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By HUMPHREY J. DESMOND.

It is not always easy to determine the main threads of political history;
but in the century of American Presidents, ending with the month of
April, 1889, one intermittent and ever recurring question has been that of
sectionalism. And the quéstion waits among the perplexities of the new
century.

There are grounds for regarding it as thus far the controlling fact
in American politics. It was an overshadowing issue long before the
slavery agitation was launched, and it continues a problem of to-day, long
after slavery has ceased, and.the irrepressible conflict has been fought out.

. All the larger events of the constitutional epoch carry a significance to the
fact of sectionalism, gain an interest and importance from their relation

to that fact, and may be grouped along its length as off-shoots from the-

main stem.

The theory which regards the constitution as a ‘‘ compact between the-
states” may have been trus in a formal way, and on that account plausible
among the doctrinaires; the essential condition, however, was not a union.
of states, but a treaty of alliance between two great sections having oppo-
site civilizations and diverse interests. And it is this condition, and not a.
theory, that confronts us in our survey of the first century in American

politics.

The theory figured on both sides of Mason’s and Dixon’s line — the Hart-
ford Convention being no less extreme a manifestation of states’ rights
than the episode of nullification. But the condition never fluctuated nor
lost its consistency or purpose. It continued from the first to

¢ Divert and crack, rend and deracinate <
The unity and married calm of states.”

New issues were sought from time to time, but they were merely tempo-~
rary aberrations. There was the trivial controversy, which for many days,
went on in the convention of 1787, between the larger and the smaller-
states. Even then, the greater question. was waiting. The absurd fear of
the smaller states that a closer union would result in their absorption by the-
larger commonwealths being allayed, Madison admonished his colleagues.
that the states were divided into different interests, * not by their differ-
ence in size, but by other circumstances; the most material of which.
resulted partly from climate, but principally from the effect of their hav-
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ing or not having slaves. It did not lay between the largeand small states.
Tt lay between north and south.”

Having satisfied the smaller states with equality in the senate, the con-
vention proceeded to its vital act of compromise, by establishing equilib-
rium between the sections — equalizing their strength in congress and in
the electoral college.

No explanation has ever been offered as to how the partlcular fraction,
‘“3” wasselected in determmmg what weight the number of slaves should
have in the apportionment of representation. The motion came from.a
New England member. Many years afterward, the question was put to
Madison in a Virginian assemblage, but he preserved silence. It remains
among the curious mysteries of that historic convention which have never
been cleared up. A plausible explanation is fgrnished in a pamphlet en-

titled, ‘“ The Lost Principle,” published at Richmond on the eve of the -

Civil war.! The anonymous writer argues that ¢ $” was chosen in order
to preserve the equilibrium of the sections; that the South would never
have consented to it on any other plea. If the negro at the south were
<counted as a whole man and not as three-ﬁfths of a man, the slave-holding
states would possess a clear majority in the first electoral college.

The balance became apparent in the census of 1790. The population of
the northern states was found to be 1,977,000; that of the southern states,
1,952,000. Theadmission of Vermont, Kentucky and Tennessee established

a perfect balance in the senate — eight slave-holding states and eight free -

states, making up the union at the beginning of the century.

Federalism and Anti-Federalism proved a transitory issue —the great
fact of sectionalism asserting itself with a dominant earnestness, after
Hamilton had broken with Madison; and after the pregnant controversy
of the Secretary of State with the Secretary of the Treasury, across the
council boards of Washington’s first cabinet. It had cropped out even in
the selection of that cabinet; it came forth aroused at Hamilton’s fiscal
proposals; it manifested itself in southern objection to the admission of
Vermont, and in northern objection to the admission of Kentucky. By
the end of Washington’s term, the lines were fully and sharply drawn;
much to the distaste and displeacure of the father of his country, too. In
‘his farewell address, he expresses serious concern that ‘‘ground should
have been furnished for characterizing parties by geographical discrimi-
nations,” regarding it as a serious disturbance to the union. Such dis-
criminations appeared in a marked degree when the task of choosing his
successor was reached. New England gave her solid vote to John Adams.
The South cast six sevenths of her vote for Thomas Jefferson. Down to
1840, the same sectional proceeding was rehearsed in every presidential
-contest.

1The Lost Pﬁnciple, by Barbarrossa. Richmond, 1860. The author is supposed to be
Robert Scott, of Virginia.
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II.

It would be merely repeating familiar history to describe the frequent
sectional clashes that ensued down to the eve of secession. Both north and
south were thoroughly alive to the sectional bearing of every important
question. Nobody doubts the statesmanship of the Louisiana purchase;
yet that broad and praiseworthy stroke of patriotism was bitterly misliked
at the time! and the hostility came wholly from New England, jealous of
the chance for increased prestige which this new territory gave the south.
The Hartford Convention of 1812, was the culmination of New England’s
anti-national feeling; open threats to *‘ cut the connection ” with the major
part of the union and secret plottings to invite Canadian and British alliance
are evidences of the rampant disunionism there prevalent. The South and
the West never forgot the disloyalty of New England, during the war of
1812; and we see the force of reproach which that record had, in Haynes’
debate with Webster, twenty years later. That famous debate, and the
strained relation smoothed by the Missouri compromise in 1820, indicated
how irrepressible a fact sectionalism had become.

Up to 1850, we have the phenomenon in our political history, which has
been spoken of as ¢‘the twin birth of states.” Every additional free state
was followed by the admission of a slave state in order “to preserve the
balance.” The sectional leaders began looking anxiously to the future,
and as the contest grew in intensity, the south bitterly chided itself for ac-
quiescing in the ordinance of 1787, which forbade slavery in the northwest
territory, and in the Missouri compromise of 1820, which shut out slavery
north of the thirty-sixth parallel. The annexation of Texas and the Mexi-
can war were distinctively southern measures, planned by the soured states-

manship of Calhoun, to redress the balance and give the south newroom

for more state-making. The northern Democracy came into the party con-
vention of 1844, with a candidate and a platform adverse to the Texas
policy of the south; but the south had its way. And at the same time, with
the deliberate connivance of Calhoun, the United States receded from its
position in the Oregon dispute with England. The forty-ninth parallel was
accepted as our north-most boundary instead of 54° 40'; territory sufficient
to carve out three northern states was needlessly surrendered to Great
Britain in order to propitiate southern sectionalism. At the end Calhoun
was badly deceived in the results expected from the Mexican war. These
results eventually strengthened the free states, and gave them their final
preponderance inthe United States senate. The admission of California
in 1850, placed the north one state in the lead for the first time since the
days of Washington. The southern leaders began to perceive that the

1 “Twenty Years of Congress,” by James G. Blaine, ch. 1, p. 14.
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equilibrium of the sections was to be an impossibility in the future, and
the plan of secession was broached as the ultimate sequel ‘

‘Webster, in his ¢ 7th of March speech,” alleges that up to 1859, three-
fourths of the places of honor under the United States government were
held by southerners. Alexander Stevens, in his famous appeal against
secession in 1860, drew the attention of his countrymen to the fact that .
since the beginning of the government the South had eighteen out of the
twenty-nine justices of the Supreme court; sixty years of southern presi-
dents to twenty-four of northern presidents; twenty-three out of thirty-
five speakers of the House of Representatives; and eighty-six out of one
hundred and forty foreign ministers. The South, as represented in the
Senate, was thoroughly alert and determined to reject any appointees un-
favorable to southern interests, or tainted with free soil convictions. Mr.
Stevens challenged his fellow southerners to answer whether they could re-
ceive batter treatment under any other government than they had under the
Union, and whether they could compensate themselves for the loss of an
advantageous partnership in any greater degree of influence and patronage.

~

. IIL

The South went out of the Union in 1860 not to preserve slavery, but in
the disappointment of sectional -defeat. It was not the institution of
slavery that was threatened, but its extension as an element in the increase
of the southern system. Even dpon the threshold of his administration;
Abraham Lincoln wanted the south to understand that the national gov-
ernment did not propose to interfere with slavery where that condition
was established; but he stood for the policy, that slavery was an evil which
should be isolated and not extended. When Lincoln declared that the na-~
tion could not go on existing, half slave and half free, his meaning was
against the strife of slave sectionalism and free soil sectionalism, competing
for the new states, and maintaining an equilibrium of liberty and servitude.
Secession was the southern alternative to sectional-equilibrium-destroyed.
As soon as the south lost an equal share in the political partnership, she
made up her mind to go out. Her proportional importance might be re-
spected, and slavery might be let alone. But when fate had ordained that
proportion to be less than an equal one, the traditional political self-esteem
of the south rebelled.

1 Mr. Calhoun, in his speech of March 4, 1850, argues that the union was endangered by
reason of a widespread discontent among the people of the southern section due to a feel-
ing that “they cannot remain as things now are consistently with honor and safety in
the Union '*; and the *‘ great and primary cause of this belief is in the fact that the equi-
librium between the two sections in the government as it stood when the constitution was
ratifled and the government put in action has been destroyed.
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‘What had destroyed the sectional equilibrium and made all the strenuous
effort, the poliﬁcal finesse and the brilliant strokes of southern statesmen
nugatory and impotent? The answer is: emigration.! Next to the fact of
sectionalism, I conceive the phenomenon of nineteenth century emigra-
tion to America to be the most notable circumstance in our later history.
It was greater numerically, than the vast barbarian migration that over-
turned the Roman empire. To my mind, it has wrought in the nation
other important results besides the transformation of the sectional ques-
tion, but if none other, that alone would have been enough. The belated
colonization of America by Ireland and Germany gave the north her nu-
merical preponderance in the census; enlarged her relative strength in the
House of Representatives; filled the places in the east of the army of
young men going west and then followed, in renewed waves of immigra-
tion, the western pioneers. Know-nothingism arose like the specter of the
alarmed slave master —the ghost of selfish cccupancy whether vested in
human chattels or in the chattel of social, political and industrial machin-
ery — but the hope of creating a sectarian instead of a sectional line of demar- )
cation failed. This clever expedient of the southern ‘Whigs was futile to
withhold the inevitable end of the equilibrium. And when the task of
crushing the rebellion was upon the nation, the foreign born soldier was -
also thrown into the scale against the South; thousands of naturalized cit-
izens were drafted into a school of patriotism which made them irre-
proachably American, and thousands of the descendants of an earlier
emigration, typified in generals like Sheridan and Rosecrans, were also
important elements in the victory of the north. Had this emigration gone
to the South it would undoubtedly have counted in a different solution of
the problem. Historians would not be able to trace a direct connection b

_tween the potato rot in Ireland and the Emancipation Proclamation. The

three or four million emigrants who destroyed the sectional equilibrium
were tools in the hands of Providence. Yet there was nothing accidental
in the fact that their weight was cast with the North and against the
South. It could not have been otherwise. 7
John C. Calhoun, in his last great speech in the senate, delivered in the
year of his death, 1850, sought to explain the waning strength of the South
by deploring the fact that slavery was shut out of the territory north of the
©Ohio river and north of the 86th parallel. He also bewailed the influence
of the existing revenue system which he conceived to result in attracting
the emigrant population to the North and robbing the South of her capi-
tal. Under other conditions he thought that the South would have re-

1 The growth in the tide of immigration will appear from the following figures:

Immigrants, 1789 to 1820 (estimated)...............cooveeies ceveneoos oo, 250,000
o 1821 to 1830 .. .. 143,439
“ 1831 t0 1840 .. 599,125
« 1841 t0 1850 . . .. 1,713,251
“ 1851 to 1860 .. 2,598,214

Sixty per cent. of the immigration up to 1860 was Irish.
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ceived her share of the emigration, and the census of 1850 would show a

population in the slave states equal to that in the free states. Now the
truth of the maiter is that without the tariff, and with the fullest reign of
squatter sovereignty, the result would not have been different. The
North was destined to obtain the bulk of emigration in any event. The
natural repulsion and antipathy between free labor and slave labor settled
the question in advance. Slavery would have starved free labor out of the
South, even had it sought entrance there. The peculiar civilization of the
South gave the North all the advantages of development. Had southern
leadership at the start been of the style of Jefferson Davis and Robert
Toombs, rather than of the temperament and range of Madison and Jeffer-
son, the lead which the South gained and held for sixty years could never
have been. The natural growth of the country was aga,inst her equili-
brium; but the traditions of a lofty statemanship kept her in the ascend-
ant. It might have been foretold at the treaty establishing eguilibrium of
the sections in 1787 that unless emigration was to be shut out, as well as
the importation of slaves, after 1807, the South was doomed to numerical
inferiority.! Otherwise it was starting a nation with all the conditions of
enlargement and progress, with healthy life currents and virile institutions
in a race for the ascendancy with a nation already palsied by servitude and
mortgaged in half its energies to an effete civilization. The ship which
caught in its sails every breeze from over the Atlantic was bound, even
against odds, to outstrip the slaver becalmed in a dead sea.

Iv.

A table of the sectional electoral vote intheleading Presidential contests
since 1796, will show that the war has had no effect on the animus of the sec-
tions. New England and the South arestill at opposite poles. But a table
of the apportionment of the electoral vote under the several censuses since
1790, will illustrate important changes. Classing Delaware as a southern
rather than a middle state, our table indicates that the South cast nearly
one half of the vote of the electoral college at the beginning. She casts
thirty-eight per cent. of the electoral votes under the census of 1880. The
New England section had twenty-eight per cent. of the electoral vote in
1790; to-day she has less than ten per cent. of it. The middle section con-
sisting of New York, Pennsylvania and New Jersey has declined much less
than New England, and rather less than the South; while the West which
cast a little more than one-fifth of the electoral vote when Abraham
Lincoln was a candidate, now casts a third of the whole vote, and bids fair

" to cast almost half the vote which shall elect a president in 1924.

1 Draper (American Civil War, 1-446), puts this opinion in the mouth of the slaveholder;
< The mistake with us has been that it was not made felony to bring in an Irishman when

it was made piracy to bring in an African.” .
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The admission of four new states to the Union will further tend to over- "
throw the old sectionalism. Dakota, with an area larger than any other
political division except Texas, with a ra.pldly growing population, and
with su#ficient fertility to support three million people, has properly been
divided into two states. Washington and Montana having passed the re-
quirements respecting population, have come in as growing and influential
states. '

The effect of these new additions to the Union, so far as the historic sec-
tions are concerned, may be estimated as follows: In the electoral college— -
the southern system of states will have 156 votes; the northern system will
have 270 votes.

In the Senate sixteen southern states will be represented by thirty-two
seats; twenty-six states of the northern system will have fifty-two seats.

In the House of Representatives, the South will be entitled to some 120
congressmen; the North will be entitled to over 220 congressmen. )
The most insurmountable political ascendancy is, of course, more prob-
able in the United States Senate that elsewhere. Sectionalism throughout
our entire political history has nowhere been better preserved. While the
country has been broken up irrespective of Mason and Dixon’s line in the
House of Representatives, and while great states of the North have shifted
their political allegiance with a reassuring sponianeity at Presidential elec-
tions, the Senate has always continued in a large sense a mirror of deep
" rooted geographical differences. With a brief and uncertain interval of
doubt it has now been uninterrupted possession of the preponderant party
of one section for nearly thirty years, and unless new and unforeseen events
or issues a,mse, it bids fair to continue that political ascendancy for many:
Years longer. :

The growth of the West has established a counter-balance to southern:
:8ectionalism, and the overthrow of slavery has tended to remove the es-
sential difference between northern and southern civilization. Though ¥
the bitterness of the struggle for equilibrium has survived the war, there
has been a growing recognition of the transformed condition of the prob-
. lem. Bellicose politics have gone out, shirted in ridicule; ridicule which is
the right medicine for all earnestness that outlives its purpose. And the
imaginary danger from a solid South is apt to yield to some considerations:

1. It is perceived that the south is solid to-day rather for domestic than
for national reasons; it is not a sectional caucus solidified for the purpose
-of gaining some contention against the other sections as it figured in ante-
bellum days. It is rather a domestic problem which makes the South solid.
The white man has grappled with the black bear; and he has no choice
-about letting go. The South is solid to save herself and not to domineer
over the nation.
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9. Sectionaiism of a sort we must always have. We cannot escape it.
‘Sectionalism which arrays the nation into two hostile camps and main- ‘
tains an equilibrium of political power at the price of propagating slavery
is deplorable; but that kind of sectionalism is fortunately destroyed; its
causes blotted out; its chance of recurrence satisfactorily removed by the
growth of the west, and the story of emigration. Sectionalism, which
does not divide the nation into two geographical camps or into hostile
«eivilization; but which may split it up into three or more congeries of
states at issue on matters which do not go so deep as the long standing feud
between Cavalier and Puritan is tolerable. And it is inevitable.

The sectionalism which makes the South solid to-day, or which may
‘make its solidity a condition in the future, is to be looked upon as of this
milder character. The west may furnish us, in the years to come, the
most conspicuous phase of such sectionalism.

In fact, the issue of the late Presidential contest was said to aim at cre-
ating “a new sectionalism” —one that might cleave the country from
north to south, and array the states into manufacturing and agricultural
belts. A brief epoch of that kind of sectionalism might be wholesome in
getting the nation away from its old partisan moorings, and casting over-
board the effigies of a conflict that was well ended, if it had been ended
quickly. .

The questicn of Canadian annexation is a matter somewhat related to
our sectional question. Following our system of government, an independ-
ent Canada would be a lesser United States speaking the same language,
cherishing similar institutions and one with us in race and religion. Such
a neighbor would be a powerful magnet of disintegration should the New
England and Middle States, for ihstance, disagree with the South and West
__on any important issue, and be‘ hopelessly out-voted in Congress. The
commercial interests of these sections might draw them into an alliance
with the Canadian Republic, ending in the setting up of anew confederacy.
This, of course, is rather problematical, but it is often the unexpected that
happens. Either we must annex Canada, or Canada will disintegrate us.
And it may be a serious question whether it is not better to take her while
she is young and tractable, rather than wait until antipathies in political
feelings are too far generated to make union easy and agreeable.

It remains to be said that if, for the sake of a perfect Union, we would
wish to have as little sectional feud in the future, as possible, we must be
observant of the strict letter of the constitution and learn to admire it as
warmly for the restraints it imposes on Federal power as for the functions
it grants.! 4 : ’

1Prof. Bryce (Am. Commonwealths, 1L, 693) believes that ‘“the United States are no

more likely to dissolve than if they were a unified republic like France or a unified mon-

archy like Italy.” He notes *the growing strength of the centripetal and unifying
orces " —in which there is no little danger.
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A federal government attempting to do a great many things in a great
many directions is sure to arouse warring interests and clashing influences.
And in a country which reaches from the Atlantic to the Pacific and
touches the tropics, and stretches out to the land of the midnight sun, all
such interests and influences are more or less geographical and sectional.

s
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INTRODUCTORY.

In the summer of 1886 I publjsh.ed a key to the genera of mosses recog-
nized in the Manual of Lesquereux and James. From the demand which
‘has exhausted a large edition of that key, I have felt that the object of its
publication was reasonably attained, that it really was helpful to students
- -of mosses. Although much misgiving was felt as to its accuracy a con-
-siderable use of it has revealed but one serious omission, and neither time
mor its users have indicated to the author how it could be materially im-
proved. It is therefore reprinted here with the few alterations which have
-8eemed desirable, v .

But since there are no keys to the species even of the largest genera in the
Manual, the novice, deserted after reaching the genﬁs, is left almost as much
bewildered as if he had not been led so far. I have therefore been induced
to prepare keys to the species of all the genera.

The only plea for such work is its anticipated usefulness. I hope that it
will stimulate some to undertake the study and collection of mosses who
have heretofore been deterred by their helplessness in the determination of
them without more expensive aids than the amateur usually possesses. An
-earnest student equipped with patience, some skill in dissection, a compound
microscope and the Manual, ought to be able with the additional assistance
of these keys to determine the names of most of the mosses which he can col-
lect. - Those which remain uncertain he can refer to those who possess the
dllustrations and exsiccati which are often indispensable for identification. I
-shall be disappointed if these keys do not encourage more to enter upon the
study of this exceedingly interesting group of plants, which, with the
Hepatica, are more neglected than any of which we now have accessible
-descriptions.

In constructing these keys, I have thought it wise to make few changes
in the nomenclature or in the rank of species. Of many in the Manual
neither the present names nor the autonomy can be maintained. The
changes I have made are, with one exception (Dicranum fuscescens), con-
fined to the two genera which have been revised since the appearance of
the Manual in 1884, viz., Sphagnum, by M. Jules Cardot, of Stenay, France,
-and Fissidens, by the author. M. Cardot is now engaged in a revision of
Fontinalis and Dichelyma,and I regret that his results have not yet been .

published, that they might be included in the present keys.

I have included in the keys all the new species known to me which have
been published since the issue of the Manual and before 1890, when the
relation of these could be ascertained from the descriptions and figures.
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(It is worth nothing that a considerable number of new species are about to
be published in the Bulletin of the Torrey Botanical Club and in the Botan-
ical Gazette) Two genera, Eucladium and Merceya,! have been indicated
as new to North America. The former has been included in the key to-
genera. The relationship of the latter is so problematical that I have been
compelled to omit it. )

The number in bold-face type following the name of a genusin the key to-
genera refers to the page of this publication where the key to its species
may be found. The other number, in ordinary type, is that of the page in
the Manual where it is described. When there is only the latter the genus:
contains but one species. The number following the species (in the keys to
species) is the same as it bears in the Manual.

It will be found in a number of cases that the keys contradict characters
assigned in the Manual. Ihavenot knowingly permitted such contradiction
without having good reasons therefor, so that they must be considered as
corrections, and not accidental. There may be mistakes among them; it is-
highly probable that there are some elsewhere. I should be glad to receive
notice of errors or omissions from any who detect them._ :

My thanks are due to Mrs. Elizabeth G. Britton, for kind assistance in
several points.

CHARLES R. BARNES.
UNIVERSITY OF WISCONSIN, February 8, 1890.

1 Merceya latifolia Kindberg: Bull. Torr. Bot. Club xvi (1889) 94.
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ANALYTIC KEY

TO THE _ i

GENERA OF MOSSES.

ORDER I.— Sphagnacesze.

Capsule dehiscing by a deciduous operculum, peristome
none, leaves composed of large hyaline cells, with
- intervening rows of small chlorophyllose ones.. .
s Genussingle . . .. . . . Sphagnum, 12. 24,

# OrDER II.— Andremacess.

Capsule dehiscing by four (rarely six) longitudinal slits.
Genus single . . . . . . . Andrema, 25. 26.

ORDER III.— Archidiacese.

Capsule bursting irregularly, sporesfew and very la.rge.-
Genus single . . . . . . . Archidium, 49. 28,

ORDER IV.— Bryaces.

