawk.—
Of rare and irregular occurrence. One observed

A.ug. 4, 1913, pursuing a flock of Semipalmated

Sandpipers at Starr's Point beach. No records

except for August and September.

357. Falco columharius columbarius (Linn.). Pigeon Hawk.
—Rare and irregular in occurrence. A few speci-

mens taken in 1907; no record since till the fall of

1916, when one was observed at. Black River.

360. Falco sparverius sparverius Linn. Sparrow Hawk.—
Summer resident—fairly common about the sandy

plains and sparsely wooded districts in the western

part of the county. Occurs from middle of April to

latter part of October. One record for winter, a

male taken Jan. 7, 1899, by H. F. Tufts.

364. Pandionhaliaetus caroUnensis (Gmel.). Osprey; "Fish

Hawk."—Rare. Formerly not uncommon in May
an.d June, at which season they followed the fish

up the Gaspereau River. Of late years I have no

records, and these birds may be listed as "rare."

366. Asia wilsonianus (Less.). Long-eared Owl.—Rare.

No record since Sept. 3rd, 1898, when a specimen

was taken at Long Island. During 1897 and again
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in 1898 a pair of tlicse birds nested in the woods at

Long Island, and all observations recorded were

made during those two years.

367. Asio flammeus (Pont.). Short-eared Owl.—Not un-

common on the Grand Pre dykes except in summer

—

for which season I have one record only, May 10,

1917. Of more frequent occurrence some years

than others.

368. Strix varia varia Barton. Barred Owl.—Uncommofi
• permanent resident. Nests in May, sometimes using

an old deserted crow's nest, or a hollow stub.

Found in heavily wooded sections of the county.

371. Cryptoglaux funerea richardsoni (Bonap.). Richard-

son's Owl. -— Very rare. Watson L. Bishop

of Dartmouth (formerly of Kentville, Kings Co.)

reports that one of these owls was taken in Feb.,

1890, at North Alton, Kings' Co., and was brought

to him alive. This specimen was mounted and

is at present in the Museum at Acadia College,

Wolfville.

372. Cryptoglaux acadica acadica (Gmel.). Saw-whet Owl.

—Rare. Present throughout the year. A nest

discovered Apr. 15, 1900, contained 5 eggs. On
June 8, 1915, a young male was taken alive in the

old nesting hole. It showed no fear, and perched

on my finger, though strong and well able to fly,

being fully grown.

373. Bubo virginianus virginianus (Gmel.). Great Horned
Owl.—Permanent resident, and probably our most

common owl. Nests in Februar}^ and March.

Prefers heavily timbered regions. Many of these

birds are killed every year by boys who set wire

rabbit snares. The rabbit gets caught, and its

pathetic far-reaching cry soon attracts the owl,
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who speedil}'' arrives and puts it out of miserj^

Next day the remains of the rabbit are discovered^

a steel trap is set, and at night the owl, returning

to finish his banquet, almost invariably walks into

the trap. Five specimens so killed during the winter

of 1915-16 were brought to me in the flesh.

376. Nyctea nyctea (Linn.). Snowy Owl.—Irregular winter

visitor. No observations except on the Grand Pre

meadows. During the winter of 1902-3 these owls

were common, and many specimens were takeu by

local gunners. None were since observed about

this region until this winter (1916-17), when

several were seen during December and January.

377a. Surnia ulula caparoch (Miill.). Hawk Owl.—Exceed-

ingly rare. Two specimens were brought to my
brother for identification in the winter of 1898.

No other records.

388. Coccyzus erylhrophthalmus (Wils.). Black-billed

Cuckoo.—Summer resident, irregular and uncom-

mon. On June 10, 1902, a nest of this species was

discovered in an orchard, placed on a horizontal

low apple limb, near the end and much exposed.

This nest was a very rude affair, composed of a few

twigs, crudely lined with two or three big dead

maple leaves. On June 17 it contained three eggs.

The occurrence of this bird about Wolfville appears

to be more uncommon of late years.

390. Ceryle alcyon (Linn.). Kingfisher.—Common sum-

mer resident in suitable localities. Occurs first

week in May to second week of October. One

observed Oct. 22, 1915. Most commonly seen along

the shores of inland lakes and rivers, but occasionally

in fall about the marshes, where they find the shoals

of minnows in the shallow pools of brackish water
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easy to capture and much to their liking. Nest

in a sand bank, the tunnel being excavated to a

depth of six or eight feet, ending in an egnlarged

chamber. This contains no lining. They lay five

to seven eggs.

393a. Dryobates villosus leucomelas (Bodd.). Northern
Hairy Woodpecker.—Common permanent resident.

During the nesting period these birds are seldom

seen far from the heavily wooded sections, but

during fall and winter they visit settled portions

of the county. I have had one feeding regularly

in my garden this winter on a piece of suet fastened

to my feeding shelf.

394c. Dryobates pubescens medianus (Swains.). Downy
Woodpecker.—-Common permanent resident. This

species is more common than the Hairy Woodpecker,

and closely resembles it except in size, being little

more than half as large. Found about our orchards

and ornamental groves at all seasons. A pair

nest every year in a box provided for them in my
garden.

400. Picoides arcticus (Swains.), Arctic Three-toed Wood-
pecker.—Rare permanent resident. I have seen

them during every month of the year—but of late

years fewer are seen than formerly. Most records

for winter months.

402. Sphyrapicus varius varius (Linn.). Yellow-bellied

Sapsucker.—Common summer resident, in suitable

localities. Arrive last week in April and during

the nesting season are found in the "backwoods"

regions. They seem to prefer poplar trees for

a nesting site and hence are most often seen in woods

where these trees predominate. Like other wood-
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peckers they excavate their own nesting cavities;

and their eggs, 4 to 6 in number, are laid early in

June.

405a. Phloeotomus pil atus ahieticola (Bangs). Northern
PiLEATED Woodpecker; "Devil's Woodpecker."
—Rare permanent resident. This giant woodpecker

haunts the deep forests remote from civilization,

seeming to prefer the dark woods bordering swamp
lands. On clear frostj^ days in March and early

April I have heard these birds calling back and

forth a mile or more across Black River lake.

Their loud Flicker-like notes carry for a considerable

distance. Last year, in the winter, I noticed a pair

in the Black River region going in and out of a

hole which they had drilled in a large poplar—

a

hole which I supposed was an old nesting site.

I visited the place again in April. The birds were

not there; and on examining the tree I found it

to be hollow from the ground to the first limbs,

some 35 feet or m.ore. Th^e pair were evidently

using this place as a shelter during the winter storms.

412a. Colaytes auratus hdeus Bangs. Northern Flicker;

"Yellow- hammer." — Common . summer resident.

Occasionallj" observed in winter. Occurs regularly

from the middle of April to latter part of October.

One record Dec. 10, 1915, near Wolfville, another

March 26, 1915.

417. Antrofitomus vodferus vociferus (Wils.).

—

Whip-poor-

will.—Rare summer resident. On the evening of

June 11, 1915, I had the pleasure of hearing m
first and only Whip-poor-will in this province,

though I am familiar enough with the bird elsewhere.

This occurred in a remote and lonely region

of Annapolis County, only a few miles fro ||^H
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border of Kings, for which reason I feel justified in

including it with these notes. I drove several

miles back to an old deserted homestead, and as

dusk came on I clearly heard the bird giving utter-

ance to those familiar notes which there is no

mistaking. I stayed there for a half hour, and the

bird was still calling when I left. I was told by

a woodsman living near the place that this bird

had been heard every year since 1909, and had

frequently been seen at dusk, on a certain flat

rock. It appeared to be alone, not more than

one being seen or heard.

420. Chordeiles virginianus virginianus (Gmel.). Night-

hawk.—Common summer resident. May 23 (8

years) to middle of September. Nests from June

10th to 20th in our burntlands, on the ground.

423. Chcetura pelagica (Linn.). Chimney Swift; "Chim-

ney Swallow.—Common summer resident. May
13 to Sept. 20. Nests about June 10th. A nest

of this species was found a few j-ears ago on a

flat' rock, ten feet down on the side of a stone well.

Another was seen stuck to the perpendicular wall

of an abandoned mill, about 12 feet from the floor,,

near Black River lake. Usually nest in a chimney.

428. Archilochus coluhris (Linn.). Ruby-throated Hum-
mingbird.—Summer resident, not uncommon. Occur

from about Ma}^ 16 to Sept. 1st. Most commonly

observed about our flower gardens, but not in-

frequently in the heavily wooded regions to the

south of Wolfville. A nest of this species was

discovered on the horizontal dead limb of a hack-

matack. The limb was covered with Parmelia

lichens, of which the nest was a perfect imitation,

resembling as it did a grey knot. It contained

two eggs—a full set.
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444. Tyrannus tyrannus (Linn.). King Bird.—Common
summer resident. Arrives May 16th (10 years)

and departs about Sept. 1st. Seen most commonly

about our apple orchards. Nests on the horizontal

bough of deciduous trees, but occasionally in low

bushes, about the middle of June. The Kingbird

is very regular in the date of his spring arrival

here. In ten years records, the earliest "first seen"

date is May 13th, the latest. May 18th. '

469. Nuttallornis horealis (Swains.). Olive-sided Fly-

catcher.—Fairly common summer resident. Arrives

May 22nd (10 years), and seldom seen after the last

week in August. I have not observed these birds near

• ; open sea coast; they seem to prefer settled districts

of the Annapolis valley or the wildernesses to the

south. Nests from June 10th to 20th.

4151. Myiochanes virens (Linn.). Wood Pewee.—Summer
resident, not uncommon and evenly distributed.

Average date of arrival, May 26th. Seen often

about the ornamental shady groves of the town,

and as often in the remote heavily wooded regions.

Nest in latter part of June using a horizontal

limb of a large tree. The nest, like that of the

Humming-bird, is covered with Parmelia lichens

and closely resembles a knot on the limb on which

it rests.

463. Empidonax flaviventris Baird. Yellow-bellied Fly-

catcher.—Uncommon summer resident. Arrives

about June 1st, and like the other Flycatchers,

leaves late in August. Observations mostly taken

in deep shady woods, along the courses of rocky

mountain streams. The bird is hard to approach,

and is best recognized by its sweet, mournful

call-note.
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4()Ga. Eiiipiduiiux trailU alnurum ]3rewst. Aldeii Fly-

catcher.—Fairly common summer resident. Ar-

rives about May 28th (4 years), and leaves about

Aug. 25th. Observed in alder swamps, rose-bush

tangles, blackberry thickets and any waste land

covered with thick bushes. Several pairs nest

every year in a rose thicket near my house at

Wolfville. They are very shy and their presence

is almost invariably revealed by their characteristic

note.

467. Empidojiax minimus W. M. and S. F. Baird. Least

Flycatcher.—Common summer resident, arriving

about May 10th and leaving the latter part of

August. This bird takes up its abode in our orchards

and gardens, and though I have sometimes met

with it in the heavily timbered regions, it always

seems out of place there. Nests in apple trees,

chiefly, about the middle of June. A nest once

discovered in a hemlock—a most unusual site.

474. Otocoris alpestris alpestris (Linn.). Horned Lark.—
Winter visitor. Common locally. Seen on the

Grafid Pre from Nov. 1st to April 1st. Have

never observed this bird far from salt water.

477. Cyanocitta cristata cristata (Linn.). Blue Jay.—Per-

manent resident, common except in midwinter.

During the nesting season Blue Jays are seldom

seen away from the backwoods regions; but in the

fall, when the corn begins to ripen, they appear

about our farms and gardens. Some years they

are quite common about the roadsides and orchards

in winter. I have frequently fed fifteen or more

on my lawn in severe weather.
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484. Perisoreus canadensis canadensis (Linn.). Canada
Jay; "Meat Hawk;" "Camp Robber;" "Carrion

Bird;" "Whiskey Jack."—Permanent resident,

not uncommon locally. A resident of our evergreen

forests, seaming to prefer the low-ljdng boggy

spruce woods. They nest very early, about the

middle of March. On March 10, 1914, one of these

birds appeared in the hen-yard of a back-woods

farm, and was seen carrying off feathers. On
June 29th, 1915, I saw four'' fully grown, long tailed,

nearly black immature specimens, accompanied by

a pair of adult birds.

486a. Corvus corax 'principalis Ridgw. Northern Raven.—

-

Rather uncommon resident. Seen most frequently

along the shores of the Bay of Fundy, where they

nest on rocky ledges of the perpendicular sea-wall.

Thej' also inhabit the heavily wooded Black River

and Forks River districts, where they seem to

favor hemlock trees for nesting sites. A nest was

discovered in a large 3'ellow birch tree, April 15,

1917, and contained eix eggs.

488. Corvus hrachyrhyiickos hrachyrhynchos Brehm. Crow.

—Exceedingly common resident.

494. Dolichonyx oryzivorus (Linn.). Bobolink.—Summer

resident, abundant, from middle of May to latter

part of September. Most common on the Grand

Pre near the salt marshes. Occasionally met with

in the upland hayfields.

498 Agelaius phceniceus phoeniceus (Linn.). Red-winged

Blackbird.—Exceedingly rare. A small flock

—

four or five—was seen feeding in a cat-tail swamp

on the Grand Pre, Dec. 13, 1899. One specimen

was taken by H. F. Tufts. This is the only record

I have for this county. A nest of this species was

reported from Colchester Co. a few years ago.
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501. Stiirnella magna magna (Linn.). Meadow Lark.—
Rare and accidental. One record only—a female

taken at Bout Island near the mouth of the Gas-

pereau, Jan. 7, 1916 (R. W. T.). This bird was
found on the salt marsh in a bleak and most exposed

district, and had been seen there regularly for some
days. It was feeding on the seeds of tJie marsh

sedges which had not been cut the previous fall.

Despite the fact that the marsh was exposed only

in spots (being covered for the most part Avith

slush and ice-cakes), the bird, was in good condition,

and was approached with difficulty.

509. Euphagus carolinus (Miill.). Rusty Blackbird;

"Blackbird "—Summer resident, common locally,

from ]March 28th to middle of October. Observed

chiefly in alder thickets, bordering lakes, rivers

and swamps of outlying settlements. Nests com-

monly along the Forks river, a tributary of the

Avon river.

511b. Quiscalus quiscula ceneus Ridgw. Bronzed Grackle.

—Common summer resident, arriving about first

week in April. Seen more commonly about settled

districts than in the wooded regions. Nests first

week in May. Referring to my notes for 1896,

I find that on ]\Iay 3rd of thflt year I recorded my
first "Purple Grackle;" this bird appeared in our

garden, and I followed it for half a hour, studying

it with my glasses. The following year on the 11th

of April, a pair of these birds was seen in town,

and one, a male, was taken and brought to me.

It was then that I learned that this bird was not

the Purple but the Bronzed Grackle. Since that

year they have visited this region with marked

regularity and in increasing numbers, until now
they are common summer visitors.
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.515. Pinicola enudeator leucura (Miill.). Pine Grosbeak;

"Winter Robin."—Permanent resident, apparently-

becoming more uncommon. Found chiefly about

our evergreen woods in the southern part of the

county. Two nests were found by H. F. Tufts

about the middle of June in small coniferous trees.

Until -recent years it was believed to nest, like the

Crossbills, during the winter season. About 1890

it was a common sight during the winter months

to see small flocks of Pine Grosbeaks about the

town feeding on the seeds of the ash tree. They

were exceedingly tame, and attracted much atten-

tion. Since 1898 I have not seen them at all about

town, but have made all my observations in the

heavy woods. This winter (1917), however, I

have observed a few specimens about our orchards

feeding on the eggs of the canker-worm.

517. Carpodacus purpureus purpureus (Gmel.). Purple

Finch: "Red Linnet."—Common summer resident,

occasionally seen in winter. Frequents our orchards,

open woodlands and hedges. Nests about last

of May, generally in coniferous trees.

. Passer domesticus domesticus (Linn.). House or Eng-

lish Sparrow.—Abundant resident. An intro-

duced species. The House Sparrow was introduced

into this district by D. R. Eaton in 1878. Mr.

Eaton, who was at that time one of the most pro-

gressive farmers and orchardists in Cornwallis,

Kings Co., brought one or more pairs of the birds

from Cambridge, Mass., hopefullj^ anticipating

that they and their progeny would prey upon a

certain insect pest which was causing the farmers

of the region much loss through damaged crops.
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521. Loxia curvirostra minor (Brehm). American Cross-

bill.—Of irregular occurrence throvighout the year.

Most common in June. Observed during fall,

winter and early spring in the evergreen forests.

In the summer months I frequently see them about

the town and country roadsides in roving flocks

of fifty or more, feeding on the ripening elm seeds.

I have seen this bird nesting a few miles south of

Wolfville during January, February and March

of the years, 1902, 1906 and 1913. (See The Auk,

vol. 23, July 1906, p. 339.)

522. Loxia leucoptera Gmel. White-winged Crossbill.—
Of irregular occurrence; less common than the

preceding species. I' have observed this bird every

month of the year, but never away from coniferous

trees. In January, February and March of 1902-

'06-' 13 they were common, and numbers nested

in the coniferous woods within a few miles of Wolf-

ville. (See The Auk, vo.l 23, July 1906, p. 339.)

528. Acanthis linaria linaria (Linn.). Redpoll.—Irregular

winter visitor—common some seasons, rare or

absent others. During the spring of 1914 thej'' were

exceedingly abundant in this locality, and almost

daily a flock, ranging in numbers from fifty to

five hundred birds might be seen, even as late

as Alay 1st. They were apparently all of the

one species, which is the only one I have noted

here.

529. Astragalinus tristis tristis (Linn.). Goldfinch.—Com-
mon summer resident; irregularly common in

winter. Nests July 1st to 14th in hardwood trees.

Often observed in March and April in large flocks.

Seen in winter in smaller numbers.
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533. Spinus pinus pinus (Wils.). Pine Siskin.—Permanent

resident, common some seasons, rare or absent

others; very irregular generally. These birds seem

to have no particular month for nesting; I have

observed nests as early as April 27 (1913); and

again as late as Aug. 4th (1898). My notes also

show nesting records for every month between

those mentioned. They were common during the

winters of 1902-'06-'13, when the Crossbills nested

here.

534. Plectrophenax nivalis nivalis (Linn.). Snow Bunting;

"Snow-bird."—Winter visitor, not so common as

in former years. When they first arrive from

the north, about Nov. 1st, these birds congregate

in flocks on the Grand Pre meadows, and feed about

the oat-fields with the Horned Larks. Flocks

containing several hundreds are not uncommon.

With the advent of winter and deep snow these

flocks go further south, and the bird is no longer

seen in large numbers. During January and Feb-

ruary small flocks are noted about our orchards

and withered gardens, but with less frequency and

in smaller numbers than in former years.

536. Calcarius lapponicus lapponicus (Linn.). Lapland

Longspur.—Rare and irregular winter visitor. On
February 8, 1916, I identified the Lapland Longspur

—one specimen being taken on that date on the

Grand Pre. From that date till March 2nd I

frequently observed small numbers of these birds

feeding on the Grand Pre with scattered flocks of

Horned Larks and Snow Buntings, and other speci-

mens were secured. Four of these specimens are

now in the Provincial Museum at Halifax. No
other authentic record for the province exists save
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the reference to J. M. Jones having shot some on

one occasion at Cole Harbour, HaUfax Co., as

mentioned in Downs's Catalogue of Birds of Nova
Scotia (1888).

540. Pocecett'S gramineus gramineus (Gmel.). Vesper Spar-

row.—Common summer resident. Two records

for winter, December 25, 1915 and January 21, 1916.

Occurs from April 20th (9 years) to about November
1st. Nests on the ground in upland pastures.

542a. PassercuJus sandivichensis savo.mia (Wils.). Savannah
Sparrow.—Common summer resident, from first

week in April to first part of October. Abundant
on the Grand Pre meadows and common about

the upland pastures and mowing fields.

549,1a. Passerherhulus nelsoni suhvirgatus (Dwight). Acadian
Sharp-tailed Sparrow.—Common summer resident

on the meadows and marshes about Minas Basin.

Never noted inland, or far from salt water. Occurs

from middle of Ma}- to middle of October.

558. Zonotrichia albicoUis (Gmel.). White-throated Spar-

row.—Common summer resident. Occurs from

May 1st to Nov. 15th. Frequents our open wood-

lands and countryside groves, nesting among the

ferns or in a brush pile. Frequently heard in full

song as late as the middle of October.

559. SpizeUa monticola monticola (Gmel.). Tree Sparrow.

—Irregular and uncommon winter visitor. Occurs

from middle of November to April.

560. SpizeUa passerina passerina (Bech.). Chipping Spar-

row.—Abundant summer resident, arriving May
1st (9 j-ears). Frequents our gardens, orchards

and wavsides.
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567. Junco hyemalis hyemalis (Linn.). Slate-colored

JuNCO.—Permanent resident, abundant in summer,

not uncommon in winter.

581. Melospiza melodia acadica Thayer and Bangs. Nova
Scotian Song Sparrow.—Verj^ common summer
resident. A few spend the winter here. By the

last week in March these birds are in full song,

and are common until late in November. This

new subspecies was described by J. E. Thayer and

Outram Bangs from a series of specimens collected

by the writer at Wolfville in April, 1914 (see Proc.

New England Zoological Club, vol. 5, pp. 67-68,

May 29, 1914). The type is number 65,643 in

the Museum of Comparative Zoologj^, Cambridge.

584. Melospiza georgiana {Lath.). Swamp Sparrow.—Com-
mon summer resident in suitable localities, occurring

from Ma}^ 1st to Oct. 1st. Noted in swampy or

marshy ground covered with bushes, rank grass,

cat-tails or weeds.

585. Passerella iliaca iliaca (JNIerr.). Fox Sparrow.—

-

Common transient in spring and fall. Noted from

April 1st to 25th in spring and from Oct. 1st to

Nov. 10th in autumn. One record Dec. 13th, 1913.

In the spring the Fox Sparrows appear about our

gardens and hedges in small scattered flocks, and

are heard singing gaily even when the ground

is white with snow. During the fall migration

they seem to prefer the covers and copses along

the countryside. They do not nest in the province,

Newfoundland being their chosen breeding ground.

595. Zamelodia ludoviciana (Linn.). Rose-breasted Gros-

beak.—Uncommon summer resident. A few ob-

served in the thickets and copses about the country.
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During June (1915) a male was daily observed and

heard singing in an apple orcliMrd in Wolfville,

but apparently he was unmated.

611. Progne subis suhis (Linn.). Purple Martin.—Two
records for this vicinity. On May 8th, 1914, a

male was seen flj'ing over Gaspereau village, and

was readil}'^ identified by its dark color and familiar

note. An effort has been made to attract them to

my grounds at Wolfville but without success until

June 14, 1917, when a female arrived and stop-

ped for two days about a box I had erected. At

Windsor, Hants County, I have seen these birds

regularly for some years, and have watched them

about their nesting boxes.

612. Petrochelidon lunifrons lunifrons (Say). Cliff Swal-

low; "Eave Sw^allow".— Common summer resi-

dent; from first week in May to middle of September.

613. Hirundo erythrogaster (Bodd.). Barn Swallow.—
Common summer resident. Occurs from May 2nd

(9 years) to middle of September. Two seen

as late as October 5th (1915). This species, as

well as the preceding one, has been much persecuted

by the pugnacious House Sparrow, and. this fact

. may account for the marked decrease in numbers

in this and other localities. These birds . are of

inestimable value to the farmer, and no pains should

be spared to afford them protection.

614. Iridoprocne bicolor (Vieill.). Tree Swallow.—Com-
mon summer resident. April 22nd (9 years) to

about September 1st. Nests latter part of May.
For some years two pairs have nested in boxes near

my house, and the consequent absence of flies and

mosquitoes in our ' immediate vicinity has been

very marked.
Proc. & Trans. X. S Inst. Sci., Vol. XTV Trans. 13
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616. Riparia riparia (Linn.). Bank Swallow.—Common
summer resident about suitable nesting localities.

Seen from first week in May till middle of September.

They breed in large numbers in the high sand-banks

at Long Island Beach and Starr's Point. Nest

about June 1st.

619. Bombycilla cedrorum Vieill. Cedar Waxwing.—Com-

mon summer resident. Rarely seen before last

week in May, or later than last week of September.

No records for winter. Nests latter part of June.

621. Lanius horealis Vieill. Northern Shrike.—Formerly

not uncommon winter visitor, occurring from

December to April. Now rare and irregular.

Two records for autumn, August 4th, 1913, and

October 16, 1915.

624. Vireosylva olivacea (Linn.). Red-eyed Vireo.—Com-

mon summer resident, May 25th (9 years) to

about September 1st. Nests latter part of June

about our orchards and ornamental groves, but

occasionally in localities remote from settled districts.

629. Lanivireo solitarius soUtarius (Wils.). Blue-headed

ViREO.—Rather uncommon summer resident, arriv-

ng first week in May. Observed in the wooded

regions. Nests early in June.

636. Mniotilta varia (Linn.). Black and White Warbler.

—Not uncommon summer resident, occurring from

about May 8th to middle of September. Observed

in open woodlands and shady coniferous groves.

Nests about June 1st on the ground.

645. Vermivora rubricapilla rubricapilla (Wils.). Nashville

Warbler.—Fairly common summer resident from

first of May to first of September. Prefers open

woodland areas with scattered hardwood trees

Nests first week in June, on the ground.
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647. Verinivora peregrina (Wils.). Tennessee Warbler.—
Rare summer resident. This warbler was first

identified on June 1st, 1915. My attention was

attracted by the loud and stirring sqng, which

Chapman likens to the Nashville, though the latter

has much less volume. The bird was hard to

approach and exceedingly active, but with the aid

of my binoculars I was soon satisfied as to the

identity. Later I secured a specimen which I still

have in my collection. Several were observed

daily until about June 10th, when they disappeared

from the locality. The next year, June 3rd, 1916i

I saw three of these birds about the same vicinity

and to my delight two pairs lingered about, and I

soon discovered that they were nesting. On July

5th I saw the female feeding her young, and by

July 10th they had flown. In June, 1917, the

species was fairly common about Wolfville.

'648a. Compsothlypis americana usnece Brewst. Northern
Parula Warbler.—Common summer resident, from

May 10th to Sept. 15th, Frequents woodland

regions, particularly those sections in which the

trees are covered with "beard moss" (Usnea harhata),

of which the nest is cleverly constructed.

650. Dendroica tigrin'a (Gmel.). Cape May Warbler.—
This is probably our rarest warbler. On June

2nd 1915, at Black River, I heard what I supposed

to be the song of the Bay-breasted Warbler. Ap-

proaching nearer, I caught sight of the bird, hopping

leisurely about on " a small spruce. My glasses

instantly told me I had stumbled on something

unusual, a new bird for this region. Returning

three days later, I found the bird in exactly the

same locality, and by this time was able to identify
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it as the Cape May Warbler. On June 4th of

the following year (1916) I was surprised to find

several in the old vicinity, all males. They were

in a damp spruce wood, consisting of tall slender

spruces—the sort of habitat which is favored by

the Ruby-crowned Kinglet. Nearby was a more

open stretch, on a little higher ground, with some

birches showing among the spruces. This locality

was too far from home to permit repeated observa-

tions, but I believe they nested there.

652. Dendroica cestiva cestiva (Gmel.). Yellow Warbler;

''Yellow Bird."—^Common suinmer resident from

May 10 to September. One of our common garden

birds, and seems to prefer living in close proximity

to our houses.

654. Dendroica ccerulescens ccerulescens (Gmel.). Black-

throated Blue Warbler.—Found in our heavy

coniferous forests, remote from settled districts.

Nests about the middle of June. Fairly common.

655. Dendroica coronata (Linn.). Myrtle Warbler.—
Common summer resident, April 20th to November.

One record as early as March 23rd (1909). Found

in open woodland everywhere, preferring coniferous

trees. Nests last of May.

657. Dendroica magnolia (Wils.). Magnolia Warbler.—
Common summer resident from May 8th to Sep-

tember. Found in thickets of spruce and fir border-

ing open pasture land; also in shady groves of

coniferous trees. Nests about middle of June.

659. Dendroica pennsylvanica (Linn.). Chestnut-sided

Warbler,—Fairly common summer resident, from.

May 12 to about first of September. Found most

commonly about the dry hillsides, among the

hardwood copses and thickets of the wooded areas.
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660. Dendroica castanea (Wils.). Bay-breasted Warbler.
—Uncommon summer resident. Arrive regularly

during the first week in June, when for a few days

they are not uncommon. By the 10th they have

moved on, and are rarely met with during the

nesting period.

661. Dendroica striata (Forst.). Black-poll Warbler.—
Not uncommon during the spring migration, June 1

to 10th. No records later than June 20th. For

some inexplicable reason, these birds betake them-

selves for the nesting period to the small storm-swept

islands off the southern coast of this province

where they nest about July 1st.

662. De7idroica fusca (^luW.). Blackburnian Warbler.—
Uncommon summer resident. Found most fre-

quently in the heavily timbered districts about

Black River Lake, especially in sections where

spruces and firs predominate.

667. Dendroica firens (Gmel.). Black-throated Green
Warbler.^—Common summer resident, May 4

to Sept. 15th. Nests first week in June. Found
commonly about the woodland pastures and in

fact wherever there are enough coniferous trees

to form a grove.

672a. Dendroica palmarum hypochrysea Ridgw. Yellow
Palm Warbler.—Summer resident, common locally.

During the spring and autumn migrations these

warblers may be seen about our gardens and country

roadsides. The nesting season finds them in the

interior where they favor the peat bogs and broad

barrens. I have frequently observed their nests

about the middle of May.
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674. Seiurus aurocapillus (Linn.). Oven-bird.—Summer
resident, common in suitable localities. Occurs

from about May 20th to about the middle of Sep-

tember, in deep shady woods of mixed growth.

Nest on the ground in early part of June, composed

of moss, with an unique dome-shaped cover which

completely screens the eggs from above. The

entrance on the side resembles an oven, hence the

bird's name.

675. Seiurus novehoracensis novehoracensis (Gmel.). Water-
thrush.—Not uncommon summer resident in the

wilder and more remote parts of the county. ]My

observations of this shy bird have usually been

made near sluggish streams in the dense woods,

where the thick tangled undergrowth affords him

his coveted shelter and breeding ground.

679. Oporornis Philadelphia (Wils.). Mourning Warbler.

—Exceedingly rare summer resident. One record

only, a male, taken at Black River on June 11,

1905, by myself. This specimen is now in the

Provincial ^Museum at Halifax (acces. no. 2865).

681. Geothlypis trichas trichas (Linn.) . Maryland Yellow-

throat.—Common summer resident, from Maj^ 15th

to October. Observed most commonl}' in hard-

wood thickets, bordering wet areas, but also in

upland pastures and open woodland where thick

undergrowth occurs.

685. Wilsonia pusilla pusilla (Wils.). Wilson's Warbler.

—Rare summer resident. One specimen, a male,

taken in June 1895 (R. W. T.). A second male was

taken June 7, 1917. No other observations for

this region.
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686. Wilsonia canadensis (Linn.). Canadian Warbler,—
leather uncommon summer resident. Prefers damp
swampy thickets and is generally observed near the

ground. Two nests believed to be of this species

have been found near here. They were similarly

located, being well concealed in the mossy roots

on the underside of an upturned tree. Both nests

had been molested by some marauding jay or crow,

and the eggs were broken.

687. Setophaga ruticilla (Lmn.). Redstart.—Common sum.

mer resident about gardens and ornamental trees

also observed in the wayside groves of the country.

May 13th to Sept. 1st.

697. Anthus rubescens (Tunstall). American Pipit.—For-

merly common during the fall migration, but

much less so of recent years. Three specimens were

taken Oct. 10, 1915, on the Grand Pre, two of

which are now in the Provincial IMuseum at Halifax.

Fall migration at this point lasts from about Sep-

tember 10th to November 1st.

70k Dumetella carolinensis (Linn.). Catbird.—Common
summer resident. Last week in j\Iay to September,

about our alder thickets, blackberry and raspberry

tangles, especially when these occur near water

and not too far from human habitation. Xests

about middle of June. Until recently these birds

were rarely seen within the confines of Wolfville.

I remember with what delight I welcomed a pair

to our garden raspberry bushes some twenty years

ago—the first of the species I had ever seen inside

the town limits. This pair mated and reared

their young successfully. Since that date the Cat-

bird seems graduall}^ to have become a not uncom-

mon garden bird, and in the spring of 1915, three
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pairs nested not far from mj^ house. The song is

wonderfully rich, and the bird's imitative powers

are quite unique and well developed.

722. Nannus Memalis hitmalis (VieilL). Winter Wrex.—
Uncommon summer resident. ]\Iore observations

for October than for any other month. During the

breeding season I never observe these birds except

in the secluded wood-land regions, but in the

autumn they are often seen about the brush piles

and thickets nearer civilization.

726. Certhia familiaris americana (Bonap.). Br"owx

Creeper.—Permanent resident, not common. In

the spring and summer this bird is usually met

with in the heavily timbered districts to the south;

but in late fall and winter it is no uncommon sight

about our orchards and shade trees. Its note is

a mouse-like sciueak, similar to that of the Golden-

crowned Kinglet, but in April I have heard them

burst into song which would do credit to anj'

warbler. The first time I heard this surprising

outburst I was at a loss to account for it, since the

season was earlj^ and no warbler but the "Mj^rtles"

had returned. I was quite amazed when, after

careful search, I came upon the modest source,

none other than the hitherto-supposed songless

little creeper.

727. Sitta carolinensis carolinensis Lath. White-breasted

Nuthatch.—Permanent resident, much less com-

mon than formerly. Onl}' one observation for the

nesting season, June 9th, 1913.

728. Sitta canadensis Linn. Red-breasted Xuthatch.—
Permanent resident, common some seasons, rare or

absent others. The occurrence of this bird, like

that of the Cross-bill and Pine Siskin, seems to
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depend upon the abundance of the seed-bearing

cones of the evergreens. Thus in 1902, 190G, 1913,

when Crossbills nested in the county, Ked-breasted

Nuthatches were very common all winter, spring

and summer. Other years their occurrence is rare

and irregular, and what winter records I have were

all made in the remote lumber woods.

735. Penthcstes atricapiUus atricapillus (Linn.). Chickadee.

—Common permanent resident. Observed in

spring and summer in wooded sections more or

less remote from settled districts; in fall and winter,

commonl}' seen about our orchards, hedge-rows and

gardens. Nests late in ^lay. This cheery little

fellow responds readily to kind treatment. I

have them feeding in my garden on bits of suet,

bones, etc., all through the winter months. Last

spring (1916) a pair nested in a box provided for

them, and (due to the enforced absence of cats

about our immediate locality) were able to get

their brood off in safety.

740a. Penthestes hudsonicus littoralis (Bryant). Acadian

Chickadee.-—Permanent resident, fairly common-

Rare some winters. Frequents evergreen trees and

thickets, usually in low swampy land. Nests latter

part of ]May. These birds rarely, if ever, leave

the evergreen woods. They may often be seen in

fall and winter feeding in twos and threes in company

with the spry little Kinglets, but unlike the preceding

species, do not venture into our orchards and gardens.

Their note to me sounds like, "Sick-a-dee-dee";

while that of the other species is rather more clear-

cut and more in keeping with the name—"Chick-

adee".
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748. Regulus satrapa satrapa Licht. Golden-crowned
Kinglet.—Permanent resident, more common
some years than others. Rarely observed far from

the evergreen woods. These tiny birds build a most

beautiful nest, usually pensile from near the end

of long spruce limbs, concealed among the thick

green sprays. The nest is ball-shaped, constructed

almost invariably of green moss (Schreiher's) which

is woven together with shreds of bark, plant down,

bits of lichen, moss and hairs, and lined with feathers.

They lay 8 to 10 small eggs, piled closely; and a

cro ded nest full of young Kinglets is a laughable

sight, and must afford a truly terrifying problem

to the tiny parents.

749. Regulus c lendula calendula (Linn.) Ruby-crowned
Kinglet.—Summer resident, of local distribution.

Common in restricted areas. First appearance

April 23rd (3 3"ears). Most commonly observed

during the breeding period in thick evergreen woods

of spruce and fir—low-lying, mossy woods in un-

settled districts seemingly preferred. In 1916 a

pair of these birds nested on the "Ridge" near

Wolfville—a most unusual occurrence.

756. Hylocichla fuscescens fuscescens (Steph.). Veery; Wil-

son's Thrush.—Rather rare summer resident.

Seems to prefer the remote back-woods regions

to the south, favoring the tangled alder thickets

and swamps.

758a. Hylocichla . ustulata swainsoni (Tschudi). Olive-

backed Thrush.—Uncommon summer resident.

Some years ago a nest was discovered at Long

Island. It contained 4 eggs, and was built in a

spruce tree (six feet up), in damp, coniferous woods.
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759b. Hylocichla guttata pallasi (Cab.). Hermit Thrush.—
Co mon summer resident. Occurs from last week
in April to end of October. Nests about June 1st.

Found in shady woods of mixed growth, seeming
to prefer the proximity of a lake or river.

761. Planesticus migr tortus migratorius (Linn.). Robin.—
Abundant summer resident. Rather rare during

the winter months. It is a generally accepted fact,

I believe, that those robins which spend the winter

in the Province are not our native birds, but rather

are stragglers which have summered much fa ther

north—this province being the southern limit of

their range. During recent winters I have repeatedly

seen them feeding on the frozen fruit of the common
ground juniper, and their occurrence about here

at that season is more common than formerl .

766. Sialia sialis sialis (Linn.). Bluebird.—Rare and
irregular. Two records only. Several seen Sep-
tember 2nd, 1910, at Kingston. These were feeding

on rowan berries with the robins and had been
there for several days. September 10, 1902, three

were observed in an apple orchard near Wolfville-
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List of Species known to Breed in the Grand Pre

Region :

The following is a list of the 91 forms whose nests or

fledglings I and my brother, Dr. H. F. Tufts, have personally

seen in the region covered by my paper. It is presented

in order to clearly indicate what species we have actually

observed breeding here:

A. 0. U. Nos. 7, 47, 51, 130, 133, 194, 228, 230, 263,

298, 300a, 331, 332, 333, 334, 337, 352, 360, 364, 372, 375,

388, 390, 393a, 394, 400, 402, 412, 420, 423, 428, 444, 459,

461, 463, 466a, 467, 477, 484, 486a, 488, 494, 509, 511b, 515,

517, House Sparrow, 521, 522, 529,533, 540, 542a, 558, 560,

567, 581, 584, 595, 612, 613, 614, 616, 619, 624, 629, 636,

645, 648, 652, 654, 655, 657, 659, 662, 667, 672a, 674, 6S1,

686, 687, 704, 726, 728, 735, 740a, 748, 749, 758a, 759b,

761.
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PART 1.—INTRODUCTION.

Purpose of this paper.—Twenty-one years ago I published

in the Transactions of the Nova Scotian Institute of Science,

volume IX, some preliminary notes on the Orthoptera of

Nova Scotia. Since then other species have been found

here, additional information has accumulated, and the

nomenclature, in some instances, has changed. It now

seems an opportune time to prepare a fuller paper which

will contain all that can be gathered regarding these injurious

insects in our province. Further investigation will add

considerably to our information, will show the presence

(201)
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of a few other iorms, and disclose any errors that may have

crept into this contribution; but in the meanwhile it will

present what is now known on the subject.

One, and possibly the chief reason, whj- so very little

attention has been given in this province, as well as else-

where, to the study of these noxious insects, is the scarcity

of works dealing with the whole order. In fact no general

manual on the Orthoptera of North America is available,

and the student has to consult many monographs in order

to determine his specimens and to learn their habits. This

has made the subject one which can only be taken up b}" a

specialist; whereas, it should be possil^le for any intelligent

farmer, after a little practice, to ascertain just what Ortho-

ptera occur on his land, and which species are most liable

to cause damage, for it is well known that many of them

do great injury to crops.

In order, therefore, to help the beginner here, I will

give descriptions of all our Nova Scotian species, with "kej's"

to more readily assist in identification, and notes on general

distribution, in addition to more detailed observations on

the occurrence and habits of the various species as observed

in this province. All this will be useful in assisting

those who really should know more than they do about

insects of such economic importance, and who, no doubt,

would gladly inform themselves on the subject if they had

literature bearing directlv on conditions in their own region.

Orthopterists in general will also be interested in knowing

what forms extend this far north, as it will aid them in

working out the geographic range of the various North

American species.

The purposes of this paper, therefore, are to enumerate

all the species or forms known to occur here; to describe

them so that the agriculturist, the local economic entomo-

logist, and others, may i)e able to readily distinguish them;

to present information as to their habits; to indicate what
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kinds are most liable to cause damage and iiow their depre-

dations may be prevented; and, finally, to supply scientific

men with data regarding the extension of the known geo-

graphic range of the various forms and with observations

generally on these insects as found in Nova Scotia.

Lack of knowledge regarding Orthoptera— It is truly

remarkable what little knowledge ordinary men have of

our Orthoptera, although those insects are yearly pilfering

many thousands of dollars from the hard-working agricul-

turist. Of the common indigenous species, even the intelligent

layman knows almost nothing, except that he lumps together

in hi.i mind a number of different kinds of hopping insects

which he sees in the grass, and vaguely terms them "grass-

hoppers," and the myriads of black crickets are to him just

"crickets" and nothing more definite. Some of our most

abundant species, such as Scudderia pistillata, with its remark-

able form, bright green colour and strident call, are unknown

to him by sight,, and the greatest surprise is evinced when

one is shown. How can we deal intelligently with ortho-

pteran pests, when such ignorance is everywhere prevalent

except among a few specialists? Nor is this true of our own
province only, for similar conditions prevail fairly geneially

throughout America. No doubt the lack of convenient

manuals for study, has had very much to do with the scant

knowledge that exists in the public's mind regarding so many
of the lower forms of life.

Orthoptera in General.

External anatomy of a locust.—At least a moderate know-

ledge of the s'joerficiil structure of a loaust is necessar}'' in

order to understand descriptions. Very briefly, the external

anatomy of a typical insect of this kind is as follows: There

being no internal skeleton, the outside of the V)ody is com-

posed of a framework or exoskeleton of protective plates

of cuticle hardened by "chitin" secreted by the cells of
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the cuticle or skin. Thus the insect is defended very much

like a knight of the gothic period. Besides being a defense,

these plates are also a support for the whole insect's structure

and serve for the attachment of muscles. Breathing is

performed through several openings ("spiracles") on each

side of the body, connected with a series of internal

ramifying tubes. The organs of touch, and supposedly of

smell also, are called "antennae" and project like flexible

horns from the front part of the head. The auditory organs

or ears, when present, are in the basal segment of the abdomen

in the Acrididoe, or in the fore tibiae (rarely in the presternum)

in the Tettigoniidce and Gryllidce. The ej'es consist of two

large compound ej^es and also usually three isolated simple

ones ("ocelli").

head thorax ,,«ina- cover
,'^^cKCipuI ^^^~^^ %hind wjp-g\,-

,' \ / ^pTOn§tu-
"^ -

knee

$iaRi-<inal

/ pla te

The Princioal Extern U Parf? of a Locust, Mdanoplus bivittatus, male.

The left wings remove!. Magnified about 3^ times.

The body is divided into three main sections, (1) the

"head," (2) the"thorax"- which bears the organs of locomotion

(wings and legs), and (3) the "abdomen." The part of the

head behind the eyes is the "occiput", and that between

and in front of the eyes is the "vertex"; the front of the

head is the "face" or "front", and below is the mouth with

its upper lip ("labrum") and lower lip ("labium") and the

various parts of the jaws. The thorax is divided into three

sections: (1) the front one is the "prothorax", and is covered
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above and on the sides by the "pronotum", the upper and
lateral surfaces of the latter being respectively its "disk"

and its "lateral lobes", and the undersurface of the pro-

thorax is the "prosternum" and bears the first pair of legs;

(2) the middle section is the "mesothorax" which bears

the fore-wings or "wing-covers" (when present), and the

undersurface of the mesothorax is the "mesosternum" which

carries the middle pair of legs; and (3) the hinder section

is the "metathorax", and bears the thin "hind wings" (when

present), and the undersurface of the metathorax is the

"metasternum" and carries the hind legs which are usually

stout and long and well adapted for leaping.

The wing-covers or tegmina act as shields for the hind-

wings, and are leathery or parchment-like plates of chitin,

strengthened by a network of "nerves" or "veins", the spaces

enclosed by the nerves being termed "cells". The hind

wings, used for flight, are thin and also strengthened with

nerves or veins, but when not in use they are folded like a

fan beneath the wing-covers. A few species have no wings

or only rudimentary ones, and others have only the wing-

covers. Many species are dimorphic as regards the length

of the wings, both long- and short-winged variants being

known. When reference is made to the front or "costal

area", or to the hind or "anal area" of the wings, the sup-

posed aspect is such as would be if the wings were extended

sideways, at right-angles to the length of the body, not

that of the wing when folded at rest. The hinder or leaping

legs are the ones usually referred to in descriptions. Leaving

out subordinate basal parts, their chief divisions are (1) the

"femur", a long, stout, club-shaped segment, (2) the "tibia,''

which is also long but very slender, and (3) the "tarsus"or

jointed foot. The joint between the femur and tibia is

sometimes called the "knee".

The abdomen is composed of several segments, each made

up of a "tergum"or dorsal part, and a "sternum" or ventral



206 ORTHOPTERA OF NOVA SCOTIA. PIERS.

part. The sides of the first abdominal tergum in short-

horned locusts (Acrididce) bear the "auditory organs"

or ears. Along the sides of the abdomen are several "spira-

cles" or small external openings of the respiratory air-passages.

The terminal abdominal segments are modified in each

sex, as there are located the generative organs. The
last tergum of the Mafe locust is a triangular plate called

the "supra-anal plate", at the base of which are usualh'^ a

pair of minute processes called "furcula"; and to the second

last tergum are attached two appendages called "cerci"

which extend on either side of the supra-anal plate, and the

form of which is sometimes, particularly in the Melanopli,

an important character for the identification of species. The
under portion of the last abdominal segment of the male

is termed the "subgenital plate". The abdomen of the

female ends in two pairs of plates, the "valves of

the ovipositor"; and between them is the "ovipositor"

proper or organ for depositing eggs.

In passing, it may be merely remarked that one of the

most frequent questions regarding locusts asked by many
people is, What is the so-called grasshopper "molasses"

which most species readily exude from the mouth when
handled? This brown-coloured fluid is secreted bj' salivary

glands situated near the mouth-opening. It is also probably

defensive in character.

Stridulation.—The call-notes of many species of Orthop-

tera are the most common insect sounds of late summer
and autumn. Males alone possess musical organs which

they use to call the opposite sex. Such organs, when present

at all, are only in species which have wings, and wingless

species also lack auditory organs. These call-notes are

not vocal as many suppose; for owing to their peculiar mode
of breathing through body spiracles and tubes without

attached vibratory organs, insects have nothing which

corresponds to a mammal's voice. The sound is produced
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in various ways, by a sawing or rasping movement of parts

on each other, as follows:— (a) By rubbing a series of minute

elastic teeth situated near the lower margin of the inner

surface of the hind femur, against a roughened vein of the

wing-cover. This is done by raising and lowering the femur

while the insect is otherwise at rest. _ This fiddling method

is the one characteristic of most of the" subfamily Locustinoe

(Spine-l)reasted Locusts) and the subfamily Acridince (Ob-

lique-faced Spineless Locusts), "and may be readily observed

in the case of Chorthippus curtipennis. Such species stridu-

late or call only during the daytime and the note is not loud,

(b) By rubbing the under surface of the wing-cover against

the upper surface of the front margin of the hind wings.

This is performed only during flight, and in daytime, an I

is the usual method with the sound-producing members
of the subfamily (Ec/ipoc^mcB (Vertical-faced Spineless Locusts).

It pro'luces such notes as the cracking of Circotettix verru-

culatus. (c) By rubbing a particular vein or scraper-like

part at or near the base of one wing-cover, against a file-like

vein which crosses a resonant area at or near the base of

the other wing-cover. This is performed by night as

well as by day, by parting and closing the wing-covers while

the insect is otherwise at rest. It is the method employed,

with slight modifications as to the apparatus, by the sound-

producing members of the family Tettigoniidoe (Long-horned

Grasshoppers, omitting the silent Stone and Camel Crickets)

and the family Gri/llidce (Crickets). Familiar examples

are the strident call of the Katydids and the shrilling of the

Ground and Field Crickets. Interesting records of orthop-

teran call-notes, many reduced to musical notation, will

be found in two papers by Dr. S. H. Scudder, "Notes on

the Stridulation of Some New England Orthoptera" (Proc.

Bost. Soc. Nat. Hist., xi, 306-313, Bost., 1868) and "Songs

of Our Grasshoppers and Crickets" (Ann. Rep. Ent. Soc.

Ont., xxiii, 62-78, Toronto, 1893).
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Terms used.—Id preparing the descriptions in the following

pages, as little use as possible has been made of technical

terms, although a few will be found to constantly occur.

These, with others of much less frequent use, are included in

the following list of brief definitions, which will be convenient

for reference, particularly when consulting other works

wherein their use is more prevalent.

Abdomen.—Posterior part of body.

Adult.—The imago or perfect winged stage.

Antenna (-se, pL).—Elongated jointed organ of touch and possibly of

smell attached to upper front part of head.

Apex.—Terminal portion of any part of body.

Basal.—Nearest to the body.

Brachypterous.—Having short or aborted wings in adult stage. (Opposed
to Macropterous.)

Carina (-ae, pi.).—A ridge or keel.

Cercus (-i, pi.).—Appendage situated alongside of upper part of last

abdominal segment.

Costal margin.—Front margin of wing-cover or wing when extended
sideways.

Crest.—Sharp ridge or keel.

Dimorphic.—Exhibiting two forms, such as the long- and short-winged
forms of a species.

Disk.—Middle portion of a surface, such as the disk of the pronotum,
of the wing, or of the femur.

Dorsal.—Relating to the back or upper surface.

Dorsum.—Upper surface of thorax, abdomen, etc.

Elytron (elytra, pL).—Wing-cover.

Fastigium.—Extreme point of front or vertex of head.

Femur (femora, pL).—Thigh.

Foveola (-ae, pi.).—^Small depression.

Front.—Face.

Furcula.—A pair of small backward-directed appendages of the last

dorsal segment of male, and overlying the base of the supra-anal

plate.

Fuscous.—Dark brown.

Glabrous.—Smooth.

Granulated.—With minute prominences which give a grainy surface.

Habitat.—Natural home or habitation of an animal or plant.

Hibernate.—Spend the winter in torpid state.

Hind wings.—Second pair of wings; the ones used for flight in Orthoptera.

Humeral.—Pertaining to the humerus or front upper corner or angle

of the thorax or wing-cover. The subcostal vein of the wing-cover
is also called the humeral vein.

Imago.—The adult or perfect winged stage.



ORTHOPTERA OF NOVA SCOTIA.— PIERS. 209

Interspace.—Space between certain borders or adjoining spaces.

Ivnee.—Joint between femur and tibia.

Labium.—Lower lip.

Labrum.—Upper lip.

Lateral lobes of pronotum.—Bent-down portions covering sides of
prothora.x.

Macropterous.—Having long wings. (Opposed to Brachypterous in
dimorpliic fom.s).

Maxillary palpus (-i, pi.).—Moveable jointed organ attached to the
ma.xilla, near mouth.

Mesonotum.—Upper surface of mesothorax.

Mesosternum.—Under surface of mesothorax.

Mesothorax.—Middle section of thorax, bearing wing-covers and middle
pair of legs.

Metanotum.—Upper surface of metathorax.

Metasternum.—Under surface of metathorax.

Metathorax.—Hind section of thorax, bearing hind wings and hind legs.

Metazona.—Hind dorsal part of pronotum.

Nerves.—Large longitudinal ribs or veins of wing-cover and wings.
The smaller connecting veins are nervules or veinlets.

Nymph.—Immature insect, active and feeding in larval and pupal stages,
as in the Orthoptera. This constitutes what is known as Incomplete
Metamorphosis. (Older nymphs may be distinguished from adiilts,

or images as they are called, by having the wings small and appar-
ently attached in an upside-down position, and by having the rudi-
mentary hind wings outside of the fore wings, instead of beneath
them as in the adult state).

Occiput.—Hinder part of head.

Ocellus (-i, pi.).—Simple eye, of which there are usually three, as dis-
tinguished from the large compound eye.

Ovipositor.—Female organ at end of abdomen, for depositing eggs.

Palpus (-i, pi.).—Moveable jointed organ attached to maxilla or labrum,
near mouth; the former called maxillary palpus, the latter labial
palpus. They are in pairs.

Pleuron (-ra, pi.) or Pleurite. —Side piece of mesothorax or metathorax,
called respectively "mesopleuron" and "metapleuron," eaoh of
which is su.jdivided into an ''epistemum" (anterior part) and an
''epimerum' (posterior part).

Pronotum.—Shield covering front part of thorax.

Prosternal spine.—Spine projecting from prostemum, between first pair
of legs.

Prostemum.—Lower surface of prothorax.

Prothorax.—Front segment of thorax, bearing first pair of legs.

Prozona.—Front dorsal part of pronotum.

Pulvillus (-i, pi.).—Pad between claws of tarsus or foot.

Rugose.—Wrinkled or rough.

Segment.—Ringlike division.

Sinus.—Scooped-out marginal form.
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Spiracle.—External orifice of breathing tube (situated on sides of the
thorax and abdomen of an insect).

Sternum.—Under surface of body segment.

Stridulate.—To produce a shrill sound, by grating or rasping certain
organs, as in the Orthoptera which do not produce vocal notes.

Subgenital plate.—Ventral portion of last abdominal segment of male,
consisting of an upturned, spoon-shaped piece.

Sulcus (-i, pL).—A hnear groove.

Supraanal plate.—A triangular plate, the upper portion of the last

abdominal segment.

Suture.—An impressed Une; usually referring to the junction of two
plates.

Tarsus (-i, pL).—The foot, beyond the tibia; it consists of three divisions.

Tegmen (tegmina, pi.).—Wing-cover or front wing.

Tergite.—Upper portion of a body segment; tergum.

Testaceous.—Brick-coloin^ed; dull yellowish brown.

Thorax.—Middle division of an insect's bod}^ bearing the wings and
legs; subdivided into prothorax, mesothorax, and metathorax.

Tibia (-ae, pi.).—Section of leg between femur and foot or tarsus.

Tubercle.—Small rounded projection.

Valves of the ovipositor.—Four horny plates at extremity of female
abdomen.

Veins.—Same as the nerves or. ribs of the wing.

Ventral.—Pertaining to the under abdominal surface.

Vertex.—Upper front part of head, between and before the eyes.

Wing-covers.—Front wings, tegmina, or elji/ra; not used for flight in

Orthoptera, but ser^^ng as covers for the more dehcate hind-wings.

Wing-pads.—Undeveloped wings, as seen on the nymph. From the
wings of perfect or adult individuals fimagos) they may be dis-

tinguished by being seemingly in an upside-down position and by
the rudimentary hind wings being outside the front wings.

Life history.—GexiQvoWy the eggs of our Orthoptera are

deposited late in the summer or early in the autumn. Most

species lay them in a puncture in the ground formed by

the ovipositor; but sometimes they are placed on the outside

of twigs, as in the Phaneropterince, and occasionally in the

pith of twigs, as in the Tree Cricket {(Ecanthus). The eggs

of most of our species then lie dormant until the next season

when the small young insect, called a "nymph", emerges.

This hatching, in the case of some species at least, such as

Camnula pellucida and Circotettix verruculatus, takes place

in western Nova Scotia about the first of. June; but about

Halifax it is apparently considerably later, Melanoplus

biinttatus there hatching about the latter part of that month.
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The eggs of the Grouse-locusts (Acrydiincc) are laid much

earlier in the season than those of most Orthoptera, and

hatch in about three weeks, and the young reach maturity

by the autumn, and then hibernate in the adult form, coming

forth again early the next spring, about the middle of April

in western Nova Scotia.

The Orthoptera have an incomplete metamorphosis, a \d

do not pass through grub and chrysalis stages as many insects

do. From the time they are hatched, they resemble the

adult and are active and feeding, and merely grow and

change in some minor details. In the first stage the nymph
is wingless, but as it increases in size it moults its skin five

times; and the wings, when they are to be present, gradually

develop at these periods, but differ from those of the perfect

insect in being seemingly placed upside-down and in having

the rudimentary' hin.l wings outside of the fore-wings. By
these "wing-pads" the nymphs may be readily distinguished

from adults. After the final or fifth moult, which takes

place several weeks after hatching, they emerge as perfect

insects or "imagos" as they are called, cease growing, and

are ready to propogate their species and to continue the role

of destructors of veT;etation, until they finall}- die, usually

when the harder frosts of autumn occur. Adults of the

non-hibernating species begin to appear near Halifax towards

the middle of July and about the first week of that month
in the western counties. Nymphs are still seen for a few

weeks after the ad alts begin to appear. Although the various

call-notes of Orthoptera form a charming autumnal chorus in

the country, and one which we would be very loath to lose,

and they themselves are often clad in glad raiment and

fair to look upon, yet they are a band of inveterate evil-doers,

and deserve scant mercy from the economic entomologist and

the farmer.

Parasites and other enemies.—Among the parasites which

attack Orthoptera is a fungus, Empusa grylli, which is most
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prevalent in wet seasons, and causes death. Many locusts

are also attacked by a red mite, Trombidium locustarum,

which clings to the body, and which no doubt is the species

I have observed about Halifax infesting the underside of

the base of the hind wings of Melanoplus hivittatus and

M. femur-rubrum in August. Some species are also attacked

by a hair-worm, a species of Gordius. They have likewise

various insect enemies, as well as others among the reptiles,

batrachians, stoall mammals, and birds. Unfortunately in

Nova Scotia one of their least active enemies is their indirect

victim man, except in the case of household pests such

as the cockroaches. Among their friends we may possible

include those who, having no crops to be injured, love them

for their notable contribution to the sweet sounds of nature,

particularly during the hush of night.

Injury caused by Orthoptera.—All of our Orthoptera are

more or less injurious, some species doing great damage to

agricultural crops and pasture-lands, particularly during a

succession of dry seasons when the insects thrive and multiply

rapidly, and the grass and other vegetation suffers directly

from the drought. While this damage is no doubt not so

great in Nova Scotia as in many parts of the United States,

still it is quite extensive enough to seriously affect the farmer

and more so than he has any idea of. Although, fortunately,

that arch-devastator, the migratory Rocky Mountain Locust

(Melanoplus spretus), does not range into eastern America,

yet it has in these parts a very able representative in the

closely related Lesser Migratory Locust (M. atlanis) which

has a great potentiality for doing harm, and which, during

some favourable seasons, is liable to produce much damage,

a very serious instance of which occurred over twenty years

ago on Sable Island, off the coast of Nova Scotia, to which

fuller reference will be made when treating of the species.

Had this insect not abated its ravages there, the grass which

binds down the sand of which the island is composed, would
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certainly have been ultimately destroyed, and the loose

arenaceous deposit would then have drifted continually at

the mercy of the prevailing southwesterly wind. In such

a case, if this condition were not artificially checkel, the island

would in a comparatively few years have shifted eastward

and become lower very much more rapidly than under

normal conditions, and it would thus have ultimately gone

beneath the sea-level, forming sandbars of tenfold greater

menace to shipping than even the island is now.

The Red-legged Locust (M. ruhrum-femur) , existing every-

where in our pastures in vast numbers, must also do thousands

of dollars' worth of damage yearly in the province; and the

Yellow-striped Locust (M. bivittatus) no doubt produces

considerable injury, as also the small Striped Ground-cricket

(A'', fasciatus) which in myriads infests our pasture lands;

and its larger relative the Pennsylvanian Field-cricket

(G. pennsylvanicus) . The Clear-winged Locust (C. pellu-

cida) is a pest in parts of the western counties, where in some

seasons at least it is very abundant and harmful. Such

species as frequent uncultivated lands and devour waste

vegetation, may of course be considered as not of much

economic importance, as their great voracity does not directly

affect man to any noticeable extent. Cockroaches are

serious pests in come city dwellings, bakeries and store-

houses, but are very seldom if ever seen about cottages in

the rural districts.

Methods of control.—The eggs of the Short-horned Locusts

or Acrididce, which (with the exception of the Grouse-locusts)

are laid in the ground late in the season and remain dormant

until the following spring, may be killed by plowing

the land in the autumn after the period of oviposition, so

as to expose the eggs to the full effects of frost, etc. Poisoned

bait may also be spread over the fields, as more fully described

under Melanoplus femur-ruhrum. Probably one of the

. very best and easiest methods is, when possible, to keep a.
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flock of poultry, particularly turkeys, the latter of which

destroy vast numbers of locusts or grasshoppers, and such

fowls command a ready sale. Methods of dealing with

Cockroaches in houses and other buildings are described

in the following pages where those species are described.

A circular (No. 5) on the control of locusts in eastern Canada,

by Arthur Gibson, was issued ia 1915 by the Entomological

Branch of the Canadian Department of Agriculture, Ottawa,

and may be obtained on application to that departmen':;

and many thorough state reports on the subject of orthopteran

=C3atrol are published by the agricultural experiment stations

of the United States.

Preszrviri] Orthoptera for s-Aentific purposes.—Specimens

may be taken with an eatomo'ogical hand-net, or in the

manner known as sweeping; but it very frequently happens

that they have to be stalked and captured by hand. The

notes of many species draw attention to their whereabouts,

and then by obtaining two cross-bearings the exact location

of the individual can be ascertained, upon which it can be

cautiously approached and taken. Further reference to

this method will be found in the remarks on Scudderia pis-

iillata, which is difficult to get in any other way. Specimens

can be killed in a corked bottle of alcohol or in an entomo-

logical cj^anide killing-bottle. The former is the safest

for beginners to handle. On rexching home the insects

should be either preserved in labelled vials in dilute alcohol

or formaldehyde, the first of which, while it keeps the parts

somewhat flexible for examination and prevents attacks

by insect pest.s, will ultimately destroy some of the colours;'"

or else pinned with insect pins such as are used for entomo-

logical purposes, and afterwards syistematically arranged

^Libels written ivith Hij^ssins' waterproof drawing in.i, blaci, may be pl.iced into alcohol
immediately after beinjj written, and will not run or fade and ine .ery mucii more le.jiblu than
pencil-written labels. This I discovered many years ago and liave used it in museum work
ever since. So far I have not iie.xrd of otliers usinj t..is watorpr lol \nk to suople.nent the

lead-pencil for writin<r such labels, and the matter is one waic i sliould bo of iniercst to iill

who have to deal with specimens preserved in jars where it is ne -essttry to have a label within

he jar in case the gummed label on the outside becomes detatc.ied.
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in some form of tight insect-box or cabinet. The pin should

be placed through the thorax, and the right-hand wing-cover

and wing expanded horizontally and at right-angles to the

body, so as to show their form and markings, while the left

wing-cover and wing remain in a folded position. The legs

should be neatly set in position so as to dry in a uniform

posture. The long antennae of some species are very liable

to be broken when dry, and in such cases should be laid

backward over the body where they will be less subject to

injury. Some large-boJied species, such as M. biriltatvs,

are apt to discolour when dried, and therefore the contents

of the ablomen should be removed through a small slit in the

underside, and a little cotton-wool inserted to prevent collapse.

On the pin, beneath the specimen, must be a small paper

label having the speciac name, if known, and always the

place and date of capture. Without such data specimens

are scientifically useless. Other general notes and observa-

tions should be recorded in a note-book, of which probably

the loose-leaf ones are the best, as being expansive. Certain

pages may be reserved for notes on each species, so that the

information collected will always be orderly and leadily

available. I use such loose-leaf books, in which the notes

are arranged systematically according to species, so that

new records or observations- are added directly under their

proper heads, and new leaves are inserted whenever required.

This method saves much labour in afterwards assembling

one's notes.

Orthoptpra of Xova Scotia.

Historizal notes.—So far as I can ascertain, nothing

definite regarding the Orthoptera of Nova Scotia was pub-

lished unt41 18.i9-70. Walter Bromley's anonymous "General

Description of Nova Scotia", new edition, Halifax, 1825,

page 33, gives a list of what he terms "most of the insects

of Xova Scotia", the whole list consisting of only thirty-one

common nam.es, among which are merely mentioned the
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"cockroach, grasshopper, cricket, and locust", the last

probably referring to the Cicada. Haliburton, in his chapter

on the natural history of the province, in his history of

Nova Scotia, 1829, gives practically nothing about insects.

J. W. Dawson's "Hand Book of the Geography and Natural

History of Nova Scotia," third edition, Pictou, 1852, page 82,

under the order Orthoptera dismisses the subject with a

mere general reference to "the crickets and the grasshoppers,

of which there are several species, all very injurious to

vegetation."

Lieutenant Redman, many years ago, had collected a

number of specimens in the province for the cabinet of

the British Museum. He must have been here at least

prior to 1848, as he is referred to as having obtained speci-

mens of flies from Nova Scotii in Walkei's "List of Dipterous

Insects in the British Museum," the first volume of which

was published in that year. Who this Lieut. Redman
was, I have been able to conjecture with a large degree of

certainty, for no doubt he was in the army, and it so the

only man who could be he in the Army Lists from 1822 to

1849, is Lieut. Richard Sparrow Redman, who was com-

missioned lieutenant in the 60th (Royal American) Regi-

ment of Foot in 1809 and served in that corps t'll 25th

July, 1822, when he was placed on the half-pay of the 12th

Light Dragoons, and died in 1833. From old Halifax

almanacs, we find that "R. S. Redman" is named as senior

lieutenant of the 2nd (lately the 3rd) Battalion, 60th Regi-

ment, and that he was at Halifax in that corps from about

1820 (almanac for 1821) till at least the end of 1821 (almanac

for 1822), so that no doubt he was here until placed on half-

pay in July, 1822. Whether he thereupon returned to Eng-

land is not known; but as we have said he die I in 1833. We
can therefore be quite reasonably certain thit this was the

"Lieut. Redman" who collected here, and that his collection
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must have been made between about 1820 and 1822, unless

he continued to reside here after he retired, which is i?.ot at

all likely.

Francis Walker, F. L. S., when re-arranging the Orthop-

tera in the British Museum, studied and named Lieut.