‘Capsule bursting irregularly (spores numerous) or gen-
erally dehiscing by a deciduous operculum, in the
latter case usually furnished with a peristome.
Leaves not sphagnoid.

Genera numerous as follows:

1. CLEISTOCARPIL— Capsule without a deciduous operculum.

A. Green protonema persistent.

Leaves ecostate.
Capsule colorless . . . . . Micromitrium, 37. 26.
Capsule colored A .o . Ephemerum, 37. 26,
Leaves costate . . . .. Ephemerum, 37. 26.
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B. Green protonema not persistent.

Margins of leaves flat or incurved.
Leaves lance-obovate to broad-ovate, not abruptly
pointed . . . . Physcomitrella, 39.
Leaves linear- lanceolate to subulate or abruptly pointed.
Calyptra mitrate . . . . . . Bruchia, 45.

Calyptra cucullate . . . . . Pleuridium, 43.
[Astomum may be sought here.]

Margins of leaves more or less revolute.
Capsule spherical . . . . Spharangium, 40. 27,
Capsule short-pointed.
Calyptra mitrate . . . . Microbryum, 45.
Calyptra cucullate . . . . . Phascum, 41. 27,

- II. STEGOCARPIL— Capsule with a deciduous operculum.

A. ACROCARPL— Flowers and fruit terminating the stem, either the
main shoot or a branch.

1. Mouth of the capsule naked.

* Leaf-cells isodiametrie, at leasi above the middle of the leaf, often
obscure.

Lid imperfectly formed, persistent . . . . Astomum, 51. 29.
Lid perfect, deciduous. -
()a.psule immersed.
—Leaves lamellose .+ Pharomitrium, 100.
Leaves not lamellose, cﬂlate . . . . Hedwigia, 152.
Leaves with a hyaline hair-point . o Grimmia, 134. 43.
Capsule exserted, ribbed when dry.
" Calyptra cucullate.
Pedicel very short, strongly twisted to the left when
dry . . . . . . Amphoridium, 158.
Pedicel long, twisted to the right when dry . Braunia, 153.
Calyptra campanulate-mitrate, plicate, usually .
hairy . . . . Macromitrium, 178.
Calyptra long clavate- ca.mpanula,te, not plicate nor
hairy . . . Encalypta, 180.
Capsule exserted, not rlbbed when dry
Lid conic, beaked.
Pedicel short . . . . . Calymperes, 184.
Pedicel long . . . . Gymnostomum, 52.
Lid conic, beakless, or comc-subulate . . . Pottia, 100.
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Lid convex or flattish, beaked.

Plants large (2 cm. ), leaves distichous . . Eustichia, 94.

Plants large, leaves pluriseriate, papillose.
Leaves linear-lanceolate, margins plane . An(ectangmm, 54.
Leaves ovate-lanceolate, margins reflexed, hyaline ;
at base . . . . oo Barbula, 115.
Leaves hngulate-lanceolate, margins revolute,
three-fourths hyaline . . . . Desmatodon, 110,
Plants small, leaves broader, hair-pointed or cus-
pidate or serrate, not papillose . . . Pottia, 100.
Plants small or minute, leaves Iance-subulate . Anodus, 96.
Lid long-clavate . . . . S Enecalypta, 180.
* % Leaf-cells plainly elongated, distinct. -
Li.d small, convex or short-conic, capsule microstome.
Leaves vertically inserted . . . Schistostega, 188.
Leaves subulate, dentate . . . . Bartramia, 203.
Leaves broad, entire, calyptra enclosing cap-
sale . . . . . . . . Pyramidula,196.
Lid large (rarely small), capsule macrostome.
Capsule splitting at the middle . . . Aphanorhegma, 196.
Capsule dehiscing regularly above the middle, not
covered by calyptra . . . . Physcomitrinm, 196.
2. Mouth of the capsule furnished with a peristome.
* Peristome single.
=+ Teeth articulate.
++ Teeth eight.
Leaves thick, coriaceous . . . . Octoblepharum, 91.
[Orthotrichum and Ptychomitrium (§ Notarisia) may be sought here.]
++++ Teeth sixteen, calyptira mitrate.
= Calyptra plicate.
Teeth cribrose, purple - . . . . . . Coscinodon, 154.
Teeth filiform, trifid . . . . Ptychomitrium, 156.
Teeth approximate or connate in pairs.
Lanceolate to subulate, papillose . . . Ptychomitrium, 156.
Triangular-lanceolate, articles quadrate.
Basal leaf-cells linear, chlorophyllose . . . Ulota, 160.
Basal leaf-cells hexagono-rectangular, hyaline OQrthotrichum, 164.
Teeth short, pale, fragile . . . . Macromitrium, 178,

39..
38..
37..

50..

53.

52.

46..
46.

46..
46..

47,
50..
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= Calyptra not plicate.
Aquatic, floating.
Leaves distichous . . . . . Conomitrium, 89. 34.
Leaves pluriseriate . . . . Cinclidotus, 134.
Terrestrial.
Very small, gregarious.
Teeth broad, erose-truncate, hyaline . . Brachyodus, 98.
Teeth linear-lanceolate, deeply bifid . Campylostelium, 99.
Larger, above 1 cm. in height. oL
Leaf-cells small, quadrate or punctate, obscure.
Beak long-clavate . . N . Encalypta, 180. 50.
Beak long or short, not clava.te
Teeth lanceolate, flat, subentire or crib- .
rose or 2—3-fid to the middle . Grimmia, 134. 43,
Teeth linear-lanceolate, 2—8-fid, to below :
the middle, or cleft to the base into
filiform segments c . . Rhacomitrium, 147. 45.
Leaf-cells large, very distinct, pedicel with. a
prominent apophysis.
Apophysis smaller than the capsule. )
Leaves entire, obtuse . . . . . Dissodon, 189. 51,
Leaves serrate, acute or acuminate . Tayloria, 190. 51.
Apophysis exceeding the capsule . . Splachnum, 193. 51.
+=+ ++ =+ Teeth sixleen, calyptra cucullate.
= Leaves distichous.
Leaves subulate . . . . . . Distichium, 93. 36.
Leaves broader, with a promment vertical wing = .  Fissidens, 81.
== = Leaves pluriseriate. ’
T Capsule unsymmetrie, cernuous-inclined or arcuate.
Teeth filiform-bifid from a membranous bgse . Desmatodon, 110. 38.
Teeth irregularly lacerate or bifid to the middle or below.
Leaf cells not enlarged at the basal angles, roundish
or quadrate above.
Lid long-beaked, . leaves serrulate, peristome equal-
ing half the capsule . . . . Dichodontium, 61. 30.
Lid long-beaked, leaves crenulate or denticulate,
peristome shorter . . . . . Cynodontium, 59. 30.
Lid short-beaked . . Oreoweisia, 58.
Leaf-cells not enlarged at the basal angles, oblong
above, rectangular at base . . . Dicranella, 64. 30.

2—A. & L.
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Leaf-cells enlarged-quadrate at the basal angles, linear

at base . . . . . Dieranum, 67.
Leaf-cells of two kinds, in two or three layers Leucobryum, 90.
Teeth bifid to near the base. =
Lid conic, leaves subulate . . . . Trichodon, 92.
Lid conic, leaves lanceolate . . . . Ceratodon, 92.
Lid aristate, neck very long . . . . Trematodon, 62.
Teeth not cleft, short, irregular * . . . Catoscopium, 211.
Teeth not cleft, cohering by their tips . . Conostomum, 207.
Teeth not cleft, perforate. - ]
Neck long, exceeding the capsule . . . _Trematodon, 62.
Neck inconspicuous, plants small . . . Discelium, 188.
‘Neck inconspicuous, plants large . . . Oreoweisia, 58.
Teeth not cleft nor perforate.
Lid with a short thick oblique beak . Oreoweisia, 58.
Lid with a short slender oblique beak . Cynodontium, 59.

[Mielichhoferia and Funaria may be sought here.]

T 9 Capsule symmetric, pendulous on a flexuous pedicel.

Teeth bifid to the middle . . . . . Campylopus, 77.
Teeth bifid to the base, free . . . . Dicranodontium, 77.
Teeth bifid to the common membranous base.
Connivent and slightly twisted . . . Desmatodon, 110.
Erect, not twisted . . . . . Trichostomum, 108.
Teeth entire, short, plants minute . . . . Seligeria, 96.
T 9 T Capsule symmetric, erect.
Teeth bifid to the comman membranous base.
Lid short, conic or beaked . . . . Desmatodon, 110.
Lid elongated, conic. . . . . Trichostomum, 1G8.
[Barbula may be sought here ]
Teeth deeply bifid or cleft to the base, free.
Leaf-cells small, not enlarged at the angles, oblong
above . . . Dicranella, 64.
Leaf-cells small, not enlarged at the angles, roundish
or quadrate above . . . . Cynodontium, 59.
Leaf-cells small, enlarged-quadrate at theangles . Dicranum, 67.
Leaf-cells large, distinct . . . Angstremia, 63.
Teeth cribrose, perforate or slightly cleft
Leaf-cells enlarged-quadrate at the angles.
Capsule broad-pyriform . . . . . Blindia, 98.
Capsule oval to sub-cylindric . . . Dicranoweisia, 57.

31.
36.

36.
36.
30.

30.

30.

33.

38.
38.
36.

38.
38.

30.

30.
31.

29..
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Leaf-cells not enlarged at the angles.
Teeth large, mostly cribrose. p
Pedicel little exceeding the often. hair-pointed

Pedicel long, leaves not hair-pointed.

Teeth small, often truncate or rudimentary.

Leaf-margins revolute or plane.

Leaves densely papillose in the upper part . Didymodon, 104.
Leaves not papillose . . . . . . Pottia, 100.
Teeth entire.
Capsule with a long, thick a.pophysns . . Tetraplodon, 191.
Capsule oval to subcylindric. :
Not ribbed when dry.
Teeth short, leaves entire, narrow . . . ‘Weisia, 55.
Teeth short, leaves serrate, broad . . Syrrhopodon, 185.
Teeth linear-filiform, connate at base . Didymodon, 104.
Teeth narrowly lanceolate, free . . Dicranoweisia, 57.
Ribbed when dry . . Rhabdoweisia, 58.
Capsule short-pynform turbmate when dry ‘
Teeth blunt . . . . . . . . Seligeria, 96.
Teeth acute . . . . . . .- . Blindia, 98.
Capsule pyriform, not turbinate when dry. i
Plants gregarious or subcespitose = . . . Entosthodon, 199.
Plants in deep, compact tufts . . . Mielichhoferia, 214.
- Capsule ovate-globose, lid obliquely long-beaked . Drummeondia, 160.
Capsule globose, lid beakless, small . . . Bartramia, 203.

=+ 4+ ++ Teeth thirly-two.

Teeth cancellate | . . . . . Barbula, 115.

Teeth filiform or lmear, a.lmost terete, arising from a long
or short basilar membrane.
Short, slightly, if at all, twisted.
Leaves subulate or lance-subulate from a broader

base . . . S . . Leptotrichum, 105.
Leaves broader, lid elongated-conic . . Trichostomum, 108.

[Barbula rigidula will be sought here.]

Leaves broader, lid short-conic or short-beaked Desmatodon, 110,
Long, twisted to the left . . . . . . Barbula, 115.

y leaves . . . . Grimmia, 134,
Pedicel long, leaves halr-pomted . . Desmatodon, 110.

Leaves serrate just above sheathingbase .  Eucladinm. !
Leuves entire or crenulate above ... Didymodon, 104.

Leaf margins involuteabove . . . . . Weisia, 55.

19

37.
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51.
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1 E. verticillatum, Br. and Sch.: Renauld a,nd. Cardot: Bot. Gaz., xiv, (1889), 99.
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‘Teeth flat, not from a distinct basilar membrane.

Cells of capsule linear-oblong . . . Dicranodontium, 77.

Cells of capsule irregularly polygonal . . Didymodon, 104.

=+ =+ Teeth not articulate.

++ Teeth four, solid.

Capsule linear-oblong, stems long, conspicuous . . Tetraphis, 186.

‘Capsule ovate, stems very short . . . . Tetrodontium, 187.
++++ Teeth thirty-two or sixty-four.
“Calyptra cucullate:, capsule symmetric or nearly so.
Leaves undulate-crisped when dry, lamelle few (2—8),
straight . . , . . Atrichum, 255.
Leaves sub-tubulose at apex, lamellae undulate or
numerous . . . . . . Oligotrichum, 258.
<Calyptra cucullate, capsule unsymmetric, arcuate in-
curved . . . . . . Psilopilum, 259.
«Calyptra mitrate, densely halry. .
Capsule not angular, teeth 32 . . . . Pogonatum, 260.
Capsule 4—6 angled, teeth 64 . . ., . Polytrichum, 263.
* % Peristome double.
-+— Capsule symmetric, erect.
Teeth almost none, imperfect or rudimentary . Maeromitrium, 178..
Teeth perféct, linear, revolute, capsule smooth . Schlotheimia, 179.
Teeth linear or filiform, dark red or purple, capsule ribbed
and twisted . . . . Encalypta, 180.
Teeth broadly or narrowly trla,ngular-lanceolate pale, cap-
sule ribbed, not twisted.
Leaf-cells at base linear, chlorophyllose . . . Ulota, 160.
Leaf-cells at base hexagono-rectangular, hyaline Qrthotrichum, 164.

Teeth linear, contracted at articulations, capsule smooth,

cylindric . . . . . . . Leptotheea, 251.

—— -+ Capsule unsymmetric, inclined or oblique or pendulous.

++ Inner peristome a plaited cone.

Pedicel thick, red, densely verrucose . . . Buxbaumia, 267.
Pedicel very short, almost none . . . . Diphyscium, 266.

37.

51.

60.

61.

61.
61.
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-2t

++++ Jyner peristome a membrane, carinate or cut into sixteen seg-

ments; these sometimes separated by cilia.

= Cilia very short, rudimentary or none. )

Membrane entire, 16-carinate. . . . Cinelidium, 249.

Membrane latticed or cleft to the base into filiform, appen-
diculate segments. .

Pedicel none or very short, leaves ecostate . Fontinalis, 268.
Pedicel distinct, sometimes long, leaves costate . Dichelyma, 272,

Membrane not cleft to the base.
Segments entire or interruptedly cleft along the mlddle line.

Shorter than the teeth or rudimentary . . Funaria, 200.

Equaling the teeth in length.

Leaves squarrose-recurved from the middle . Paludella, 213.

Leaves not squarrose.
Pedicel long. -
Leaf-cells narrowly rhombic-hexagonal, tending

to linear, leaves narrow . . . . Webera, 215.
Leaf-cells and leaf broader . . . .  Bryum, 228,
Pedicel short, neck long . . . . . Zieria, 240.

Far exceeding the teeth in length. )
Pedicel long, leaf-cells large, pellucid . Amblyodon, 211.

Pedicel long, leaf-cells small, rectangular, chloro-
phyllose . . . . . . . Meesia, 212.
Pedicel short, neck long . . . . . Zieria, 240.
Segments bifid, divisions divaricate.

Leaves lanceolate to subulate, large . . . Bartramia, 203.
. Teaves lanceolate or broader, smaller . . Philonotis, 208."

Segments filiform, united by fours at their tips . Timmia, 254.

= =— Cilia present.

Appendiculate.
Leaves lance-subulate, cells linear . . . Leptobryum, 215.
Leaves broader, cells rhombic-hexagonal . = . . Bryum, 228.
Inappendiculate.

Capsule not ribbed when dry.
Leaves lanceolate, glossy, cells narrowly rhombic-

hexagonal, inclining to linear . . . . Webera, 215.
Leaves ample, soft, oblong, ovate to obovate or
broader, cells round-hexagonal . . . . Mnium, 241.
Leaves narrowly lanceolate, rigid . . Rhizogonium, 250.
Capsule ribbed when dry.
Oblong or elongated pyriform . . . Aulacomninm, 252.
Sub-globose R . . . . . Philonotis, 208.

60..
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Flowers and fruit lateral, in the awils of leaves.
[Fontinalis and Dichelyma may be sought here.]

B. PLEUROCARPI.

1. Peristome single (rarely none), teeth eight or sixteen.
[Species belonging to genera under “ B * * snfra may be sought here.]

Leaves distichous, with broad vertical wing

vFissidens, 81. 34,

Leaves pluriseriate.

Ecostate, abruptly long-acuminate, cells quadrate
except in costal region, distinct
Ecostate, cells linear or rhombic, obscure .
Costate, short acuminate
Costate, obtuse, teeth 8, red
Serrate, capsule emergent
Serrate to ciliate-dentate, ca,psule long-pedlcelled

Habrodon, 296.
Leucodon, 287.
Clasmatodon, 297.
Cryphewa, 275.
Leptodon, 278,
Fabronia, 294.

2. Peristome double, the inner often imperfect.
% Segments none or short, or obscured by adhering to teeth.

-+ Leaves papillose.

Entire, ovate to ovate-lanceolate.
Teeth ciliate-papillose
Teeth not papillose
‘Entire or cristate-serrate, obovate or spa,tulate Pterigynandrum, 288,
Spinulose-dentate to fimbriate (rarely entire) deltoid or

Anomodon, 304.

Serrate, broadly 6va,te Pterogonium, 289,

-+ -— Leaves not papillose.

Capsule straight.

Segments bifid or adherent to the teeth.
Plants small (1-2 cm.), capsules about 2 mm.
Plantslarge (4-6 cm.), capsulesabout 4 mm. Cylindrothecium, 310.

Segments not bifid nor adherent.

Leaves ecostate or obscurely bicostate
Leaves costate
Capsule curved or arcuate

Pylaisaea, 308,

Neckera, 281.
Antitrichia, 290,
Homalothecium, 309.
% % Segments not distinctly keeled, narrow.
-+— Leaves costate.
Cells roundish to oval-rhombic.
Papillose [except in Leskea pulvinata].
Stem and branch-leaves similar
Stem-leaves much smaller than branch-leaves

65.

63.
64.
65.

. 66.
66.

. 66.
65.

67.
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64.

65.
67.

. 66.

Anomodon, 304. 66.
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Not papillose.
Annulus large,compound ., . . . . Cryphea, 275.
Annulus none, leaf-cells minute, obscure . Neckera, 281.

Annulus none, leaf-cells large, distinct Anacamptodon, 296.
Cells linear or vermicular.
) Annulus none . ce . . . Neckera, 281.
Annulus present . . . o . . Antitrichia; 290.
[Cylindrothecium, with leaves obscurely costate, may be sought here.]

' -+ =— Leaves ecostate.

Annulus none e . . . . Neckera, 281.
Annulus present.
Leaf-cells quadrate at basal angles . . Cylindrothecium, 310.
Leaf-cells not quadrate at basal angles . . Orthothecium, 315.

* % % Segments distinctly keeled, gfteh broad.

-+— Capsule symmetric, erect,

[Species of Hypnum with erect or sub-erect capsules will be sought here.]

Leaves papillose.
Plants large, branches erect, dendroid . . . . Alsia, 279.
Plants long, pendent from trees, branches filiform  Meteorium, 286.
Plants small, branches erect, julaceous . . Myurella, 300.

Leaves not papillose.
Leaves costate or ecostate, complanate, ypseudo-dis-
tichous . . . . . . Homalia, 285.
Leaves ecostate, annulus large (none in Cyl. Drummondii).
e Cells quadrate-at basal angles. - - :
Teeth hyaline margined . . . . Platygyrium, 307.

Teeth not hyaline margined . . Cylindrothecium, 310.

Cells not quadrate at basal angles . . Orthothecium, 315.
Leaves ecostate, annulus small, narrow . . . Pylaiseea, 308.
Leaves costate, plants dendroid . . . . Climacium, 313.

<+ = Capsule unsymmetric, often arcuate.

Leaf-cells large, calyptra mitrate.

Leaves mucronate or acute or acuminate s . Hookeria, 292.
‘Leaves obtuse . . .« . . . . Pterigophyllum, 298.
‘Leaf-cells small, calyptra cucullate . . . . Hypnum, 316.

[Climacium Ruthenicum will be sought here.]

.
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ANALYTIC KEYS

TO THE

SPECIES OF MOSSES.

SPHAGNUM,1 p. 12.

N

" L Branches dimorphous, some divergent, some pendent hyaline cells with
Jibrils.

A.. Chlorophyllose cells near one face of leaf, triangular, triangular-
elliptical or trapezoidal in transverse section.

1. C’hlorophyllose cells on the ventral face of leaf; hyaline cells most °
convex on the dorsal face.

a. Branch leaves minutely fringed all around . 8. Portoricense, 22.

b. Branch leaves not fringed.

‘Walls of hyaline cells adjoining chlorophyllose cells fur-
nished with a fringe of rudimentary fibrils - . . S. Austini, 21.
‘Walls of hyaline cells adjoining chlorophyllose cells thickly
papillose . . . . . . . . S. papillosum, 20.
‘Walls smooth. . _
Cortical cells of stem fibrillose. g
Chlorophyllose cells na.rrowly triangular or tnang'ular
elliptical . . . S. eymbifolium, 19.
Chlorophyllose cells very large, equlla,tera.l triangular . 8, affine®.
Cortical cells porose, not fibrillose.
Stem leaves broadest at base . . S. acutifolium, 1.
[S. Wulfianum may be sought here.] '
Stem leaves broadest in the middle . P .. S. molle, 13.
Stem leaves broadest at apex . . . . S. fimbriatam, 4.
Stem leaves of almost equal breadth throughout 8. Girgensohnii,? 3.

18ee Cardot: Révision des Sphaignes de I’Amérique du Nord, in Bull. Soc. roy. de bot. de
Belgique, XXVI.

3 Renauld & Cardot: Rev. Bryol. 1885, p. 44. See also Cardot: Sphulgnes d’Europe in
Bull. Soc. roy. de bot. de Belgique, XXV, p. 51, pl. 2, fig. 9 and 10 and pl. 3, fig. 5.

38, strictum Lindb.

{
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2, Chlorophyllose cells on dorsal face of leaf; hyaline cells most convex
on venlral face.

a. Cortex of stem distinct.

Stem leaves very broad above and strongly fimbriate . 8. Lindbergii, 7.
Stem leaves broadest below.

Branch leaves with narrow border . . ." . S tenellum, 18.
Branch leaves with broad border . . . . S. cuspidatum, 5.
Branch leaves not bordered . . . . PR S. Garberi, 14.

‘ b. Cortex of two layers of small cells, indistinct,
or wanting . . . . . . S. intermedium, 6.

B. Chlorophyllose cells exposed on both faces or included, elliptic in
transverse section.

1. Free on both faces.

Cortex consisting of one layer of ceils.
Branch leaves ovate-acuminate . . . . S. subsecundum, 15.
Branch leaves round ovate . . . . . S. eyclophyllum, 23.
Cortex of more than one layer of cells. '
Stem leaves large, rounded and fimbriate at apex, with
narrow border below.

Branch leaves large, strongly squarrose . . S. squarrosum, 8.
Branch leaves smaller, slightly squarrose at tips . . S. teres, 9.
Stem leaves small, with broad border below . . S. laricinum, 16..

[S. Wulfianum may be sought here.] -

2. Imcluded.
Branches in fascicles of 7—12. . . . . S. Wulfianum, 10..
Branches in fascicles of 8 — 5.
Cortex of 2 or 8 layers, with few small pores or none . §. rigidum, 11..
Cortex of 4 or 5 layers, pores numerous . . S. medium, Limpr.!,

II. Branches uniform, solitary or in pairs; hyaline cells fibrillose; cortical
cells usually in one layer, without pores.

Stem and branch leaves, alike, broadly obtuse, entire or

erose at apex . . R . S. Pyleesii, 26..
Stem leaves oblong or obovate branch leaves narrow,
linear oblong . AN .. c S. Fitzgeraldi, 25.

1 Cardot: 1. c., p, 5.
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TII. Branches uniform, all arcuate:divergent; hyaline cells without fibrils,
those of the branch leaves with one or two ceniral rows of pores.

Hyaline cells of branch leaves with 5—10 poresin one row,
S. macrophyllum, 27,
Hyaline cells of branch leaves with 40—60 pores in two

Tows . . + « « « « « .. 8. Floridanum.!

Of the species enumerated the following are reduced by M. Cardot:

SS. medium, papillosum, Austini and affine are sub-species of S. cymbi-
folium; S. laricinum of S. subsecundum; S. squarrosum of S. teres; S.
Girgensohnii of S. acutifolium. and S. cuspidatum of S. intermedium.

8. rubellum Wils. becomes a variety of S. acutifolium; S. Muelleri
Schimp. is a synonym of S. molle; S. Mendocinum 8. & L. of S. cuspi-
datum; S. sedoides Brid. of S. Pylaesii.

S. cyclophyllum is believed to be an immature state of S. subsecundum,
but is retained in the Key.

ANDREZAEA, p. 25.

Costa 0.
_ Leaves incurved, minute, rotund-obtuse, deeply bi-ventri-
cose . . . . . . . . . . A. parvifolia.?
Leaves spreading or secund, acuminate, not ventricose A. petrophila, 1.
Costate. s
‘Costa vanishing below apex . . . . . A. rupestris, 2.
Costa excurrent . . . . . . A. crassinervium, 3.
ohe ’
MICROMITRIUM, p. 37.
Spores 63 1 diameter, leaves serrate . . . M. megalosporaum, 1.
Spores 25 1 diameter, nearly smooth, leaves serrate above M. Austini, 2.
Spores a little smaller, papillose, leaves nearly entire . M. synoicam, 3.
EPHEMERUM, p. 37.
Leaves not costate . . . . . .ot . E. serratum, 1.

Leaves costate.

Costa ending below or at apex . . . . . E. cohwrens, 6.

1 Cardot: L c., p. 22.
2 Miiller: Flora 1887, 219.
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Costa excurrent.
Seta short, capsule acutely beaked. . . E. stenophyllum, 7.
Seta 0, capsule blunt pointed. '
Leaves gradually long-acuminate, slightly and irreg-

ularly serrate at apex . . . . E. crassinervium, 2.
Leaves with a long hyaline spinulose arista . E. spinulosum, 3.
Leaves papillose both sides - . . . . E. papillosum, 4.
Leaves long-spinulose on both sides . . . . E. hystrix, 5.

SPHZARANGIUM, p. 40.

Leaves papillose on both faces . . . . S. Schimperianum, 4.
Leaves smooth or papillose on back.
Margins reflexed, plants triquetrous . . . S. triguetrum, 3.
Margins almost plane, plants round or tetragonal.
Lower leaves ecostate . . . . . . S. rufescens, 2.
Lower leaves costate . . . . . . . S. muticum, 1.

PHASCUM, p. 41.
Capsule sub-globose, apiculate.

Leaf margins plane or incurved, denticulate . P. Carniolicum, 1.
Leaf margins reflexed, quite entire . . . P. cuspidatum, 2.’
Capsule ovate- or oblong-lanceolate . . . - P. bryoides, 3.

PLEURIDIUM, p. 43.

Inflorescence paroicous.

Costa reaching the obscurely serrate apex . . P. subulatum, 1.
Costa excurrent into a smooth awl-shaped point . P. Ravenelii, 2.
Inflorescence autoicous. “
Upper leaves long subulate. ’
Entire except at apex . R . .  P.alternifolium, 3.
Serrulate from middle upward . . . . P. Bolanderi, 5.

Upper leaves abruptly short pointed . . . . P. Sullivantii, 4.

BRUCHIA, p. 45.!
I. Collum 0.

Seta very short N e . . . B. palustris, 1.
Seta exceeding capsule . e e . B. Beyrichiana, 5.
[B. brevicollis may be sought here.] )

I'This key must be quite imperfect, since the figures are so few, descriptions so imper-
fect and specimens so inaccessible that it is impossible to ascertain the characters in many
instances.
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II. Collum present.
A. Equalling sporangium.

Spores papiliose . . . . . . . . B. Bolanderi, 4.
Spores pitted . . . . . . . B. brevifolia, 12.

B. Shorter than sporangium.

1. Calyptra papillose.

Leaves denticulaté atapex . . . . . . B. Ravenelii, 13.

Leaves denticulate all around . . . . . B. Hampeana, 14,

2. Calyptra smooth.

a. Leaves papillose . . . B. Donnellii, 9.
b. Leaves smooth (subpapillose in B. Sullivantii.)

.

i. Costa not filling the narrowed point.

Synoicous AN . . . . . . B. flexuosa, 2. : “‘t
Monoicous . . . . . . . . B. Sullivantii, 3. ’

il. Costa broad above, filling point.

Capsule immersed . . . . . . . B. brevipes, 11.
Capsule exserted. .
Leavesappressed . . . . . . . . . B. Hallis8.
Leaves spreading.
Seta straight.
Collum more than } spore case . . . . B. Texana, 10.
Collum less than } spore case . . . . B. brevieollis, 6.
Seta geniculate at middle P B. curviseta, 7. . “'

ARCHIDIUM, p. 49.

Autoicous.
Costa reaching to point of leaf . . . . . A. Ohioense, 1.
Costa often long excurrent . . . . . . A. Hallii, 5.
Paroicous.
Leaves serrulate . . . . . . . A. tenerrimum, 2.

Leaves quite entire.

Cells oval or rhombic . . . . A. Ravenelii, 3.

Cells quadrangular or quadrate . . . . A. longifolium, 4.
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ASTOMUM, p. 51.

Capsules often clustered (2-3), oblong-oval . . A. Ludovicianum, 2.
- Capsules solitary. .
Orange, subglobose, leaves crispate when dry . A. Sullivantii, 3.
Orange, oval, leaves not crispate . . . A, nitidulum, var. 4.
Brown, shining, ovoid, leaves not crispate . . A. nitidulum, 4
Brown, globose, leaves crispate . . . . A, erispum, 1

GYMNOSTOMUM, p. 52.

Lid long remaining attached to columella, capsule thick-
walled, with 6-8 rows of transversely elongated cells
at the mouth . . . . @. curvirostre, 3.
1Lid falling early, capsule thm~Wa.lled Wlth 8-4 rows of transversely elon-
gated cells at mouth.
Plants 1-2 mm., high, lid conic . . E . . G. tenue, 4.
Plants 5-10 mm. high, lid subulate, costa 24—35/1 wide
at base with 2 guides ! . . . G. caleareum, 1.
Plants 1-7 cm. high, costa 70 Wlde a.t base, with 4-6
guides' . . . . . . * . . @ rupestre?2.

WEISIA, p. 55.

Inflorescence autoicous.
Teeth more or less perfect or none, capsule wrinkled

lengthwise when dry . . . . . . W. viridula, 1.
Inflorescence dioicous. ‘ ) '
Teeth large, lacunose and bifid, capsule 8-sulcate . W. longiseta, 2.

Teeth truncate, capsule not sulcate . . . . W. Wolfii, 3

DICRANOWEISIA, p. 57.

Leaf cells at base thick-walled, linear (1:6-10) . . D. crispula, 1
Leaf cells at base thin-walled, rectangular (1:2-3) . . D. eirrhata, 2.

RHABDOWEISIA, p. 58.

Leaves minutely denticulate or entire; teeth filiform,

smooth, fugacious . . . . . R. fugax, 1.
Leaves coarsely dentate; teeth lmea,r, obliquely crossed-

striate . . . . . . . . R. denticulata, 2.

1 See explanation under Dicra.qum, p. 3L N
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" OYNODONTIUM, p. 59.

Annulus very narrow and persistent or 0.
Leaf cells conical- to spinous-mamillose.

Teeth not papillose, seta straight . . . . C. Sechisti, 1.
Teeth papillose, seta often arcuate when moist . C. gracilescens, 2.
Leaf cells not mamillose, papillose over partitions . . C. virems, 4.
Annulus distinct, revoluble . oo . C. polyearpum, 3.

DICHODONTIUM, p. 61.

Costa vanishing below apex, seta yellow. . . . D: pellucidum, 1. :
Costa percurrent, seta red . . . . . . D. Canadense, 2

TREMATODON, p. 62.

Collum equalling or somewhat exceeding the oval-oblong !
sporangium . . . . . . . T. ambiguum, 1. L
Collum greatly exceeding the cylindric sporangium . T. longicollis, 2.

DICRANELLA, p. 64.

1. Cells of the exothecium rectangular-quadrate; seta red; custa usually
' broad and indistinet below.

A. Leaves not sheathing, erect-spreading.

Costa percurrent or excurrent.
- Annulus 0, peristome papillose.

Capsule cernuous, curved . . . . . . D. varia, 6.
Capsule erect, symmetric . . . . . D. rufescens, 7.
Annulus present, peristome not papillose . . . D. parvula.!
Costa ceasing within the apex, annulus large, simple . D. debilis, 8.

B. Leaves, from a sheathing base, squarrose.

Broad, obtuse . . . . . . . . D. squarrosa, 4.
Abruptly subulate.
Capsule striate, substrumose, leaf apex entire . D. Grevilleana, 2.
Capsule not striate nor strumose, leaf apex serrulate . D. Schreberi, 3.

1 Kindberg: Bull. Torr. Bot. Club xvi (1889) 91,
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II.  Cells of the exothecium prosenchymatous; seta often yellow; costa nar-
row and well defined below.

A, Seta red.

Leaves, from a sheathing base, squarrose . . . . D. erispa, 1.
Leaves not sheathing nor squarrose. )
Mostly erect, capsule cernuous . . . . . D. subulata, 9.
Secund, capsule erect . . . . . . . D. eurvata, 11.

B. Seta yellowish.

Capsule symmetric, erect . . . . . . D. Fitzgeraldi.*
Capsule cernuous. :
Stramose . . . . . . . . . D.ecerviculata, 5.
Not strumose . . . . . . . . D. heteromalla, 10.

DICRANUM, p. 67.

In this genus the structure of the costa is of diagnostic value. Ifiseither
composed of similar cells (homogeneous), or composed of large parenchyma.
cells and small sclerenchyma cells (stereides). The large parenchyma
- cells (““ Deuter ” of Lorentz?: here translated guides) form a row (seldom
double) in the middle of the costa, touching each other tangentially. They
are comparatively large, but little thickened and either empty or starch-
bearing.?

I. Monoicous, stems radiculose only at base; costa long excurrent, homo-
geneous.

Capsule erect, not strumose. .
+Striate and furrowed when dry . . . D. hyperboreum Miil.*

Neither striate nor furrowed when dry . . . D. fulvellum, 1.
Capsule cernuous, strumose.
Leaf cells not papillose, capsule oblong-cylindric . D. Starkei, 2.

_ Leaf cells with, papillee over the partitions, capsules short ovate.
Leaves falcate-secund e e e . D. falcatum, 3.
Leaves spreading . . . . . . . . D. Blyttii, 4.

1 Renauld & Cardot: Bot. Gaz., xiii (1888) 197. pl. XIII.

3 Pringsh. Jahrb, f. wiss. Bot., vi. 874.

3 Cf. Limpricht: Die Laubmoose, p. 23. .

4 Barnes: MSS.; var. papillosum, Renauld & Cardot: Bot. Gaz. xiv. (1889). 91.
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II. Dioicous, stems sub-radiculose above, costa flat, equalling or broader
than the 2—4-stratose lamina whose superficial cells are without
chlorophyll, capsule erect, regular.

Costa not furrowed at back,smooth . . . .  D. albicans, 11.
Costa furrowed and toothed at back . . . D. longifolium, 10.

II. Dioicous, stems radiculose (often densely), costa with median g’dides.

A. Capsule cernuous, more or ‘less arcuate.
1. Leaf cells pitted.
_a. Costa not reaching the apex, leaves transversely dndulate.

Leaf cells above elongated, smooth.

Costa serrate on back, not lamellose. ) )
Capsules solitary (rarely 2), annulus 0 . . . D. palustre, 19.
Capsules clustered, annulus large, simple . . D. Drummondii, 22.

Costa with serrate lamellese. )

Capsules clustered, perichactial leaves differentiated D. undulatum, 23.
Capsules solitary (?), perichaetial leaves like others D. dipteroneuron.!
Leaf cells above isodiametric, irregular. .
Smooth at back . N . . . . . D. Schraderi, 20.

Papilloseatback . . . . . . . .  D.spurium, 21

b. Costa percurrent or excurrent, leaves not undulate.

[D. palustre may be sought here.]

‘Guides in two rows . . .« .+ « .« . D majus, 18
Guides in one row.
Perichatial leaves abruptly subulate . . . D. scoparium, 17.
Pericheetial leaves gradually subulate . . . . D. Howellii.?

2. Leaf cells not pitted or faintly so.
a. Capsules cerndous, curved.

i. Leawves quite entire, subulate.

Points very brittle and mostly broken . . . D. fragilifolium, 16.
Pointsnotbroken . . . . . . . . D. elongatum, 12.
ii. Leaves entire, upper obtuse . D. Groenlandicum, Brid.3

Lower cells rectangular (1:2-8) . . . . D. Miguelonense.*

1 Miiller: Flora, 1887. 221.

2Renauld & Cardot: Bot. Gaz. xiv (1889) 93, pl. XII.

3Syn. D. tenuinerve, Zett. —Renauld & Cardot: FIl. Miq. 42 (1888); Bot. Gaz. xiv.
{1889) 99.

+Renauld & Cardot: F1. Miq. 42 (1888); Bot. Gaz. xiv. (1889) 93, pl. XII.
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iil. Leaves serrulate.

Upper cells very irregular.
‘Weakly papillose over partitions, capsule not striped,
' D. congestum, Brid.! 13. R
Not papillose, capsule striped.
Inner perichetial leaves obliquely truncate to a short

serrate subula . . . . . D. Muhlenbeckii, 14.
Inner perichsetial leaves na,rrowed to thong-shaped
point . . . . . . D. rhabdocarpum, 15.

Inner perichaetial lea.ves rounded with a short subula,
D. sabuletorum.?

Upper cells regular, quadratic . . . . . D. fuscescens,? 13.

b. Capsule erect, symmetric.

Costa without stereides . . . . . . . D. strictum, 5.
Costa with two stereide bands.
Lamina above of two layers.

Margin and costa serrulate . . . . . . D. fulvum, 9.
Entire, apex usually broken' . . . . . . D. viride, 7.
Lamina throughout of one layer.
Upper cells rectangular and mamillose . . D. montanum, 6..
Upper cells less regular, not mamillose . . . D. flagellare, 8.

D. leioneuron and D. stenodictyon of Kindberg, Ottawa Nut. ii (1889) 155-
and Bull. Torr. Bot. Club xvi (1889) 92, are species of uncertain relations.
I have not seen authentic specimens, and the descriptions are too meager-
to enable me to form any judgment.

CAMPYLOPUS, p. 77.*

I. Costa smooth at back.
A. Auricles none.
[C. gracilicaulis may belong here.]

Upper leaves with hyaline points . . . . . C. Henriei. *®
Upper leaves without hyaline points . . . . . C. Leanus, 4.

1 D. fuscescens of Manual.

2Renauld & Cardot: Bot. Gaz. xiv (1889) 91, pl. XII.

3This is var. longirostre and var. angustifolium of Manual.

4The genus is greatly in need of revision, with a view to discovering differential struc-
tural characters of the leaves. The few figures and meager descriptions render the key un ~

certain in many points.
5 Renauld & Cardot: Bot. Qaz. xiii (1888) 197, pl. XIV.
3—A. & L.
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B. Auricles present.

No lamina except small colored auricles . . . . C. Hallii, 5.
Lamina distinct. ’ :
Perichaetial leaves concolorous.
Auricles brown.
Deeply concave . . .. . . . C. flexuosus, 1.
Plane, decurrent . . . . . . C. Tallulensis, 2.
Auricles whitish, large.

Leaves serrulate at apex . . . . C. subleucogaster, 7.
Leaves spinulose serrate at apex . . . . C. Donnellii, 8.
Auricles dirty red . . . . . . . C. augustiretis, 11.

Perichatial leaves with hyaline points (may include 8
and 11 above) . . . . . . . C. gracilicaulis, 10.

II. Costa scabrous or lamellose at back.

Leaves with pellucid hair points . . . . . (. introflexus, 3.
Leaves not hair pointed.
Alar cells round, lamina 0 . . . . . . C. frigidus, 6.
No auricles . . . . . . . . . C. Virginicus, 9. *

FISSIDENS, p. 81 (incl. Conomitrium, p. 89.')

1. (EUFISSIDENS.) Plants terrestrial or submersed but mot -floating;
leaves soft, of ome layer of cells.
A. Pruit terminal.
1. Monoicous, male flowers awillargj.

Leaf-cells small, densely chlorophyllose, in distinct rows F. limbatus, 5.

Leaf-cells larger, not densely chlorophyllose, nor in dis-
tinct rows . . . . . . . . F. bryoides, 2.

2. Dioicous or monoicous with the male flowers terminal on a rooting
branch at the base of the female stem.

a. Leaf-cells 13-2 times as long as wide, large, distinct.

Plants less than 1 mm. high, leaves two or three pairs F. Closteri, 1.
Plants 2-4 mm. high, wholly hyaline, leaves 3-5 pairs F. hyalinus, 9.

1 See Barnes: Bot. Gaz. xii (1887) 1.
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b. Leaf-cells almost or quite isodiametric, often obscure.

Leaves with a narrow border, at least on vaginant lamina.
Marginal leaf-cells not papillose . . . . . F. incurvus, 3.
Marginal leaf-cells papillose.
Costa percurrent . . . . . . F. Ravenelii, 13.
Costa ceasing below apex . . . . . . F. Garberi, 15.
Leaves without a border.
Acute, cells densely chlorophyllose, obscurely papillose F. Donnellii, 14.
Obtuse, cells pellucid, operculum conic . . F. obtusifolius, 17.
Apiculate, operculum with acicular beak .. . F. osmundoides, 18.
Leaves with a thick reddish border Plants. submersed,
rigid . . . . . . . . F. rufulus, 8.1

B Pruit lateral.

1. Leaves without a border.

Obtuse, entire, plants 2-5 cm. high, fruit sub-terminal F. polypodioides, 23.
Rounded at apex, irregularly serrate, 1-2 cm. high, fruit

sub-basal . . . . F. sub-basilaris, 22.
Mucronate, regularly serrula,te, frult basa.l or sub-basal F. taxifolius, 20.

2. Leaves bordered by several rows of paler, often incrassate, cells.

Capsule cernuous, leaf-cells minute . . . . F. Floridanus, 7.
Capsule erect or inclined, flowers dioicous, leaf-cells ob-
' scure . . . . F. decipiens, 19.
Capsule erect or mchned ﬂowers monoicous, lea,f-cells dlS-
tinct . . . . . . . . F. adiantoides, 21.

II. (PACHYFISSIDENS.) Leaves rigid, composed of more than one
layer of cells, opaque.

Plants growing in water or very wet places . . F. grandifrons, 24.

I

III. (OCTODICERAS.)* Plants aquatic, filiform, fioating.

Plants large, much branched, pedicel shorter than the

capsule . . . F. Julianus, C. 1.
Plants small, little branched pedlcel longer than the cap-

sule . . . . . . . . F. Hallianus, C. 2.

1 F. ventricosus, Lesq.
2 Conomifrium of Manual,
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In the Revision of N. A. species of Flssldens,l FF. inconstans, exiguus
and minutulus were reduced to F. incurvus, the two latter forming varie-
ties. FF. bryoides var. ceaespitans, crassipes, Hallii and Texanus are rel-

egated to the list of doubtful species.
Two species have recently been named by Renauld and Cardot? as oc-

curring in the U. 8., FF. Bamberger: Schimp. and viridulus Wahl. The
first of these I regard as a form of F. incurvus; the second is possibly a
sub-species of the same. It may be known by its thin-walled capsule, with
the peristome inserted below the mouth. Neither are worthy of a distinct
place in the key.

LEUCOBRYUY, p. 90.

Capsule apparently lateral (by innovations), leaves erect-

spreading, oblong lanceolate . . . . L. vulgare,?® 1.
Capsule exactly terminal, leaves squarrose, very short and
very broad . . . o . . . L. sediforme, 2.

CERATODON, p. 92.

Stems 2-3 (sterile often 10) cm. long, teeth articulate for %
length . . . . C. purpureus, 1.
Stems 5 mm. long, teeth artloulate to mlddle . .. C.minor, 2.

TRICHODON, p. 92.

Cells of leaf base linear, above rectangular . . . T. eylindricus, 1.
Cells of leaf base rectangular (1:2-4), above quadrate . T. flexifolius.*

DISTICHIUM, p. 93.

Capsule erect, spores 17-20 . . . . . D. capillaceum, 1.
Capsule cernuous, spores 30-44 & . . . . . D. inclinatum, 2.

SELIGERIA, p. 96.

Seta straight when moist.
Leaves sharp-pointed, cells above rectangular, spores

10-14 p . . . . S. pusilla, 1.
Leaves blunt-pomted cells a.bove quadra,tlc, spores
14-18 u . . . . . . . . . S. calcarea, 2.

1 See Barnes: Bot. Gaz. xii (1887) 1.

2 Bot. Gaz. xiv (1889), 9.

3 I,. minus cannot be separated. L. vulgare varies from 3 to 20 cm. in height and good
fruit can be found in the same tuft from December to August.