Redman's Nova Scotian Orthoptera, and references to them,

twelve nominal species, was made in the former's "Catalogue

of the Dermaptera Saltatoria in the British Museum,"
published in five parts at London, 1869 to 1870. This was

the first real contribution to our knowledge of such insects

in Nova Scotia; and Lieut. Redman is entitled to the credit

of being the first to collect and F. Walker of being the first

to make known our orthopteran fauna. In the "Canadian

Entomologist," London*, Ont., for February, 1872, vol. iv;

No. 2, pp. 29-31, Walker published a list of the "Hemiptera,

Heteroptera and Dermaptera (Orthoptera) of America to

the North of the United States," the list of Orthoptera being

on pages 30 and 31. In this list, which was merely selected

from his previous larger work, he gives twelve nominal

species of Orthoptera as occurring in Nova Scotia. Unfor-

tunately Walker's determinations were occasionally erroneous,

and so, owing to lack of confidence in his identifications and

nomenclature, but very little use has been made of his list

by recent American orthopterists. I have lately had Walker's

Nova Scotian specimens re-examined at the British Museum,
through the courtesy of Mr. B. M. A. Cummings of that

institution, and am thus able in the present paper to assign

for the first time, nearly all of his names to their proper

species.

From the dates of Walker's lists until 1896 nothing

apparently appeared on the subject, except a mere note on

crickets at Windsor, N. S., by the present writer in the

Transactions of the N. S. Institute of Science, vol. viii,

p. 410, 1894. In August, 1895, I took up the study of these

insects and collected about Halifax, the result being a pre-

Proc. & Trass. N. S. In3t. Sci., Vol., XIV Trans. 15



218 ORTHOPTERA OF NOVA SCOTIA.—PIERS.

liminary paper published in the Transactions of the Institute,

vol. ix, pp. 208-218, 1896, which listed fourteen nominal

species observed by myself, but which took no notice of

Walkei's records as the validity of his names were too doubtful

in some instances to render quotation advisable. The
determination of nearly all the forms listed by me were

verified by the most noted of American orthopterists, the

late Dr. Samuel H. Scudder of Cambridge, a gentleman

who will long be remembered for his scientific knowledge,

his general culture, and his refinfed and delightful personality.

Other claims upon my time have since arisen; but many
additional notes have been made, which with changes in

nomenclature, have made it desirable that a revised list be

prepared.

In the spring of 1913, Mr. Charles Benjamin Gooderham
of the Agricultural College, Truro, N. S., began, under the

direction of the then Provincial Entomologist, Dr. Robert

Matheson, the collection and study of Orthoptera about

that town and the western counties of Nova Scotia, where

the faunal conditions are considerably different from those

of the Atlantic seaboard. He has since continued this

work, and in 1914 founded the orthopteran collection at

the before-mentioned college and has likewise built up a

collection of his own. He has just published a paper on

the Acrididse of Nova Scotia in the Proceedings of the Ento-

mological Society of Nova Scotia for 1916, no. 2 (Jan., 1917),

pp. 21-30, which lists thirteen forms. To the kindness of

Mr. Gooderham, who has most courteously placed many

of his notes at my disposal, we are indebted for the inclusion

in our list of some interesting species which I have not met

about Halifax, and through his observations the relative

abundance of species in the eastern and western sections is

better understood. Mr. Gooderham was lately assistant pro-

vincial entomologist at Truro.* Mr. E. Chesley Allen,

In 1917 be was transferred to the Central Experimental Farm at Ottawa as Assistant

Dominion Apiarist.
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now of Truro, has also collected to some extent in our south-

ernmost county of Yarmouth, and references to his work

will likewise be found in my paper. I have also examined

such small entomological collections as are shown at the

Provincial Exhibitions to ascertain what Orthoptera they

contain.

Bibliography.—The following publications deal more or

less fully with Nova Scotian Orthoptera or contain original

records of occurrences in this province. Bromley's and

Dawson's very brief references, beforementioned, are too

short and general to list.

1869-70 [71].—Walker, Francis, F. L. S., etc. Catalogue of

the Specimens of Dermaptera Saltatoria in the Collec-

tion of the British Museum. 8vo.

[Parti.] Gryllidae, Blattari^, Locustidse. Pp. 1-224.

Lond., 1869.

Part II. Locustidae (continued). Pp. 225-423. Lend.,

1869.

Part III. Locustidae (continued), Acrididse. Pp. 425-

604. Lond., 1870.

Part IV. Acrididse (continued). Pp. 605-809. Lond.,

1870.

Part V. Tettigidse. Supplement to the Catalogue

of Blattarise, Supplement to the Catalogue of

Dermaptera Saltatoria (with remarks on the

Geographical Distribution of Dermaptera).

Pp. 811-850; 1-43; 1-116. Lond., 1870 [1871].

In this work 12 nominal species are noted as

having been collected in Nova Scotia, the original

labels showing that they were taken by the before-

mentioned Lieut. Redman, who was here at least

some years prior to 1848 and probably from 1820 to

1822. (See page 216).

1872.—Walker, Francis, F. L. S. Hemiptera, Heteroptera

and Dermaptera (Orthoptera) of America to the
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North of the United States. Dated Jan., 1872.

Canadian Entomologist, London, Ont., vol. 4, no. 2

(Feb., 1872), pp. 29-31. (The list of "Dermaptera

[Orthoptera]" is on pp. 30-31.)

Lists 12 nominal species as occurring in Nova
Scotia, the same as noted in his previous Catalogue.

1892.—Scudder, Samuel H[ubbard]. The Orthopteran Genus

Hippiscus. Psyche, vol. 6, Cambridge, 1892, pp.

265-274, 285-288, 301-304, 317-320, 333-336, 347-350,

359-363.

On page 303 is a reference to "H. tuherculaius'^

[
= H. apiculatus Harris] as occurring in Nova Scotia,

with the name of "Jones" attached. It is the sole

record for its occurrence here as far as known. See

remarks in the present paper, under H. apiculatus

(No. 11).

1894.—Piers, Harry. Notes on Nova Scotian Zoology;

no. 3. Trans. N. S. Inst. Sc, vol. 7, Halifax, 1894,

pp. 395-410.

On page 410 is a brief note on Crickets, "Acheia

ahhreviata" ( = Gryllus pennsylvanicus neglectus) and .A.

vittata { = N. fasciatus vittatus) at Windsor, N. S.

1896.— Piers, Harry. Preliminary Notes on the Orthoptera

"of Nova Scotia. Trans. N. S. Inst. Sc, vol. 9, Halifax,

1896 (separates issued Nov.), pp. 208-218.

Annotated list of 14 nominal species collected

about Halifax in 1895-6.

1899.—Scudder, Samuel H. North American Species of

Orphulella. Can. Entomologist, vol. 31, no. 7, Lon-

don, Ont., July, 1899, pp. 177-188.

On p. 184 is the only record of Orphulella speciosa

having been taken at Halifax by Piers. See remarks

on this doubtful record in the present paper. From

1896 until Scudder's death in May, 1911, many of

his papers contained references to the occurrence
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of various species in Nova Scotia, all based on my
paper of the former date, but there is no need to

refer to them here, as they are merely secondary

references, not original records.

1917.—Gooderham, C[harles] B[enjamin]. The Acrididae of

Nova Scotia. Proc. of Entomological Society of

Nova Scotia for 1916, no. 2, [Truro], Jan., 1917,

pp. 21-30, and 1 plate.

Lists 13 nominal species, with keys and descrip-

tions. The material for this paper was collected

during 1913 and 1914 and it was founded on the

author's thesis for his degree of B. S. A. at Macdonald

College, Ste. Anne de Bellevue.

Reference works.—Among the available literature which

will probably be most useful to a student of the Orthoptera

of this section of Canada, may be mentioned the following

papers of recent dates, from which it will be seen that there

is no general manual on the subject, and one is therefore

forced to rely upon various scattered sources of information.

1894-98.—Morse, Albert P. Notes on the Acrididae of New
England. Psyche, vol. 7 (Cambridge, 1894-97), vol.

8 (1897-98).

1897.—Scudder, Samuel H. Guide to the Genera and Classi-

fication of North American Orthoptera. Cambridge,

1897. (Keys to the various genera, without reference

to species. Contains a bibliography.)

1897.—Scudder, S. H. Revision of the Orthopteran Group
Melanopli. Proc. U. S. Nat. Mus., vol. 20, Wash.,

1897, pp. 1-421, pi. 1-26. (A very thorough mono-

graph of an important group.)

1898.—Scudder, S. H. The Orthopteran Group Scudderiae.

Proc. Am. Acad. Arts and Sc, vol. 33, no. 15, Bost.,

1898, pp. 269-290, with plates. (Clears up this

hitherto chaotic group.)
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1898-1901.—Walker, E. M. Notes on Some Ontario Acridiidse.

Can. Ent., vol. 30, Lond., Ont., 1898, pp. 122-126,

258-263; vol. 31, 1899, pp. 29-36, vol. 33, 1901, pp.

20-23. (Useful for comparative purposes. Lists 35

nominal species with notes on habits. In vol. 34,

1902, pp. 251-258, he extended the list to 47 species.)

1900.—Scudder, S. H. List of the Orthoptera of New
England. Psyche, vol. 9, no. 293, Cambridge, Sept.,

1900, pp. 99-106. (List of 98 species; useful for

comparison.)

1901. Scudder, S. H. Catalogue of the Described Orthop-

tera of the United States and Canada. Proc. Daven-

port Acad, of Sc, vol. 8, Davenport, Iowa, 1901,

pp. 1-101. (List of 856 species, with synonyms

and geographic range.)

1901.—Scudder, S. H. Alphabetical Index to North Ameri-

can Orthoptera described in the 18th and 19th cen-

turies. Occasional Papers, Bost. Soc. Nat. Hist.,

vol. 6, Boston, 1901, 436 pp. (List of specific names^

authorities and localities, without reference to synony-

my; of much use to the working orthopterist. An
exhaustive bibliography is given on pp. 349-399.)

1903.—Blatchley, W. S. The Orthoptera of Indiana. 27th

Ann. Repot. Dept. of Geol. and Nat. Res. of Indiana,

1902, Indianapolis, 471 pp. Author's separates issued

5 Sept., 1903. (Although this deals with a particular

region and one somewhat far removed from us, still

it is one of the very best available manuals which

our student can use, and fully describes a large pro-

portion of the species found here, with keys, illustra-

tions, and a bibliography.)

1904.—Walker, E. M. The Crickets of Ontario. Can.

Ent., vol. 36, London., Ont., 1904, pp. 142-144, 181-188,

248-255. (Useful for comparative purposes. Lists 14

nominal species, with notes on habits, etc.)



ORTHOPTERA OF NOVA SCOTIA.— PIERS. 223

1904-5.—Walker, E. M. Notes on the Locustidae of Ontario.

Can. Ent., vol. 36, Lond., Ont., 1904, pp. 325-330,

337-341; vol. 37, 1905, pp. 34-38, 113-119. (Useful

for comparative purposes. Lists 26 nominal species

with notes on habits, etc.)

1911.—Walden, Benjamin Hovey. The Euplexoptera and

Orthoptera of Connecticut. Part 2 of Guide to

Insects of Connecticut, Conn. State Geol. and Nat.

Hist. Surv., Bulletin 16, Hartford, 1911, pp. 39-169,

with illustrations. (A useful work with simple keys,

descriptions, and illustrations.)

1914.—Somes, M. P. Acridiidae of Minnesota. Univ. of

Minn. Agric. Expt. Station, Bulletin 141, St. Paul,

1914, 98 pp., with coloured plates. (Contains keys

for determination of species, and notes on occurrence

and habits.)

1915.—Walker, E. M. Notes on a Collection of Orthoptera

from Prince Edward Island and the Magdalen Islands,

Que. Can. Ent., vol. 47, Lond., Ont., Oct., 1915,

pp. 339-344. (The specimens listed were collected

by Bayard Long, a botanist, in P. E. Island in 1912,

and in Quebec in 1910. It furnishes the only list

of species occurring in Prince Edward Island, of

which it enumerates 11 nominal forms, and therefore

is of unusual interest to students in this region.)

For some original descriptions one is thrown back to

Scudder's "Materials for a Monograph of North American

Orthoptera," listing 78 species, in Journ. Bost. Soc. Nat.

Hist., vol. 7, Bost., 1862, pp. 409-480, which is now
difficult to obtain. Sidney I. Smith's "Orthoptera of Maine,"

in Proc. Portland Soc. Nat. Hist., vol. 1, Portland, 1869,

pp. 143-151, lists 38 nominal forms, but is out of print; as

is also C. H. Fernald's "Orthoptera of New England,"

Boston, 1888, pp. 61, illustrated, and F.B. Caulfield's "Sketch

of Canadian Orthoptera", containing a preliminary list of 76
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nominal species in 18th Ann. Rep. Ent. Soc. Ontario for

1887, Toronto, 1888, pp. 59-72 (Sess. Papers Ont. for 1888,

pt. 4, no. 21). Caulfield's list gives no Nova Scotian records.

For general purposes our student will probably find Blatch-

ley's "Orthoptera of Indiana" (1903), and Walden's "Eux-

lexoptera and Orthoptera of Connecticut" (1911) the most

useful guides in the determination of species, etc.

Life zones represented in Nova Scotia.—Two of the recog-

nized Life Zones are represented in this province, namely

(a) the Canadian Zone and (b) the Alleghaman division of

the Transition /jone. The former is the southern portion

of the Boreal Region, and the latter is the northeastern

transitional portion of the Austral Region. The Canadian

Zone, with its more northern fauna and flora, includes Cape

Breton Island (excepting doubtless the valleys of the Mar-

garee and Middle Rivers) and the Atlantic slope of Nova

Scotia proper, southeast of a line, of irregular course, roughly

drawn from near Antigonish to Grand Lake and thence tc

near Yarmouth. Lt may therefore be taken to approximately

comprise the greater part of Cape Breton Island, and the

Atlantic seaboard counties of Guysborough, Halifax, Lunen-

burg, Queens and Shelburne, and perhaps is most typically

represented from Halifax eastward. It is quite possible

that the highlands of northern Inverness and Victoria Coun-

ties, Cape Breton Island, may contain a fauna and flora

approaching somewhat more to that of the Hudsonian Zone;

and at any rate in that district will be met life of the most

northern type to be found in Nova Scotia.

Westward and northwestward of the above-defined area

occurs a fauna and flora of a more southern tendency,

belonging to the Alleghanian or humid division of the Transi-

tion Zone. The Alleghanian division roughly includes such

sheltered valleys, apparently, as those of the Margaree and

Middle Rivers, in Inverness and Victoria Counties, (Cape

Breton Island), and all or most of the counties of Antigonish,
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Pictou, Colchester, Cumberland, Hants, Kings, Annapolis,

Digby, and Yarmouth, with various subsidiary offshoots or

tongues, such doubtless as the valleys of the Shubenacadie,

Stewiacke, and Musquodoboit Rivers, etc., and probably

the district about the headwaters of rivers like the LaHave.

Generally it embraces the counties on Northumberland Strait

and the Bay of Fundy, with outlying areas in sheltered inland

districts. This region is probably most typical from Truro,

through the Annapolis Valley, to Yarmouth. Outliers of

the Canadian Zone will no doubt be found in some elevated

districts in this AUeghanian region. A detailed delineation

of the life zones of this province is greatly needed, and most

certainly should be prepared through the cooperation of

our local biologists.

Thus we find in the western parts of the province a

number of species which are rare or wanting on the Atlantic

side and which are more southern in range. It is in this

western area that we are more likely to find species of Orthop-

tera which have not yet been reported from the province;

species which form the last northern outposts of some of the

New England forms. As Maine embraces similar life zones

to those of Nova Scotia, it is the common species in that

state which are most likely to be found extending into Nova

Scotia until they arrive at the northernmost limit of their

distribution. These considerations explain to a large extent

the variation in the relative abundance of certain species

in the eastern and western sections of our province, to which

reference will be made later. The passing out of species

of more southern range, and the lack of any augmentation from

species of more northern distribution, have made our orthop-

teran fauna a very scanty one when compared with that of

regions to the south of us. (See further remarks under

the heading "Number of species in Nova Scotia", page 233.)

The distribution of Nova Scotian Orthoptera according

to life-zones may be very roughly and quite tentatively set

down as follows, although sufficient is not yet definitely
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known regarding the relative abundance of some species

to make the grouping at all definitive. It is therefore merely

a suggestive grouping, prepared specially to court subsequent

revision which will bring us nearer the facts.

Canadian Zone.

(Atlantic seaboard and eastern Nova Scotia).

Chorthippus curtipenms]

Dissosteira Carolina^

Circotettix verruculatus^

[Podisma glacialis. Hypo-

thetical.]

Melanoplus atlanis-\

[Melanoplusfasciatus. Hypo

thetical.f]

Melanoplus femur-ruhrumf

Melanoplus hivittatus (phase

femoratus) f

Scudderia pistillata'\

Conocephalus fasciatus fascia-

tusf

Nemohius fasciatus (variant

vitiatus) t

Gryllus pennsylvanicus (variant

neglectus)'\

All these species also occur commonly in the Alleghanian

(western) section of the province, except of course the two

species which are merely hypothetically included in our

fauna. Podisma glacialis, if actually found here in the

future, will most likely occur in the Canadian Zone; and

Melanoplus fasciatus, another hypothetical inclusion, should

certainly be associated with the same zone.

Alleghanian Division of the Transition Zone.

(Western Nova Scotia).

Nomotettix cristatus* Hippiscus apiculatus^

Acrydium granulatum\ Melanoplus extremus

Acrydium arenosum angustum Scudderia curvicauda horealis

Orphulella speciosa (although

actually only reported

from Halifax; a very doubt-

ful record). *t

Mecostethus lineatus*'\

Mecostethus gracilis*

Camnula pellucida*'\

Scudderia furcata furcata

though actually only

ported from Halifax).*!

Ceuthophilus tnaculatus1[

Ceuthophilus terrestris

Nemohius carolinus'f

(ai-

re-
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Those species marked with an asterisk * have also been

reported from eastern Nova Scotia, and therefore pass into

the more northern Canadian fauna, but they appear to me
to be more particularly associated with the Transition

group. Scudderia furcata and Orphulella speciosa, although

only, reported from Halifax (the latter on the authority of

Scudder who states I collected it here), seem to have

greater relationship to the more southern fauna of western

Nova Scotia, and are so grouped for the present. The
occurrence of Hippiscus apiculatus and Orphulella speciosa is

open to very considerable doubt, but we would expect them to

pertain to the Transition Zone.

The species marked with a f apparently range, in other

parts of the continent, still further downward into areas

believed to belong to the Carolinian division of the Upper

Austral Zone, although their supposed presence in that

zone may sometimes be explained by the existence in those

parts of small unmapped outlying areas of Transition fauna.

Influence of climate and periodical phenomena on Orthop-

tera.—As the hatching of orthopteran eggs and the final

autumnal disappearance of a species, as well as its abundance

to a large extent, are dependent upon climatic conditions,

the following relevant data for Nova Scotia are furnished,

which maj^ be useful to future students.

Mean annual temperature Fah, 44.4°

Maximum temperature 94.4°

Minimum temperature -16.9°

Mean temperature, spring months 40.3°

Mean temperature, summer months 62.3°

Mean temperature, autumn months 49.1°

Mean temperature, winter months 25.8°

Warmest months, July,64.9°; Aug. 64.5°

Coldest months, Feb., 23.7°; Jan. 24.4'

Mean annual precipitation, inches 57.40

Least precipitation, July, mean, inches ; . 3.66
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The above data refer to Halifax, aod is only approxi-

mately correct for the province generally, as the western

section is considerably warmer in summer, and also differs

somewhat in other meterological features.

The dates of certain periodical phenomena for several

recent years may be given approximately as follows, for

Nova Scotia in general:*

Grass begins to sprout at Halifax about 18th April (extremes

14—24 Apr.).

Ploughing, first, 24 April (extremes, 15 Ap.—3 May); be-

coming common, 5 May (extremes, 28 Ap.— 19 May).

Sowing, first, 7 May (extremes, 27 Ap.—19 May); becoming-

common, 14 May (extremes, 6-19 May).

Haycutting, first, 16 July (extremes, 11—25 July); becoming

common, 26 July (extremes, 20 July—3 Aug.).

Last snow, to whiten ground, 21 Ap. (extremes, 13—26 Ap.);

to fly in air, 4 May (extremes, 26 Ap.—20 May). •

Last spring frost, hard, 13 May (extremes, 4—20 May);

hoar, 3 June (extremes, 29 May—9 June).

First autumn frost, hoar, 20 Sept. (extremes, 13—29 Sep.);

hard, 16 Oct. (extremes, 5—31 Oct.).

First snow, to fly in air, 20 Oct. (extremes, 14—27 Oct.);

to whiten ground, 6 Nov. (extremes, 31 Oct.— 14 Nov.).

We have said that the temperature of the western section

of Nova Scotia, where the Alleghanian fauna is found, is

higher than that of the Atlantic seaboard and eastern section,

where occurs the Canadian fauna; and one may expect some-

thing like a week's difference in the dates of periodical

phenomena when the two districts are compared. This

must be borne in mind when considering the dates of the

first and last appearances of our Orthoptera in various

counties.

No Orthoptera, either hibernated adult or nymph, can

emerge until after the ordinary winter's frost is out of the

Compiled from Dr. A. H. M-icKay's Pnenological Observations, in Trans. N. S. Inst. So-
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ground, and we take it for granted that no eggs hatch

till after the last hard spring frost which occurs about the

13th May. It is even probable that hatching does not take

place generally till after the last hoar frosts of about 3rd June,

unless it be in the case of a very few hardy species such as

M. atlanis, M. femur-rubrum, and C. curtipennis.

The earliest species of Orthoptcra to appear as adults

are those of the subfamily Acrydiince or Grouse-locusts.

These insects are peculiar, inasmuch as oviposition takes

place early in the season and the young hatch and reach

maturity by the autumn, and then hibernate as adults, to

reappear the next spring. Of these, Aerydium granulatum

and Nomotettix cristatus have been taken in western Nova

Scotia on 15th April, just as the grass was beginning to

sprout, which is not very long after the winter's frost has

come out of the ground, and long before the last hard spring

frost which occurs about 13th May (4—20th May). Other

species of Acrydium are also very early in appearing, as they

all belong to the hibernating Acrydiince.

The non-hibernating species, which embrace about eight-

ninths of our forms, hatch and appear as nymphs and adults

at a much later date than the hibernated adults of the Acry-

diince. The first newly hatched orthopteran nymphs noted

by C. B. Gooderham about Truro in 1915, when he was

observing the hatching of the eggs fairly closely, were seen

on 3rd June, which is about the usual time of the last hoar

frost. The tiny hoppers could then be seen in very warm

places. They were chiefly Camnula pellucida with a few

Circolettix verruculatus. Other species were present but

were not determined. About Halifax the date would be

considerably later. On 1st July, 1917, I collected the nymph

of Melanoplus hivittatus in the second stage, near Halifax.

It must have hatched about the middle or latter part of June.

The adults of most species appear during July, our

warmest month ; while Scudderia and a very few others come in
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later, about the first week of August. For a considerable

time, nymphs and adults of the same species may be col-

lected together, showing that the period of hatching extends

over a considerable number of days. August and most of

September are the months when the song-making species

are most loudly heard, although the notes of some species

are still heard in October, but are then less vehement. Ovi-

position probably takes place fairly generally in September,

but we have little data on this point. In the case of the

Grouse-locusts (Acrydiince) it must be much earlier, as these

insects pass through the egg stage and come to maturity

in the same season before hibernating.

Generally speaking, the first hoar-frost of about 20th

Sept. (13—29th Sept.) has little effect upon our Orthoptera,

unless it is to lessen the volume of their notes; except in the

case of the very frail Conocephalus fasciatus which succumbs

to the lowering temperature in the middle of that month.

The first hard frosts which usually occur about 16th Oct.

(15—31 Oct.), appear to be the critical factor which deter-

mines the existence of a large number of our Orthoptera,

although the Crickets, our hardiest species, often survive

as late as about the middle of November, and in one instance,

in 1916, four inches of snow fell only two days after the last

Ground Crickets (Nemohius) were seen. The middle of

November is therefore the close of our orthopteran year which

had opened in the middle of April and had reached its culmi-

nation about the last part of August and the first part of

September. A few individuals, in rare instances, are able

to casually survive sometime longer by getting into

hay-ricks or other sheltered nooks, from which they languidly

crawl on a sunny day.

A succession of dry summers and perhaps of winters

when the soil is not much affected by thaws and severe

frost, seem favourable to the multiplication of Orthoptera;

the largest numbers, I believe, being met after such conditions.
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Melanoplus atlanis, a species which should be closely watched

because of its latent destructive abilities, is liable to appear

in vast numbers after such seasons. The dry summers of

1889, 1891 and 1894, even though a fairly wet one intervened

in 1893, seem to have had something to do with the plague

of that species on Sable Island which began about 1891;

and the wet season of 1896 suddenly caused its dis-

appearance. Meteorological records show that Nature has

fortunately provided a counteracting influence in such

matters, as periods or years of great drought are soon suc-

ceeded by years of abnormal rainfall. For the suppression

of many pests we apparently owe more to the balancing

efforts of Nature, exerted in various ways, than to man's

own exertions; although it must be admitted, inversely,

that it is often the cause of the periodical multiplication

of such pests.

Earliest and latest appearance of adults.—The following

provisional table of the earliest and latest dates on which

adults of the vaiious commoner species have happened to

have been noted in Nova Scotia, is inserted chiefly that it

may be a convenient reference list for students who have

data which may modify the dates here given. One of its

purposes, therefore, is to court correction, and another is

to assist the student by cautioning him beforehand when to

look for the appearance and disappearance of the various

species. No doubt considerable changes can be made in some

parts of the table by further investigation. Some rare forms

are not included, as the dates on which they have been

taken manifestly could not be considered as earliest or latest

occurrences.
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First appearance Last appearance

Species

Date Place Date Place

Nomotettix crisiatus \ hibernating

Acrydiumgranulatumj species

Melanoplus atlanis J

Melanoplus femur-rubrum . . . . <

Melanoplus extremus

15 Apr.
15 Apr.

30 June

3 July

7 July
5 July

6 July
27 July
14 July

16 July
18 July
17 July
17[?]July
18 July

18 July

22 July
1 Aug.

24 July
1 Aug.
9 Aug.

12 Aug.

Truro
Truro

Truro

Greenfield,

Qu. Co.
Truro
Truro

Truro
Halifax
Truro

Truro
Halifax
Halifax
Halifax
Truro

Halifax |

Truro
Halifax
Halifax
Halifax
Truro

Truro

20 Aug.
4 Oct.

26 Oct.

28 Oct.

Truro
Truro

Lawrence-
town, Hx. CO.

Halifax

Chorthippus curtipennis )

Camnula pellucida

Circotettix verruculatus )

Nemobiiis fasciatus (vittatus) ....

Gryllus pennsylvanicus (neghctus)
Ceuthophilus terrestris

26 Oct.*

2 Oct.

18 Oct.
12 Nov.
5 Nov.

Lawrence-
town. Hx. CO.

Cow Bay,
Hfx. Co.

Halifax
Halifax
Halifax

Conocephalus fasciatus fasciatus

.

Melanoplus bivittatus (femoratus)
\

Dissosteira Carolina

12 Sept.

13 Sept.

27 Oct.

28 Oct.
21 Oct.
2 Oct.

8 Oct.
26 Oct.

Halifax
Truro

Halifax
Halifax

Scudderia pistillata Halifax
Mecostethus gracilis Cow Bay,

Hx. Co.
Truro
LawTence-

Scudderia curvicauda borealis . . .

Mecostethus lineatus

town, Hx. CO.

The Truro dates above-mentioned were furnished by

C. B. Gooderham. The first appearances at Truro are usually

considerably earlier than those at Halifax; the difference,

I would judge, being about a week or, in some cases

perhaps ten days. At Annapolis and Yarmouth the dif-

ferences would be greater. The first sign of Orthoptera

hatching at Truro in 1915 was noted on 3rd June, when the

tiny nymphs of C. pellucida and C. verruculatus could be

seen in very warm places. Newly hatched nymphs of

Crickets were observed at the same place on 5th June, 1915.

Nymphs of M. bivittatus in the second stage have been noted

at Halifax on 1st July. The young of M. atlanis were reported

*A single Chorlhippxis curtipennis taken at Halifax cm IS Nov., 1917, is an unusual sur-
vival, too abnormal to record in this table.
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to have been seen on Sal>le Island, N. S., by 28 May, 1896.

and it was stated that they were a month later than in 1895

(vide letter of Supt. R. J. Boutillier, of 28 May, 1896, referred

to under M. atlanis).

From the foregoing table we see that the dates of the

appearance of non-hibernating adults range from about 30 June

(M. atlanis) to about 12 Aug. (^S. curvicauda horealis), the

warmest period of the year; and averages about 18 July.

The autumnal disappearance of these adults ranges from

about 12 Sept. (Conocephalus fasciatus), which is the approxi-

mate time of the first hoar-frost (13-29 Sept.), to about 12

Nov. (Nemohius fasciatus) which is about the time when the

first snow whitens the ground (31 Oct. - 14 Nov.); and

averages 19 Oct., which is about the average date of the first

hard frost (16th Oct.).

Number of species in Nova Scotia.—The passing out, to

the south of us, of species less northerly in range, and the

paucity of strictly boreal forms, has resulted in our orthop-

teran fauna being a very scanty one as regards the number

of species, when compared with that of regions to the south

of us. This is just as would be anticipated. The present

list contains 28 species (two of which are inserted hypotheti-

caDy, as almost certain to occur here because they have

been taken to the north and to the south of us), 18 genera

(one of which is included hypothetically), 10 subfamilies,

and 4 families. Of species which may possibly occur this

far north, as they are found more or less commonly in Maine,

I have referred to about 15 in footnotes, and of these no doubt

less than 7 will ever actually be taken here; so that it may
perhaps be fair to surmise that about 35 species is the utmost

we can ever hope to expand our list to, and even that is

probably an excessive estimate.

Now as compared with 28 species from Nova Scotia (with

a possibility of something less than 35 in the future), we
find that:

Proc. & TRAN8. N. S. Inst. Srr., Vol., XIV Trans. 16
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Hebard, for Newfoundland, in 1915, reported 6 species.

Walker, for Prince Edward Island, in 1915, reported 11

species.

Smith, for Maine, in 1869, reported 38 species.

Walker, for Ontario, in 1898-1904, reported about 87 species.

(This is exclusiwe oi Blattidce. Of the latter he report-

ed, in 1912, 11 species, only 2 of which are natives.

This makes a total of about 98 species.)

Caulfield, for Canada, in 1888, reported 76 species.

Scudder, for New England, in 1900, reported 98 species.

Walden, for Connecticut, in 1911, reported 109 species.

Beutenmiiller, for New York, in 1894, reported 114

species.

Blatchley, for Indiana, in 1903, reported 148 species.

Scudder, for the whole of United States and Canada, in

1901, reported 856 nominal species.

The known Orthoptera of the world has been estimated

as over 10,000 nominal species.

That is, Nova Scotia has, so far as known, only about

3M P^r cent, of the species known to occur in the United

States and Canada.

A numerical comparison between the Orthoptera of Nova
Scotia (Piers, 1917) and of New England (Scudder, 1900),

may be tabulated by Families thus:

—

Actual numbers Percentages

Families
Nova
Scotia

New
England

Nova
Scotia

New
England

Forficulidse

2

17
6
3

2
11
1

47
23
14

7.13

60.72
21 43
10.72

2.04
BlattidtJR . . 11.23
Phasmidee 1.02
Acrididaj 47.96
Tettigoniidae 23.47
GryllidEe 14.28

Totals 28 98 100.00 100,00



OKTHOPTERA OF NOVA SCOTIA. -PIERS. 235

A similar comparison of the Subfamilies of the largest

Family, Acrididce, gives the following result:

—

Subfamilies

Acrydiiua? (Tettifj;inse)

,

Acridinae (Tryxalinte)

CEdipodiuai
Locustinse (Acridinae)

.

Totals

.

Actual numbers

Nova
Scotia

17

New
England

5
9

15
IS

47

Percentages

Nova
Scotia

17.64
23.53
23.53
35.30

100.00

New
England

10.64
19.15
31.91
38.30

100.00

We thus see how sparse our orthopteran fauna is in

species, and this, as before stated, is just as might be expected

considering our geographical position and climatic conditions.

E. M. Walker's preliminary list of Prince Edward Island

Orthoptera, consisting of 11 nominal species, is doubtless

fairly well under the actual number which will yet be found

there, but it is very unlikely that that list will ever go over

20 species. Regarding New Brunswick we have almost no data

at present; but its species should slightly exceed in number
those of Nova Scotia, owing to the much more ready passage

inward of forms from the adjoining state of Maine. From
Newfoundland only six species have so far been reported

(Hebard, Ent. News, xxvi, p. 306, 1915).*

It may be here noted that the two species admitted to

my present list on hypothetical grounds, namely Podisma

^lacialis and Melanoplus fnsciatus, have been included

because they have been reported both from Prince Edward
Island on the north and from Maine to the south, and there-

fore it is hardly possible that they will not yet be found here

in certain favourable localities. No species of more southern

range only, have been thus admitted; and all references

The species reported by Hebard from Newfoundland (G. P. EnRlehardt collector, Aug.'
1912) are, Chorlhippun rurtipeitni!' (Har.), Meroffe'lius gracilix (Scud.), Cirroteltix verruculalua
(Kirby), Melanoplus fascialus (Walk.), Melaiwplus /emoratun (Burm.), and Ceuthophilui
terrealris. Scud.
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to species which may possibly extend into this province from

a more southerly range, but which have not yet been taken

here or to the north of us, are placed in footnotes.

Relative abundance of Nova Scotian Orthoptera.—Although

the number of our species is small, yet certain species are

very numerous in individuals, and thus make up to some

extent for the paucity of kinds. The relative scale of abund-

ance I have adopted, and the approximate placing of the

various species in the divisions of the scale, are about as

follows; although it must be borne in mind that some species

may be quite common in particular localities and yet more
or less rare in others. Some seasons also affect the relative

abundance.

The following table of relative abundance refers to the

vicinity of Halifax, on the Atlantic coast ot the province,

the fauna of which belongs to the Canadian Zone:

—

Excessively common.

—

Nemohius fasciaius; Melanoplus

femur-ruhrum.

Very common.

—

Melanoplus hivittatus; Chorthippus curti-

penms; Conocephalus fasciatus; Circotetttx verruculaius

;

Scuddaria pistillaia.

Common.

—

Dissosteira Carolina; Gryllus pennsylvanicus

neglectus; Blattella germamca (in town houses).

Rather common.

—

Blatta orientalis (in town buildings).

Rather uncommon.

—

Melanoplus atlanis (on one occasion

excessively common on Sable Island).

Rather rare.

—

Mecosiethus gracilis; Camnula pellucida;

Scudderia furcata.

Rare.

—

Meccsiethus lineatus; Nomotetlix cristatus.

Very rare.

—

Hypothetical.

—

Podisma glacialis; Melanoplus fasciatus.

Foi comparison with this, C. B. Gooderham has furnished,

at my request, the following similar table of relative abundance

of species about Truro, Col. Co., which may be taken as
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fairly representative of the western section of the province,

the fauna of which belongs to the Alleghanian Division of

the Transition Zone:

—

Excessively common.

—

Gryllus pennsylvanicus neglectus;

Nemobius fasciatus; Chorthippus curtipennis; Camnula
pellucida (during some years at least).

Very common.

—

Melanoplus atlanis; Circotettix verrucu-

latus; Melanoplus hivittatus; Conocephalus fasciatus.

Common.

—

Melanoplus femur-rubrum; Dissosteira Caro-

lina; Acrydium arenosum angustum; Mecostethus graci.

lis.

Rather common.

—

Scudderia pistillata; Scudderia curvi-

cauda borealis; Nomotettix cristatus; Acrydium granu-

latum.

Rather uncommon.

—

Rather rare.

—

Rare.

—

Blattella germanica; Melanoplus extremus.

Very rare.

—

Ceuthophilus maculatus; Ceuthophilus terres-

tris, Nemobius carolinus.

Commonest species.—The nine most prevalent species,

all of which anyone is certain to note during a single walk

about the outskirts of Halifax in late summer or early autumn,

are the following: Nemobius fasciatus and Melanoplus femur-

rubrum in ^very pasture; Melanoplus bivittatus in the long

grass of meadows and the rank-growing vegetation about

the edges of fields; Chorthippus curtipennis about vegetation

along fences, etc.; Conocephalus fasciatus in long grass in

damp places; Circotettix verruculatus and Dissosteira Carolina

on hot, dusty roadsides, railways, and stony places generally;

Gryllus pennsylvanicus neglectus on stone-strewn earthy slopes

about roadsides, etc.; and Scudderia pistillata on alders and
occasionally other small bushes about damp places and
the edges of clearings. The last-named species will probably

only come to notice through its loud rasping calls heard

mostly at evening and night.
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Common names.—For insects which are so abundant, so

much in evidence about cultivated districts, and so detri-

mental to agriculture, it is very remarkable that.hardh'

any species has a distinctive popular name applied to it

by ordinary people. The English names assigned to many
of the species in works on the Orthoptera, are almost invariably

mere appropriate "book-names", which it is hoped will be

adopted by readers and so gradually become current. •This,

however, has not yet taken place. Ordinary people in

Nova Scotia distinguish, of course, the two species of Cock-

roach, and speak in very general terms of "grasshoppers"

and "crickets", and country children occasionally call a

locust or grasshopper a "molasses bug", because of the

brownish salivary fluid it ejects from the mouth 'when

handled, and this name perhaps more specially applies to

the familiar Melanoplus hivittatus. The only true local

name, however, which I have heard specifically applied to

our many native species, is the very appropriate one of

"Cracker", or less often "Snapper", for the familiar roadside

species, Circotettix verruculatus; the first-mentioned name

being pretty general among country people throughout the

province, and one well worthy of general adoption.

Remarks on the present list.—My previous annotated list

of fourteen species, published in 1896, was made up solely

of such forms as I had myself collected, almost entirely

about Halifax, in the seasons of 1895 and 1896. At that

time Francis Walker's unreliable lists of 1869-72 (see biblio-

graphy) were the only other existing contributions to a

knowledge of our local Orthoptera, and they were of such

a character that it was considered advisable to disregard

them. In the present paper I have revised the nomenclature

so as to bring it up to date, have made full use of all available

sources of information, including C. B. Gooderham's valuable

notes from the western part of the province, and have incor-

porated many additional observations of my own. Subspeci-
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fic names, when at all in use, are noted, but this in a very

subsidiary way when they are founded on mere trivial

distinctions between intergrading long- and short-winged

forms. Othei trinomial names, as in the case of well defined

geographical races, are of course accepted. It is perhaps

well, in a local paper like this, to as clearly as possible desig-

nate in all cases just what particular form or variant is found

here. Some may possibly criticize any prominence whatever

given to dimorphic forms through the use, even very sub-

ordinately, of special names to distinguish their various

phases; but their occasional use helps towards preciseness

and at least cannot lead to confusion. Appended to the

scientific name, is the name of the original describer

of the species, his name being printed in parentheses when

the species is now placed in a different genus from that to

which it was first assigned by that authority. Following

the scientific name and the so-called "common name",

which as we have seen is usually not a common name at all,

appear references to the names used by writers in papers

dealing with Nova Scotian Orthoptera in any way. These

latter articles are such as may be called original sources of

information as far as this province is concerned. No attempt

has been made to present a general synonymy of the species,

which may be seen in the writings of authors such as Blatchley

and Scudder.*

As one has frequently to go from one monograph to

another to get descriptions of all our species, which is always

laborious and in fact impossible for many who have not such

literature at hand, and as I strongly believe that this difficulty

which besets a beginner is one of the very reasons why we
have given so little attention to this highly important order

Beginners may be reminded that names of families end in -idw and those of subfamilies
in-inm It will aid the student in pronouncing these narnos to know that the t in-idm in
family names is short, and therefore the ancent falls on tho syllable preceding that letter;

while the i oi-ince in subfamily names is long and consequently accented.
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of destructive insects, I have given descriptions of all the

species, the structural portions being usually modified

from various writers, while the descriptions of colour, which

varies much more than structure, have in almost every

instance been prepared anew directly from Nova Scotian

specimens. The colour terms used are those of Ridgway's

"Nomenclature of Colors," 1886. Measurements have either

been adopted from other writers, or made from local

specimens when considered more advisable, in which latter

case it is so stated. The particulars as to geographic range

have mostly been compiled anew, with considerable labour,

from very many articles, as recent writers have extended or

modified the range as formerly known.

Under the heading of "Occurrence in Nova Scotia" will

be found all that more particularly relates to the species as

found here. The subject-matter of these local notes on

each species is arranged thus, although without actual dis-

tinctive headings: (1) By whom first reported from Nova

Scotia and when; (2) abundance; (3) particular localities

reported from; (4) habitat or natural haunt; (5) seasonal

dates of occurrence; (6) habits and call-notes; (7) economics,

destruction caused and preventive measures. Analytical

keys have been given to assist in identification, and these

have been modified from various writers to suit our loca^

requirements, the publications of Prof. Blatchley, B. H.

Walden, Dr. Scudder, and others being largely drawn upon

for the purpose. Very brief descriptions of species which

might occur here, because of their commonness in the state

of Maine, are placed in footnotes, and no doubt they will

prove helpful when unrecorded species are met with. They

will also serve to stimulate students to search for such addi-

tional forms.

Measurements are given in millimetres, about 25.4 of

which equal one inch. The length of body is taken from

the fastigium or apex of the head to the apex or end of the
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subgenital plate (that is, the extremity of the under portion

of the last abdominal segment) in both sexes. It thus

does not include such appendages as the ovipositor, anal

bristles, or antennae. The length of the ovipositor is taken

from the ventral apex of the basal plica, or fold, to the ex-

tremity of the ovipositor. In making careful measurements

it will be found most convenient to use fine spring dividers

with screw adjustment, operated by a milled wheel between

the legs of the instrument, which wheel is easily turned by
one of the fingers. Strong hand lenses, and on rare occasions

a compound microscope, are required for examining specimens

in detail; but for general examination and for use when
making measurements, I find by far the most convenient

arrangement is an ordinary spectacle lens, of three inches

focus, or stronger if desired, mounted in the right-hand side

of a common spectacle frame, which may be very cheaply

obtained at any optician's. This leaves both hands entirely

free for manipulation, which is a very great convenience;

and the left eye maj- be used for normal vision when desired.

Such a lens I have found of the very greatest service in much
general biological work, whenever it is necessary to use both

hands and a low-power glass is suitable. Strange to say, I

have never found this simple and remarkably convenient

device mentioned by any writer.

Desiderata.—We require further data regarding the

occurrence and abundance of species in Cape Breton Island;

regarding which too little is yet known. Until fuller informa-

tion on these points is available, we will not be able to deal

as definitively as we would wish with the Orthoptera of

Nova Scotia as a who'e, for very likely a few species do not

extend their range into the northern portions of that island.

Howevei, this is merely a matter bearing on local distribution

and relative abundance, for it is not likely that unrecorded

species will be found in that region. These we would rather

expect from our southern and western districts. The high-
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lands of the Cobequid and North Mountains might

also repay investigation. More information is desired

regarding the time of hatching of various species in Nova
Scotia, as we have very little data "on that subject. I have

already referred to the need of a detailed delineation of the

boundaries of our life zones, and this is a matter which

interests every biologist.

Acknowledgments.—Finally, I wish to acknowledge par-

ticular indebtedness to Mr. Charles Benjamin Gooderham,

B. S. A., late assistant entomologist, Agricultural College,

Truro, N. S., who since 1913 has made a study of our Orthop-

tera, for very many notes with which he has furnished me,

they more particularly relating to the western section of

the province, in which I have had fewer opportunities for

collecting.* To the writings of the late Dr. S. H. Scudder,

Prof. W. S. Blatchley, B. H. Walden, and many others

whose names will be mentioned from time to time in the

text, I am also under obligations. Dr. Scudder, in the

generous manner which characterized that delightful personage,

verified mj'- determinations of nearly all my eailier species

of 1895-6. His death on 17th May, 1911, removed the most

prominent figure in North American orthopteiology. Mr.

James A. G. Rehn of the Academy of Natural Sciences,

Philadelphia, and Dr. E. M. Walker of the University of

Toronto, have kindly answered various enquiries.

Mr. Gooderham has very recently been transferrerl to the Central Experimental" Farm,

Ottawa, as aaaistant to the Dominion Apiarist, Bee Division.
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PART 2.—SYSTEMATIC DESCRIPTION OP NOVA SCOTIAN
ORTHOPTERA.

Rbperencb List op Species.

Order ORTHOPTERA.
Suboider NON-SALTATORIA (Non-leaping Orthoptera).

Family Blattid^e (Cockroaches).

Subfamily Pseudomopinae (Cockroaches, in part).

1. Blatlella germanica (Linnaeus). Croton Bug; German Cock-
roach; "Yankee Settler."

Subfamily Blattinae (Cockroaches, in part).

2. Blatta orientalis Linnseus. Oriental Cockroach; Black
Beetle.

Suborder SALTATORIA (Leaping Orthoptera).

Familj'- Acridid^e (Short-horned Locusts).

Subfamily Acrydiinae (Grouse Locusts).

Group Tettigise.

3. Nornoiettix cristatus (Scudder). Crested Grouse-locust.

(Short-pronotumed form).

4. Acrydium granulatum Kirby. Slender Grouse-locust.

(Long-pronotumed form).

5. Acrydium arenosum angustum (Hancock). (Short-prono-
tumed form).

Subfamily Acridinae (Oblique-faced Spineless Locusts).

Group Orphulse.

6. ? Orphulella speciosa (Scudder). [Very doubtful].

Group Stenobothri.

7. Chorthippus curlipennis (Harris). Short-winged Brown
Locust.

Group Epacromise.

8. Mecostethus UneatuH (Scudder).

9. Mecostethus gracilis (Scudder)..

Subfamily'- (Edipodinae (Vertical-faced Spineless Locusts).

Group OEdipodini.

10. Camnula pellucida (Scudder). Clear-winged Locust,

n. Hippiscus apiculaius (Harris). Coral-winged Locust.

12. Dissosteira Carolina (Linnseus). Carolina Locust.

13. Circotettix verruculatus (Kirby). "Cracker".



244 ORTHOPTERA OF NOVA SCOTIA.—PIERS.

Subfamily Locustinae (Spine-breasted Locusts).

Group Melanopli.

14. [Podisma glacialis (Scudder). Hypothetical occurrence.]

15. Melanoplus atlanis (Riley). Lesser Migratory Locust.

16. [Melanoplus fasciatus (Barnston-Walker). Hypotheti-
cal occurrence.]

17. Melanoplus femur-rubrum (DeGeer). Red-legged Lo-
cust.

18. Melanoplus extremus (F.Walker). (Short-winged form.)

19. Melanoplus hivittatus (Say). Yellow-striped Locust.

(Red-legged phase, sometimes called M. hivittatus

femoratus [Burmeister]).

Family TETTiGONiiDiE (Long-horned Locusts).

Subfamily Phaneropterinae (Katj^dids, in part).
*

Group Scudderise.

20. Scudderia pistillata Brunner. Northern Katydid.

21. Scudderia curvicauda horealis Rehn & Hebard. Broad-
winged Curved-tailed Katydid.

22. Scudderia furcata furcata Brunner. Northern Fork-

tailed Katydid.

Subfamily Conocephalinae (Cone-headed and Meadow
Grasshoppers).

Group Xiphidiini.

23. Conocephalus fasciatus fasciatus (DeGeer). Eastern
Slender Meadow Grasshopper.

Subfamily Stenopelmatinae (Stone and Camel Crickets).

Group Ceuthophili.

24. Ce uthophilus maculatus {Kairris). Spotted Camel Cricket.

25. Ceuthophilus terrestris Scudder.

Family Gryllid.e (Crickets).

Subfamily Gryllinae (Ground and Field Crickets).

26. Nemohius fasciatus {TiQGeQY). Striped Ground Cricket.

(Short-winged form, sometimes called A'', fasciatus

vittatus [Harris].)

27. Nemobius carolinus Scudder. Carolina Ground Cricket.

28. Gryllus pennsylvanicus Burmeister. Pennsylvanian Field

Cricket. (Shortest-winged form, sometimes called

G. pennsylvanicus neglectus Scudder.)
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Order ORTHOPTERA.
(Cockroaches. Locusts, Grasshoppers, Crickets, etc.)

The Orthoj)tera are insects with incomplete metamorph-

osis (group Heterometahola). The younp;, when hatched from

the egg, are entirely wingle.ss, but of the general form of the

adult. They moult their skin five times as they grow, and

the wings gradually develop, there being no well definiel

separation between the larval and pupal stages as in other

orders of insects. The young in all stages are known as

"nymphs"; but when they emerge from the final moult as

perfect insects, they are calle I "imagos". The mouth-parts

project and are fitted for biting. Wings, when present, four

in number; the first pair membranous or leathery and usually

with many veins, thicker than the hind wings which are

folded lengthwise like a fan (whence the name of the order,

from orthos, straight, and pteron, a wing). The wings of a

few species are absent, while others have only the wing-

covers present. If wings are absent, the labium (lower lip)

is cleft. Nearly all Orthoptera are vegetable feeders and

injurious, some species doing immense damage.

Key to Suborders of Orthoptera.

a. Legs of nearly equal size, the hiad femora not enlarged for leaping; sound-
producing organs absent; ^vang-covers and wings of nymphs (immature
insects), when'present, in normal position; ovipositor concealed

Non-Saltatoria, p. 24.5.

aa. Legs of unequal size, the hind femora thickened for leaping, usually

much longer than middle femora; sound-producing organs usually present

in males; wing-covers and wings of nymphs, when present, in a reversed

position (as if they were upside down and with the rudimentary wing-
covers inside the wings); ovipositor usually plai;ily visible

Saltatoria, p. 2.51.

Suborder NON-SALTATORL\ (Non-leaping Orthoptsra).

(For characteristics see key just given).

Recent writers have placed the family Forficulidce (Ear-

wigs) in a new order, Euplexoptera, entirely distinct from the

Orthoptera, with which it was formerly united, as they

differ somewhat radically from the members of the latter

order. \ The Forficulidce have a short, narrow body; head
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with mouth in front; wing-covers leathery, very short, and

without veins; tarsi five-jointed; the abdomen endii\g in

a horny, forceps-like appendage. No species of the Forfi-

culidce are known to occur in Nova Scotia, although Labia

minor (Linnaeus), the Little Earwig, coloured black and yel-

lowish-brown, with last abdominal segment and forceps red-

dish-brown, and about 5 mm. long, may yet be detected here,

as it is the most northern species and occurs in the United

States and Canada east of the Rocky Mountains, as far

north as Maine, New Hampshire, Vermont, Quebec and

Ottawa. It might easily have been overlooked by our

collectors. Joseph Perrin of McNab's Island, Halifax Har-

bour, informs me that he was familiar with it in England,

and thinks he saw several in the spring some years ago about

his garden on that island; but he preserved no specimens and

consequently it is merely a matter of opinion. According

to his recollection the insects he saw were about half an inch

in total length, which would be too long for the total maximum
length (8 mm.) of this species. C. B. Gooderham, of Truro,

has never seen or heard of the species in the western part

of Nova Scotia.

No species of the family Mantidce (Praying Mantids)

occur even as far north as the New England States; and of

the Phasmidce (Walking-sticks), Diapheromera femorata (Say)

has been taken commonly in most of the New England

States, but not in Maine, and therefore cannot be expected

to extend into Nova Scotia.

Family BLATTiDiB (Cockroaches).

Head almost concealed beneath pronotum; body short,

broad, oval and flattened; pronotum shield-shaped; wing-

covers usually parchment-like or leathery and thickly veined;

abdomen ending in cerci, but these not distinctly forceps-

like; tarsi five-jointed.* Only introduced species are known

to occur in Nova Scotia.

ire has juHt appoarcd a thoroui;n revision of this fa.nilv by M )rKan Heb.ird, entitled

i'lie of North America, norlh of the Mexican Boiiniiiry," Me.noirs of Am. Ent.
There

"The Blat
Soc., No. 2, Phila.. 1017, 284 pp., 10 plates
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Key to Subfamilies of BlattjDjE.

a. Last ventral segment of female abdomen plane, without a r'u\p.c and
midivided; fore femora rarely armed beneath on inner margin with
many spines; when so armed, the subgenital styles unequal or wanting.

PsKUDOMOPINiE, p. 247.

aa. Last ventral segment of female compressed so as to fonn a ridge on its

under side, and divided so as to be bivalved; fore femora armed beneath
on inner margin with many spines BLAxxiNyE, p. 249.

Subfamily Pseudomopinae (Cockroaches, in part).

(BlatteAlince of former Writers.)

So far only a single representative of a single genus,

Blattella, and that an introduced species, has been found in

Nova Scotia. Another large North American species, Isch-

noptera pennsylvanica (De Geer), the female of which is

believed to be what has been called Phyllodromia borealis

(Saussure), has been reported under the latter name from

Maine and Massachusetts, and under the former name from

Ontario, and possibly, but not at all likely, may occur here.

The males and females of this species are so unlike that

many have considered them to be separate species.

1. Blattella germanica (Linnaeus). Croton Bug; Ger-

man Cockroach; "Yankee Settler" (local name
in Nova Scotia).

Phyllodromia germanica. Piers, Trans. N. S. Inst. Sc,

ix, 209 (1896); Halifax.

Description.—Size small; body rather long, sides slightly narrowing in

male and almost parallel in female; wing-covers fully developed in both
sexes, membranous or somewhat leathery, as long or longer than abdomen in

both male and female; subanal plate of male with styles rudimentary or
wanting.

Colour.—Yellowish-brown, females often darker; legs lighter; pronotum
with two dark brown longitudinal stripes separated by one of yellowish.

Measurements.—Male: body, 13 mm.; width of body, 4 mm.; antenna;,

14 mm.; wing-covers, 9-10 mm. Female: body, 10 mm.; antenme, 13 mm.;
wing-covers, 11 mm.

Range.—^Native of Europe; introduced into America where it has spread
abundantly almost everywhere, especially in dwellings in towns, although
seldom found in numbers in country districts. It made its appearance in

New York in numbers about 1842 when the Croton aqueduct was completed,
and hence is often called the Croton Bug.

Occurrence in Nova Scotia.—When this troublesome

insect first appeared in Nova Scotia, there is no data to show,

as it was not reported from here by scientific writers until
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1896. Walker did not include it in his list of Canadian Ortho-

ptera of 1872, but the Nova Scotian references in that catalogue

were founded on collections made here by Lieut. Redman
prior to 1848, and probably about 1821. The common name,

"Yankee Settler," which is usually applied to it in Halifax,

shows that in the popular mind at least it was believed to

have been an incomer from the New England states.

It is very common in some houses in Halifax and doubtless

occurs also, but less commonly, in other large shipping

towns in the province. C. B. Gooderham has taken it

only once at Truro, Col. Co. where he reports it rare. I am
also informed that it occurs in Oxford, Cumb. Co. It is

very rarely, if ever, seen in the country districts. It is less

often found in dirty surroundings than the larger Oriental

Cockroach (B. orientalis), and therefore is more liable to be

met with in the better class of dwellings. It delights in

warm, moist places, such as the vicinity of fire-places and

hot-water pipes, and is less strictly nocturnal than the

Oriental Cockroach. When it has once gained an entrance,

it is extremely difficult to exterminate, as its small size and

fiat body permit it to hide and breed in small cracks where

the larger cockroach could not penetrate. The rapidity

with which it propagates also adds to its seriousness as a

household pest in cities.-

It is careful to avoid poisoned food placed to tempt it.

A most thoroughly effective means of ridding premises of

this pest, is fumigation with hydrocyanic gas. This gas,

however, is extremely poisonous to human beings, and its

use by inexperienced persons should never be thought of.

Fumigation with a poisonous gas such as bisulphide of carbon

is somewhat more suitable and quite effective Avhon rooms or

ship's holds can be vacated and sealed up, and the liquid

exposed therein in open vessels at the rate of one pound to

every 1,000 cubic feet of room space. When left for twenty-

four hours all roaches and every other kind of vermin will be
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destroyetl. As it is also poisonous to higher animals, the

building should be vacated during the fumigation, and after-

wards verj'^ thoroughly aired before re-occupation. It

must be borne in mind that bisulphide of carbon is violently

explosive in presence of j&re, and the very greatest precaution

should be taken that no fires or lights whatever are about

the premises until after they are thoroughly freed of every

trace of gas. The fumigation had better be done, in any

case, only b}'^ experienced persons. When possible, super-

heating is a comparatively simple and very effective means

of destroying cockroaches a? well as other household insects.

Cockroaches cannot withstand a temperature of 120° F.

for more than a few minutes, and the maintenance of a tem-

perature of from 150° to 160^ F. for several hours should

result in killing every insect in a building. Sodium fluoride,

pure or mixed with equal parts of plaster-of-paris, strewn

about the haunts, is a simple and very effective means of

control. Temporary relief from the roaches may be gained

by the liberal use of fresh pyrethrum powder (Persian insect

powder), which is quite safe. The dead and paralyzed roaches

may afterwards be swept up. Flowers-of-sulphur is also a

good repellant. (For other information on this subject, see

L. O. Howard's circular No. 46, 2nd series, U. S. Dept. of

Entomology, Wash.; also E. P. Felt's "Household and Camp
Insects", bulletin Xo. 194, X. Y. State Museum, Albany,

1917.)

Subfamily Blattinae (Cockroaches, in part).

(PeriplanetincB of former writers.)

Wing-covers and wings variable in different species;

last ventral segment of female compressed so as to form a

ridge on its under side, and divided so as to be bivalved;

fore femora armed beneath on inner margin with many
spines; subgenital styles of equal length.—This subfamily

contains our larger cockroach, an introduced species like

the one last mentioned.

Proc. & Tkass. X. S. Inst. Sci., Vol., XIV
"

Trkns. 17
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2. Blatta orientalis Linnseus. Oriental Cockroach;

Black Beetle; "Common Cockroach".

Stylopyga orientalis. Piers, Trans. N. S. Inst. Sc, ix,

210 (1896); Halifax.

Description.—Size rather large, male shorter and narrower than female;

distance between eyes less than length of last joint of 'maxillary palpus;

wing-covers of neither sex reaching end of abdomen, but fairly well developed

and covering about three-quarters of abdomen in male, and rudimentary
and covering about one-third in female.

Colour.—Dark, mahogany-brown; legs and underside of body some-
what Ughter; pronotum without hght margin or other markings.

Measure7nents.—Male: body, 22 mm.; length of pronotum, 5.5 mm.;
width of pronotum, 7.5 mm. ; wing-covers, 13-14 mm. Female: body, 27 mm.

;

length of pronotum, 6.5 mm.; width pronotmn, 8.5 mm.; wing-covers, 5 mm.

Range.—^A native of Asia, carried by shipping from one country to

another imtil it has become cosmopolitan. Found over the most of America,

especially in city dwellings by the seaboard.

Occurrence in Nova Scotia.—This large noxious cockroach

was doubtless introduced into Nova Scotian ports by shipping

at a very early period in our history, although not actually

recorded scientifically until recent years. Without doubt

it is the cockroach mentioned by Walter Bromley in his

"General Description of Nova Scotia", 1825, page 33. It

is common in some houses in the older parts of Halifax, and

doubtless also in other large shipping towns along our coast,

but in the country districts it seems to be verj'- rarely met

with. C. B. Gooderham has not so far found it at Truro,

Col. Co.-, or along the Bay of Fundy, although he has heard

of its occurrence. When once it gains a foothold in a dwelling

it is liable to become one of the most disgusting and trouble-

some of household pests, and one rather difficult to get rid

of in spite of persistent efforts to exterminate the pest.

It is nocturnal in habit and devours almost anything. Unlike

the German Cockroach or Croton Bug, it delights in damp-

ness, dirt and darkness, its favourite habitat being the holds

of vessels, cellars and basements. Despite its abundance,

it develops slowly, as from three to five months are required

to arrive at maturity.
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Its large size makes it easier to exterminate than the

(lerman Cockroach, as it cannot hide in narrow crevices.

The remedies noted under that insect, may also be used

a.sjainst this species; but simpler ones are likewise employed.

A deep jar. partially filled with stale beer or ale, with a

number of sticks placed against it and bent over so as to

project into the interior for a few inches, may be used as

an effective trap. The roaches climb up the sloping sticks

to get the beer, and then slip off into the jar. Another

household remedy is a saucer containing a dry mixture of

l)laster-of-paris with three or four parts of flour, and another

l)late containing water, placed near, with bridges to give

easy access, and one or two pieces of wood floating on the

water and touching the margin. The insects eat the dry

mixture, then go to the water and drink, whereupon the

plaster sets within them and causes death. Our bakers

say they largely employ powdered borax for keeping them
in check, the borax being sprinkled about infested places.

As they detest and avoid light, the introduction and con-

tinual burning of electric lights in our city bakeries has done

much to rid them of the pests. Infested places should always

be kept clean, dry, and light.
'^

Suborder SALTATORIA (Leaping Orthoptera).

Legs of unequal size; hind femora adapted for leaping,

being much thickened. Sound-producing organs usually

present in male. Wing-covers and wings of nymphs, when
present, in a reversed position.

Key to Families of Saltatoria.
a. Antennae much shorter than body; tarsi .3-jointed; calling organs, when

present, usually on hind femora and lower border of wing-covers; ovi-
positor of two pairs of short plates, with tips diverging

(Short-horned Locusts) Acrididjb. p. 252 .

*PeripUineta americana (Linnaeus), the American Cockroach, a large species which is

a native of tropical America but has become cosmopolitan, is common along the seaboard of
New England, especially in city buildings and warehouses, and quite likely will be found intro-
duced by shipping into some of our waterside storehouses. The length of body is 27 mm. in
male, and .30 mm. in female, and the wing-covers in both sexes are large, extending 10-12 mm.
beyond the end of abdomen. The general colour is reddish brown, the pronotum margined
with yellow. It belongs to the subfamily BlattincB. It is probably the large cockroach
which is said to be sometimes brought to Halifax with cargoes of sugar from the West Indies,
and may have insinuated it.self into some of the warehouses of our sugar refineries. Other
southern species are liable to be casually introduced with bunches of bananas'



252 ORTHOPTERA OF NOVA SCOTIA.—PIERS.

aa. Antennae much longer than body; tarsi 3- or 4-jointed; calling organs,

when present, on dorsal area of wing-covers; ovipositor usually much
elongated.

b. Tarsi 4-jointed; wing-covers with sides sloping; ovipositor usually
flattened, sword-shaped (Long-horned Locusts) Tettigoniidje.

bb. Tarsi 3-jointed; wing-covers flat above, with sides bent abruptly
down; ovipositor a nearly straight or upcurved needle

(Crickets) GRYLLiDiE.

Family Acridid^ (Short-horned Locusts).

This family is readily distinguished by the antennae,

which are much shorter than the body. The species are

usually simply called "grasshoppers", no attempt being

made by the ordinary individual to apply special names to

the many species. The males only, as in other Orthoptera,

have stridulating or sound-producing organs. In the sub-

families Locustince (Spined Locusts) and Acridinm (Oblique-

faced Spineless Locusts) this call-note is produced by rubbing

the inner surface of the minutely-toothed hind femora, over

veins of the wing-covers, this being done when the insect is

otherwise at rest. In the subfamily Q^dipodince sound is

usually produced while in flight, by rubbing together the

upper surface of the front edge of the wings and the under

surface of the wing-cover, thus producing a sharp, cracking

sound, which is very familiar in the case of C. verruculatus

.

The AcrididoB, with the exception of the members of

the hibernating subfamily Acrydiince, pass the winter in

the egg stage; the eggs, 30 to 60 in number, being deposited

during the autumn, usually in a hole which the female forms

in the ground, the cavity being then covered with earth.

If the succeeding winter is an open one with many changes

of temperature, many eggs are destroyed. Next season the

young hatch and are at first wingless. Five times the nymph

moults its skin, the wings and body increasing in size each

time, and after the fifth moult it emerges a mature insect

or imago.
Key to Subfamiues of AcRioiDiE.

a. Size very small; 'pronotum extending backward, tapering, to or beyond
end of abdomen; wing-covers represented by small oval lobes on sides.

(Grouse Locusts) AculrDiiNiB. p. 253.
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aa. Larger; pronotum not exlending over abdomen: wing-covera usually well

developed, but sometimes abbreviated or even wanting.

b. No spine on prosternum between front legs.

c. Face usually very oblique; medium carina of pronotum never
raised as a crest, or cut by more than one notch

(Oblique-faced Spineless Locusts) Acridin^. p. 263.

CO. Face nearly or quite vertical; median carina of pronotum
usually raised as a crest and usually cut by more than one notch.

(Vertical-faced Spineless Locusts) CEdipgdin^, p. 273.

bb. A prominent conical spine on prosternum between front legs

(Spine-breasted Locusts) Locustin^. p. .

Subfamily Acrydiinae* (Grouse Locusts).

{Tettigince of former writers.)

The members af this subfamily are our smallest Acridians,

and are easily recognized by the pronotum which extends

to or beyond the end of the abdomen. Most, if not all, of

the species are dimorphic as regards length of pronotum

and hind wings. Wings are usually developed; but the

wing-covers are rudimentary (small lobes near base of wings),

what looks like them being an unusual development of

pronotum. Alales are usually narrower than females. Indi-

viduals of a species vary much in colour and markings, which

must not be taken as diagnostic. Grouse Locusts are remark-

able as being the only members of the Acrididm which normally

pass the winter as adults, hibernating under rubbish, loose

bark, fence-rails, etc., and are therefore the first Orthoptera

to appear in the spring, being seen on sunny hillsides in Nova
Scotia as early as the middle of April. The eggs are laid

in ground early in the season, and hatch in about three weeks

and the young usually reach maturity by autumn. They
are very inconspicuous insects, as their colour harmonizes

with the surroundings. Dry sunny hillsides or boggy places

along lakes and streams are favourite habitats. Their food

consists of vegetable mould, tender sprouting grass, and

*The applicatiun of such very sitnilar names as Acrydiince and Acridince to two sub-
families of the family Acrididae, which have lately been known as the Tettigince and Tryxalinm,
s a most confusing contretemps, but as .'. A. G. Hehn says, there is apparently no escape
from this unhanpy situation. Acrydium (GeofTr., 17f)2) is a far older name for the genus
which has usually l^een called THrix (Latreille, 1802) or Tellii (Charpentier, IS41), and Acrida
(Linn., 1758) is the oldest known genus of the group that has been termed TruxalincB or Tryxa-
Urue (Genus Truxalis, Fabricius, 1775).
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germinating seeds. Despite the similarity of the name of

this subfamily with that of the Acridinm, the beginner must

be careful to discriminate between the two names (see footnote

or preceding page).