4 Renauld & Cardot: Bot. Gaz., xiv, (1889) 94, pl. XIII.
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Leaves mostly blunt-pointed, cells rectangular, spores
24-32 4 . . . . . . . . S. tristicha, 4.

Seta arcuate when moist . e . . . S.recurvata, 3.

PCTTIA, p. 100.

I. Peristome 0 or rudimentary.

Costa with 2-4 lamellee above . . . . . P. cavifolia, 1.
Costa not lamellate. ’
Leaf-margins more or less revolute.

Lid conic obtuse, spores echinate . . . . P. minutula, 2.
Lid rostellate, spores papillose.
Calyptra smooth . . . . . . . P. truncata, 3.
Calyptra scabrous . R . . . . P. Wilsoni, 4.
Leaf-margins plane or involute.
Lid abruptly rostrate, leaves sharply serrate above . P. Heimii, 5.
Lid conic, leaves distantly denticulate above . . P. riparia, 6.

Lid conic-subulate, leaves slightly crenulate above . P. Barbula, 7.
II. Peristome distinct.

Leaves oblong-lanceolate, margins revolute . . . P. Starkeana, 8..
Leaves rounded or round-spatutate, margins plane . P. latifolia, 9.

DIDYMODON, p. 104.

Leaf cells throughout quadratic . . . . . D. luridus, 2.
Leaf cells below rectangular. )
Leaf base reddish, margins above revolute . . . D. rubellus, 1.
Leaf base hyaline, marginsplane . . . . D.cylindrieus, 3.

LEPTOTRICHUM, p. 105.

Dioicous.
Leaves slightly twisted.
Stem leaves spreading, pericheetial leaves hardly

sheathing . . . . . . . . L. tortile, 1.
Stem leaves imbricate, perichzetial leaves long sheath-
ng . . . . . . . . . R L. vaginans, 2.
Leaves not twisted.
Plants short (1-2 cm.), not radiculose . . . L.homomallum, 3.

Plants long (to 10 cm.) densely radiculose . . L. flexicaule, 4.

’
K
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Monoicous.
Plants short (5 mm.)
Teeth cylindric, nodose-articulate, leaves spreading . L. pallidam, 5,
Teeth flattened, linear, trabeculate, perforate, leaves )
secund . . . . . . . . L. Schimperi, 6.
Plants longer (2-8 cm.), glaucous . . . . L. glaucescens, 7.

.

TRICHOSTOMUM, p. 108.
I. Lamina composed of one layer of cells, papillose.

Margin reflexed or undulate, entire.
Annulus 0 . . . .. . . . T. tophaceum, 1.
Annulus large, compound . . . . . . T. pyriforme, 2.
Margin plane or incurved.
Costa reaching apex or excurrent; serrate above. -
Base of leaf yellowish, with thick walled rectangular

cells . . . . . . . . . T. erispulum, 3.
Base of leaf hyaline.

Abruptly mucronate or obtuse, with long papillee T. flavo-virens, 4.
Gradually acuminate, papillse low . . T. nitidum, Sch.?
Costa ceasing far below apex; entire . . . T. Coloradense.*

II. Lamina of two layers, upper surface mamillose, lower smooth.

Peristome not twisted, seta arcuate or variously bent . T. flexipes, 5.
Peristone twisted, seta subflexuous . . . . T. anomalum, 6.

DESMATODON, p. 110.

L. Capsule erect or nearly so.
A. Leaves without a hyaline or thickened border.
1. Not papillose . , . . D. systilius, 2.
2. Papillose.
a. Costa excurrent into a hair.

Capsule oblong (1:2 or 1:3 excl. lid), 16 teeth divided nearly or quite to base.

Plants of mountainous regions; calyptra reaching base®
of capsule . . . . . . . D. latifolius, 1.
Plants of lowlands; calyptra reaching half way to base
of capsule . . . . . . . . D .Guepini, 10.

1 Renauld and Cardot: Bot. Qaz. xiv (1889), 99.
2 Appendix, p. 413,
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Capsule cylindric (1:5-6); teeth divided half way or entire.
[D. obliquus may be sought here.]

Dioicous . . . . . . . . D. plinthobius, 6.
Monoicous . . . . . . . . D. Neo-Mexicanus, 7.
b. Costa vanishing at apex or forming a short point.

Leaves hyaline £ of their length . . . . D. obtusifolius, 9.
Leaves hyaline only at base.
Margins revolute.

Capsule long cylindric, leaves crenulate . > D. arenaceus, 3.
Capsule elliptic, leaves entire- . . . . . D. nervosus, 8.
Margins inflexed above . . . . . . . D. Garberi, 4.
B. Leaves with a pellucid border. . . D. Porteri, 5.

II. Capsule nodding or pendent.

Leaves with a thickened border below.

Seta straight, capsule nodding or horizontal . . D. cernuus, 11.
Seta reflexed, capsule pendent . . . . D. Laureri, 18.
Leaves without a border . : . . . . . D. obliquus, 12.

BARBULA, p. 115.

I. Leaves with jointed dichotomous filaments on the costa.

Costa broad (3 leaf) flattened, leaves thick, rigid . . § I. Aloidellze.
Costa narrow, round, leaves thin, broad . . . § II. Chloronote.

II. Leaves not filamentose.

Teeth from a low membrane, scarcely projecting from the
mouth [excl. B. brevipes].
Plants small.
Leaf cells distinct R . . . . § I11. Cuneifolize.
Leaf cells small.
Perichaetial leaves little different from the foliage,
§ IV. Unguiculate.

Perichatial leaves long sheathing or convolute . § V. Convolute.
Plants robust |excl. B. ceespitosa].
Leaves entire; stems radiculose . . . . § VL. Tortuos:.
Leaves serrate, stems not radiculose . . . § VII. Squarrosea.
Teeth from a high tesselated membrane . , § VIII. Syntrichize.
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§ 1. Aloidellse.

Synoicous . . . . . . . .o B. brevirostris, 1
Dioicous.
Annulus broad, revoluble, calyptra reaching the middle :
of the capsule . . . . B. rigida, 2
Annulus small, persistent, calyptra. barely covering the
lid . . . . . . . . . . B. ambigua, 3.

§II. Chloronotee.

Leaves with hair points.
Tip of leaf hyaline . . . . . . B. membranifolia, 4.
Tip of leaf concolorous. .
Hair smooth, leaves acute or somewhat obtuse . B. chloronotos, 5
Hair serrate, leaves rounded obtuse . . . . B. Henriei.!
Leaves without hair points .+ . . . . B.Manniw’®
§III. Cuneifolise.
g Ll
‘ Leaves bordered by 24 rows of thickened cells . . B. marginata, 8.
Leaves bordered by 1 row of round yellowish cells with
prominent papillee, aristate . . . B. Vahliana, 7.

Leaves with a broad yellowish border, not pomted B. Egelingi Schliep.?
Leaves without a border.

Costa excurrent into a hoary hair . . . . B. muralis, 12.
Costa forming a short point or ceasing below apex.
Leaf cells smooth . . . . . B. cuneifolia, 6
Leaf cells papillose [incl. B. amplexa ?]
Peristome membrane long . . . . . B. brevipes, 11. i
Peristome membrane short. A
Inner perichaetial leaves short . . . B. Bolanderi, 9. w
Inner perichatial leaves long-sheathing, abruptly
reflexed . . . . . . . . B.amplexa,10.

§IV. Unguiculatee.
[B. ceespitosa may be sought here.]

1. Peristome 0. . . . . . . . B. rubiginosa, 28

1Rau: Bull. Washb. Coll. Lab. i (1886), 172.
2 Miiller: Flora 1887, 222.
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.
II. Peristome present.

A. Teeth straight or scarcely twisted.

Nodose, separate . . . . . . B. rigidula, 22.
Cancellate . . . . . . . . B. cancellata, 19.

B. Teeth plainly twisted.
1. Leaves blunt or mucronate by the excurrent costa.

Leaves short, ovate, the very apex obtuse.
Capsule cylindric, calyptra reaching middle . B. brachyphylla, 20.
Capsule ovate, calyptra reaching base . . . B. purpurea, 21.
Leaves longer, narrower, sharp pointed.
Cells at base rectangular and pellucid.
Capsule oblong-elliptic to sub-cylindric, sub-incurved,
B.unguiculata, 13.
‘Capsule oblong, small, erect . . . . . B. Jooriana, 14.
Cells at base quadrate, chlorophyllose . ; . B. Cruegeri, 18.

2. Leaves gradually pointed.
a. Leaves not papillose [incl. B. artocarpa ?]

Annulus none . . . . . . B. gracilis, 381.
Annulus large, simple, pers1stent . . . . B. artocarpa, 30.

b. Leaves papillose.

i. Cells at base roundish, quadrate or short- rectangular.

Annulus 0.
Costa 70 # wide at base and tapering gradually . B. fallax, 15.
Costa 50 x wide, of equal breadth to middle . B. recurvifolia, 17.
Annulus pale, compound . . . . . . . . B. elata, 27.

ii. Cells at base rectangular, often elongated.
[B. fallax may be sought here.]

Leaves erect-incurved, imbricate when dry.
Cells above 5-7 1 diameter . . . . . B. vinealis, 23.
Cells twice as large . . . . . B. virescens, 25.
Leaves squarrose-spreading or reﬁexed tw1sted when dry.
Perichatial leaves open, sheathing only at base, revolute

on edges . . . . . . B. subfallax, 16.
Perichatial leaves half sheathmg
Annulus simple, narrow, persistent . . . B. semitorta, 29,

1In Lesq. & James® Manual, p. 126, in note under B. semitorta. read “Comparable to
B. vinealis » instead of B.brachyphylla. See Pacif. R. R. Rept., iv, 186.
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Annulus double or triple.

Cells 5-7 1 in diameter % B. cylindrica, 26.

B. flexifolia, 24.
Cells twice as large . . . . . . B. virescens, 25.

Nos. 28, 24, 25, 26, with possibly 29, are doubtless forms of one species,
so that the key will probably break down here.

§ V. Convolutee.

Leaves involute on margin.

Aristulate by excurrent costa . . . . . B. agraria, 34.
Acute or submucronate . . . . . . B. Donnellii, 36.
Leaves plane on margin or recurved.
Capsule costate when dry . . . . . . B. Ranui, 35.
Capsule smooth.
Leaves acute, costa percurrent . . . . B. convoluta, 32.
- Leaves with hyalinepoint . . . . . B. Closteri, 33.

§ VI. Tortuosee.

Leaves long linear, acute, abruptly mucronate . . B. emspitosa, 37.
Leaves very long acuminate, cuspidate.
Twisted crispate when dry, above of one layer of ce]ls B. tortuosa, 38.
Not crispate, brittle, two layers of cells above . . B. fragilis, 39.

§ VII. Squarrosse.

Includes but one species . . . . . . B. squarrosa, 40.

§ VIII. Syntrichiee.

[B. brevipes may be sought here.]
I. Leaves with a border of thickened cells.

Marginal cells elongated . . . . . . . B. subulata, 41.
Marginal cells roundish . . . . . . . B. levipila, 44.

II. Leaves mot bordered.

Cells smooth . . . . . . . . B. mueronifolia, 43.
Cells papillose.
Monoicous.

Costa percurrent B. inermis, 42.

| B. subulata var. mutica, 41.
Costa excurrent into a long (mostly smooth) hyaline
hair . . . . . . . . . B. Imvipila, 44.
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Polygamous, costa excurrent into a hyaline spinulose hair B. Muelleri, 48.
Dioicous.
Costa percurrent or ceasing below apex . . . B. latifolia, 45.
Costa short-excurrent, clothed above with gemmae B, papillosa, 47.
Costa naked, excurrent into a hyaline, spinulose hair.

Hair red at base, upper leaves acute . . B. megalocarpa.?
Hair white throughout, upper leaves rounded or )
emarginate . v . . . . . . B. ruralis, 46.

GRIMMIA, p. 134.

Seta shorter than the capsule.
Straight, capsule symmetric. :
Lid falling with columella . . . . . § L Schistidium.

Lid persistent on columella . . . . . § IL. Scouleria..
Crooked, capsule ventricose .. '8 II1. Gasterogrimmia.
Seta longer than capsule.
Arcuate . . .+ . .+ +« . « . §IV. Eugrimmia.
Straight . e e . . . . § V. Guembelia..

§ I Schistidium.

N\
Leaves with hyaline points (excl. vars. of 1 and 8)

Perichaotial leaves obtuse, in lower § cells large . G. platyphylla, 4.
Perichaetial leaves hair pointed.
Capsule oblong . . . . N . . G. ambigua, 2.
Capsule ovate-globose.
In small dense cushions, soft, lurid green . G. conferta, 1..
In lax cushions, coarse, fuscescent . . . G. apocarpa, 3.

Leaves muticous.
Margins plane.

Coarsely dentate at apex . . . . . . 6. Agassizii, 5.
Entire at apex . . . . . . . . G. maritima, 6.
Margins recurved or rexlrolute . . . . { g ﬁ(ﬁggﬁﬁ % vars.
§II. Scouleria.
Includes but one species . . . . . . * G. Seouleri, 7.
§III. Gasterogrimmia.

Peristome 0, lamina bistratose near apex . . . . . anodon, 8.
Peristome present, lamina unistratose throughout . G. plagiopoda, 9.

1Kindberg: Bull. Torr. Bot. Club, xvi (1889), 92.
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§IV. ERugrimmia.

Capsule costate when dry.‘

Leaves homomallous-falcate when dry . . . . hamulosa, 12.
Leaves spirally twisted on stem when dry . . G. torquata, 13.
Leavesincurved-cirrhate when dry . . . . G. contorta, 11.
Leaves imbricate or slightly twisted when dry.
Hair point rough, capsule obscurely costate . G. Muhlenbeckii, 14.
Hair point smooth, capsule strongly costate.
Laxly pulvinate-cespitose, dioicous . . G. trichophylla, 16.
Densely pulvinate, monoicous . . . . G. pulvinata, 10.
Capsule not costate (or obscurely) when dry. -
Leaves falcate-reflexed when moist . . . . G. Watsoni,15.
Leaves not reflexed. )
Margins plane, capsule elliptic, collum 0 . . . G. Olneyi, 17,

[G. Muhlenbeckii may be sought here].
Margins reflexed.
Capsule subpyriform, collum distinct, leaves not
gemmiferous . . L G. Californica, 18.
Capsule oval-oblong, upper leaves gemmnferous G. Hartmani, Sch.?

A sterile species, Grimmia arcuatifolia, probably belonging to this section
has been described by Kindberg in Bull. Torr. Bot. Club, xvi (1889), 93.
1t resembles G. Watsoni in the reflexed leaves.

§ V. Guembelia.

Lamina above 2-4-stratose. .
Calyptra cucullate.
Leaves hair pointed . . . . . G. commutata, 25.
Leaves not hair pointed, rather blunt . . . G. unicolor, 28.
Calyptra mitrate.
Leaf margins plane . . . . . . G. leucophea, 22.
Leaf margins recurved. '
‘Walls of basal cells sinuate . .. ©.Pennsylvanica, 22.
‘Walls of basal cells smooth . . . . . G. ovata, 21.
‘Only the margin 2—4-stratose.
Leaves muticous or hyaline, apiculate . . G. Coloradensis, 20.
Leaves hair pointed.
Annulus 0.
Calyptra mitrate, covering whole capsule . G. calyptrata, 23.
Calyptra cucullate . . . . . . G. montana, 26.

1 Mrs. E. G. Britton, Bull. Torr. Bot. Club, xvi (1889), 340.
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Annulus present.
Cells of leaf base elongated (1:4 to 1: 8) .
Cells of leaf base short (1:2) . RN

G. Donniana, 19.
G. alpestris, 27.

Grimmia Mannice, apparently of this section, is described by Miiller (Flora
1887, 223), from California. Mrs. E. G. Britton is of opinion that it is only

@. alpestris Schleich.

RHACOMITRIUM, p. 147.

I. Branches fastigiate.
[

Leaves with a short hyaline point
Leaves muticous.
Costa with 2-4 lamellse at back
Costa not lamellose.

R. Sudeticum, 5.

R. patens, 1.

Leaves with large quadrate cells at the basal angles,

decurrent . .
Leaves not auricled nor decurrent.
Obtuse.
Perichaetial leaves costate, seta long
Perichaetial leaves ecostate, seta short

. . R. depressum, 3.

R. aciculare, 2.
R. Nevii, 4.
R. Macounii, 1.

Acute
II. Branches fasciculate.
A. Leaves muticous.
Cells elongated above. '

Cells quadratic above

[R. canescens may be sought here.]

B. Leaves with a hyaline point.

Cells linear throughout lamina
Cells quadratic above.

Strongly papillose both sides

Smooth (except at the point).

Hyaline point denticulate . .

[R. ca var. lut

R. fasciculare, 7.
R. varium, 8.7

R. microcarpum, 9.
R. canesecens, 11.

R. heterostichum, 6.

and R. varium may be sought here.]

Hyaline point strongly erose-serrate and papillose R. lanuginosum, 10.

1 Kindberg: Bull. Torr. Bot. Club, xvi (1889), 93.

2 R. Oreganum Renauld and Cardot: Bot. Gaz., xiii (1888), 198, pl. XV, is this species

(fide J. Cardot in lilt.), which seems to be R.

Tart,

s L. and J.; fide

Mrs. E. G. Britton in litt.

, Var.
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COSCINODON, p. 154.

‘Costa not entering the hyaline point which isless than the

leaf in length.
Dioicous, leaves oblong lanceolate . . . . C. pulvinatus, 1.
Autoicous, leaves obovate . . . . C. Raui, 3.
Costa, forming a rough hyaline point tw1ce as long as the
leaf . . . . . . . . . C. Wrightii, 2

PTYCHOMITRIUM, p. 156.
.
Plants large (3 cm. +), leaves acuminate, sharply dentate P. Gardneri, 1.
Plants small (1 cm. —), leaves not acuminate, nearly or
quite entire.

Collum 0.
Teeth subulate (1:10), entire . . . .~ . P.ineurvam, 2.
Teeth lanceolate (1:4), bi- or trifid . . . P, Drummondii, 3.
Collum equalling one-third sporangium oo . P. pygmaum, 4.
AMPHORIDIUM, p. 158.
Leaf margins plane, entire . . . . .~ A. Lapponicum, 1.
Leaf margins recurved or revolute.
Leaves remote, recurved-spreading, serrate . A. Sullivantii, 4
Leavesclose.
Costa excurrent, seta arcuate . . . . A. Californicum, 3.
Costa vanishing below apex.
Entire . . . . . . . . . A. Mougeotii, 2.
Serrulate . . . . . . . . A. cwmspitosum, 5.

ULOTA, p. 160.
I. Leawves rigid, not crispate when dry.

[U. Drummondii may be sought here.]

Costa percurrent . . . . . . . U. Hutchinsiz, 9.
Costa ceasing below apex . . . . . . U. Barelayi, 10.

II. Leaves crispate when dry.

Upper leaves tipped with gemmsae . . . U. phyllantha, 8.
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Upper leaves not bearing gemmaze.
Dry capsule costate only at narrow mouth . . U. Ludwigii, 2.
Dry capsule costate its whole length.
' Stems creeping, leaves slightly crispate, peristome

simple . . . . . . . . U. Drummondii, 1.
Stems not creeping, leaves strongly crispate, peristome
double. 4
Mouth of capsule contracted . . . . U. Bruchii, 4.
Mouth of capsule not contracted.
Tufts brown, on rocks . . . . . U. curvifolia, 3.
Tufts green, on trees.
Capsule contracted below the mouth . . . U. erispa, 5.
Capsule not contracted below the mouth . U. erispula, 7.

U. Americana of Mitten (no. 6), is allied to the last two species, and I
am unable to see wherein it differs in any features which can be used in
h a key. -

ORTHOTRICHUM, p. 164.

I Leaves obtuse.

Margins plane, stomata superficial . . . . 0. obtusifolium, 31,
Margins revolute. '
Peristome simple, on rocks . . . . . 0. Jamesianum, 32.
Peristome double, in water . . . . . . 0. rivulare, 30.

II.  Leaves with hyaline points.

Plants large (-8 cm.) - . . . . . . . 0. Pringlei, 1.
Plants smaller (about 1 cm.).
Teeth equidistant, cilia of 1 row ef cells . . 0. diaphanum, 28.
Teeth bigeminate, cilia of 2 rows of cells . . . 0. eanum, 29.

IIT. Leaves acute, without hyaline points, margins revolute or recurved.

A. Stomata superficial.

1. Peristome simple.
[00. Texanum and rupestre may be sought here.]
Capsule wholly exserted, smooth when dry.
Defluent into seta . .. . . . . 0. levigatum, 2.
Abrupt at base . . .. . . . . 0. Douglasii, 6.

1 Miiller: Bull. Torr. Bot. Club., xiii (1886), 120. But July 18, 1888, he writes: * Mein 0.
Pringlei ist forma longifolia crispata papillosa von O. Lyellii, und anderer mal 0. papillosum
und 0. Pacificum Hampe*’! — fide Mrs. E. G. Britton.

9 *
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Capsule immersed or emergent.
Leaves densely papillose . . . . . . 0. Sturmii, 4.
Leaves almost smooth . . . . . . . 0. bullatum, *.
2. Peristome double.
[00. lzevigatum and Sturmii, may be sought here.]

a. Capsule entirely smooth.

Immersed, papille simple . .. . . . . 0. leiocarpum, 25.
Exserted, papillee bifurcate . . . . . 0. Kingianum, 15.

b. Capsule strongly costate.

Leaves beset with clavate gemmee . . . . . 0. Lyellii, 83,
Leaves not gemmiferous. )
Teeth erect when dry, cilia 16 . . . . 0. Texanum, 5.

Teeth reflexed when dry (O. brachytnchum ?), cilia 8.
Capsule (incl. collum) subcylindric.

Leaves acute, papillee simple or bifurcate, salient - . O. affine, 10
Leaves apiculate, minutely papillose . . 0. brachytrichum, 18.
Capsule obovate . . . . . . . . 0. sordidum, 14.

e. Capsule ribbed only near mouth.

Peristome opaque, very papillose, reflexed when dry 0. speciosum, 12.
Peristome opaque, transversely lineolate, reflexed - when

dry . . . . 0. Bolanderi, 8.*
Peristome not opaque, erect when dry, paplllae more or
less obliterated or reduced to sinuous lines . . 0. rupestre, 7.

B. Stomata immersed.

1. Peristome simple.

Capsule smooth when dry . . . . 0. Douglasii, 6.%
Capsule faintly costate, bands (8, rarely 16) cmnamon-red 0. anomalum, 1
Capsule 16-costate, bands (16, rarely 8) yellow . . 0. cupulatum, 3.
Capsule 8-costate . . . . . . . . 0. Texanum, 5.*

[0. Hallii may be sought here.]

1Miiller: Flora, 1887, 228.

3This sp. is 0. rupestre, var. vulgare, forma densior according to Venturi in Husn. Musc.
Gall. 156,

3This species is repeated here because the character of the stomata is unknown to me.




Analytic\ Keys to the Species of Mosses. - 49

2. Peristome double.

a. Capsule smooth when dry.

Cilia wider than teeth . . . . . . 0. exiguum, 4.
Cilia narrow. : ' '
Capsule gradually narrowed to seta . . . . 0. pallens, 26.
Capsule abruptly contracted to seta . . . 0. psilocarpum, 23.

b. Capsule costate when dry.

i. Abruptly contracted to seta, collum not evident.

Leaves with simple papillee.

Capsule exserted, teeth papillose . . 0. consimile, 21.
Capsule subimmersed, teeth with oblique sinuous hnes . 0. Hallii, 13.
Leaves rough with very long forked papillee . . . 0. Watsoni, 9.

ii. Gradually narrowed to seta with evident collum.

¥ Capsule exserted.

[O. tenellum may be sought here.]

Cilia 8, calyptra hairy .. . .- . 0. cylindricarpum, 22.
Cilia 16, calyptra naked . . . .« . O.pulchellum, 27.

* ¥ Capsule immersed or nearly.

Leaves with salient furcate papillee.
Teeth papillose below, paler above, with longitudinal or
sinuous lines, rarely perforate . . . . 0. alpestre, 11.
Teeth papillose throughout, often perforate along
median line.
Neck of capsule shriveling into a cup which receives the

seta, capsule contracted below mouth . . . 0. fallax, 17.
Neck of capsule not becoming cupped, capsule not con-
tracted below mouth . . . . . .  0.pumilum, Sw.

Leaves with simple, often weak papillz.
Capsule emergent, subcylindric (long cyl. when dry),

little contracted below the mouth . . . 0. tenellum, 20.

Capsule immersed, obovate, contracted below mouth. )

Neck shrivelling into a cup, which receives the seta . 0. fallax, 17.

Neck not becoming cupped . . . . 0. strangulatum, 19.
Capsule immersed, not contracted.

Capsule straw-colored, teeth dirty-reddish . . 0. Ohioense, 16.

Capsule with yellow (not orange) bands, teeth orange,

" yelloworpale . . . . . . . O.pumilum Sw.}

1Venturi: Husn. Musc. Gall. 179, pl. 49.
4—A. & L.
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MACROMITRIUM, p. 178.

'Capéule plicate at mouth and base only
Capsule costate its whole length.
Lid conic, blunt, peristome 0.

M. Sullivantii, 1.

M. Fitzgeraldi, 2.

Lid subulate, peristome present . .o M. rhabdocarpum, 3.
“Capsule smooth . . .. . . . M. mueronifolinm, 4.

ENCALYPTA, p. 180.

I Capsule spirally strigte and sulcate when dry.

~Capsule twisted to the right when dry, leaves with hya-

line hair points, teeth glabrous
“Capsule twisted to the left when dry.

E. Selwyni, 7.

Leaves acute or apiculate, teeth papillose, with a median

line

Leaves muticous, usually obtuse, teeth filiform, nodose,
E. streptocarpa, 8.

minutely papillose

E. procera, 6.

‘IL Capsule vertically striate and sulcate when dry, or smooth.

Distinctly striate .
Smooth or faintly striolate.
Calyptra entire at base, peristome 0 or fugacious.
Calyptra smooth at apex
Calyptra scabrous at apex . .
Calyptra fringed at base, peristome present.
Leaves apiculate-acuminate
Leaves muticous

CALYMPERES, p. 184.

Leaves oblong or broad-ovate.

Upper leaves very obtuse, often filamentose at apex .

Upper leaves acute, often filamentose in middle
‘Leaves narrowly panduriform, obtuse or retuse

SYRRHOPODON, p. 185.

‘Leaf margins bilamellate upwards
Leaf margins single throughout

E. rhabdocarpa, 8.

E. commutata, 1.
E. vulgaris, 2.

E. ciliata, 4.
E. Macounii, 5.

C. Richardi, 1.
C. disciforme, 2.
C. (?) erispum, 3.

S. Floridanus, 1.
S. Texanus, 2.
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TETRAPHIS, p. 186.

. , R
. ‘ Pedicel straight . . .« « .« . T pellucida, 1.
‘ Pedicel geniculate at middle . . . . T. geniculata, 2.

« DISSODON, p. 189.

Seta short (5 mm.), thick, capsule erect, chestnut brown,
D. Hornschuchii, 1
Seta longer (1 5 cm.), plants 12 cm. hlgh capsule often

inclined, orange . . . . D. Froelichianus, 2.
Seta longer (8-4 cm.), plants 4—12 cm., capsule erect
orange . . . . . . . . splachnoules,

TAYLORIA, p. 190.

Teeth { length of sporangium, strap-like, reflexed, sinuous
and twisted when dry, upper half of leaf serrate,

T. splachnoides, 2
Teeth much shorter, linear, recurved, upper third of leaf

serrate . . . . . . . . . T. serrata, 1.

‘ TETRAPLODON, p. 191.
N . Leaves sharply serrate, narrowed to filiform point . T. angustatus, 1
Leaves distantly incised-serrate, gradually acuminate . T. australis, 3

Leaves entire, more or less abruptly filiform-apiculate.
Costa sub-excurrent, empty sporangium constricted in

middle . . . . . . . . T. mnioides, 2.
Costa ceasing below pomt empty sporangium not con-
stricted in middle . . . . . . T. urceolatus, 4

SPLACHNUM, p. 1938.

Apophysis ovate or subglobose.
About the size of the sporangium.

Costa excurrent, apophysisred . . . . §. spharicum, 2.
Costa ceasing below apex, apophysis at first green then

brown . . . . S. Wormskioldii, 1

Greatly exceeding the sporangium . . S. vasculosum, 3.

Apophysis pyriform, exceeding the spora.ngmm . S. ampullaceum, 4.
Apophysis campanulate.
Purple . . . . . . . . . . S. rubrum, 5.
Yellow . . . . . . . . S. luteum, 6
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PHYSCOMITRIUM, p. 196.

Capsule immersed . - . . . .. P. immersam, I.
Capsule exserted.
Leaves entire or nearly so.

Seta short, little exceeding leaves . . . . P, Hookeri, 4.
" Seta much longer (5-10 mm.) ‘
Leaves ovate-lanceolate, collum distinct . P. acuminatum, 5.
Leaves: linear-lanceolate, collum 0 . . P. turbinatum, 6.
Leaves serrate, cells at mouth of capsule transversely
elongate.
5-7 rows . .

.o . P. pygmeeum, 2.
12-15 rows [P. megalocarpum ? ] :
Leaves more or less acuminate, distinctly yellow- -

bordered . .o . . . . P. megalocarpum.?
Leaves acute, not bordered . . . . . P. pyriforme, 2.

ENTOSTHODON, p. 199.

Leaves acute, capsule short-pyriform.

Costa percurrent, teeth dark red, striolate .. E. Drummondii, 1.
Leaves acuminate, capsule long-pyriform.

Costa reaching middle, teeth whitish, granulose . E. Bolanderi, 2.

Costa subpercurrent, teeth red, nodose, papillose . E.=Templetoni, 3.

FUNARIA, p. 200.

Annulus 0.
Leaves entire or nearly.
Capsule arcuate, leaves acuminate

Costa excurrent . . . . . . F. Americana, 1.
Costa vanishing . . . . . .  F.Mediterranea, 2.
Capsule erect, leaves acute . . . . . F. Californica, 5.
Leaves sharply serrate. A ‘
Short-pointed, lid convex, mamillate . . . . F. serrata, 4.
Long acuminate, lid short conic . . . . F. calcarea, 3.

Annulus large, revoluble.
Capsule irregularly plicate and furrowed.
Leaves with involute margins A . . F. convoluta, 6.
Leaves with plane margins . . . . . F. flavicans, 7.
Capsule distinctly striate-costate.
Leaves short-acuminate, lid large, spores 12-17 ¢ F. hygrometriea, 8.
Leaves long-acuminate, lid small, spores 24-28 u F. microstoma, 9.

1Kindberg: Bull. Torr. Bot. Club, xvi (1889,) 94.
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BARTRAMIA, p. 208.

Capsule erect, peristome 0 or simple.
Leaves reflexed on margin below, capsule rugose when

dry . . . . . . . . . B. Menziesii, 1.
Leaves plane, capsule plicate-furrowed . . . B. subulata, 2.
Leaves plane, capsule ribbed . . . . . : B. stricta, 3.

Capsule curved, lid oblique, peristome double.
Seta short (= capsule), fruit pseudo-lateral . . B. Halleriana, 7.
Seta exceeding stems.
Leavessmooth . . . . . . . . B.(Ederiana,5.
Leaves papillose only on upper surface . . . . B. radicalis, 8
Leaves papillose on both surfaces.
Base white, margin plane; synoicous . . B. ifhyphylla, 4
Base not white, margin revolute; autoicous . B. pomiformis, 6 .

PHILONOTIS, p. 208.

Leaf cells quadrate . . . . . . . P. Macounii, 2.
Leaf cells rectangular to hnear
Plants short (1-3 ¢cm.). .
Costa thick, rusty, lea.ves erect-spreading, capsule hor-
izontal . . . . . P. Muhlenbeckii, 1.
Costa canaliculate, lea.ves closely appressed capsule .
oblique . . . . . . . P. Mohriana, 5
Plants usually long (3—15 cm. ) '
Mouth of capsule with 8 rows of transversely elon-
gated cells . . . . . . . . P. fontana, 3.
Mouth of capsule with 4 rows . . o . P. calcarea, 4.

MEESIA, p. 212.

Leaves entire, margins reflexed or revolute.

Synoicous, costa very thick (} leaf base) . . . M. uliginosa, 1.
Autoicous, costa narrow (} leaf base) . . . M. Albertinii, 8.
‘Leaves entire, marginsplane . . . . . . M. longiseta, 2.
Leaves serrate” . . . . . . . . . M. tristicha, 4.

WEBERA, p. 215.

1 Leaves with a reddish border, distinct to apex . W. Tozeri, 17.
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II. Leaves not bordered, or indistinctly.

A. Annulus present.

1. Segments and cilia of endostome imperfect, often only
a laciniate membrane . . . . . ‘W. camptotrachela.?

2. Segments of endostome not widely open along the keel, cilia 0 or short
(excl. W. longicolla).

‘ Inflorescence autoicous . . . e . . W. acuminata, 1.
Inflorescence synoicous or dioicous. :
Costa very broad, 3% of leaf base . . . . W. Cardoti, Ren.*

Costa narrow.
Plants less than 1 cm., seta 5-8 mm., capsule wide-

mouthed when dry . . . . 'W. nudicaulis, 11.
Plants small, seta longer, mouth of ca,psule constricted

when dry . . . . . . W.Bolanderi,12.
Plants 2 cm. or more, seta 2—3 cm. . . . . 'W. cruda, 7.

Inflorescence paroicous.
[W. nudicaulis may be sought here.]

Neck shorter than sporangium, cilia0 . . . W. polymorpha, 2.
Neck equaling sporangium, cilia more or less developed.
Cilia % (or less) height of teeth . . . . W. elongata, 3.
Cilia equaling teeth . . . . . . W. longicolla, 4.

8. Segments of endostome split and gaping along keel, cilia well devel-
oped.

Inflorescence paroicous.
Capsule pendent, touching seta, not contracted under

mouth . . . . . W. cucullata, 6.
Capsule horizontal or pendent not touchmg seta, con-
tracted below mouth . . . . . . W. nutans, 5

Inflorescence dioicous.
Upper leaves lance-linear (1:8-10).
Plants loosely cespitose, in wet soil, 1 cm. high, seta

1-2 cm. . . . . . . W. Lescuriana, 14.
Plants solitary or gregarious, sphag'mcolous, 3-6 cm.,
seta 3-4cm. . . . . W.sphagnicola, 8.
Uppermost leaves lanceolate (1 4—6)
Costa reaching apex . . . . . . W. annotina, 9.
Costa vanishing . . . . . . . W. commutata, 13.

1Renauld & Cardot: Bot. Gaz. xiii. (1888), 199, pl. XVI.
3Renauld & Cardot: Bot. Gaz. xiv (1889), 95, pl. XIII.
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B. Annulus 0.

Leaves nearly entire, cilia very short - . . W. Drummondii, 10._
Leaves nearly entire, cilia 3 . . . . . W. Bigelovii, 19.
Leaves sharply serrate. ’
Stem red, leaves glaucous-green . . . . W. albicans, 18.
Stem and leaves green.
Teeth red . . .. . . . . . W. carnea, 15.
Teeth yellow . . . . . . . . W. pulchella, 16..

BRYUM, p. 223.

Upper leaf cells rhombic to hexagonal.
Plants not from stolons.

Gilia 0, or inappendiculate .+ . S§L Cladodium.
Cilia 24, appendiculate . . . . . . §IL Eubryum..
Plants from stolons . . § I11. Rhodobryum..

Upper leaf cells linear (1:10-15) branches julaceous §IV. Anomobryum..

. : ' §I. Cladodium.

A. Autoicous.

Leaves broad (1:2), costa vanishing . . . B. calophyllum, 10..
Leaves ovate-lanceolate. )
Cilia long, smooth . . . . . . . B. Brownii, 3..

Cilia 0, or rudimentary.
Capsule symmetric, pyriform, collum about 4 sporangium.
Leaves faintly bordered, slightly revolute . . B. Warneum, 6..
Leaves very distinctly bordered, broadly revolute B. Biddlecomiz, 7..
Capsule usually unsymmetric, elongate, collum = spo-
rangium . . . . . . . B.uliginosum, 11.

B. Synoicous, or heteroicous.

Costa long excurrent.
Endostome attached to peristome.

Spores verruculose . . . . . . . B. arcticum, 1.
Spores smooth, about 30 © . . . . . B. pendulum, 4..
Spores smooth, scarcely 20 . . . . . B. augustirete, .
Endostome free? . . . . . . . . B. inclinatum, 5..
Costa short excurrent, or percurrent.
Leaves not bordered . . . . . . . B. Knowltoni, 3.

1Kindberg: Bull. Torr. Bot. Club, xvi (1889), 94.

2 B. stenotrichum, Miiller (Flora 1887, 219), will be sought here and I am unable to dis-
cover from the description alone any essential difference between it and B. inclinatum.

s Barnes: Bot. Gaz. xiv. (1889), 44.
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Leaves bordered.

Teeth very short (scarcely 200 ), articles 10-12 . B. Labradorense, .

Teeth much longer, articles about 20.
Costa excurrent, leaves reddish, margin scarcely

revolute . . . . . B. purpurascens, 2.

Costa vanishing or barely excurrent margin strong-
ly revolute . . . . . . . . B. lacustre, 8

[B. flexuosum may be sought here.]

C. Dioicous.

Endostome adherent to peristome, cilia 0 . . . B. flexuosum, 9.
Endostome free, cilia single . . . . . B, Californicum, 34.

§II. Eubryum.

A. Synbicous.

Costa not excurrent . . . . . . B. Oreganum, 18.
Costa excurrent into a smooth pomt '
Margins recurved . . . . . . . B. torquescens, 16.
Margins plane . . . . . B. microstegium B. & 8. 2.

Costa excurrent into a serrate point.
Leaves short pointed, decurrent

‘With a broad border . . . . . . . B. bimum, 14.

‘Without a border . . . . . . B. lonchocaulon, 15.
Leaves long-cuspidate, not decurrent.

Not bordered, entire . . . . . B. intermedium, 12.

Not bordered, serrate at apex . . . . B. provineiale, 17.

Bordered . . . . . . . . . B.eirrhatum, 13.

B. Autoicous.

Capsule horizontal or nodding, leaf margins revolute . B. pallescens, 19.
Capsule pendulous, leaf margins plane . . . B. subrotundum, 20.

C. Dioicous.
1. Costa not excurrent, or when excurrent forming a short point only.

a. Leaves obtuse.

Distant, broadly ovate or oblong, rounded . . B. eyclophyllum, 35.
Imbricate, narrower.
Dull olive green, margins strongly revolute . B. Muhlenbeckii, 26.
Yellowish-green or purplish, tips of branches crimsoned.
Cells polygonal, thick-walled . . . . B. miniatum, 27.
Cells rhombic, subquadrate below . . . . B. Atwateriz, 28.

1 Philibert: Revue Bry., 1887, 55.
2 Renauld and Cardot: Botf. Gaz. xiv (1889), 99.

s e g o
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b. Leaves poinled, costa percurrent or excurrent.
i. Capsule short (1:2) abrupt at base . . . B. atropurpureum, 22.
ii. Capsule lo'nger 1:3 +j tapering at base.
% Blood red to dark purple.

Plant short (5-15 mm.) in small lax yellowish-green

tufts . . C . . . . . B. erythrocarpum, 21.
Plants longer (3-5 cm.) in large compact shining red or

purplish tufts . . . . . . B . B. alpinum, 25.

* % Yellowish-brown.

Slightly incurved. ¢

Constricted below mouth . . . . . B.meesioides '
Not constricted . R . . . . . B. pallens, 36.
Symmetric.
Strongly constricted below mouth.
Stems about 1 cm. high . . . . . B. turbinatum, 39.
Stems 4—10 cm. high. . . . . B. Schleicheri, 40.
Slightly constricted below mouth. .
Leaf margins plane . . . . . . . B. Sawyeri °.
Leaf margin revolute.
Quite entire . . . . . . . . B. acutiusculum *
Serrate at apex . . . . . B. pseudotriquetrum, 38.

¢. Leaves pointed, costa vanishing.

.

Leaves closely appressed, imbricate . . . " B. argenteum, 29.
Leaves spreading, imbricate . . . . . B. capillare, 31.
Leaves spreading, distant . . Lo S B. Duvalii, 37.

2. Costa excurrent, leaves long-caspidate.

a. Capsule short (1: 2 or less.)

Constricted between sporangium and collum . . B. versicolor, 24.
Not constricted between sporangium and collum . B. coronatum, 23.

1 Kindberg: Bull. Torr. Bot. Club, xvi (1889), 95.
3 Renauld and Cardot: Bot. Gaz., xiv (1889), 95.
3 Miiller: Flora, 1887, 220.
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b. Capsulelonger (1: 3 +)
i. Collum long (3 sporangium or more).

Leaves strongly twisted when dry, abruptly pointed . B. eapillare, 31.
Leaves erect and straight when dry.

Collum equalling’sporangium . . . . B. obconicum, 33.

Collum one-half the sporangium. :
Capsule constricted below the mouth . . B. cespiticinm, 80.
Capsule not constricted . . . . B. Yancouveriense, '.
ii. Collum short (}+ sporangium or less). . B. occidentale, 32.

§III. Rhodobryum.

Costa percurrent or vanishing, margins revolute below,

collum short . . . . . i . B. roseum, 41.
Costa excurrent, margins revolute £ to , collum 4 sporang-
ium, curved - . . . e e B. Ontarignse %

§IV. Anomobryum.

Costa sub-excurrent . . . . . B. concinnatum, 42.
Costa vanishing below apex . . . . . . B. bullatum 3

Bryum hydrophyllum Kindberg! is a species ¢ closely allied to B. pseudo-
triquetrum,” but so imperfectly known (neither flowers nor capsule hav-
ing been found), and so briefly characterized that I am unable to assign
it to any pldce in the key.

.

ZIERIA, p. 240.

Costa vanishing, collum twice sporangium . . . Z. julacea, 1.
Costa excurrent, collum = sporangium . . . Z. demissa, 2.

MNIUM, p. 241.

I. Leaves serrate.

A. Teeth of leaves single.

[

Stems dendroid . . . . . . . . M. Menziesii, 21.

1Kindberg: Bull. Torr. Bot. Club, xvi (1889), 95.
2 Kindberg: Ottawa Nat. ii (1889), 155 and 1. c., p. 96.
3 Miiller: Flora 1887, 221.

I e
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Stems simple or branched, not dendroid.
Basilar branches stoloniform.
Leaves acuminate, serrate to middle, lid convex or
mamillate, membrane of endostome lacunose M. cuspidatum, 1..
Leaves acuminate, serrate to base.

Lid apiculate . . . . . . . M. medium, 4.
Lid mammiform . . . . . M. affine, 7.7
Leaves rounded at apex, mucronate, lid rostrate . M. rostratam, 6.
P Bagilar branches erect, or stems simple.
Capsule warty-papillose at base . . . . M. venunstum, 3.
Capsule smooth at base.
Pericheetial leaves entire . . . . . . M. Neyvii, 2.

Perichafial leaves toothed.
Leaves nearly entire, not decurrent M. affine, var. rugieum, 7.

Leaves serrate to base, long decurrent . . M. insigne, 8.
Leaves serrate above, entire below. :
Border distinct, yellowish brown . . M. Drummondii, 5.
Border 0 or faint . . . . . M. stellare, 16.

B. Teeth of leaves in pairs.

Costa vanishing just below apex . . . . . M. hornum, 9.
Costa percurrent.
Capsules solitary.
Synoicous - . . . . . . . . M. serratum, 10.
Dioicous.
Leaf-cells small, about 15 ! . . M. orthorrhynchum, 11.
Leat-cells larger (20-30 1 ?)? . . . M. lycopodioides, 12.
Leaf-cells very large (50-60 u ?) 2 . . . M. umbratile, 13..

Capsules clustered.
Dioicous, leaves strongly crispate, capsule horizontal or
inclined . . . . . . M. spinosum, 14.
Synoicous, leaves not crispate, capsule pendent M. spinulosum, 15.

‘II. Leaves enture.

Upper leaf-cells with long diameters oblique to costa.
Leaves bordered.
Costate to apex, dioicous, capsule oblong . M. punctatum, 18.
Costa vanishing, synoicous, capsule subglobose M. subglobosum, 19.

1 Fide Husnot: Musc. Gall. 255.

2 ¢ Cellules un peu plus grandes,’ Husnot: op. cit., 256. M. riparium Mitt. (M. lyco-
podioides Bry. Eu., sec. Mitten; M. serratum var. riparium, sec. Husnot, I. c.) has cells.
half as large as M. umbratile Mitt., fide Mitten: Jour. Linn. Soc. viii (1865), 30.

3 Cells four times as large as M. orthorrhynchum, fide Mitten, I. c.
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Leaves not bordered, costa vanishing, dioicous, capsule

ovate-oblong .o oo M. cinclidioides, 17.

Upper leaf-cells isodiametric, costa vamshmrr M.Yhym enophylloides, 20.

CINCLIDIUM, p. 249.