The use of trinomial names, such as Acrydiutn ornatum

ornatum and A. ornatum triangulare, to distinguish the

so-called long- and short-winged extreme phases of dimorphic

species such as often occur in this subfamily, is discouraged

by late writers, as being of but little if any real value, as

the two extreme forms intergrade and interbreed. This is

evident to those who have examined a large series of speci-

mens from many regions or even from one locality.

Key to Nova Scotian Genera of Acrydiin.^ (Grouse Locusts).

a. AntemiEe 12—IS-jointed; median carina of pronotum high and crest-like,

arched longitudinally; upper lateral sinus of pronotum about half as

deep as lower one Nomotettix. p. 254.

aa. Antennae usually 14-iointed; median carina of pronotum low and rather

flat when viewed from side; upper lateral sinus of pronotum nearly as

deep as lower one Acrydium. p. 2,56.

Group Tetfigiae.

3. Nomotettix cristatus (Scudder). Crested Grouse-

locust. (Short-pronotumed form.)

Nomotettix cristatus. Gooderham, Proc. Ent. Soc. N. S.

for 1916, 23, 27 (1917); Colchester Co.

Description.—Nova Scotian specimen. This is the smallest of our

Orthoptera, and may be readily recognized by the high arched pronotum,

or bowed outhne of the dorsal line when viewed from the side. Body finely

granulate, most noticeable on pronotum. Antennae of 12-13 joints. Vertex

.8 mm. wide, projecting beyond eyes, the front margin rounded when seen

from above, and anterior end of median carina forming a small median pro-

jection; pronotum with the front margin produced in an angle over back of

head to posterior quarter of eye; median carina raised as a high crest and

arched lengthwise for about thiee-fourths its length, then sloping down and

more nearly horizontal near apex; upper notch or sinus on hind margin of

lateral lobe of pronotum very shallow, less than half as deep as lower sinus;

pronotum reaching to apex of hind femora (abbreviated form, sometimes

called C. cristatus cristatus*); front femora more or less compressed, carinate

above.

Colour.—Nova Scotian specimen. Grayish fuscous-brown, slightly

Ughter below posterior lateral carina of pronotum and on hind tibia, the

dark colour continuing for a short distance below knee; on each side of disk

of pronotum are two irregularly shaped black marks enclosing a small gra>-

Tlie long-pronoturrifd form, son.ciimo!) called A'. irtSiOiUS cannatus (t^cudder), in

which thft [jronotum is furtlu-r elongated by a coui'le of millimeters, has not been found in

Nova Scotia. •
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area, the anterior mark being 3 mm. behind the vertex and the posterior one
A]/2 mm.; elsewhere on pronotum are small, ob.scure, blackish dots; and on
upper outer side of hind femora are three obscure, blackish diagonal bands.
(The colour and markings, ixs in other related species, are subject to con-
siderable variation.)

Measurements.—Nova Scotian specimen. Female: body, 8.25 mm.;
greatest depth of body, 3.4 mm.; antennae, 2.7 mm.; width of vertex, .8 mm.;
length of pronotum, 8.7 mm.; anterior width of pronotum, 2.0 mm.; greatest
width at shoulders, 3.7mm.; greatest width of disk, 2.7 mm.; hind femora 5.5
mm.; width of hind femora, 2.1 mm.; liind tibiae, 4.2 mm.; ovipositor, 1.0 mm.

Range.—Eastern United States and southeastern Canada: Nova Scotia,
Toronto (Ont.), Maine, and south through New Eng. (common locally), to
New Jers. and North Carol, at least.

Occurrence in Nova Scotia.—This very small and incon-

spicuous species, a hump-backed midget and the smallest

Orthopteran found in Nova Scotia, was not reported in my
paper of 1896. The only specimen so far taken about Halifax

and the first collected in the province, is a female which I

obtained on a sunny, stony path, alongside of the seashore,

on the .southern side of Dead Man's Island Cove, close to

Melville Island, at the head of the North West Arm, near

Halifax, on 7 August, 1897. As it is the only specimen I

have taken, it is doubtless rare in this locality, although

it may be less scarce in some particular localities. About
Truro, Col. Co., it is rather common, and C. B. Gooderham
has a number of specimens, taken by himself at that place,

on5and31July, and 20 Aug., 1913; 5 July, 1914; and 22 June,

1915; and in the Agricultural College is one also taken at

Truro on 18 July, 1913. Mr. Gooderham has observed it

as early as 15 April, 1917, just as the grass was beginning

to sprout, and he took five specimens on 22 April of that

year. He reports it as apparently very abundant at Truro

during that spring. As this species, as well as other members
of the subfamily of Grouse Locusts, hibernates as a perfect

insect, it may be expected to occur from April until autumn.

So far it has only been reported from Halifax and Colchester

counties.

The Halifax and Truro specimens are all of the abbre-

viated form, N. crisiatus cristatus, with the pronotum extend-

ing no further backward than about the end of the femora.
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Dr. E. M. Walker of Toronto and Mr. J. A G. Rehn of

Philadelphia confirm the determination of these specimens.

The extended form, sometimes designated N. cristatus

carinatus Scudder, in which the pronotum is further prolonged

(measuring 9.8-11.5 mm. in male, and 9.5-10.7 mm. in female),

has not so far been met with in Nova Scotia. The species

has, I believe, onh^ once before been reported from Canada,

Caulfield having taken it {Batrachidea cristata) at Toronto,

Ont. (Can. Rec. Sc, ii, -102, 1887). Bayard Long did not

observe it on Prince Edward Island, so that this may be

the northern limit of its range.

It is an active little species, jumping vigorously with

its thick hind femora, as one will find out on attempting

to capture it; and its very small size and inconspicuous colour

when on the ground, make it extremely difficult to detect

and capture. It appears, like allied species, to frequent

dry, sandy soil, lighth' covered with fine debris, and dry

• sunny banks in scant pastures. In New England, where

it is locally common, it is found, according to Morse, on

light soils, but especiall}^ in dry pastures.

Key to Nova Scotian Species of Acrydium.

{A. omatum is included for comparative purposes and because it is

liable to occur.)

Median carina of pronotum low, its dorsal outline rather flat when viewed
from side; upper lateral sinus of pronotum nearly as deep as lower one
{Acrydium).

a. Median carina of pronotum more or less distinctly elevated along
entire length; dorsal surfaces of pronotum higher in middle, sloping
on sides.

b. Body very .slender, especiallj^ in male; front margin of vertex
obtusely ungulate when viewed from above, its median carina
not projecting or only very slightly; hind part of pronotum
long-drawn-out, its apex narrowly acute, in extended form
surpassing hind femora and in extralimital abbreviated form
reaching near their end 4. granulatum. p. 257.

[bb. Body more robust; front margin of vertex rounded, its median
carina distinctly projecting; apex of pronotum in extended
form considerably surpassing hind femora and in abbreviated
form {(riangulare) reaching about their end omatus
(See nomenclatural remarks under arenosum anguslum) .]

aa. Median carina of pronotum indistinct, a little elevated on its anterior
third; dorsal surface of pronotum flat or nearly so; body rather
robust in abbreviated form; front margin of vertex very slightly
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rounded, its median carina projecting very slightly; apex of pronotum
in extralimital extended from reaching considerably beyond hind
femora, and in abbreviated form reaching only very little beyond
them 5. arenosum angustum, p. 259.

Supposing that only two species occur in Nova Scotia, beginners may
roughly separate them as follows; but too much dependence must not be
placed on these distinctions, in case other forms should occur here.

a. Front margin of vertex, viewed from above, distinctly but obtusely
angulate 4. granulatum.

aa. Front margin of vertex very slightly rounded .... 5. arenosum angustum.

4. Acrydium granulatum Kirby. Slender Grouse-

locust. (Long-pronotumed form.)

Acrydium granulatum. Gooderham, Proc. Ent. See.

N. S. for 19 1(), 23, 27 (1917); Col., Kings, Hants,

Ann., and Yar. Cos.

Description.—Form very slender, especially in male. Front of vertex,

viewed from above, projecting forward considerably in a distinct but obtuse

angle, its median carina i)rojecting but little if any beyond sides; pronotum
almost truncate in front, its posterior part long, attenuate, and passing con-

siderablj' beyond hind femora in the typical long-pronotumed form (some-

times called A. granulatum gfra^iit/a^tiw),* its median carina prominent through-

out its length, but not crested; hind wings reaching about apex of pronotum,
and with a delicate network of veins. Pronotum and legs finely granulated,

and dorsal surface of former with short wTinkles. Readily recognized from
our other related species by the i)rominent angulate form of front margin of

vertex.
Colour.—Variable, but usually described by writers as grayish or reddish

brown, sometimes blackish, often with a whitish median band along the full

length of the pronotum; inner wings in life bluish or bottle-green in colour.

A female specimen from Deerfield, Yar. Co., N. S., (3 June, 1915), the only

Nova Scotian specimen I have seen, is blackish-brown, with a narrow, cream-
coloured border along sides of head and continued along dorsal margins of

pronotum; femora dark, with very shghtly lighter transverse bands, and a
cream-coloured line along upper edge; tibia? blackish; hind wings transparent,

except anterior margin which is dark.

Measurements.—Male: body, 8.5-18.5 mm.; pronotum, up to 11.5 mm.;
hind femora, 6 mm. Female: body, 11-15.8 mm.; pronotum, up to 15.5 mm.;
hind femora, 7 mm. (The Deerfield, N. 8., female specimen is 12 mm. from
vertex to end of pronotum).

Range.—Eastern and northern North America, north of about lat.

38°: from Nova Scotia, Maine, Montreal, Ont., Man., Sa.sk., Alb., and Van-
couver (B. C), south to New Jers., Ind., Kans., and Colo. Probably occurs

throughout all of New England, preferring sedgy meadow lands and swales

on sandy soil occasionally flooded by rains or freshets and perpetually moist

Occurrence in Nova Scotia.—This marsh-loving, slender

grouse-locust was first reported from western Nova Scotia

by C. B. Gooderham in 1917 (Proc. Ent. Soc. N. S. for 1916,

*A form with the pron >tuin and wings more or leas abbieviated, and in extreme cases

n;)t passing the hin'l femora, has sjmetimes been called .4. yranulalurn virieydtam Hancock.
It has not been taken in Nova Scotia.
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p. 23). I have not detected it so far about Halifax, where

the marshy tracts best suited to it, are not so common as in

some of the western parts of the province. Still it should

be looked for in marshy and boggy areas or low wet woods.

In the western parts of Nova Scotia it is rather common
in suitable wet localities in Colchester, Hants, Kings, Anna-

polis, Digby, and Yarmouth counties. Only the typical long-

pronotumed form {A. granulatum granulatum Kirby) has so

far been taken; although the form sometimes called uariegatum,

with the pronotum and wings more or less abbreviated, may
yet be met. In C. B. Gooderham's collection, Truro, there

are twelve specimens (4 males and 8 females) taken by

himself, E. C. Allen, G. F Collingwood, and Miss V. L.

Tarris, at the following localities: Truro, Col. Co. (female.

15 April, 1917, and two others seen; one 22 April, 1917;

female, 30 May; male, 18 June; female, 23 July, all in 1915);

McNutt's Creek, Col. Co. (female, 16 May, '14); Kennet-

cook, Hants Co. (male, 6 June, '14); Windsor, Hants Co.

(female, 22 July, '14); Wolfville, Kings Co. (female, 29 Aug.,

'12); Kentville, Kings Co. (female, 28 May, '16); and Yar-

mouth (2 males, 25 May, '14; 4 Oct., '04). In the Agricul-

tural College collection, Truro, are two females, one taken

2 June, '16, and the other from Smith's Cove, Digby Co..

4 June, '15. In E. C. Allen's own collection is a female

collected at Deerfield, Yar. Co., 3 June, '15. Total number,

4 males and 11 females. In these localities are found the

wet, marshy conditions and sandy soil to which the species

is adapted. It is quite likely that it will be detected, but

more rarely, in some of the fewer similar areas which are

situated on the Atlantic side of the province. The dates

given above, show that it occurs at least from 15 April (when

the grass is beginning to sprout) to 4 October. Like other

species of the subfamily, it hibernates in the adult form,

and thus is one of the earliest species to be met with in the

province. The determination of Mr. Gooderham's specimens
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has been verified by specimens examined by Dr. E. M.

Walker of Toronto, Prof. W. S. Blatchley of Indianapolis,

and J. A. G. Rehn of Philadelphia, all of whom agree as to

their being .4. granulatum.

Mr. Gooderham also has a single male long-pronotumed

specimen taken at Truro, on an unrecorded date, which is

somewhat abnormal. Prof. Blatchley stated it was Acry-

dium ornatum ornatiim of Say, and I think Dr. E. M. Walker

concurred in this. It was also submitted to Mr. J. A. G.

Rehn of Philadelphia, who after carefully examining it.

found that the front of the head is deformed, giving it the

appearance of having a projecting median carina such as

is present in ornatum but not normally in granulatum.

5. Acrydium arenosum angustuni (Hancock). (Short-

pronotumed form.)

ITettix ornaia. F. Walker, Cat. Derm. Salt. Brit. Mus.,

V, 813 (1871); Nova Scotia, etc.—Do., Can. Ent.,

iv, 31 (1872); Nova Scotia, etc.

Acrydium ornatum (not of Say). Gooderham, Proc.

Ent. Soc. N. S. for 1916, 23, 27 (1917); Col., Kings,

Hants, Ann., and Yar. Cos.

Description.—Nova Scotian specimens. Body rather robust; greatest

width contained in length 2}/^ times in male and 23^ in female; greatest

vertical depth of thorax contained in same length 3 times in male and 3^
in female; apex of pronotum exceeding femur by about length of head; hind-

wings to about end of pronotum or slightly shorter. Head, pronotum and
legs granulated; abdomen less so; carinse with larger and closely-set granula-

tioiis. Median carina of face grooved; profile of face projecting before vertex,

rather strongly hollowed before eyes, arching out strongly between antennae,

then gently curving in, and finally rising very slightly above the clypeus.

Vertex nearly as wide as its length, very slightly concave between carinae,

its front margin only very slightly convex (being approximately a curve
struck with the centre located at about front margin of pronotum), slightly

indented in middle, and projecting in front of eyes for only 1/7 to 1/10 of

width of vertex. Median carina of vertex on anterior three-quarters or all

of head, but slightly raised, faintly convex in profile, its anterior end pro-

jecting very little beyond margin of vertex. Pronotum truncated and nar-

rowed in front, nearly twice as broad at shoulders, lateral lobes constricted

at 14 distance between anterior margin and shoulders. Disk of pronotum
in shoulder region nearly flat transversely. Median carina distinguishable

throughout entire length, but has slight prominence, except at the anterior

eighth of its length where it rises and forms a sort of hump, anterior to which
it is somewhat compressed. Anterior lateral carina? separated about width
of vertex, and become obsolete posteriorly at a distance a little less than
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length of vertex. They re-appear behind this, but twice as wide apart,

diverge to the shoiilders and then converge to the apex, there being offshoots

about midway which pass diagonally outward. The dorsal profile of pro-

notum at first rises until it forms the beforementioned hump whose greatest

elevation is situated at about Mth of its length; then it is depressed, and
^gain rises extremely slightly at about Krd of the length, posterior to which
it is nearly straight (with a sUght tendency

_
to concavity) to the apex.

Lobe of rudimentary wing-cover elliptical, 2}/^ times as long as broad. Femur
robust, 3 times as long as its greatest breadth.

Colour.—Nova Scotian specimens. Cinnamon-coloured, sometimes
obscurely fuscous on disk of pronotum between shoulders; hind wings trans-

parent, sUghtly iridiscent in some fights, front edge gray-brown, veins dusky;
legs cinnamon, more or less mottled with fuscous. (The coloiu" and markings,

as in other related species, are subject to considerable variation).

Measuremznts.—The following detailed measm-ements I have very care-

fully taken microssopiaafiy from the three above-described specimens from
Truro, N. S., viz. a male collected 17 July, 1913, a female taken on an unknown
date, and another female dated 6 Aug. 1913. The last has the apex of the
pronotum missing.

Total length to apex of pronotum
Length of body to end of abdomen.
Vertical thickness of thorax
Head, length
Distance between extreme convexity of eyes ....

Width of vertex
Vertex projects in front of eyes
Pronotum, length

" anterior width
" width at shoulders

Lateral caringe of pronotum, separation at

anterior end
Lateral carina? of pronotum, separation at

shoulders
Front of pronotum to more prominent hump of

median carina
Front of. pronotum to less prominent hump of

median carina
Pronotum extends beyond abdomen
Lobe of rudimentary wing-cover, length

" " " " width
Hind wing
Hind femur, length

" width
Hind tibia

Valves of ovipositor
Apex of femur to apex of pronotum

Male Female
17-7-13

mm. mm.
8.95 10.00
7.23 9.25

2.45 3.00
.90 1.00

1.50 1.75

.70 .90

.11 .09

7.90 9.00
1.67 2.00
3.23 3.90

.85 1.10

2.35 2.90

.95 1.25

2.30 3.00
1.65 1.40

1.62 1.75

.63 .75

6.20 6.50
4.85 5.60
1.65 1.90

4.10 4.70
1.10

1.00 1.10

Female
6-8-13

mm.

9.40
2.85

i.08

1.75

.87

.12

2.15

3.90

1.00

2.80

1.15

2.90

'i.85

.78

1.28

Range.—The range of this northern race of A. arenosum has not been
fully worked out, but it occurs in Nova Scotia, New Hamp., and Mass
(Hebard coll.), southern Ont. (Walker, as obscurirm), Minn. (Somes, as obi
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acurum), 111. (Hancock, type locality), Ind. (Blatchley, as obscurum), and in

the higher regions from New Jers. and Penn. south to North Carol, and
Geo.; and no doubt will be found throughout the Alleghanian Division of
The Transition Zono. (The southern typical race, arenosuin arenosum of
Burmeister, occurs in the lower country of the (JaroUna.s [the type locality]

and Georg., all of Flo. and on the Gulf Coast and westward, and thus is more
restricted to the Lower Austral Zone.)

Occurrence in Nova Scotia.—The common, stout, short-

pronotumed grouse-locust of western Nova Scotia, which

we have described, is here placed under the name Acrydium

arenosum angustum of Hancock (1896) on the definite author-

ity of J. A. G. Rehn, the well-known systematic orthopterist

of the Philadelphia Academy of Natural Sciences, who has

specially examined a number of specimens from this province.

The geographic race angustum is the northern member of

the arenosum species complex, of which the typical race

{arenosum arenosum of Burmeister) is found in the lower

country of the southern United States. Hancock's obscurum,

as well as others of his so-called forms, such as inflatum, etc.,

are mere transitory variants of his angustum, the latter name
having page priority in his original paper (Trans. Am. Ent.

Soc, xxiii, 1896, 235-244), although some writers have

incorrectly grouped the synonymy under obscurum. Han-
cock's angustum was a slender-bodied form, whereas, as a

matter of fact our Nova Scotian insect agrees more closely

with his stouter variant inflatum or obscurum, names which

have been retired to the synonymy. The race angustum

has been found in both a long- and a short-pronotumed or

abbreviated form, the latter being the only one which has

been collected in Nova Scotia.

In general appearance this abbreviated form has a

close resemblance to A. ornatum /r/an^fw/are of Scudder (1862)

which is reported as occurring rather commonly in sedgy

meadow-land in New England, and two of Mr. Gooderham's

Truro specimens were given that name by Prof. W. S. Blatch-

ley of Indiana who forwarded a specimen of obscurum for

comparison. Dr. E. M. Walker of Toronto, however, had
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identified them as ohscurum, which, as we have said, is now
held to be merely a stouter variant of angustum. On speci-

mens being finally submitted to Mr. Rehn, the latter positively

determined them as A. arenosum angustum, not ornatum.

In a letter to me of 7 Nov., 1917, after having once more

carefully examined our specimens, he reaffirms this, and

says they are perfectly typical when compared with numerous

specimens in the Hebard and other collections from the

higher regions of North Carolina and northern Georgia,

north to Pennsylvania and New Jersey, and that he has

also before him material from Massachusetts ard New
Hampshire. Knowing the high standing of this gentleman

as an authority on North American systematic orthop-

terology, and the very extensive collections to which he has

access, we accept his decision. Personally I may say that,

after comparing specimens with Hancock's original descrip-

tion, I consider Mr. Rehn's identification to be correct,

our form being merely a more robust variant of angustum,

such as Hancock termed injiatum.

No New England writer, I think, has included A.

arenosum angustujn in his published list, Scudder in 1900

mentioning only granulatum and ornatum, the short form

of the latter being his triangulare. The present finding,

therefore, has a bearing on conditions in New England,

where angustum has probably been included in ornatum.

* There is, of course, no reason why the latter species should

not occur here also, and it should be looked for.

F. Walker in 1871 (Cat. Dem. Salt., v, 813) reported

"Tettix ornata Harris" as occurring in Nova Scotia, from

a single specimen collected, probabl}^ about 1821, by Lieut.

Redman. This specimen is still in the British Museum,

and B. M. A. Cummings informs me that it is correctly

determined as T. ornatus. Walker's name must refer to a

long-pronotumed form, as he also recognized and listed

T. triangularis, although not reporting the latter from Nova
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Scotia. All that can be done at present, is to very doubtfully

refer Walker's record to the form now under consideration,

until ornatum can be verified as occuring here or Walker's

specimen has been re-examined. Mr. Gooderham has a

single Truro specimen which had been determined as the

long-pronotumed form of ornatum, but it has since been

identified as a defoimed specimen of A. grariulatum as stated

antler that species.

Leaving nomenclatural questions to be a subject for

further investigation, we will now deal more particularly

with the occurrence of A. arenosum angustum, short-prono-

tuined form, in Nova Scotia. This broad-shouldered, robust

grouse-locust, with the pronotum extending to about the

end of the hind femur, has so far not been found by me near

Halifax. It is, however, common about Truro, Col. Co.,

and is more or less so in suitable localities in other parts

of the western section of the province. There are three

specimens in the collection of the N. S. College of Agriculture,

and Mr. Gooderham has a number of others collected at

various dates from 18 June to 20 August, at Truro, and in

Hants, Kings, Annapolis and Yarmouth counties. He
reports it as very common about Truro, where it occurs

mostly along the banks of streams and in boggy places;

and as it hibernates like other species of the genus, it should

be about from early spring, probably the middle of April,

until autumn, although the earliest and latest dates so far

actually noted are, as we have said, the middle of June

and the latter part of August.*

Subfamily Acridinae (Oblique-faced Spineless Locusts)

f

{Tryxalmce of former writers.)

Size rather large; pronotum never extending back over
abdomen; no spine or tubercle on prosternum between front

Besides the possibility of Acrydium ornatum of Sav occurring here, more thorough
search may disclose the rar^ presence of Teltiqidrxi, parvipennis (Harris), which occurs north
to Mass., Maine and Ont., bemg abundant in New England in moist, grassy and sedgy meadows.
It may be recognized by its 22-jointcd antenna and by the front femur being grooved alon;;
its upper margin.

fSee footnote regarding the unfortunate similarity in the names of the subfamilies
Acrydiince and Acridinie, on page 253.
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legs; face oblique and usually meeting vertex at an acute

angle; median carina of pronotum never raised as a crest or

cut by more than one tranverse linear groove; wings never

brightly coloured or with dark band.—The winter is passed

in the egg state, oviposition taking place in early autumn.

Stridulation is produced by rubbing the hind femora against

the roughened intercalary vein of the wing-covers, when at

rest. Despite the similarity of the name of this subfamily

with that of the Acrydiince, beginners must be careful to

distinguish between the two names.
Key to Nova Scotian Genera of Acridin^ (TRYXALiNie).

a. Antennae linear; lateral foveolse (small depressions) of vertex small and
7iot visible from above Orphulella, p. 264.

aa. Antennae linear; foveolae of vertex plainly visible from above as linear

depressions between the eyes and the apex.
b. Median carina of pronotum not high, and 7iot cut in front of middle

by principal sulcus (transverse groove), the notch so formed being
a little behind the middle Chorthippus, p. 266.

bb. Median carina of pronotum rather high and sharp, and plainly

c^^t somewhat in front of middle by principal sulcus

Mecostethus, p. 260.

Group Orphulse.

6. ? Orphulella speciosa (Scudder).

Orphulella speciosa. Scudder, Can. Ent., xxxi, p. 184

(July 1899); "Halifax, N. S., Piers."

Description.—Fa.ce very oblique; vertex blunt, I'ounded, obtuse in

female, right-angled in male; central depression close to ayiex; foveolce indistinc!

and not visible from above; lateral carina? of pronotum very little incurved, the
distaiice between them little greater at hind margin than at front; principal

sulcus cuts median carina of pronotum somewhat behind middle; wing-covers
usually reach ends of hind femora although varying from 3 mm. short to

3 mm. beyond them in male, and from 1.5 mm. short to 2 mm. beyond in

female
Colour.—Very variable, the more striking variations being (a) head,

disk of pronotum and wing-covers green (b) head and disk of pronotum green,

tegmina rose-red
;
(c) head and pronotum brown, wing-coveis rose-red, and (d)

head, pronotum, and wing-covers brown. A dark line from behind the eye
reaches back onto the pronotum, along the lateral carina;, the latter being
whitish. Wing-covers with a few small spots, sometimes wanting; hind
femora greenisli or brownish, not banded; hind tibia; dull brown or j-ellowish,

without pale ring near base.

Measurements.—Male: body, 13-14 mm.; antennsB, 4.5-6.5 mm.;
wing-covers, 10-13 mm.; hind femora, 8.5-10 mm. Female: body, 16-21

mm.; antenna^, 5-().5 mm.; wing-covers, 9-16 mm.; hind femora, 10-12 mm.
Range.—Eastern and central North America: from Nova Scotia (??)

(Scudder, probably an erroneous record), Maine, St. Anne dc Bellevuo,

P. Q. (Gooderham MS.), and southern Ont., south to Texas, and west to

Minn, and Nebr. Very abundant in Now Eng.
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Reported occurrence in Nova Scotia.—Dr. Samuel H.

Scudder, in his paper on "North American Species of Orphu-

lella", in the Canadian Entomologist, London, Ont., vol.

xxxi, page 184 (July, 1899), says of Orphulella speciosa, "I

have before me a series of specimens from Halifax, N. S.,

Piers; Moosehead Lake, Scudder; Norway, Smith;" etc.;

and in his "Catalogue of the Described Orthoptera of U. S.

and Canada" (Proc. Davenport Acad, of Sc, viii, 24, 1901),

he gives its range as "Nova Scotia to Texas," a statement

which has been copied by other writers. I have no recollec-

tion whatever of this specimen to which Scudder attaches

my name, or when it was taken; although I sent him various

specimens from Halifax during 1895. I am absolutely certain

that Scudder never reported to me that this species was

among those I sent him, and the record must be open to the

very greatest doubt.

Mr. Gooderham informs me that he has never taken or

heard of 0. speciosa being taken in Nova Scotia. He has

a single specimen collected at St. Anne de Bellevue,

Quebec province, and has compared it with ninety-six

specimens of Chorthippus curtipennis from Nova Scotia.

In all his Nova Scotian specimens the foveolae are present

and easily seen from above, so that there can be no doubt

that the specimens from this province generally have been

correctly determined as C. curtipennis. I have had the

same experience in examining many specimens taken by

myself about Halifax, and Dr. E. M. Walker confirms our

determination of C. curtipennis.

Taking all the circumstances into consideration, I feel

reasonably confident that Scudder made some mistake in

his record, and it is merely included here on his authority as

before quoted. The occurrence should at least be verified

by a new record before fully accepting 0. speciosa as a member
of our fauna, and supposed specimens of C. curtipennis should

be examined to see if Orphulella is included among them.
Proc. & Trans. N. S. Inst. .Sci., Vol. XIV. Tran.s. 18.
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This species is verj^ abundant throughout New England,

where it reaches maturity early in July, and is found nearly

everywhere on dry, sandy or loamy soils of pastures and

cultivated fields; and therefore its occurrence in Nova Scotia

in similar situations is not by any means a thing to be entirely

unexpected.*

Group Stenobothri.

7. Chorthippus curtipennis (Harris). Short-winged

Brown Locust.

Stenohothrus curti'pennis. F. Walker, Cat. Derm. Salt.

Brit. Mus., iv, 754 (1870); Nova Scotia.—Do.,

Can., Ent., iv, 31 (1872); Nova Scotia.—Piers,

Trans. N. S. Inst. Sc, ix, 213 (1896); Nova Scotia.

Chorthippus curtipennis. Gooderham,, Proc. Ent. Soc.

N. S. for 1916, 25, 27 (1917); Col., Kings, Hants,

Ann., Digbj^, Yar.., and Queens Cos.

Description.—Nova Scotian specimens. Foveoloe of vertex plainly

discernible from above as linear depressions; median carina of pronotum not
high or sharp, cut somewhat behind the middle, lateral carinse incurved;
wing-covers of male usually reaching end of abdomen, and of female usually

covering about two-thirds of abdomen, although thej^ may be longer or shorter

in each sex; wings sUghtly shorter than wing-covers; hind femora rather

slender. •

Colour.—Nova Scotian specimens. Variable; green, greenish-olive-

gray, and brownish colour-phases being found in this province. The diflference

between these three phases mainly depends on the colour of the sides of

head and of pronotum, which are of one of these tints. There are varying
degrees of intensity of these colours, but a number of specimens can be fairly

easily placed in the three groups. Descriptions of these phases, from adults

taken at Halifax, 14 Aug., 1917, are as follows:

—

Green phase.—Upper part of head, of pronotum, and of abdomen pale

vinaceous-cinnamon. Face, sides of head, of pronotum, and of thorax pale

chromium-green, which gives this variant its predominant colour. Sides

of abdomen vandj'ke-brown. Under parts brownis'i yellow. Often two
black lines on upper part of head between eyes; but these sometime.^ wanting.
Narrow black line from eye to pronotum, continued on latter as presently

described. Lateral carina? of j)ronotum whitish; margined outwardly by a
black line (a prolongation of that from the eye), which extends to beyond
the middle of pronotum; and mai'gined inwardly by a shorter black line on the

posterior two-fifths of the disk. Thus the whitish sinuous line of the lateral

*Chloeiltis conspena, Harris, the Sprinkled Locust, is not unrommon near dry woodland
in New England, north to Maine, and also has been reported from Ont., Man., and .Mb., and
miKht pos.sibly be found in so\ithern Nova Scotia. The antennte arc long (10-1^ mm.);
male wing-covers well developed, with the scapular area dilated: female win'^-covers usually

abbreviated to half length of abdomen, and wings aborted. The males resemble those of

Chorthippus curlipeunin but may be distinguished by the absence of the foveolte, the broader
black bar on side.") of pronotum, and the larger and more robust body.



ORTIIOPTERA OF NOVA SCOTIA.—PIERS. 267

carina seems to pass diagonally across a black line which therefore adjoins
it first on one side and then on the other. \\'ing-cover8 brownish cream-bufiF.

Hind femora pale vandyke-brown on disk, upper edge chromium-green,
lower edge yellowish, knee black; hind tibiae pale vandyke-brown, narrowly
blackish at base.

Greenish olive-gray phase.—Upper parts of head arid pronotum cream-
colour; upper i)art of abdomen cream-buff with a black spot on anterior

part of each segment. Face whitish; sides of head and of pronotum tea-green

(greenish olive-gray), which gives this variant its predominant colour; sides

of abdomen black, more or less marked with yellowish. Under parts canary-
yellow. Sometimes two black lines on top of head; a black bar from eye to
pronotum. The white latei'al carina; of pronotum, and adjoining velvety-black
lines, are disposed in preciselj^ the same manner as those of the green phase.
Wing-covers cream-buff on dorsal area, wood-brown on lower area; veined
with fuscous. Hind femora brownish olive-green on disk, canary-yellow on
basal half of lower edge, knees black; hind tibise wood-brown, narrowly banded
with black at extreme base; spines black.

Brownish phase.—This resembles the greenish-olive-gray and green
phases, except that the sides of head and pronotum are brownish of yellowish-

brown.
Of 9 specimens (5 adults and 4 nymphs) taken on the beforementioned

date, 3 were green, 2 were olive-gray, and 4 were brownish. Of the males,
2 were green, 2 were olive-gray, and 1 was brownish ; and of the females, 1 was
green, and 3 were bro^vmish. The two black lines on top of head were wanting
on 2 (females) of the bro'miish lot, and also on 1 (male) of the green lot. In
the adult males the wing-covers reach to the end of the abdomen, and in

the adult females they cover about two-thirds of it.

Measurements.—Nova Scotian specimens. Male: body, about 15 mm.;
antennte, 8.7 mm.; pronotum, 3 mm.; wing-covers, about 9.5 mm (2.2 mm.
short of end of hind femora, but varies); hind femora, 10 mm.; hind tibiae

9.5 mm. Female: body, about 18.5 mm. (but varies); antennae, 6.7 mm.;
pronotum, 3.5 mm.; wing-covers, about 9 mm. (5.2 mm. short of end of

hind femora, but varies); hind femora, 12.2 mm.; hind tibiae, 11 mm.
Writers have described a short- and a long-winged form (the latter

sometimes called var. longipennis) , but they intergrade. In the former
the wing-covers are usually about 2.5 mm. (males) or 4 mm. (females)

short of end of hind femora; while in the latter they reach the end of

femora or slightly surpass them. In Nova Scotian males they mostly
reach the end of the abdomen, and in females they usuallj' cover about two-
thirds of it; that is in the former their apex is about 2.2 mm. short of the
apex of the hind femora, and in the latter about 3 mm. short of the end of

the abdomen and about 5.2 mm. short of the femoral apex.

Range.—Northern United States and Canada east of Sierra Nevadas
and mostly north of lat. 40°: from southern Nfld., P. E. Island, Man., Sask.,

and Alb., south to N. Caro., 111., Neb., Colo., and Nev. It is thus mostly
confined to the Canadian and Transition Zones and probably the northern
portion of the Upper Austral. One of the commonest species in New Eng-

] and and other parts of its range.

Occurrence in Nova Scotia.—This very common species

was first recorded from Nova Scotia by F. Walker in 1870.

In Aug., 1912, B. Long collected 31 specimens in the neigh-

boring province of Prince Edward Island, and also took it

at Moncton, N. B. (E. M. Walker, Can. Ent., 47, 1915).



268 ORTHOPTERA OF NOVA SCOTIA.—PIERS.

As we have seen, the green, the olive-gray, and the brownish

colour phases are found in Nova Scotia. The species is very

abundant throughout the province in somewhat damp places

well covered Avith succulent grasses, and also about dryer

meadows and thick growths of roadside ferns, such as the

sweet Hay-scented Fern (Dicksonia punctilobula) , in dry

locations. Hundreds rise from about the feet when walking

through short grass. Despite its numbers, it probably does

not do very much damage to crops which are of value. I

have noted it about Halifax, Lawrencetown (Hx. Co.),

Westville (Pict. Co.), Tatamagouche (Col. Co.), Windsor

(Hants Co.), Kentville (Kings Co.), Lunenburg Co., etc.;

and C. B. Gooderham states that it is excessively abundant

about Truro, Col. Co., and also reports it from the additional

counties of Annapolis, Digby, Yarmouth, and Queens.

Although there happens to be no records of its occurrence

in Cape Breton Island, yet, no doubt, it is also abundant

there.

It is a fairly early species, and probably hatches about

Halifax in the latter part of June, as I have observed many
nymphs, from 6 to 8 mm. long, and of about the third stage,

in grass about damp places near Halifax on 7 July, 1917,

which was a backward season. Adults are met with from

about the latter part of July or first of August about Halifax

(27 July, 1897, Halifax; earliest date at Truro, 6 July, 1914)*,

until about 25 October (19 Oct. '95, 25 Oct. '96, 26 Oct., '97,

26 Oct. '17, at and near Halifax). At noon on 18 Nov., 1917,

a sunny warm day with a temperature of 49'^, I took an

active male (greenish olive-gray phase) in a very sheltered

warm spot covered with grass and fallen leaves, at the edge

of a wood in the archbishop's grounds, Dutch Village, Halifax,

although the frost had previously been so severe that on

15 Nov. the head of the North West Arm was frozen over.

This must only be taken as a mere casual survival of an

individual in a peculiarly favourable situation.

*In 1917 the firat adults and first stridulation of this apeoies were noted at Halifax on
14th August.
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The stridulation or call of this very common locust

sounds like the lisping syllables thru, thru, thru, repeated

from about seven to ten times, and lasting altogether three

or four seconds. It is a soft, dreamy, lulling sound of the

country, and quite characteristic of a quiet, hot forenoon

in August and September, and is still heard in October. The
insect may be seen producing the notes by raising the hind

legs and grating the thighs against the outer surface of the

wing-covers. These notes are heard from about the beginning

of August, or perhaps earlier, and as long as the adults are

about; but the sound is quite faint at the end of the season,

—

in fact the species calls most frequently during hot sunny days.

The male is a fairly active and noiseless flier, but the female

usually escapes by leaping.

Group Epacromise.

Key to Nova Scotian Species of Mecostethxjs.

a. Scapular area of wing-covers loith a pale (yellow) streak; intercalary vein
of male wing-cover with very obscure, low teeth 8. lineatus, p. 269.

aa. Scapular area of wing-covers without a pale streak; intercalary vein of

male with minute, sharp, elevated teeth 9. gracilis, p. 271.

8. Mecostethus lineatus (Scudder).

Mecostethus lineatus. Gooderham, Proc. Ent. Soc. N. S.

for 1916, 25, 27 (1917); Kings and Yar. Cos.

Description.—Foveolse of vertex visible from above; pronotum with
three distinct carince, the median rather high and sharp, plainly cut by
principal sulcus somewhat in front of middle; lateral carina? distinctly div-

gent behind; prozona (front part of pronotum) shorter than metazona (hind

part); intercalary vein of male wing-cover wnth very obscure, low teeth; wing-covera
and wings well developed, surpassing end of femora by about one-third of

tibia.

Colour.—Nova Scotian female. General colour brownish with yellow
markings; beneath yellowish-green; wing-covers ^^ith a pale yellowish streak.

Head and pronotum dark vandyke-brown, the latter liver-brown on the
lateral lobes; labial region Ught olive-buff. Pronotum liver-brown on lateral

lobes, Ughter on disk; under parts of prothorax oil-green. Abdomen dark
clove-brown (nearly black) above and on sides, beneath light apple-green;

a pale yellow, somewhat broken Une along each side of uppei part of abdomen,
and three similarly coloured spots on sides of abdomen. A distinct, pale

canarj'-yellow narrow line extends from near upper part of eye, along side of

head, and continues, somewhat broader, on the lateral carina? of the pronotum.
A pale, canary-yellow dash, rather broad, extends diagonally across posterior

part of cheek and anterior part of pronotum. Wing-covers pale cinnamon-
cjlour, darker at base and on sides. From the base a distinct pale canary-yellow

line extends near the lower {anterior) edge until it reaches about the middle of

the length of the wing-cover; the apical part of this line is broken up and so
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extends on the uneven lines of the veins. This yellow line appears as a
continuation of the similarly-coloured one from the eye along the lateral

carina of pronotum. EQnd wings brownish along anterior (lower) part, and
pale yeUow on posterior (upper) part. Fore and middle legs Uver-brown or

bay above. Hind femur olive on outer face, becoming blackish near apex,

and a group of three whitish spots, about midway, on outer face; upper edge

of femur brownish, and lower edge hght maroon, with two black marks,

separated by a yeUow one, near apex. Hind tibia buff-yellow with faint dusky
annulation near base and also dark near apex.

Measurements.—Male (vide Blatchley): body, 26 mm.; wing-covers,

25 mm.; hind femora, 17 mm.; hind tibiae, 16.5 mm. Female (Nova Scotian)

:

body, 36.7 mm.; wing-covers, 32 mm.; hind femora, 20 mm.; hind tibiae,

19.2 mm.
Range.—Northern United States and southern Canada east of the

Great Plains, north of about lat. 40° and east of about long. 100°: from Nova
Scotia, P. E. Island, Maine, Que., Ont., and Man., south to New Jers., Ind.,

Iowa, and Neb. It thus occurs in the Canadian, Transition, and probablj-

the northern part of the Upper Austral Zones. It is generally a rather un-

common species and reported but a few times in a district; but ^lorse states

it is rather common in southern New England in wet, sedgy meadows, and
in Mass. and Maine it occurs at elevated points.

Occurrence in Nova Scotia.—This large, handsome species.

with its bold, graceful outline.?, seems to be somewhat rare

in Nova Scotia, and is doubtless local in occurrence. The

wet meadows of the western part of the province should be

more favourable to it than the Atlantic coast where such

places are less frequent. I had not found it when I publishe.l

my paper in 1896, but on 26 October, 1897, I collected the

first specimen, a female, in wet sea-marsh grass, on the West

Marsh, Lawrencetown, Halifax Co., a description of which

has been given. This is the only one I have met with here.

In C. B. Gooderham's collection are two specimens taken

by E. C. Allen, viz., a male from Yarmouth Co. (Deerfield?),

and a female from Kings Co. (Wolfville?), but without dates.

I understand that Mr. Gooderham has also seen two which

had been taken at Yarmouth on 29 Aug. Bayard Long took

six specimens at four localities in Prince Edwaid Island in

Aug. and Sept., 1912 (E. M. Walker, Can. Ent., 47, 341.

1915), so that the northern limit of its range is not in Nova

Scotia. Dr. E. M. Walker has found it quite plentiful in

Ontario, in low, wet, sedgy meac'cws bcicering lakes end

slow streams (Can. Ent., 30, 125, 1898). Further search in

suitable wet localities in jSova Scctia n:av show it to le
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less rare than supposed. It should be looked for unioiig

the stems of tall grasses and sedges in low, boggy ground.

The male is shy and difficult to approach, and is active,

flying rapidly and noiselessly; while the female is more

sluggish and secretive. It probably occurs in the mature

state from about the latter part of July to near the end o^

October, the Lawrencetown date of 25 Oct. being no doubt

representative of the very last days of its existence.

9. Mecostethus gracilis (Scudder).

Mecostethus gracilis. Piers, Trans. N. S. Inst. Sc, ix

215 (1896); Halifax and Cow Bay (Hx. Co.).—

Gooderham, Proc. Ent. Soc. N. S. for 1916, 25, 27

(1917); Col.. Kings, and Yar. Cos.

Description.—This, like M. lineritus, is a handsome species, with trim
lines and pleasing colouration, the dash of light red on the femora giving
it a jaunty, attractive appearance. In general description it very closely
resembles M. lineatus, except that the intercalarj' vein of the male wing-cover
has sharp, elevated, minute, closely-set teeth.

Colour.—In colour also it fairly well resembles M. lineatus, except that
the scapular area of the wing-cover is without the pale yellow streak which is

80 noticeable in that species. The hind femora of gracilis are yellowish with
some small brownish markings, and the apex black with a yellow line on
top; the lower edge of the hind femora is a striking, bright red. Hind tibiae

yellow with a black annulation at base and another on the basal third, the
apex being dusky. Fore and middle legs yellowish. It may very readily
be separated from M. lineatus bj' the absence of a pale yellow streak along
the scapular area of the wing-covers.

Measurements.—Nova Scotian specimens. Male: body, 21 mm. ;wing-
covers, 20-20.5 mm.; hind femora, 14.5-15 mm.; hind tibiae, 12.5-13.7 mm.;
antennae, 11 mm.

Range.—Northernmost United States and southern Canada, ea.st of

about long. 100°: has been reported from southern Nfld., Nova Scotia,
P. E. Island, Maine, New Hamp., Mass. (northern and elevated parts of
New Eng. from summits of White Mtns. to Berkshire Hills), Ont., Man.,
Sask., Alb., New Jers., Minn., Nebr., and Dak. Chiefly confined to the
Canadian and Transition Zones. Its distribution to the south seems somewhat
irregular.

Occurrence in Nova Scotia.—This species was first recorded

from Nova Scotia by the present writer in 1896, and it was

the first record for Canada exclusive of Scudder's original

(1862) record for Manitoba. On 26 Aug. 1912, Bayard Long
collected one male at Dundee in northern Prince Edward
Island, and so extended its eastern range northward (Walker,
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Can. Ent., 47, p. 341, 1915), and recently it has been taken

in southern Newfoundland. In Nova Scotia the species is

no doubt rather uncommon to common, according to localities.

It is probably local in distribution, as about Truro, Col. Co.,

Mr. Gooderham reports it as common, while so far I have

onl}^ collected four specimens near Halifax, all the latter

being males. The first of these was taken in long grass in

a dry location on the summit of Blockhouse Hill, near Fair-

view, Halifax, on 1 Sept., 1895. The remaining three were

all captured in a damp, grassj^ spot on the roadside near

Cow Bay Brid-ge, Cow Bay, about seven miles southeast

of Dartmouth, Hx. Co., on 2 Oct., 1895. The determination

of one of these specimens was verified by Dr. S. H. Scudder.

C. B. Gooderham has since collected the species at Truro,

Col. Co., and also noted it from Kings County and Yarmouth.

He took eight males at Truro, in Aug., 1913, and two males

at the same place on 16 Aug. 1915. Some males were also

sent to him from Kings County, where he has also seen it

alive, and E. Chesley Allen gave him a broken male from

Yarmouth. He has never captured a female, as the latter

is said to be very sluggish and seldom takes to wing, whereas

the male is an active flyer. The species, he says, does not

appear to be very common in the western part of the province,

and it is only found there among long grass and sedges in

swampy places. Generally it is to be expected to occur in

such habitats, although one of my Halifax specimens was

from a moderately high (175 feet) and quite dry situation.

The earliest and latest dates on which it has happened to

have been taken, are 9th- August (Truro) and 2nd October

(near Halifax); but no doubt these dates do not correctly

represent the full period of its occurrence with us as an adult.

They may, however, assist others in defining the period more

accurately. One would expect to find it from the latter part

of July to the latter part of October.
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Subfamily CEdipodinae (Vertical-faced Spineless Locusts).

Size rather large; colour dull brown or grayish; pronotum

not extending over abdomen; no spine or tubercle on pro-

sternum between front pair of legs; face nearly or quite

vertical; median carina of pronotum usually raised as a

crest and usually cut by more than one tranverse linear groove,

wings usually brightly coloured. Most species are peculiar,

in that they stridulate when in flight; the cracking or rattling

notes being produced by rubbing the under surface of the

wing-covers against veins on the upper front surface of the

hind wings. Other species stridulate as in the subfamily

Acridince by rasping a series of teeth on the hind femora

against a roughened vein of the wing-covers. The winter

is passed in the egg state.

Key to Nova Scotian Gexera of (Edipodin^.

a. Disk of hind R'ing transparent, not bordered by black; median carina
of pronotum faintly cut by one sulcus (notch) Camntjla, p. 274.

aa. Disk of hind wing opaque, coloured.

b. Disk of hind wing black, bounded by a pale greenish-yellow border,
apex smoky and having a few darker spots; median carina of pro-
notum cut by one deep sulcus : Dissosteira, p. 278.

bb. Disk of hind wing yellow, with a broken dark median tranverse
band, apex dusky; median carina of pronotum cut by two sulci.

CiRCOTETTIX, p. 281.

The student is cautioned that the above verj' artificial

key only refers to such genera as have so far been reported

from Nova Scotia, and that it will not answer should the
number of represented genera be increased here. As it is

quite probable that other genera may yet be found in the
province, the following key has been extended so as to embrace
those of possible occurrence here, the names of which are

inclosed in square brackets.

Key to Genera of CEdipodix^ fouxd or liable to be found ix Nova
Scotia.

a. Median carina of pronotum raised as distinct crest and not notched by
principal sulcus. (Inner wings bright sulphur-yellow on basal two-thirds,
beyond which is a broad curved dusky band with a dark offshoot extending
to near base) [Arphia*].

*Arphia sulphurea (Fabiicius;. Sulphur-winged Locust.—Common in ipastures in
New Encland, north to Maine and southern Ont., and may possibly yet be taken in south-
western Nova Scotia. In this species, which is eenerally of a yellowish-brown or brown colour,
the median carina of pronotum is not notched at all by the principal sulcus; and the hind wings
have the basal two-thirds bripht sulphur-yellow and the outer third covered by a curved dusky
band with a dusky offshoot extending to near base. Length, male, IS mm.; female, 27 mm.
F. Walker in 1S70 reported (E- sulphurea from Xova Scotia (Cat. Derm. Salt., iv, 731; and
Can. Ent., iv, 1872) but his specimen proves on re-examination to be Circolettix verruculalus
(see that species).
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aa. Median carina of pronotum less prominent and in female alwaj-s notched

by one or more sulci.

b. Median carina of pronotum notched bj' onlj- one sulcus.

c. Disk of hind wing nearly transparent, not distinctly bordered
bj' black.

*
.

d. Disk of pronotum roof-shaped, front margin angulate.

(Hind wings transparent, yellowish at base, remaining
two-thirds smoky, paler at apex, a dark bar along middle
of front margin) [Chortophaga*].

dd. Disk of pronotum flat, front margin truncate.

e. Median carina of pronotum prominent, higher in front

than behind. (Hind wings transparent yellowish at

base, outer half smoky and apex darker)

[ExCOPTOLOPHUSt].

ee. }kleiian carina of pronotum low, of equal height

throughout, fainth' notched b}' principal sulcus.

(Hind wings transparent with dark ner\'Tiles.)

Camntjla, p. 274.

cc. Disk of hind wing opaque, coloured (red or yellow bor-

dered with fuscous, or black bordered with yellow).

f. Pronotum with lateral carinse extending in front of prin-

cipal sulcus and not cut by it; disk of pronotum usually

with numerous tubercles; body robust, large. (Hind wings
red or yellow, margined with fuscous). . .Hippiscits, p. 277.

ff. Pronotum ^ith lateral carinse extending only to principal

sulcus and cut by it; its disk with few if any tubercles; body
slender, smaller. (Hand wings black with yeUow border.) . .

DiSSOSTEIRA, p. 278.

bb. Median carina of pronotum notched by tico sulci, front notch often

less distinct than hind one; hind wings with two or three radial veins

greatly enlarged. (Hind wings yellow, with a dark median transverse

band 'widening behind.) Circotettix, p 281.

Group (Edipodini.

10. Camnula pellucida(Scudder). Clear-wingf.d Locust.

Camnula pellucida. Piers, Trans. N. S. Inst. Sc, ix,

214 (1896); Halifax and Cow Bay (Hx. Co.).—Good-

erham, Proc. Ent. Son. X. S. for 1916, 26, 27 (1917) ;

Col., Kings, Hints, Ann., Digby, Yar., Queens,

Vi?t., Inver., and Cumb. Cos.

* Chnrlophara viridifafciila (De Geor). Green-striped Locust.—.\bundant everywhere
in New England and generally distributed in southern Ont. and may pos.sibly yet bp taken in

southwestern Nova Scotia. Median carina of pronotum cut by principal sulcus; pronotum
disk roof-shaped, sides sloping, dorsal front margin angulate; and hind-wings transparent,

yellowish at base, with apical two-thirds smoky, paler at apex, and a dark bar aloni; middle

of front margin. General colour is green or brown. Length, male, 17-20 mm.; female 22-32

mm.
_t Enroplolophws sorlidus (Burmeister). Clouded Locust.—Very common throughout

New England and occurring north to Montreal and southern Ont., and may possibly yet

be taken in southwestern Nova Scotia. Colour ru.sty-yellow or brown, mottled with darker

or lighter shades of brown. Disk of pronotum 6at, the dorsal front margin truncate; median
carina of pronotum prominent, higher in front, distinctly notched by prini-ipal sulcus; hind

wingA transparent yellowish at base, outer half smoky, darker at apex. Length, male, 20 mmt
femalt, 24-35 mm.
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Descrintion.—Size rather smaller than most of the (EdiiioditKV. Head
compressed; antennae short; pronotuin with disk flat and smooth, nmch wider
behind, truncate in front, obtusely angled behind, its median carina low, of

equal height througiiout, faintly cut once by principal sulcus in front of middle;
sides of pronotuin deeper than long; wing-covers narrow, reaching beyond
abdomen.

Colour.—General colour light brown; antennic pale at base, darker
toward apex; a dark triangular sjjot behind eye, and a vi-rtical dark spot f)n

the front half of the lateral k)be of pronotum; wing-covers smoky-brown, with
several dark aiul light ])atches on sides; the dorsal surface of covers dark brown
with a yellowish strii)e along each humeral angle; inner wings transparent,
with dark nervules; hind femora j'cUowish brown with the ajiical part darker,
and faintly marked with dark bars; hind tibia; yellowish brown; abdomen
yellowish beneath, sides darker.

Measurements.—Male: body, 17-21 mm.; antenna;, 7-9 mm.; wing-covers,
16-18 mm.; hind femora, 10-12 mm. Female (Nova Scotian): bodj', 27 mm.;
antenme, 6. .5 mm.; wing-covers, 21 mm.; hind femora, 14 mm.; hind tibi«,

12 mm.
Range.—Southern Canada and northern and western United State f

from Atlantic to Pacific: from P. E. Isld., Nova Scotia, Montreal, Manitoba,
and Br. Columbia, south to Conn., northern Ind., Nebr., Colo., New Mexico,
Ariz., and Calif. It thus occurs in the southern part of the Canadian, the
Transition, and probably- the northern i)ortion of the Upper Austral Zones.
In northern New England it is common, often excessively so, especially on
dry hillsides. '

Occurrence in Nova Scotia.—This somewhat sober-

coloured locust, which lacks the brightlj^-coloured inner

wings of most of the CEdipodincB, is apparently rather uncom-

mon about Halifax, but is reported to vary from common
to very common in the western parts of the province where

it is one of the most injurious species.* It was first reporte I

from Xova Scotia in 1896. I captured a female, in company

with Circotettix verruculatus (which it somewhat re.?embles

when on the ground) in a stony place near Blockhouse (Stan-

ford's) Pond, Fairview, Halifax, on 5 Sept. 1895; and a

second female in a damp, grassy spot on the roadside close

to Cow Bay Bridge, Cow Bay, about seven miles southeast

of Dartmouth, Hx. Co., on 2 Oct. of the same year. The

determination of the species was verified ])y Dr. S. H. Scudder

who examine:! the latter specimen. Among some Orthoptera

sent to me by Miss Lucy C. Eaton, was a third female taken

by he; at Truro, Col., Co. 23 July 1991 (Prov. Museum, Ace.

*Mr. Gaoderham's statement (Acrididse of N. S., 1917, p. 26), that it is "very common
all over the province, occurrin-? wherever M. femur-rubrum or M. atlans is found," does not
at all ap;>ly ta the canditions about Halifax, where it is at most only uncommon.
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No. 350). I have also seen specimens from Church Street,

Kings Co. In the collection of the Agricultural College,

Truro, are fifteen specimens taken in July and August at

Truro, Col, Co.; Kentville, Kings Co.; and Smith's Cove,

Digby Co. In C. B. Gooderham's collection are others

taken by himself at Truro and Berwick (Kings Co.), and by

E. C. Allen at Yarmouth. Gooderham has recorded it from

the following counties: Victoria, Inverness, Cumberland,

Colchester, Hants, Kings, Annapolis, Digby, Yarmouth,

and Queens.*

It is probably somewhat local in distribution and its

abundance varies considerably in different years. While

uncommon in the vicinity of Halifax, it is common in suitable

localities in the western parts of the province, and is reported

as excessively common about Truro during some years and

somewhat less so in other seasons. During the summer of

1913 it was so numerous at Truro, that when flushed it arose

in clouds wherever there was vegetation, and in that season

specimens were sent in from several counties, with complaints

as to its abundance. In times of such abundance it is capable

of doing considerable damage and should be closely watched.

Since then, fortunately, the number has dwindled down to

a large extent.

Gooderham has observed recently-hatched nymphs of

this species, with a few of CircotetUx verrumlatus, in warm

spots at Truro on 3 June, 1915. It has been taken in the

perfect state from 14 July (Truro) until at least 2 October

(Cow Bay, HaUfax Co.). It should be searched for in dry

situations, such as are frequented by others of the (Edipodince,

and such are its haunts in New England, where it is very

abundant in dry, grassy pastures and on unfilled ground,

preferably on high land; but in Indiana it occurs in low

marshy land with short grass. Mr. Gooderham of Truro

* In Prince Edward lalani B. Long CDllected eleven speciinana in ssven looalitiea in

Au3. 1912 (Walker, Can. Ent., 17, p. 311, 1915).
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says it is met with in liis district wherever Melanoplus femur-

rubrum or atlanis is found. Its fl'ght is low and direct, and

usually silent, though it can also produce a slight rustling

sound when on the wing.

11. Hippiscusapiculatus (Harris). Coral-winged Locust.

H. (uberculatus of former writers.*

H. tiiberculatus. Scudder, Psyche, vi, 303 (1892); Nova
Scotia, etc.

Description.—Large and robust especially in female; head large, with
swollen cheeks; vertex considerably produced in front of eyes. Pronotum
slightly flattened apically, disk flat, more or less roughened and with numerous
blunt tubercles; median carina low but distinct and cut by principal sulcus;

lateral carinse extending somewhat beyond the principal sulcus and not cut
by it; hind margins of pronotum acute-angled (especially in female), prozona
(front dorsal part) much shorter than melazona {hind part). Wing-covers
extending considerably beyond abdomen, especially in male. Hind femora
very broad and flattened.

Colour.—General colour ash-brown, darker above; pronotum with a
short longitudinal dark brown bar on its lateral lobes; wing-covers with fuscous
and black blotches, the humeral angle usually light brown; hind wings usually
bright coral-red (rarely yellow) at base, bordered outwardly by a curved
fuscous band, with another band of fuscous along the median part of front
or costal margin; outer face of hind femora with faint blackish bars, the
apical half of innet- face yeUow crossed by a narrow black band; hind tibiae

yellowish to browTiish.

Measurements.—Male: body, 2.5-30 mm.; pronotum, 8 mm.; wing-covers,
25-30 mm.; hind femora, 15-17 mm. Female: body, 40-43 mm.; pronotum,
11 mm.; wing-covers, 30-35 mm.; hind femora, 20-23 mm.

Range.—-North America east of the Rocky Mountains, rare southwardly;
reported from Nova Scotia (by Scudder only), Montreal (CauLfield, as (E.

phoenicoptera), Ont., Man., and Alberta, south to Fla., Missouri, Kans., and
Colo., and west to Mont, and Wyom. Probablj' occurs chiefly in the Upper
Austral, Transition and Canadian Zones.

Occurrence in Nova Scotia.—Unfortunately the sole

record of the species' occurrence in this province, so far as I

know, is the late Dr. S. H. Scudder's inclusion of "Nova
Scotia (Jones)" in the list of localities where Hippiscus tiiber-

culatus had been taken, in his monograph on "The Orthopteran

Genus Hippiscus," in Psyche, vol. 6, p. 303, Cambridge, 1892.

I suppose we should not throw doubt upon that record*

particularly if Scudder had examined the specimen himself,

*Rehn and Hebard (Proc. Acad. Nat. Sc, Phila., 62, p. 030, 1910) point out the reason
for adopting Harris's name, as Palisot de Beauvois, in 1803, had misidentified his United
States material with Fabriciiis's ( ruUus tuberculatus, an Old World species belonging to another
genus.
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which however he does not state. There is the possibility

that Jones may have sent Scudder such a specimen, but it

may not have actually been taken in this province. The

Mr. Jones whose name is attached to the record, was, without

anj' doubt, the late J. Matthew Jones, a well known Nova
Scotian naturalist and president of the N. S. Institute of

Science, with whom Scudder was in communication about

1876, and for whom he named the species of Orthoptera

listed in Jones's "Visitor's Guide to Bermuda," Lond., 1876.

Jones resided at Halifax and died there in 1888.

If it does occur here, as is not impossible from its known
range, it must at least be rare and local, as it is a large, dis-

tinctively coloured and very conspicuous insect, particularly

when in flight, and yet it has not been observed by either

C. B. Gooderham or E. C. Allen in the western and southern

sections of the province, or by myself about Halifax, and

Mr. Long also did not find it in Prince Edward Island.

Its occurrence here very greatly needs a new record for its

verification before it can be accepted with confidence. Per-

sonally I am very strongh^ of the opinion that some mistake

was made by Scudder in his record.*

The species is found throughout New England, but

is there never very common and apparently is less abundant

in the northern part of that region. It is usually found in

dry, bush}^ pastures; and the male in flight produces a loud

rattling note. In Ontario it is local in distribution, but

where it does occur it forms colonies of considerable size.

12. Dissosteira Carolina (Linnjpus). Carolina Locust;

Black-winged Locust.

(Edipoda Carolina. F. Walker, Cat. Derm. Salt. Brit.

Mus., iv, 729 (1870); Nova Scotia, etc.—Do.,

Can. Ent., iv, 31 (1872); Nova Scotia, etc.

The species might be e-xpecled to occur in Bermuda, where J. M. Jones h;ul resided for

some years before comini; to Halifax, but it is not mentioned in th.at gentleman's list of Bermuda
Orthoptera given on page 144 of bis "Visitor's Guide."



ORTHOPTERA OF NOVA SCOTIA.— PIERS. 279

Dissosteira Carolina. Pier.s, Trans. N. S. Inst. Sc, ix,

214 (1896); Nova Scotia.—Gooderham, Proc. Ent.

Soc. N. S. for 1916, 26, 27 (1917); Col., Kings,

Hants, Ann., Digby, Yar., Queens, Lun., Pict.,

and Cumberland Cos.

Description.—Disk of pronotum with front margin nearly truncate and
hind margin obtuse-angled; median carina high, cut in front of middle by
deep narrow notch, its front lobe almost straight and the hind one arched;

lateral carinoe rounded and extending forward oidy to principal aulcus. Wings
and wing-covers extending about one-third their length beyond abdomen.

Colour.—Xova Scotian specimens. General colour varies somewhat, but
is generally clove-brown (brown-black) and dark hair-brown; under parts

lighter and more brown in tint, vath a tendency towards mumrny-brown.
Wing-covers broccoli-brown, much clouded and obscurely spotted with clove-

brown. Hind wings dark clove-brou-n or black, with a primrose-yellow or pale

sulphur-yellow outer border the width of which is about one-sixth of length of

wing, the apex smoky with several fuscous spots. Hind femora with inner

face whitish and crossed by three blackish bands, the first nearly covering

the basal half; hind tibise dirty yellowish.

Measurements.—Male: body, 26-30 mm.; antennse, 10-11 mm.; pronotum,
7 mm.; wing-covers, 29-34 mm.; hind femora, 1.3-16 mm. Female: body,
34-40 mm.; antenme, 12-13 mm.; pronotum, 10 mm.; wing-covers, 37-42 mm.;
hind femora, 16-20 mm.

Range.—This common species is very widely distributed, occurring

in Canada and the United States from Atlantic to Pacific: from Nova Scotia,

New Bruns. (Point du Chene), Montreal, Ont., Man., and Br. Columbia,
south to Fla., iNIiss., Central Amer. (?), New Mexico, and Calif. It thus

occurs in the Canadian, Tran.'jition, Upper and Lower Austral zones. In

New Eng. it is ever^'where abundant.

Occurrence in Nova Scotia.—This species was first reported

from Nova Scotia by Francis Walker of the British Museum
in 1870, doubtless from specimens collected by Lieut. Redman
about 1821. It is fairlj^ common in all suitable localities in

Nova Scotia, being found with Circotettix verruculatus on

hot, dry, stony places, bare ground, dusty roadsides, and

particularly on the ballast of railways; and it more or less

resembles in colour the predominant tint of its habitat. It

is much less abundant than C. verruculatus which it very

closely resembles when on the ground, and with which

it shares its habitat. Strange to say. Bayard Long did not

happen to meet with it in Prince Edward Island in 1912,

although it must sureh* occur there; but he collected it at

Point du Chene, N. B., on 11 Aug., 1912 (E. M. Walker,

Can. Ent.. 47, p. 841, 1915;.
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I have found it common about Halifax and elsewhere;

and C. B. Gooderham has specimens taken by himself at

Avondale, Pict. Co., Truro and Black Rock, Col. Co., Kent-

ville, Kings Co., and Round Hill, Ann. Co.; by W. E. White-

head at Wilmot, Ann. Co.; and by E. C. Allen at Deerfield,

Yar. Co. I have also noted specimens collected at New
Glasgow and Westville, Pict. Co., (Piers), Elmsdale, Hants

Co., (Piers), Church Street, Kings Co. (D. Hogan), Middle-

ton, Ann. Co. (I. Cox), Brooklyn, Yar. Co. (D. Marrell),

and Yarmouth, Yar. Co. (E. C. Allen). It has also been

reported from Cumberland, Hants, Digby, Lunenburg, and

Queens Counties. Several specimens are in the collection

of the Agricultural College, Truro.

The first adults are noted near Halifax about 24 July

(1897, North West Arm).* In October they are seldom

observed and only on fine days; the last being usually seen

on a warm day about the middle of October (5 Oct., '97,

12 Oct., '15, 28 Oct., '17). In 1917 single individuals were

seen about Halifax, on bright days, on 8th, 14th, and 28th

Oct., the last being a very slothful, half-perished female

taken at noon on a sunny day when the temperature was

53°F. Oviposition probably takes place about the middle

of September, as on the 12th of that month, 1897, I observed

near Melville Island, North West Arm, Halifax, a number

of the species which were particularly attracted to a warm
spot where a load of sand had been left and which had become

overgrown by grass on some parts, and there a female was

evidently engaged in depositing eggs.

Frequently this insect makes a faint rustling or fluttering

sound when flying. It usually proceeds in an erratic zig-zag

manner when flushed, and on alighting, is apt to select a

spot of ground with which its colour harmonizes, so that it

is very difficult to detect until it is again put to flight. It

Strange to say, I did not happen to note adults of this species in 1917 till about the
and of August at Halifax, after which a fair number was seen each fine day.



ORTHOPTERA OF NOVA SCOTIA.— PIERS. 281

usually does not fly far, but sometimes with a favouring breeze

I have known it to proceed for thirty yards. As it frequents

the roads and paths of man, it is familiar to all, although no

special name is applied to it here. Most people confuse it

with C. verruculatus, which some call the "Cracker," and

with which it congregates; but in flight the two may be very

readily distinguished, as Dlssosteira has a black hind-wing

bordered by yellow, whereas Circotettix has a yellow wing

with a dark median transverse band. D. Carolina is the

largest locust in Nova Scotia with the exception of some

females of Melanoplus bivittatus and Hippiscus apiculatus,

which latter has been very doubtfully reported from here.

13. Circotettix verruculatus (Kirby). "Cracker" (local)

;

"Snapper" (local).

(Edipoda rugosa (not of Scudder). F. Walker, Cat.

Derm. Salt. Brit. Mus., iv, 731 (1870); Nova Scotia,

etc.—Do., Can. Ent., iv, 31 (1872); Nova Scotia, etc.

(Edipoda sulphurea (not of Fabricius). F. Walker, Cat.

Derm. Salt. Brit. Mus., iv, 729-730 (1870); Nova

Scotia, etc.—Do., Can. Ent., iv, 31 (1872); Nova

Scotia, etc.

Circotettix verruculatus. Piers, Trans. N. S. Inst. Sc,

ix, 214 (1896); Halifax and Ann. Co.—Gooderham,

Proc. Ent. Soc. N. S. for 1916, 26, 27 (1917); Col.,

Kings, Hants, Yar. and Queens Cos.

Description.—Pronotum flattened on top, right-angled to acute-angled

behind, its median carina elevated in front and notched by two sulci before

the middle, the front notch often less distinct than the hind one; wings and
wing-covers about as long as total length of body, the hind wings usually with
three radial veins greatly enlarged.

Colour.—Nova Scotian specimens. Varies somewhat, but above usually

black or blackish, often more or less finely marbled with gray, particularly

about sides and front of head, and sides of pronotum. Underparts seal-brown
to walnut-browTi. Wing-covers graj'ish or browni.sh gray, blotched and sprink-

led with brownish black, the larger blotches on the basal half. Hind-wings
semitransparent; pale sulphur-yellov) on basal half, with a few of the radial

veins deeper in colour; this yellow area followed by a crescent-shaped siife-

ynedian band of blackish, with a triangular, blackish, sub-costal offshoot with

Proc. & Trans. N. S. Inst. Sci. Vol. XIV. Trans. 19.
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its apex extending towards the base of the wing; beyond this a triangular,
semi-clear area, veined with blackish, with its costal margin dusky; and the
apex of the wing dusky. Hind femora pale smoke-gray or grayish white,
with about four bands of black, the basal ones more or less merging into each
other and the terminal one embracing the knee; the gray of femora most
conspicuous as a subterminal annulation. Hind tibise pale smoke-gray or
grayish white, banded at each extremity and submediaUy with black. Feet
tawny-oUve. Eyes black or black spotted with gray. Antennae blackish.

Measurements.—Male (Nova Scotia): body, 24-25 mm.; antennae'
10.5 mm.; pronotum, 5-5.2 mm.; wing-covers, 25-26 mm.; hind femora, 12-

12.5 mm.; hind tibise, 10-10.5 mm. Female (Nova Scotia); body, 25.5-28
mm.; antennae, 9.5-10 mm.; pronotum, 5-5.8 mm.; wing-covers, 24.5-27 mm.;
hind femora, 11.5-13.5 mm.; hind tibiae, 10-11 mm.

Range.—Canada from Atlantic to Pacific and northern United States
from Atlantic to Rocky Mountains: from Nfld. (Port aux Basques), Nova
Scotia, New Bruns. (Moncton), Montreal, Quebec, Out., Man., Athab.,
and Br. Columbia (Vancouver), south to New Jers., 111., Missouri, Nebr.,
Dak., Mont., and Colo. Though common on bare ledges in northern New Eng.
it rarely occm^s as far south as Mass. (Scudder, Orth. N. E., 1900). It is

common in the mountains of New York, and in the southern part of its range
is found at high elevations. It thus appears to be distributed over the Cana-
dian, Transition, and elevated portions of the northern Upper Austxal Zones
or perhaps outliers of the Transition in that zone. In its southern limits,

and no doubt generally, it is a more northerly species than D. Carolina.

Occurrence in Nova Scotia.—Many years ago this species

was collected in Nova Scotia, probably by Lieut. Redman
about 1821, but Francis Walker of the British Museum in

1870 and 1872 erroneously determined the two specimens

then taken as (Edipoda rugosa ( = Hippiscus rugosus Scudder),

and (Edipoda sulphurea { = Arphia sulphurea Fabricius),

species which might possibly occur here but which have not

yet been otherwise reported. He makes no mention of

(Edipoda verruculnta ( = Circotettix verruculatus) as occurring

outside of Massachusetts, U. S. A. (See Walker, Cat. Derm.

Salt. Brit. Mus., iv, 729-731, 1870; and Can. Ent., iv, 31,

1872). In 1916, Mr. Cummings of the British Museum,

examined for me Walker's single Nova Scotian specimen of

"(E. rugosa" which fortunately is still in that institution's

collection, and it proves to be C. verruculatus; and under

C. verruculatus in the same collection, is another specimen,

of Walker's determination, from Nova Scotia, which had

been named by him "(E. sulphurea." These two names of

Walker, as far as they apply to Nova Scotian specimens,
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must therefore become synonyms of C. verruculatus, which

satisfactorily clears up a matter which otherwise would have

been in doubt. This is as might have been expected, for

the fact that he had not recorded the very common C. ver-

ruculatus from Nova Scotia, made it fairly certain that he

must have misnamed it. Unfortunately F. Walker's names

are apt to present considerable difficulties of this sort. C.

verruculatus was first reported from this province under

its proper name in 1896 (Trans. N. S. Inst. Sc, ix, 214).

It is remarkable that B. Long did not happen to meet either

this species or D. Carolina in Prince Edward Island in 1912,

where they undoubtedly must occur, although he collected

them in southeastern New Brunswick (E, W. Walker, Can.

Ent., 47, p. 341, 1915). The absence of C. verruculatus from

that island would indeed be most remarkable, as it ranges

north to southern Newfoundland.

Circotettix verruculatus is very common in Nova Scotia, in

dry, warm, stony places, on bare ledges, hot and dusty road-

sides and other bare, barren or burnt ground and particularly

along railways. It is nearly always in company with the

larger but less abundant D. Carolina, which it much resembles

when on the ground, though very easily distinguished in

flight by the different colouring of the hind-wings. Its

preference for places which readily come under man's eye,

make it much in evidence. In this vicinity it shows no

particular fondness for elevated places, as long as its habi-

tat is very warm and dry. About Truro, Col. Co., Mr.

Gooderham says it is specially abundant on old burnt land,

and in that district also is more common than D. Carolina.

In C. B. Gooderham's collection, Truro, are specimens

taken b}'' himself, E. C. Allen and others, in Colchester,

Hants, Kings, Annapolis, Digby, Yarmouth, and Queens

counties. I have also seen specimens from Bayfield, Antig.

Co., and of course from Halifax Co. Gooderham has observed

& few nymphs, just hatched, with more numerous nymphs
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of Camnula pellucida, on 3 June, 1913, at Truro, in very warm
places. Adults may be met with from about the middle of

July (16 July, Truro; 18 July 1895 and 1897, Halifax), but

its familiar cracking notes are not usually heard until about

the end of July or first of August (25 July, '95, 6 Aug. '97,

16 Aug. '16, and 1 Aug, '17, all at Halifax). In the latter

part of September as the weather becomes cool, they are

less frequently heard; and they finally disappear about the

middle of October. On 8 Oct., 1916, the last one was heard

near the head of the North West Arm, Halifax, although

we did not have a killing frost till 13 Oct., on which date

there was ice one-fourth inch thick. On 14 Oct., 1897,

a single one, the last, was seen and heard on a warm, sunny

day, although the first light frost had occurred on 2 Oct.

In 1917 the last two were noted on 18 Oct., which was a

fine, sunny day after frost, the thermometer in the morning

being only 34°F. This is the latest date I have observed

it about Halifax. The dates of killing frosts do not seem to

determine its latest appearance in a district, as in 1917 they

survived fairly severe frosts. It is a lover of sunshine and

heat, and during the height of their season a cloudy day will

send it into hiding. But very few are seen in the earliest

part of the morning, as they are late risers and wait for the

sun's heat to energize them, and they disappear as the sun-

shine withdraws towards the end of the day.

When in flight it produces a loud, sharp snapping or

cracking sound, klip, klip, klip, repeated usually about five

or six times, which is familiar to everyone on a hot summer

day. This note seems to be produced b}^ rubbing the under

surface of the wing-covers against certain veins on the upper

part of the hind-wings. From this sound it is usually called

"Cracker" or sometimes "Snapper" by boys and others, it thus

being the only species of locust which has been favoured with

a distinctive common-name in Nova Scotia. The name "Crack-

er" is applied to it usually about Halifax, and that name and
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"Snapper" are both general in the western counties. It also

sometimes flies with a rustling or fluttering sound. When
on the ground it is difficult to detect, as its colour harmonizes

well with that of its surroundings, but on the wing it at

once proclaims itself by its note and the distribution of the

yellow on its brightly coloured wings. Its flight is often in

a zig-zag course. It docs not always wait to be flushed,

but is in the habit of taking short flights over its location,

cracking as it goes, in pure exuberance of spirits.

I must say I have not much fondness for such a dusty,

dirty-looking frequenter of hot, dry highways and other

parched and stony places in the full glare of the sun. He
delights in such dusty and arid spots, as well as the oily-

smelling ballast of breezeless railway cuttings; and the

hotter and more sweltering the day, the better he is pleased,

the more active he becomes, and the quicker, louder, sharper

and more gleefully he cracks his wings, like a man snapping

his fingers derisively at the world which disagrees with him.

With the ear-piercing note of the Cicada, and in a lesser

degree the monotonous preaching of the Red-eyed Vireo

from the tree-tops, he is an audible accompaniment and a

very symbol of a stiffling noon in the hottest and calmest

of the dog-days. At such times one is apt to wonder if there

is any region which this insect could find too warm, or what

sort of after-punishment, except that of Dante's frozen Lake

of Cocytus, would strike salutary terror into evil-doers

among these orthopteran knights of the road! Only when
he rises from earth,' do we catch glimpses of the hidden gold

in his sombre make-up.

Subfamily Locustinae (Spine-breasted Locusts).

(AcridincB of former writers).

Size variable; prosteimum with a prominent conical spine

or tubercle between the front pair of legs; pronotum not extend-

ing over the abdomen, its disk without tubercles or wrinkles,
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the hind margin broadly rounded but never acute-angled,

median carina low and subequal, the lateral carinse usually

rounded or obsolete; wing-covers usually well developed.

This large subfamily may be readily distinguished by the

presence of the distinct prosternal spine.—In this subfamily

are found our most injurious orthopterans, and it is therefore

of the greatest interest to agriculturalists. Oviposition takes

place in autumn, and winter is passed in the egg stage from

which the nymphs emerge in early summer, and July finds

the voracious adults abroad until the end of October sees

the last of the pests. The amount of damage caused by

them is very considerable, and some species deserve to be

closely watched, for in favourable seasons they are liable

to occur in unexpected swarms. The damage done to Sable

Island by Melanoplus atlanis a few years ago, is an example

which we should keep well in mind, of what devastation

these' insects can do when they appear in prodigious numbers.

The members of this subfamily rarely stridulate, and then

only when at rest, by rubbing the serrated lower inner surface

of the hind femora against veins on the outer surface of the

wing-covers. There is considerable local variation of colour

in the species.

Group Melanopli.*

Key to Nova Scotian Genera of Locustin^.

a. Wing-covers wanting; interval between mesosternal lobes (those between
second or middle pair of legs) distinctly broader than long, as broad or

nearly as broad as the lobes themselves ; prosternal spine short and conical.

(Only of hypothetical occurrence in Nova Scotia) . . .[Podisma, p. 286.]

aa. Wing-covers present, usually well developed but sometimes short, but
never wholly wanting; interval between mesosternal lobes longer than
broad (not distinctly transverse) Melanoplus, p. 288.

14. [Podisma glacialis (Scudder). Hypothetical occurrence.]

Description.—Form of head and body about as in Melanoplus. Face
slightly oblique; prosternal spine short and truncate; pronotum faintly

constricted in middle in male, and with feebly impressed transverse sulci,

its hind margin sub-truncate with a broad but very feeble emargination;

•For an exhaustive account of this group, see S. H. Soudder's Revision of the Orthopteran
Group Melanopli (Acridiida) with special reference to North America, Proc. U.S. Nar. Mus.,
vol. 20, Wash., 1898, pp. 1-421, pis. 1-25. The species in the present paper are arranged
»co rding to this reviaion.
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interval between mesoslernal lobes distinctly transverse (not longer than broad
as in Melanoplus), as broad or nearly as broad as the lobes themselves; wing-
covers wanting.

Colour.—The sexes differ somewhat in colour. Dark olivaceous preen
above, greenish-yellow below. Head yellowish-green with greenish streak
down face; pronotum j^Uowish-green (male) or dark olivaceous-green (female),

the lateral lobes bright greenish-yellow below, with principal sulcus black
and ending below in a small black spot; above with a broad blackish postocular
band which passes along head and pronotum, expanding backward, and
continued as transverse streaks on abdomen. Abdomen of male black above
with a series of yellowish-green spots and a triangular spot of same between
middle and hind co.xa;; a lateral row of greenish-j^ellow spots on first eight
abdominal segments; beneath yellowish-green. Abdomen of female olivaceous-
green. Hind femora yellowish grass-green, broadly but very obscurely
bifasciate v\-ith olivaceous-green, under surface and lower half of inner surface
coral-red, knee black; hind tibiae green, the spines (8-11 in outer series) black.

Measurements.—Male: body, 16 mm.; antennae, 8.5 mm.; hind femora,
9.2 mm. Female: body, 26 mm.; antennae, 9 mm.; hind femora, 12 mm.

Range.—P. E. Island, Quebec, Sudbury and North Bay in Ont. (variety

canadensis, etc.), western Maine, northern New Hamp. at high elevations,

summit of Greylock in Mass., Xew York and Penn., usually at high elevations.
Canadian Zone.

Re?narks.—This species has not yet been reported from

Nova Scotia by any collector, but it is here inserted hypo-

theticall}^ as it is verj^ possible that it may occur here rarely

and at a few special localities, as Baj^ard Long on 26 Aug.

1912, took a female of the typical race (P. glacialis glacialis)

'

in Kings County, Prince Edward Island, at Dundee "east on

the Prince Edward Island railway towards Douglas," in

a black-spruce swamp (vide E. M. Walker, Can. Ent., 47,

p. 341, 1915). It has als3 been collected in western

Maine and northern New Hampshire at high elevations.

Long's records for Prince Edward Island and St. Fablen

(Quebec) are the first for the typical race in Canada,

although the race canadensis had been previously reported

by Dr. E. M. Walker.

Podisma is distinctly a boreal type, and its sp.ecies

are, so far as heretofore known, confined to high altitudes

as well as high latitudes, although the elevation of Dundee

in Prince Edward Island is only 108 ft. on the railway. If

P. glacialis is in the future found in Nova Scotia, it would

most likely be in the more elevated parts, and should be

there searched for. Even if met with, it will doubtless be
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rare and local in distribution. Scudder observed it fre-

quenting the branches of the Dwarf Birch (Betula nana),

and says it is rarely or never seen on the ground. It is

hoped that these remarks will lead some of our local collectors

to search for it.

Key to Nova Scotiax Species of Melanoplus and others liable to occub.

Males.

This key refers primarily j:o males, whose distinctive

characters are more pronounced than those of females.

As the form of the male cerci,, which are to be seen near the

end of the abdomen, is an important feature in the separation

of species, the student will find it well to refer to the accom-

panying figure which shows the characterictic forms of those

appendages. When the males are distinguished it is much

easier to separate the other sex. Females of femur-ruhrum and

atlanis present great difficulty in differentiation. The names

of species not yet actually reported from Xova Scotia are

enclosed in square brackets. A key which is applicable

to females follows this one.

a. Wing-covers (except in female of extremus) about as long or longer than
abdomen.

b. Cerci of male either equal in breadth or tapering beyond jniddle, the
tip usually slender or acuminate, never forked.

c. Apex of subgenital plate of m.ale with a small but distinct

.

median notch; cerci short and nearly equally broad throughout,
not longer than t-v\-ice the breadth at middle . . 15. atlanis, p. 290.

cc. Apex of subgenital plate of male not notched; cerci at least three

times as long as middle breadth, the apical half sometinaes

much narrower than basal half (that is, it tapers in form).

d. Hind tibiae bright red; apical half of male cerci much less

than half as broad as extreme base. .17. femur-rubnmi, p. 297

.

dd. Hind tibise pale red or yellowish; apical half of male cerci

distinctly more than half as broad as exireme ba.se; wing-
covers not surpassing hind femora, in male reaching nearly

tip of abdomen and in female shorter than abdomen (in

short-winged form, sometimes called M. extremus Junius),

or else wing-coA'ers surpassing hind femora (in cxtralimital

long-winged form, sometimes called M. extremus scan-

dens) 18. eoctrewus, p. 301.
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bb. Cerci of male with apex more or less expanded, so as to be broader
beyond middle, the tip spatulate or sub-spatulate or forked.

f. Size large (male length more than 25 mm.); cerci of male
with apical half much enlarged, but never distinctly forked;

furcula of male small; pronotum with light-coloured

(yellow) lateral stripes along margin of disk and continued

along wing-covers; hind tibisE red (yellowish in extra-

imital typical hivittalus). . .19. bivittatus (femoratus), p. 303.

ff. Size small (male length less than 20 mm.); cerci of male
always forked.

g. Forks of cerci not very pronounced, the lower fork

merely an angle or median process; furcula short slen-

der spines. (Not yet reported from N. S.)

[minor, footnote p. 307.]

gg. Forks of cerci nearly equally distinct and very pro-

nounced; furcula minute triangular lobes. (Not yet

reported from N. S.j [luridus, footnote p. 307.]

aa. Wing-covers much shorter than abdomen.

h. Wing-covers covering two-thirds or more of abdomen, lanceolate,

the inner edges overlapping; cerci of male slightly expanded at

apex, the middle little narrower than base; furcula minute.

(Short-winged phase sometimes called M. fasdaius curtus. The
long-winged phase is very rare.) (Not yet reported from N. S.) . .

[16. fasciatus, p. 296.]

hh. Wing-covers shorter than pronotum, sub-ovate; cerci of male slen-

der, length about four times middle breadth, the middle about

half width of base; furcula well developed but short. (Not yet

reported from N. S.) [mancus, footnote p. 307.]

femur-ri^hrum. extremus. hmttatus.

^ vo
luridus. fasciatus. Tnancus.

Distinguishing Forms of Cerci of Males of Species of Melanoplus.
(Enlarged about 11 times.)

Females.

The following key is a modification of^that given by
Morse. Species not j^et actually reported from Nova
Scotia are enclosed in square brackets.
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a. Wing-covers much longer than pronotum.

b. Large, robust; hind femora 15 mm. or more (usually 17 mm.); two
distinct yellow stripes on head, pronotum, and wing-covers

19. bivittatiLS (femoratxis), p. 303.

bb. Smaller; hiud femora not over 15 mm.
c. DovetaiUng interspace between mesosternal lobes (between

second legs)* longitudinal or quadrate; wing-covers usually

passing hind femora; prozona not swollen.

d. Prostemal spine nearly cylindrical, its tip bluntly rounded;
cerci 1 ^ or 2 times as long as their greatest width, sharply

pointed, somewhat acuminate, the converging sides sUghtly

concave 17. femur-rubrum, p. 297.

dd. Prostemal spine tapering, its tip pointed; cerci shorter,

only about l^i times as long as their greatest width,

rather blunt at tip, the converging sides straight or convex.
15. atlanis, p. 290.

cc. Dovetailing interspace between mesosternal lobes sub-quadrate
or distinctly transverse; wing-covers not passing hind femora;
prozona swoUen.

e. Wing-covers about reaching end of hind femora.

f . Scoop of ovipositor (as seen from side) very short,

deeply concave, with a single denticulation or

none at base of outer edge; lower valves with
tips correspondingly short and decurved; hind
tibiae usually glaucous but sometimes red

[minor, footnote p. 307.]

ff. Scoop of o\'ipositor rather long and less deeply
concave, the outer edge of basal half rather deeply
notched, crenulate-denticulate, the tips of both
pairs of valves long and evenly tapering; hind
femora coral-red [luridus, footnote p. 307.}

ee. Wing-covers not reaching end of hind femora, covering
about H to ^ of abdomen (but surpassing hind femora
in rarer long-winged form).

~
'

g. DuU graj'ish brown above, clay-yellow below.

[16. fascialus (curtis), p. 296.]

gg. Dark greenish 3'ellow, tinged with fuscous.

18. extremus (Junius), p. 301.

aa. Wing-covers shorter than pronotum, sub-oval. . [mancus, footnote p. 307.1

15. Melanoplus atlanis (Riley). Lessicr Migratory

Locust.

Melanoplus atlanis. Piers, Trans. N. S. Inst. Sc, ix,

215 (1896^; Halifax. Cow Bay (Hx. Co.), and Sable

Island.—Gooderham, Proc. Ent. Soc. N. S. for

1916, 24, 27 (1917); Col., Cum., Kin^s, Hants,

Ann., Digliv, Yar., Queens, Pict., Vict., and Inv. Cos.

*Tlus interspace is a squarish tongue of the meta.sternum which dovetails forward into

the middle posterior part of the mesosternum. It is situated between the second pair of legs.
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Description.—Prosternal spine tapering, tip pointed; wing-covers much
longer than abdomen (extending one-fourth or more beyond its tip), and
surpassing also tlie hind femora (and thus relatively longer than in M. femur-
rubrum); apex of nub-genital plate of male uyith a difitinct, but srnall, median
notch; male cerci short and nearly equally broad throughout, rounded at ends,

their length not more than tivice the middle breadth (i. e. cerci not tapering as
in M. femur-rubrum) . These characters make it possible to readily separate
the males of this species from those of M. femur-rubrum, which otherwise it

very closely resembles. Females of the two species are very much more
difficult to separate, but the tapering pointed-tipped prosternal spine of the
present species will distinguish it from femur-rubrum, which has a cylindrical

prosternal spine with a rounded tip.

Colour.—Much resembles M. femur-rubrum. Nova Scotian specimens:
Variable; upper parts dark grayish brown (sohietimes slightly reddish),

under surface of abdomen yellowish; face light sage-green; mouth whitish;

a blackish band extending behind the eye on the front lateral part of pronotum
and sometimes broken up into small spots, especially in females; wing-covers
grayish-brown, distinctly sprinkled with fuscous along the median area; bind
femora dirtj' yellowish-brown or slightly reddish-yellow, with two obUque
blackish bars across the upper and outer faces (these bars usually more distinct

than in M. femur-rubrum) ; hind tibiae dull burnt-carmine. (It will be seen
that colour alone will not much assist the beginner in differentiating it from
M. femur-rubrum, and the difference in the sti'uctural characters given above
should be solely relied upon.)

Measurements.—Male: body, 17-21 mm.; antennae, 6.5-9 mm.; pronotum,
4-5 mm.; wing-covers, 15-21 mm.; hind femora, 10-13 mm.; hind tibiae, 8-9

mm. Nova Scotian male, 18 Oct., 1917: body, 18 mm.; antennae, 6.5 mm.;
pronotum, 4.1 mm.; wing-covers, 16 mm.; hind femora, 10.2 mm.; hind
tibiae, 8 mm. Female: body, 16-27 mm.; antennae, 7-8 mm.; pronotum, 5.5

mm.; wing-covers, 15-22 mm.; hind femora, 10-14 mm. (The relativelv

longer wings of this species will be noticed in comparison with M. femur-
rubrum.)

Range.—Most of Canada and United States, into central Mexico:
from Sable Island (N. S.), Nova Scotia, P. E. Island, New Bruns., Magdalen
Islds., Que., Ont., Man., Alb., Br. Col., and Alaska (Yukon River), south to

Georg., Louisiana, central Mex., Ariz., Nev., and Northern Calif. In the
east it occurs north to about lat. 50° (exclusive of Nfid.), and on the Pacific

to about lat. 62°. It thus is found from the Canadian to the upper parts

of the Lower Austral Zone—a range closely approximating to that of M. femur-
rubrum. It is abundant everywhere in New Eng. and is sometimes destructive

there. Has not been found in Newfoundland.

Occurrence in Nova Scotia.-—This species was not sep-

arated from M. femur-rubrum by Riley until 1875, so that

any record prior to that may refer to either species. It was

first reported from Nova Scotia by Dr. Scudder in 1894

(Kept. Ent. Soc. Ont., 26, p. 64).

This destructive species is apparently rather uncommon
about Halifax, being generally very much less numerous

than the closely-related M. femur-rubrum; whereas in some

other parts of the province, as about Truro, it is very abund-
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ant. In some years favourable for its rapid multiplication,

it has been excessively numerous in certain localities, as

for example the notable onslaught in vast hordes which it

made on Sable Island, N. S., from 1891 to 1896. Besides

my own specimens from Sable Island and about Halifax,

atlanis has been collected in Inverness, Victoria, Pictou,

Cumberland, Colchester, Hants, Annapolis, Digby, Yarmouth

and Queens Counties, by C. B. Gooderham, W, H. White-

head, E. C. Allen and others. It thus occurs throughout

the entire province. In Prince Edward Island Mr. Long ob-

tained 39 specimens from ten localities although he only

reports six specimens of M. femur-ruhrum, which would lead

one to think it is the more numerous species in that province.

This species {atlanis) prefers open grassland in relatively

dry situations, and is therefore usually most frequently met

Oil impoverished upland localities (such for example as

Camp Hill at Halifax), and it occurs in' lesser numbers in

the bottoms where 'the conditions permit the formation of

dry grasslands. I have, however, taken it in such a wet

boggy lo3ality as the West Marsh, Lawrencetown, Hx. Co.,

on 28 Oct., 1897. Not unfrequently it is found in company

with M. femur-ruhrum. Sapt. R. J. Boutillier states that

the young of atlanis were observed on Sable Island, N. S.,

by 28 May, 1893, and that they were a month later than

in 1895; but I have never noted them so very early about

Halifax. Adults are met with from about the first part

of July in some localities, to the latter part of October. The

earliest noted at Truro were taken on 30 June and 9 July,

1914; and the latest occurrence, at Lawrencetown, Hx. Co.,

was on 26 Oct., 1807, a lovely fine day. So far as known,

it and M. femur-rubrum are found as adults earlier than any

other species of our native Orthoptora exclusive of the hiber-

nating Grouse Locusts {Acrydiinm).

M. atlanis is an insect of most destructive possibilites

and should be very closely watched, for if it becomes exceed-



ORTHOPTERA OF NOVA SCOTIA.— PIERS. 293

ingly numerous, as it is liable to at certain periods, it is

capable of producing the greatest devastation to grass and

other crops. It is very closely allied to the pernicious

migratory Rocky Mountain Locust (M. spretus) which once

produced stupendous damage in the western United States;

and next to that species, Scudder says it is the most destructive

looust in America. M. atlanis, however, is only sub-migra-

tory in habit, but in certain favourable dry seasons may
migrate in large numbers and produce great harm. It is

in this migratory ability that the danger lies, for it may sud-

denly appear in large voracious multitudes. M. femur-

rubrum, on the other hand, is non-migratory. Sufficient has

been said to thoroughly warn agriculturists and economic

entomologists to closely watch the Lesser Migratory Locust

and to take precautions should it manifest any tendency to

increase in numbers in this province. Fortunately on the

mainland of Nova Scotia, at least in comparatively recent

years, it has not generally occurred in sufficient numbers

to do great damage, although the reports as to its abundance

about Truro are somewhat disquieting and may indicate

that it is the most destructive species in that region. I find

as long ago as 7 Sept., 1762, Lieut.-Governor Jonathan

Belcher, in a dispatch from Halifax to the Lords of Trade,

refers to the loss of crops that year by the drought and grass-

hoppers, but it is impossible to say what species or different

species were responsible for the damage which called for such

a report, although I strongly suspect that a sudden increase

in the abundance of the present species was the cause.

By far the worst plague of locusts known to us in this re-

gion, at least of late years, was the sudden appearance on Sable

Island of myriads of M . ailanis which from 1891 to 1896 very

rapidly devastated that island which is a hundred statute

miles off the nearest part of the eastern coast of Nova Scotia.*

While Sable Island wa3 thus being devastated by -W. atlanis, that species was quite
uncommon about Halifax, where I was able to find but few specimens although hundreds of

M. femur-Tubrum were taken in hope of finding the other species which closelj' resembles it.
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The earlier stages of this inroad were fully described by me
in my paper of 1896 (Trans. N. S. Inst. Sc, ix, 216-218).

Up to about 1891 the superintendent of the island had

neither seen nor heard of any locusts whatever upon that

isolated place. In that year, however, they suddenly made

their appearance, having without doubt flown from the main-

land, a distance, as has been said, of a hundred miles or

more, their powers of flight being great and the prevailing

southwest wind no doubt assisting them in their long journey.

Their numbers very soon increased at a most alarming rate,

the summer of 1892 being a dry one.* So destructive did

they become by vigorously attacking the grass, that in 1894

which was the dryest season on record, only one load of hay

could be cut where fourteen had previously been harvested.

It was said they devoured the grass near the root. This was

a most serious matter, for if the grass should disappear,

nothing could prevent the wind from rapidly shifting the

sand of which the island is entirely formed, and this would

ultimately result, unless extraordinary and costly preventive

measures were taken, in that oceanic sandbank disappearing

beneath the sea, causing an already dangerous spot to become

vastly more perilous to shipping. In 1895 the insects -were

more abundant than ever, particularly on the western parts,

and destroyed the gardens as well as the cultivated and wild

grass, and hay had to be imported to support the herds of

wild ponies, while more of the latter had to be sent to the

mainland to re luce the stock which required feeding.

The locusts were swept up in bucketsful from the doorsteps,

and they even entered a room and destroj^ed portions of a

cotton window-blind. Many had disappeared for the season

by 12 Oct., 1895, and a letter dated 10 Nov. stated they were

by that time all dead, although in 1894 they survived very

*Iri 18S8 tiie prcc.iintadon in July, \nii., and Sept. wiw abovo normal; in ISSst the same
months were diy, it being a very dry year altogether; in 1890 .July was below normal, and Aug.
and Sept. above normal; in 1891 .Tuly was above normal and Aug. and .Sept. below; 1892 was
dry in .July and Sept. and somewhat wet in Aug.; in 189.3 the three months were wet; in

1894 they were very dry, it being an excessively dry year; 189.5 was fairly wet, and 1896 was
excessively wet.
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cold weather if not frost. An examination of very large

numbers of the locusts sent me in November, 1895, proved

that M. atlanis was the sole species represented on the island

and the specimens were mostly females.

In a letter dated 28 May, 1896, the superintendent of

the island informed me that "the locusts are with us again,

but are a month later than last year (1895). The season,

however, is that much later, ver}^ cold and backward, and

vegetation greatly retarded. The young have appeared as

yet only at the east end of the island, whereas they were much
more plentiful at the west end last year." On 11 June,

1896, the young locusts appeared in millions, following a

warm spell of weather, and the prospect seemed very bad

as no method had been adopted to keep them in check.

Most providentially, however, the year 1896 turned out to be

as excessively wet as 1894 had been excessively dry, and the

mild weather was succeeded by a fortnight of cold rains

which destroyed the young insects, and the}^ thus disappeared

even more suddenlv than they had appeared in 1891. Since

1896 no locusts have been seen on the island, much to the

relief of the authorities in charge of the establishment there,

among whom the plague had naturally created great con-

sternation. Such an inroad, however, is quite liable to re-

occur under similar conditions, and possibly the deus ex

machina, in the guise of bad weather, may not then providen-

tially interpose to end the menace before irretrievable damage

is done.

I am aware of no such plague on the mainland of Nova
Scotia, but there is no reason why a similar one should not

occur here at any time, under the necessary favourable

conditions, although the natural enemies of such insects

are more likely to be met with on the mainland than on

an isolated spot such as Sable Island where locusts; had not

previously been reported. Belcher's reference to the destruc-

tion of crops by locusts in 1762, which has been mentioned,
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may refer to a somewhat similar increase in numbers in

Nova Scotia proper. There can be no doubt that this

species, wherever found, must be watched as a suspected

heredit0.ry criminal, whose latent destructive propensities

may break forth . whenever conditions are favorable for

abnormal multiplication, whereby it is endowed with immense

collective power for ill-doing.

As to preventive measures, Somes (Acridiidae of Minne-

sota, 1914) recommends as a real cure for these pests a

thorough method of cultivation of the land, with a rotation

system in which a thoroughly cultivated crop shall always

follow cereals; although temporary relief may be obtained

by spraying with sodium-arsenite, and the use of hopper-

dozers. No doubt the poison bait and deep ploughing as

recommended under M. femur-ruhruni would be better suited

to conditions in Nova Scotia.

16. [Melanoplus fasciatus (Barnston-Walker). Hypo-

thetical occurrence.!

Description.—Size medium. Wing-covers in the usual short-winged
form (sometimes called curtus) much shorter (length about 10 mm.) than
the abdomen (covering about three-fourths in male, and about one-half in

female) and from 1J4 to 2^ times as long as the pronotum, their form lanceo-

late, the inner edges overlapping. Subgenital plate of male distinctly nar-

rower than long, its extremity strongly elevated; cerci of male nearly straight,

slightly expanded at apex, the middle but little narrower than extreme base;

furcula of male short, no longer than last abdominal segment to which it is

attached.
Colour.—Variable; dark reddish-brown to dark olivaceoue-gray or

grayish-brown, the male darker; below yellow. A well-marked blackish band
from behind eye along upper part of side of anterior part (prozona) of pro-

notum. Wing-covers reddish-brown, often with a few small dark spots on
median area. Hind femora brownish-yellow, the outer face with two broad,
oblique, blackish bars, the lower face reddish, knees black; hind tibiae red or

greenish, paler near base, spines black

Measurements.—Male: body, 16-19 mm.; antenna, 8-9 mm.; pronotum,
4.5 mm.; wing-covers, 7.5-10 mm. (form curtus); hind femora, 10 mm.
Female: body, 17-25 mm.; antennae, 7-8 mm.; pronotum, 5mm.; wing-covers,
8-12 mm. (form c^lrtus)•, hind femora, 11-15 mm. In the very rare long-

winged form, volnticus, the wing-covers measure about 17 mm. In the

Magdalen Islands, Dr. E. M. Walker (B. Long coll.) rei)orts large specimens,

the males of which vary in length of body from 19-23 mm.; wing-covers, 11-14

mm.; hind femora, 11. .5-12.5 mm.; and the females, body, 24.5-28.5 mm.;
wing-covers, 6.5-19.5 mm.; hind femora, 12.5-13.5 mm. The Newfoundland
specimens are also very robust for the species, and do not show the brilliant

type of coloration sometimes found.
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Range.—Canada and northern half of United States from Atlantic to
Pacific: from Bay St. George (Nfld.), Nain (Labrador), Anticosti, Magdalen
Islds., P. E. Island, Ont., Man., Sask., Alb., and j)erhaps Alaska, .south to
New Jers., northern Ind., Iowa, Nebr., Mont., and Wash. Terr. It is thus
distributed from the southern portion of the Hudsonian Zone to the high north-
ernmost portion of the Upper Austral.

Reynarks.—Although this distinctly northern form has

not yet been reported from Nova Scotia, there can be no

doubt whatever that it will be found here and I do not hesi-

tate to insert it hypothetically in our list. It should be

looked for among low bushes in sandy districts. Bayard.

Long obtained five specimens of the short-winged form at

Dundee and West River, Bothwell, Prince Edward Island,

late in August, 1912 (E. M. Walker, Can. Ent., 47, p. 341,

1915), and it has been reported from Bay St. George in New-
foundland (M. Hebard, 1915) and Labrador, while it is com-

mon throughout New England. The Prince Edward Island

and Newfoundland specimens were all of the short-winged

form, sometimes called M. fasciatus curtus Scudder (1879),

which is the form which should occur here. The very rare

long-winged form sometimes known as M. fasciatus volaticus

Scudder, in which the wing-covers are broad and far surpass

the hind femora (length 17 mm.), has hitherto only been

known from Michigan, although Dr. E. M. Walker has

lately reported it from Alright Island in the M.agdalen

Islands (Can. Ent., 47, p. 342, 1915).

17. Melanoplus femur-rubrum (De Geer). Red-legged

Locust.

Caloptenus femur-ruhrum. F. Walker, Cat. Derm. Salt.

Brit. Mus., iv, 678 (1870); Nova Scotia, etc.—

Do., Can. Ent., iv, 30 (1872); Nova Scotia, etc.

Melanoplus femur-rubrum. Piers, Trans. N. S. Inst.

Sc, ix, 215 (1896); Halifax and Windsor, N. S.—
Gooderham, Proc. Ent. Soc. N. S. for 1916, 24, 27

(1917); Col., Cum., Kings, Hants, Ann., Digby,

Yar., Queens, Pict., Vict., and Inver. Cos.

Proc. & Tkans. N. S. Inst. Sci., Vol. XIV. Trans. 20.
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Description.—Prosternal spine nearly cylindrical, the tip bluntly rounded;
wing-covers somewhat longer than abdomen, slightly surpassing tip of hind
femora; apex of subgenital plate entire (not notched); male cerci at least three

times as long as its middle breadth, the apical half less than half as broad as its

extreme base (i. e., cerci broad at base and markedly tapering at end).

Colour.—Nova Scotian specimens. Variable; usually brownish above;
tea-green (greenish olive-gray) or ohvaceous on front and sides of head and
thorax; sides and under surface of abdomen mostly dirty cream-white or
grayish; a yellowish line on side of thorax from insertion of wing-cover to
insertion of hind leg ; a broad black bar extends from eye backward onto lateral

front part of pronotum, often inconspicuous in female. Wing-covers hair-

brown to broccoli-brown, usually very obscurely spotted with fuscous along
basal half of median area. Hind femora raw-umber brown, clouded with
dark fuscous which usually forms two oblique bars on upper edge; lower edge
yellowish with pale poppy-red on outer part of edge; knee black. Hind
tibiae almost always poppy-red; spines black. Occasionally a specimen is

found whose general colour is yellowish olive-buff, and the markings much
paler than in normal specimens.

Measurements.—Male: body, 16-23 mm.; antennae, 7-10 mm.; pronotum,
4.5 mm.; wing-covers, 13-20 mm.; hind femora, 11-13 mm. Nova Scotian
males, 21-28 Oct., 1917: body, 20-21 mm.; antennae, • 8-9 mm.; pronotum,
4.3 mm.; wing-covers, 16-16.5 mm.; hind femora, 11 mm.; hind tibiae, 9-9.5

mm. Female: body, 18-28 mm.; antennae, 7-9 mm.; pronotum, 5 mm.;
wing-covers, 16-23 mm.; hind femora, 11-15 mm.

Bange.—This very common species ranges over most of Canada and the
UnitedStates into central Mexico: from P. E. Island, Nova Scotia, New Bruns.,
Que., Ont., Man., and Br. Columbia, south to N. Car., Tenn., Miss., Texas,
central Mexico, Ariz., Nev., and southern Calif. It thus occurs from the
Canadian to the upper part of the Lower Austral Zone—a very extensive
range which is also about that of M. atlanis. It is exceedingly abundant
everywhere in New Eng. It has not been found in Newfoundland.

Occurrence in Nova Scotia.—The Red-legged Locust was

first reported from Nova Scotia by F. Walker in 1870, from

specimens collected no doubt by lieut. Redman, probably

about 1821. Although at that time M. atlanis had not been

differentiated from it, yet the greater abundance of M.
femur-ruhrum about Halifax makes it fairly clear that the

latter species was referred to.

This species is excessively abundant about Halifax,

where it is probably our most common orthopteran exclusive

of the Crickets; and it is more or less common elsewhere

throughout the province. It has been observed by C. B.

Gooderham, myself and others in Inverness, Victoria, Pictou,

Cumberland, Colchester, Hants, Halifax, Kings, Annapolis,

Digby, Yarmouth and Queens Counties, and I think I have
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also taken it in Lunenburg County. About Truro, Col. Co.,

Gooderham repoits it as common, whereas he says M. atlanis

is there more abundant, the conditions being the reverse of

those about Halifax. It is found in large numbers in pastures

and meadows, where it scatters in all directions from the feet

of a passer-by; and also along roadsides. It avoides dense

herbaceous thickets and woodland, and favours open grass-

lands and clover fields, and ver3'^ often such as are quice dry.

Large numbers seen about short sparsely-bladed grass, sug-

gest that they have destroyed the herbage in such cases.

About Windsor, Hants Co. and Kentville, Kings Co., I

have observed it on the diked meadows. When disturbed

it either hops away or else flies swiftly and noselessly ahead

for some distance and then ilrops to the grass again.

It occurs in the perfect state from the first to the latter

part of July, according to locality (7 July, 1915, and 9 July,

1914, Truro; 31 July, 1917, Hubbards), until about 24

October (20 Oct., 1895, 24 Oct., 1897, and several 28 Oct.,

1917 Halifax), although in October, particularly in the latter

part, it is much less frequently seen. Its last appearance is

a month after the first hoar-frost which usually occurs

throughout the province about 20 September, and a little

after the first hard frost which generally occurs about 16

October. Thus hard frosts soon terminate its existence.

It, M. atlams, M. extremus, and Chorihippus curtipennis,
_

are the earliest of our species to be met with in the adult

state, exclusive of the hibernating Grouse Locusts (AcrydiincB).

This species, like the closely related M. atlanis, is one

of the most destructive locusts in Nova Scotia. About Hali-

fax, because of its predominate numbers, it is probably the

one which does the most damage in our fields; whereas in

the western part of the province, the sub-migratory atlams,

owing to its reported prevalence there, would be entitled

to that unenviable reputation. The capabilities of atlams

to do injury are probably the greater. The onslaught on
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Sable Island is an illustration of what havoc the latter species

is capable of doing. Were it possible to calculate the damage
done by these two locusts, we would be somewhat astounded.

I do not believe, however, that any of our species do quite

as much injury as in more southern regions, possibly owing

to the comparative severity of some of our winters which is

apt to destroy many eggs. Even under favourable conditions

for their increase, they are so subject to the attack of para-

sites and other enemies, as well as the influence of various

climatic changes, that their natural increase is restricted.

Were it otherwise we would have to regard some of the locusts

as a very much more serious pest than they are in Nova Scotia.

In the case of femur-ruhrum it is also fortunate that the

species is not a migratory one, whereas M. atlanis is sub-

migratory. M. P. Somes, however, has observed in Minne-

sota (Acridiidse of Minn., Bulletin 141, Agric. Exp. Station,

Minn., p. 85^ 1914) that daring dry summers the majority

of specimens of M. femur-rubrum had longer wing-covers

than normal, and in many cases fully as long, relatively, as

in M. atlanis, accompanied with an instinctive inclination

for more extended flights late in the summer; which led him

to wonder if a prolonged series of dry seasons might not

produce a more nearly migratory form in these two species,

especially in the case of M. atlanis which would then become

almost identical in this respect with the very destructive

Rocky Mountain Locust, M. spretus, which in the past has

done millions of dollars worth of damage in the western

United States.

As to remedial measures, ploughing to a depth of at

least six inches in late autumn or very early spring, will more

deeply bury many of the egg-pods and so prevent the young

escaping to the surface in the spring. The following poisoned

bait has been successfuly employed in eastern Canada, but

should be used with caution on pastures where cattle feed

or where fowls are apt to roam: Poisoned Bran,—bran, 20
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lbs.; Paris green or white arsenic, 1 Ih.; molasses, 2 quarts;

the juice and finoly cut-up pulp and peel of 3 oranges or

lemons; water. 3 V^^ gals. The bran and arsenic are tlioroughly

mixed while dry, while the orange juice, molasses and water

are mixed separately and then added to the bran and poison

mixture so as to dampen it thoroughly. It is then sown
broadcast and very thinl}' over the infested area early in

the morning. The amount given above will cover five acres.

It should be applied co-operatively, at the same time, by
the farmers of a district in order to be really effective. The
cost is about 20 cents an acre at the price of ingredients in

1914, but just now would be considerably more.

This species, like M. bivittatus, is attacked by a coral-red

parasite, which is doubtless the Red Locust-mite, Tromhidium

locustarum Riley, which attaches itself to the insect beneath

the base of the wings. A specimen taken at Hubbards, Hx.

Co., 31 July, 1917, had six or seven of these parasites upon it.

18. Melanoplus extretnus (F. Walker). (Short-wmged

form.)

Melanoplus extremus. Gooderham, Proc. Ent. Soc.

N. S. for 1916, 24, 27 (1917); Col. and Kings Cos.

Description.—Wing-covers either (a) not reaching tips of hind femora,
being about 11 mm. long, and reaching about end of abdomen in male and
covering usually from half to three-quarters of abdomen in female, bluntly
subacuminate at apex (short-winged form sometimes called M. extremus
Junius Dodge), or (b) wing-covers surpassing tips of hind femora, generally
considerably, being about 17 mm. long, and rather broadly rounded at apex
(long-winged form, sometimes called M. extremus scandens Scudder). In
the former the wings are considerably shorter than the wing-covers, and in

the latter form they are very little shorter than those members. Apex of
subgenital plate in male without a median notch; cerci of male short and
broad, the apical half distinctly more than half as broad as the extreme base,

gently curved, well rounded at tip; furcula a pair of parallel, tapering, cylin-

drical spines, about half as long as supra-anal plate.

Colour.—Dark greenish-yellow, more or less fuscous. A black bar from
behind eye and along anterior part (prozona) of sides of pronotum; pronotum
olive-brown above, greenish-yellow on sides. Wing-covers olive-brown,
sometimes with a few dark spots on median area. Hind femora yellowish
tinged with red-brown, lower face usually light orange, knees darkish; hind
tibiae reddish or yellowish, with black spines.

Measurements.—Male: body, 16-24 mm.; antennae, 8-9 mm.; pronotum,
4 mm.; wing-covers, about 11 mm. (M. e. Junius) to about 16 mm. {M. e.
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scandens) ; hind femora, 10 mm. Female : body, 19-28 mm. ;
pronotum, 5 mm. ;

wing-covers, about 11 mm. {M. e. Junius) to about 17 mm. (M. e. scandens) y

hind femora, about 11mm. (Short-winged specimens of extremely large size,

males with bodies up to 24 mm., and females up to 28 mm., with correspond-

ing increase in size of wing-oovers, hind femora, etc., have been lately recorded

by Dr. E. M. Walker from the Magdalen Islands. Northern specimens of

this species are distinctly larger than more southern ones.)

Range.—M. extremus in either its short or long-winged form or both>

ranges over the larger part of Canada and northernmost United States:

from P. E. Island (both short- and long-winged forms), Nova Scotia (short-

winged form). New Bruns. (short-winged form), Magdalen Islds. (short-

winged form,) Bic (Quebec, both forms). Alb , Gt. Bear Lake (about lat. 65°),

and Alaska (lat. 66° 30'), south to Mass., Ind., 111., Iowa, Neb., and Wyom.
It is confined more or less to the Hudsonian, Canadian, and Transition Zones,

ranging further north in the west than in the east. In the northern half

of New England it is common, and reaches the summits of the highest

mountains.

Occurrence in Nova Scotia.—Only the short-winged

form (sometimes called M. extremus Junius Dodge) has

so far been detected in Nova Scotia, although the long-winged

one should also occur and no doubt will yet be met with.

The species has not before been reported from this province,

and the credit of adding it to our list belongs to C. B. Gooder-

ham who collected three short-winged females at Truro,

Col. Co., on 28 July, 1913, and 5 July, 1914, their determina-

tion being verified by Dr. E. M. Walker of Toronto. He also

reports a female taken by G. F. Collingwood in Kings County,

N. S., but when received it had no precise data as to exact

place where captured or date. He likewise has a short-

winged female collected at Hillsboro, in the neighbouring

province of New Brunswick, on 8 Aug., 1913, by Miss V. L.

Tarris, from which province it has also not previously been

reported. He considers it rare al)out Truro, and I have

never noted it about Halifax. From its known range, this

boreal species was to have been expected to occur here, as

B. Long had taken three specimens in Prince Edward Island

in the summer of 1912, namely a short- Ou'w'ws) and a long-

winged (scandens) male at Souris, and a short-winged female

at Southport (E. M. Walker, Can. Ent., 47, p. 342, 1915).

The long-winged form is probably more frequently met with

at high elevations as well as high latitudes.
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19. Melanoplus bivittatus(Say). Yellow-striped Locust.

(Red-legged phase, sometimes called ^f. bivittatus

fevwratus (Burmeister)).

Caloptenus bivittatus. F. Walker, Cat. Derm. Salt.

Brit. Mus., iv, 678 (1870); Nova Scotia, etc.— Do.,

Can. Ent., iv, 30 (1872); Nova Scotia, etc.

Melanoplus femoratus. Piers, Trans. N. S. Inst. Sc,

ix, 218 (1896); Halifax Co.

Melanoplus bivittatus Gooderham, Proc. Ent. Soc.

N. S. for 1916, 24, 27 (1917); Col., Kings, Hants

Ann., Yar. Queens, Vict., and Inver. Cos.

Description.—Our largest species of Melanoplus. Wing-covers reaching
or a little surpassing the hind femora, sometimes a little shorter in female.
Cerci of male large, wide, with the apical half much expanded, but not forked,
somewhat boot-shaped with wide "toe" and a distinct, but somewhat small,
protuberant '"heel"; furcula short, swollen, triangular.

Colour.—Nova Scotian specimens (red-legged phase). The very dis-

tinctive colouring of this famihar locust makes it impossible to confuse it

with any other species found here. General colour above bright apple-green
(but occasionally graj-ish olive-green); under parts j-ellowish. Antenna
reddish-browTi ; mouth straw-yellow (occasionally pale clay-colour); eyes
brown. A very distinct sulphur-yellow (occasionally paler Naples-yellow) line

extends on each side from upper part of eye along lateral angle of pronotum
and thence, as a less pure yellow (maize-yellow or buff) line, along the anal
vein of the wing-cover to near the latter's extremity; this stripe bordered
below by a wider, almost black band on head behind eye and on upper side

of pronotum, being widest on front part of latter. A diagonal sulphur-yellow
stripe on side of metathorax from insertion of wing-cover to insertion of

hind leg. Wing-covers hair-brown, sometimes blacker; hind-wings trans-
parent with veins mostly brownish. Hind femora greenish-black on upper
half of outer face, extending to knee where it is darkest; outer face margined
with j-ellow (occasionally pale buff); upper inner margin with three black
spots or short bars; a black ring near knee. Hind tibiae poppy-red or nopal-
red (intermediate between vermilion and carmine), dusky at base; spines black:
hind feet red. (In the ex-tralimital colour variant, M. h. bivittatus of Say,
the hind tibiae are purplish or green basally, and yellow, very rarely reddish,

apically).—Colour from 3 males and .3 females, just captured among meadow-
sweet {Spircea latifolia) and grass, near Willow Park, Halifax, N. S., 17 Aug.,
1895. Only one of these, a female, taken with the others, showed the more
olivaceous and less striking colours noted above as occasionally occurring.

AJl had bright red hind tibiae.

Measurements.—Three males and three females, Halifax, 17 Aug., 1895.
Male: bodj', 26.5-28 (average 27) mm.; antennae, 13 mm.; wing-covers, 18.5-

21.2 (average 19.4) mm.; wing-covers extend beyond bod}', 0-2.5 (average
1.2) mm.; hind femora, 14-15.2 (average 14.5) mm.; hind tibiae, 11.5 mm.
Female: body, 31-35 (average 33) mm.; antennae, 11.5 mm.; wing-covers, 19.7-

21.5 (average 20.7) mm.; wing-covers short of end of body, .7-5.5 (average 3)
mm.; hind femora, 15.2-18.7 (average 17) mm.; hind tibiae, 13-15 (average
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14.2) mm. I have taken females which have measured 40 mm. in total

length, and probably still longer ones can be met with.

Range:—Melanoplus bivittatus ranges generally from near Hudson Bay
to N. Car. and Cahf., and from the Atlantic to the Pacific.—The red-legged

phase {M. b. femoratus) ~n-hich is said to be a seaboard and northern colour-

phase, occurs from Newfoundland (Port aux Basques, Hebard), P. E. Isld.,

Nova Scotia, Quebec, Ont., Man., and Br. Columbia, south through New
Eng. to N. Car., Ind., 111., Colo., and Calif., it being the only variant found
along the Atlantic seaboard and the Pacific slope south of Washington. This
phase therefore ranges from the Canadian (or a little beyond) to probably
the upper Austral Zone.—The tji^ical phase (M. b. bivittatus) is of interior

distribution, ranging probably from southern-central and western Canada to

the Gulf of Mexico, being unknown on the Atlantic seaboard and the Pacific

coast south of Waslungton. The ranges of the two forms therefore overlap

in the central region of the continent.

Remarks.—^The late Dr. Scudder always held that femoralus was speci-

fically distinct from bivittatus, contending that the former is a seaboard

. and northern species, wliile the latter is an interior one, the ranges of the two
overlapping in the central areas, and he so treated them as distinct in his

exhaustive "Re\4sion of the MelanopU" (Proc. U. S. Nat. INIus., 20, 1898)

for reasons there stated. He continued to maintain this, I think, until the

last, M. femoralus appearing as a separate species in his "Catalogue of De-
scribed Orthoptera" (1901). Blatchley of Indiana (1903), Walden of Con-
necticut (1911), Somes of Minnesota (1914), and many others, particularly

those of the central portions where the two ranges overlap, consider them
to be but trivial colour-phases of the same species, the differences being of

little diagnostic value. "^Tiile going with recent opinion in this, we may for

the present retain the name /emoraft/s as a mere varietal appellation conveni-

ently indicating the colour variant which is found here.

Occurrence in Nova Scotia.—The very well known Red-

legged Yellow-striped Locust, one of our largest ortjbopterans,

was first reported from Nova Scotia, as Caloptenus bivittatus,

by F. Walker of the British ]\Iuseum in 1870, no doubt from

specimens collected about 1821 by Lieut. Redman (Cat.

Derm. Salt., 4, p. 678).

Only the colour-phase femoralus, with bright red tibiae,

is found here. All specimens in the collection of the Agri-

cultural College, Truro, have bright coral-red tibiae except

one in which they are black passing Into bright red less than

half-way down, and this may be owing to discoloration after

being placed in the cabinet. Mr. (Gtooderham says his

examples from Colchester, Annapolis and Yarmouth Counties

all have red or purplish tibice. All the specimens I have

observed about Halifax, also have these members red, as

well as others I have seen from Hants, Kings, and Yarmouth
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Counties. So likewise had those taken in Prince -Edward
Island and at Moncton, N. B., by B. Long in 1912.

This form i§ very common throughout the entire province,

but varies somewhat in abundance according to the climatic

condition of the seasons, being some years less abundant

than in others. It has been taken by Gooderham, myself

and others in the following counties: Inverness, Victoria,

Colchester, Hants, Halifax, Kings, Annapolis, Yarmouth,

and Queens, and I think I have also observed it in Pictou

and Lunenburg Counties. As it is common in the vicinity

of dwellings, it is well known by sight to residents in rural

districts, although strange to say I have never heard a

distinctive common-name applied to it here, except the

indefinite general term "grasshopper" which it shares wuth

all other related species. It may, however, be considered

"the grasshopper" of most country children's vocabulary;

and is usually the one referred to when the descriptive desig-

nation "molasses bug" is once in a while used by the little

generation, for a reason w^hich w^e will refer to later.

It occurs in long grass in meadows, being frequently

seen among the swaths at haying time, but leaves the open

meadow after the grass is cut, and then frequents the uncul-

tivated borders. It is very fond of the rank succulent

vegetation which flourishes on the margins of fields, and fre-

quents the vicinity of the Wrinkle-leaved Goldenrod {Solidago

rugosa), and at times seems partial to Meadow\sweet {Spircea

latifolia). Very many have been observed early in September

on the Low Blackberry or Dewberry (Ruhus canadensis).

I have also frequently observed it in marshy grass. Large

numbers were seen in the middle of October about a

variety of herbage on the borders of Stanford's Pond; Halifax,

then dried up. When abundant it occasionally enters

gardens and attacks their contents. On being disturbed it

tries to escape by hopping, seldom taking to flight, and is

generally a very clumsy and rather slothful species. Its
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appearance and movements have a lack of elegance which

makes it less attractive than many of our locusts, although

it is decisively and somewhat handsomely bedecked with

colours.

It hatches in the latter part of June, as I have

collected the green-coloured nymphs, about 9 mm. long, in

the second stage, before the appearance of the wing-pads,

on 1st July, 1917, in grass at the head of the North West

Arm, Halifax, and others 14 mm. long, in about the fourth

stage with wing-pads 2 mm. long, at the same place on 8th

July. Adults are noted from about the latter part of July

(22 July, Truro; 1 Aug. '17, Hubbards, Hx. Co.) until toward

the end of October (20 Oct. '95; 26 Oct. '97, 27 Oct. '17,

Halifax). The first hard frosts which begin to occur about

the 16 Oct. soon put an end to any but lingering stragglers,

although an occasional individual may possibly considerably

prolong its existence by getting into some warm crevice

about a barn to reappear under the influence of a warm
day. It seems to be a silent species.

No doubt this locust does very considerable damage
in the aggregate in Nova Scotia, more particularly to ha}'--

crops; but so far it does not seem to have called loudlj- for

repression. Next, however, to M. femur-riibrum and AI

.

atlams, and the Crickets, it is one of the most destructive

species of Orthoptera we have as far as grass, grain, and

other cultivated crops are concerned; and with them it deserves

watching. After a series of favourable dry seasons, which

have permitted it, as well as other species, to increase rapidly,

it becomes most numerous and occasions much loss; but

then^there usually follows a period when it dwindles much
in numbers from natural causes; so that it is only occasionally

the farmer views it with much concern. It is said to be

subject to the attack of a fungi in wet seasons, as well as other

parasites, besides various vertebrate enemies. In the middle

of August, 1895, and on other occasions. I iuive collected
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specimens with from two to a dozen minute, egg-shaped,

coral-red parasites about half of a millimeter in length,

beneath the base of the hind wings. These were doubtless

the Red Locust-mite, Tromhidium locusiarum of Riley.

Near the mouth opening of insects are salivary glands

which In the A crididce usnaUy secrete a brown-coloured fluid,

which is also probably defensive in character as many
species when captured very readily exude it from the mouth-

This is particularly noticeable in the present species, and

country children have everywhere given the dark-coloured

secretion the name of "grasshopper molasses" and to the

insect itself they occasionally apply the name "molasses

bug". This species is often captured by Nova Scotian

children for the sole purpose of seeing it exude the fluid,

their invariable saying on such an occasion being, "Grass-

hopper, grasshopper, give me some molasses and I'll let you

go." It is also known to many children as a doughty fighter,

boys often amusing themselves by bringing two large speci-

mens together so that they wrestle vigorously with their

front legs and endeavour to bite each other. These gay-

coloure I locusts bring back childish memories of half-forgotten

summer days when we dallied waist-deep in the lush timothy

the air filled with what might be termed the "green" scent

of trampled grass; or of afternoons in early autumn when we
loafed about the rank vegetation of fence-rows with its

odour of dank decay.*

*Tiie lollowing MelanopLi are more or less abundant in northern New England, and one
or two of them may be taken here:

—

AIelanopius mancus (Smith) occurs locally in elevated (2,000 to 3,o(X) ft.) localities in
Maine, New Hamp.. and Conn., etc.; but has not been taken in Canada Wing-covers shorter
than pronotum, and subovate. Male cerci slender, clasp-like, about four times as long as
middle breadth, the middle breadth less than half of extreme basal breadth. General colour
fuscous. Length, male 14-17 mm.; female, 18-2.5 mm.

Ml lanoplus minor (Scudder) is common in New England north to Maine, and has
been taken in Ont. and Sask., and we should expect it here. Wing-covers reach the knee.':
Male cerci with apex expanded and somewhat forked, the lower branch of fork merely an
angle or median projection on the lower edge. General colour brownish, yellowish below;
black bar behind eye; hind femora brownish-yellow with indistinct darker bars, their lower
face generally orange. Length, male, 1.5-18 mm.; female, 19-24 mm.

Melanoplun luri'tua (Dodge) =.U. collinut Scudder. BlatcbJey has shown that these
names are synonj-mous, or the later merely varietal. Scudder reported M. collinu-: as comm ,n
in New England north to Maine, and Walker found it in Ont. Win<;-covers reach, or slighil,-
surpass, the knees. Male cerci expanded at apex and very distinctly forked. In colour an.i
app)earanre it resembles \f. /'emur-ruhrum, but wing-covers are much shorter, and the forked
cerci distinguish it immediately. Length, male, 17-20 mm.; female, 20-27 mm.
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Family Tettigoniid.^ (Long-horned Grasshoppers,

Katydids, Camel Crickets, etc.)

{LocustidcB of former writers.)

This family is easily separated from the Acrididce by

the long bristle-shaped antennce, which are much longer than

the body, and the long ovipositor of the female; while from the

GrylUd(B it is distinguished by the four-jointed tarsi and the

sloping sides of the wing-cover which meet in an acute ridge

above. The ovipositor forms a strongly compressed, elong-

ated, generally sword-shaped blade, the tip not expanded.

The stridulating or calling organs of the male, when present

in the winged species*, are situated just behind the pronotum,

at the base of the sub-triangular overlapping dorsal area of

the wing-covers, and usually consist of a transparent reso-

nant membrane of somewhat rounded form, crossed by a

prominent curved vein which on its under side bears a row

of minute file-like teeth. In stridulating, the wing-covers

are parted and then brought together again, thus rasping

these, teeth over a vein on the upper surface of the under

wing-cover, and so producing the loud strident call which

is such a typical nocturnal sound in the country. These

notes differ in different species, and somewhat resemble

the word "katydid" in the true Katydid, Cyrtophyllus

psrspicillatus, which does not occur in this province. In

our own species, however, the note has no resemblance

whatever to that sound. The mandibles are well developed,

which enables the insect to dig into plant tissue and eat

grass seeds as many of them do; and being greedy feeders

they produce considerable damage to vegetation, but fortu-

nately mostly of the uncultivated kinds. The manner

of oviposition differs in the various subfamilies: in the

Phaneropterince, which are arboreal, the eggs are usually

attached in double rows to the exterior of small twigs, or

are inserted in the edges of leaves, and the ovipositor is

The Stone Crickuta (.SlenopeliwiliiKB) iire winnlesa and therefore silent.
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broad, curved and blunt; in the Conocephalinae, which are

mostly terrestrial, the eggs are deposited by a piercer-like

ovipositor between the stems and root-leaves of grass or in

the pith of twigs, etc.; while in the terrestrial Slenopelmatince

they are doubtless placed in the ground. The eggs usually,

and in Nova Scotia doubtless always, remain in the place

of oviposition over winter and hatch the next season, the

young at first being wingless and arriving at maturity after

the usual five months.

Key to Nova Scotian Subfamilies of TettigoniidjE.

a. Wing-covers and wings present.

b. Prosternum (under surface of thorax) without spines; vertex of head
rounded or deflected; wing-covers rather broad, leaf-shaped, and of

a bright green colour, always shorter than the wings. (Mostly
found on shrubs.) Phaneropterin.e, p. 309.

bb. Prosternum with spines (very short and weak in our genus Xiphidium,
but longer and more slender in genus Orchelimum which may occur
here); wing-covers narrow, expanded little if any in middle, often
shorter than wings; vertex terminating in a rounded tubercle in

our species, (and in a long cone in extralimital ones)
;
pronotum

without or wdth only one transverse sulcus; ovipositor slender and
nearly straight in our genus Xiphidium, (but stout and upcurved
in Orchelimum). (Mostly terrestrial.) . .Conocephalinje, p. 323.

aa. Wing covers and wings wholly absent; pronotum short, not covering
whole top of thorax; prosternal spines absent; ovipositor nearly straight.

(Occurring under stones, etc.) Stbnopelmatin^, p. 325.

Subfamily Pbaneropteririae (Katydids, in part).

Vertex of head rounded, without cone or spine; pro-

sternum without spines, wing-covers and uoings present, the

former rather broad, of a bright green and closely resembling

a leaf in form and colour, the wings large and extending

beyond the covers. The species live chiefly on bushes and

small trees, with the foliage of which they remarkably har-

monize; they are solitary in habit and .slow in movement,

and while some kinds are quite numerous yet they so complete-

ly blend with their surroundings that they are very

rarely seen except by the naturalist. They differ in manner

of oviposition from other Tettigoniidce. The eggs instead

of being deposited in the earth or in twigs, are usually glued

in double rows to the outer surface of slender twigs, or are
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inserted in the edges of leaves; and for such use the ovipositor

is broad, curved and obtuse at the apex.—Only one genus,

Scudderia, is represented in Nova Scotia, it being distinguished

by having the wing-covers of nearly equal breadth throughout,

and by the fastigium of the vertex being no broader than

the first antennal joint.

Group Scudderiae.*

Key to Nova Scotian Species of Scudderia (males).

Note.—The upper anal appendage of the male must be carefully

examined with a lens in order to identify the species, the female being extreme-
ly difficult to separate, but, fortunately for the beginner, the latter is much
less often met with. The chief member used for identification, is what is

called the supra-anal spine of the male, a produced pistillate process oh the
upper part of the last abdominal segment. There is also a long sub-anal

spine which curves upward past the end of the supra-anal process, but it is

not used for diagnostic purposes.