Leaf margin of 4-5 rows of cells, laminal cells irregularly

disposed . RN . . . . C. stygium, 1.
Leaf margin of 2 rows of red cells la.mma,l cells in rows
oblique to costa . . . . . C. subrotundum,

AULACOMNIUM, p. 252. -

Leaves coarsely serrate to middle, autoicous . A. heterostichum, 5.
Leaves serrulate near apex, acute or acuminate, dioicous.
Stem leaves long acuminate, very roughly papillose A, papillosum, 4.
Stem leaves acute.
Stems commonly prolonged and gemmiferous, male

flowers terminal, gemmiform . . A. androgynum, 1.

. Stems not commonly gemmiferous, male flowers dis- )
i i coid . . . . . . . . A. palustre, 2
Leaves entire, obtuse . . . . . . . A. turgidum, 3.

[The leaves of A. palustre are entire when young, but soon become erose crenulate.]

TIMMIA, p. 254.

Capsule irregularly plicate when dry, segments appendicu-

late . . . T. Megapolltana, 1.
Capsule costate at mouth when dry, segments not ap-
pendiculate . . . . . . . . T. Austriaea, 2.

ATRICHUM, p. 255.

‘Costa lamellose on upper side only.
Lamellee 2-6, entire, lamina with teeth on surface.!
Lamellee 4-6 cells high.

Leaves acute, serrate for ¢ length . . . A. undulatam, 1.
Leaves bluntish, serrate above middle only.

Teeth double, aculeate . . . . A. augustatam, 2.

Teeth single, short . . . . . A. xanthopelma, 4.

Lamellee 9-18 cells high . . . . . . A, Selwyni,3.

Lamelle 4-8, serrate . . . . . A. Lescurii, 5.

Lamellee 1-8, 1-3 cells high, lamlna smooth . . A. crispum, 6.

LCosta lamellose on both sides, lamina with longitudinal
rows of teeth on back . . . . . A. parallelum, 7.

1 Excluding A. xanthopelma?

R
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OLIGOTRICHUM, p. 258.

Lamina and costa lamellose on both surfaces . . . 0. aligerum, 1.
Costa only lamellose on upper surface . . . . 0. Lyallii, 2.
POGONATUM, p. 260. ' .

I. Plants simple, mostly short, leaves straight when dry.

[P. alpinum, var.simplex will be sought here.]

Lamellse with marginal cells smooth. :
Leaves entire . . . . . . . P. brachyphyllum, 2.
Leaves serrate . . ‘ . . .. P.brevicaule, 1.
‘TLamellee with marginal cells pa.plllose
Teeth of leaves very long, often reflexed, marginal cells

of lamellse subquadrate . . . . - P. dentatum, 4.
Teeth moderate, 2 rows of marginal ce]ls of lamellee
transversely rectangular . . . . . P. capillare, 3.

II. Plants large (4-15 cm.), leaves twisted when dry.

Leaves very long (1.5-2 cm) short sheathing, lamellee

about 60 . . . P. Macounii.t
Leaves less than 1 cm., short sheathmg, lamellae about

30 (?)?, strongly contorted when dry . . . P. contortum, 5
Leaves and lamellee as in 5 (?) subcrispate, abruptly

pointed . . . . . . . . P. atrovirens, 6.

III. Plants usually robust (4-15 em.), rarely small, often much branched
above, leaves straight when dry.

Capsule papillose, marginal cells of lamellee round in sec-
tion . . . . . P.urnigerum, 7.
Capsule smooth, margmal cells of la.mellae ova.te in section P. alpinum, 8.

POLYTRICHUM, p. 263.

Leaves entire, margins inflexed.
Obtuse at apex . . . . . . P. sexangulare,® Florke.

1 Kindberg: Polytrichum (Pogonatum) Macounii: Bull, Torr. Bot. Club xvi (1889), 96

2 Ag shown in Sull. Icon. Musc. Suppl., pl. 42, f£. 5, 6.

sKindberg: Bull. Torr. Bot. Club xvi. (1889),96; Renauld & Cardot: Bof. Gaz., Xiv.
(1889) 99.
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Aristate at apex.
Awn colored, short.

Leaves spreading when moist, subrecurved . P. juniperinum, 4.
Leaves erect-open, strict .. , . . . P. strictum, 5.
Awn hyaline, long . . . . . . . P. piliferum, 3.

Leaves serrate.
Marginal cells of lamells like rest, oval, higher than

. broad in section.
Capsule ovate, obscurely angled, lid rostrate . . P. gracile, 1.
Capsule oblong, 4-6 angled, lid acutely conic . P. formosnm, 2.
Marginal cells of lamelle enlarged, broader than high
@1 . . . . . . . . . P. Ohioense.!
Marginal cells of lamellee semilunar, with two promi-
nent papille at corners . . . . . P. commune, 6.

FONTINALIS, p. 268.
5 , - " L. Pericheetial leaves abruptly pointed, entire.*

‘Leaves decurrent, teeth not Jacunose . . . F. Neo-Mexicana, 3.
Leaves not decurrent, teeth lacunose: . . . F. Daleecarlica, 4.

«

II. Pericheetial leaves rounded-obtuse, entire or lacerate.

A. Leaves of branches unlike stem leaves . . . F. Howellii.?

B. Leaves homomorphous.*

1. Leaf-cells long-linear (1: 10 +).

Alar cells very large.
Leaves acute . . . . . . . . F. Sullivantii, 8.
Leaves with very apex blunt or denticulate . . . F, flaceida.’

1 Renauld & Cardot: Revue Bryol. 1885, 11; also Bot. Gaz., xiii, (1888), 199, pl. XVII.

N 2The fruit of F. Californica and F. flaccida has not yet been found. The latter will
possibly fall here. Miiller has also described imperfectly a sterile species, F. maritima,
from Neah Bay, Wash. It is distinguished at once, he says, by the rigid branches and
deeply carinate-canaliculate leaves. Having seen neither specimens nor figures I am un-
able to place it properly in the key. )

3 Renauld & Cardot: Bot. Gaz., xiii (1888), 200, pl. XVIII.

4In F. biformis the summer leaves are unlike the vernal, so that specimens collected
just as the vernal are falling might deceive.

5 Renauld & Cardot: 1. c., p. 201, pl. XIX.
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Alar cells moderately enlarged.
Capsule ovate to oblong.

Leaves crowded . . . . . . . F. Delamarei.!
Leaves loose or scattered.
Perichastial leaves lacerate . . . . F. hypnoides, 11.
Perichaetial leaves entire, undulate at tip .. F. Leschurii, 7.
Capsule cylindrical.
1:4, endostome perfect . . . . . . F. disticha, 10,
1:5.5, endostome imperfect . . . . . F. filiformis, 9.

2. Leaf-cells rhombic-hexagonal (1: 6 or less.)

Plants shining with golden or coppery luster.

Stems robust, little branched . F. antipyretica var. gigantea, 1a.
Stems soft, much branched . . . . . F. Californiea, 2.
Plants dull, yellowish to dirty green.
Leaves with one edge reflexed near base . . F. antipyretica, 1.
Leaves with margin plane. ‘ :
Female flowers abundant, in most leaf axils . F. Novae-Anglie, 6.
Female flowers rare, at base of stems . . . F. biformis, 5.

DICHELYMA, p. 272.

Costa percurrent or vanishing, .
Capsule exceeding perichsetium . . . . . D. faleatum, 1.

Capsule not exceeding perichsetium.
Seta longer than capsule . . . . . D. pallescens, 4.
Seta shorter than capsule . . . . . D. subulatam, 5.
[Capsule unknown] . . . . . . . D, Swartzii,?.

Costa excurrent.,?
Endostome a cancellate cone.

Seta about 1 cm. long, capsule oval . . . D. uncinatum, 2.
Seta —2.5 cm. long, capsule cylindric . D. eylindricarpum, 6.
Endostome of appendiculate cilia, united only at the
tips . . . . . . . . . D capillaceum, 3.,

CRYPHZEA, p. 275.

Costa percurrent or excurrent. ]
Perichaetial leaves costate . . . . . . C. nervosa, 3.

Perichaetial leaves ecostate . . . . . . C. inundata, 5.
i

! Renauld & Cardot: Bot. Gaz. xiv (1889), 96, pl. XIV.
2 Here belougs a sterile species, D. longinerve of Kindberg (Bull. Torr. Bot. Club xvi
(1889), 97, which has the basal cells of leaves ‘‘ numerous, in 4-6 rows, subquadrate, the alar
. greater, pellucid.” He is not sure whether it isa Dichelyma or a Hypnum (§ Harpidium)!
In which case it would better have been left undescribed !
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Costa vanishing near middle.
Costa of perichaetial leaves excurrent into a thick point C. glomerata, 1.
Costa of perichatial leaves vanishing in or below apex . C. pendula, 2.
Costa of perichaetial leaves vanishing far below apex . C. Ravenelii, 47

¢ LEPTODON, p. 278.
Leaves ecostate. -
Leaf cells not pitted, capsule 2 mm. long . . L. trichomitrion, 1.
Leaf cells pitted, capsule 1 mm. long . . . L. Floridanus, 1a.

Leaves costate.
Leaf cells round-oval, capsule exserted, oblong-oval . L. QOhioensis, 2.
Leaf cells narrowly rhomboidal, capsule immersed, sub-

globose ! L. nitidus, 8.

ALSIA, p. 279.
Annulus 0.
Costa vanishing at middle (smooth ?), margins reflexed A. Californiea, 1.

Costa vanishing near apex, dentate on back, margins

plane . . . . . A. longipes, 3.
Annulus compound, revoluble, leaves pa.plllose at back . A. abietina, 2.

NECKERA, p. 281.

Leaves very obtuse
Plants slender (shoots 2 mm. wide), leaves loosely im-

bricate, rounded, concave . . . N. disticha, 1.
Plants robust (shoots 4 mm. wide), Ieaves densely im- ‘
bricate, truncate, not concave . . . . . N. undulata, 2.
Leaves rounded, abruptly apiculate. :
Revolute at base on one side, capsule immersed . N. Menziesii, 3.
Not revolute, capsule exserted . . . . . N. eomplanata, 7.

Leaves acute or acuminate.
Ecostate or nearly so.
Capsule immersed or half exserted. _

Shootsobtuse . . . . . . . . N pennata,4.
Shoots attenuate to apex.
Segments rudimentary, capsule immersed . N. oligocarpa, 5.
Segments as long as teeth, capsule } exserted . N. Douglasii, 6.
Capsule exserted . . . . . . . N. pumila, 8.

Costate to the middle or beyond
Margins broadly revolute
Margins not revolute.

Alar cells fawn-color, costa thin, percurrent . N. Ludovieiza, 10.
Alar cells opaque, costa vanishing . . . N. cymbifolia, 11.

, N. Floridana, 9.
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HOMALIA, p. 285.

Costa vanishing above middle, leaves serrulate.

Leaves oblong, subfalcate, apiculate . . H. trichomanoides, 1.
Leaves lingulate, subfalcate, apiculate . . . H. Jamesii, 2.

Costa sometimes hardly perceptible, leaves obovate, ob-
tuse, serrulate . . . .. . . . H. obtusata, 3.

Costa double, very short, or none, leaves entire . . H. gracilis, 4.

METEORIUM, p. 286.

Leaves serrulate . . . . . . . . M. pendulum, 1.
Leaves minutely crenulate . . . . . . M. nigrescens, 2.

LEUCODON, p. 287.

Capsule exserted.
Leaves entire, open-erect, lid exactly conic . . L. sciuroides, 1.
"Leaves serrulate at apex, squarrose, lid obliquely ros-
trate . . . . . . . . L. julaceus, 2.
Capsule surpassed by perichsetial leaves, leaves secund L. brachypus, 3.

PTEROGONIUM, p. 289.

Leaves broadly oblong-ovate or -obovate, acute, smooth . P. gracile, 1.
Leaves broadly deltoid-ovate, narrowly acuminate, papil-

lose P . R . . . P. brachypterum, 2.

ANTITRICHIA, p. 290.

Capsule oval (1:2—2.5), leaf cells fusiform . . A. curtipendula, 1.
Capsule cylindric (1:6), leaf cells oval . . . A. Californica, 2.

HOOKERIA, p. 292.

Leaves bicostate to middle (not papillose ?) . . . H. varians, 1.
Leaves bicostate to apex, papillose . . . . . H. cruceana, 2.
Leaves ecostate, entire (not papillose?) . . . . H. Sullivantii, 3.

FABRONIA, p. 294.
Leaves ciliate-dentate.

Peristome of 16 teeth, costa 0 or very short . . . F. pusilla, 1
Peristome 0, leaves costate to middle . . F. gymnostoma, 2.
Peristome of 8 geminate teeth, leaves costate nearly to

middle . . . . . . . F. octoblepharis, 3.

5—A. & L.
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Leaves serrate to subentire.

g Sharply serrate, teeth orange, spores about 11 . F. Wrightii, 4.

: Obscurely serrate, teeth brown, spores about 17 u . F.Ravenelii, 5.
Obscurely serrate, teeth with prominent articulations on

back . . . . . . . . . F. Donnellii, 6.

THELIA, p. 298.

Papillee of leaves simple.

Horn shaped, curved . . . . . . . T. hirtella, 1.
Globose - « « +« « « .« .+ . . T.robusta,3.
‘ Papille 2—4-furcate.

Usually bi-furcate, teeth 1:17—20 . . . . T. asprella, 2.

Usually 4-furcate, teeth 1:12 . . . . . . T. Lescurii, 4.

MYURELLA, p. 300.

Leaves serrulate, obtuse (rarely short apiculate) . . M. julacea, 1.
Leaves serrulate, abruptly apiculate-acuminate . . M. apiculata, 2.
Leaves spinulose-dentate, abruptly long acuminate . M. Careyana, 3.

LESKEA, p. 302.
I Costa reaching to or beyond the middle.

Percurrent . . . . . . . . . - L. nervosa, 3.
Not percurrent.
Leaves entire.
Endostome divided into segments.

Cleft between articulations, leaves bluntish . . L. obscura, 2.
Not cleft, leaves acute . . . . . . L. polycarpa, 1.
Endostome a short undivided membrane . . . L. Austini, 6.
Leaves crenulate . . . . . . . . L. tristis, 5.

II. Costa very short or none.

Leaf cells linear-oblong =~ . . . . . . L. denticulata, 4.
Leaf cells rhombic.
Leaves of primary stems acute . . . . . L. pulvinata, 7.
Leaves of primary stems long acuminate . . . L. Wollei, 8.
Leaf cells round oval . . . . . . . L. nigreseens '.

ANOMODON, p. 304.

Leaves not papillose . . . . . . . . A. Toccoz, 6.

! Kindberg: Ottawa Nat.ii (1889). 155, and Bull. Torr. Bot. Club xvi (1889), 97.




Analyticr Keys to the Species of Mosses. 87

Leaves papillose.
Base with large ﬁmbnate-papﬂlose auricles.
Margins reflexed near apex, replicate below middle A. Californicus, 7.

Margins not at all reflexed . . . . . A. apiculatus, 4
Base not auriculate. .
Leaves filiform-acuminate . . . . . A. rostratus, 1
Leaves obtuse or apiculate:
Branches attenuate . . . . . . A. attenuatus, 2.
Branches not attenuate. .
Leaves open-erect, teeth nodose . . . A. obtusifolius, 3
Leaves secund, teeth not nodose . . . A, viticulosus, 5.

PYLAISZEA, p. 308.

Segments free, split below, leaves quite entlre
Plants glossy green . . . . . . . P. polyantha, 1.
Plants pale yellowish green . ® ., . . P. heteromalla, 2.
Segments free, split throughout, leaves serrulate at apex,
P. subdenticulata, 3.
Segments 3-adherent to teeth, spores 19—20 .

Leaves long-acuminate, margin not recurved . . P. intricata, 4.
Leaves short-acuminate, one or both edges recurved . P. Selwyni,.

‘Segments wholly adherent, spores 28 1 . . R P. velutina, 5.

HOMALOTHECIUM,? p. 309.

Costa short, simple or forking, vanishing below middle.

Teeth red, operculum rostrate . . . . H. subeapillatum, 1.
Teeth yellow, operculum short apiculate . . . H. corticolum,?.
Costa narrow, vanishing in point . . . H. pseudosericeum, 2.

CYLINDROTHECIUM, p. 310.

Capsules clustered (3 or 4) . . . . . . C. Floridanum, 4..
Capsules solitary.
Plants densely pinnately branched, leaves muticous (. coneinnum, 8.
Plants loosely pinnately branched, leaves pointed.
Gradually narrowly acuminate . . . . C. brevisetum, 3

1Kindberg: Ottawa Naturalistii (1889), 156.

2Renauld & Cardot refer Hypnum Nevadense (30) to tnis genus. Bot. Gaz. xiii (1888) 202..
3 Kindberg: 1. ec.
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Acute or abruptly acuminate-apiculate.
Almost entire, only alar cells quadrate or rectangular.
Leaves acuminate-apiculate, teeth with 14 —17

articulations, capsule 1: 3.5—4 . . C. eladorrhizans, 1.
Leaves abruptly short apiculate, teeth with 6—38 :

articulations, capsule 1: 5—58.5 . . . C. seductrix, 2.
Leaves not apiculate, teeth with 22 — 26 articula-

-tions, capsule 1:2.5—3 . . . . C. compressum, 5.

Distinctly serrulate, all basal cells rectangular.

Annulus 0, teeth obliquely striolate . . C. Drummondii, 6.
Annulus large, teeth vertically striolate . C. Sullivantii, 7.

CLIMACIUM, p. 313.

Capsule straight, lid rostrate.
Ovate-oblong (1: 2.5 — 38), léaves slightly decurrent and’

2

hollowed at basal angles . . . . . . C.dendroides, 1.
_ Cylindric (1: 5—86), leaves long dectirrent and broadly

auriculate . . . . . . . . C. Americanum, 2.
Capsule arcuate, lid conic . . . . . C. Ruthenicum, 3.

ORTHOTHECIUY, p. 315.

Leaves lanceolate, long and narrowly acuminate . . 0. rufescens, 1.
Leaves exactly ovate, apex flexuous, not plicate . . 0. rubellum, 2.
Leaves lanceolate to ovate lanceolate, plicate, not acumi-

nate . . . . I . . . 0. chryseum, 3.

HYPNUM, p. 316.!

I. Leaves spredding.

A. Leaf cells short (1:3 or less.)
1. Leaves papillose.

a. Paraphyllia present.

i. Costa obsolete . . . . . . . . H.dimorphum,4.

1 Nos. 2, 17, 18, 92, 93, 94, 114, 193, 194 and 195, are not included in this key. No. 2is not
North American, the locality cited by Schimper being York (Eng.), not New York. (Cf.
A. Gepp in Jour. Bot. xxvii (1889), 152). The remainder are characterized by Lesquereux
and James as of uncertain relationship or insufficiently known. No. 30 has been declared
by Renauld and Cardot (Bot. Gaz. xiii (1889), 262). to be a Homalothecium, but is still
given a place in this key.

e




Analytic Keys to the Species of Mosses. | 69

ii. Costa strong.

« +* Capsule oval or oblong, operculum convex-conic.

‘Leaves entire . . . . . . . . . H. atrovirens, 1.
Leaves serrulate at apex . . . . . . H. radicosum, 3.

* % Capsule cylindric, or if oval-oblong then operculum long-rostrate
(excl. H. gracile.)
-— Plants small (fo 5 ¢cm.) delicate, creeping, 1—R-pinnate.
++ Costa of stem-leaves wide (3 leaf-base.)
Stems papillose . . . . . . . H. pygmeeum, 7.

Stems radiculose-tomentose . . . . . . H. minutulum, 6.

++ ++ Costa of stem-leaves half as wide.

Stem-leaves with long pellucid point, cilia 0 . . . H. erectum, 9.
Stem-leaves short acuminate, cilia 2 . . . . . H. secitum, 8.
Stem-leaves long acuminate, cilia 3 . . . . H. gracile, 10.
Stem-leaves long acuminate, cilia 1 . .o H. calyptratum, }1._

-+ =+ Plants large (fo 10 cm.), creeping, 2—8-pinnate, forming extensive
' flat mats.

Pericheetial leaves long: ciliate below.
Apical cells of branch-leaves not papillose, ovate, pro-
jecting . . . H. tamariscinum, 12.
Apical cells of branch leaves oblong,w1th 2—38 papillee H. delicatulum, 14.
Perichaetial leaves not ciliate, apical cells of branch leaves
round . . . . . . . . . H. recognitum, 13.

-+— =+ =+ Plants large (to 10 cm.), erect, 1-pinnate, in wide tufts.

Capsule narrowly cylindric (1:5—6) . . . . H. abietinum, 15.
Capsule oblong-cylindric (1: 3) . . . . . H. Blandovii, 16.

b. Paraphyllia 0.
Seta smooth.
Plants in large mats, leaves serrulate at apex, costate

to middle . . . . H. Brewerianum, 66
Plants minute, leaves serrulate all round costate to
apex . . . . . . . . H. leuconeurum, 19.
Seta rough.
Stem leaves with hyaline piliferous point . . H. ramulosum, 21. .
Stem leaves not hyaline pointed.
Perichaetial leaves costate . . . . H. Whippleanum, 20.
Perichaetial leaves ecostate.
Bright green, leaves open, Joosely imbricate . H. laxifolium, 23.

Dirty or yellowish green, leaves sub-falcate secund,
closely imbricate . . . . . H. crispifolium, 22.




70 Wasconsin Academy of Sciences, Arts and Letters.

2. Leaves not papillose.

a, Shortly bicostate.

‘Stem-leaves filiform-pointed . . . . H. procurrens, 5.
Stem-leaves not filiform-pointed.
Obscurely denticulate at apex . . . . H. leucocladulum, 25.
Distinctly denticulate all around . . . H. compressulum, 26.

b. Unicostate or ecostate.
i Par'aphyll:ia numerous, ciliate . . . ., H. paludosum, 24.
ii. Paraphyllia 0.
* Leaves coarsely serrate, plants dendroid.

Branch leaves apparently 2-ranked, complanate . H. Bigelovii, 97.
Branch leaves equally spreading. - :
Pericheetial leaves reflexed, dioicous.

Cilia of endostome equalling teeth . . . .o H. Leibergii.
Cilia short . . . P . . H. neckeroides, 96.
Perichaetial leaves erect, heteroicous . . H. Alleghaniense, 95.

% % Leaves entire, plants creeping.

-+— Ecostate or with obscure traces of a nerve.

Cilia 0.
Capsule constricted under mouth- when dry . . H. subtile, 117.
Capsule not constricted . . . . . H. Sprucei, 116.
Cilia 1—2. ’
Plants minute, filiform.
Leaves ovate, long acuminate . . . H. confervoides, 118.
Leaves long-lanceolate . . .o H. minutissimum, 115.
Plants large, in wide flat mats . . . . H. adnatum, 124.

-+— <+ Costate.
-++ Leaves bordered_with 4—b5 rows of linear cells  H. Lescurii, 126.
++ ++ Leaves not bordered.
== Plants in compact tufts 2 —3 cm. deep . . H. compactum, 125.
= == Plants in loose mats or tufts.

9T Costate to apex.
Leaves acuminate.
Basal cells much enlarged . . . . H. irriguum, 122.

1 Britton: Bull. Torr. Bot. Club, xvi (1889), 111.
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Basal cells not enlarged.
Annulus triple . . . . . .
Annulus simple .
Leaves not acuminate

H. radicale, 120.
H. orthocladon, 121.
H. fluviatile, 128.

« o[ Costa ceasing above the middle.

Celis alike throughout.
Inner perichetial leaves with a short (2 length) point. )
Capsule long-cylindric, arcuate, annulus triple H. serpens, 119.
Capsule oblong, oblique, annulus simple . H. Kochii Br. & Sch.!

Inner pericheetial leaves subuliform-acuminate, cells
H. porphyrrhizum Lindb.!

vermicular . . .
Cells enlarged, rectangular at basal angles.
Cilia appendiculate, equalling segments . . H. riparium, 127.
Cilia rugulose, shorter than segments . . . H. vacillans, 128.

B. Leaf cells elongated (1_:5 or more).

[Amblystegium spp. especially 127, 128 may be sought here.]
1. Leaves costate half way or more.

a. Seta rough.

i. Leaves deeply plicate lengthwise.
[Brachythecium spp. may be sought here.]
Plants regularly pinnate. ’
td

Seta scarcely equalling capsule . . . . H. Nuttallii, 29.

Seta longer than capsule.
Pericheetial leaves coarsely sinuate-dentate, cilia 0
H. Nevadense, 2 30.

Perichastial leaves entire or serrulate.

Stems erect, stout (to 15 cm.) . . . . H mégaptilum, 34.
Stems prostrate.
Leaves with recurved, spinulose teeth . H. hamatidens,?.
Leaves serrulate.
Capsule oblong . . . . H. pinnatifidum, 31.
_Capsule long cylindric o . . . H. Amesiz, 4

Plants irregularly branched.
Leaves ovate-lanceolate (1:8) cilia 8, long as segments H. ®neum, 28.
Leaves long-lanceolate (1:5) cilia 1 or 2, long or short H. lutescens, 7.

1 Renauld & Cardot: Bot. Gaz., xiv (1889), 99.

2 Homalothecium Nevadense Ren. & Card.: Bot. Gaz., xiii (1888), 202.
3 Kindberg: Bull. Torr. Bot. Club, xvi (1889), 97. ’
4 Renauld and Cardot: Bot. Gaz., xiii (1888), 202, pl. XX.
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ii. Leaves not deeply plicate.

[Homalothecium pseudo-sericeum may i)e sought here.]

* Lid convex-conic to long-conic (rostellate in 59).

- Leaf-cells not abruptly enlarged atf base, dpper usually distinet,
' elongated rhombic.

++ Seta smooth above, rough below, capsule suberect.

Capsule 1: 1.5, cilia 2, equalling teeth . . . H. Hillebrandi, 46.
Capsule 1:2.5, cilia solitary, short, or none . . H. Fendleri, 47.

++++ Sefa smooth below, rough above, capsule cernuous or arcuate.

Pericheetial leaves short-acuminate . .+ . H. plumosum, 58.
Pericheetial leaves abruptly long filiform-acuminate H. campestre, 54.

++ ++ ++ Sefa rough throughout.
== Cells of basal angles scarcely diﬁ"erént.

Leaves scarcely or abruptly acuminate, dioicous.
Leaves very short acuminate, glossy, not decurrent H. rivulare, 56.
Leaves short acuminate, broadly and iong decurrent,
' H. latifolium, Lindb.?
Leaves longer acuminate, not glossy, decurrent . H. Novee-Angliz, 55.
Leaves gradually acuminate, autoicous.
Slender, leaves lanceolate to ovate-lanceolate, capsule
constricted under mouth when dry . . H. velutinum, 45.
Stout, leaves ovate, capsule not constricted . H. rutabulum, 52.

== == Cells of basal angles distinctly quadratic. )

) Leaves long acuminate, costa entering point . . H. reflexum, 50.
Leaves acuminate, costa not reaching point.
Seta long (4 cm. +) . .
Seta shorter (2 cm. —).

. . H. asperrimum, 53.

Segments split between articulations . . H. edipodium, 51.
Segments split their whole length ?
Seta arcuate above . . . . . . H. Bolanderi, 48.
Seta abruptly bent at base of capsule . H. Starkii, 49.

1 Renauld and Cardot: Fl. Miq. (1888) 51.

2 According to Austin Bof. Gaz.,iv (1879), 162, the pedicel of H. biventrosum “0) is
©Obsoletely scabrous, and it might therefore be sought here.
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<+ <+ Leaf-cells abruptly enlarged at base, indistinct, linear-vermicular.

Costa percurrent . . . . . . . H. populeum, 57.
Costa vanishing.
Seta purplish, rough throughout.
Capsule suberect, stem-leaves gradually acuminate H. caspitosum, 59.
Capsule abruptly horizontal, leaves abruptly short

acuminate with points recurved . . H. illecebrum, 61.
Seta reddish and rough above, yellowish and smooth )
below . . e . . H. Californicum, 60.

% % Lid (more or less long) rostrate.
-+ Leaves obtuse . . . . . . H. obtusifolium, 169.

i

<+ <+ Leaves acute or acuminate.
++ Cilia solitary or geminate at base.

3 Perichaetial leaves erect, serrulate . . . . H. eurvisetum, 91.
[ Perichaetial leaves recurved, entire . . . . H. lentum, 69.

++ ++ Cilia 2—3.

Leaves with filiform points.
Stems short, with erect fasciculate branches, stoloni-

ferous . . . . . . . . H. Yaucheri, 73 a.
Stems long; prostrate, irregularly branched, not radicu-
‘lose . RN . . . . H. pilifernm, 74.

Leaf-points not filiform.
Leaves serrulate all around.
Decurrent, excavate at basal angles.
Perichatial leaves spreading . . . . H. Stokesii, 78.
Perichatial leaves reflexed . . . . H. Oreganum, 79.
Not decurrent nor excavate.
Leaves ovate-lanceolate, acuminate, segments
split . . . . . . . H. Sullivantii, 6.
Leaves broad-ovate, acute, segments perforate = H. prelongum, 75.
Leaves entire at base. '
Lid not half aslongascapsule . . .  H. colpophyllum, 73.
Lid nearly as long as capsule . . . . . H. hians, 77

b. Seta smooth.
[Homalothecium pseudo-sericeum may be sought here.]
i. Lid (more or less long) rostrate.

Leaves apparently 2-ranked; plants of dry woods . H. serrulatum, 89.

SR
R




74 Wisconsin Academy of Sciences, Arts and Letters.

Leaves spreading every way. .
Ovate, acute, rarely slender-pointed; in water . H. rusciforme, 90.

Deltoid, with long slender points.
Points twisted, plants golden yellow . . . H. Boseii, 72.
Points straight.
Spreading, branchlets attenuate . . . H. strigosum, 70.
Appressed, branchlets short, julaceous . H. diversifolium, 71.

ii. Lid convex to conic.

% Leaves acule or acuminate, serrulate.

~— Primary branches erect, dendroid to fasciculate, capsule symmetric, sub-

erect or inclined.
++ Leaves papillose on back.

In compact tufts, dark green, branchlets not attenuate

H. Brewerianum, 66.
In loose tufts, branchlets attenuate, stoloniferous.

- Cilia solitary, margin of stem leaves reflexed . H. spiculiferum, 64.
Cilia 2—8, margin of stem leaves not reflexed . H. stoloniferum, 63.

++ ++ Leaves smooth.

‘Capsule cylindrical, cilia solitary, 4 segments . H. aggregatum, 67.
Capsule oval-oblong, cilia 2—3.
Pericheetial leaves serrate . . . . H. myosuroides, 62.
Perichatial leaves entire .. . -. . H. acuticuspis, 65.

=+ =+ Primary branching irregular or pinnate, capsule unsymmet-
tric, subarcuate, horizontal (excl. 36 and 44).

‘Capsule symmetric, erect.
Synoicous, small (branches1 cm. long) . . . H. Utahense, 44.
Dioicous, large (branches 3—4 cm.) . . . H. acuminatum, 36.
Capsule unsymmetric, inclined.
In loose tufts, plants stout or long.
Leaves narrowed from lower third to apex, usually
whitish or yellowish.
Capsule short (1: 1.5), monoicous, leaves straight

when dry . . . . H. salebrosum, 37.
Capsule short (1: 15——2), dlolcous, leaves twisted-

flexuous when dry . . . . . . H. Thedenii, 41.
Capsule longer (1:3), dioicous, leaves straight when

dry . . . . H. l»etum, 35.

Leaves narrowed from base to apex, brlght green,
monoicous . . . . . . . . H. acutum, 38.
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In loose tufts, plants small, bright green, dioicous H. biventrosum, 401,
In dense hemispherical bright green tufts, monoicous H. collinum, 43.

% % Leaves acute or acuminate, entire.

-+— Capsule strongly constricted under mouth when dry.

Leaves widest just at base, tapering equally.

Deeply plicate, cells obscure . A . . . . H. nitens, 33.
Concave, smooth, cells plain . . . H. polygamum, 132,
Leaves widest above base, Iong-acumlnate . H. e¢hrysophyllum, 130.

" Leaves widest above base, not acuminate . . H. palustre, 165.

<+ -+ Capsule slightly or not constricted.

Plants reddish-brown below, orange above . . . H. badium, 183.
Plants whitish-,yellowish- or bright green.
Cilia 0, basal cells quadrate, numerous . . . H. Donnellii, 42.
Cilia 2.
Monoicous, leaves open . . . . . H. salebrosum, 37.
Dioicous, leaves appressed-imbricate - . . . H. albicans, 39.
Cilia solitary. ' .
Alar cells loosely quadrate, thin . . . H. oxycladon, 53a.
Alar cells round-quadrate, obscure. . . . H. apocladum, 68.

% % % Leaves-obtuse (sometimes apiculate in 175) entire.

-+ Cells not enlarged at basal angles.

Leaves open . . . . . . . . H. arcticum, 168.
Leaves closely imbricate . . . . . . H. trifarium, 181.

-+— -+ Cells enlarged at basal angles.

Costa subpercurrent.
Monoicous, sparingly branched, alar cells gradually
enlarged . . . . . . H. cordifolium, 173.

Dioicous, profusely branched
5—10 cm. long, variegated or dark purple, stolons

green . . . H. sarmentosum, 175.
15—30 cm. long, bnght to yellow1sh green . H. giganteum, 174.
Costa reaching middle.
Branches irregularly pinnate, leaves spreading . H. Richardsoni, 177.
Branches few, leaves imbricate . . . . H. stramineum, 180.

1 The sterile H. (Brachythecium) Fitzgeraldi, Miiller (Flora, 1887, 224), is related to this
species and distinguished from it “by its parallel julaceous-terete branches and larger,
broader and less acuminate leaves.”
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2. Costa very short or none or double.
a. Alar cells abruptly enlarged (often inflated and colored).*
i. Operculum long subulate rostrate.

Capsule horizontal, strongly constricted under mouth when

dry, leaves quite entire . o . . H. demissum, 80.
Capsule suberect, slightly constricted, leaves serrulate at

apex . . . . H. microcarpum, 84.
- Capsule inclined, dee mouthed leaves spinulose-dentate

at apex . . . . . . . . H. laxepatulum, 86.

ii. Operculum short rostrate.

Leaves roundish elliptical, subacute or apiculate . H. Novae-Cesariz, 81.
Leaves filiform acuminate. , -
Cilia 2, annulus 0, capsule oblong (1:2—R2.5) . .+ H. recurvans, 82.
Cilia 0, annulus 0, capsule cylindric (1:3.5) - . H. eylindricarpum, 83.
Cilia 1, annulus simple, large, capsule oblong . . H. Jamesii, 85.
Leaves acute or stoutly acuminate. )
Fntire . . . . . . . . H. Haldanianum, 163.
" Sharply serrate . . . . . . . H.nemorosum, 164.

iii. Operculum convex or conic.

Leaves falcate.

[H. palustre, var. hamulosum may be sought here.]

Scarcely costate, alar cells orange . . . H. eugyrium, 171.

Costa reaching middle, alar cells hyaline . . H. ochraceum, 172.
Leaves not falcate.

Abruptly filiform apiculate, entire, alar cells not con-

spicuous . . . H. trichophorum, 100.
Gradually filiform aoummate, ala.r cells orange.
Acute or short apiculate, alar cells few, large . H. palustre, 165.
Plants slender, 2—3 cm. long.
Branches erect, leaves serrate . . H. Muhlenbeckii, 111.
Branches intricate, leaves nearly entire . H. Fitzgeraldi, 112.
Plants stout, 7—10 cm. long, leaves quite entire H. stellatum, 131.
Obtuse, entire, alar cells hyaline . . . H. cuspidatum, 176.

1 In 81 so few as to be easily overlooked.
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b. Alar cells scarcely different or quadrate, not abruptly enlarged.
i. Leaves thin, glossy, open; plants mostly small, prostrate or with as-
cending branches.
% Leaves complanate.
+ Lid rostrate.

Leaves transversely undulate, serrulate at apex . H. undulatum, 110.

Leaves not undulate, quite entire * . . . . H. sylvaticum, 109.
Leaves not undulate, serrulate to base.
Bicostate, annulus large = . . . . . H. geophilum, 87.
Uni- or ecostate, annulus 0 . . . . . H. deplanatum, 88.

-+ -+ Lid convex or conic.

Capsule pendent . . . . . H. elegans, 105.
‘Capsule suberect, inclined or honzontal _
Sulcate and constricted beloww mouth when dry . H. turfaceum, 104.

Smooth when dry.
Autoicous, plants growing on rotten wood.
Annulus.0 . . . . . . . . H. micans, 103.
Annulus large, triple . . . H. denticulajum, 106.
Dioicous, plants growing on stones or the ground.
Leaves quite entire, capsule obovate, campanulate
when dry . . . . . H Muellerianum, 107.
Leaves serrulate, capsule subcyhndrlc . H. Sullivantiz, 108.

* % Leaves equally spreading.

<+ Capsule suberect, smooth when dry.

Dioicous, cilia 0, costa obsolete. :
Inner pericheetial leaves ovate lanceolate . . H. latebricola, 98.

Inner perichsetial abruptly acuminate . . H. Passaicense, 99.
Autoicous, cilia 2—3, costa double.

Thick, ascending to middle . . . . . H. geminum, 102.

Thin, reaching half way to middle . H. denticulatum, var. 106.
-+ +— Capsule inclined, sulcate when dry . H. pseudo-Silesiacum, 118.

-+ =+ + Capsule inclined or horizontal, often arcuate, smooth when dry.

Leaves squarrose, abruptly long acuminate . H. hispidulum, 129.
Leaves loosely imbricate, obtuse or acute, alar cells orange.
Nearly as broad as long, obtuse or apiculate . . H. molle, 166.
Nearly twice as long as broad, acute, point often half
twisted . . . . . H. alpestre, 167.
Leaves falcate, gradually acute . . . . H. montanum, 170.
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il.  Leaves firm, plants very large, mostly 1—2-pinnate, erect or ascending.

% Paraphyllia 0.

Leaves obtuse or abruptly apiculate.
Capsule smooth when dry.
Leaves obtuse.
g ’ Olive or grayish green, 1—2-pinnate, leaves open H. Schreberi, 178.
' Dirty green to dark brown, almost simple, leaves

closely appressed . . . . . . H. trifariam, 181.
Leaves abruptly apiculate, plants pale green . H. purum, L..

: - Capsule plicate when dry, plants dark green to reddish ‘
o brown . . . . . . . H. seorpioides, 184.

Capsule unknown; plants dark yellow and greenish, branches
julaceous, few, fastigiate, leaves short apiculate H. turgescens, 182.
Leaves long acuminate.

Sulcate. )
Apex blunt . . . . . . . . H. Flemmingii, 191.
Apex very sharp. -
Ecostate, leaf cells all alike . . . .- . H.loreum, 192.
Bicostate, leaf cells enlarged at base . . ‘H. triquetrum, 190.
Not sulcate . . . . . . . . H. squarrosum, 189.

* % Paraphyllia present.

Leaves with long double costa, leaves deeply sulcate H. umbratum, 186.
Leaves obscurely bicostate.

Obtuse . . . . . . . . .- H. Alaskanum, 179.
Acute or apiculate or long acuminate.

Paraphyllia pinnate, branches densely 2—3 pinnate H. splendens, 185.
Paraphyllia minute, branching irregularly pinnate H. brevirostre, 188.
Leaves unicostate to middle, coarsely serrate . . H. Oakesii, 187.

II. Leawves secund.

[Raphidostegium spp. and Brachythecium Thedenii may be sought here.]

A. Costa single, reaching to the middle or beyond.

1. Celis short, minute . . . . . H. erispifolium, 22.
2. Cells elongated.

a. Seta rough.
Leaves serrulate

H. velutinum, 45.
Leaves entire

H. plumosum, var. 58.

! Renauld and Cardot: FI. Migq. 57.
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b. Seta smooth.

i. Leaves transversely rugose and longitudinally plicate.
Plants slender
Plants very stout.
Leaves serrate at apex, alar cells quadrate . . H. rugosum, 144,
Leaves subserrate at apex, alar cells scarcely different,

H. robustum, 145 .

H. aduncum var. gracilescens, 1383.

ii. Leaves not rugose, often plicate.
% Alar cells much enlarged or differently colored.

-+ Paraphyllia abundant (rarely few).

Leaves plicate

H. commutatum, 148.
Leaves not plicate

H. filicinum, 142.

SR Paraphyllia 0.
Annulus 0.
Autoicous, leaves quite entire . . . . . H. palustre, 165..
Autoicous, leaves denticulate . . . . H. fluitans; 1386.
Dioicous, leaves entire above, serrulate below H. exannulatum, 137..
Annulus large.

Autoicous, leaves plicate, teeth orange at base, yellowish

above H. uncinatum,! 135.

Dioicous, leaves sulcate, teeth orange with a broad hya-

line border . H. ochraceum, 172.
Dioicous, leaves striate, teeth brown or dark orange, not
bordered. '
Alar cells pellucid

H. aduncum, 133.

Alar cells orange . .+ « . . H. Sendtneri, 134.

% % Alar cells small or scarcely different.

Leaves serrate . . . . . . . . H. Thedenii, 41.
Leaves quite entire. : :

Plants very large and stout (15—20 cm.), leaves costate to

near apex. . .
Regularly pinnate . . H. aduncum var. hamatum, 133.
Irregularly and dichotomously branched . H. lycopodioides, 140.

Plants much smaller, leaves obscurely bicostate . . H. Watsoni, 141,
Plants much smaller, leaves costate to above middle.
Autoicous, purplish-red, red-brown or nearly black H. revolvens, 138.
Dioicous, dirty green or yellow . . . H. vernicosum, 139.

1 Hyp. symmetricum Ren. et Card. (Bot. Gaz. xiv (1889), 99, pl. xVv), is a sub-species of
H. uncinatum, from which it is distinguished by the ‘ narrower, erect and quite symmetric
capsules, sometimes clustered by two in same pericheetium.”
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B. Costa double, short, or none.

1. Alar cells enlarged, hyaline or colored. !

a. Lid conic, often apiculate, capsule oval to oblong (1:1—2.5).
i. Alar cells pellucid, not conspicuously colored.

* Capsule costate and arcuate when dry.

Alar cells short, yellow, thick walled . . . H. curvifolium, 159.
Alar cells inflated, hyaline, thin-walled . . H. arcuatum,! Lindb.

* % Capsule nat costate when dry.

» Vaginule short (1: 2) covered with longer hairs . H. molluscum, 147.
- . Vaginule longer (1:3+)
Plants shining yellow, leaves subserrulate . H. depressulum, 151,
& Plants bright- to pale green, leaves quite entire.
o . Lid sharply apiculate, orange, ca.psule incurved when
’ dry . .  H.callichroum, 154

Lid not a.plculate, capsule strongly arcuate when dry H. pratense, 161,

ii. Alar cells orange.

Leaves quiteentire . . . . . . .  H.Bambergeri, 162.

Leaves serrulate.
Ecostate . . . . . . . . . H. circinale, 152,
Obsoletely bicostate . . . . . . . H. Sequoieti, 153.

b. Lid rostrate, capsule cylindric (1: 8.5 +),

Leaves laterally compressed both sides, alar cells orange H. Bambergeri, 162.
Leaves not laterally compressed.

Pericheetial leaves bicostate to middle, plicate . . H. reptile, 148.
Pericheetial leaves shortly bicostate, plicate .  H. cupressiforme, 158.
Perichaetial leaves ecostate, plicate, cilia solitary, ap-

pendiculate . . . . . H. imponens, 155.
Pericheetial leaves ecostate, not plicate, clha 2, mappen-

diculate . . . . . . . H. subimponens, 156.

1 Renauld and Cardot: Fl. Migq. 55.
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2. Alar cells not distinet, often quadrate.

a. Plants very stout (5—6 mm. thick), leaves transversely

rugose H. robustum, 145.-

b. Plants much more slender (2 m'm.‘ or less thick), leaves not rugose.

Costee 2, thick, reaching the middle . . . . H. geminum, 102..
Ecostate or shortly bicostate.
Irregularly branched.

Leaf margins reflexed, shortly bicostate . . H. plicatile, 157.

Leaf margins plane, shortly bicostate . . H. Vaucheri, Lesq.?

Leaf margins plane, ecostate . . . . H. pulchellum, 101.
Regularly pinnate.

Plants very large (to 15 cm.), capsule arcuate, stem
leaves plicate . . : H. Crista-castrensis, 146.
Plants smaller (usually less than 5 cm.), capsule not
arcuate nor stem leaves plicate.
Pericheetial leaves plicate.
Leaves Quite entire - .
Leaves serrulate at apex.

H. complexum, 160.

Inner pericheetial leaves costate . . . H. fertile, 149.
Inner perichaetial leaves ecostate . . H. hamulosum, 150.
Pericheetial leaves not plicate . . . H. subimponens, 156..

1Renauld & Cardot: Bot. Gaz. xiv. (1889) 100.
6—A. & L.
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SOME ADDITIONAL EVIDENCES BEARING ON THE
INTERVAL BETWEEN THE GLACIAL EPOCHS.