Last abdominal segment with a median produced pistillate process on its

dorsal side (supra-anal spine), this process forked at its apex, with no
median projection in the concavity of the fork,

a. Forked branches of supra-anal spine lobate; these lobes or lateral processes

bearing small vertical longitudinal flanges or keels along their lower
surface; notch of supra-anal spine shallow and acute (V-shaped).

b. Lobes (or lateral processes) of forked part of supra-anal spine dis-

tinctly tapering toward their ends when viewed from above; wing-
covers relatively broad and short, their length about 3 times their

greatest width 20. pistillata, p. 312.

bb. Lobes of forked part of supra-anal spine sub-equal in uidlh when
viewed from above; wing-covers proportionately narrower, their

length about 43^ times their greatest width in male, and about

4H times in female 21. curvicauda borealis, p. 317.

aa. Forked branches of supra-anal spine lobate; these lobes or lateral pro-

cesses not bearing longitudinal flanges along their lower surface, and not
much longer than broad; they are decidedly swollen and broadest at the

basal part (that is the portion opposite to the extreme depth of the

U) when viewed from above; notch of supra-anal spiiie deep and rounded
(U-shaped); wing-covers about 4J^ times their greatest width in male,

and about 45^ times in female. 22. furcata furcala, p. S20.

Note.—Typical *S'. Curvicauda curvicauda differs from the race borealis

in being larger in size, the wing-covers being decidedly longer (33-37 mm.)
as well as the hind femora (25-29.5 mm.). It occurs from Maine south-

ward but has not yet been found in Nova Scotia.

*See Scudder (S. H.), "The Orthopteran Group Soudderiffi," Pr.<c. Amer. Acad. Arts
and Sc, vol. S'?, Bist., 1898, pp. 271-290 and 1 plate, which fullv describes all species then
kmwn: and also the more recent revision by Rehn (f. A. G.) and Hehard (M.'), "Studies in

A-n!rican Tcttitsnniidae: S/nopsis of Spfcies of Genus Scudderia," Trans. Am. Ent. Soc, vol.

41), 1914, pp. 271-.3U, with 3 ol^tes of anal appendants, etc. Studonts should bo vcrv cautious
in accepting namas used for spscies of Scu-t'lerii previous to the appearance of Scudder's paper
of 1898, a-s the nomenclature had formerly bean mist lamentably mixed up.
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Field Key to Nova Scotian Species of Scudderia.

Males.

The following condensed key may be used as a more ready but cruder
means of separating our male Scudderia:—
a. Notch in end of spine on upper side of extremity of body (supra-anal

spine) rather shallow and acute or V-shaped, the two branches of the
fork not swollen.

b. Greatest width of wing-cover over 8 mm. (ends of branches of fork

gently tapering) -. 20. pintillata, p. 312.

bb. Greatest width of wing-cover under 8 mm. (ends of branches of fork
of about equal width) 21. curvicauda borealis, p. 317.

aa. Notch in end of spine on upper side of extremity of body very deep and
well rounded or U-shaped, each branch of the fork very much swollen.

22. furcata furcata, p. 320.

Females.

The following key may serve to distinguish our female Scudderia:—
a. Disk of pronotum with sides distinctly widening posteriorly.

b. Wing-covers relatively broader, over 8 mm. in greatest width, their

proportions being about 1 to 3; eyes smaller. .20. pislillata, p. 312.

b. Wing-covers relatively narrower, under 8 mm. in greatest width,
their proportions being about 1 to 43^; eyes larger

21. curvicauda borealis, p. 317.

aa. Disk of pronotuin with sides nearly parallel; wing-covers narrow, their

proportions being about 1 to 45^ .... 22. furcata furcata, p. 320.

The ovipositors of the three forms closely resemble each other, although
that oi furcata is relatively narrower than that of the other two. Identification

by ovipositor is very difficult with these insects and must be done with the
greatest caution by a beginner.

S.pistillata 3. curvicauda borealis tS. furcata furoaba.

Distinguishing Forms of Supra-.inal Spine? of Males of Species of Scudderia.
(Enlarged about 5 times.)

The first three figures show the spine aa viewed from above, the fourth in a lateral
view. The figure of S. p stillata i.s from a .=pecimen collected at Halifax, that of S- curvicauda
borealis is from one collected at Wilmot, N. S., on (i Sept. 191.5, and that of S. furcata furcata
I rem one taken at Chocolate Lake, Halifax, on 30 Sept. 1917.
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20. Scudderia pistillata Brunner. Northern Katydid.

''Phaneroptera curvicauda (not of DeGeer). F. Walker,

Cat. Derm. Salt. Brit. Mus., ii, 335 (1869); United

States.—Do., Can. Ent., iv, 30 (1872); Nova
Scotia.*

Scudderia pistillata. Piers, Trans. N. S. Inst. Sc, ix,

211 (1896); Halifax and Ann. Cos.

(Note.—The synonymy of this and other species of

Scudderia was very badly confused until Scudder in 1898

finally fixed the standing of the then-known species; and

students should be very cautious in accepting specific names

of the genus used by writers before that date.)

Descrip'ion.—Like other reoreseatatives of the ^eaus, this species

has a very odd appearance with its long antennse, leaf-like wing-covers and
wings, and long and very slender hind-legs.—Disk of pronotum distinctly

broadening from the front backward; wing-covers leaf-like, fairly broad
(the length about 3 times the greatest breadth). Supra-anal spine of male
forked, the apical notch acute and shallow, without a median tooth, and
narrower than the uoturned sub-anal spine; the lateral processes (on the
sides of notch) sub-triangular and distinctly tapering toward their ends when
viewed from above, the underside of these processes bearing a small vertical

longitudinal flange or keel. Greatest width of ovipositor about J>^ of its

upper chord. Hind femora about 21 (male) or 20 mm. (female). Disk of

pronotum wider posteriorily than anteriorly, the posterior width 1.5 times
the anterior. Females may be distinguished from those of furcata by the
shape of the pronotum disk, and from curvicauda borealis by the relatively

broader wing-covers.

Colour.—From five males, just taken, Halifax, N. S., 26 Aug., 1895.
General colour above, including wing-covers, pale oil-green or apple-green;
under parts whitish green. Antennas brownish, greenisli basally; upper part

of eyes brown; vertex of head white, middle of face greenish-white, mouth
and between legs white. Dorso-lateral angle of pronotum with a creara-

bufT stripe. Abdomen terre-verte green, malachite-green on sides; posterior

margin of abdominal segments brighter green (appearing as annular stripes

of brighter green on darker green); two longitudinal, slightly raised, white
lines on ventral surface of abdomen. Soles of feet brownish.

Measarem-mls.—The following are conmirative raeisuretnants of the

five males (a-e) takea at Halifax, 23 Aug., 1S9'), whise colour has just been

*Walker listed two species of Katydid as havini; b:^pn taken in Nova Scotia by Ijieut.

Redman, to which he applied the names "Phaneroptera curvicauda Do Geer" and "Ph'iUoptera
mj.rtifolia Serv." Until the specimens in the British Mu.'^eum are carefully examined by some-
one perfectly familiar with the North American forms as at present rcconnized, the best we
can possibly say is that these two names as used by Walker to desiKnatc Nova Scotian speci-
mens, represent two of the three forms •'Scudderia pistillata, S. curvicaiula burealis, and S. furcata
/areata.
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described; and a sixtli male (f) taken at Chocolate Lake, near Halifax, 10
Sept., 1916:

Body to end of anal appendages . .

.

Body exclusive of anal append-
ages

Pronotum, length
Pronotum, anterior width
Pronotum, posterior width
Wing-covers, length
Wing-covers, greatest width
Hing wings, length
Hind wings, greatest width
Hind wings extend beyond wing-

covers
Hind femora
Hind tibiae

Antennae
Eye, \erticle diameter
\\'idth of wLng-cover contained in

its length ; times

mm
23.0

20.5

30.0
9.7
32.0
14.5

.2

20.5
22.0
30.5

3.09

mm
23.0

20.7

30
10
32
15.2

4.0
20
22.0
32.0

mm
23.7

21.5

29.0
9.7

31.7
14.5

20.5
22.0
31.7

2.99 2.99 3.05

mm
23.7

21.5

30.5
10.0
32.7
14.5

5.2
22.0
22.0
31.0

e
mm
25.0

22.0

30.0
10.2
31.0
14.5

4.0
20.5
22.0
31.7

2.94

f

ram
20.0

17.0
5.2
2

4.25
29.5
10.2
32.0

4.5
21.0
22.0
29.0
1.3

2.89

Ave.
mm.
23.0

20.5

29.9
10.0
32.0
14.6

4.6
20.8
22.0
31.0

2.99

Measurements given by ^Titers in the United States are: Male: body,
19-22 mm.; pronotum, 5.5 mm.; wing-covers, 30-32 mm.; width of wing-
covers, 10 mm.; hind femora, 21-22 mm. Female: body, 19-22 mm.; pron )tum
5.5 mm.; wing-covers, 26-27 mm.; width of wing-covers, 8-8.5 mm.; hind
femora, 20-21 mm.; ovipositor, 6.5 mm. (Width of wing-cover contained in

its length, from 3 to 3M times.)

Range.—Northern United States and southern Canada east of the
Great Plains (or about long. 110°): from Nova Scotia, Maine, Toronto (Ont.),

Mich., Minn., Winnipeg (Man.), and Regina (Sask.), south to northern
New .Jers., Penn., Ind., 111., Nebr., So. Dak., and Wyom. It thus ranges
from the southern part of the Canadian Zone to the northernmost part of

the Upper Austral, north of about lat. 40". Occurs in greatest numbers in

the southern portion of Canadian Zone; and common everywhere in northern
New England.

Occurrence in Nova Scotia.—I have not much doubt that

this is the species which F. Walker reported as Phaneropfera

curvicauda, from Nova Scotia in 1872 (Can. Ent., iv, 30),

as even Scudder himself did not distinguish between these

two species in 1862, and it was not until 1878 that Brunner

separated them. In reply to my enquiry whether Walker's

Nova Scotian curvicauda was pistillata, B. M. A. Cummings
of the British Museum informs me (14 Jan., 1916): "We have

not in the British Museum collection a specimen of S. pistillata,

and under S. curvicauda a general locality-label is given for

Nova Scotia, but no particular specimen labelled. There

Proc. & Trans. N. S. Inst. Sci., Vol. XIV. Trans. 21.
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are three specimens of S. curvicauda." That is, Walker's

Nova Scotian specimen cannot now be referred to, and

probably is lost. Of course the specimen may quite possibly

have been what has lately been named S. curvicauda horealis,

a form which occurs in the western part of the province;

but as the specimens which Walker examined were collected

most likelj^ about Halifax, doubtless bj' Lieut. Redman,

and I have not yet found that form here, whereas pistillata

is very common, it seems best to consider Walker's record

as referring to the latter species.

I first collected S. -pistillata at Halifax on 26 Aug., 1895,

and the determination was verified by Dr. Scudder himself

who revised the genus in 1898 and placed it on its present

sound basis. It was reported from Nova Scotia in 1896,

that being the first Canadian record for Canada under

its proper name. Elsewhere in that region it has only been

recorded from Toronto, Winnipeg and Regina in the west.

Strange to say B. Long did not happen to meet with it, or

indeed any species of Scudder la, in Prince Edward Island,

where it should occur and may yet be found.

This species is ver}^ common about Halifax, and no

doubt more or less so throughout all or the greater part of

the province, although in the western section S>. curvicauda

horealis is rather common and to some extent replaces it.

The latter I have not yet found near Halifax. C. B. Gooder-

ham speaks of »S. pistillata as rather common about Truro;

and he has in his collection several specimens taken at Truro,

Col. Co., Hantsport, Hants Co., Wilmot, Ann. Co., Wey-

mouth, Digby Co., and Deerfield, Yar. Co.; and there are also

six specimens in the collection of the Agricultural College,

Truro; while I have seen specimens taken at Tatamagouche,

Col. Co., at Middleton, Ann. Co. (Irene Cox), at Brooklyn,

Yar. Co. (Dorothy Marrell), and at Yarmouth, Yar. Co.

(E. C. Allen, who had also collected the Deerfield specimens

beforementioned). It therefore clearly occurs, fairly com-
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monly, at least from Tatamagouche, on Northuml^erland

Strait, south-westward throughout the Annapolis Valley to

Yarmouth. No data is available regarding its occurrence in

Cape Breton Island.

It is found upon the foliage of clusters of shrubs and low

bushes, chiefly Speckled Alders (A. incana), in or near some-

what swampy or damp ground in the vicinity of land which

is more or less cleared. Usually there is only one male on

each bush. On the juices of these shrubs it feeds with the

aid of its sharp mandibles; and its eggs, instead of being

deposited in the earth or in twigs or grass-stems, etc., as

is usual with most of the Orthoptera, are glued in double

rows like flattened hemp-seeds, to the outer surface of

slender twigs or are inserted in the edges of leaves. All

the members of the Phaneropterince agree in this manner of

oviposition. S. pistillata is usually extremely slothful,

although the male occasionally flies some distance from bush

to bush, but if in doing so he comes to the ground, he generally

falls most awkwardly on his side, if detected while on a bush

he can usually be easily taken with the fingers, although

occasionally when approached he will suddenly drop to a

branch beneath. Females are excessively secretive and are

very rarely observed, one reason being that the male only

proclaims his location by loud calls. Considering the great

difficulty of determining the species to which females belong,

most students perhaps are quite thankful for this.

The Katydids, because of their green colour, leaf-like

form, and very slow movements, are extremely difficult to

distinguish from the leaves among which they are. The best

way to ascertain their exact location is by taking rough cross-

bearings. First listen for their call-note and so get the

bearing, and then go around until approximately at a right-

angle with the former position, listen again for the call, and
thus obtain another bearing which intersects the first one.

Then on going cautiously to the spot indicated by these

cross-bearings and listening once more for the guiding note,



316 ORTHOPTERA OF NOVA SCOTIA. PIERS.

the eye after some searching will usually be able to detect

the leaf-like insect and, slowly approaching, it may be taken

by the fingers—if it does not suddenly drop among the

leaves below! At night a lantern has to be used to see the

insect, what is known as a "dark" one being no doubt best

for the purpose.

Although so difficult to detect owing to its similitude to

a leaf and its sluggish movements, yet the loud stridulation

of the males after nightfall makes known its approximate

location. During the day they are usually silent, or rarely

produce a short, sharp note, zip. After nightfall, however,

their ear-piercing notes are as notable a rural chorus in late

summer and autumn as those of the Tree Toads in spring.

It is by far the loudest sound produced by any of our Orthop-

tera exclusive of other members of its own genus. The

calling organ consists of a transparent membrane at the

base of the overlapping dorsal area of one of the wing-covers,

the membrane being crossed by a prominent curved vein

bearing a row of minute file-like teeth on the under side,

which are rasped over a vein on the upper surface of the

UBider wing-cover, in which way a strident note is produced.

On watching the male, he will be seen occasionally to sud-

denly lift, part and then again close the wing-covers, pro-

ducing a sharp zip or crick, not very loud, which is the same

as the day note. After making this sound at irregular

intervals for sometime, he opens and closes the wing-covers

to a greater extent, and so produces a long-drawn, exceedingly

loud, fierce-sounding cr-r-r-r-r-r-ick! or tschr-r-r-r-ip! , which

is repeated in couplets several times. This vehement chal-

lenge is then answered successively by every other male

in his vicinity, until numbers are rasping out their

chorus of ear-piercing notes, which are borne far on the

still night air. After a while the notes become few, but

later are started again by another bold male; and so the

tumult is kept up intermittently throughout the night. I
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have often stood near the dark alder thickets, in the calm

close nights of August and September, listening to them and

the wide-spread continuous undertone from thousands of

tiny Crickets among the short grass of the adjacent pasture

land, and I could not but have some admiration for the

bold, fierce nature which the former's passionate challenge

seemed to indicate in those lurking green-clad bushmen,

though one could never grow to love them like the little

Cricket whose softer serenade lulls rather than arouses.

Its notes are first heard near Halifax about 9th August

(8 Aug. '97, 28 July '04, 8 Aug. '09, 12 Aug. '10, 1 Aug. '11,

17 Aug. '16, 19 Aug. '17), a week after the first cricket is

heard, and are common throughout that month and Septem-

ber. They are last heard about 20th October (17 Oct. '95,

2*1 Oct. '15), about the time of the first hard frost which

usually occurs in this province near 16th October.

Strange to say, while the species is so very common and

its notes must be so very audible to all, j'et it has received

no vernacular name here; and in fact I have not found anj^one

but a naturalist who has ever seen the inject, and great

surprise is expressed at its appearance when a captured

specimen is shown.

21. Scudderia curvicauda borealis Rehn and Hebard.

Broad-winged Curved-tailed Katydid.

Description.—This geographic race closely resembles S. pisiillata in

general appearance, and the form of the supra-anal spine of the male is also

generally similar, except a slight difference in the shape of the branches of

the spine.—Supra-anal spin^ forked, the apical notch acute and shallow, with-

out a median tooth; the lateral processes (on sides of n tch) suhequol in

width (not tapering) and somewhat rounded at end when viewed from above,

the underside of these processes bearing a small vertical longitudinal flange or

keel. Wing-covers proportionately rather narroio (the length about 4^4 times

the greatest breadth in male and about 4J^ in female). Greatest width of

ovipositor about one-half of its upper chord. Hind femora about 20.2 to

22.6 mm. Disk of pronotum wider posteriorily than anteriorly, the former
being 1.4 of the latter.

From pistillnta it may be separated by the larger eyes, much narrower
wing-covers (65 to 7 mm. in male boreaHa, as compared with 9 to 11 mm. in

male pidillata), somewhat longer hind femora, much smaller tympanal area

of the male -wing-covers, and the sub-equal width of the branches of the supra-
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anal spine (they not being tape'-ing as in pistillata). From typical S. curvi-

cauia it differs in its smaller size, more compact form, and the broader and
shorter wing-covers. From S. furcata it is very readily separated by the form
of the supra-anal spine. Females are distinguished from those of furcata

by the shape of the pronotum disk, which widens posteriorly; and from those

of pislillata by the relatively narrower wing-covers.

Colour.—General colour green, the lateral angles of the pronotum in

most cases weakly outUned with brownish white. Two Nova Scotian speci-

mens in the Provincial Museum are green with reddish-brown tibiae; one has

a pale buffy hne on edges of disk, along the lateral angles of the pronotum,
the other is suffused with pale reddish-brown on most of head, pronotum,
and humeral angles of wing-covers.

Measurements.—Male: body, 18.2-22.3 mm.; posterior width of pro-

notum, 3.3-3.6 mm.; pronotum, 5-5.4 mm.; wing-covers, 27.S-29 mm.; greatest

width of wing-covers, 6.5-7 mm.
;

posterior femora, 21.8-22.7. Female:
body, 18-20.4; pronotum, 5.1-5.4 mm.; posterior width of pronotum, 3.6-3.8

mm.; wing-cover«, 25.2-29.7 mm.; posterior femora, 20.8-22.6 mm.: ovipositor,

7-7.4 mm. Width of wing-cover contained in its length very elightly more
than four times on an aver.age. {Vide Rehn and Hebard.)

Two of the Nova Scotian males fi'om Mr. Gooderham's collection have
been presented to the Provincial Museum, viz. one taken at Wilmot, Ann.
Co., 6 Sept., 1915, by W. E. Whitehead, and the other without data, and these

furnish the following measurements:

—

Body, to end of subgenital plate.

Body, exclusive of anal appendages . . . .

Pronotum, length .

Pronotum, anterior width
Pronotum, posterior width
Wing-covers, length
\. ing-covers, greatest width
Hind wings, length

Hind wings extend beyond wing-co\ers.

Hind femora
Hind tibia;

Subgenital plate, length

Eye, vertical diameter
Width of wing-cover to length of same, .

Male,
Wilmot Male
6-9-15

9.4mm. 20.3mm
16.0
5.0 4.7
2.5 2.5
3.4 3.5

27.5 26.5
6.5 6.5

30.0
4.0
20.2 21.6
22.0 22.5
6.5 6.2
1.5 1.5
^th J€th

Hange.—This is the race occurring in the extreme northern portion of

the range of S. curvicauda. It has a limited distribution which borders that

of curvicauda curvicauda in the north and northwest. Hitherto it has only

been reported from Maine (in bogs), Ontario (Severn River, Tobermory, and

Toronto), and Manitoba (Awcme), being fovmd typicil only in the Canadian

Zone. Dr. J']. M. Walker's Toronto si)ecimens show soii.e tendency toward

curvicauda curvicauda.

Occurrence in Nova Scotia.—This geographical race

was first described in 1914 by Rehn and Hebert (Trans

Amer. Ent. Soc, 40, p. 281) from specimens taken in Maine,

Ontario, and Manitoba. I hav(> not so far detected it about
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Halifax althoufih it may very easily have been mistaken for

a narrower-winged variety of S. pistillaUt, which at first I

took it to be.* The typical *S. curvicaudn curvicnuda has not

so far been found in our provinc^^ and is without doubt

replaced in this region by the race borealis. The record of

Phaneroptera curvicauda from Nova Scotia by F. Walker in

1872 (Can. Ent., iv, 30), appears to me to have been S. pis-

tillata, as mentioned under that species, but one cannot

be at all certain as his specimen seems to be lost.

C. B. Gooderham of the Agricultural College, Truro,

who first drew mj'^ attention to this insect, has in his col-

lection certain specimens of this new subspecies, viz.: two

males and two females taken at Wilmot, Ann. Co., 6 Sept.,

1915, by W. E. Whitehead; three males taken at Truro,

Col. Co., 8 Oct., 1916, by himself, and one specimen from

Deerfield, Yar. Co., by E. C. Allen. In the collection of

the Agricultural College, Truro, is one male taken at Kentville,

Kings Co., on 12 Aug., 1914, by C. A. Good. It doubtless

occurs from early in August until about the middle of October.

Specimens sent to J. A. G. Rehn by Mr. Gooderham in

Feb. 1917 were verified by the former as his and Mr. Hebard's

S. curvicauda borealis, so that the determination is authori-

tative.

While I have not, as before said, detected it about

Halifax, it very likely may occur here and should be searched

for. In the western part of the province from Truro to

Yarmouth, Air. Gooderham tells me it appears to be rather

common, as he has taken it at two or three different places

and has received it from two others, and he thinks that in

that region it must be as abundant as S. pistillata. E. Chesley

Allen informs him that there is a narrow-winged Scudderia

which is very common aljout Deei-field, Yar. Co., which is

probably borealis, as Mr. Gooderham has one specimen of

*Prof. W. S. Blatchley in lOK rfjferred some of Mr. Gooderham's specimens to S. pis-

lillata, and Dr. E. M. Walker referred them at first to .S'. cumicaudn but he now agrees tliat

they are the form borealis.
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the latter from that place collected by Mr. Allen. One

would expect to find it occurring on bushes in bogs, as is

the case in Maine.

22. Scudderia furcata furcata Brunner. Northern
Fork-tailed Katydid.

ff Phylloptera myrtifolia (not of Serville) F. Walker,

Cat. Derm. Salt. Brit. Mus., ii, 376 (1869); Canada.

—Do., Can. Ent., iv, 30 (1872); Canada, Nova
Scotia.

Description.—Wtile generally resembUng our other species of Scudderia,

this one may be verj^ readily separated from them by the form of the supra-

anal spine of the male. Females may probably be best distinguished by the

nearly parallel sides of the disk of pronotum.—Wing-covers proportionately

somewhat narrow (the length about 43^ times the greatest breadth in the

male, and about 4^ in the female). Supra-anal spine of male deeply forked,

the apical notch deep and rounded (distinctly U-shaped), without a median
tooth; the lateral processes (on sides of notch) not much longer than broad,

decidedly swollen and broadest at the basal part (that is, about opposite the

extreme depth of the U) when viewed from above, and these processes not

longitudinally flanged or keeled along their lower surface. Dish of pronotum
with nearly parallel sides (in male and female of pistillata and curvicauda

borealis it distinct!}^ broadens backward) . Greatest width of o\'ipo8itor about
2/5*bs of its upper "chord. Hind femora about 17.2 to 22 mm.

Colour.—General colour dark leaf-green, occasionally more or less

suffused with brown; the head and pronotum paler; the lateral angles of the

pronotum usuallj' not outHed -vs-ith yellowish.

Measurements.—Male: body, 14-18 mm.; pronotum, 5 mm.; -^-ing-covers,

26-31 mm.; gi-eatest 'nidth of 'ning-covers, 6-6.5 mm.; lund femora, 19-22

mm. Female: body, 18-22 mm.; pronotum, 5 mm.; wing-covers, 26-30 mm.;
width of wing-covers, 6 mm.; hind femora, 20-22 mm.; ovipositor, 5 mm.
Width of wing-cover contained in its length about 4^ times in male and
about 4% in female. {Vide Rehn and Hebard.)

The following are comparative measm-ements of two males of S. furcata

furcata taken at Chocolate Lake, North West Arm, near Halifax, N. S.,

30 Sept., 1897:

Body to end of anal process

Body exclusive of anal process

Pronotum, length :

Pronotum, anterior width
Pronotum, posterior width
Wing-covers, length .

Wing-covers, greatest width
Hing-wings extend beyond wing-covers

Hind femora .

.

'.

Hind tibise

Antennse
Eye, vertical diameter
Width of wing-cover contained in it length; times.
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Range.—This form ranges over the United States and southeastern
Canada east of the Great Plains: from Nova Scotia, Brunswick (Maine),
Montreal (Que.), Lake Nipissing (Ont.), and Wise, south to Fla., around the
Gulf Coast to Texas, Nebr. and So. Dak. Specimens showing atypical ten-
dencies are found in Idaho, Wash., Oregon, and Calif. Southwestward it

intergrades with S.furcatafurcifera Scudder, which occurs typically in Mexico
and New Mexico It is common everywhere in New England.

Occurrence in Nova Scotia.—It is very far from certain

that this was the species referred to by F. Walker (1872),

under the name Phylloptera myrtifolia, as having been taken

in Nova Scotia. B. M. A. Cummings of the British Museum
in reply to my query whether Walker's Nova Scotian speci-

men of "P. myrtifolia" is S. furcata, writes me (14 Jan. '16)

that there is in that Museum "one specimen with label

'Redman' [that is, Lieut. Redman, the collector who supplied

Walker's Nova Scotian specimens]; also one *S'. furcata with

which the former does .not agree. In the collection the

Nova Scotian specimen is labelled P. myrtifolia as synonymous

with *S. laticauda. In W. F. Kirb^^'s Systematic Catalogue

of Orthoptera (ii, 445-446, 1906) it is given as synonymous

with *S. furcata." Mr. Cummings adds, "I do not think

the Nova Scotian specimen will prove to be either S. furcata

or S. laticauda." S. laticauda, of course, it cannot be. All

we can say is, that Walker's Phaneroptera curvicauda and

Phylloptera myrtifolia from Nova Scotia, must represent two

of the three forms Scudderia pistillata, furcata furcata, and

curvicauda horealis, but which of them it is difficult at this

distance to say. His curvicauda I think muet have been

pistillata.

Scudderia furcata furcata had not been detected by me
when I published my paper on Nova Scotian Orthoptera in

1896. In the dusk of the evening, on 30 September, 1897,

I captured two males of this form at Chocolate Lake, near

the head of the North West Arm, near Halifax, N. S.* One
of the.se was on a balsam fir (Abies balsamea), the other on
.a witherod bush (Viburnum cassinoides) , and a third, which

* The spot where these specimens were taken was a few rods from the shore on thf
south side of Chocolate Lake near its east end. The ground was dry there, but adjoining it

southward was a small bog. At the spot were low bushes, small balsam firs and large white
pines with a few red spruces. The pine was the characteristic tree of the locality.
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I did not succeed in capturing, was seen on a fir tree. In

the vicinity were large white pines and spruces. At the

time I heard about a dozen others, presumably of the same

species. Their note was chiefly a very short zi'p, but unlike

that of S. pistillata. These two specimens agree fully with

Scudder's description and plates in his paper on The Orthop-

teran Group Scudderige (Proc. Am. Acad. Arts and Sc,

Bost., p. 33, 1898), the form of the supra-anal spine leaving

no doubt whatever as to the determination.* Their measure-

ments have been given on page 320. I did not deter-

mine the specimens until the spring of 1916, and in

going to the same locality in the following summer, I only

happened to find S. pistillata, but further search will without

doubt show it is still there.

This form is no doubt rare or quite uncommon about

Halifax, and C. B. Gooderham informs me that he has

never seen it near Truro, Col. Co., or in the western counties

of Nova Scotia, and there is no specimen in the collection of

the Agricultural College, Truro. Still we would expect it

to be more related to the fauna of our Transitiou region than

to that of the Canadian region of eastern Nova Scotia. In

New England it is everywhere common. It probably appears

later than S. pistillata, and should be met with from August

to October. In New Jersey it occurs usually in pine barrens,

and in Indiana is mostly seen on low bushes and trees about

the margins of thickets and along fence-rows, while in the

prairie country to the north it frequents coarse grass and

weeds in company with S. pistillata.

The characteristic keelless, deeply and widely forkel

and much swollen end of the supra-anal spine of the male

will very readily distinguish it, on careful examination with

a lens, from S. pistillata and S. curvicauda horealis. Females

may be separated from tliosc of »S. pistillata by the propor-

tionately narrower wing-covers of furcata; and the propor-

tionately narrower ovipositor of the latter may help in

See figure of supra-anal spine of one of the Chocolate Lake specimena, on page 311.
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distinguishing them from curoicaiidd borealis. Comparison

of the shape of the disk of the pronotum, wlietlier it expands

somewhat behind, or is nearly parallel, will also assist; but

positive determination should be made on examination of

the male alone.*

Subfamily Conocephalinae (Cone-headed Grasshoppers and

Meadow Grasshoppers).

Vertex of head terminating in a tubercle or spine, some-

times blunt; antenna? long; pronsternum toothed or with

two slender spines (these very short and weak in our species

of Conocephalus); wing-covers narrow; ovipositor usually

long and straight, but sometimes upcurved (in Orchciimum).

To this subfamily belong certain slender-bodied green grass-

hoppers, with long antennae and sword-shaped ovipositors,

which are common in damp meadows and along the margins

of brooks, etc. Their song is produced in the same manner
as that of the Katydids, by a stridulating organ at the base

of the wing-covcrs; but the notes are quite soft and low and
are heard throughout the day. The eggs are deposited

between the stems and root-leaves of grass, in the pith of

twigs, etc.; and the ovipositor, being used as a piercer, is

slender and sharp-pointed. Only one genus, Conocephalus

( = Xiphidium), has so far been reported from Nova Scotia,

but Orchelimum may possibly yet be found although it is

not at all likely to be. These genera ma}^ be separated thus:

—

Key to Genera of Conocephalin^.

Fore and middle femora without spines beneath, vertex terminating in
a rounded tubercle hollowed on sides, stridulating organ light brown;

a. Piosternal .spines very short; ovipositor slender and straight or nearly
so; in.sect small, body less than 17 mm Conocephalus, p. 324.

aa. Prosternal s['ines longer and more slender; ovipositor stout and usually
upcurved; insect of medium size, body more ihan 17mm. (Not yet
reported from Nova Scotia.) [Orchelimum, footnote p. 325.

j

*Scudaeria seplentrioiialis (Sen-ille), readily distinguished by the trunrated apex of
the male supra-anal plate, although it qccurs north to Brunswick, Maine, is very rare and not
at all likely to occur here; and S. lexensis Sau.ss.-Pict , with a median tooth in the notch of
the supra-anal spine, althouch it has been taken at Norway, Maine, and in southwestern
Ontario, is just as unlikely to he found this far north.
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Group Xiphidiini.

23. Conocephalus fasciatus fasciatus (DeGeer). East-

ern Slender Meadow Grasshopper.

XipMdium fasciatum. F. Walker, Cat. Derm. Salt.

Brit. Mus., ii, 270 (1869); Nova Scotia, etc.—Do.,

Can. Ent., iv, 30 (1872); Nova Scotia.—Piers,

Trans. N. S. Inst. Sc, ix, 213 (1896); Halifax and

Windsor, N. S.

Description.—Very slender-bodied and delicately formed. Vertex of

head extends forward and slighitly upward as a rounded tubercle; antennae

long; face oblique; prosternal spines very short and weak; wing-covers narrow,

straight and extending much beyojid abdomen; wings a little longer than wing-

covers; ovipositor slender, straight, and about two-thirds length of hind

femur; hind legs long and slender; femur and tibia about equal in length.

Colour.—Nova Scotian specimen, just come to maturity. General colour

a beautiful translucent, Ught apple-green, very finely sprinkled with liver-

brown, mostly on face and sides of head, pronotum, and legs; the spots on
the hind femora being mostly arranged in a few longitudinal fines. Antennae

drab ; eyes clove-brown. A dark brown dorsal stripe from vertex to extremity

of abdomen, this stripe narrow on head and expanding into a rather broad

band on pronotum and abdomen. Sides of abdomen dark brown. Wing-
covers from greenish white to yellowish white, with brownish red dash on
lateral basal part, this colour extending onto the veins. Hind femora apple-

green, their apical third fawn-colour; hind tibiae hght fawn-colour, the spines

tipped with black. Ovipositor green, its dorsal surface and tip fawn-coloured.

Measurements.—Male: body, 12-13.5 mm.; pronotum, 3-3.5 mm.
wing-covers, 14-18 mm.; hind femora, 11.5 mm. Female: body, 12-14.5

mm.; pronotum, 3 mm.; wing-covers, 15-19 mm.; hind femora, 11.5-13 mm.;
ovipositor, 7-9 mm.

Range.—United States and southeastern Canada, from Rocky Mtns.
to Atlantic and south to South America: from Nova Scotia, P. E. Island,

New Brunswick, Montreal (Que.), Ont., and I\Ian., south toFla. and Mexico,

and west to Col. and Mont. The range of this geographic race is therefore

extensive, its present known northern limit being apparently in the Canadian
Zone. It is generally a very common form.

Occurrence in Nova Scotia.—This pretty, very fragile

little insect, the smallest of our Tettigoniidce, was first reported

from Nova Scotia by F. Walker in 1869. It is very common
throughout the province, at least in those parts which have

come under the eye of the collecter, as about Halifax, Truro,

Windsor, Kentville, Church Street (Kings Co.), near Yar-

mouth and Deerfield (Yar. Co.), etc. It frequents damp
situations, such as wet meadows and marshes, and is found

among moist thick patches of succulent and rank-growing
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grass. It is very active and makes extensive leaps. The
very tiny but easily recognizable nymphs, in about the second

stage, were not noted at Hubbards, Hx. Co., until 19 July,

1917. Adults are met with from about the middle of July

(18 July, '97; 29 July, '16, Halifax) until the middle of

September (10 Sept., '95, and 12 Sept., '97, Halifax; and

13 Sept., Truro). They no doubt succumb to the first

hoar-frosts which occur about then or soon after, being

probably the first species to do so. Females are seen

much more frequently than males. The stridulation of the

male is rather weak-sounding, as might be expected from

such a frail little species, and to me sounds like the syllables,

plee-e-e-e-e-e, tzit, tzit, tzit, tzit, the first part of the call being

a rapid vibratory note.*

Subfamily Stenopelmatinae (Stone and Camel Crickets).

Pronotum short, not covering whole top of thorax;

prosternal spine absent; wings wholly absent; hind femora

stout; ovipositor nearly straight.—These are ungainly insects,

stout, with long antennae, an arched back, and a large head

which is bent downward in an obsequious manner between

the front legs. They are nocturnal in habit, concealing

themselves by day beneath stones, logs, etc., in damp woods

or along woodland brooks, and are therefore rarely observed

except by the collector. Being wingless they make no

sound by which they may be located. They are omnivorous

feeders but do not injure cultivated crops. The eggs are

supposed to be laid in the earth ; and in the United States

the young occasionally hibernate, but no doubt do not

do so here. The females are very difficult to specifically

*Orchelimum valgare Harris, the Common Meadow Grasahopper, length 18-19 mm.,
with spines on prostemum cylindrical and slender, has been taken in southern Maine and
elsewhere throughout New England, where it is common, a-s well as in southern Quebec and
Ont., but it is not likely to be found as far north as Nova Scotia; as also Conocephalus brevipenaia

(Scudder), the Short-winged Meadow Grasshopper, length 11-13 mm , somewhat Uke fascialus

in general form, but with wings usually shorter than the wing-covers, and the latter usually

not reaching the end of the abdomen, which is common everywhere in New England and north

to Eastport, Me., Ont., and Montreal (Quebec;.
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identify. Only one genus, Ceuthophilus, is represented in

Nova Scotia.*

Group Ceuthophili.

Key to Nova Scotian Species of Ceuthophilus (male.?).

a. Hind margin of terminal dorsal segment of abdomen distinctly obtusely

notched; hind tibise arcuate or bowed in their basal third

24. maculatus, p. 326.

aa. Hind margin of terminal dorsal segment of abdomen entire, rounded;
hind tibiae straight; lower outer carina of hind femora wth 25 to 30
minute teeth, crowded together over two-thirds or more of apical

part; hind femora distinctly shorter (about one-tenth less) than hind tibiae,

and 3^/^ times as long as broad; fore femora at least a third longer than
pronotum 25. terrestris, p. 327.

24. Ceuthophilus maculatus (Harris). Spotted Camel
Cricket.

Ceuthophilus maculatus. F. Walker, Cat. Derm. Salt.

Brit. Mus., i, 201 (1869); Nova Scotia.—Do., Can.

Ent., iv, 30 (1872); Nova Scotia. (Generic name

given as "Onthophilus" by typographical error).

Description.—(Male). Body stout, back arched, antennae long. Hind
margin of terminal dorsal segment of abdomen obtusely but distinctly emar-

ginate or notched; fore femora frequently more than a third longer than pro-

notum; hind femora about four times as long as broad and about as long as

hind tibiae, the outer lower carina with 12 to 15 small spines; hind tibiae

(of male) arcuate or bowed in basal third. (The emarginate hind margin of

the last dorsal abdominal segment of the male cleaily separates it from
our other species.)

Colour.—Above blackish-brown, often with lighter stripe on dorsal

. part of thorax; below yellowish-brown; a number of small yellow dots, some-
times somewhat confluent, on dorsal part of abdomen ; legs pale reddish-brown,

the hind femora with brown bars.

Measuremejits.—Male: body, 14 mm.; pronotum, 4.6 mm.; fore femora,

6-6.5 mm.; hind femora, 15 mm.; hind tibite, 16-17 mm. Female: body, 16

mm.; pronotum, 5 mm.; fore femora, 6 mm.; hind femora, 15 mm.; hind tibiae,

15.5 mm.; ovipositor, 9..5-10 mm.
Range.—Northern United States and southeastern Canada, east of

the Great Plains: from Nova Scotia, Grand Manan (N. B.), Anticosti Isld.,

Montreal, Niagara Glen (Ont.), and Minn., south to Maryland, and west to

Colo, and Nebr. Its range thus extends from the southernmost portion of

the Canadian to the northern half of the Upper Austral Zone. Common
throughout New England.

Occurrence in Nova Scotia.—This ungainly insect, with

its cringing attitude, has hitherto only been reported from

Students should ccrtainlv consult Dr. E. ISI. Walker's excellent paper and plates on
his puzzling cenus in the Can. Kntomologi.st (vo'. 37, pp. 111-110, 1905. "Notes on the

I.ocustidsB of Ontario' ). The above key is founded on points of difference pointed out by him
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Nova Scotia by F. Walker in 18G9 from a specimen collected

many years before by Lieut. Redman. This Nova Scotian

specimen is still in the British Museum collection, and B. M. A.

Cummings, who has re-examined it for me, states that it is

correctly determined.

I have not so far mot with the species about Halifax,

although possibl}^ it will yet be obtained in suitable places

in that locality. Being silent and secretive, it is a difficult

insect to find and careful search has to be made for it. C. B.

Gooderham has five specimens taken in Colchester and

Annapolis Counties from 6 to 25 August, which have been

determined by Dr. E. M. Walker of Toronto and verified

by Prof. W. S. Blatchley of Indianapolis. They consist of

three males taken at Truro, Col. Co., one on an unknown

date by Miss L. C. Eaton, and the other two on 10 Aug.

1913; one female from the same place, 6 Aug. 1913; and a

second female collected at Granville Ferry, Ann. Co., by

H. G. Payne, without date. There are also in the collection

of the Agricultural College, Truro, two males from Black

Rock, Col. Co., 25 Aug., 1913. Of these seven specimens,

the five with dates attached were collected by Mr. Gooderham.

This gentleman considers it to be very rare about Truro,

and apparently it is also rare in other sections of the western

portion of the province, although possibly somewhat less so

than its number in collections would indicate. It is usually

found under flat stones in dry open woods, as well as beneath

logs and in hollow trees. Like other species of its subfamily^

it is wholly silent, as being wingless it has no stridulating

organs. Adults probably should occur from about the

middle of Jul}^ but we have no data to confirm this.

25. Ceuthophilus terrestris Scudder.

Description.— (Male). Body stout, back arched, antenna? long. Hind
margin of terminal dorsal abdominal segment 7iot notched, but obtusely
rounded; fore femora at least a tJiird longer than pronotum, hind femora 33^2

tiines as long as broad and distinctly shorter (about one-tenth less) than
hind tibia?, the outer lower carina with about 25 crowded minute teeth; hind
tibiae straight in male as well as in female.
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Colour.—Reddish-brown, the abdomen mottled with pale spots; often
a light stripe on median dorsal area of pronotum, bordered by darker blotches;

legs lighter, the hind femora with obscure dark bars.

Measurements.—Male: body, 13-14 mm.; pronotum, 4.5-5 mm.; fore

femora, 6.3 mm.; hind femora, 14.3 mm.; hind tibiaj, 15.5 mm. Female:
body, 14-15 mm.; pronotum, 4.3 mm.; fore femora, 6 mm.; hind femora,
13-14 mm.; hind tibise, 14 mm.; ovipositor, 7.5 mm. Newfoundland speci-

mens are reported to be very large for the species.

Range.—Northern United States and Canada in eastern parts: north
to Newfoundland (Bay of Islands, etc., Hebard), Nova Scotia, Maine, New
Hamp., Mass.(?), Anticosti Isld., Isle d'Orleans (Que.),Ont. (northto Muskoka),
Keweenaw Bay (Lake Michigan), and Man. Blatchley has reported it from
Ind., and Walden very doubtfully from Conn. It seems to be conJBned to

the eastern part of the Canadian and Transition Zones. Scudder says it is

not uncommon in northern New England.

Occurrence in Nova Scoita.—This northern species has

not previously been reported from Nova Scotia. C. B.

Gooderham informs me that he has three specimens of

C. terrestris, all taken at Truro, Col. Co., which were deter-

mined by Dr. E. M. Walker of Toronto, who has specially

studied this genus. Prof. Blatchley of Indianopolis, has

also verified the determination, so there is no doubt as to

the specific identity. Of Mr. Gooderham's specimens, a

male and a female were taken at Truro, Col. Co., on 6 Aug.,

1913, and a male at the same place on 18 July, 1915. There

are no specimens in the Agricultural College collection, and

I have not noted it about Halifax. Gooderham refers to it as

very rare about Truro. It probably occurs in the adult

form from early in July, and should be searched for under

flat stones in the open woods, where it may possibly be fdund

in company with the related C. maculatus. Like the latter

it is a wingless and therefore a silent species, and being

secretive it requires considerable searching in likely spots

in order to find it.*

Another species, Ceulhcphilus Irevipes Scudder, is generally a rare one, and has only
been taken at Grand Manan Island where it is not uncommon, at St. John.N . B., and in Indiana.
We would not expect to find auch a rare species in Nova Scotia. Its length is 1.5 mn).; hinl
femora shorter than hind tibi3, the lower carinas with 7-1 "> small saw-like teeth; hind tibif
otraight; fore femora about one-third or more longer than pronotum.
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Family Gryllid.'e (Crickets).

Antennir much lonjiTi" tlian body, l)ristle-shaped; wing-

covers flat above and abrui)tly turned downward at sides;

hind femora stout; tarsi (feet) three-jointed; ovipositor

usually protruding, straight or upturned, needle-shaped,

the tip often enlarged; calling organ of male, when present

as in our species, is near base of wing-covers as in the Tetti-

goniiikv, but is larger and extends across proximal portion of

both anal and median areas of wing-covers. The hind-wings

are usually short and of little use for flight, although

sometimes extending much beyond the ends of wing-covers.

The familiar chirp of the male cricket is not vocal as

many suppose, but is produced by rubbing the veins of the

stridulatory area at the base of one wing-cover over those

of the other, somewhat as in the TettigoniidcB. The eggs

of most species are deposited singly in the ground, and a

few of the burrowing species lay theirs in masses in their

burrows, while the arboreal tree-crickets {(Ecanthince) , which

have not j^et been found in this province, pi ice theirs in a

row in the pith of plants. Oviposition takes place in late

summer or early autumn, and the eggs in Nova Scotia doubt-

less do not hatch till the next season. Many of the species

do very considerable damage to pasture-land.

Only the subfamily Gryllince is so far known to be repre-

sented in Nova Scotia. Gryllotalpa borealis Burmeister,

the Northern Mole-cricket, of the subfamily Gryllotalpince,

with fore tibiae enlarged and fitted for digging, occurs in

the northern half of New England, Anticosti Island, and

Ontario, and might possibly be found here, but it is not very

likely to be.

Subfamily Gryllinae (Ground and Field Crickets).

Tarsi compressed, second joint minute; fore tibiae not

enlarged; hind tibiae rather stout, with two rows of stout

spines without teeth between them.

Pfto;. & Trans. N. S. I\-st. S.i., Vol XIV. Tr.^n.s. 21
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Key to Nova Scotian Genera of Gryllin^.

a. Species small (length of body less than 12 mm.); last joint of maxiUarj^
palpi double the length of preceding one; hind tibiae with long, movable,
pilose spines; first joint of hind tarsi without teeth above, or with one
row of small teeth " Nemobius, p. 330.

aa. Species large (length of body more than 12 mm.); last joint of maxillary
palpi but little, if any, longer than preceding one; hind tibise with strong
immoveable spines; first joint of hind tarsi grooved above, with two rows
of teeth .' Grylltjs, p. 337.

Genus Nemobius (Ground Crickets).

Key to Nova Scotian Species of Nemobius.

a. • Ovipositor distinctly longer than hind femora, very nearly straight;

colour blackish or fuscous, with dark lengthwise stripes on occiput.

26. fasciatus
, p. 330.

aa. Ovipositor distinctly shorter than hind femora, usually more or less curved

;

wing-covers reaching tip of abdomen in male, shorter in female, their

ground-colour yellowish-brown; dorsal area of pronotum and the legs

yellowish-brown more or less mottled with black. . . 27. carolinus, p. 335.

26. Nemobius fasciatus (De Geer). Striped Ground
Cricket. (Short-winged form, sometimes called

N. fasciatus vittatus (Harris)).

Nemobius vittatus. F. Walker, Cat. Derm. Salt. Brit.

Mus., i, 57, 114 (1869); Nova Scotia, etc.—Do.,

•Can. Ent., iv, 30 (1872); Nova Scotia.

Acheta vittata. Piers, Trans. N. S. Inst. Sc, viii, 410

(1894); Windsor, N. S.

Nemobius fasciatus vittatus. Piers, Trans. N. S. Inst.

Sc, ix, 210 (1896); Halifax and Windsor, N. S.

Description.—Size small; head and pi'onotum hairj-; ovipositor straight

'or very nearly so and about one-eighth or more longer than hind femora; wing-

covers of male cover about two-thirds of abdomen, while those of female

cover about half of abdomen and have prominent cross-veinlets ; hind wings

wanting in both sexes in short-winged form which has sometimes been called

vittatus (but are more than twice length of wing-covers and extend, like two
tails, to about apex of ovipositor in typical long-winged form fasciatus, whibh

latter has not yet been taken here).

Colour.—Nova Scotian specimens. The general colour of the short-

winged form, varies from black to brown-black, the wing-covers and legs

somewhat paler, particularly the basal part of inside of hind femora; top of

head, between eyes, with three black longitudinal stripes, which are very

obscure, or not noticeable, in darker specimens. Walden (Connecticut)

and Beutenmuller (New York) say there are four black stripes on the head;

but such Nova Scotian specimens as are before me, have only three stripes,

when noticeable. Ovipositor blackish.
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Measitrcuicnt.s.—Nova .Scotian spociiiiciis. Male: bofly, 10 mm.;
l)roiiotum, 1.9 mm.; wing-covers, 4.5 mm.; hind femora, 5.5-0 mm.; hind
tibia', 4-5 mm. Female: body, 10-12 mm.; pronotum, length 1.9 mm., width
2.6 mm.; win^-cover.s, 3.5-4.5 mm.; hind femora, (j.0-(j.2 mm.; hind tibitc,

4.0-5 mm.; ovipa.'^itor, 7.4-S mm. (1.07-1.29 times lenfuth of hind femora).
Blatchley (IntHana) and Walden (Cono.) give the length of pronotum aa
3 mm. in both sexes, whereas the Nova Scotian specimeas before me are 1.9

or vbout 2 mm. in that measurement, which agrees closely with Walker'.s
(Ontario) 1.5 mm. for male and 2 mm. for female. (In the extralimital long-
winged form the inner wings are about 13 mm. long).

Range.—United States and Canada east of the Great Plains; from Nova
Scotia, Quebec, Montreal, Ont. and Minn., south to Maryland, Ind., and
Kans. The range therefore extends from the southern part of the Canadian
to the northern part of the Upper Austral zone in the east. The long-winged
form seems to be generally more or less rare. Very strange to saj', this sjiecies

was not reported from Prince Edward Island by B. Long (vide E. M. Walker)
in 1912, and it must be trulj^ remarkable if this very common insect does not
extend its range there, and one could hardlj^ expect it to be overlooked by
any collector. It has not been taken in Newfoundland.

Occurrence in Nova Scotia.—The very common and

familiar short-winged Striped Ground Cricket was first

reported from Xova Scotia by F. AValker in 1869, as N.

vittatus, no doubt from specimens collected b}^ Lieut. Redman
about 1821.

It is a social species which is excessively abundant in

pastures and damp grassy places, as well as along grass-

grown roadsides in Nova Scotia; it being one of, if not the

most numerous of all the species of Orthoptera of this region.

I have seen specimens from Tatamagouche, Col. Co., and

have noted it at Westville, Pict. Co. (10 Sept., 1901), and

in the counties from thence southward and southwestward,

and suppose it must also occur commonly in Cape Breton

Island. Neither C. B. Gooderham nor I have ever seen

the typical long-winged form ( N. fasciatus fasciatus as

it has been occasionally termed) in this province, although

I have often looked for it in the field and in such collections

as have come before me. It, however, occurs northward

to Maine, and I think also to Ontario.

A few newly-hatched nymphs of a cricket, species un-

determined, but which were either N. ^fasciatus vittatus or

Gryllus pennsyhanicus neghclus, were observed by Mr.

Gooderham at Truro on 5 June, 1915. They were very
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acti/Ve, moving and leaping rapidly, and until closely examined

might have been easily mistaken for a flea-like insect. Prob-

ably both these species hatch at about the same period.

Individuals of the Striped Ground Cricket have been first

noted by me at Halifax about the middle of July (17 July, '97,

six seen, probably nymphs in the later stages). They were

then silent and were no doubt immature. I have also

observed nymphs of this species, in damp grass, at Halifax,

at least as late as 26 August, 1917, when adults were very

common.

In this locality they do not begin to shrill or stridulate

until towards the end of the haymaking season, the average

date for their first notes being about 3rd August, and the

earliest date 24 July*; the particular dates being 19 Aug.

(1890), 6 Aug. ('91), 29 July ('92, at Windsor, Hants Co.),

2 Aug. ('93), 29 July ('95), 11 Aug. ('96), 2 Aug. ('97), 26

July (1904), 29 July ('08), 5 Aug. ('10), 24 July ('11), 6 Aug.

('16), and 7 Aug. ('17). At first a few are heard and only

at night, and so very faintly as to be all but inaudible except

to a trained ear. In a few days they may be heard in day-

time as well as at night, and the notes become more noticeable;

and the shrilling or chirping is fairly common in about a

week's time (10 Aug., 1910; 1 Aug. '11; 18 Aug. '16).

All through the latter part of August and September,

after the songs of birds have ceased, and when the asters

and golden-rods are in bloom, their pulsating multitude of

notes is heard from everywhere about the fields. By October

they very seldom shrill at night; but on sunny, warm, calm

days, with a temperature of over 50° F., their notes are

temporarily rather common, but not so incessant or loud as

in September, while on some cloudy, cold days they cannot

be heard at all. As October proceeds, and the cold increases

and frosts occur, the number heard by day becomes fewer

and fewer, even when the weather is fine and bright, and

the notes are more subdued, and they cease completely at

*The date "17 July" given for first appearance of adults in table on page 232, should bo
S4 July. The silent specimens seen on 17 July, 1897, were doubtless immature.
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night. By the end of October or the first of November,

even on fine days, only four or five individuals may be heard,

rather faintly, and the sound abbreviated to a short chirp,

not the prolonged trill of early autumn, and now only in

daytime. Thej^ are last heard at Halifax from about the

7th to the 12th November, according to the character of

the particular season and the temperature, the final one

being heard about noon on a bright, warm, Indian-summer

day when practically all the leaves are off the trees, and
after the insect has survived two or three fairly hard night

frosts which have formed thin ice and frozen the bare ground.

In 1916, as will be more fully desciibed below, a few sleighs

were in use onh' two days after I heard the last cricket.

To illustrate somewhat the effect of weather conditions

upon crickets, we may take the autumn of 1916, which was

generally a very mild and fine one. On the 11th Oct. the

first light frost occurred about some parts of Halifax, and

thin ice formed during the mornings of 12th and 18th Oct. and

6th and 12th Nov. About 15th Oct. -hardly any crickets

were heard; but on the 22nd, a mild, damp day, the pro-

longed shrilling of mam' was heard in the daytime, while

on the 31st, which was very mild but cloudy, onl}^ a couple

were faintly heard. On 3rd Nov., a lovely sunny morning

after a hoar-frost of the previous night, about a dozen were

heard chirring faintly and briefly. On the 6th, another fine

sunny day after a night when thin ice had formed and the

ground had been sHghtly frozen, about six were noted, their

trill being short and faint. Again on the 12th, after a night

of ice and frozen ground, four were faintly heard, in the

middle of the day when the temperature was 35° Far., fine

and sunny but cold, in short grass on the sunny side of a

slope in a pasture at the head of the North'West Arm. They
were the last noted. Very light snow was on the ground next

morning, on the 14th about four inches of snow fell and a

few sleighs were out, on the 15th the day temperature was
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21°, and on the night of 16-17th the thermometer went down
to 11° Far. Again in 1917, on 14th Oct., a sunny warm day

with a temperature of 56° Far., many crickets were heard,

but faintly. After various hard frosts, only a few were noted

on 29th Oct., although the sun was bright and the thermo-

meter at 47°. On the morning of 10th Nov. about an inch

and a half of snow was on the ground, but rapidly disappeared.

At noon on 11th Nov. I heard four crickets very faintly

shrilling, in different warm spots, during a three-mile walk

in the vicinity of Dutch Village, Halifax, and they proved

to be the last of the season. The day was a bright sunny

one, with a noontime temperature of only 31°, and the ground

muddy. On the 13th the thermometer was 24° at 9 a. m.,

but sunny; and on the 15th the North West Arm was exten-

sively frozen about its head for the first time in the season.

This seems to show that the first hard frosts silence some of

them, but that a few survive as many as four ice-forming

frosts and frozen ground, and even evanescent snowfalls,

and that a still lower temperature or a fairly heavy fall

of snow which lasts for some time, finally causes the last

most favourably situated survivors to perish.

The stridulation or shrilling note of the male is pro-

duced by the insect lifting the wing-covers about 45° above

the body, and then shuffling them very rapidly together

so as to vibrate the resonant organ at their base; thus pro-

ducing a trilling sound or tremolo, of a prolonged character,,

resembling the syllable ple-e-e-e, ple-e-e-e, ple-e-e-e, repeated

at rather short intervals or sometimes continued for several

seconds or even much longer. The sound has a peculiar

silvery timbre, and when myriads are shrilling all over the

fields at night, or on fine days in late autumn, when other

sounds are hushed and the air filled with the mystic charm

of the hour or season, it produces a peculiarly drowsy, cease-

less tremor, pulsation, or "shimmer" of sound which is.

very familiar and loved by all dwellers in the country.* It

The continuous shrillinj? of this cricket reininJs ono s j.u.'.v.i.it of thu much louder
eraal trill of the American Toad when the latter is heard at a distance.
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is, however, ineffably associated with a sad feeling that

summer is on the wane or past, for it is our most characteristic

autumnal sound in grassj^ places, and is linked with the sight

of golden-rods and purple asters and the odour of falling

leaves. If one may compare audible things with those

seen, there always has seemed to me something about the

tremulous shrilling of the little cricket which reminds me of

the shimmering effect produced over rising ground on a still

summer's morning when the hot sun causes invisible vapour

to ascend and so sets the distant landscape pulsating and

dancing as if by Terpsichorean bewitchment.

Mingled with the call of this species, particularly about

the more stony edges of fields and the sloping sides of country

roads, may be heard the louder and more staccato trill of

the larger and less social Gryllus pennsylvanicus neglectus,

but in fewer numbers. When the crickets begin to shrill,

and when the chorus is faintly ending in late fall, I some-

times find it difficult to differentiate the notes of these two

species, although it is easy to do so in the intervening period

of full song. Crickets are one of the few orthopteran families

which are known by sight and sound to almost everyone,

although they are merely called "crickets" without attempting

to specially distinguish the species.

The Striped Ground Cricket is an omnivorous feeder,

subsisting upon grasses, carrion and cow-dung, and because

of its excessive numbers it must do very considerable damage

to pasture land, and is to be considered as a bad enemy of

the agriculturist and grazier.

27. Nemobius carolinus Scudder. Carolinian Ground
Cricket.

Description.—In general appearanc;e it bears considerable resemblance

to N. fasciatus but is smaller and differs in certain other particulars.

Wing-covers of male reach about tip of abdomen, those of female cover half

abdomen; hind wings wanting; ovipositor distinctly shorter than hind femora
and a little up-curved. Its small size and short ovipositor readily distinguish

it from N. fascialus.
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Colour.—Nova. Scotian specimen (male, Truro, Col. Co., 12 Aug. 1915).

Head dark brown \\'ith yellowish markings on vertex; front slightly darker

than vertex or cheeks; eyes dark, hghter on upper edge; antennse dark brown
on three basal joints and distal third, middle portion light brown. Pronotum
disk mottled with spots of light and dark brown; lateral lobes dark browTi, and

sparsely clothed with dark coarse hairs. Wing-covers uniform yellowish

brown. Femur light brown, the outer face with darker transverse markmgs;
tibia light brown, thickly clothed with minute dark hau-s; base of spines dark

brown.—The coloration usually given is, head and pronotimi varying from

dull yellow to dusky brown, the pronotum usually more or less mottled with

dark; wing-covers brownish yellow with a blackish bar on the upper third

of the lateral field; legs dull brownish-yellow, often mottled with blackish.

Measurements.—Nova Scotian male (Truro, 12 Aug., 1915): body, 8.3

mm.; pronotimi, length, 1.6 mm.; wing-covers, 5.6 mm.; hind femora, 5.3

mm.; hind tibise, 4.0 mm.; wing-covers 0.2 mm. shorter than abdomen;

hind' wings absent.—The measurements of the species usually given are:

male: body, 7 mm.; wing-covers, 4.2 mm.; hind femora, 5.3 mm. Female:

body, 8.5 mm.; wing-covers, 3.5 mm.; hind femora, 6.2 mm.; ovipositor, 3.8

mm. (Blatchley).

Range.—Nova Scotia, Maine and other parts of New England, south

to Florida and Texas, and westward to Neb. It is not common in the northern

part of New England (Scudder). Dr. E. M. Walker (1904) does not report

it from Ontario, although his common N. angusticollis seems to be a somewhat

related form.

Occurrence in Nova Scotia.—This small, light-coloured

species has not hitherto been reported from Nova Scotia;

although it occurs, but not commonly, in Maine. C B.

Gooderham has in his collection a single male specimen

collected by himself at Truro, Col. Co., on 12th August, 1915,

which was identified by Dr. E. M. Walker of Toronto.

Prof. W. S. Blatcheley of IndianapoHs has also examined

the specimen and states it is the "male of what I described

as Nemohius exiguus, but which according to Rehn is Nemo-.

hius carolinus Scudder." Mr. Gooderham is convinced that

the specimen is correctly determined as A^. carolinus. It

is a pity that Mr. Gooderham's specimen is not a female, as

the specific characters are most decisive in that sex. The

species is apparently very rare in this province, although it is

possible that closer search may show it to be less so than the

capture of a single specimen would lead one to suppose.

It should be looked for in grass in somewhat similar situations

to those frequented by the common N. fasciatus, and on

sunny grass-covered banks of streams and about fences.

Its note is said to be a long, continuous, soft, rolling lohirrrrr.



ORTHOPTERA OF NOVA SCOTIA.—PIERS. 337

Genus Gryllus (Field and House Crickets).

The separation of the native species or supposed species

or variants of this genus is a matter which presents great

perplexities to specialists, and the sul)ject has been far from

on a satisfactory basis. We therefore find considerable

difficulty in assigning a precise name to the form which

occurs in Nnva Scotia, and can only hope that further study

may enlighten us so that the matter may be satisfactorily

settled. The name herein used, will at least serve tentatively

to indicate the variant with which it agrees or is most closely

related. This is as near as we can new go. Otherwise we

should probabh^ have to adopt the opposite and more gener-

alizing course which will soon be referred to. If the course here

selected is open to criticism, it is probably because it is un-

j ustly taken to indicate a disposition to draw fine distinctions in

forms which intergrade or which have a strong tendency to do so.

Some fifty-five years ago the forms of Gryllus of the

New England region bore several names. In 1862 Scudder

considered there were five native species there, namely

G. luctuosus Serv., ahbreviahis Serv., angustus Scudd., ne-

glectus Scudd., and niger Harr. In 1900 he reduced these

to four, namely G. abbreviatus (also including his narrow-

bodied angustus), luctuosus, pennsylvanicus Burm. (including

niger), and 7ieglectus. In 1902, in his monograph on the

genus (Psyche, vol. 9, p. 291), he brought the number still

further down to two, namely G. abbreviatus (including also

luctuosus and angustus), and -pennsylvanicus (including also

nigra and neglectus). Prof. Blatchley in 1903, Dr. E. M.
Walker (of Toronto) in 1904, and B. H. Walden in 1911,

in the main concurred with this. In 1907 Lutz in his paper

on "The Variation and Correlations of Certain Taxonomic

Characters of Gryllus," surprised us by concluding that species

in an anyway natural sense do not exist at all in the genus.

In 1915 J. A. G. Rehn and M. Hebard followed this with an

article on "The Genus Gryllus as found in America" (Proc.
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Acad. Xat. Sc, Phila, 67, pp. 293-322), in which after care-

fully studjdng 1,540 spedmens from North and South

America, they finally unite all native Amsrican forms of

Gryllus under on3 spe^iac nams, Gryllus assimilis (Fabricius,

1775), the type-locality of which spe2ie3 is Jamaica, and with

a range extending from Canada to Patagonia. Simple

as this solution of the Gorgon knot may appear, it is doubtful

if it will meet with immediate approval, at least from

many field orthopterists who are familiar with the habits

as well as other points of difference of the various forms in

moderately large areas. Their contrary arguments must

be heard before a decision is reached. In the meantime

until this matter becomes clearer, we will endeavour to fit

in with the hitherto prevailing nomenclature. Further

remarks on the nomenclature of our Xova Scotian form will

be given on page 348.

Considering the very great difficulty of clearly defining

between various so-called species, forms, or variants, which-

ever they may be, the best we can do regarding analytical

keys is to give that of Dr. E. M. Walker (1904), founded on

metric distinctions, for the determination of Ontario forms,

which agrees very closely with the keys of Scudder (1902)^

Blatchley (1903), and AValden (1911), and which is as good

as any that are available along such lines. We must bear

in mind, however, that the valu€ of metric diagnostic charac-

ters is very much doubted by some recent specialists. Lutz

in his paper before referred t^o, shows the liability to error

in using lengths of wing-cover, wing and ovipositor as char-

acters of specific importance in the genus Gryllus; and Rehn

and Hebard (1915) believe that the mass of evidence on these

features in Lutz's paper is absolutely convincing. With

this caution, we may say that this key should at least embrace

such forms as may occur here, subject to the variation which

is met with from region to region. Should subsequent

writers sustain Rehn and Hebard's contention that there
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is. only one native species, G. assimilis, in the whole of America,

then such keys as this, or better ones to Pjeplice them, may
be of service as indicative of prevailing phases or variants.

Key to Native Forms of Gryllus in Northeastern America.*

(After Dr. E. M. Walker.)

Black, wing-covers and parts of body sometimes dull reddish-brown; first

joint of antenna" not projecting beyond front of head.

a. Ovipositor nearly or fully half as long again as hind femora, usually
exceeding 16 mm. [Blatchley and Weldon say exceeding 18 mm.l
in length; male stout, with large and broad head. [Not yet reported
from Nova Scotia] abbreviatus

aa. Ovipositor rarely more than one-fourth as long again as hind
femora, seldom if ever more than 14 mm. or less than 12 mm.
[Blatchley says 13-14 mm.) in length; male more slender, with
narrower and less swollen head 28. pennsylvanicus, p. 341.

Both of these forms are dimorphic as regards length of wing, being termed
short-winged or long-winged, the former being the usual variety.

We should now consider the views of still later writers

on these vexed points of difference. Rehn and Hebard (1915)

in writing of the variants of their all-embrasive G. assimilis,

caution us that the characters intermingle in every way and

are in no case fixed, so that in their opinion the use of special

names to designate the variants is not at all warranted. These

wi iters, however, present the leading characteristics of

the variants most frequently encountered and which have

hitherto been designated by names. Colour, length of wing-

covers and wings, and general size are the only peculiarities

considered, other metric comparisons being discarded. The
unstable characters of variants occurring in the northeastern

and northern regions are compiled as follows from symbolic

formulae given on page 302 of their paper. These characters

will hardly bear drafting into a formal key. Their remarks

on distribution and intergradation are also given. It may
be noted that females, as a rule, have the tegminal and

The European House Cricki-t, Grytlun domenticua Liniueus, an introdured species,
is said to occur in the United States and Canada east of the Great Plains. It has been reported
from Toronto (E. M. Walker) and Montreal, and is said to occur sparingly on the southern
borders of New England, but has not been found in Nova .'"cotia. It is distinguished from
native species by being straw-coloured, marked with brownish on head and thorax, and by
the first joint of the antenna projecting slightly b<'yond the front of head. It may possibly
occur about old stone fireplaces in rural districts.
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femoral markings more decided than males; thus frequently

in the same series the males will show the ventro-proximal

portion of the hind femora varying between being briefly

and widely marked with reddish, and the wing-covers en-

tirely black, while the females will on an average show a

wide reddish patch on that part of the femora, the wing-

covers being dark with the intermediate channel pale. By
"small" the authors appear to mean body-lengths from about

17 to 20 mm., and by "medium" those from about 20 to 23

mm.

Characters op Some of the More Prominent Variants of Gryllus.*

(Compiled from Rehn and Hebard.)

negledus Scudder.—Head and pronotum black; caudal femora black; tegmina
normally unicolorous and dark; tegmina slightly reduced, wings very much
reduced; size small.—This is the darkest variant of the present species

{assimilis), the maximum development of the condition seen also in

the two following variants. Found in the northeastern portion of the insect's

distribution, ranging southward in the high Appalachians to northern
Georgia, and is known from the Piedmont Plateau only in Pennsylvania.
Much variability exists and every intergradation with the next two
variants is often to be found in the same series.

pennsylvanicus Burmeister (other names: nigra Harris, angustus Scudder).

—

Head and pronotum black; caudal femora black, with ventro-proximal
portion briefly reddish; tegmina normally unicolorous and dark, or
else dark with intermediate channel pale, but also ranging through
unicolorous and slightly pale, to slightly pale with base and intermediate
channel very pale; tegmina slightly reduced, and wings very much re-

duced, but tegmina often large and wings fully-developed organs of

flight; size medium.—This is the dominant variant of the species in

well-watered regions of temperate North America and is found southward
to the Gulf coast of eastern Texas. Great variability is exhibited and
every intergradation exists with the variants termed negledus and
lucluosus.

luduosus Serville (other name: ahhreviatus Serville).—Head and pronotum
black; caudal femora black, with ventro-proximal portion widch' reddish;
tegmina normally unicolorous and slightly pale, but ranging from uni-
coUjrous and dark, through various gradations, to slightlj' pale with base
and intermediate channel very pale; tegmina slightly reduced and wings
much reduced and concealed by tegmina, but tegmina often large and
wings fully-developed organs of flight; size medium.—This variant shows
an intensification of the features of the last. It is found throughout
the lowlands of the southeastern United States and in the Middle WeSt
from Manitoba southward to the arid regions. It also exhibits great
variability. The maximum of this condition is found in material from
the pine woods of the southeastern United States.

*It must bp reme^ll)f•^((rl tliat Rcliti ;in!l Ili^ljjinJ disfauragp altogether the use of names
to designate these so-called variants, in forms which they say so completely intergrade.
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28. Gryllus pennsylvanicus Burmcister. Pennsylva-

NiAx Field CuiCKEr. (Shorte.st-wingei form, some-

times called G. pennsylvanicus neglectus Scudder.

)

Acheta abhreviata (not of Seiville). Piers, Trans. N. S.

Inst.' Sc, viii, 410 (1894); Windsor, N. S.

Gryllus pennsylvanicus form neglectus. Piers, Trans.

N. S. Inst. Sc, ix, 210 (1896); Halifax, Bedford, and

Windsor, N. S.

Gryllus assimilis (Fabricius), in part. Rehn and Hebard,

Proc. Acad. Nat. Sc, Phila., 67, 293 (1915).

Note.—Should Rehn and Hebard be sustained in their

contention that there is only one species of native

cricket in America, then our Nova Scotian form

may be termed Gryllus assimilis form neglectus of

Scudder.

In order to clearer understand what relates to this form,

I have thought it better to divide what is here presented

into two sections; the first describing generally, for compara-

tive purposes, what has been termed G. pennyslvanicus in

its various forms as found in North America, according to

late writers, and the second deahng in detail with the variant

which occurs in Nova Scotia.

.'. General Description of G. pennsylvanicus as found in

North America.

Descriplion of G. pennsylvanicus.—Medium-sized and rather broad;

male more slender and head more narrow and less swollen (a little wider than
pronotum) than in G. abbrevialus, pronotum ])roportionately a little wider
and shorter than in ahhreviatus, length contained in breadth nearly 1.6 times,

the width being about 6.3 mm. and length .3.9 mm. in male and about 4.2

mm. in female, the hind margin sinuate.* Wing-covers of male of both short-

and long-winged forms, reach to or nearly to tip of abdomen. In female of

short-winged variant the wing-covers vary from (a) covering only about two-
thirds of abdomen (in what I consider to be G. -pennsijlvanicus negleclus

Scudder, which is the form represented in Nova Scotia), to (b) reaching nearly

to tip of abdomen, they being about 10 mm. long (in what I con.sider to be

*In Blatchley's G. americaiiun ( ^nenlerluH"!) the head is no wider than the pronotum,
and the length of the latter is contained in its width 1.3 times, the width being 5 mm. in male
and 5.6 mm. in female, and the length 3.5 mm. in male and 4.2 mm. in female.
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the typical G. pennsylvanicus pennsylvaniens Burmeister) ; while in female
of rarer long-winged form they slightly surpass tip of abdomen, being about
12.4 mm. long. Hind-wings in short-winged form are narrower and shorter
than wing-covers, and in long-winged form extend considerably bej^ond
as tail-hke projections. All these variants are said to intergrade when speci-
mens from various regions or even the same area are compared, and the dis-

tinction is probably of little value except for convenience. Hind femora
short and stout; hind tibiae grooved above, with 5 or 6 teeth on each side.

Ovipositor seldom if ever less than 12 mm. (Walker) or more than 14 mm. in
length, the length being about 1.1 times length of hind femora and rarely
more than 1.25 times length of latter.

- Colour.—Head shiniag blick; wing-covers varying from deep black to
smoky or grayish brown, rarely dull reddish-brown, often with a j'ellowish-

brown line along humeral angle; pronotum, underside of body and legs in

freshly-matured specimens, often with minute gi'ayish pubescence which
becomes abraded through age, leaving a shining black; hind femora often
with basal half of underside rediish-brown; tibije and ovipositor black.
(The student should also consult the variable colour featares, compiled from
Rehn and Hebard's paper, on page 340.)

Measuremsnts.— G. pennsylvanicus (Blatchley, Indiana). Male: body,
17.5 mm.; pronotum, 3.9 mm.; width of pronotum, 6.3 mm.; wing-covers,
11.5 mm.; hind femora, 12.2 mm. Female: body, 17.1 mm.; pronotum, 4.2

mm.; width of pronotum, G.3 mm.; w'ng-covers, iO mm. (in the short-winged
form which I take to be G. pennsylvanicus pennsylvanicus) to 12.4 mm. (in

long--\\dnged form); hind femora, 12.4 mm.; ovipositor, 13.5 mm.; ovipositor
about 1.1 times as long as hind femora.

—

G. pennsylvanicus (Walker, Ontario).
Male: body, 17.5 mm.; pronotum, 3 mm.; hind femora, 10 mm. Female:
body, 17.5 mm.; pronotum, 3.3 nun.; hind femora, 10.5 mm.; ovipositor, 13.5

mm.; ovipositor about 1.30 times as long as hind femora.

—

G. americanus
= G. neglectus (?) (Blatchley, Indiana). Male: bodj"-, 14 mm. pronotum, 3.5

mm.; width of pronotum, 5 mm.; wing-covers, 7.5 mm.; hind femora, 10 mm.
Female: body, 16.5 mm.; pronotum, 4.2 mm.; width of pronotum, 5.6 mm.;
wing-covers, 8 mm. (covering 2/3rds of abdomen); hind femora, 11 mm.;
o\'ipositor, 11 mm. (10-12 mm.); ovipositor short, just equalling or rarely

exceeding by 1 mm. the length of hind femora.—In the variant which I con-
sider to be the so-called G. pennsylvanicus neglectus, and which seems to repre-

sent ovir Nova Scotian insect, the wing-covers reach about or nearh' to end
of abdomen in male, and only cover about 2/3rds of abdomen in female.

Range.—Scudder in 1902 gave the range of G. pennsylvanicus (with which
he included neglectus and nigra), from specimens before him, as from Maine,
New Hamp., Mich., Iowa, Nebr., Montana and Br. Columbia, south to Md.,
111., Missouri, Texas, New Mex., Utah and Calif.; but its actual range is

slightly more embrasive. Rehn and Hebard (1915) give in effect the range
of the variant neglectus as the northeastern portion of United States and
Canada as far northward as the Field Cricket extends, and thence southward
in the high Appalachians to northern Georgia and on the Piedmont Plateau
only in Pennsylvania; whereas they say that the variant pennsylvanicus

{ = nigra and angustus) is the dominant form in the well-watered regions of

temperate North America and southwar 1 to the Gulf Coast of eastern Texas.
In Canada G. pennsylvanicus, as such, ha.s been reported from P. E. Island
ayl Ont. (E. M. Walker), Man. (Criddlei, Sask. (Caudell), and Br. Columbia
(Scudder) ; and G. neglectus, as such, has been reported from Quebec, Montreal
and Toronto (Caulfield), and as G. pennsylvanicus 7icglcctus from Nova Scotia
(Piers) and Moosejaw, Sask. (Caudell). The range of the complex petmsyl-
vanicus may therefore generally be taken as extending from southern Canada
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through the Unite I States, in non-arid regions from occin to ocean, south in
the central western region to Texas anl New Mexico; thus embracing the
Canadian to the luiraitl parts of the Upper or L^nver Au-stral Zones; whereas
tlie form neglcclus is more nearly restricted to the Canadian and Transition
Zones and mostly is found in the northeastern and eastern areas. Long-winged
forms are usually uncommon, and in Canada have only been taken once (On-
taiio). None of the forms have been found in Newfoundland. Scudder in 1900
reported negleclas as common in the southern half of New England at least,
and pe7m6i/iramc«s as common in the same half; while he states that abbrevia-
us and luctuosus are common eveiywhere in that region.

2. The Variant occurring in Nova Scotia.

Name of Nova Scotian variant.—From such Nova Scotian

specimens as are at hand as I write, aild mea>'urements of

others sent me by C. B. Gooderliam of Truro, I find that

they generally agree most closely with the very short-\\inged

form sometimes known as neglectus of Scudder, with probabh'

a slight tendenc}' in a very few specimens towards the ordi-

nary short-winged form termed pennsylvanicus of Burmeister

with which it is closely affiliated and with which it probably

intergrades in other regions. We may tentatively, therefoie,

and as a mere matter of present convenience, refer to our

form as Gryllus pennsylvanicus neglectus Scudder. Further

remarks on this point will be made on page 348.

Description of Nova Scotian specimens.—The size varies from very small
to medium for Gryllus, but averages small (length 18.5 mm. in males, 19.2

mm. in females) ; the greater extremes in length being found in females. Breadth
of female abodmen usually about one-third length of body. Apparently
all before me have greatest width of the head sHghtly less than greatest
width of pronotum by from .17 to .75 mm. Pronotum but little if any nar-
rower in front than behind, its average "length" contained in its '"width"

1.50 times; the front margin slightly concave and sometimes ciliate, hind
margin slightly convex, lateral margins .of disk nearly straight but tending
to convexity; an impressed line very close to and parallel to front and hind
margins, and a longitudinal median impressed line distinct on a little more
than half of its anterior part. The wing-covers of female cover from a little

less than 6/ lOths to a little less than 8, lOths of abdomen as measm-ed from
hind margin of pronotum to tip of abdomen, and average only 65/lOOths
or 2/3rds. Those of male usually cover more of abdomen than those of the
other sex, ranging from 6 lOths to 1 1 10th, and averaging 82/ lOOths.

It is rarely they slightly exceed the abdomen in male and never in female.

The inner edges of wing-covers overlap for their entire length in males; but
in some females, perhaps late in the season, they are more or less separated

at their ends so as to form a ^Y-shaped notch, but all gradations are found
from unnotched to notched state, and it is possible the latter may be caused
to some extent by the degree of distension of abdomen.* Only the short-

Blatchley ha.s marie tais notch one of the characters of his G. americarius, which appar-
ently is the same as Scuddsr's nefjlectus.
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T\-inged form, with the hind-Tving.s corusiderably shorter than -ning-covers,

ha.s been met with in this pro'V'ince; and it is generally the variety with decidedly

shorter wing-covers, covering on an average only about 2/3rds of the female
abdomen, which I take to be the variant termed negledus by Scudder. I

have noted only two females (a and f) -n-ith wing-covers verj" slightlj^ exceed-

ing 3/4ths of abdomen, and these may show a tendency towards a passage

to the ordinary .short-winged pennsylvardcus in which the -n-ing-covers of the

female reach nearly to the tip of abdomen. Hind femm- stout, averaging

10.3 mm. in length, and 3.3 mm. in greatest width; its length contained in length

of o\apositor from 1.17 to 1.47 times, averaging 1.32 times. The hind tibia

usually has 6 pairs of stout spines and a few additional spines at the extremity.

The o\'ipositor ranges from .57 to .95 times length of body, and avergCges .72;

in no specimens does it exceed the bodj- length. The actual length of ovi-

positor varies from 12.2 mm. to 15.2. mm., the average being 13.69 mm.

Colour of Nova Scotian specimens.—From my notes I transcribe the fol-

lowing colour descriptions of seven females and one male which are fairly

t}"pical of our form. The measurements of each specimen will be found in

the general table of measurements on pages 345 and 346

—

Tuo females (e

and/j taken on roadside at Halifax, 5th and 7th Sept., 1S97. General colour

black, -with fine grajdsh pubescence on pronotum, femora and some other

parts; head shining black; antennse black; wing-covers shining black with

a light-coloured hne on lateral ridge where they bend downward onto sides;

light-coloured veins on lateral part (costal area or portion bent downj of wing-

covers; ovipositor brownish. This description was noted immediatly after

the .STDecimens were taken. My notes make no mention of any reddLsh tint

on the femora, and therefore most likely they were unicolorous. (Size

small; body, 18.5 and 18.2 mm.J

—

Four females (a, h, c, and d), taken on
King's Meadow, Windsor, Hants Co., Sept., 1892. and determined in 1895

as G. pennsylvardcus negledus by W. Beutenmuller, furnish the following

colour-description on re-examination after being in alcohol for many years:

Upper parts black, under parts with a brownish tinge; a shght grayish pubes-

cence on some of upper parts, but not at all general; dorsal and median areas

of wing-covers rather pale sepia-colour or dark broccoU-brown, with dark

sepia veins or ner^^es (darker than the ground-colour
j

; costal area of wing-

covers, or portion turned downward, dark sepia with broccoli-brown veins

(lighter than ground-colour j ; a paler, buffy, narrow line on humeral angle

or lateral ridge of wing-covers; femora black or dark brownish-black, .some-

times slightly paler on proximal fifth of inner face; tibia; brownish-black;

ovipositor brown-black; antennae black near head, becoming brown anteriorly.

These four specimens have no doubt faded somewhat in the preservative fluid.

(Size very small to small, 14.75 to 17.30 mm.)

—

One female (g), taken on
road at Kentville, Kings Co., 13th Oct., 1915. Shining black, no pubescence

anywhere; wing-covers pale clay-colour with liver-brown veins, the light colour

being most noticeable as a very obscure stripe on lateral ridge and extending

backward until lost; femora with a chestnut or hazel-coloured area on both
outer and inner faces, on basal lower two-fifths, and gradually passing into

the adjacent blackLsh colour of remainder of limb. (Size small, 19.0 mm.)—
One male is) taken beneath a stone on roadside, Halifax, 7th Sept., 1897, in

company with one of the before-mentioned females (/), was coloured just as

was that female, except that there was apparently no light-coloured line

on the lateral ridge of wing-covers and no light-coloured veins on their costal

area. Structurally, of course, it showed the differences which are seen in

the sexes of field crickets, the male being proportionately much narrower in

the body, and the raised veins on wing-covers being differently disposed. (Size

very small; body, 15 mm.)
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It may he added that many females and most of those from al)out Truro
sliow a chestnut or liazel-coloured area on about one-third or two-fifths of

tlie h)\vcr basal portion of the outer and inner faces of the hind femur, that
on the outer face l)einf!; consideral)l}' narrower and slightly lonjjier than that
on the inner one; this reddish tint fjraduatinfi; into the adjacent blackisli colour.

Some of the females exhibit this colour only on the iimer face and lower edfije

of femur. Males tlo not seem to have this reddish mark on the; outer face of

the fenuu-; but it is often seen, but very much less extensively than in the
other sex, on the lower basal jiortion of the inner face and sometimes slightly

on the lower edge. It may be noted that females of (IrijUus as a rule have the
tcgminal and femoral markings more decided than in males.

Detailed measuremenls of Nova Scolian Specimens.—The following is a
comparative table of measurements in millimetres of specimens of the Short-
winged Pennsylvanian Field Cricket collected in this province:

—

MALES

Designation

.

Lociility

Date

C.jliuctiou* . .

Ik'd-

foril

2 Sep.
•0()

Hali-
fax

7 Sep.
'97

Truro

7Se,5.
'14

1 Sep.
'15

31 Anti
'14

9 Oct.
'13

ISOet.
'10

P AC AC AC G G

180ot
'10

-<
"^

Millimeters.

Body, length

.

Pronotum, length

.

Pronotum, width.

Abdomen, from hind mar-
gin of pronotum

Wing-cover**.

Wing-cover shorter (—) oi

longer (-}-) than end ol

body

Hind femur.

Hind tibia (exclusive cjl

spines)

Percentage of abdomen
covered by wing-covers.

Absence or presence of A"
shaped notch between
en'lt of win'i-eovers . . .

l/.{) 1.3.0 18.9 is. 5 10.7 17.2 20.0 21.1 18.5

3.2 — 3.3 3.5 3.0 3.4 3.2 3.4 3.2

5.0 — 5.0 5.G 5.1 5.0 5.0 5.0 5.1

10.0 11.2 11.0 12.0 11.

s

11.

s

14.0 15.7 12.4

11.0 9.0 10. 10. .s 10.0 S.8 9.0 10.9 9.9

+ 1.0 2. 2 —1.0 — l.S —l.S -3.0 —5 . (J —4.8 —2.8

1 ().."> 10.0 — 10.7 9.4 10.0 9.7 10.0 10.01

7.0 - - <S.3 7.3 7.3 7.2 8.0 7.5

110 S4 S!) SO S5 75 02 09 S2 or 13/16

No .\,> .\u N., No No No No

Collection: P = Piers; A
**All hind wings are shorter

C = Agricultural College, Truro; G = Gooderham, Truro,
than wing-covers.

Pro-. & TRA^f.•i. N. S. Inst Sci.. Vol. XIV. Tr.vns. 22
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Females a to d were tixken on King's Meadow, Windsor, Hants Co.,
Sept., 1S92 (see colour-description jireviously given; these four specimens
detcnnineil in 189.5 as G. ])en)is!jlvanicus ncglcctus by Wm. Beutenmiillerof the
Am. Museum of Nat. Hist., N. Y., author of Descriptive Catalogue of Orthoj)-
.tera of New York, 1S94); female e, Dutch Village Road, Halifax, 5 Sept
1897 (see colour-tlescription); female/, (Juinpool Road, Halifax, 7 Sept. 1S97
(see colour-de-scription; taken in comi)any with male .s); female g, Kentville,
Kings Co., 13 Oct. 1915 (.see colour-description); females h to cj, Truro, Col.
Co., various dates Sept. and Oct. (some of them and of the i)receding with
notch between ends of wing-covers as in Blatchley's G. americamis); n to q
were full of eggs and were measured from sjjecimens preserved in formaline;
male r, Rifle Range, near Bedford, Hx. Co., 2 Sept. 1S9G (determined as
(1. pennsylvnuicHS iicijlcdus by Beutenmuller) ; male s, Quini^ool Road, Halifax,
7 Sejit. 1897 (sec colour-description; taken in company with female/); males
t to ij, Truro, Col. Co., various dates, Aug. to Oct., x and y being measured
from specimens preserved in formalin. The measurements of the Truro
specimens have been supplied by Mr. Gooderham.

Extreme and average rneasuremenls of Nova Scotian specimens.—As
compared with various forms of American Gryllus, the males and females of

our Nova Scotian variant varj^ in size from very small to medium, and average
small in both sexes. The variation in size is considerably greater, however,
in females than in males.

—

Males (8 specimens): length, 15.0-21.1 ram. (ave-
rage 18.5 mm.); pronotum, length, 3.0-3.5 (average, 3.29); pronotum, width,
5.0-5.6 (average, 5.1); abdomen from hind margin of pronotum, 10.0-15.7
(average, 12.4); wing-covers, 8.8-11.0 (average, 9.94); wing-covers from 5.6
mm. shorter than end of abdomen, to 1.0 mm. longer than end of abdomen
(average, 2.8 shorter); wing-covers cover from 6/lOths to 1 1/lOth of the ab-
domen (average, 8/lOths); hind femora, 9.4-10.7 (average, 10.04); hind tibiae,

7.0-8.3 (average,7.5); anal bristles, 5.5-7.0 (inlands).—Fema/es( 17 specimens):
length, 14.75-23.7 mm. (average, 19.27 mm.); head, length, 2.7-3.0 (average,
2.87); head, width, 4.1-5.0 (average, 4.71, in a-d); pronotum, length, 3.0-

4.0 (average, 3.55); pronotum, width, 4.6-6.0 (average, 5.32); abdomen from
hind-margin of pronotum, 9.6-17.0 (average, 13.72); wing-covers, 6.95-10.5
(average, 8.86); wing-covers from 2.15 mm. to 7.2 mm. shorter than end of

abdomen (average, 4.86 mm.); wing-covers cover from 57/lOOths to 77/lOOths
of abdomen (average, 65/lOOths or 2/3rds); hind femora, length, 9.2-11.5

(average, 10.3); hind femora, greatest width, about 3.3; hind tibiae,

7.0-9.0 (average, 7.73); ovipositor, 12.2-15.2 (average, 13.69); hind femora
contained in length of ovipositor, 1.17-1.47 times (average, 1.32 times);
antennae, 33 mm. (in female e) and 28.5 (in female /). In all specimens,
male and female, the hind-wings are shorter than the wing-covers; the hind-
wings being 8.0 mm. long in one female (e) which was measured, in which
the wing-covers were 10.0 mm. None of the males have a ^-shaped
notch between the ends of the wing-covers; but in the females, 9 have such
a notch more or less developed, while 8 are more or less without the notch,
although in this feature complete intergradation is seen.

The following diagram illustrates graphically the relative length of
the ovipositor as compared with that of the hind femur in twelve Nova
Scotian females, about which such data are available, and makes clearer the
range of departure from the normal proportions of those members as found
in specimens in this province. It will be seen that specimens b, q and / ap-
proach nearest to the normal or average line, while the maximum departures
are found in specimen a which exhibits the relative longest ovipositor, and in

g which exhibits the relative shortest ovipositor as compared with the femur.
The longest ovipositor, apart from comparisons with the femur, is actually
found in specimen /, and the shortest one in j; while the longest femur is in
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specimen /, and the shortest in Z. Detailed measui-ements of each of the

specimens are given in the full table, of measurements on page 346.

.r Length of Ovipositor in^miiliTTieters

32 13 14 IS--^':^. 15 16
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Gryllus pennsylvaniciis negleclus: Nova Scotian females.

Diagram illustrating the Relative Length of Ovipositor to that of Hind Femur.

The letters are those designating the particular specimens in the preceding
table of measurements.

Longest o^'ipositor actually, spe^imsn/,- siDrtesc o/lpojitor actually, specimen i; longest
hind femur actually, specimen /; shortest hind femur actually, specimsn I. Longest ovipositor
compared proportionatelj' ^vith length of hind femur, specimen a; shortest ovipositor com-
pared with hind femur, specimen o- Specimens nearest normal, /, h, q.

Nomenclatural remarks on the Nova Scotian form.—To
sum up the question of nomenclature, I have no doubt

that our common Nova Scotian Field Cricket is a shorter-

winged variant of the form which has hitherto been known
as Gryllus pennsylvanicus. Furthermore, without at all

desiring to hold to an older nomenclature or to what may
be an untenable hair-splitting of names in a genus the mem-
bers of which, as we have seen, are being gradually bulked
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together by specialists, I have decided, tentatively at least

and as a matter of convenience, to place our form under the

old name Grijllus pennsylvanicus neglectus of Scudder, for

with that variant or subva iant it se3ms m js'ly to agree.

No doubt the variants intergrade in various parts of America,

and therefore their characters are of slight real classificatory

value. My belief that our form is nearest Scudder's neglectus

is perhaps a matter of very unnecessary detail, and quite

open to criticism at the present time when neglectus, once

held to be a separate species, has become to most students

a mere transitory phase of pennsylvanicus, and when, as

we have noted on page 338, even all the American native

forms of Gnjllus have been by the two well-known authciities,

Rehn and Hebard, very recently thrown together under one

specific name, assimilis of Fabricius, those writers main-

taining that all forms and colour-phases intergrade over

wide areas. Still in a purely local paper like this, it is per-

haps better for the present to endeavour to draw minor or

closer distinctions, and so risk the charge of being over-exact;

leaving to systematists with a much wider vision and material

from extensive geographic areas, the task of finally assigning

the form where it properly belongs, an undertaking which

will probably be the easier for them because of such initial

detailed treatment.

I may say that by neglectus I understand a rather small-

sized, distinctly short-winged variety of the complex penn-

sylvanicus, in which the wing-covers of the female cover on

an average only about two-thirds, or a trifle less or more, of

the abdomen, and in which the ovipositor averages about

14 mm. or a little less in length and also averages less than

half as long again as the hind femur. In the other short-

winged or typical pennsylvanicus the wing-covers are con-

siderably longer, reaching nearly to the end of the abdomen
in the female.

Scudder's original description of G. neglectus (Boston
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Journ. Nat. Hist., vol. 7, p. 428, 1862) may here be repro-

duced for comparison, as it is not accessible in most

libraries

:

"This is our most common species The head, thorax, and body,

as well as the hmd femora, are pitchy black, the elytra of both male and female

are dark, sometimes jet black, but frequently of quite a light ochraceous brown;

indeed the elytra of almost all our species vary to this extent in coloration;

the elytra of the females generally cover about two-thirds of the abdomen,

although sometimes they entirely conceal it; those of the_ males extend to

the extremity of the abdomen; the ovipositor in this species is proportionately

shorter than in either of the preceding species [that is, G. luduosu^, abbreviatns

and angustus], and is also a smaller species than any of the preceding. Length

averaging a little more than half an mch; length of ovipositor in nine indi-

viduals .23 [i. e. .46 in. = 11.5 mm.] to .32 in. [i. e. .64 in. = 16.0 mm.], ave-

rage .28 in. [i. e. .56 in. = 14.2 mm.]; length of hind femora, .16 [i. e. .32 in.

= 8.0 mm.] to .21 in. [i. e. .42 in. = 10.5 mm.], average, .20 ia. [i. e. .40 in.

= 10.00 mm.]"* [It will be observed that the length of the o\'ipositor ave-

rages 1.4 times the length of the femur; while in- niger he gives it as only 1.11,

in angustus and abbreviatns as 1.68, and in luctuosus as 1.55 times.]

Our form generally seems to agree most nearly with neglectus

of Scudder, although a few specimens may show a tendency

towards intergradation with the ordinary short-winged

pennsylvanicus with somewhat longer wing-covers. Scudder

in his paper just quoted^ seemed mostly to rely on metric

differences. Rehn and Hebard, along with other features,

draw some attention to the all-black hind femora and norm-

ally dark unicolorous wing-covers of the neglectus variant;

and to the brief reddish patch on the ventro-proximal portion

of the femur and the dark or paler wing-covers of the penn-

sylvanicus variant. (See page 340). As we have seen,

many of our specimens have a reddish patch on the femora.

As to the claim of neglectus to any recognition whatever,

it may be mentioned that A. N. Caudell of the U. S. Depart-

ment of Agriculture, in 1904-05 held that the smaller size

and shorter wing-covers of Scudder's neglectus certainly

entitle it to varietal distinction, and he refers to it trinomially

as G. pennsylvanicus var, neglectus, even though Scudder

himself, in 1902 had subordinated it as a synonym of Bur-

meister's pennsylvanicus (Can. Ent., vol. 36, p. 248, 1904;

*1 have doubled the lenKtlis of ovipositor and fennir as given by Seiulder, for the reason

-that it is DOW known tliat he inadvertently used a half-size scale when n)easuring his forms
of Gryllus in the paper of 1802. This has been pointed out by Caudell and other writers.
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and Proc. U. S. Nat. Mus., vol. 28, p. 477, 1005). As late

a.s 1910, Rehn and Hebard themselves, writing of G. negleclus,

said that this form appears worthy of some designation

whether specific or varietal (Proc. Acad. Nat. Sc. Phila.,

vol. 62, p. 047, 1910); and in 1915 they speak of neglectus

and pennsylvanicus as two of the nine most frequently en-

countered, but unfixed, variants of G. assimilis, under which

latter name they finall}'^ place all the variants (Proc. Acad.

Nat. Sc. Phila., vol. 67, p. 302, 1915). They however advise

against the use of special names to designate such variants.

We may for the present conclude that neglectus is at least

a convenient tentative name, although of very minor rank,

and as such I have used it here.

I do not feel inclined to say that the form which has

been known as the typical G. pennsylvanicus (such as de-

scribed by Blatchley for instance) has yet been found in

Nova Scotia, although a very few of our specimens show

a slight tendency towards intergradation with that variant.

Scudder in 1900 reported pennsylvanicus { = niger of his

older list) as common in the southern half of New England.

The so-called ahhreviatus of authors, one would rather expect

to find here, as Scudder in 1900 said it is common everywhere

in New England; but it has not yet been reported from the

Maritime Provinces, and I have met with nothing to cause

me to include its name among our Orthoptera.

Occurrence in Nova Scotia.—The Short-winged Pennsyl-

vanian Field Cricket, which I consider to be the variant

previously known as Gryllus pennsylvanicus neglectus of

Scudder, varies in abundance from rather common to very

common in Nova Scotia, although it is not so excessively

abundant as its lesser relative the Short-winged Ground

Cricket {Nemohius fasciatus). It was not, however, definitely

recorded from this province until 1896.* I have never

*In 1894 I had reported it from Windsor, N. S., under tlie erroneous name of Acheta
abbreviala (Trans. N. S. Inst. Sc., 8, 410). Strange to say F. Walker did not report it from
Nova Scotia in his list of the Orthoptera of Canada (Can. Ent., iv, 1872). Walter Bromley's
mere reference, in 182.5, to "crickets" as occurring in Nova Scotia is altogether indefinite.
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found the long-winged form here, although I have examined

very many specimens, nor has C. B. Gooderham of Truro,

and there are none of that form in the collection of the Agri-

cultural College.

While rather common about Halifax, this cricket is

not nearly so abundant here as in the western paits of the

province, where in some districts at least it is excessively

common. Although not often seen unless looked for, it is,

however, moderately plentiful about this town, and not at

all so rare as I supposed it to be when I prepared my previous

paper. I have noted it at Westville, Pict. Co., in the middle

of Sept., 1901, and no doubt it extends into Cape Breton

Island, as it occurs also in Prince Edward Island, where it

has been recorded as G. pennsylvanicus.

In the vicinity of Halifax it is usually found on dry,

sloping banks, with scant vegetation and therefore somewhat

earthy and having some flattish stones scattered about, on

country roadsides, the borders of fields, and similar places.

It does not seem to congregate in numbers much about here;

but is usually met with in pairs, a male and a female, under

small stones, and when the stone is lifted it runs rapidly

about, this way and that, in a bewildered manner, looking

for a hiding place or its little burrow. Its leaping power

is plainly not so great as that of Nemohius, and it makes but

short jumps, and prefers if possible to find a place of con-

cealment by running away. Its timidity and secretive

nature causes it to be seldom seen about Halifax; but its

notes draw attention to its hiding-place beneath a stone or

piece of rubbish, where it can easily be captured.

In the western part of the province it is much more

numerous, more in evidence and less secretive, and is prob-

ably more social, being oftener seen with others of its kind

about pastures as well as roadsides and banks. I observed

it in immense numbers everywhere in the rather short grass
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of the expansive King's Meadow, near King's College, Windsor,

Hants Co., early in Sept., 1892, when it had laid aside almost

all timidity, only moving from an approaching; foot when the

latter threatened to cru sh it;* and in largo numbers on the

sparsely-grassed banks on the margin of tlykei pasture-land

at Kentville, Kings Co., in the middle of October, 1915;

as well as at other places in the western districts. Its abund-

ance at those places far exceeded that found anywhere about

Halifax. It is possible that it may be more liable to con-

gregate in the latter part of the autumn in some localities.

The eggs are deposited in loose soil in the latter part

of the autumn; and as females taken at Truro, Col. Co., on

18th Oct., 1916, were full of eggs, that date no doubt indicates

approximately the time of oviposition. The eggs hatch the

foUomng year, possibly early in June or thereabout, as on 5th

June, 1915, Mr. Gooderham says he observed at Truro a

few newly-hatched nymphs of an undetermined cricket but

which was either this form or Nemobius fasciatus, both

of which no doubt hatch about the same time. They moved
and leaped rapidly, and until examined closely might have

been mistaken for a flea-like insect. I have never noted

adults in the spring or early summer, as in Ontario and other

places to the south where nymphs hibernate to some extent.

If this cricket does hatch early in June, adults should

be about during the lattermost part of July; but if so they

must be silent at that time, as I have not noted them then.

Its notes or shrilling, which are produced in a similar manner

to those of Nemobius, are apparentlj^ first heard near Halifax

about the 2nd August, t and approximately at the same time

as those of the smaller cricket, although at first I find it

difficult to distinguish the notes of the larger species, as both

call very faintly at that time. They are frequently heard

during both day and night in suitable places; but by October

*With it was .V. fasciatus, but the larger species far outnumbered the smallpr one.

t2 .\ug., 1897, 6 Aug 1916. The doubtful date "17 (?) July" given for first appear-
ance of adult G pennsyhanicus in table on page 232, should read about Snd Aug.
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the number heard has much lessened in daytime and few or

none shrill at night; and often none are noted during some

days in the latter pait of that month, although the little

Nemohius is then chirring. The last one heard in 1897 was

on 5th Nov., about noon, it being a fine sunny day although

a hoar-frost had occurred the previous night. The period

of their stridulation, therefore, is about coincident with that

of Nemohius; and like the latter, this insect is rather silent

during dull days.

A close observer can readily learn to distinguish the

shrilling of the larger cricket, when in full song, from that

of Nemohius, although they have many tonal characteristics

in common. The note of our Gryllus is considerably louder,

and is a shorter, slower-timed, and more distinct and notice-

able trill than that of its smaller relative. It sounds like

the trilled syllable plee-e-e. After each such trill it is silent

for a moment and then calls again, thus: plee-e-e; plee-e-e;

and so on. These notes sound out distinctly louder and more

staccata from the omnipresent undertone and lower-toned

tremolo resultant from the intermingled shiilling of countless

numbers of Nemohius on all sides. When both species call

more faintly at the beginning of the season, it is much more

difficult to differentiate between the two.

No doubt this species does considerable damage to pasture

land in the western parts of the province, but about Halifax

its abundance is not sufficient to make it a pest to the agri-

culturist, the Striped Ground Cricket being the one which

creates most injury in the latter district.

ADDENDA
Page 268. A nymph of Chorthippus curtipennis (green phase) in about

4th stage was taken at the head of the North West Arm, Halifax, 23 June,

1918. —Page 306 and 232. Nymphs of Melanoplus bivitlalus in about 1st,

2nd and 3rd stages, and from 5H to 14 mim. long, were taken at the head of

the North West Arm, 22-23 June, 1918. Hoar frost and ice )4 i^cli thick

formed there on morning of 21 June.
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Cvy?^

i.Blattella qermanica o d; >* ^ /J jL.tiiatta onentaLis

'

i A Dorial vie^

3 Nomotettix crtscatus

(NorlKU'fst Arr^.Hol.foy.N S)

4, A.crydium, granulatum.
Long-pronotumai form, remnle.

gfTPiers del.

^. AcruJium arenosum anqustuirt
Sfiortprono'.utned form. Female

(Truro, NS.)

Orthoptera of Nov.i Scoti.\.

fTo illustrate paper by H Piers)

The numbers are the same as those preceding the name of the species'in'the text'of the paper.
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6, Orphulella speciosa
Female

7. Chorthlppus curtipennis
Male

Disk ot prono^u)

8. Mecostethus lincatus

10. Camrtuli. nellucida.
Ferriale

1 2 . Dissosteira ca roll n n
Mole

H. Piers del.

9. Mecostethius gracilis
Male

^

(CowBoy.Hx.)

11. Hippiscus apLcalatus
Mole

13. Circolettix. verruculatus
Female

Orthoptera of Nova Scotia.

(To illustrate p.iper by H. Pior.s)

The numbers are the same as tho.se preceding the name of the sperios in the text of the paper.
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14. Podisma qlacialis
Male''

{Sid« view or fn.-l of obdomer.)

ovipositor

15. Melanoplus attanis
Male

16. Melanoplus Jasciatus
Male

ovipositor

17. "Melanoplus femur-rubmm
Male

18. Melanoplus extremus
Male

19. lAelanoplus biuittatus
Female

20. Scudderia pistillata.
,_ Male
(Chocolate Lake. Halifax, lOSep.1916)

£nd .of abdomen

LPiers dd.

21- Scudderia carvicauda borealis
. ,

Male
(Wiltnot.N.5..6Sep.19l5)

ORTHnPTEnA OF NoVA RcOTlA.

(To iUustrat" paper by H. Piers')

The numbers are the same as those preceding the'namc of the species in the text of the paper.
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2 2. Scudderia furca ta furcata ^'"^sr/ZvicT"'
Male,ChocolateLoke,H<lIifox,30Sep.,1897

Specimen B
'^

23. Conocephalus J'asciatusfasciatus
lemo-le

25. Ceuthophilus terrestris
Male

28. Gryllits pennsLjlvnnicus
SKortest-winged form (negfectus) Female

Average Nova Scotion specimen

_ .
Ind of

Nat- size oLdomen

24. Ceuthophilus maculatus
Mole

26. Nemobius Jasciatus
Short-wlngeti form. Female

27. Nemobius carolinus
Female

H. Piers del.

Orthoptera ok' Nova Scotia
(To illustnito paper by H. Piers)

The numbers are the same as those preceding the name of the spfoies in the text of the paper.



THE attention of members of the Institute is directed

to the following recommendations of the British

Association Committee on Zoological Bibliography and

Publications:

—

"That authors' separate copies should not be distributed

privately before the paper has been published in the regular

manner.

"That it is desirable to express the subject of one's paper

in its title, while keepiiig the title as concise as possible.

"That new species should be properly diagnosed and

figured when possible.

"That new names should not be proposed in irrelevant

footnotes, or anonymous paragraphs.

"That references to previous publications should be made

fully and correctly, if possible in accordance with one of the

recognized sets of rules of quotations, such as that recently

adopted by the French Zoological Society."
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The Isochlors of Nova Scotia—-Bj- Hubert Bradford

VicKERY, M. Sc, Halifax, N. S.

Introduction.

The object of this research is to determine the normal

chlorine content of spring and brook waters of Nova

Scotia. By normal chlorine content is meant the amount

of chlorine, chiefly as sodium chloride, found in unpolluted

waters that maj" be considered to have been taken up bj^

the water from the soil of the surrounding area. This

chlorine content is estimated along certain hues crossing

the region, and points having the same content are con-

nected by lines on a map of the region. These latter lines

are therefore Lsochlor Lines, or shortly Isochlors, (just as

we have isobars, isotherms, etc.).

Sources or Chlorine.

There are probably three main sources from which this

chlorine is derived—^chlorine mineral deposits, the sea and

sewage. According to the "Report of the Salt Deposits

of Canada and the Salt Industry", prepared by Heber Cole,

B. Sc. (No. 325 of the publications of the Departments of

Mines of Canada), there are nine separate salt spring regions

in the Province of Nova Scotia. Of these four are in Cape
Proc. a Trans. N. S. Inst. Sci.. Vol. XIV. Tr.^nb. 23.

(355)
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Breton, notably that at Whycocomagh. In the peninsula

the largest springs are at Antigonish, but there is a small

spring at Walton, Hants County, with a percentage of a

trifle over unity. At Salt Springs, Pictou County, there

is a spring yielding 5.9 per cent, of salt, and at Cheverie,

Hants County, deep borings through gypsum gave strong

brines. Also there is a brine spring at Springhill. These

isolated points, however, probably have very little effect

upon the normal chlorine lines as herein determined, though

an observation of Mr. Cole's states that salt is very often

found associated with gypsum, and this may contribute

in some measure to the rather wide areas between the normals

along the Annapolis Valley as compared with those along

the Atlantic Coast.

With the introduction of chlorine by means of

sewage we have nothing to do in this paper, because

the estimations were made on water taken from sources

as far as possible from any probable animal polution. The

influence of the sea on the amount of chlorine normally

found is quite striking, as the results of the estimations

show. The observations show that at the sea coast the

chlorine content is high, w^iile as we travel inland there is a

gradual decrease in the amount of chlorine normally found,

this decrease being more. rapid travelling inland from the

Atlantic Coast than it is travelling inland from the Bay

of Fundy shores.

Use of Isochlor Determinations. The judgment passed

by the chemical analyst upon waters which are to be used

for drinking purposes is based partlj'' upon the amount

of chlorine found in it, hence the object of determining iso-

chlors is to give the analyst information as to the amount

of chlorine normalh^ found in water of known purity taken

from the locality from which the sample under examination

was obtained. Any excess over this amount would probably

be due to influences other than that of minerals or of the
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ocean; that is to say, due to pollution. The correctness of

his judgment, therefore, wouhl tU^ppnd upon an accurate

knowledge of this amount. For example: a potable water

showing a chlorine content of 10 parts per million, coming

from a region where the normal chlorine content was three

parts per million, would be subject to suspicion; while coming

from a region where the normal chlorine content was 12,

it would probably be perfectly wholesome, as far as the

analyst could judge from this determination alone.

Method of Procedure in Analysis. The estimation of

chlorine in drinking water depends upon the titration of

the chlorine with standardized silver nitrate solution, using

pota.ssium chromate as an indicator; the theory being that

the chloride ion will be removed from the solution by the

silver ion before the chromate ion is attacked. When all

the chloride ion has been removed, the reddish color of the

insoluble silver chromate appears, this forming a most

delicate end point.

The silver nitrate solution is so made that one cubic

centimeter contains sufficient silver to combine with one

milligram of chlorine. Silver nitrate is carefully dried at

100 degrees in the oven, and an amount slightly exceeding

4.7937 grams is weighed out; this is dissolved in water, and

the solution is made up to one liter in a flask which has

previously been standardized and its error corrected. This

solution was carefully mixed. In order to standardize this

solution, potassium chloride was re-crystalized from a

sample of known purity (Merck's guaranteed). The fine

crystals thus obtained were carefully dried to a constant

weight in the oven, and exactly 2.1065 grams were weighed

out, dissolved in distilled water and made up to one liter

in the standardized flask. This solution thus contained

one milligram of chlorine per cubic centimeter. The silver

•solution was standardized by titrating from two to three

cubic centimeters of potassium chloride solution, using
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potassium chromate as an indicator, and determining the

end point by comparing the color of the solution under

examination with one clouded by a previous precipitation

of approximately the same amount of silver chloride as would

be obtained in the titration. This artifice was used through-

out the experimental work. It was found that a definite

amount of silver nitrate solution was necessary in order

that pure distilled water, colored with potassium chromate

should give the distinct color which served as an end point.

This amount was determined by numerous experiments

to be 0.09 cubic centimeters, and this amount was subtracted

from the amount of silver nitrate solution necessary to give

the end point reaction during the standardization experiments.

In the standardization made a year later, this number was

found to be .04 cc. By this means the ratio between the

silver nitrate solution and potassium chloride solution was

obtained, and the necessary dilution of the silver nitrate

calculated. Thus the volume of the solution containing

the excess amount of silver nitrate could be determined

and removed, and the solution again made up.

Standardization Data.

The average of four accurate determinations of the

ratio between the chlorine and silver solution gave:—

Chlorine : Silver : : .9565 : 1

Hence, the amount silver contained : proper amount : :

1 : .9565

107.93
1 mg. chlorine is equivalent to =3.045 mg. silver

X : .003045 : : 1 : .9565

.-.X = .003183

which is the actual amount of silver in 1 cc. solution. But,,

lOOOcc. should contain 3.045 mg. silver;

1000X3.045 ^_^ . . ^ . ^.
•*•

o =9o/.0 cc. solution contain the pro-
0.183
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per amount of silver. Hence it is necessary to remove 43 ce.

from the solution and dilute to the mark with water. The

ratio between the chlorine and the silver solutions was then

found as follows:

—

Chlorine Silver

4.21 '5.06

6.21 7.16

2.00 2.10 — .09 = 2.01

6.21 7.24

8.21 9.33

2.00 2.09 — .09 = 2.00

.*. 2.00 CO. chlorine solution = 2.00 cc. silver solution.

After a year of use the solution was again standardized,

with the following results:

—

Chlorine Silver

4.79 5.28

6.86 7.42

2.07 2.14 — .04 = 2.10

Ratio 1.014

.82 .93

2.85 2.96

2.03 2.03 = .04 = l.(

Ratio = .9804

2.84 2.99

5.04 5.18

2.20 2.19 = .04 = 2.15

Ratio = .9772

Average Ratio = .9006

It is observed from the above that one cubic centimeter

of the silver nitrate solution will precipitate one milligram

of chlorine; hence the number of cubic centimeters of silver
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nitrate solution used in titrating 100 cc. sample of water

multiplied by ten will give the number of parts of chlorine

per million parts of water in the sample.

The indicator solution was prepared by weighing two

grams of chemically pure potassium chromate dissolved in

100 cubic centimeters of water and adding silver nitrate

until a permanent red precipitate is formed—the filtrate

would thus be chloride free. One or two cubic centimeters

of this indicator solution were used, depending upon the

color of the water under examination.

The experimental method used in determining the chlorine

content of a sample of water was to measure 100 cc. of water

into a procelain casserole and color it with one cubic centi-

meter of the indicator solution. This was then titrated until

a faint difference in color was observed between the sample

and another one similarly prepared, which was placed beside

it. By this means a very sharp endpoint was easily attained.

The 100 cc. graduate was used in measuring the samples,

as it was found impracticable to carry a 100 cc. pipette. In

some cases difficulty was experienced in getting a sharp

endpoint,- owing to the water being discolored by peat, but

by the use of the clouded control only in two or three instances

was the error greater than .03 cc. of solution, that is, .3 parts

per million.

The work of obtaining the samples of water necessitated

covering large stretches of country; the work was of necessity

done slowly, at different seasons of the year, and under dif-

ferent conditions of drought and freshet, making strict com-

parisons between the results obtained difficult. With a

few exceptions the samples were collected by the writer,

with the observance of every precaution, and all the analyt-

ical work was carried out by him. No use could be made

of data derived from Governmental Reports, since water

analyzed in public laboratories would probably be taken

from doubtful or suspected sources. Tlio work was done
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either in the laboratory of Bloomfield lU^h School, or in

a small laboratory fitted up for the purpose at the writer's

home, but in all cases the utmost precautions were observed

as regards lighting and to guard against any chlorine intro-

duced by improperly cleansed apparatus. The same silver

nitrate solution which was prepared in the laboratory at

Dalhousie University was used throughout the work, and
was kept carefully protected from light and pollution.

No data was accepted without being carefully checked

by two, and in most cases three, separate determinations

of each sample. Wherever possible a number of samples

were collected from a small area, and the lowest of these

taken as the normal for that vicinity. The burette used

in the titration was one containing 10 cc. of the solution,

ringed around, and read by means of a lens. Great care

was exercised in keeping this burette in perfect condition

during the analytical work. The use of a graduate in measur-

ing out the samples for analysis was necessitated, as above

mentioned, by the inconvenience of carrying about a 100 cc.

pipette, and it is believed that the error in reading this is

well below the experimental error in reading the burette.

In draining this graduate into the porcelain casserole a

definite time interval was always allowed to elapse, and as

far as possible all observations were made under identical

conditions, so far as light was concerned, so that the experi-

mental results at least would be strictly comparable.

The determination of the exact endpoint in white porcelain

dishes was found to be somewhat easier than in the ordinarily

used 100 cc. Nessler Jars. When dealing with water dis-

coloured wdth peat, use was at times made of a drop or two

of the chloride solution, to make sure that the endpoint had

been attained, although, as mentioned above, in every case

the standard of comparison was an identically prepared

sample, and in cases where the chlorine content was high,

and the cloud of precipitated chlorine rendered comparison
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difficult, the control was itself clouded by titrating it nearly

to the endpoint, and using this as a standard of comparison.

For the purpose of collecting samples, a number of new
ten and sixteen ounce bottles were provided and fitted

with new corks. These bottles were invariably rinsed three

times with the water being collected before being finallj^

filled, and these bottles were used for no other purpose save

collecting water samples.

Wherever possible samples were taken from small brooks,

usually at a distance of some forty to fifty yards from the

road, and from a portion of the brook where the water was

running heely. The greatest care was observed to avoid,

as far as possible, portions of the brook used b}^ animals, and

when a brook ran through a meadow, it was followed up to

the woodlands, where running water was obtained.

It was noticed that a large lake, which has no obvious

source of pollution, shows a chlorine content as low, or lower,

than small brooks running into it. In other words, a large

lake gives a normal chlorine for that vicinitJ^ For example,

the northern arm of Lake George, in Yarmouth County,

has a chlorine content of 10.0 parts per million, while a

small brook discharging into the lake gave a chlorine content

of 10.2 parts per million. Milton Ponds in Yarmouth County,

in June, 1914, gave 13.0 parts per million, while several

brooks running into the ponds ranged from 15 to 20 parts

per million. In explanation it might be said that Milton

Ponds are surrounded by farms. Grand Lake, in Halifax

County, showed 4.1 parts per million, and as it was found

impossible to obtain a sample from a brook discharging into

Grand Lake, it was thought reasonable to assume that 4.1

was the normal for that vicinity.

This observation was later confirmed by noticing that

the United States Geological Survey in the examination of

waters in New England, frequently made use of determinations
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of chlorine in reservoirs, lakes serving as town and city water

supply, ponds, etc. (See U. S. Geological Survey, "The

Normal Distribution of Chlorine", by Daniel W. Jack.son,

Water Supply and Irrigation Paper, No. 144.)

A number of determinations of well water, even under

the most ideal conditions, showed that little confidence could

be placed in results obtained from them.

Ideal conditions for normal chlorine content were con-

sidered to be a clear running brook, having its course through

woodland, where there was no probability of pollution by

cattle or sheep, and as far as possible from farms or dwellings.

A few samples taken from brooks running through cleared

land or pastures, with farms on all sides, were clearly polluted.

Localities Investigated.

A series of observations were made along lines running

from the sea coast as far inland as possible. In this way six

distinct series of samples were collected:

—

One. A series from Halifax, Rockingham, Bedford, and

Grand Lake to Truro.

Two. A series from Margaret ville to Middleton, and

thence along the line of the Halifax and South Western to

New German}' and Bridgewater.

Three. A series from . Yarmouth inland some thirty

miles to Kemptville.

Four. A few observations in Musquodoboit Harbour

and the Musquodoboits.

Five. A series taken from Pictou to Sherbrooke from

samples collected by Dr. Mackay.

Six. A few samples in the extreme eastern end of the

Province, Antigonish, Port Mulgrave, etc.

It will be noticed that these lines aie at right angles to

the sealjoard. The second and fifth series stretch across

the Province.
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Series One. Several samples in the vicinity of Halifax,

Melville Cove, Fairview, Rockingham and Bedford ran from

6.5 to 4.8; Grand Lake 4,1, Truro 4.9, showed a decrease

to a minimum and then an increase. An observation of 4.4

at Middle Musquodoboit closely corresponded to these.

Series Two. At Margaretville a small brook running

over the cliff into the Bay of Fundy showed 33; another

a mile back over the mountain, 8.5, A small brook on the

top of the mountain, under ideal conditions, gave 10.1, while

a brook at Spa Springs showed 9,8. These observations,

although showing an increase on the line over the mountain,

are checked by an observation from a small spring by the

roadside of 10.4, and the Spa Springs brook itself, 11.5,

Middleton tap water, derived from a lake on the South

Mountain, somewhere near Nictaux, showed 6,6, Alpena

6,7, Lake Pleasant at Springfield, 4.6 (sample taken from

lake). New Germany 3.8 (the lowest of the three observations,

the others being 4,3 and 4,4), Northfield 4,3, WestNorthfield

5,0, Bridgewater 5.4. A brook six miles below Bridgewater

running into the salt estuS,ry of the LaHave 7.5, completes

the series. This series shows a distinct decrease to a minimum
at New Germany and a clearly defined increase from New
Germany to the mouth of the LaHave.

Series Three. A number of observations in the vicinity

of Yarmouth, ranging from 65 in a sample taken from at

well in a narrow sand spit between the Bay of Fundy and
Yarmouth Harbor to 21.5 in a well near Yarmouth Harbour,

under ideal conditions, and numerous observations of 16

and 17 taken at various points within a few miles of the town,

show very clearly the influence of the salt water and salt

water estuaries in that vicinity. Two series of observations

were made; one covering a small section of country from the

northern part. Lake George to Lake Annis (three or four

miles) another over a twenty mile stretch from Decrficld to

Kemptville. Lake Annis showed 10.0 and Decrfield 10.2,
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and as these two points are cqui-distant from salt water,

a clearly defined line (the ten normal) can here be drawn.

Carleton showed 8,4, and a brook a little further up 8.2.

A brook just below Kemptville 7.0, and a large stream above

Kemptville, 28 miles from Yarmouth, 5,1.

This series shows a continuous decrease, running from

the coast line inland, and it is noticed that the observation

of 5.1 near Kemptville, is about the same distance from the

salt water as the observation 5.0 at West Northfield

(Series 2).

With reference to the high chlorine content of wells

and brooks near Yarmouth, the prevailing winds are to some

extent responsible, for during heavy, south westerl}^ gales,

windows in the lower parts of the town of Yarmouth are

sometimes covered with an encrustation of salt carried,

evidently in spray from the breakers on the rocky coast,

full}^ two miles away.

Series Four. This consists of only three or four observa-

tions, one of a sample taken from a well at Musquodoboit

Harbor, which showed 4.6, and a few observations in the

vicinity of Middle Musquodoboit; the lowest being 4.4 from

a brook running about two miles above the river.

Series Five. At the mouth of fictou Harbor a brook

gave 10.4, two or three brooks south of New Glasgow 4,6

and 4,1; brooks at Kerrogare and eastward 5.1, 5.3 and 5.4.

Melrose Lake 5.1 and Sherbrooke Lake 7.0, again showing

the decrease and increase.

Series Six. A brook supplying the reservoir at Antigonish

gave 6.8, defining an important corner of the seven normal.

A brook at Port Mulgrave gave 8.2, locating the ten normal

practically on the Strait of Canso shore. A brook near

PhiUp's Harbor gave over 15, a value recalling those obtained

near Yarmouth at the other end of the Province.
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The Ten Normal,

The location of the ten normal line in Yarmouth County

is clearly defined by the observations at Lake Annis and

Deerfield. By drawing a line roughly parallel to the coast

line of the Bay of Fundy, it is found to pass well inside of

Annapolis Basin, up through the Annapolis Valley—its loca-

tion being defined at Spa Springs and passing somewhere

north of Canning. Around the southern shore this normal

may be drawn in the same way, following the coast line,

passing north of Shelburne, crossing the LaHave River at

a point about five miles from its mouth and appearing at

Halifax, probably near Herring Cove, and from there east

quite close to the Atlantic Coast. Still further east it lies

well outside Sherbrooke, cuts across the head of Chedabucto

Bay, is located at Port Mulgrave, passes north of Anti-

gonish and through Pictou Harbor.

The Seven Normal.

Starting from a point south west of Kemptville in Yar-

mouth County, the seven normal line runs parallel to the

ten normal, about seven miles from it, and gradually increas-

ing this distance to about ten miles, according to the observa-

tion at Alpena, and running about three miles north of

Kentville and along the south shore of Minas Basin. Running

south from Yarmouth County the seven normal apparently

is only four or five miles from the ten normal, and passes

through Bridgewater, appearing at Halifax a little south

of Melville Cove, thence easterly, but still south of Musquo-

doboit Harbor. It passes through Sherbrooke and follows

the trend of the ten normal, passing just north of Antigonish

and through Pictou.

The Five Normal.

Starting at a point above Kemptville, about four miles

from the seven normal, running northerly, crossing the

HaUfax and South Western Railway at Dalhousie, at which
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pt)int it is about eleven miles from the seven normal. It

runs a few miles south of Windsor, and thence nearlj'- to the

head of Cobequid Bay, its distance from the seven normal

gradually increasing. Around the Southern shore .it appar-

ently runs from six to seven miles from the seven normal,

crossing the same railway at West Northfield, cutting across

Bedford Basin between Rockingham and Bedford, and appear-

ing somewhere south of Musquodoboit Harbor, at which

point it is only about two miles from the seven normal. It

turns north through Guysboro County and is well located

by several observations in eastern Pictou County, passes

north of New Glasgow and joins the branch passing just

north of Truro.

The Four Normal.

Conforming to the normals already drawn in the Western

part of the Province, the four normal apparently forms a

closed curve, crossing the Halifax and South Western Railway

just south of Springfield, and again south of New Germany;

crossing a part of the Province in which manj^ large lakes,

such as Lake Rossignol, are situated. Another Hmb of the

curve probably passes through Grand Lake, and also some-

where about ten miles east of Truro, and curves back just

south of Ferrona, uniting with the line passing north of

Middle Musquodoboit as the normal at Musquodoboit was

4.4. This indicates that the larger portion of Halifax County

lies between the four and five normal and only in a narrow

strip of country might chlorine contents of less than four

be expected.

IsocHLOR Work in Other Places.

Isochlor maps of the New England States and of New
York have been prepared and are given in the U. S. Geological

Survey paper, already cited. Those of Massachusetts and

Connecticut are given in "Examination of Water", by Dr.

W. P. Mason. A com.parison of these maps with that given
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herewith shows that high normal chlorine does not occur as

close to the sea coast in those States as is the case in Nova

Scotia. The Cape Cod Peninsula, as might be expected,

shows rather high observations, ranging from ten to twenty-

five parts per milUon, and these values are comparable to

those found in the vicinity of Yarmouth, Nova Scotia, which

is also more or less surrounded with salt water. These maps,

which are based upon an enormous number of observations

throughout the States, are necessarily much more complete

than that of Xova Scotia.

It will be noticed that no observations from the extreme

eastern part of the Province have been included. This is

owing to the difficulties and expense involved of personally

obtaining samples in Cape Breton. No samples were collected

in northern Colchester and Cumberland County for the

same reason.

One other line along which the research was prosecuted

deserves notice. In the paper of the U. S. Geological Survey

already cited, tables are included giving monthly observa-

tions of numerous sources. An attempt to verify the result

noted there was made in a very small way. Monthly obser-

vations were taken from two brooks with the object of dis-

covering any great seasonal variation. Only one of the two,

as will be noted from the appended table, is very satisfactory;

this shows a fair degree of constancy over the time that the

observations extended, that is to say, the seasonal variation

is ver}' slight.

In conclusion, I have to thank the kind offices of many

friends who made it possible for me to collect samples in

what would have been, without their help, inaccessible

places, and also for information regarding the location and

sources of streams. In particular, I have to thank Dr. Mac-

kay of Dalhousie University for not only proposing the

work, but for collecting samples which made it possible

to draw the isochlors over the eastern part of the Province.
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A table giving the observations which were of the greatest

value in determining the position of the isochlors is appended,
together with a map upon which the position of these obser-

vations is indicated as closely as possible.

Sample LOCATION' Chlorine No. Analysis
No. Content in Notebook

1. Purceirs Cove 9.5 92

2. Brook Dutch Village 5.1 48

3. Brook Dutch Village 5.8 3

4. Giezer Hill 5.5 49

5. Melville Cove 6.5 51

6. Rockingham 5.4 50

7. Moir's Mill, Bedford 4.8 52

8. Sackville River, Bedford 4.3 53 .

9. Grand Lake 4.1 57

10. Brook Lake Thomas 4.8 63

11. Truro Park 4.9 58

12. Musquodoboit Harbor 4.6 54

13. Middle Musquodoboit 4.4 56

14. Coldbrook 6.4 91

15. Two miles north Coldbrook 6.4 90

16. One mile south Wolfville 6.8 89

17. Margaretsville Cliff 33.7 46
18. One mile south Margaretville 8.3 45

19. Three miles south Margaretville 10.1 44

20. Spa Springs
"

9.8 41

21. Middleton tap water 6.6 47

22. Alpena 6.7 1

13. Springfield (Annapolis) 4.6 2

24. New Germanv 3.8 5

25. Wentzell's Lake (brook) 4.3 10

26. Northfield 5.0 9

27. Three miles north Bridgewater 5.5 7

28. One mile north Bridgewater 5.4 6

29. One mile south Bridgewater 7.1 11

30. Six miles south Bridgewater 7.5 12

31. Brooklvn, Yarmouth Countv 15.9 16

32. West Brooklyn, Yarmouth Co 17.3 39

33. Lakeside Park, Yarmouth 16.3 17

34. Well near No. 33 16.7 19

35. Well, Overton, Yarmouth 21.5 21

36. Well Yarmouth Bar 65.0 22
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37. Lake Annis Brook 10.2 .24

38. Lake Jessie Brook .^ . 10.2 23

39. Lake George, East shore 11.7 25

40. Brook discharging near No. 39 11.5 26

41. Lake Annis 10.0 27

42. Ohio 17.4 28

43. North Ohio 13.2 29

44. Deerfield, brook 9.7 30

45. One mile south of Carleton 8.4 32

46. Two miles north of Carleton 8.2 33 .

47. Four miles north of Carleton 7.0
._
37

48. Kemptville River 5.1 35

49. Mountain Rill, Pictou County 4.6 60

50. Forbes Lake 4.1 61

51. Simms Anderson Brook, Pictou Harbor

.

10.4 62

52. Four miles north of Sunnybrae 5.2 75

53. Kerrogare 5.1 76

54. Eden Lake 5.3 77

55. Neil Grimms Brook 5.4 78

56. Sherbrooke Lake 7.0 79

57. Melrose Lake 5.1 80

58. Salmon River Lake, Halifax County.. . . 5.8 81

59. Giant Lake 6.0 84

60. Hurlbert Brook, Lochaber •. . . 5.4 85

61. Brook at Reservoir, Antigonish 6.8 86

62. Port Mulgrave 8.2 87

Sample 9 collected by Miss Nora Piers.

Sample 11 collected by Mr. E. Chesley Allen.

Samples 49-61 collected by Dr. E. Mackay.
Sample 62 collected by Miss Grace M. Huestis.

Monthly Observations.
Month Fenerty's Melville

1917 Brook Cove Brook

March 7.5 11.3

April 6.7 8.7

May 7.0 9.2

June. 7.2 8.7

July 7.7 9.2

August 7.9 8.4

September 8.0 8.7

October 9-2

November 7.9 9.4

Average 7.5 9.2



On the Natcre and Origin of the Eskers of Nova
Scotia.—By Walter H. Prest, Halifax,. N. S.

Introduction.—My attention has been drawn to the

lack of scientific work done on the eskers and other glacial

deposits of Nova Scotia. Having given some time to the

distribution and historj- of our glacial deposits, I should

like to consider their origin and offer a few suggestions as

to future and more critical examinations than I have had

time to make. For years I have subscribed to the generally

accepted opinion that eskers, as these ridges of sand and

gravel are called, belong to the sub-glacial drainage system

of the latest phase of the glacial age; but a more recent

comparison of facts has convinced me that no such explana-

tion could possibly account for conditions as thej'^ are'-now-

A New Theory of Origin.— I know that in advancing

the theory of origin given below I am in complete opposition

to some scientists of the highest reputation, but I trust the

evidence I offer will carry weight enough to at least deserve

consideration.

As some of the members of our Institute may not have

bestowed much time on the glacial geology of Nova Scotia,

I shall explain what an esker is. I will use the more familiar

name of esker, rather than the Swedish name of osar, often

used by American geologists.

Proc. & Tbans. N. S. Inst. Sci., Vol. XIV. Trans. 24

(371)
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What an Esker Is.—The esker is a narrow ridge of strati-

fied sand and gravel with occasional boulders. These ridges

with small interruptions often extend for manj- miles, resemb-

ling in some places a well-built highway or railway embank-

ment. The kaine is also composed of the same material

as the esker but resembles a mound rather than an embank-

ment. The kame properly belongs to a system of modified

drift; but the esker has a system of kames altogether separate

from the kames formed by other aqueous and erosive agencies.

These are known locally as horse-backs, hogs-backs, turn-

pikes, Indian roads, etc. Kames are very common, while

eskeis are very rare.

The Eskers of Nova Scotia.—The number of eskers in

western Nova Scotia is quite considerable, but may be

lessened by exploration, when detached sections will probably

be found to be only portions of longer eskers. Some of these

attain a perfection of form not excelled elsewhere. The

majority of these run across the drainage system of the

province. The longest and most prominent eskers run across

the highlands of the interior, crossing minor elevations and

depressions on the way. The shorter ones are usually found

where a plateau breaks off into a sloping surface, or where a

vallej^ bounded by high hills runs either across or parallel

to the course of ice movement.

The Great Central Esker.—The longest esker in Nova

Scotia is one that runs with few interruptions from south-west

of Hectanooga in Digby County, north-easterly towards

the source of Bear River. This is said by hunters to be th©

same one that runs from the source of Bear River easterly

to the western side of Kejimkujik in south-western

Annapolis County. It crosses the valleys and watersheds

of all the streams running south into Yarmouth County

and north into Digby County. It borders on or crosses

lakes as broken gravel ridges instead of being spread out

as deltas or flood plains, as wc have been taught that they
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should be. On an elevated plateau south of AVcntwor^h

Lake it is broken up and meanders in a curious way com-

pletely independent of water-sheds, drainage slopes, and

streams. Fuither west at the foot of a lake at Hectanooga

it reaches its greatest development; sixty or seventy feet

high it dams back a lake, and along its crest is built a highway.

South west of this I did not trace it, but it is said to extend

nearly to the sea-shore. Its eastern extension crosses some

of the highest land in the western part of the province near

the head-waters of the Liverpool, Tusket, Sissiboo, and Bear

Rivers, where it is often 30 to 50 feet high. Its height and

regularity makes it one of the most noteworthy natural

features in the province. Its total length must be 60 or 70

miles. The eastern end of this esker is seen crossing the

watershed and descending easterly to the Liverpool River

at Kejimkujik. A more northern branch of it crosses

the lake called the Frozen Ocean by a string of islands and

gravel banks. Advancing up the next slope it crosses to

Annapolis-Liverpool road north of Maitland. From thence

it goes eastward, and 25 or 30 miles east of this a like ridge

crosses the Nova Scotia Central Railway on or near the

same latitude.

West Brook Esker.—A short ridge crosses the West Brook

of the Liverpool River at the point where the higher level

lands bieak off into the slope that descends to the river.

Like may others, it marks a change in the angle of descent.

Middlefield Esker.—To the east of this and on the same

course, a well developed ridge crosses the Annapolis-Liverpool

road at Middlefield, This may possibly be the extension

of the West Brook esker. It is a well defined ridge of gravel,

rising and descending with the slope of the land on the

watershe d across which it runs. Like most of the others it

crosses the general course of drainage as well as the direction

of the glacial movement.
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Another in the Blue Mountain region of Northern Shel-

burne crosses the drainage system near Roseway Lake.

Gold River Esker.—A short esker flanked by well defined

kames is seen on the West side of Gold River, It marks
the junction of a slope with a tract of flat land above. It

runs North and South parallel with Gold River, while the

local drainage and ice movement in the last stage of the

ice age was East toward the river.

.
Stewiacke Esker.—In the eastern part of the Province

we find one of a moderate length and height on the north side

of the Stewiacke River a few miles above Lower Stewiacke

Station.

Nine-Mile River Esker.—The most conveniently situated

esker for study is at Nine-Mile River in Hants County. It

runs north-westerly, beginning net far from Enfield Station,

and crossing the river, runs with varying course and height

for ten or fifteen miles. Another prominent, but short

gravel ridge runs east and west in the valley of the Five

Mile River on the Midland Railway in Hants County.

Two well defined eskers run down the valleys of the

Hebert River in Cumberland County, and the Clyde River

in Shelburne County. The first is about eight miles long

and ten to fifteen feet high. The latter is also a large esker

several miles long. The Hebert River esker begins at the

foot of the Cobequid Mountains near Halfway Lake, and

runs north along the west side of the river. While the south

end is about fifteen or twenty feet above the river, the north

end is forty to fifty feet above it, and the top is nearly level.

The north end is about one hundred and ten feet above

high tide in the Bay of Fundy. Branches become parallel

to the main esker or sweep around hollows, enclosing bogs.

The top is often only wide enough for a wagon. The ridge

contains large well worn boulders. Another esker near

Thos. Leadbetter's, Upper Barney's River, is ten to eighteen
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feet high, with a narrow top. Near Round Lake, Guysboro

County, is one about fifteen feet high and a half mile long;

it is very narrow and runs north-east. An interesting esker

is said to run North from the Northern boundar}-^ of Pictou

Town, across Acadia Farm and into the woods beyond. A
good section of it was made by the highway near its origin.

Other eskers exist in the Province, but quoting from

memory, the above are all I can recall just now.

Cross Drainage System.—The most noticeable feature

of these eskers is the fact that the most of them cross the

present drainage system of the country. Few of them
run parallel with the main streams.

Eskers of Maine.—Turning to the eskers of the United

States, those of Maine are most worthy of notice. Mr.

George Stone, in Monograph XXXIV of the U. S. Geological

Survey, has reviewed the work of other geologists on this

subject. Because of this review, his conclusions on the

eskers of Maiiie are examined below.

Cross Drainage System.—These eskers, like our own,

meander over hill, valley, and plain alike. They often

pass from one valley to the valley of another stream, crossing

a divide from 200 to 400 feet high. In level or swampy
land they form natural roadways, and have been used as

such. Quoting him, we read: "These great embankments
reaching from 20 to 140 miles, cross rivers, valleys, plains

and hills, skirting hill-sides far above the valleys, meandering

across plains where no obstructions exist to cause it to

meander." They are very variable in height and breadth,

a narrow ridge a few feet wide being succeeded by a portion

of the same ridge 100 to 200 feet wide. As in Nova Scotia,

they often divide and re-unite, are interrupted, or spread

out into lines of mounds.
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Gaps.—There are many gaps in the Maine eskers; these

are usually less than half a mile in width, but rarely two

miles. The Nova Scotian eskers also have gaps, which as

a rule are very short.

The Maine eskers, according to Stone, run south-west

to south by east, coinciding in some places with the course

of the drainage and ice movement, though not enough to

suggest a controlling influence.

It will be noted that though these eskers do not always

coincide with the local elevations and depressions, they

agree in course with the central watershed and the general

slope of the country toward the sea.

Tributaries and Deltas.—-Stone also says that one esker

has a tributary system at the north end and a delta system

at the south end. I do not know how far this is self evident.

I have never seen an instance of either in Nova Scotia. The

nearest approach to it is on the top of a high open barren

south of Wentworth T^ake in southern Digby County, N. S.,

east of Hectanooga. This is certainly an unusual place for

a delta, being nearly 20 miles from the end of the esker. In

this province the eskers cross lowlands, swamps and lakes,

as ridges, strings of islands, or gravel banks, without much

evidence of the spread of their contents.

Stratification.—Both eskers and kames are stratified in

a very complex manner, the eskers often more complex

than the kames. Both transverse and longitudinal sections

show cross bedding. Sometimes the bedding has been twisted

into almost vertical positions, the result of distortion since

deposition. Some eskers consist of water worn pebbles

and gravel out of which the fine stuff had been washed.

In others the lines of stratification are said to have been oblit-

erated, though I suspect that stratification has never taken

place owing to scarcity of water. However, owing to lack

of investigation, no definite opinion can be given on this

point.
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Crossing into the Province of New Brunswick we find a

like system of eskers there. In the western and central

parts of that province the glacial striae runs from south to

south 65 degrees east, inclining to the east and north-east

as they approcah the gulf of St. La\vrence. Some of the

eskers cross into the state of Maine, especially one on Eel

River. Others are located at Canterbury and Queensbury,

York County, and Wakefield, Carleton County; still others

are seen along Deadwater Brook, Fish Creek, and the mouth

of Nacawicac Iliver. The courses are generally south-east.

Whether these agree with the course of the local watersheds

and valleys, I do not know. They also are among the points

needing investigation.

In Nova Scotia, while the shorter eskers agree in course

with the local elevations and depressions, the most important

ones run lengthwise through the province on or parallel with

the central watershed.

Origin of Eskers.—Regarding the origin of eskers, Mr.

Stone says on page 40, "When one sees gravel systems going

up the northern side of a hill 200 feet or more in height, it

seems that a stream could flow southward over such barriers.

That thej' actually flowed over such barriers is strong evi-

dence of the existence of ice." Here I would ask why such

inferences are assumed as facts in order to support theories

so contrary to other evidence. The pressure and head of

water needed to drive water with its load of gravel and rocks

up and over such hills could only be secured in water-tight

channels beneath or within the ice. Any leakage would

lessen the power of the water to drive the debris forward.

Subglacial Tunnels.—Now this theory of subglacial tunnels

is based on the assumption that the water and gravel actuallj'

ascended over 200 feet and in south-western Maine 400 feet.

This would mean a pressure of 81 to 162 pounds per square

inch—sufficient force to drive water through the interstices

of any subglacial debris or to project a huge torrent with the
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force of a giant pump. But where the head and power

for such a siphon tube is from fifty to one hundred and

forty miles away from the watershed over which the debris

is to be lifted, the chances for a perfectly tight tube of that

length are exceedingly slender. Such phenomena have never

been seen.

Impossible Theories.—I think the evidence justifies one

in saying that siphon-like action by subglacial streams on

such a large scale is absolutely impossible. I will consider

further objections to this theory later on.

Superglacial Streams.—The theory of superglacial streams

as a source of esker formation is also untenable because

Nansen and other explorers say that glaciers or smooth or

slightly undulating slopes carry no debris on their surface,

as to those glaciers lying among projecting mountains

According to Nansen, Peary, Nordenskjold, Shackleton,

Amunsden and other explorers, neither Greenland nor the

Antarctic continent show any support for the theory of the

formation of eskers by either subglacial or superglacial

streams.

Confused Theories.—To show the confusion and uncertainty

attending past investigations into the origin of eskers, I

will give several quotations showing the indefinite and

contradictor}^ theories so f ar advanced. On page 422 Stone

says: "The conclusion is that the great length of the eskers

of Maine favor s the hypothesis that they were mainly

formed in subglacial tunnels", yet on page 426 he says, "So

far the probabilities favor the theory of superficial streams."

On page 363 both theories are reduced to impotence

when we read this: "We naturally wonder whence the gravel-

moving waters came and whither they went and what became

of the finer material they carried with them". So the mystery

deepens, and deeper mystery follows when we ask where
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these great streams emptied after ascending the 400 foot

hills of south-western Maine, and after a flow of over 100

miles. No wide estuary is seen there. They simply disappear.

Further on Stone saj's: ''Probably all the field phenomena

may be accounted for by cither hypothesis, but by such

cumbrous complications that in the end must break down
any hypothesis". Of extremely narrow eskers changing

to wide, high eskers, he says: "That rivers capable of trans-

porting so great a quantity of sediment should occupy such

narrow channels is truly wonderful". To this we all agree.

Deflections.—Regarding deflections in the course of eskers,

many supporters of the subglacial theory cannot account

for their leaving a valley to cross a watershed or to cross

the course of the ice movement. Other deflections on level

plains without anj^ streams or obstacles to cause the deflection,

are just as unaccountable when ascribed to the subglacial

theory.

After considering a great many varied theories of o'rigin,

we read on page 423: "The long meanderings transverse to

the ice-flow certainly add some difficulties to the hypothesis

of subglacial streams". Under the subglacial or superglacial

theory the following is unexplainable: At Leighton Brook,

a few miles south-east of Aurora, Maine, is seen a ridge of

boulders parallel with the ice flow. Across this at right angles

is a well defined esker ridge—neither interferes with the other.

Here we possibly have a subglacial stream crossing an esker

without disturbance but the foimation of the esker must
have been due to some other cause.

Confusion of Theories.—The uncertainties attending these

theories are well shown in page 430, where we read: "No
positive inferences can as yet be drawn from the observed

facts bearing on the question of subglacial versus superglacial

streams, though probabilities favor superglacial streams."

Page 323 gives us the following: "The general inference is

that the courses of the great glacial rivers were determined
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to the passes before the eskers were deposited, or the hills

bare of ice". Here Mr. Stone comes perilously near the

true theory of esker formation, whi ch he makes more probable

on page 363. Here he says: ''The fact that we find a gravel

ridge without a delta in a place so favorable for the formation

of a delta indicates that the ridge was deposited within ice

walls before the ridge had retired as far north as the esker".

Subglacial Streams.—He presents evidence that calls for

a totally different theory of origin and yet>efuses to grasp

it, for on page 426 he says: "For the subglacial waters to

flow transversely to the motion of the ice must have been

the exception rather than the rule".

Indefinite Theories.— This uncertainty is voiced by many
authors, who, after considering the evidence for the different

theories, have been unable to come to any decision. One

investigator says: "It might happen that the same esker

river was in different parts of its course, subglacial, englacial

and superglacial". Another hopeless sentence is: "So com-

plex is the problem that it cannot be claimed that all the

elements have been set forth".

Thus there is little hope of a satisfactory^ solution to the

mystery of the origin of eskers among such indefinite theories.

Such appears to be the general opinion of our foremost

geologists, among whom are Chamberlain and Salisbury.

Their Geology, Vol. VIII, is also a review, and indefinite

conclusions abound in it.

Tremendous Velocity of Subglacial Streams.—Speaking of

eskers they say: "Subglacial streams seem sometimes to

have deposited gravel and sand in their channels". With

commendable caution they say: "It is not to be inferred that

eskers never originated in other ways, but it seems clear

that this is one method and perhaps the principal one by.

which they came into existence". And again: "Long eskers

sometimes wind up and down over low elevations and valleys^
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showing that the water which made them must have been

under great head if they are of strictly subglacial origin".

To prove the tremendous velocity of these subglacial streams

some authors point to the so-called fact that the debris in

these streams have been transported up and over high hills.

Why this insistence on such facts, as they are called, when

none have been proved? And how could water raise* itself

higher than its source? Some contest this with the theory

that there has been an unequal elevation of land in this part

of the state of Maine since the formation of these eskers.

The known evidence, however, proves that there has been

an equal amount of post glacial elevation all along the coast

of Maine. It needs a very unequal amount of elevation

to form new lines of drainage.

Eskers Cross Drainage.—The fact that these eskers do

not coincide with the natural course of drainage show^s that

they were not formed by the sub-glacial drainage system.

The gravel ridges in Nova Scotia also often run across both

the course of drainage and glacial movement so that any

motion in these ridges must have been at right angles to

their course, that is down hill.

While most of the eskers of Nova Scotia and Maine cross

the glacial striae and the drainage system, the kames are

nearly always parallel with the course of ice movement

and the drumlins or hills of unstratiiSed drift are always

so; therefore we cannot possibly ascribe all to the same

cause.

Tributaries.—Subglacial streams, naturallj' following the

course of the drainage, would without doubt be joined by

other subglacial streams; therefore the resulting esker

would necessarily have tributary eskers. The facts are that

the course of eskers is not governed by the slope of the land

in Nova Scotia any more than in Maine; and as far as my
explorations go the eskers of Nova Scotia are not joined
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by tributary eskers. The branch eskers of Nova Scotia

with one exception, are parallel, re-uniting at a short distance.

This exception divides going down a slope. The usually

stratified condition of these eskers show the action of running

water, but to what extent their formation is due to this

remains to be investigated, but we know that the presence

in the eskers of Nova Scotia of fine sand and sometimes

clay shows usual deposition by a moderate current.

Course of Transportation.—Tranverse eskers do not

always contain the same constituents as the surrounding till

or modified drift. This is an important point, as it gives us

valuable information as to the source of the material of the

eskers. However, like many other points, it needs investi-

gation to decide whether this material came along the course

of the so-called esker stream, down the drainage system, or

directly along the course of ice movement.

Eskers, as a rule, contain little clay, indicating a leakage

of the fine material, even on the lowlands.

Chamberlain and Salisbury say that esker stratification

is often much distorted, probably on account of ice pressure.

Ice pressure could not possibly exist in a subglacial stream

which was continually eroding its channel with an extremely

rapid current heavily loaded with coarse sediment. These

varied opinions show the need of further investigation.

Fatal Objections.—Another and more fatal objection to

the subglacial origin of eskers is the following: We have

been considering the subglacial stream as fully formed, and

in continual operations as a huge siphon, but there was a

time when there was no subglacial channel and the whole

eastern part of the continent to the latitude of New York

was wrapped in a mantle of ice. When we think of the first

few drops of water trickling through the first tiny crack,

or leaking beneath the ice, by what vagary of natural law

can we conceive it defying the force of gravity and forcing

a passage up hills 400 feet high and down across well-marked
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lines of drainage as in Nova Scotia and Maine. To what

natural phenomena can we turn to find a power that would

drive a single drop of water over a watershed 200 to 440

feet liigh, and finally carry millions of tons of debris to the

same height. What was the influence that guided the course

of the first tiny crack directly across the line of drainage of

Nova Scotia. If we admit the possibility of a transverse

open crack we kill the siphon theory of subglacial action,

as the crack must be filled 400 feet deep before running over

a watershed of that height.

Another noteworthy fact is that on the plains or swamps

or Maine many eskers are partly composed of sand. This

indicates a moderate current. It needs a rapid current under

tremendous pressure to drive large rocks over watersheds 200

to 400 feet high. This is also absolutely fatal to the subglacial

theory of esker formation.

In view of these facts we are forced to admit the utter

impossibility of accounting for the existence of eskers by

any form of marine, fiuvatile, or lacustrine agency.

New Theory of Esker Formation.—But there have been

conditions under which the distorted stratification mentioned

by Chamberlain and Salisbury was inevitable. In fact it

could not be otherwise. This embodies a theory of formation

of eskers different from any yet considered and will be detailed

later.

Other Objections.—Eskers are irregular in size, height and

character. Unlike rivers, eskers never increase regularly

in size the further they go, except in river valleys. This fact

furnishes one of the strongest clues to their origin. If eskers

were formed in subglacial channels we would always find the

smallest ridges near the surface of the streams and on high

lands and the greatest spread of washed material on the plains.

That this is not so is strong evidence that eskers were not
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formed in, or subject to, the outflow of any stream, either

of the open or subglacial kind. We would also find a common
system of tributary eskers, which we do not find.

A resume of the special characteristics of the eskers of

Nova Scotia is as follows:

1. The principal eskers in this province run lengthwise

over the highest lands of the watershed. Other shorter ones

run lengthwise along the principal valleys. Thus there are

two sets, one transverse to, and the other parallel to, the

drainage system.

2. The majority cross the main lines of drainage.

3. They also cross lakes, rivers, and minor elevations

and depressions.

4. They cross also the course of ice movement.

5. They were laid over hill and valley alike without

leaving any sign of an accompanying watercourse eroded

into the surrounding drift, even where the slope is suitable.

6. The most characteristic and well defined eskers are

on level or slighly undulating land. The largest, but not

the longest eskers are in the river valleys.

7. Well defined ridges often cross low or level land and

lakes without showing a kame or delta formation.

8. . Eskers are sometimes interrupted by gaps, small

kames and pot-holes.

9. Transverse eskers, as a rule, contain more foreign

material than the surrounding unmodified drift.

10. Eskers contain little clay compared with the sur-

rounding drift.

11. Eskers often descend or ascend a slope, cross low

land and continue up the opposite slope with undiminished

height.

12. Since their formation as ridges, transverse eskers

appear to have been subject to less modification than any

other form of glacial deposit, though their exposed position

would seem to make them more liable to erosion than others.
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13. Eskers in river valleys only show strong evidence

of having become lines of drainage, until the total disappear-

ance of the ice allowed the streams to follow their present

course.

A Rare Phenomenon.—Most investigators have made
the usual mistake of ascribing uncommon results such as

eskers, to the most ordinary causes. Thej^ must necessarily

be ascribed to uncommon causes, because of their striking

difference from every other class of deposit.

Glacial Crevasses.-^A perusal of the explorations of

Peary and Nansen on the Greenland ice and Shackleton,

Scott and Amundsen across the Antarctic continent shows

that one of the most striking features of these ice-covered

lands are the long deep transverse crevasses that obstructed

their way. Nansen says that these crevasses were largest

and most numerous in Greenland where the central plateau

breaks off into slopes 7 or 8 miles from the east coast and 25

miles from the west coast. Nansen and Peary saw some
crevasses 50 feet wide and on the Antarctic continent they

were even wider. Nordenskjold also adds his testimony

to this. So deep were some of these crevasses that they could

not be sounded. So long were they that the ends were

seldom seen. Shackleton mentions several from 10 to nearly

100 feet wide and mentions some down which he could

see 300 feet. In others no bottom could be seen. Many
of these great crevasses broke up into smaller ones which

spread out and finally became untraceable. At least one

of the long eskers of Maine exhibits this peculiarity. These

deep snow-covered crevasses were veritable death traps.

One black and apparently bottomless crevasse holds the

last of Shackleton's ponies; others hold the bodies of many
adventurous explorers, entombed in a sepulchre of ice. At
another place was a belt of crevasses half a mile wide. This

is probably a repetition of the tributarj' and delta sj'stems



386 ON THE NATURE AND ORIGIN OF

among the eskers of Maine, as well as those of Sweden. At
one point on the Antarctic glacier were two huge parallel

crevasses probably thousands of feet deep.

Valley Crevasses.—One peculiar crevasse noted by Shackle-

ton was formed lengthwise in a valley near Mt. Nansen; unlike

those on ridges, this crevasse was closed at the top but was
located because of a range of ice cliffs along the valley. As

it was formed through the downward sag of the ice sheet, it

would probably be open at the bottom and become a receptacle

for eroded debris. These valley crevasses may account for

many of the eskers lying parallel with the rivers. These

only maj^ be termed subglacial channels until the increasing

temperature dissolved the ice and opened the crevasse to

the light of day.

Valley crevasses have been seldom seen in Arctic and

Anarctic regions for plainly obvious reasons. An ice sheet

crossing a ridge would crack open at the top; an ice sheet

crossing a valley would crack open at the bottom and there-

fore be invisible. The one mentioned by Shackleton became

known only because the ice on one side of the crack sank

below that on the other side and left a row of ice cliffs 20 feet

high.

Crevasses formed on watersheds may be forced down
the next slope, but the tension being relieved, no more crevasses

may form for some time on the same ridge. In Maine some

eskers are seen on hillsides far above a river valley. Having

evidently been formed on the ridge to the rear it had only

time to move slightly in its ice-walled channel when the

ice sheet melted. Not Vjeing in or near the bed of a stream

the esker remained undisturbed.

Eskers in valleys, such as those near Hebert and Clyde

Rivers in Nova Scotia, must be placed in a different class,

owing to a distinct difference in level and position. The

original cracks, coinciding as they do with the course of
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drainage, and receiving the flow of water and sediment

from above its level, the esker becomes in time an immense

bank of water worn gravel, like those on the Ashuanippi

and other rivers in Labrador. This condition would un-

doubtedly continue until the disappearance of the ice from

the low lands allowed the sediment-charged waters to retire

to their present beds. Thus all features of eskers are account-

ed for except those due to the most recent action of the

present streams.

A. C. Lowe and others, in their explorations of Northern

Canada, note the immense eskers of Labrador, especially-

one of 100 miles long, hundreds of feet wide and 40 to 60

feet high. The Hamilton, Ashuanippi and Dobuant Rivers

are noted for their great valley eskers as well as other smaller

but well developed ones on higher ground. Like all other

valley eskeis, they owe their birth and growth to a crevasse

which formed when that part of Canada was still under

the northern. ice sheet.

Transverse Crevasses.—The larger visible crevasses of

Arctic and Antarctic regions were formed across the course

of ice movement, just as in Nova Scotia and most important

eskers lie across the courses of both drainage and ice move-

ment. What deposits these great crevasses actually contain

will be unknown until a future interglacial age lays bare

the earth probably 5,000 feet beneath the present surface.

That they contain debris is both possible and probable, as

we know that the edges of these crevasses have the same

eroding power as the edge of the ice front. This, however,

we cannot see.

The Crevasse Theory of the Origin of Eskers.—But this

we know:

1. That the visible crevasses run across the course of

ice movement as the majority of our eskers do,

2. That they cut across all minor undulations as our

eskers do.

Proc. & Trans. N. S. Inst. Sci., Vol. XIV. Trans. 25
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3. That the true drainage channels cut across and drain

these crevasses, thus preventing them from becoming tor-

rents as they would be if they were the only drainage channels.

The same conditions probably prevailed in Nova Scotia where

the streams cross the eskers.

4. Systems of diverging fissures, caused probably by the

ice sheet passing over a hill or mountain spur, have been ,

seen by Shackleton. Corresponding systems of diverging

eskers have been seen in Maine and possibly in other countries.

5. Therefore we know that these crevasses are not a

part of the permanent drainage system of Nova Scotia,

Sweden or Eastern America.

6. That these transverse crevasses are being carried

forward with all that i§ in them, with slow but invincible

power, undoubtedly causing distorted stratification, and a

mixed condition of the contents, such as we actually see in

our own eskers, is evident.

7. If there is debris for the subglacial stream to gather

up and transport there must be also debris for the transverse

crevasse to gather and transport.

8. While the stream gathers debris only from its line of

drainage, the crevasse would gather debris from the whole

breadth of country behind it, hence the accumulations must

be somewhat different in each. So too, is there a difference

to some extent between the contents of the eskers and the

valley kames of Nova Scotia.

9. As to the origin of the esker contents, Prof. Russell

says that the lower 50 feet of the Malaspina glacier contains

much earth, pebbles and other eroded material; the same

is said of some of the Swiss glaciers.

10. Glaciers carrying debris at last come to a stand-still;

and when melting the crevasses must leave their contents

behind them in a comparatively undisturbed condition,

altogether different from that of the stream gravels and

other modified glacial deposits in the line of drainage, as

is evident in Nova Scotia.
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The evidence elsewhere is much the same as here. Nansen

tells that in Norway eskers are rare, but that in Sweden they

are both numerous and prominent, and this is in accordance

with conditions as the slopes are steeper and more moun-

tainous in Norway than in Sweden, and eskers if formed,

would be more easilj" swept away.

The fact that most of the esker ridges of Nova Scotia

and Eastern United States have been but slightly disturbed

by eroding influences where they were supposed to have been

most exposed to them, shows that neither marine nor flluvia-

tile agencies were active.

No Marine Action.—On the coast of Maine, where a post-

glacial elevation took place, there is no evidence of marine

action on the eskers; therefore they must have retained their

protective covering of ice until after the sea had retired.

A Natural Conclusion.—The natural conclusion is that

eskers could be formed in glacier crevasses, but could not by

any possibility be formed in subglacial streams; and being

confined between these walls of ice, the contents could not

be eroded to any extent until the disappearance, or partial

disappearance, of the ice in the next interglacial age exposed

them to view. Thus protected, they have preserved their

special characters. When an increasing temperature began

to melt the ice, subglacial streams and leakage w'ould carry

off without doubt much of the excess of w^ater from the

crevasses, thus preventing erosion and transportation of the

elevated portions of transverse eskers. The proof of this

is that these uneroded ridges are .still to be seen in their

original positions; so when the last fragments of the ice shed

disappeared it left the gravel ridges reposing in almost their

present form, except where since denuded by brooks or

rivers.

Potholes and Gaps. Potholes, gaps and small kames
could be, and probably were, formed by surface streams
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pouring into the crevasses, but as this process is beyond the

reach of observation, it can only be considered as a theory

wdth the probabilities in its favor.

Formution of Eskers.—When in the latest stage of ice

melting, local glaciers took the place of the continental ice

sheet, those ice sheets on level ground naturally ceased to

move while those on sloping ground continued their motion.

The result could onh^ be that these eskers on sloping ground

continued to move and were eroded or modified, while those

on level ground remained unaltered, except here and there

by stream erosion.

How far the local and general slopes, or local and central

watersheds of a country acted as a cause in the formation

of crevasses, remains for future investigators to decide.

Emergence of Eskers.—Until distinctly contrary evidence

shall be brought to bear, I shall feel justified in claiming that

the evidence so far adduced points to the theory that nearly

all, if not all of our eskers, were formed in the crevasses of a

continental ice sheet. This ice sheet moving toward the

lower ground carries with it the contents of the crevasses,

eroded and gathered up as it proceeds. Crevasses, usually

formed on watersheds, in valleys, or on the edge of declivities,

may have moved one or one hundred miles with their load

of debris before the increasing temperature dissolved the

enclosing ice walls and disclosed the material within. In

short, the subglacial drainage system had nothing to do with

the origin of eskers and only denuded them in the latest stage

of the glacial age.

Only Reasonable Theory.—This is the only explanation

that will solve the puzzle of the uneroded and unmoved
eskers so often seen in positions exposed particularly to

erosion.

In eskers we have an example of the rarest and oldest of

glacial deposits, the first to be formed but the last to be laid

bare to aerial erosion, hence their preservation and their

peculiar characteristics.
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Crevasse Theory Supported by Facts. Thousands of pages

have been wTitten on the origin of eskers without one theory

accounting for all the facts. But in the crevasse theory we
have a simple explanation which is supported by every

known fact.

Investigation Needed.—In offering to the Institute this

explanation of the origin of these curious gravel ridges, I

may be calling for criticism, and rightly so, as there are

many points needing investigation and comparison which

my limited leisure prevents me from carrying through.

I know that in advancing this theory of origin I am going

counter to the opinions of many men of distinguished repu-

tation including Nansenj-'Nordenskjold, Peary, Stone, Wright,

Winchell, and a number of others. But these opinions

conflict largely with the evidence as now understood, and

which .has been brought forward to support them. Their

several varied theories show selections from the most plausible

but still unsatisfactory opinions. While such doubt exists

there is room for investigation.

Former Estimates.—I am encouraged in advancing this

opinion by the fact that in 1894 in a paper read before the

Institute I claimed 28,000 feet as the least thickness of the

gold-bearing formation of Nova Scotia. That statement

has been completely verified by the labors of Mr. Faribault

of the Canadian Geological Survey. But another distinguished

worker on that survey sent me a post-card criticism, with

the remark that I would change my opinions with more

years and experience.

7s This Theory New'?—With this lesson to encourage me,
I have ventured this theorj' of the origin of eskers; however,
1 cannot say positively that it has not already been given in

detail in some of the voluminous literature relating to the

Glacial Geology of Europe.

In the question of the nature and origin of eskers we have
a large field for investigation which will take many years

to exhaust. No excavations have been undertaken here
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to learn in detail the structure of an esker. Some structural

secrets may have been revealed in road cuttings, but so far

the disturbed and cross-bedded stratification seems only

to have increased the mystery of their origin.

Nature's Record.—The history of these strange ridges

lies hidden in their bosoms, and to the earnest investigator

the record is plain. Every descent and ascent, every layer

of gravel, sand or clay, every polished stone, irregularity, or

sign of orderly arrangement, has a plainly written lesson

that even an amateur may learn. It would give me much
pleasure to pursue this and other investigations to a finish,

but necessity compels me to leave J^e task to others.

Before closing, I should like to offer a few suggestions to

students in this branch of Glacial Geology. Among the well

defined eskers that can be investigated, that at Nine Mile

River, Hants County, is probably the most conveniently

situated for exploration, and I trust that when peace again

gives the war weary world a little leisure, the suggestions

following may be considered worthy of attention.

Suggestions for Future TTorfc.—Some of the points requiring

elucidation are the following:

1. The necessity of deciding hy excavation, in which

way the current which formed the esker, had run.

2. By examination of the debris to discover its source,

its time of exposure to erosive action, and the power of the

current depositing it.

3. By contour surveys and correct mapping, to discover

the influence of surrounding slopes and drainage channels,

and to find out how far watersheds and valleys determined

the position and course of cievasses and their resulting eskers.

4. By comparison with other glacial deposits to discover

whether the same agencies and influencies operated on both.

5. By examination of the junction of eskers with modi-

fied or unmodified drift to detect their relative ages.
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6. By examination of the line of deposition to discover

some trace on the surrounding drift of the great erosive power

of a stream supposed to have flowed under a tremendous

pressure as in a subglacial channel.

7. By examination of the gaps and kames interrupting

eskers to find out if they are merely reformed eskers, or places

in which there never was an esker.
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tlrtiiiuigc, aiul rcciuviuu: tlii> How of water and sctlinu'iit

from above its level, the esker becomes in time an immense
bank of water worn gravel, like those on the Ashuanippi
and other rivers in Labrador. This eondition would un-

<lonbted!>- continue until the disappearance of the ice from
the low lands allowed the sediment-charged waters to retire

to their present beds. Thus all features of eskers are account-

ed for except tho-^e due to the most recent action of the

present streams.

A. C\ Lowe and others, in their explorations of Northern
Canada, note the immense eskers of Labrador, especially

one of 100 miles long, hundreds of feet wide and 40 to 60
feet high. The Hamilton, Ashuanippi and Dobuant Rivers

are noted for their great valley eskers as well as other smaller

but well developed ones on higher ground. Like all other

valley eskers, the}^ owe their birth and growth to a crevasse

which formed when that part of Canada was still under
the northern ice sheet.

Transverse Crevasses.—The larger visible crevasses of

Arctic and Antarctic regions were formed across the course

of ice movement, just as in Nova Scotia and most important

eskers lie across the courses of both drainage and ice move-
ment. AVhat deposits these great crevasses actually contain

will be unknown until a future interglacial age lays bare

the earth probably 5,000 feet beneath the present surface.

That they contain debris is both possible and probable, as

we know that the edges of these crevasses have the same
eroding power as the edge of the ice front. This, however,

we cannot see.

The Crevasse Theory of the Origin of Eskers.—But this

we know:

L That the visible crevasses run across tlie course of

ice movement as the majority of our eskers do.

2. That they cut across all minor undulations as our

eskers do.

Pboc. & Thans. N. 8. Inst. Sci., Vol. XIV. Tran-*. 25
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3. That the true drainage channels cut across and drain

these crevasses, thus preventing them from becoming tor-

rents as they would be if they were the only drainage channels.

The same conditions probably prevailed in Nova Scotia where
the streams cross the eskers.

4. Systems of diverging fissures, caused probably by the

ice sheet passing over a hill or mountain spur, have been
seen by Shackleton. Corresponding systems of diverging

eskers have been seen in Maine and possibly in other countries.

5. Therefore we know that these crevasses are not a

part of the permanent drainage system of Nova Scotia,

Sweden or Eastern America.

6. That these transverse crevasses are being carried

forward with all that is in them, with slow but invincible

power, undoubtedly causing distorted stratification, and a

mixed condition of the contents, such as we actually see in

our own eskers, is evident.

7. If there is debris for the subglacial stream to gather

up and transport there must be also debris for the transverse

crevasse to gather and transport.

8. While the stream gathers debris only from its line of

drainage, the crevasse would gather debris from the whole
breadth of country behind it, hence the accumulations must
be somewhat different in each. So too, is there a difference

to some extent between the contents of the eskers and the
valley kames of Nova Scotia.

9. As to the origin of the esker contents. Prof. Russell

says that the lower 50 feet of the Malaspina glacier contains

much earth, pebbles and other eroded material; the same
is said of some of the Swiss glaciers.

10. Glaciers carrying debris at last come to a stand-still,

and when melting the crevasses must leave their contents
behind them in a comparatively undisturbed condition,

altogether different from that of the stream gravels and
other modified glacial deposits in the line of drainage, as

is evident in Nova Scotia.
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The evidence elsewhere if< much the same as here. Nansen

tells that in Norway cskers are rare, but that in Sweden they

are both numerous and prominent, and this is in accordance

with conditions as the slopes are steeper and more moun-

tainous in Norway than in Sweden, and eskers if formed,

would be more easily swept away.

The fact that most of the esker ridges of Nova Scotia

and Eastern United States have been but slightly disturbed

by eroding influences where they were supposed to have been

most exposed to them, shows that neither marine nor flluvia-

tile agencies were active.

No Marine Action.—On the coast of Maine, where a post-

glacial elevation took place, there is no evidence of marine

action on the eskers; therefore they must have retained their

protective covering of ice until after the sea had retired.

A Natural Conclusion.—The natural conclusion is that

eskers could be formed in glacier crevasses, but could not by

any possibility be formed in subglacial streams; and being

confined between these walls of ice, the contents could not

be eroded to any extent until the disappearance, or partial

disappearance, of the ice in the next interglacial age exposed

them to view. Thus protected, ih&y have preserved their

special characters. When an increasing temperature began

to melt the ice, subglacial streams amd leakage would carry

off without doubt much of the excess of water from the

crevasses, thus preventing erosion and transportation of the

elevated portions of transverse eskers. The proof of this

is that these uneroded ridges are still to be seen in their

original positions; so when the last fragments of the ice shed

disappeared it left the gravel ridges reposing in almost their

presejit form, except where since denuded by brooks or

rivers.

Potholes and Gaps.—Potholes, gaps and small kames

could be, and probably were, formed by surface streams
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pouring into the crevasses, but as this process is beyond the

reach of observation, it can only be considered as a theory
with the probabilities in its favor.

Formation of Eskers.—When in the latest stage of ice

melting, local glaciers took the place of the continental ice

sheet, those ice sheets on level ground naturally ceased to

move while those on sloping ground continued their motion
The result could only be that these eskers on sloping ground,

continued to move and were eroded or modified, while those

on level ground remained unaltered, except here and there

by stream erosion.

How far the local and general slopes, or local and central

watersheds of a country acted as a cause in the formation
of crevasses, remains for future investigators to decide. .

Emergence of Eskers.-—Until distinctly contrary evidence

shall be brought to bear, I shall feel justified in claiming that

the evidence so far adduced points to the theory that nearly

all, if not all of our eskers, were formed in the crevasses of a

continental ice sheet. This ice sheet moving toward the

lower ground carries with it the contents of the crevasses,

eroded and gathered up as it proceeds. Crevasses, usually

formed on watersheds, in valleys, or on the edge of declivities,

may have moved one or one hundred miles with their load

of debris before the increasing temperature dissolved the

enclosing ice walls and disclosed the material within. In

short, the subglacial drainage system had nothing to do with

the origin of eskers and only denuded them in the latest stage

of the glacial age:

Only Reasonable Theory.—This is the onl}^ explanation

that will solve the puzzle of the uneVoded and unmoved
eskers so often seen in positions exposed particularly to

erosion.

In eskers we have an example of the rarest and oldest of

glacial deposits, the first to be formed but the last to be laid

bare to aerial erosion, hence their preservation and their

peculiar characteristics.
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Crevasse Theory Supported bij Facts.—Thousands of pages

have been written on the origin of eskers without one theory

accounting for all the facts. But in the crevasse theory we
have a simple explanation which is supported by every
known fact.

Investigation Needed.—In offering to- the Institute this

explanation of the origin of these curious gravel ridges, I

may be calling for criticism, and rightly so, as there are

many points needing investigation and comparison which
my limited leisure prevents me from carrying through.

I know that in advancing this theory of origin I am going

counter to the opinions of many men of distinguished repu-

tation including Nansen, Nordenskjold, Pearj^, Stone, Wright,
Winchell, and a number of others. But these opinions

conflict largely with the evidence as now understood, and
which has been brought forward to support them. Their

several varied theories show selections from the most plausible

but still unsatisfactor}^ opinions. While such doubt exists

there is room for investigation.

Former Estimates.—I am encouraged in advancing this

opinion by the fact that in 1894 in a paper read before the

Institute I claimed 28,000 feet as the least thickness of the

gold-bearing formation of Nova Scotia. That statement

has been completely verified by the labors of Mr. Faribault

of the Canadian Geological Survey. But another distinguish-

ed worker on that survej^ sent me a post-card criticism, with

the remark that I would change my opinions with more
years and experience.

Is This Theory New?—-With this lesson to encourage me,

I have ventured this theory of the origin of eskers; however,

I cannot say positively that it has not already been given in

detail in some of the columinous literature relating to the

Glacial Geology of Europe.

In the question of the nature and origin of eskers we have

a large field for investigation which will take many years

to exhaust. No excavations have been undertaken here
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to learn in detail the structure of an esker. Some structutal

secrets may have been revealed in road cuttings, but so far

the disturbed and cross-bedded stratification seems onlj"

to have increased the mystery of their origin.

Nature^s Record.—The history of these strange ridges

lies hidden in their bosoms, and to the earnest investigator

the record is plain. Every descent and ascent, every layer

of gravel, sand or clay, every polished stone, irregularity, or

sign of orderly arrangement, has a jDlainly written lesson

that even an amateur may learn. It would give me much
pleasure t3 pursue this and other investigations to a finish

but necessity compels me to leave the task to others.

Before closing, I should like to offer a few suggestions to

students in this branch of Glacial Geology. Among the well

defined eskers that can be investigated, that at Nine Mile

River, Hants County, is probably the. most conveniently

situated for exploration, and I trust that when peace again

gives the war weary world a little leisure, the suggestions

following may be considered worthy of attention.

Suggestions for Future Work.—Some of the points requiring

elucidation are the following:

1. The necessity of deciding by excavation, in which
waj^ the current which formed tiie esker, had run

2. By examination of the debris to discover its source,

its time of exposure to erosive action, and the power of the

current depositing it.

3. By contour surveys and correct mapping, to discover

the influence of surrounding slopes and drainage channels,

and to find out how far watersheds, and valleys determined

the position and course of crevasses and their resulting eskers.

4. By comparison with other glacial deposits to discover

whether the same agencies and influencies operated on both.

5. By examination of the junction of eskers with modi-

fied or unmodified drift to detect their relative ages.
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6. Hy examination oi the line of deposition to discover

^ome trace on th(> surroundinjz; drift of the jireat erosive power

of a stream supposed to have flowed under a tremendous

pressure as in a subglacial channel.

7. By examination of the gaps and kames interrupting

eskers to find out if they are merely reformed eskers, or places

in which there never was an esker.





The Phenology of Nova Scotia, 1917

—

By A. H.
MacKay, Ll. D.

(Read by title It May, 1918.)

These observations were made by the school children of

the Province of Nova Scotia as a part of the Nature Study-

work prescribed. The pupils report by bringing into the
school-room the flowering or other specimens when first

observed, for authoritative determination by the teacher
who generally credits the first finder by placing the name
and the observation on the honor roll section of the blackboard
for the day. The teacher after testing the correctness of

the observation, marks it on the schedule with which every
teacher is provided—a copy of which is sent in to the Inspec-
tor with the school returns at the end of June and January.

The following tables are complied from 186 of the best

schedules out of the 450 sent in. The selections were made
and complied under the direction of Mr. H. R. Shinner, B. A.
and Miss M. G. McLeod, of the Education Department.

The schedules for each year are carefully bound up in a
large annual volume which is placed in the Provincial Museum
and Science Library where they can be used by students of

climate, etc. The compilers of the phenochrons of the
different belts, slopes or regions, have been rural science

teachers who have most distinguished themselves as instruct-

ors. They were selected for the purpose on the recommenda-
tion of the Director of rural science education. The sheets
from which the provincial phenochrons are calculated are
also bound in annual folio volumes for ease of consultation
and preservation.

The Province is divided into its main climate slopes or
regions not always coterminous with the boundaries of

counties. Slopes, especially those to the coast, are sub-
divided into belts, such as (a) the coast belt, (b) the low-

inland belt and (c) the high inland belt, as below:

—

No. Regions or Slopes. Belts.

I. Yarmouth and Digby Counties, (a) Coast, (b) Low Inlands,
(c) High Inlands.

II. Shelburne, Queens & Lunenburg Co. 's,
" " '•

III. Annapolis and Kings Counties, (a) South Mts., (b) Annapolis
VaUey, (c) Cornwalhs
VaUey, (d) North Mts.

IV. Hants and Colchester Counties, (a) Coast, (b) Low Inlands,
(c) High Inlands.

V. Halifax and Guysboro Counties, " " "

VI.A.Cobequid Slope (to the south),
" "

VI.B.Chignecto Slope (to the northwest) " " "

VII. Northiunberland Straits Slope (to then'h) " " "

VIII. Richmond & Cape Breton Co.'?,
" " "

IX. Bras d'Or Slope (to the southeast), " " "

X. Inverness Slope (to Gulf, N. W.),
The ten regions are indicated on the outline map on the next page.

(395)
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'rHUNUEr{STou.M.s—Pn K.voLOGiCAL Obskkvations, Nova Hcotia, 1917.

The indico.'^ iii'iicatc tlie number of station.s from which the 'I'hunderstorm.s

were reported on the (hiy of the year .specified.
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Thunt>erstorms—Phenological Observations, Nova Scotia. 191".

The indices indicate the number of stations from which the Thunderstonrs
were leported on the day of the year specified.
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Two Remarkable Skulls from the New Hebrides.—An
Anthropological and Ethnological Study.—By John

Cameron, M. D., D. Sc, F. R. S. E., Professor of

Anatomy, Dalhousie University, Halifax, N. S.

Introduction.—The skulls that form the subject of this

memoir came from South Malekula in the New Hebrides,

a group of islands which is situated about nine hundred miles

in a north easterly direction from the coast of Queensland

and is definitelj^ placed by geographers and ethnologists

in Melanesia. The inhabitants'^' of this section of Oceania

are more darkly complexioned than the inhabitants of the

other section of Oceania termed Polynesia, but it is remarkable

how much the skin pigmentation of the Melanesians varies

in the different groups of islands. The reason for this is

not far to seek for it is due to the intrusion of a lighter com-

plexioned Polynesian strain which has become mingled in

varying proportions with the black aboriginal element*^\

This black aboriginal substratum is, however, everywhere

dominant throughout the New Hebrides, and is characterised,

in addition to the skin coloration, by crisp, curly, black hair,

decided negroid features, an extreme dolichocephalic head

and short stature, averaging five feet, four and one-half

inches, which is decidedly lower than the Polynesian average

of five feet, ten inches. The Melanesians were formerly

€lassed by ethnologists as fierce, warlike savages, with a

strong proclivity towards head-hunting expeditions and

cannibalism. The language'^' spoken in Melanesia is a hetero-

geneous mixture, consisting mainl}'' of archaic forms of the

Malayo-Polynesian tongue, which was probably imposed

upon the inhabitants in bygone ages by their Polynesian

conquerors.

Pao •. & TR\Md. N'. S. iNsr. Sci.. Vol. XIV. Trans. 26

(403)



404 TWO REMARKABLE SKULLS

It is essential that I should make some reference to the

ethnology of the Polynesians as their fortunes and mis-

fortunes have been closely bound up with those of the

Melanesians.^*^ They are physically a very fine race, their

average stature being as much as five feet, ten inches. Their

features are remarkably regular, and in fact almost European

in type,^^' the skull being on the borderland between ortho-

gnathism and mesognathism. The complexion is light brown

and the hair straight, both these features being thus in strange

contrast to the corresponding condition in the Melanesians.

Moreover their mentality, their standard of civilization,

and their codes of ethics are all of a decidedly higher^^^ order.

Their speech is a distinct offshoot of the ancient Malayo-

Polynesian stock language. The extent of dialectic diversity

in all the Archipelagoes of Polynesia is remarkably slight

showing that close intercourse must have been maintained

between the various groups of islands, which, it may be

recollected, are separated in many cases by hundreds of

miles of vast ocean. The Polynesians possess quite an

elaborate mythology as those who have read Sir G. Grey's

classic work'^^ on the subject will testify. This will be found

to have an important bearing on the two skulls which form

the subject of this memoir. Their traditions are likewise

of a remarkably high order and their arts and crafts have

their own distinctive, though frequently crude qualities.

These characteristics, racial attributes, and gifts will also

be found referred to more fully in other sections of this memoir.

The skulls were presented to Dalhousie University by

the Rev. Dr. Joseph Annand, a graduate of Pine Hill, who

was a Canadian Presbyterian Missionary to the New Hebrides

for the long period of forty years, from 1873 to 1913. I wish

to express my indebtedness to this gentleman, as also to

Dr. John Forrest and President A. S. Mackenzie of Dalhousie

University, for the opportunity, thus obtained, of having

studied two very unique anthropological spccimers. On
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removing the skulls from their box, I found that they pre-

sented quite a remarkable appearance, for on each there

had been moulded in clay or some similar medium, with

no small display of skill, the supposed facial features of the

deceased. On investigating them further, it was seen that

they exhibited many points of more than passing interest

which were deemed worthy of being placed on record.

I wrote a letter to Dr. Annand inquiring about the racial

characteristics of the New Hebridean inhabitants, and he

very courteously sent me by return mail a very interesting

account, in the course of which he stated that they were

mainly Melanesian with some Polynesian admixture. His

letter contained so many points bearing on the subject of

this memoir that I decided to reproduce it i7i extenso.

"Your letter of yesterday asking for information relating

to two New Hebrides skulls is before me. The history

of the "clay facial masks" is, so far as the New Hebrides

is concerned, non-existent. However I will mention some

facts that may aid you in forming an opinion regarding

them. The skulls Avere brought home to show a custom

that prevails on South and South West Malekula only of

the New Hebrides, namely the binding of the head in infancy

to produce "long heads". Why this was first done no one

now knows; but it continues because their fathers did it.

It is the fashion. The clay mask is not essentially connected

with the long skull for on other parts of the same island

the human body is thus encased with clay and lime into

mummy form. Sorhe bodies have been taken from the

island that passed as mummies. The chief preservative is

lime (burned coral). The moulding of the masks is done

over the body soon after death, and placed over a fire to

dry and smoke. There is no burial where this custom

prevails. The corpse is put up on a platform in a house or

roof erected for the purpose. After the days of mourning

are over (from fifty days and upward) the body gets no
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more care. This manner of treating the corpse is not prac-

tised anywhere else in the New Hebrides group. On Aneit-

yum (in the South) the bodies of all the common people were

thrown into the sea. On some other islands burial was

practised, but sometimes in very shallow graves. In other

places bodies were put upon a kind of stage and left to decay

away, and then the bones were used for tipping spears and

arrows. The bodies of those killed were generally eaten.

"The New Hebrides are Melanesian with a very few

traces of Polynesian tribes among them. A few canoes

drifted at different times from the Eastern Islands (Tonga

and Samoa) and never returned home against the prevaihng

east winds. On Malekula there is no trace of any Polynesian

influence. The Maoris never have had any intercourse

with the New Ilebrideans.

"I should say that all or nearly all the different methods

of disposing of the dead bodies arose from their belief regarding

the future Ufe. They appear in the Spirit World as they

leave this, so ornamentation and ceremony must correspond

with a man's social position.

"I am sorry that I cannot give you all the information

desired."

The Sex of the Stalls.—Both skulls belong definitely to

the male sex. The lines of muscular and ligamentous attach-

ment in each are excessively developed, much more so>

indeed, than in the average European skull. For example

the curved lines of the occipital bone stand out prominently

in the form of rough ridges. The external occipital protub-

erance projects markedly while the external occipital crest

forms a thin obtrusive blade of bone. Qne would gather

that they belonged to very muscular warriors. At any rate

the owners must have led very strenuous active lives. Other

sexual features prominently displayed are the large mastoid

processes and the strongly projecting superciliary ridges,

indicating of course an enormous degree of development
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of the frontal air sinuses, which are such a marked feature

of the Mclancsian skull.

The Approximate Age of the Skulls.—The sutures in both

are for the most part obliterated on the interior of the skulls,

which would indicate an age somewhat beyond middle

life. The outlines of all the sutures can be traced on the

outer surface of both skulls. In No. 1 the sagittal, the

coronal, and the upper portion of the lambdoid suture have

become synostosed. In No. 2 on the other hand the whole

of the lambdoidal suture is still markedlj'' distinct, an inter-

esting reminder of the fact that its period of obliteration

usually follows that of the sagittal or coronal. One would

gather from this that No. 2 skull belonged to a slightly

younger individual, a statement which is supported by the

fact that the teeth in No. 1 skull are more worn than those

in No. 2. The squamous sutures, as one would expect,

are still remarkably distinct and separate in both skulls,

especially in No. 2.

The Cranial Capacity.—The capacity of No. 1 skull was

found to be 1368 c. cm. It thus approached the lower

limit of the mesocephalic class, but is well above the aboriginal

Australian average of 1300 (Flower) ^*^' though it is decidedly

below the Polynesian average of 1469 (Duckworth) ^^'. The

capacity of No. 2 skull proved to be 1395 c. cm. It is

therefore slightly better than that of No. 1, though still

comparatively low in the mesocephalic class.

The Horizonial Cranial Circumference.—The horizontal

cranial circumference was measured over the glabella accord-

ing to the plan of Sir William Turner*^^-. It was 52.07 cm.

in No. 1 skull and 53.49 in No 2 which would accord with

the difference in capacity given in the preceding paragraph.

The taking of this measurement proved somewhat difficult

owing to marked flattening of the frontal regions of the

skulls. It will be noted that these measurements are prac-

tically the same as that of the average European male skull
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which is about 52.5 cm. (Quain)^^^\ This high jQgure may
be partially explained by the undue prominence of the

superciliary ridges. Apart from this it is evident that the

skulls of definitely low types of mankind can frequently

exhibit a horizontal circumference equal to the average

European, and it teaches us one instructive fact, namely,

that the increased cranial capacity of white races is due for

the most part to an expansion upwards of the roof of the

skull above the level of a horizontal plane passing through

the glabella and the occipital point.

The Cranial Measurements.
No. 1 Skull No. 2 Skull

Cranial length (Glabella-inion) .... 19.00 cm. 19,9 cm.

Cranial breadth 12.20 cm. 12.80 cm.

Basal height of cranium 12.95 cm. 13.05 cm.

Horizontal circumference 52.07 cm. 53.49 cm.

Nasion to Basion 9.75 cm. 9.65 cm.

Basion to Alveolar Point 9.95 cm. 10.30 cm.

Nasal height 5.45 cm. 5.10 cm.

Nasal breadth 2.75 cm. 2.80 cm.

Bizygomatic breadth 14.35 cm. 13.90 cm.

Interstephanic breadth 10.50 cm. 10.00 cm.

Orbital breadth 4.15 cm. 4.10 cm.

Orbital height. 3.35 cm. 3.35 cm.

Palatomaxillary length 5.50 cm. 5.85 cm.

Palatomaxillary breadth 6.35 cm. 6.55 cm.

Minimum post-frontal breadth. . . 9.50 cm. 9.30 cm.

Glabella-bregma chord.-. 11.15 cm. 11.35 cm.

Bregma-lambda chord. . 12.10 cm. 12.35 cm.

Lambda-inion chord 6.60 cm. 6.45 cm.

Maximum distance of frontal arc

from chord 13.5 mm. 14.0 mm.
Maximum distance of parietal arc

from chord 30.0 mm. 34.0 mm.
Maximum distance of lambda-

inion arc from chord 9.0 mm. 9.0 mm.



FROM THE NEW HEBRIDES. CAMERON. 409

The Cranial Indices and Angles.

No. 1 Skull No. 2 Skull

Sphcno-maxillary angle 95. 97

Cephalic index 64.21 64.32

Index of height 68. 15 65.57

Nasal index 50.4 54.9

Alveohir index 102.05 106.7

Stephano-zygomatic index 73.17 71.9

Orbital index 80.7 81.7

Facial index 50.5 54.6

Palato-maxillary index 115.4 111.9

Fronto-parietal index 77.8 72.6

Calvarial height index 58.4 55.7

Bregmatic angle 59. 55

Spheno-ethmoidal angle 151. 151

Foramino-basal angle 146.5 148

The Cephalic Index.—The cephalic index was 64.21 for

No. 1 Skull and 64.32 in the case of No. 2. They were thus

shown to be extreme examples of dolichocephaly, which is

the usual condition met with in Melanesian skulls^^^\ Of

course such an excessive dolichocephalic condition may
be explained partly at least by the fact that in the island

of South Malekula, from which these skulls were obtained,

the natives, as Dr. Annand states, deliberately apply ban-

dages in infancy in order to produce long heads. The above

indices closely approximate to the lowest recorded cephalic

index the writer can find a reference to, namely, 61.9 which

was found by Sir Wm. Flower^^^' in a Fiji islander. It may
be mentioned here that the inhabitants of the latter group

of islands are also definitely Melanesian, and exhibit the

lowest average cephalic index of any tribe or race,namely, 66^^*\

It is important to emphasise the fact that the cephalic

index taken by itself is no criterion of intellectual capacity.

It is true that in the more darkly colored races of mankind,

including those with the most primitive type of brain, doli-
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chocephal}^ is the predominant form of skull and it is the

condition met with in certain extinct races of mankind, such

as Neanderthal or Mousterian man (cephalic index 73.9)/^^^

and Cro-magnon man (cephalic index 73.3) ^^®\ The average

cephalic index for the Anglo-saxon race is 76.1/^'^) which is

usually classed as mesaticephalic. The index for the British

skull, however, so closely approaches the transition point

into dolichocephaly which is 75, that many anthropologists

place it in a special class termed subdolichocephalic/^^' Yet

who of us will admit for one moment that the Briton is inferior

to any race in either intellectual capacity or ability. Just

to illustrate further how much the cephalic index fluctuates,

one has only to study it amongst the anthropoid apes, where

the gorilla, the most highly evolved of them, is dolichocephalic,

the chipmanzee is mesaticephalic and the orang-utan is

brachycephalic.^^^^

It is of interest to find that the average cephalic index

of the Polynesian skull is about 80,^^°^and therefore tends to

belong very definitely to the brachycephalic group. It is

thus a somewhat striking fact to note that the inhabitants

of even neighbouring groups of islands can exhibit a very

distinct contrast in regard to their cephalic indices.

The Index of Cranial Height.—The index of height was

calculated to be 68 in No. 1 skull, and as low as 65.6 in No. 2.

These represent the lowest indices I have been able to find

a definite record of. These skulls may be thus placed at the

lowest limit of the tapeinocephalic class. They are decidedly

lower than the height index even of the aboriginal Australian

skull which averages about 71,^^^^ and also lower than the

Fijian average 74/^^^ which may be taken as a representative

Melanesian type. In the case of this index the effect of

binding the head would again certainly have to be considered,

and may, indeed, account in great measure for the above

remarkably low indices. It may perhaps be as well to

note at this point that the bandaging does not appear to
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have produced any freak effects in the case of the other

cranial indices.

The Nasal Index.—The study of the nasal index yielded

some interesting results. Some anthropologists emphasise

very strongly the importance of this index as a criterion of

racial origin. It is found that the lower the type of cranium

the higher is this index. That is to say, the nasal aperture

of the skull is broadest in the lower races. Applying this

idea to the two skulls in question it was found that the

nasal index in No. 1 skull was 50.4, and in No. 2 as high as

54.9. Thus the latter was definitely platyrrhine, being

above 53, and the other almost leptorrhine. Another sig-

nificant fact to be recorded was that the index in No. 2 skull

practically corresponded to the Melanesian average of

55 (23) -vyhiist the other approximted to the Polynesian index

of 48.'^^' Thus the nasal index, taken in conjunction with

the cephalic index and the index of height, again demon-

strates the marked racial inferiority of No. 2 skull, and

certainly suggests that there must be a strong admixture

of Melanesian and Polynesian types in the New Hebrides,

It is rather remarkable that two skulls collected at random

should indicate such marked racial differences.

The Alveolar or Gnathic Index.—The alveolar index

proved to be even more significant than the preceding; for

in No. 1 skull it was found to be 102, while in No. 2 it reached

the high figure of 106.7. The latter represents the most

extreme condition of prognathism the wTiter has ever met

with. It certainly greatly exceeds the average of the aborig-

inal Australian of today which is supposed to represent the

lowest type of skull extant, and is, according to Flower .

jQ4^(25) though some anthropologists do not place it so higl

as that. For example Duckworth'^^* gives it as 101.1. In

any case an investigation of the alveolar index of these two

skulls indicated that both were of the Melanesian type,

though No. 1 approximated to the Polynesian average index
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of 98.6 whilst No. 2 was shown to be pronouncedly Melan-

esian.

The Stephano-zygomatic Index.—The stephano-zygomatic

index was found to present some features of striking interest.

In No.l skull it was 73.17 and in No. 2, 71.9. Both were

evident^ at the lowest level for this index in man and were

thus markedly phaenozygous, No. 2, as usual, representing

the lower type. Compare these results with the index

of 90.7 found in the adult European male or the 94.6 of the

European female.'-'^' It is of interest to note that this index

may rise as high as 116 in the infant skull of white races,

which is thus remarkably cryptozygous. In the gorilla

this index goes down to zero owing to the meeting of the

temporal lines to form the prominent median crest along the

line of the sagittal suture.

The Orbital Index.—There has been much cUscussion among
anthropologists regarding the value and significance of the

orbital index, many having seriously challenged its general

utility as an indication of race. It certainly shows a wide

range of variation not only throughout the hominidse, but

also in persons belonging to the same race. This fact is

well exemplified in these two skulls, for No. 2 which in the

case of the previously recorded indices has consistently shown

an inferior degree, is in a slightl}' elevated position to No. 1

in regard to the orbital index, the figures being respectively

81.7 and 80.7. They both, however, exhibit a definitely

low type, being markedly microsemic, though they do not

reach the low ebb indicated by 75,^^^^ as found in certain

aboriginal Tasmanian skulls. In Polynesians, on the other

hand, as in all mongoloid races, this index is remarkably

high, being usually above 89^^^^ They are therefore classed

as megasemic. However variable the orbital index may be,

it certainly indicates to us that the vertical dimensions of

the orbital aperture are greatest in the mongoloid races and

least in the aboriginal Australians and Melanesians,^^''^ with
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the European races occupyin<2; an intermediate position. Now
it is a very significant fact that the frontal air sinuses and

also the superciliary ridges are relatively large in the lowest

types of modern hominida, and I hope to be able to prove

that the greatest influence on the modelling of the orbital

contour is exerted by the degree of development of the air

sinuses of the skull. A remarkable feature of the orbital

index is that it is consistently higher in the female skull of

any given race.^'^^^ Surely this supports the statement just

made; for it is well known that the frontal sinuses and the

superciliary ridges are always better developed in the male

than in the female. Another significant fact is that the orbital

index is alwaj's relatively high in the infant, in whom it is

to be again noted the superciliary ridges are not yet developed,

seeing that the frontal sinuses do not begin to make their

appearance until after infancy. As a result of these observa-

tions it appears to the writer that the orbital index deserves

a more prorninent position in ph3^sical anthropology than

that accorded to it by some investigators on the subject.

The shape of the orbital margin has also been neglected

somewhat by anthropologists. The general impression I

have gained from a study of it is, that in the higher tj'pes

of skull the opening is rounded in character, while in the

lowest types (aboriginal Australians for example) the outline

tends to be somewhat quadrangular, o\ving apparently to

a flattening of the upper and lower margins. The writer's

attention was first directed to the orbital contour in 1908,

when studying the skulls belonging to two ancient Egyptian

skeletons of the Xllth dynasty. One of these was of a

highly evolved orthognathous type, all its indices actually

comparing favourably with those of the modern European

skull. The other was of a distinctly lower order, some of

its indices being distinctly negroid in character. For example,

the alveolar index was 104.3. These two mummies, according

to the heiroglyphs on their coffins were brothers and a full
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discussion of their supposed ancestry will be found in the

memoir^^^^ dealing with them. One of the most striking

points of difference in these two ancient Egyptian skulls

was the shape of the orbital margins. In the finely modelled

orthognathous skull, with small frontal sinuses, these

were decidedly rounded or circular in character, with the

high orbital index of 92.6, in fact the highest I have ever

found. In the second or negroid type of skull, which exhibited

relatively large frontal sinuses and prominent superciliary

ridges, the orbital margins had the peculiar quadrangular

outline noted above, with the relatively low index of 82.

On pursuing the investigation further, I found that this

quadrangular contour was best marked in low types of skulls,

being particularly well exhibited in the aboriginal Australian

and Melanesian types. It is clearly shown in the two New

Hebridean skulls, and this feature would place them definitely

in the Melanesian group. The next point to be determined

is, "What is the causation of this characteristic outUne

in low types of skulls?" The suggestion I would offer is,

that the excessive development of the frontal air sinuses and

the maxillary sinuses that one finds in these skulls has the

effect of producing a flattening of the upper and lower orbital

margins, owing to the encroachment of the expanding bone

upon them, thus lowering the orbital index, and at the same

time imparting the quadrangular contour. There can be

no doubt that the degree and direction of development of

the air sinuses of the skull must exert a profound effect

upon its architecture and general configuration. ^^^^

The Facial Index.—The facial index was found to be 50.5

in No. 1 skull and 54.6 in No. 2. They were both above 50

and were thus to be classed as dolichofacial, as one would

be led to expect in two skulls which were so pronouncedly

dolichocephalic, seeing that long headed skulls are also

usually long faced, though this is by no means a constantly

concomitant occurrence.
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The Fronto-parietal Index.—This index is one that has

not received the attention it deserves from anthropologists

and evolutionists. Indeed it is only during recent years

that its importance and significance have been really appre-

ciated. So far as the bibliography at my disposal indicates,

Schwalbe^'^*^ appears to have ])een one of the pioneers in exploit-

ing its application to craniometry, for he makes full use

of it in his classic memoir on the Neanderthal skull, though

he takes care to emphasise the fact that the index is not always

an infallible means of demarcating the anthropoid apes from

examples of fossil hominidse such as the Neanderthal specimen,

For example, the fronto-parietal index of the Krapina skull

which represents a type of Neanderthal or Mousterian man,

has been calculated b}- Kramberger*^^"'^ to be 64.7, this being

actually less than that of the skull of the Java man-ape,

which works out at 65.4.^^'^^ Figure 1 is an outline of the

skull of the Java man-ape viewed from above and drawn to

scale. It shows how intense is the degree of post-frontal

constriction which, according to the index, is 65.4% of

the maximum parietal breadth. For purposes of compa-

rison, the outline of No. 2 skull seen from above is

shown in Figure 1, which is also drawn to the same scale.

The fronto-parietal index of No. 2 skull was as low as 72.6,

that is to saj', it was actually less than that of the Neanderthal

skull (see Figure 2) which has been calculated as 73.1, and

was much below the average index for the aboriginal Aus-

tralian of to-day which has been given as 11 P''^ The cor-

responding index in No. 1 skull, as was to be expected, was

decidedly higher than that of No. 2, namely 77.8, and, as

would be noted, a little above the aboriginal Australian

average. Another important point emphasised in Fig. 1

is the marked phaenozygous condition exhibited by No. 2

skull.

The Calvarial Height Index.—This is another cranial index
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which has secured the attention it deserves onh^ within

recent j^ears. It is essentially a study of the degree of flat-

tening of the cranial roof, and would therefore naturally be

expected to yield most striking results. The index is usually

taken as the proportion which the maximum height of the

calvaria bears to the glabella-inion length (the line GI

in Fig. 4). In this Figure the calvarial height is the greatest

distance to the cranial roof measured perpendicularly from

the line GI. The index of calvarial height was found to

be 58.4 for No. 1 skull and 55.7 for No. 2. These results

when interpreted showed of course that the calvarial height

of both was slightly more than half the maximum cranial

length. In the skulls of the higher races of mankind this

index is, of course, always well over fifty. It is interesting

to compare this with the extreme degree of flattening of the

cranial roof of the Java man-ape, represented by an index

of 34. 3,^'^^^ and the flattening of the cranial arc in the Neander-

thal skull, represented by an index of 40.4^'''^\ Figure 4 has

been designed for the purpose of still further emphasising

the importance of this index. The curves represent the

antero-posterior outlines of the roofs of four skulls in the

sagittal plane. The line GI is the glabella-inion length

and from it the calvarial height was measured. The horizon-

tal planes of the skulls, are only approximately denoted for

all four, as an average had to be taken. The cranial

curves are all drawn to scale. The lowest curve indic-

ates the outline of the cranial arc of the Java man-ape. The

upper two cranial arcs become very definitely separated,

in front, the lower of the two indicating an outline of the

frontal part of the roof of No. (1) skull, while the upper is

that of an average Canadian skull taken at random for

purposes of comparison. The Figure demonstrates wha
an enormous degree of expansion the cranial roof has under

gone since the evolutionary stage represented by the Java

man-ape, and, indeed, makes one seriously question whether
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tie latter ought really to be regarded as an ancestral type.

1 he calvarial height in both No. 1 and No. 2 skulls, as Fig. 4

si ows, was found to be as great as that of a Canadian skull.

Therefore what might not inaptly be termed the intellectual

expansion of the skull of the higher races has been practically

ccnfined to the frontal segment of the cranial arc. This

ccnclusion certainly sujjports the current idea that the

higher intellectual centres of the brain are mainly centered

in the frontal lobes.

The Palato-maxiUary Index.—The palato-maxillary index

was 115.4 in No. 1 skull which therefore proved to be brachy-

uranic. In No. 2 it was found to be 111.9 thus classing this

skull as mesuranic. The palate in No. 1 skull was therefore

relatively broader than that of No. 2, though not absolutely

so, seeing that its measurement was 6.35 cm., that of No. 2

being 6.55 cm. The im.portance and significance of this

index have not been worked out yet wdth any degree of

certainty, so that it will be sufficient to place the above

measurements on record for future reference and comparison.

The Bregmatic Avgle.—This is an angular cranial measure-

ment which has likewise come to assume a position full of

importance and significance only within comparatively

recent years. It demonstrates in a very effective and telling

manner, the degree of flattening or otherwise of the frontal

portion of the cranial arc. As it is not mentioned much
in books, and as there appears to be some ambiguity regarding

its exact mode of application, and method of measurement,

I may state that I adopted the plan utilised by Schwalbe^'^^

in his study of the Neanderthal skull. He took the angle

between two lines, one passing from the glabella to the inion,

and the other from the glabella to the bregma, as shown in

Figure 6, where the line IG is the occipito-glabellar, and BG
the bregma-glabellar. The bregmatic angle was found to

be 59° in No. 1 skull, and 55° in No. 2. These results were

thus well within the range of variation for modern hominidiE,
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which is given by Duckworth*^*^^ as from 53° to 66°, and their

average closely corresponded to that of 56° found by Berry

and Robertson'^^^^as the result of examining forty-five aboriginal

Tasmanian skulls, and is, on the other hand, slightly higher

than the average of 54.7° found by the same two observers, ^*^^

after investigating the bregmatic angle in a series of one

hundred aboriginal Australian skulls. It is significant to

note once more, that No. 1 skull, as usual, exhibits a definitely

superior type of index. Indeed, it is a rather fortuitous

circumstance that these two Melanesian skulls, which were

obtained in quite a random way, should have consistently

shown approximations to the maximum and minimum

limits, respectively, in the range of variation of their cranial

indices with one exception, the orbital, which recorded prac-

tically the same result in both. This all goes to show how

mixed is the race that inhabits the New Hebridean group

of islands, the admixture of a higher grade Polynesian strain

being, no doubt, the cause of this wide range of difference.

An examination of two skulls thus proved sufficient to

substantiate the statement in Dr. Annand's letter regarding

this fact, but of course the writer knows and recognises the

necessity for an investigation extending over hundreds or

even thousands of crania in order to secure analytical results

that would adequately satisfy anthropologists on this matter.

The Glabella-Bregma Chord and the Curvature of the Frontal

Cranial Arc.—The glabella-bregma chord was estimated

to be 11.15 cm. in No. 1 skull and 11.35 cm. in No. 2,

repults which correspond very closely with those of Berry

and Robertson^"**^ who record 11.08 cm. as the average for

one hundred aboriginal Australian skulls, and 10.95 cm.

as the average result in the case of fifty aboriginal Tasmanian

skulls. It may be of interest to mention also that the glabella-

bregma chord in the Spy-Neanderthal race measured about

11 cm. on the average, while the writer calculated that

was 11.13 cm. in Smith Woodward's reconstruction of
it



FROM THE NEW HEBRIDES. CAMERON. 419

the Piltdown skull. It is evident then that the length of

the glabella-bregma chord exhibits no very striking points

of significance, as it is apparently a fairly constant factor

both in fossil and in modern hominidse. It is a very dif-

ferent story, however, with regard to the maximum distance

between it and the frontal cranial arc. This was calculated

to be 13.5 mm. (at a point about midway between the

glabella and the bregma) in No. 1 skull, and 14 mm. (at

a point about two thirds of the way from the glabella to

the bregma) in No. 2 skull, distances which compared in

the most striking degree with 25 mm., which the writer

found in the case of a Canadian skull taken at random( this,

it may be mentioned, is a medium figure for the skulls of

white races). Figure 6 has been designed to demonstrate

the fact that the evolution of the frontal cranial arc is due

in least degree to the elongation of the glabella-bregma

chord, and in very marked degree to the expansion of the

Bregmatic angle and the increase in the curvature of the

frontal cranial arc. It may be mentioned that the writer

calculated the maximum distance of the frontal cranial

arc from the glabella-bregma chord to be 25 mm. in Smith

Woodward's reconstruction of the Piltdown skull, which

was thus nearly twice that in these two Melanesian specimens.

In fact the latter were to be intimately compared to such

lowly evolved skulls as those of the Spy-Neanderthal race

where the above average distance was found to be 14.3 mm.^*^^

The Bregma-lamhda Chord and the Parietal Arc.—The
bregma-lambda chord was 12.1 cm. in length in No. 1 skull

and 12.35 cm. in No. 2, measurements which are both

slightly higher than the average for one hundred aboriginal

Australian skulls, which was found by Berry and Robertson^'*^)

to be 11.46 cm., and likewise higher than the average for

forty-eight aboriginal Tasmanian skulls which was calculated

by the same two observers ^'^Ho be 11.3 cm. The maximum
distance of the chord from the parietal arc was 30 mm. in

Pro:. <k Trs.ns. N. S. Inst. Sci.. Vol. XIV. Trvns. 27.
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No. 1 skull and 43 mm. in the case of No. 2. These are

excessively high figures when compared with the measure-

ments found by Buchner'^'^^) in aboriginal Australian and

Tasmanian skulls which were 23.2 mm. and 23.3 mm.
respectively. This intense degree of curvature of the parietal

arc imparted an extraordinary appearance to these two

New Hebridean skulls, when studied in mesial section, the

arching of the vault in both being verj^ abrupt and sudden

indeed in this region.

The Lambda-inion Chord and Arc.—The lambda-inion

chord was 66 mm. long in No. 1 skull and 64.5 mm. in

No. 2, measurements which, like the parietal chord, are very

much above the averages for aboriginal Australian and

Tasmanian skulls, given by Buchner^*^^ as 55.2 and 55.5

respectively. The maximum distance of the chord from

the arc was the same for both No. 1 and No. 2 skulls, namely

9 mm. This was likewise very decidedly above the average

of 6.1 mm. found bj^ Buchner^'*^-' in aboriginal Australian and

Tasmanian skulls.

The Spheno-maxillary Angle.—This angle constitutes a

useful and at the same time fairly constant index of the

degree of prognathism, and is in many waj^s preferable

to Camper's facial angle and the Frankfort facial angle.

It therefore proved to be a most valuable cranial measurement

in the case of these two skulls. It was found to be 95°

in No. 1 and 97° in No. 2 skull, figures which closely approxi-

mated to Huxley's results in a Melanesian skull, viz. 99°.

It should be noted, however, that Huxley^^^^ who initiated

the use of this angle in the course of his researches on the

cranio-facial axis utilised the akanthion as his anterior point,

while I employed the prosthion.^"*^) This may account for

the slight difference in the results. These figures contrast

very strongly with 75° which was the average result obtained

by Duckworth^"*^^ in the measurements of two European

skulls and the angles calculated by the same observer in
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orang-utan and gorilla skulls which were 145° and 125°

rospcctivoly. It is quite obvious, then, that as regards

prognathism, these two New Hobridean skulls are dofinitoly

situated in a position intermediate between the anthroijoid

skull and that of modern white races.

The Spheno-ethmoidal Angle.—This is another useful

angular cranial measurement, the condition of which in

these two skulls is well worth recording. It, like the spheno-

maxiUary angle, was apparently first employed by Huxley, ^'*^^

and is therefore usually associated with his name. It really

yields quite instructive results, for it shows us how much

the cranio-facial axis has become bent upon itself during

the evolution of the skull. For example, if one studies a

mesial section of the skull of an anthropoid ape, like the orang-

utan, it will be noticed that the cribriform plate of the

ethmoid, the body of the sphenoid and basilar portion of

the occipital bone are practically in the same straight line,

thus placing the spheno-ethmoidal angle somewhere in the

vicinity of 180° in the apes. As a matter of fact it may be

a little above or below this figure. On examining a mesial

section of the modern human skull it will be noticed that a

profound alteration has taken place, for while the cribriform

plate of the ethmoid has remained practically horizontal,

the sphenoid and occipital bones have been very definitely

forced downwards, thus reducing the size of the angle. It

will therefore be recognised that the higher the type of

skull, the smaller is the size of this angle. The spheno-

ethmoidal angle was found to be the same in both of these

New Hebridean skulls, namely 151°, which closely approxi-

mates to the figure of 153°, found by Duckworth^^"^ in the

case of two aboriginal Australian skulls. The same observer^^^^

gives 138° as the average result in two European skulls,

so that evidently there is a substantial difference between

the size of the angle in the highest and lowest races of modern

mankind.
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The Foramino-basal Angle.—This angular cranial measure-

ment is usually associated with the name of Sir William

Turner'^'*''^ who made extensive use of it in measuring the

Challenger collection of skulls. It was found to be 146.5°

in No. 1 skull and 148° in No. 2. This closely approximates

to the figure of 147° which was estimated by Huxley^^''^ in

a Melanesian skull. Duckworth^^''^ gives 149° 30' as the aver-

age size of this angle in two European skulls. It is evident

therefore that the size of the foramino-basal angle varies

very slightly throughout all types of modern hominidae.

Indeed its range of variation is so small that it cannot by

itself be utilised as a determining factor in a comparative

study of the human race. It is very serviceable however

in comparing the skull of man with that of lower animals,

where it appears to become consistently smaller the further

down the Mammahan series one goes. This profound altera-

tion is due to the fact that the foramen magnum which in

man lies practically in a horizontal plane, comes to look

more and more backwards as one descends the animal scale.

For example Duckworth ^*^^ records a foramino-basal angle

of 120° in the gorilla and one of 108° in the dog.

Some Additional Features of the Two Skulls.—No. 1 skull

was remarkably thin, the upper part of the frontal bone

being only 4.5 mm. in thickness. No. 2 skull, on the other

hand possessed a thickness twice as great on the average

as that of No. 1. The lower parts of the tempoial fossae

in both skulls were remarkably capacious, the distance be-

between the inner surface of the xygoma and the bottom of

the fossa being as much as 25.5 mm. in No. 2 skull and

24 mm. in No. 1. These large gaps indicated of course

that the temporal muscles had been very powerfully developed,

as one would have expected in a race addicted to cannibalism

and unconventional mastication. The various air sinuses

were remarkably large. Those in the frontal bone were

very spacious, their influence in producing the excessively
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prominent superciliary ridges being very well demonstrated

in mesial sections of the skulls. The sutures were arranged

on a very simple plan, there being few of the elaborate

sinuosities encountered in the skulls of white races. No
suggestion of metopism was to be detected in either skull.

There was a fronto-squamous suture at the pterion on the

right side in No. 1 skull. The styloid processes were remark-

ably short as in aboriginal Australian skulls, but the anomalies

so frequently found in that race in the region of the foramen

magnum were not present. Prenasal grooves were marked
features of both skulls thus rendering the lower margins

of the nasal apertures very indistinct in appearance. The
nasal bones met at an obtuse angle, a condition which is

in striking contrast to Polynesian skulls where the union

occurs at an acute angle.

The Dentition.

The teeth were markedly worn in No. 1 skull and very

slightl}^ so in No. 2, from which fact one may safely gather

that No. 1 skull had belonged to a somewhat older individual,

a conclusion which was confirmed by an examination of the

degree of synostosis of the sutures as stated on page 407.

In the case of No. 1 skull it was noticed that the right molars

were much more worn than those of the left side. On showing

this condition to my colleague. Dr. Frank Woodbury, he

at once pointed out the cause, which was a pyorrhoea alveo-

laris round the first left molar of the upper jaw, which had

loosened the fangs of that tooth and no doubt made it very

tender on pressure. The alveoli of this tooth were almost

obliterated by the disease, and the tooth itself was missing

from the skull.

The upper central incisors in both skulls had been lost,

probably during the period of inhumation, but were replaced

by neatly modelled wooden pegs, made as far as possible of

the size and shape of the missing teeth. These were appar-

rently put in to form a background against which the lips
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of the facial masks could be more accurately moulded into

shape. It required a close inspection of these pegs to con-

vince oneself that they were not the actual teeth and their

true character was only found out by accident when one

of them happened to drop out of its socket one day.

The dental index could not be calculated for No. 1 skull,

as the 3rd molars had never developed in either jaw. In

the case of No. 2 skull it proved to be 41.9 which placed it

definitely in the microdont class. This disclosed a very

anomalous condition, since the index for Melanesians is

usually above 44, thus placing that race in the megadont

class. This conclusion was supported by an examination

of the molar teeth.

In No. 1 skull the number of molar cusps was as follows:

Upper Jaw Lower Jaw

1st Molar 4 cusps 5 cusps

2nd Molar 4 cusps 4 cusps

3rd Molar not developed not developed

In No. 2 skull the number of molar cusps was as follows:

Upper Jaw Lower Jaw

Tst Molar 4 cusps 5 cusps

2nd Molar 4 cusps 4 cusps

3rd Molar 3 cusps 4 cusps.

The third upper molars in No. 2 skull only showed three

cusps, due, as was to be expected, to the loss of the hypocone,

thus showing a tendency to trituberculism. Indeed, the

molar teeth in both skulls exhibited this tendency to a reduc-

tion in the number of cusps, an interesting condition, especially

when one considers the primitive race to which they belonged.

For example, the 1st molars of the lower jaws were the only

teeth that showed five cusps, while in one case the 3rd molars

had not even been developed in cither jaw. It is thus a

notable fact that in these two low grade skulls the upper

molar teeth were found to be in process of transition into the
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three eusped type, and the lower molars from the five cusped

into the four cusped pattern; and demonstrates very definitely

that this reduction process is by no means confined to the

higher races of mankind.

In regard to. the size of the molar teeth, it was noted

that in No. 1 skull the 2nd upper molars were definitely smaller

than the 1st, while the 2nd lower molars were a very slight

degree smaller than the 1st. In the case of No. 2 skull,

the 3rd upper mollars were distinctly smaller than the

2nd molars, while the 3rd lower molars were practically''

of the same size as the 2nd and both were smaller than

the 1st, on each side of the jaw. It will be noted from

what has been stated that the dentition was somewhat

anomalous in these skulls and may explain why the lower

jaws displayed so little evidence of prognathism. Some
anthropologists, amongst whom may be specially mentioned

Sir. W. Flower, have laid great emphasis on the comparative

study of the molar teeth. He showed that they tended to

be larger in the primitive races, where they may occup\' in

the dental arches relatively the same compass as in an anthro-

poid ape like the chimpanzee. Moreover in these lower

races the 2nd and 3rd molars tend to approximate to the

size of the first, thus showing a reversion to primitive ancestral

types. For example, in the lower jaw of the chimpanzee

the three molars are all of the same size. In the jaw of

Heidelberg man, who stands at a very low level in the human
family tree, the three molars are again found to be all prac-

tically of the same size. In Neanderthal or Mousterian

man, who was also closely allied to Heidelberg man, the

2nd and 3rd molars were as large as the first. The 2nd

molar of the Piltdown man was slightly smaller than the

first. His 3rd molar was never discovered. In the upper

and lower jaws of No. 1 skull the 2nd and 3rd molar teeth

were likewise certainly smaller than the 1st. Note further

that in the jaws of the chimpanzee, Heidelberg man, and
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Piltdown man, the front teeth have plenty of accommodation

in the alveolar arch, a condition which, it may be noted,

is associated in all three examples with the absence of a chin.

In modern man, on the other hand, the chin has developed

and the teeth have become closely packed together, thus

threatening to crowd out the 3rd molars 'altogether, a con-

dition which is certainly going on in the upper jaw as well

as the lower, especially in the higher races of modern mankind.

It may further be asked, ''Are the reduction of the dental

arch and the evolution of the chin to be regarded as two

closely associated phenomena?" A study of man's ancestry

would certainly appear to suggest this fact.

In confirmation, as it were, of the superior type of den-

tition in these two New Hebrides skulls, the upper alveolar

arches in both do not show the U shape which is the usual

condition in a low race like the Melanesians, but the parabola-

like curve of the arch that is found in the higher races of

mankind. I am bound to say that the dentition and the

modelling of the jaws of these two New Hebrides skulls show

some very anomalous features which appear worthy of being

placed on record.

The Facial Masks.

The facial masks were of a peculiar iron-rust tint with

coloured decorations superadded. Their outline in both

cases followed the lower borders of the mandibles and extended

upwards from this along the posterior edges of the rami and

crossed the roots of the zygomatic arches just in front of

the external auditory meatuses. They covered the lower

parts of the temples. The upper edges swept across to the

opposite side along the line of what would have been the

junction of the forehead with the roots of the hair. They

were thus strictly limited to the facial portions of the skulls.

In one case the posterior edge had attached to it a model

of the front margin of the external ear. This fact suggests

that the clay masks may have covered the whole skull at
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one time, but the line of demarcation is so definite in both

cases that I am inclined to believe they never at any time

covered more than the faces.

The brow of each mask is rather finely modelled, the

arching eyebrows being very well worked out. They do

not show any bulging to represent the prominence of the

superciliary ridges, though the latter are well marked in

the skulls. The aperture of the eye is rather small in both

masks, and its long axis is set obliquely, though this axis

is inclined downwards and outwards instead of upwards

and outwards as in the Mongolian type of face.

The nose in No. 1 mask tends to be of the European, or,

at any rate, Polynesian type. It is sharp and straight in

outline with the exception of a light bump at the junction of

the nasal bones with the cartilaginous portion, which is of

course a common feature of the nose of white races. On
the whole, it is moulded on rather fine lines, if one may
except an increased roominess of the nasal apertures, and

a slightly greater w'idth between the alae, w^hen compared

with the average European type. The nose of No. 2 mask

shows more of the negroid type, for it is slightly concave

from above downwards, and is wider and flatter than that

of No. 1. Moreover, the alae are also larger, and the capacity

of the nasal apertures greater. This fact is of interest

when compared with the persistently lower cranial indices

of No. 2 skull as compared with No. 1.

The ridge of the nose when examined in profile is, in

both masks, almost exactly in line with the backward slope

of the forehead thus emphasising the latter to a marked

degree (Figure 9).

The cheeks of both masks are rather prominent, this

effect being exaggerated by a marked hollowing of the lower

parts of each. The mouth in both instances is much larger

than in the European type of countenance. The lips are,

however, not of the thickened negroid type; in fact they are
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very neatlj' modelled; but they are strongly everted, an

arrangement which gives the mouth a half open appearance.

The chin and the lower part of the face generallj^ are in both

masks modelled on rather attractive lines.

The Decorations on the Masks.—-The decorations on No. 1

mask consist of a circular target-like design, painted on

each cheek,- on the centre of the forehead, and on the chin.

The circle on each cheek is better preserved than the others.

It is 45 mm. in diameter and consists of an outer ring 10 mm.
in width painted white. The inner circle demarcated in

this way is 25 mm. in diameter, and painted a pale pink.

This had become somewhat faded but was apparently the

colour adopted for all the inner circles.

The circle on the brow is 36 mm. in chameter, and con-

sists of an outer belt of white 10 mm. in width enclosing

an inner circle, painted pale pink, 16 mm. in diameter.

The circle on the chin extends from the edge of the lower

hp to the tip of the chin. It is 31 mm. in diameter, and is

surrounded as usual by a white band 10 mm. in width

enclosing an inner pale pink central portion 11 mm. in

diameter.

The scheme of decoration adopted for No. 2 mask is

rather peculiar and striking. The outer portions are entirely

coloured a pale blue, reminding the writer strongly of the

blue clay with which housewives in Scotland, especially in

fishing villages of the east coast, are so fond of decorating

their door steps and window ledges. The line of demarcation

of this outer blue area from the iron-rust brown coloured

part of the mask is very sharply defined, and runs symmetric-

ally in a downward and inward direction on the forehead

towards the root of the nose, where the two edges are sep-

arated merely by a gap of 9 mm. From this point the

lines follow the lateral margins of the nose, thus mapping

it out very definitely from the rest of the mask. The lines

then run downwards just clear of the angles of the mouth.
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from which they are continued downward and very slightly

inward to the lower edge of the mask, where they are separated

by a distance of 9.1 c. m. measured over the tip of the chin.

The ciuestion of the meaning and significance of these

masks provides much material for thought and reflection.

I can find no reference to them in "The Life of Dr. John

Geddic," which otherwise gives an elaborate account of

the habits, customs, beliefs, and superstitions of the inhab-

itants of the New Hebrides. '^^^' Dr. Annanct in his letter

(see page 405) mentions that in some Islands the body is

encased in clay immediately after death. In the case of

these skulls, however, it is quite evident that the masks

had been moulded directly on the bone surface, which meant

that the skulls had probably lain in the earth for years.

They certainly look as if they had been inhumed for a pro-

longed period of time, and this theory is supported by the

loss of several of the teeth from both skulls, their sockets

being left intact. Besides, the cocoanut fibre which formed

the background of the masks is tucked under the zygomatic

arches and into the orbits, while a plug exactly fits the

anterior nasal aperture of both the skulls. A few dried

shreds representing decayed scalp could be noted adhering

to the parietal and occipital regions of Xo. 2 skull.

The first point that strikes one on studying the decorations

on the mask of No. 1 skull is their resemblance in some ways,

to the circular design found tattooed on the foreheads,

cheeks, and chins of Maori chiefs nowadays. The Maoris,

it may be noted, are Polynesians. The heads of many of

these great chiefs were afterwards embalmed and carefully

preserved as relics. With the knowledge of this Polynesian

custom in one's mind it was certainly remarkable to find

that No. 1 skull which possessed definite Melanesian cranial

indices was provided with a clay mask exhibiting Polynesian

facial features, and decorated in a style also suggesting

Polynesian influence and inspiration. It is possible then,
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that No. 1 skull was that of a prominent chief, whose counte-

nance, it was arranged, should be immortalised in clay many
years after his death. This theory is strengthened by the

fact that the bodies of the common people in the New Hebrides

were usually thrown into the sea, a fact which is mentioned

in Dr. Annand's letter (see page 405) and also in the life of

Dr. John Geddie.

The writer was able to glean much suggestive information

bearing upon these skulls from the extensive writings of

Sir J. G. Frazer, and was particularly impressed by the

following remarks^"^^^ regarding the customs of the inhabitants

of New Guinea, who it may be mentioned, are usually classed

as Melanesians: "The preservation of the skulls and bones

of chiefs and other noteables for years . . . must

apparently be designed to propitiate or influence in some

way the ghosts of the persons to whom the skulls and bones

belonged in their lifetime." Again, in another of his works /^°)

the same authority makes the significant statement that

the head of a chief is held in the greatest sanctity throughout

Polynesia. It was no doubt this fact which inspired the idea

of preserving his head and features as a possible means of

protection against misfortune and the influences of evil.

The moulding of the facial features in No. 1 skull, and

the subsequent decorative scheme certainly suggests to

the writer that some Polynesian influence was at work here.

On now studying the condition in No. 2 skull, it will be

noted that this showed extreme Melanesian cranial indices,

while the moulding of the facial features was also undoubtedly

Melanesian. The decoration also shows a marked difference

from that in No. 1, there being no suggestion of the character-

istic circular design. Professor Falconer of Pine Hill College

very kindly showed me an elaborately painted wooden god

from the New Hebrides which seemed to offer a clue to this

style of decoration, for on the right half of the forehead and

on the left cheek were patches of blue of exactly the same
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tint and apparently the same chemical nature as that in

No. 2 mask. Certainly the stud.y of these masks is pregnant

with suggestion, and as I am unable at present to find any

references to ethnological literature dealing with these, I am
publishing my own personal impressions in order that they

may inspire some controversial discussion on the subject.

Professor E. Mackay of Dalhousie University has very

kindly made a chemical examination of the material con-

stituting the facial masks, and he reports that the vegetable

fibre which forms a sort of basis "is cemented together by

material which is very largely organic, containing a small

amount of ochre-like substance which is chiefly an oxide

of iron."
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Fig. 1 shows Xo. 2 skull and the Java calvaria (in dotted outline) both

drawn to the same scale and viewed from above. This mode of comparison

intensifies the post-orbital construction in the Java specimen. Both outlines

were found to coincide posteriorly.

Fig. 2 shows No. 2 .skul! and the Neanderthal calvaria (in dotted outline)

both flrawn to the same scale and viewed fioni aVwve. Note that the post-

orbital constriction and the maximum jxuietal breadth are practically the

same in both specimens.





Fig. :', sliow.s No. 2 skull and the Piltdown skull (in dotted outline; both
drawn to the same scale and viewed from above. Note that the post-orbital

constriction and the ma.ximum parietal breadth both compare unfavom-ably
with those of the Piltdown specimen.

Fis- 4 show-s ^o. 1 skull (m continuous outline), the Java calvaria, the
.Neanderthal calvaria and a modern Canadian skull all drawn to the same
scale for purposes of comparison from tie evolutionarv standpoint Note
the deficiency of tie frontal cranial arc of No. 1 skull arid the bulping of the
panetoHjccipital arc. Note also the "fallen in" aprearance of the frontal
cranial arc m the lower forms and its obliteration in" the Canadian cranium





^-^-1/''*>

Fig. 5 shows No. 1 skull fin continuous outline), the Piltdown skull and
a modem Canadian cranium all drawn to the same scale. Observe the
deficiency of the frontal cranial arc of No. 1 skull when compared with the
Piltdown and Canadian specimens. G. represents the glabella and I the inion.

~..7

Fig. 6 has been devised to compare tie frontal arc of Xo. 1 skull with
that of a modern Canadian cranium pos.^essing the .samo bregmatic angle
(59). The maximum di^tance^ of the arc from the glahella-breema chord
were 13.5 an.i 22 mm. respectivelv.





Fig. 7 shows outlines of No. 1 skull (below) and No. 2 skull (above)

to illustrate the various cranial curvatures anrl chords and represent their

respective dimensions. The hrogmatic angle is also shown. The exceptional

height of the paiictal curvature is a striking feature.

Fig. 7 shows outline of No. 1 skull (below) and No. 2 skull (above) to

illustrate the various cranial curvatures and chords and represent their

respective dimensions. The bregmatic angle is also shown. The exceptional

height of the parietal curvature is a striking feature.





Fip. 8 show? the spheno-maxillary angle (B-Pr-P) of Xo. 1 .'kull compared
with that of a modern Canadian skull fhetween the dotted lines) which was
75°. The Fip. illustrates the effect which a reduction in the size ef this

angle has in producing the orthognathous type of cranium.

Fip. 9. Profile view of the masks. (No 2 to tlio left, Nc 1 to the rijiht).





Fip. 8 shows the spheno-maxillarv an^lp (B-Pr-P) of Xo. 1 skull compared
with that of a modern Canadian skull fbetween the dotted lines) which was
75°. The Fior. illustrates the effect which a reduction in the size £f this

angle has in producing the orthognathous tj^ie of cranium,

Fig. 9. Profile view of the masks. (No 2 to the left, No. 1 to the right).





_
Fig. ](). ruHfnce vicwof tlie maKks. (No. 2 to the left, No. 1 to the

right).

I'ifi. 11. Thrcc-quartcr profile view (;f {l.c masks. (No. 2 to the left,

No. 1 to the right;.

I wish to express my indebtedness to Mr. Gordon Smith for taking the
photographs of the masks.
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Mackenzie, Prof. Arthur Stanley, ph. d., f. r. s. c, Dalhousie College, Halifax . . Nov.

Moore, Prof. Clarence L., m. a., f. r. s. c, Dalhousie College, Halifax Jan.

Murphy, Martin, d. sc, i. s. o., Moncton, N. B Jan.

Murray, Prof. Daniel Alexander, ph. d., Montreal Dec.

Nickerson, Carleton Bell, m. a., Dalhousie College, Halifax Mar.

*I.ife Members.

Proc. & Trans. N. S. Inst. Sci., Vol. XIV. App. I.

dmission

13 1912

6 1890

13 1884

9 1911

2 1903

31 1890

10 1884

2 1903

7 1908

5 1900

3 188G

30 1892

.5 1909

31 1890

6 1906

28 1913

7 loas

29 1912

9 1914

12 1892

4 1892

2 1912

11 188.3

7 1908

4 1901

4 1892

27 1889

9 1911

5 1872

11 188.5

27 1889

28 1903

7 190.-.

7 190.S

1.5 1870

18 1903

9 1911



u LIST OF MEMBERS

Date of Admission

Piers, Harry, Curator Provincial Museum and Librarian Provincial Science

Library, Halifax • Nov. 2, 1888

*Poole, Henry Skeffington, a. m., assoc, r. s. m., f. g. s., f. r. s. c, can. aoc.

c. E., HON. MEM. INST. M. E., Guildford, Surrey, England Nov. 11 , 1872

Richardson, Prof. Lome N., Royal Naval College of Cnnada, Halifax Dec. 9, 1914

*Robb, D. W., Amherst, N. S Mar. 4, 1890

Sexton, Prof. Frederic H., s. b., Director of Technical Education, Halifax Dec. 18, 1903

*Sm!th, Prof. H. W., b. sc. Agricultural College, Truro, N. S.; Assoc. Memb.
Jan. 6, 1890 Dec. 1900

*Ste\vart, John, m. b., c. m., Halifax Jan. 12, 1885

Winfield, James H., Manager Mar. Tel. & Tel. Co., Halifax Dec. 18, 1903

*YoTston, W. G., c. e.. Assistant Road Commissioner, Halifax Nov. 12, 1892

ASSOCIATE MEMBERS

Allen, E. Chesley, Yarmouth, N. S Nov. 28, 1913

*Caie, Robert, Yarmouth, N. S Jan. 31, 189o
Connolly, Prof. C. J., PH. D., Univ. of St. Francis Xavier, Antigonish, N. S Nov. 5, 1911

Haley, Prof. Frank R., Acadia College, Wolfville, N. S Nov. 5, 1901

Harlow, L. C, b. sc, Prov. Agricultural College, Truro, N. S Mar. 23, 1905

Haycock, Prof. Ernest, Acadia College, Wolfville, N. S May. 17, 1899

James, C. C, ll. d., c. m. g., Toronto, Ontario Dec. 3, 1896

Jennison, W. F., Truro, N. S May 5, 1903

*Johns, Thomas W., Yarmouth, N. S Nov. 27, 1889

*MacKay, Hector H., m. d.. New Glasgow, N. S Feb. 4, 1902

Payzant, E. N., m. d., Wolfville, N. S Apr. 8, 1902

Perry, Prof. Horace Greeley, m. a., Acadia University, Wolfville, N. S May 12, 1913

Pineo, Avard Y., ll. b., Kentville, N. S Nov. 5, 1901

*Reid, A. P., m. d., l. r. c. s., Middleton, Annapolis, N. S Jan. 31, 1890-

*Life Members.



MST oi- .Mi:Mm:Ks

CORRESPONDING MEMBERS

h<ite uf .

Ami, Henry M., d. sc, f. g. s., k. h. s. c, Geoloiriciil Survey, Ottawa, Ontario Jan.

Bailey, Prof. L. W., ph. d., ll. d., f. r. s. c, Frederioton, N. B Jan.

Ball. Rev. E. H., TaiiKier, N. S Nov.
Barbour, Capt. J. H., r. .\. m. c, f. l. s., care of Holt & Co., .'J, Whitehall

Place, London, S. W., England Dec.
Bethune, Rev. Charles J. .S., m. a., d. c. l., r. r. s. v., Ontario Agricultural

College, Guelph, Ontario Dec.

Cox, Prof. Philip, b. sc, ph. d., Fredericton, N. B Dec.

Dobie, W. Henry, .\i. d., Chester, En);land Dec.

Fairbault, E. Rodolphe, b. k., b. sc. Geological Survey of Canada, Ottawa;
Assoc. Memb. March 0, 1888 Dec.

Ganong, Prof. W. F., b. a., ph. d., Smith College, Northampton, Mass., U. S. A. ..Jan.

Hardy, Maj-General Campbell, R. A., Dover, England, (Sole surviving

Foundation Member; originally elected Dec. 26th, 18G2. and admitted
Jan. 20, 1862) Oct.

Matthew, G. F., .m. a., d. sc, ll. d., f. b. s. c, St. John, N. B Jan.

Mowbray, Louis L., Hamilton, Bermuda May
Peter, Rev. Brother Junian Dec.

Prest, Walter Henry, m. e., Bedford, N. S.; Assoc. Memb. Nov. 29, 1894 Nov.
Prichard, Arthur H. Cooper, Librarian Numismatic Museum, New York, U.S.A. Dec.

Prince, Prof. E. E., Commissioner and General Insper-torof Fisheries, Ottawa. . .Jan.

\iiinisHion

2, 1892

6, 1890

29, 1871

28, 191 1

29, 1808

3. 1902

3, 1897

3. 1902

6, 1890

30, 1903

6, 1890

3, 1907

12, 1898
o 1900

4, 1901

•5, 1897
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LIST OF MEMBERS, 1915-16

ORDINARY MEMBERS
Date of Admission

Barnes, Albert Johnstone, b. sc, service inspector Maritime Telephone &
Telegraph Co., Halifax May 13, 1912

Bishop, Watson L., Dartmouth, N. S Jan. 6. 1890

Bowman, Maynard, b. a.. Public Analyst, Halifax Mar. 13, 1884

Bronson, Prof. Howard Logan, ph. d., r. r. s. c, Dalhousie University, Halifax. . Mar. 9, 1911

Brown, Richard H., Halifax Feb. 2, 1903

Campbell, Donald A., m. d., Halifax Jan. 31, 1890

Campbell, George Murray, m. d., Halifax Nov. 10, 1884

Cameron, Prof. John, m. d., d. sc, f. r. s. e., Dalhousie University, Halifax. . . .Nov. 2, 1915

Colpitt, Parker R., City Electrician, Halifax Feb. 2^, 1903

Creighton, Prof. Henry Jermain Maude, m. a., m. sc., dr. sc. (Zurich), r. c. s.,

Swarthmore College, Swarthmore, Penn., U. S. A Jan. 7, 1908

*Davis, Charles Henry, c. e.. New York City, U. S. A Dec. 5, 1900

Doane, Francis William Whitney, City Engineer, Halifax Nov. 3, 1886

Donkin, Hiram, m. e.. Deputy Com. of Mines, Halifax Nov. 30, 1892

Fergusson, Donald M., chemist, Acadia Sugar Ref. Co., Dartmouth, N. S. . . .Jan. 5, 1909

Fraser, Sir C. Frederick, ll d.. Principal School for the Blind, Halifax Mar. 31, 1890

Freeman, Philip A., Hx. Elect. Tramway Co., Halifax Nov. 6, 1906

Graham, Prof. Stanley Xewlands, b. sc, N. S. Technical College, Halifax Nov. 28, 1913

Harris, Prof. David Fraser, m. b., c. m., m. d., b. sc. (Lond.), d. sc, f. r. s. e.,

F. R. s. c, L. M. c. c, Dalhousie University, Halifax Feb. 29, 1912

Hatcher, Prof. .Alfred G., Royal Naval College of Canada, Halifax Dec. 9, 1914

Hattie, William Harrop, m. d., Prov-incial Health OflScer, Dartmouth :Nov. 12, 1892

Henderson, Lieut. George Hugh, c. e., b. sc, m. a.. Instructor in Physics,

Dalhousie University, Halifax Nov. 2, 191.5

Irving, G. W. T., Education Dept., Halifax Jan. 4, 1892

Johnstone. Lieut. John Hamilton Lane, c. E., B. a., M. sc, ph. d.. Overseas Force. Dec. 2, 1912

*Laing, Rev. Robert, Halifax Jan. 11, 1885

McCarthy, Prof. Jcseph B., B. a., m. sc, King's College, Windsor, N. S Dec. 4, 1901

McDougall, John G., m. d , c m.. Lecturer in Clinical Stirgery, Dalhousie

University, Halifax Nov. 2, 1915

Mclnnes, Hector, k. c, m. p. p., Halifax Nov. 27, 1889

>IacIntosh, Prof. Donald Sutherland, b. a., m. sc, Dalhousie University,

Halifax Mar. 9, 1911

McKay, Alexander, m. a.. Supervisor of Schools, Halifax Feb. .'i, 1872

MacKay, Alexander Howard, b. a., b. sc. ll. d., f. r. s. c, Hon. Colonel,

Superintendent of Education, Halifax Oct. 11, 1885

Mackay, Prof. Ebenezer, ph. d., Dalhousie College, Halifax No.v 27, 1889

MacKay, George M. Johnstone, ma., M.S., Schenectady, N. Y., U. S. A Dec. 28, 1903

MacKenzie, President Arthur Stanley, ph. d., f. r. s. c, Dalhousie University,

Halifax Nov. 7, 1905

Matheson, Donald J., Science Master, Halifax County Academy, Halifax Nov. 2, 1915

Moore. Prof. Clarence Leander, m. a., f. k. .<». c, Dalhousie University, Halifax. Jan. 7, 1908

Life Members.

Pboc. & Trans. N. S. Inst. Scr., Vol. XIV. Part 2. App. II.



VI LIST OF MEMBERS

Date of Admission
Murray, Prof. Daniel Alexander, ph. d., Montreal Dec. 18, 1903
NichoUs, Prof. Albert G., m. d., d. sc, f. e. s. c, Dalhousie University, Halifax. Nov. 2, 1915

Nickerson, Carleton Bell, m. a., Demonstrator in Chemistry, Dalhousie Uni-

versity, Halifax ;Mar. 9, 1911

Piers, Harry, Curator Provincial Museum and Librarian Provincial Science

Library, Halifax Nov. 2, 1888

*Poole, Henry Skeffington, a. m., assoc. r. s. m., p. g. s., f. r. s. c, can. soc.

c. E., HON. MEM. INST. M. E., Guildford, Surrey, England Nov. 11, 1872

Richardson, Prof. Lome N., Royal Naval College of Canada, Halifax Dec. 9, 1914

*Robb, D. W.. Amherst, N. S Mar. 4, 1890

Sexton, Prof. Frederic H., b. sc, Director of Technical Education, Halifax. . . .Dec. IS, 1903

*Smith, Prof. H. W., b. sc, Agricultural College, Truro, N. S.; Assoc. Memb.
Jan. 6, 1890 Dec. 1900

*Stewart, Lieut. Col. John, m. b., c m., 7th Station Hospital Unit, France Jan. 12, 188.5

Vickery, Hubert Bradford, Science Master, Bloomfield High School, Halifax. . .Nov. 2, 1915

Winfield, James H., Manager Mar. Tel. & Tel. Co., Halifax Dec. IS, 1903

*Yorston, William G., c. e., As.sistant Road Commis.5ioner, Halifax Nov., 12, 1892

ASSOCIATE MEMBERS

Allen, E. Chesley, Truro, N. S Nov. 28, 1913

Barteaux, James E., m. a., Inspector of Manual Training and Technical Schools,

Truro, N. S Nov. 2, 1915

*Caie, Robert, Yarmouth, N. S. Jan. 31, 1890

Connolly, Prof. J. C, ph. d., St. Francis Xavier, Antigonish, N. S Nov. 5, 1911

Brittain, Prof. WilHam H., b. s. a.. Provincial Entomologist, Truro, N. S Nov. 2, 1915

Gumming, Principal Melville, b. a., b. s. a., N. S. College of Agriculture, Truro.. .Nov. 2, 1915

DeWolfe, Loran A., m. sc, Director of Rural Science Schools, Truro, N. S. . . .No.v 2, 1915

Haley, Prof. Frank R., Acadia College, Wolfville, N. S Nov. 5. 1901

Harlow, L. C, b. sc, ph. d.. College of Agriculture, Truro, N. S Mar. 23, 1905

Haycock, Prof. Ernest, Acadia College, Wolfville, N. S May 17, 1899

Jennison, W. F., Truro, N. S May 5, 1903

*Johns, Thomas W., Yarmouth, N. S Nov. 27, 1889

*MacKay, Hector H., m. d.. New Glasgow, N. S Feb. 4, 1902

Payzant, E. N., m. d., Wolfville, N. S Apr. . S, 1902

Perry, Prof. Horace Greeley, m. a., Acadia University, Wolfville, N. S May 12, 1913

Pineo, Avard V., ll. b., Kentville, N. S Nov. 5, 1901

*Reid, A. P., m. d., l. r. c. s., Middleton, Annapolis, N. S Jan. 31, 1890

Scott, Prof. J. M., M. A., M. sc. Provincial Normal College, Truro, N. S No\r. 2, 1915

Shaw, Prof. Percy J., b. a., N. S. College of Agriculture, Truro, N. S Nov. 2, 1015

*Life Members.



LIST OV MKMHKllS—LIST OF I'HFSIDEXTS. yil

CORRESPONDING MEMBERS
Oitle of A (Jm inn inn

Ami, Henry M., d. sc, f. o. s., p. u. s. r., GeoloKicul Survey, Ottawa, Oiilurio. Jan. 2, 1892
Railoy, Prof. L. VV., fh. d., i,l. d., f. n. 8. c, P'rcdericton, N. B Jon. (\. 1X90
Ball, Rov. E. H., Tansior, N. S Nov. 29, 1871
Barbimr, Major J. H., n. a. m. c, f. l. a.. No. 1 Base Depot Medina! Stores,

Boulogne, Franrc Dec. 28, 1911
Bethune, Ri.-v. Charles J. S., m. a., d. c. l., v. k. s. c, Ontario AKricultural

Collouc Gu -Iph, Ontario Dec. 29, 1808
Cox, Prof. Phillip, b. s?., ph. d.. Fredericton, N. B Dec. 3, 1902
Dobie, W. Henry, m. d., Chester, Enjland Dec. 3, 1897
Faribault, E. Rodolphe, b. a., b. sc, Geological Survey of Canada, Ottawa;

Assoc. M ?:iib. Maroh 6, 1888 Dec. 3, 1902
Ganons!, Prof. W. F., n. a., ph. d.. Smith College, Northampton, Mass., U.S.A. . .Jan. 6, 1890
Hardy, Maj.-Gcneral Camobell, R. A., Dover, England. (Sole surviving

Foundation Member; originally elected Dec. 26, 1862, and admitted
Jan. 20. 1802) .Oct. 30, 1903

Matthew, G. F., M. A., D. so., LL. D., f. r. s. c, St. John, N. B Jan. 6, 1890
Mowbray, Louis L., curator, Bermuda Natural History Society, Hamilton,

Bermuda May 3, 1907
Peter, Rev. Brother Junian Dec. 12, 1898
Prest, Walter Henry, m. e., Bedford, N. S.; Assoc. Memb., Nov. 29, 1894 Nov. 2, 1900
Prichard, .Arthur H. Cooper, British School of Archaeology, Rome, Italy Dec. 4, 1901
Prince, Prof. E. E.. Commissioner and General Inspector of Fisheries, Ottawa. .Jan. .5, 1897

LIST OF PRESIDENTS
OF The Xova Scotiax Ix.stitute of Xatur.\l Science, afterwards

THE Nova Scotiax Ix.stiti'te of Science, since its
FouxDATioN ON 31sT Decembeb, 1862.

Term of Office

Hon. Philip Carteret Hill, d. c. l 31 Dec. 18G2 to 20 Oct. 1863

John Matthew Jones, f. l. s., f r. s. c 20 Oct. 1803 " 8 Oct. 1873

John Bernard Gilpin, m. a., m. d., m. r. s. c 8 Oct. 1873 " 9 Oct. 1878

William Gossip 9 Oct. 1878 " 13 Oct. 1880

John Somers, m. d 13 Oct. 1880 " 26 Oct. 1883

Robert Morrow • 20 Oct. 1883 " 21 Oct. 188.=i

John Somers, m. d 21 Oct. 1885 " 10 Oct. 1888

Prof. James Gordon MacGregor, .M. a., D.sc, F.R.S., F.R.s.c 10 Oct. 1888 " 9 Nov. 1891

Martin Murphy, c.E., d.sc, o.s.i 9 Nov. 1891 " 8 Nov. 1893

Prof. George Lawson, ph.d., ll.d., f.i.c. f.r.s.c 8 Nov. 1893 " 10 Nov. 1895

Edwin Gilpin, Jr., m.a., ll.d., d.sc, f.g.8., f.b.s.c, i.s.o 18 Nov. 1895 " 8 Nov. 1897

Alexander McKay, m.a 8 Nov. 1897 " 20 Nov. 1899

Alexander Howard MacKay, B.A., b.sc, ll.d., f.b.s.c 20 Nov. 1899 " 24 Nov. 1902

Henry SkefEngton Poole, m.a., d.sc, a.r.s.m., f.g.s., f.r.s.c. . .24 Nov. 1902 " 18 Oct. 1905

Francis William Whitney Doane, c e 18 Oct. 1905 " 11 Nov. 1907

Prof. Ebenezer Mackay, ph.d 11 Nov. 1907 " 12 Dec. 1910

Watson Lenley Bishop 12 Dec. 1910 " 11 Nov. 1912

Donald MacEachern Fergusson, f.cs 11 Nov. 1912 " 13 Oct. 1915

Prof; David Fra.ser Harris, .m.b., cm., m.d., b.sc (Lond.),

D.sc, F.R.S.E., F.R.S.C, L.M.C.C iZ Oct. 191.") "

Note—Since 1879 the presidents of the Institute have been ei-officio Fellows of the Royal
Microscopical Society.

The first eeneral meeting of the Nova Spotian Institute of Natural Science was held at
Halifax, on 31st December, 1802. On 24th March, 1890, the name of the socety was changed
to the Nova Sootian Institute of Science, and it was incorporated by an act of the legislature

in the same year.

The foundation of the Halifax Mechanics' Institute on 27th December, 1831, and of the
Nova Scotian Literary and Scientific Society about 1859 fthe latter published its Transaction
from 4th January to 3rd December, 18.59) had led up to the establishment of the N. S. Institu
of Natural Science in December, 1862.





LIST OF MEMBERS, 1916-17

ORDINARY MEMBERS
Date of Admi$iion

Barnes, Albert Johnatone, b. sc, service inspector Maritime Telephone &
Telegraph Co.. Halifax May 13, 1912

Bishop, Watson L., Dartmouth, N. S Jan. 6, 1890

Hlackader. Edward, .M. D., Halifax Sept. 27, 1017

Bowman, Maynard, b. a.. Public Analyst, Halifax Mar. 13, 1884

Bronson, Prof. Howard Logan, ph. d., f. r. a. c, Dalhousie University, Halifax. . Mar. 9, 1911

•CampbeU, Donald A., m. d.. Halifax Jan. 31, 1890

Campbell, George Murray, M. d., Halifax Nov. 10, 1884

Cameron, Prof. John, m. d., d. sc, r. r. s. e., Dalhousie University, Halifax Nov. 2, 191S

Colpitt. Parker R., City Electrician, Halifax Feb. 2. 1908

Creighton, Prof. Henry Jermain Maude, m. a., m. sc, dr. sc. (ZQrich), f. c s.,

Swarthmore College, Swarthmore, Penn., U. S. A Jan. 7, 1908

•Davis, Charles Henry, c e., New York City, U. S. A Dec. 5, 1900

Doane, Francis William Whitney, City Engineer, Halifax (O A. S.) Nov. 3, 1886

Donkin, Hiram, u. e.. Deputy Com. of Mines, Halifax Nov. 30, 1892

•Fergusson, Donald M., chemist, Acadia Sugar Ref. Co., Dartmouth, N. S. . . .Jan. 5, 1909

ForwarJ, Charles C, Inland Revenue Laboratory, Halifax Jan. 5, 1017

*Fraser, Sir C. Frederick, ll. d.. Principal School for the Blind, Halifax Mar. 31, 1890

Freeman, Philip A.. Hx. Elect. Tramway Co., Halifax Nov. 6, 190«

Graham, Stanley Newlands, b. sc. Cobalt, Ont Nov. 28, 1913

Harris, Prof. David Fraser, M. B., c u., m. d., b. sc (Lond.), d. sc, f. r. s. e.,

F. B. 8. c, L. M. c. c, Dalhousie University, Halifax Feb. 29, 1912

Hatcher. Prof. Alfred G., Royal Naval College of Canada, Kingston. Oat Dec. 9, 1914

Hattie, William Harrop, M. d.. Provincial Health OflBcer, Dartmouth Nov. 12, 1892

Henderson, Lieut. George Hugh, c. e., b. sc, m. \., Instructor in Physics,

Dalhousie University, Halifax (O. A. S.) Nov. 2, 191*

Irving, G. W. T., Education Dept., Halifax Jan. 4, 1892

Johnstone. laeut. John Hamilton Lane, c e., b. a., m. sc, ph. d.. Overseas Force. Dec. 2, 1912

*Laing, Rev. Robert, Halifax Jan. 11, 188*

McCarthy, Prof. Joseph B., b. a., m. sc. King's College, Windsor, N. S Dec. 4, 1901

McDougall, John G.. m. d., c .m.. Lecturer in Clinical Surgery, Dalhousie

University, Halifax Nov. 2, 1915

Mclnnes, Hector. K. c, m. p. p., Halifax Nov. 27, 1889

Mcintosh, Prof. Donald Sutherland, b. a., m. sc, Dalhousie University,

Halifax Mar. 9, 1911

•MacKay, Alexander Howard, b. a., b. sc. ll. d., f. r. b. c, Hon. Colonel,

Superintendent of Education, Halifax Oct. 11, 1885

Mackay, Prof. Ebenezer. ph. d., Dalhousie College, Halifax No.v 27, 1889

MacKay, George M. Johnstone, m. a., m e., Schenectady, N. Y., U. S. A Dec. 28, 1905

MacKenzie, President Arthur Stanley, ph. d., f. b. s. c, Dalhousie University,

Halifax Nov. 7. 1905

Matbeson, Donald J., Science Master, Halifax County Academy, Halifax Nov. 2, 1915

Moore. Prof. Clarence Leander, m. a., f. r. s. c, Dalhousie University, Halifax. Jan. 7, 1908

Murray, Prof. Daniel .Mexander, ph. d., Montreal Dec. 18, 1903

Nicholls, Prof. Albert G.. m. d., d. sc, f. r. 8. c, Dalhou.^ie University, Halifax. Nov. 2, 1915

Nickerson, Carleton Bell, u. a., Demonstrator in Chemistry, Dalhousie Uni-

versity, Halifax Mar. 9, 1911

Piers, Harry, Curator Provincial Museum and Librarian Provincial Science

Library, Halifax Nov. 2. 1888

Life Members.

Pboc. a Trans. N. S. Inst. Sn., Vol. XIV. Part 3. App. II.



VI LIST OF MEMBERS
DaU of Admiaiian

Richardson, Prof. Lome N., Royal Naval College of Canada, Kingston, Ont. ..Dec. 9, 1914

*Robb, D. W.. Amherst, N. S Mar. 4, 1890

Sexton, Prof. Frederic H., b. sc. Director of Technical Education, Halifax. . . .Dec. 18, 1903

Smith, Prof. H. W., b. sc, Asricuitural College, Truro, N. S.; Assoc. Memb.
Jan. 6, 1890 Dec. 1900

Stewart, Lieut. Col. John, m b., c. m., 7th Station Hospital Unit, France Jan. 12, 1885

Vickery, Hubert Bradford, M. Sc, Halifax Nov. 2, 1915

Winfield, James H., Manager Mar. Tel. & Tel. Co., Halifax Dec. IS, 190?

Woodbury, William W., b. sc, d. d. s., Halifax Nov. 30, 191fi

Yorston, William G., c e., Assistant Road Commissioner, Halifax Nov., 12, 1892

ASSOCIATE MEMBERS
Allen, E. Chesley, Truro, N. S Nov. 28, 1913

Barteaux, James E., m. a.. Inspector of Manual Training and Technical Schoola,

Truro, N. S Nov. 2, 1915

Brittain, Prof. William H., b. 8. a.. Provincial Entomologist, Truro, N. S Nov. 2, 1915

*Caie, Robert, Yarmouth, N. S Jan. 31, 1890

Connolly, Prof. J. C, ph. d., St. Francis Xavier, Antigonish, N. S Nov. 5, 1911

Gumming, Principal Melville, b. a.., b. s. a., N. S. College of Agriculture, Truro. ..Nov. 2, 1915

DeWoLfe, Loran A., m. sc. Director of Rural Science Schools, Truro, N. S. . . .No.v 2, 1915

Haley, Prof. Frank R., Acadia College, Wolfville, N. S. . . » Nov. 5. 1901

Harlow, L. C, b. sc, ph. d.. College of Agriculture, Truro, N. S Mar. 23, 1905

Jennison, W. F., Truro, N. S May 5, 190S

Johns, Thomas W., Yarmouth, N. S Nov. 27, 1889

MacKay, Hector H., m. d.. New Glasgow, N. S Feb. 4, 1902

Payzant, E. N., M. n., WolfviUe, N. S Apr. 8, 1902

Perry, Prof. Horace Greeley, m. a., Acadia University, Wolfville, N. S May 12, 1913

Pineo, Avard V., ll. b., Kentville, N. S Nov. 5, 1901

Reid, A. P., m. d., l. r. c s., Middleton, Annapolis, N. S Jan. 31, 1890

Scott, Prof. J. M., M. A., M. sc. Provincial Normal College, Truro, N. S Noir. 2, 1915

Shaw, Prof. Percy J., b. a., N. S. College of Agriculture, Truro, N. S Nov. 2, 1915

CORRESPONDING MEMBERS
Ami, Henry M., d. sc, f. q. s., f. r. s. c. Geological Sun-ey, Ottawa, Ontario. Jan. 2, 1892

Bailey, Prof. L. W., ph. d., ll. d., f. r. s. c, Fredericton, N. B Jan. 6, 1890

Ball, Rev. E. H., Tangier, N. § Nov. 29, 1871

Barbour, Major J. H., r. a. m. c, f. l. s.. No. 1 Ba.se Depot Medical Stores,

Boulogne, France Dec. 28, ISU
Bethune, Rev. Charles J. S., m. a., d. c. l., f. r. s. c, Ontario Agricultural

College. Guelph, Ontario Dec. 29, 1868

Cox, Prof. Phillip, b. sc, ph. d., Fredericton, N. B Dec. 3, 1902

Dobie, W. Henry, m. d., Chester, England Dec. 3, 1897

Faribault, E. Rodolphe, b. a., b. sc. Geological Survey of Canada, Ottawa;

Assoc. Memb. March 6, 1888 Dec. 3, 1902

Ganong, Prof. W. F., a. a., ph. d., Smith College, Northampton, Mass., U.S.A.. .Jan. 6, 1890

Gates, Reginald Ruggles, ph. d., f. l. s., London, Eng Nov. 3C, 1916

Hardy, Maj.-General Campbell, R. A., Dover, England. (Sole surviving

Foundation Member; originally elected Dec. 26, 1862, and admitted

Jan. 26, 1862) Oct. 30. 1903

Matheson, Prof. Robert, ph d., Coriiwall University, Ithaca Nov. 30, 191C

Matthew, G. F., m. a., d. sc, ll. d., f. r. s. c, St. John, N. B Jan. 6, 1890

Mowbray, Louis L., curator, Bermuda Natural History Society, Hamilton,

Bermuda May 3, 1907

Peter, Rev. Brother Junian Dec. 12, 1898

Prest, Walter Henry, m. e., Bedford, N.S.; Assoc. Memb., Nov. 29, 1894 CO;A.S.)Nov. 2, 1900

Prichard, Arthur H. Cooper. British School of Archaeology, Rome, Italy Dec. 4, 1901

Prince, Prof. E. E., Commissioner and General Inspector of Fisheries, Ottawa. .Jan. 5, 1897

Life Members.
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ORDINARY MEMBERS.
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Barnes, Albert Johnstone, b. sc. Maritime Teleph. & Telegr. Co., Halifax. .May 13, 1912
Bishop, Waton L., Dartmouth, N. S Jan. 6, 1890
Blackadder, Edward, M. D., Halifax Sept. 27, 1917
Bronson, Prof. Howard Logan, ph.d., f. r.s. c, Dalhoiisie University, HalifasMar, 9, 1911
Campbell, Donald A., m. d., Halifax, (Died Jan. 7, 1919) Jan. 31, 1890
Campbell, George Murray, m. d., Halifax Nov. 10, 1884
Cameron, Prof. John, m. d., d. sc, f. r. s. e., Dalhousie University, Halifax. .Nov. 2, 191.">

Colpitt, Parker P., City Electrician, Halifax Feb. 2, 1903
Creighton, Prof. Henrj' Jermain Maude, si. a., m. sc, dr. sc, (Zurich), f. c. s.,

Swarthmore College, Swarthmore, Penn., U. S. A Jan. 7, 1908
*Davis, Charles Henry, c e., New York City, U. S. A Dec. 5, 1900
*Doane, Francis William Whitney, City Engineer, Halifax (0. A. S.) Nov. 3, 188G
Donkin, Hiram, m. e.. Deputy Com. of Mines, Halifax Nov. 30, 1892
*Fergusson, Donald M., chemist, Acadia Sugar Ref. Co., Dartmouth, N. S . . . Jan. 5, 1909

Forw^ard, Charles C, Inland Revenue Laboratory, Halifax Jan. 5, 1917
*Fra.ser, Sir C. Frederick, ll. d., Principal School for the Blind, Halifax Mar. 31, 1890
Freeman, Philip A., Hx. Elec. Tramway Co., Halifax Nov. 6, 1906
Harris, Prof. Da^ad Eraser, m. b., c m., m. d., b. sc. (Lond.), d. sc, f. r. s. ..,

F. R. s. c, Xj. m. c c, Dalhousie University, Halifax , . . . .Feb. 29, 1912
Hatcher, Prof. Alfred G., Royal Naval College of Canada, Esquimault, B. CDec. 9, 1914
Hattie, William Harrop, m. d., Pro\'incial Health Officer, Dartmouth Nov. 12, 1892

Irving, G. W. T., Education Dept., Halifax Jan. 4, 1892

Johnstone, Capt. John Hamilton Lane, c.e., b.a., m.sc, ph.d.. Overseas Force. . .Dec. 2, 1912
*Laing, Rev. Robert, Halifax (Died Apr. 19, 1919) Jan. 11, 1885
McCarthy, Prof. Jo.seph B., b. a., m. sc. King's CoUege, Windsor, N. S Deo. 4, 1901

McDougaU, John G., m. d., c m., Lecturer in Clinical Surgery, Dalhousie
University, Halifax • Nov. 2, 1915

Mclnnes, Hector, K. c, M. p. p., Halifax Nov. 27, 18S9
Mcintosh, Prof. Donald Sutherland, b, a., m. sc, Dalhousie University,

Hahfax Mar. 9, 1911

*MacKay, Alexander Howard, b. a., b. sc, ll. d., f. r. s. c, Hon. Colonel,

Superintendent of Education, Halifax Oct. 11, 1885

Mackay, Prof. Ebenezer, ph. d., Dalhousie College, Halifax Nov. 27, 1889
*MacKay, George M. Johnstone, m. a., m. s., Schenectady, N. Y., U. S. A Dec. 28, 1903

*MacKenzie, President Arthur Stanley, ph. d., f. r. s. c, Dalhousie University,

HaUfax Nov. 7, 1905

Matheson, Donald J., B. sc. Science Ma.ster, Halifax County Academy, Halifax Nov. 2, 1915

Moore, Prof. Clarence Leander, m.a., f.r.s.c, Dalhousie University, Halifax. . . . Jan. 7, 1908

Murray, Prof. Daniel Alexander, ph. d., Montreal Dec. 18, 1903

*Nicholls, Prof. Albert G., m. d., d. 8C.,f. r. s. c, Dalhousie University, Halifax .Nov. 2, 1915

Nickerson, Carleton Bell, m. a.. Demonstrator in Chemistry, Dalhousie Uni-

versity, Halifax Mar. 9, 1911

Piers, Harrj-, Curator Provincial Museum and Librarian Provincial Science

Library, Halifax Nov. 2, 1888

*Life Members.
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Date of Admission

Richardson, Prof. Lome N., Royal Naval College of Canada, Esquimalt, B. C. .Dec. 9, 1914
*Robb, D. W., Amherst, N. S Mar. 4, 1890

Sexton, Prof. Frederic H., b. sc. Director of Technical Education, Halifax Dec. 18, 1903

*Smith, Prof. H.W.,B. sc, Agr. Col., Truro, N.S.; Assoc. MembJan. 6, 1890. .Dec. 1900

Stewart, Lieut. Col. John, m. b., c. m., 7th Station Hospital Unit, France.. . .Jan. 12, 1885

Vickery, Hubert Bradford, M. Sc, Halifax Nov. 2, 1915

Winfield, James H., manager Mar. Tel & Tel. Co., Halifax '. Dec. 2, 1903

Woodbury, William W., b. sc, d. d. s., Halifax Nov. 30, 1916

*Yorston, WUUam G., c. e.. Assistant Road Commissioner, Halifax Nov. 12, 1892.

ASSOCIATE MEMBERS.

Allen, E. Chesley, Truro, N. S Nov. 28, 1913

Barteaux, James E., m. a.. Inspector of Manual Tra. &Teoh. Schools, Truro, N. S.Nov. 2, 1915

Brittain, Prof. William H., b. s. a., Provincial Entomologist, Truro, N. S Nov. 2, 1915

*Caie, Robert, Yarmouth, N. S Jan. 31, 1890

ConnoUy, Prof. J. C, ph. d., St. Francis Xavier College, Antigonish, N. S. . . .Nov. 5, 1911

Cumming, Principal Melville, b. a., b. s. a., N. S. College of Agricultural, Truro . Nov. 2, 1915

DeWolfe, Loran A., m. sc, Director of Rural Science Schools, Truro, N. S Nov. 2, 1915

Haley, Prof. Frank R., Acadia College, Wolfville, N. S Nov. 5, 1901

Harlow, L. C, b. sc, ph. d.. College of Agriculture, Truro, N. S Mar. 23, 1905

Henderson, Lieut George Hugh C, E., B. Sc, M. A. O. A. S Nov. 2, 1915

Johns, Thomas W., Yarmouth, N. S Nov. 27, 1889

MacKay, Hector H., m. d., New Glasgow, N. S Feb. 4, 1902

Payzant, E. N., m. d., Wolfville, N. S Apr. 8, 1902

Perry, Prof. Horace Greeley, m. a., Acadia University, Wolfville, N. S May 12, 1913

*Reid, A. P., m. d., l. b. s. c, Middleton, AnnapoUs, N. S Jan. 31, 1890

Scott, Prof. J. M., M. A., M. sc, Provincial Normal College, Truro, N. S Nov. 2, 1915

Shaw, Prof. Percy J., b. a., N. S. College of Agriculture, Truro, N. S Nov. 2, 1915

CORRESPONDING MEMBERS.

Ami, Henry M., d. sc, f. g. s., f. h. s. c. Geological Survey, Ottawa, Ontario Jan. 2, 1892

Bailey, Prof. L. W., ph. d., ll. d., f. r. s. c, Fredericton, N. B Jan. 6, 1890

Ball, Rev. E. H., Mink Cove, N.S Nov. 29, 1871

Barbour, Major J. H., r. a. m. c, f. l. s., No. 1 Base Depot Medical Stores,

Boulogne, France Dec. 28, 1911

Bethune, Rev. Charles J. S., M. a.,d.c.l.,f. R. s. c, O. A. C, Guelph, Ontario. .Dec. 29, 1868

Cox, Prof. Phihp, b. sc, ph. d., Fredericton, N. B Dec. 3, 1902

Dobie, W. Henry, m. d., Chester, England Dec. 3, 1897

Faribault, E. Rodolphe, b. a., b. sc. Geological Survey of Canada, Ottawa:

Assoc. Memb. March 6, 1888 Dec 3, 1902

Ganong, Prof. W. F., b. a., ph. d.. Smith College, Northampton, Mass., U.S.A. . . Jan. 6, 1890

Gates, Reginald Ruggles, ph. d., f. l. s., London, Eng Nov. 30, 1916

Hardy, May.-General Campbell, R. A., Dover England. (Sole surviving

Foundation Member; originally elected Dec 26, 1862, and admitted

Jan. 26, 1862; (Died 11 April, 1919) Oct. 30, 1903

Matheson, Prof. Robert, ph. d., Cornwall University, Ithaca Nov. 30, 1916

Matthew, G. F. ,m. a., d. sc, ll. d., f. h. s. c, St. John, N. B Jan. 6, 1890

Mowbray, Louis L., curator, Bermuda Natural History Society, Hamilton,

Bermuda May 3, 1907

Peter, Rev. Brother Junian Dec. 12, 1898

Prcst, Walter Henry, Halifax, N. S.; Assoc. Memb. Nov. 29, 1894 (0..\.S) Nov. 2, 1900

Prichard, Arthur H. Cooper, British .School of Archceology, Rome, Italy Dec. 4, 1901

Prince, Prof. E. E., Commissioner and General Inspector of Fisheries, Ottawa . . . Jan. 5, 1897

Life Members.
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THE attention of members of the Institute is directed

to the following recommendations of the British

Association Committee on Zoological Bibliography and

Publications:

—

"That authors' separate copies should not be distributed

privately before the paper has been published in the regular

manner.

"That it is desirable to express the subject of one's paper

in its title, while keeping the title as concise as possible.

"That new species should be properly diagnosed and

figured when possible.

"That new names should not be proposed in irrelevant

footnotes, or anonymous paragraphs.

"That references to previous publications should be made

fully and correctly, if possible in accordance with one of the

recognized sets of rules of quotations, such as that recently

adopted by the French Zoological Society."
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