By PRESIDENT T. C. CHAMBERLIN.*

"Evidences bearing upon the interval between the glacial epochs may be
drawn from various parts of the glaciated field and from the various
phenomena connected with glaciation. Itis not, however, my purpose to
make any approach to an exhaustive review of these evidences, or even to
touch upon the arguments that may be drawn from all the several sources.
I desire simply to bring to your attention certain specific evidences that
have an important bearing upon the length of the main interglacial inter-
val and that lend themselves more readily to' intellectual estimation than
others. The evidences that are especially additional to previous knowl-
edge are drawn from the lower Mississippi Valley, but, in connection with
these, I shall briefly refer to evidences drawn from other valleys that fall

into marked harmony with these.

In the lower Mississippi Valley, the sub-stratum consists of Tertiary de-
posits. Upon these there is a thin stratum of gravel and sand, known
heretofore quite widely as the Orange Sands, although that term seems to
have been applied to different formations. This stratum has been very
considerably misunderstood. It does not contain, so far as critical investi-
gation shows, any material that may be regarded as glacial, although I
think in some of the earlier reports Archean pebbles were cited as an indi-
cation that these gravels were contemporanecus with the glacial deposits
.of the north. They have been critically examined during the summer by
my colleague, Professor Salisbury, and during the entire season’s search he
‘has not found a single pebble that is referable to a glacial origin. Some
years since I examined the same formation with like result. Professor
(all has also examined some of these deposits with a similar result. The
pebbles are chiefly of chert and were derived from the chert-bearing lime-
stones, largely Carboniferous, but reaching as far down as the Lower Mag-
nesian limestone. They are, therefore, non-glacial. This is a matter of
some importance as these sands and gravels have been correlated with the
glacial deposits not only but referred to the Champlain epoch. They are
very far removed from the Champlain deposits in time. That correlation
is one of the great errors of Quaternary geology. They are certainly pre-

* The facts relative to the Lower Mississippi region are drawn largely from the observa-
tions of my associate, Prof. R. D. Salisbury.
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glacial in the sense that they were not contemporaneous with the glacial
incursion at its earliest maximum. They may have been contemporaneous
with the very earliest stages of glaciation before the ice reached the Mis-
sissippi Valley and was able to mingle its deposits with those of valley.

Now these gravels occupy a wide area stretching across the basin of the
lower Mississippi from some distance back in Tennessee, Kentucky and
Mississippi to the high lands upon the Arkansas side, appearing in Crow-
ley’s ridge that bisects the present bottoms of the Mississippi. The gravel
stratum undoubtedly was originally horizontal, but it now undulates more
or less conformably with the surface. The explanation of this, it seems
10 me, is found in the gradual creep of the soft material of the hillsas they
were slowly carved out by erosion. The brows of the hills in some cases
have obviously crept down on the slopes, for on the summit we find the
‘gravels compact and firm and the constituent pebbles lying with their
maximum diameters in a horizontal position while the stratum has level
upper and lower bounding planes. On the slopes of the hills however the
gravel beds are more or less broken up, and the pebbles have been dis-
turbed and displaced and tumbled into various attitudes, such as we
might naturally expect under the hypotheses of a creeping movement on
the slope. It seems impossible to suppose that this stratum of gravel was
originally deposited in the undulatory form in which it is now found. It
might be supposed that the silt which overlies this gravel bed was depos-
ited as a mantle over an undulatory surface, but gravel does not lend it-
self to such a method of distribution. -

This overlying mantle, which now claims attention, consists of fine silt
and embraces the loess deposits of the lower Mississippi. It spreads out
broadly over the gravel stratum and extends somewhat beyond it, es-
pecially on the east. This stratum is in places differentiated into two
parts and separated by a soil-like horizon. This differentiation is not com-
mon to the entire valley. This silt mantle may be traced almost in un-
broken continuity northward to the border of the glacial drift, whence it
spreads itself over the drift, reaching up on it some hundreds of miles to
the northward. In this northern stretch the silt mantle is correlated with
a second episode of the earlier glacial epoch. It graduates down into a
stratum of boulder clay that overlies a bed of vegetable material, which in
turn overlies another till. Both of these tills I have been accustomed to
correlate with the earlier glacial epoch. I do not wish, however, to raise
differences of opinion on that point here. It is unimportant to the main
conclusions which we desire to reach.

Besides this continuity there is a further reason for regarding these silt
deposits as contemporaneous with the ice invasions. They are made up in
part of glacial particles; that is, particles derived from the mechanical
abrasion of a glacier. These#particles consist of decomposable silicates,
dolomites and limestones, and were rasped from rocks of these varieties
lying further north. Such decomposable particles do not abound in resid-
uary clays but are abundant constituents of glacial clays.
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Tt seems necessary to suppose that this mantle of loess and loess-like silt
was originally deposited as a horizontal stratum across the entire Missis-
sippi bottoms. = At the present time it undulates over the hills. At first
thought it would seem that the depositing waters might have been deep
and the silt laid down as an undulatory mantle; but it would seem neces-
sary to extend the same hypothesis to the deposition of the gravels where
its application is manifestly excluded by the nature of the deposit. I feel
sure from observation in certain cases that full investigation will show
that this seeming mantling is the result of the gradual degradation of the
hills, accompanied by creep of the pliant and plastic material. This phe-
nomenon of creep has a wide expression entirely independent of the area
uncer consideration; but upon that I cannot dwell. ;
' During the first glacial episode the altitude and slope of the lower Mis- §
sissippi basin was so low as to permit the deposit of this silt on the bluffs i
which are now 200 feet more or less above the present Mississippi bottoms. !
Before the second glacial epoch, according to the division I make, there
was an elevation sufficient to permit the erosion of the great trench of the
lower Mississippi by the predecessor of the present river. This erosion |
amounts in round numbers to a trench about 800 feet in depth and about b
sixty miles in width. Some of the bluffs that are crowned by these silts
are 200 or 250 feet in height, and Professor Call’s recent investigations
show 80 to 100 feet of silt in the bottom. It is, therefore, I think, safe to
say that in round numbers there was an erosion during the interval be-
tween the two epochs of the magnitude named and reaching from Cairo
south to the gulf with corresponding erosion trenches along the u‘pper
branches. This great erosion represents the interval between the forma-
tion of the silts of the earlier glacial epoch and the filling in of the valley
deposits of the later glacial epoch, which now demand our attention. If
we go back on the glaciated area to the moraines which mark the limit of
the later glacial incursions, we shall find, starting from the ‘outer side of
these moraines, valley streams of gravel formed contemporaneously with
these ice incursions. Tracing these gravel streams along their courses, we
find that they run down into the channels cut in the inter-glacial interval,
and partially fill them. On the upper Mississippi, on the Chippewa, on
the Wisconsin and on other tributary rivers, we find gravel trains heading
on the outer edge of the outer moraine of the later epoch. Passing down
through the interglacial trenches, these are found represented in the lower
Mississippi valley, as I think we may safely say from recently gathered
evidence, as deposits in the Mississippi bottoms, overlaid of course by
the more recent deposits. The work of the earlier glacial epoch in the
lower Mississippi I conceive to be the deposit of the loess and loess-like
silt, that of the interglacial epoch to be the erosion of the great trench in
~hich the Mississippi bottoms now lie, and fhat of the later glacial epoch
to be the partially filling of this trench. The trenching is the measure of
the interglacial interval, or at least is a partial measure of it.
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If we pass to the upper Ohio and Allegheny valleys we find phenomena
that fall into close correspondence with the foregoing. There are high
shoulders and terraces at various points which bear upon themselves gla-
cial river gravels. One of the most decisive is found in the vicinity of
Parkers, and has been described by Mr. Chance and others. Here an old
channel runs back from the present course, and. curving around a group
of hills, returns, forming an ‘“ox bow.” In this old channel glacial river
gravels are found, showing that i was occupied contemporaneously with
some stage of the glacial period. This abandoned channel is about 200
feet above the present Alleghany river. Mr. Chance tells us there is about
fifty feet of drift in the present valley bottom. So between this upper river bed
and the bottom of the present rock channel there is evidence of an erosion
of 250 feet, 200 of wkich, in round numbers, are cut through Carboniferous
strata. Similar and corroborative facts show themselves along the course
of the river above and below and along the Monongohela and the upper
Ohio. If we tracethe old channel of the Alleghany northward by means of
remnant shoulders and terraces we find that it lies considerably above the
altitude of the terminal moraines of the later epoch; and also much above
the gravel trains that head on the outer side of these moraines and run
down through the trench above indicated. It therefore becomes a neces-
sary inference that the trench was cut before the .moraines were pushed
across it and before the moraine derived gravels could be carried down
into it. The trench therefore represént;s the interval between the earlier
and the later glacial epochs. I have placed in manuscript elsewhere the
fuller facts upon which these brief statements rest, and they will appear in
print in time.

If we pass over the Susquehanna valley we find like phenomena. These
have been brought out by Mr. McGee and others and I need only to refer
to them because of their connection with that which I have already pre-
sented. Here we find old benches covered with rounded pebbles —some
of which are glaciated — reaching to a similar height of about 250 feet
above the present Susquehanna river. There are glaciated pebbles at high-
er altitudes, but I have taken the more moderate figure because it is a safe
one. Near Sunburg glaciated stones were found by Professor ‘Salisbury
about six hundred feet above the present river. Below these high terraces
and in the valley excavated out of the plain from which they were de-
rived, we find a lower terrace 60 or 70 feet in height of newer and dis-
tinguished aspect. Above Berwick this lower terrace connects itself
definitely with the terminal moraine which there crosses the river, The
terrace rises rapidly as it joins this moraine, as is the habit of moraine-
headed terraces, and reaches an altitude of 100 to 150 feet as it merges into
the moraine. But it is still much below the old terraces from which it is
sharply distinguished by its freshness and youth and by its constituent
material.
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It appears therefore that at this point a deep trench was cut in the flood-
plain of which the old terraces are the remnants before the formation of
the later moraine and of the valley deposits that sprang from it.

If we pass over to the Delaware valley we find analagous facts which
are more familiar through the writings of several geologists. Many years
ago Professor Lewis called attention to the earlier and Jater deposits of that
region, though he did not give them the interpretation I shall place upon
them here, which coincides essentially with that of McGee. As we follow
uij the valley toward Belvidere where the moraine crosses the Delaware,
we find old terraces reaching up to about 240 or 250 feet upon which are
rounded pebbles and glaciated stones, indicating an origin in the earlier
stage of glaciation. Cutting through these old plains and the rock below
we find the deep trench in which the later deposits have been placed.
These later gravel deposits, originating with the moraine at a height of
somewhat above 150 feet, rapidly decline to about 85 feet a few miles above
Lewisburg, opposite a point where the older terrace rises to about 250
feet. The measure of the interval here is some 250 to 300 feet of rock
cutting.

It would appear therefore that while there are local variations, there is a.
general correspondence between the amount of erosive work done by the
lower Mississippi, by the upper Ohio and Alleghaney, by the Susquehanna
and by the Delaware rivers respectively. The facts indicate that the alti-
tude of the continent was low in the closing stages of the earlier glacial
epoch; became higher in the interglacial interval, and after sufficient time
elapsed for these great erosions to take place, the glacial waters of the
later epoch poured their valley deposits down the trenches formed in the
interval. The cutting of these trenches rudely measures the length of this
interval or at least the length of the actively erosive part of it.
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ON THE APPENDAGES OF THE FIRST ABDOMINAL
SEGMENT OF EMBRYO INSECTS

By WM. M. WHEELER.

Much of what is contained in the following paper was presented to the

Wisconsin Academy of Sciences, Arts and Letters at its annual meeting in

December, 1888. Graber’'s summary ['88], embodying as it does all that

was known of the curious organs on the basal abdominal segment of em-

bryo insects up to 1888, would seem to render superfluous a second general

contribution at so early a date. Nevertheless I have been led to undertake

the task for several reasons: First, several brief articles have appeared

since the publication of Graber’s comprehensive paper; secondly, I have

myself made some observations which fill a few of the gaps neces-

sarily left in the German investigator’s resumé, and thirdly, as I take a

very different standpoint in regard to the interpretation of the problematic

appendages, I feel in duty bound to reproduce all the facts from which my

conclusions are drawn.

This paper does not purport to be a final monograph on the subject—
such a task can be undertaken only when the embryos of many more in-

sects have been carefully studied —but a resumé of facts and theories up:
to the close of 1889. After giving an account of my own investigations in.
the first part, I shall in the second portion pass to an account of the work

of other observers, and in the last part -consider the theories which have-
been advanced in regard to theoriginal function of the problematic organs.

The descriptions of the organs in Blatta and Periplaneta and the whole of
the theoretical portion are essentially the same as when presented to the-
Academy in December, 1888.

For the sake of avoiding repeated circumlocution I shall call the appen-

dages of the first abdominal segment pleuropodia —a name both sugges--
tive of their origin from foot-like organs and their tendency, when.
fully developed, to take up a position on the pleural wall of the embryo..
Should the theory advanced in the latter part of the paper prove to be cor-

rect, I would suggest that the term adenopodium be substituted for-
plewropodium.

I shall not treat of the abortive and very transient appendages which.
appear on some or all of the abdominal ségments, since the interested

reader will find a complete resumé of our fragmentary knowledge of these-
structures in Graber’s paper ['88]. Nor do I propose to enter into the con-

troversy as to whether the ancestral insects were homopod or heteropod,.
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because I believe, in contradiction to Graber, that there is nothing in the
structure or evolution of the pleuropodia which throws any light whatever
on the mooted question.

These organs may be turned to quite as good account by the advocates of
homopody as by those who accept Graber’s views. Supposing the Diptera
were the only order of insects of which we had any knowledge, should we
be justified in asserting that the halteres which now function as sense
organs according to Leuckart and Lee, had never functioned as true wings ?
Certainly not. No entomologist doubts that the immediate ancestors of
the Diptera were true insects and that they were provided with two pairs
of perfect wings. It seems to me that the advocates of homopody may
logically maintain that the pleuropodia present a strictly analogous case.
These organs originate as appendages homologous with the thoracic legs
though they subsequently differentiate into organs of problematic though
«certainly not ambulatory function. Why might not the pleuropodia have
been true ambulatory appendages in ancestral forms no more remote from

the living or even Palaeozoic Orthoptera than some four-winged insects are
from the Diptera ? *

PART FIRST.

Blatta (Phyllodromia) germanica. L.
(Plate I, Figs. 1-9.)

The appendages of the embryo Blatta begin to appear on the tenth day
from the formation of the polar globules. The antennae and the three pairs
of thoracic limbs are the first to rise from the ectoderm of the hammer-
shaped embryo. By the eleventh day the three pairs of oral and several

* A similar argument may be advanced in the case of the hamulate halteres of the male
Coccidee. Of deeper interest in this connection, however, are two facts recorded by
Schioedte (De Metamorphosi Eleutheratorum Observationes, Kopenhagen, 1861-1883) con-
cerning larval Scarabeeide and Lucanidee. In the larvee of most species belonging to
these families the metathoracic legs are as long as or a little longer than the meso- and
prothoracic pairs. The larval Geotrypes stercorarius, L., however, has the hind legs re-
duced to only half the length of the anterior pairs. (Plate XVI, Fig. 1.) In the larval
Passalus cornutus, Fabr. the hind legs are so far reduced as to be represented by a pair
of small rudiments only. ‘‘Pedes tertii paris valde deminuti Geotrypce, Passalo, completi
Geotrypee, femoribus, tibiis, ungulix carentes Passalo.” It is interesting to note that the
rudiments in Passalus, as shown in Schioedtes® Figure (Plate XVIII, Fig. 12) are placed very
near and somewhat pleurad to the bases of the median legs. The position thus assumed
by the atrophied hind legs in respect of the median pair is exactly the same as that
assumed in insect embryos by the pleuropodia in respect of the hind or metathoracic pair.
The possibly unique, and certainly anomalous reduction of the hind legs in the larval
Geotrypes and Passalus is well suited to show what striking changes may occur in the
appendages within the limits of a single suborder of insects. This reduction, which is a
purely larval character, since the imagines have hind legs of the usual size and structure,
has very probably taken place within comparatively recent times.
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pairs of rudimentary appendages on the abdominal segments have become
visible. All the appendages are merely glove- finger-shaped outgrowths of
the ectoderm into each of which extends a similar evagination of the un-
derlying mesodermic somite. [Fig. 2.] Of the abdominal appendages all
-except the first pair soon disappear entirely. They are nipple-shaped ele-
vations which are brought down to the general surface of the abdominal
ectoderm by the tension resulting from the lateral ani longitudinal growth
of the embryo. The first pair of abdominal appendages in embryos twelve
days old [Fig. 2 ap.], is twice as long as any of the succeeding evanes-
cent appendages, and about half as long as the metathoracic legs. '

Had I figured the whole of the sagittal section, of which Fig. 2 repre-
sents only a small portion, it would be seen that the three pairs of thoracic
appendages are of equal length, and together with the antennae, the
longest and most prominent appendages of the embryo. The abdominal
Fair is longer than the mandibles in this stage, but only about two-
thirds as long as either the first or second maxillee. Like the antennse, oral
and ambulatory appendages, they are directed obliquely outward and back-
ward. The evanescent abdominal appendages, on the other hand, are
directed torward.

The further differentiation of the antennege, mandibles, maxillee and feet
is brought about by a very rapid proliferation of the constituent ectodermic
cells, by a somewhat less rapid proliferation of the cells of the mesodermic
somites of the appendages to form muscles, and by constrictions of the sur-
face to form the joints of the adult insect. The differentiation of the first
abdominal appendage is brought about in quite a different manner,
namely, by the modification of the individual ectodermic cells of which its
outer layer consists.

The appendage ceases to grow much in length after the twefth day and
its cells no longer divide. I have never seen a nucleus in any phase of
either karyokinesis or karyostenosis, notwithstanding I have examined many
sections in all stages of development. Hence the number of cells which
constitute the appendage on the twelfth day remains constant till the or-
gan disappears. The cells which form all but its basal portion increase
enormously in size, assuming the shape of long prisms more or less attenu-
ated in some portion of their length. They grow inward and push the me-
sodermic cells which at first grew forward into the appendage, back into
the body of the embryo. The cyptoplasm of these large cells consists of
finely and evenly granular protoplasm in which there are one or two spheri-
cal or oval vacuoles at the peripheral ends. [Fig. 8,4, v.] In surface
views the cells are polygonal. The contour of the inner ends is indistinct
in embryos fourteen days old.

Not only does the cytoplasm of each of the formerly small ectodermic
cells increase thus enormously, but also the nuclei, which assume a
centrifugal position in the fanshaped sections of the appendage. Owing to
their number the nuclei are forced to arrange themselves in several rows.
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[Fig. 3.] Thekaryochylemaof thesenucleiis colorlessand shows no granu-
lation. Thiough it are spread what under a low power appear to be dis-
tinct but isolated masses of chromatin.

Under a power of about 900 diameters the prismatic cells exhibit more
of their true structure. The protoplasmic reticulum of the cytoplasm is
indistinctly seen, most of its exceedingly delicate threads running parallet
with the long diameter of the cells and presenting the appearance of fine
striation. The parallel arrangement in this direction may be due to
the tension of the protoplasm during the rapid centripetal growth of the
cells.. The nodes of the cytoplasmic reticulum are what appear as fine
granules under alow power. The vacuoles are colorless and are probably
only drop-like accumulations of cytochylema. In the nucleus the karyo-
chylema is perfectly colorless and through it runs a net-work of chromatin
which appears to have thickened nodes. A nucleolus, which stains but very
slightly, usually occupies a central position. By focussing the distribution
of the chromatic reticulum is distinctly seen to be peripheral and not sus-
pended in the karyochylema. When only the equatorial plane of the nu-
cleus is in focus the thick masses of chromatin are seen to be closely applied
to the wall of the nucleus —only a few of them running out into the limpid
karyochylema. The thin strands of chromatin connecting the irregular
masses probably alsorun along the inner face of the nuculear wall. Fig. &
represents five nuclei drawn with the focus on their equatorial planes. In
the interior of the karyochylema the nuceoli stand out distinctly as bodies
which stain much less deeply than the mass of chromatin.

The nuclei retain their characteristic structure apparently without the
glightest alteration till the complete dissolution of the appendage on
about the twenty-seventh day of development. When at that time the
nuclei cease to stain, the chromatin [probably now of modified mole-
cular structure] is still visible in glistening masses distributed as formerly.
The nucleolus, too, is still seen as a less refractive body of greater dimensions
than any of the irregular chromatin masses. ‘

The cells of the lower part of the appendage in embryos fourteen days
old [Fig. 3], do not differ in form from the ectoderm cells in general.
They lengthen somewhat and clasp the inner ends of the large prismatic
cells which form the great mass of the now nearly solid pleuropodium.
These smaller ectoderm cells thus form abroad tubular peduncle, the lumen
of whichis in free communication with the bedy cavity of the embryo.

The next changes which may be ‘noticed in the appendages [in embryos
about nineteen days old] are superficial and easily described. The tubular
peduncle increases in length with a resulting decrease in the breadth of its
lumen. At the same time the portion of the segment to which the append-
age is attached is carried upward and comes to lie somewhat dorsad to
what will be the coxa of the metathoracic leg. While this movement is
taking place a constriction appears [Fig. 6 cn.] dividing the bulbous mass
of large prismatic cells into two segments. This constriction is merely su-
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perficial and does not divide the cells transversely. The nuclei are seen to-
have moved back from the periphery of the appendage and to lie, several
rows deep in the basal half of the apical, and in the apical half of the
basal metameres into which the organ has been constricted. The contour
of the inner ends of the prismatic cells has become more distinct and the
cavity into which the lumen of the peduncle opens has become larger.
The peripheral ends of the prismatic cells are full of oval vacuoles of about.
equal size, placed side by side. They occupy the whole surface of the apic-
al metamere. [Fig. 6 v.] Perhaps these vacuoles, as also those described
in a preceding stage, may be caused by the action of reagents, though the:
regularity of their occurrence and the lack of vacuoles in other tissues of
embryo Blatte killed and prepared according to a method described in a.
former paper ['89c], seems to preclude the belief that they are artefacts. Be:
this as it may, their presence would seem to indicate that the cytoplasm of’
the outer ends of the prismatic cells is of a different, perhaps more sensi-
tive, structure than that in the remaining portions of the cells.

The appendage has now reached the highest point of its development and
henceforth slowly advances towards dissolution. By the twentieth day
[Fig. 7] it has become more or less irregular in outline. The peduncle [pd}
has increased in length and tenuity; the cavity [cv.] has become irregular
owing to the basal edges of the prismatic cells becoming ragged, and the
constriction is disappearing. In the appendage figured it is still seen as a.
deep indentation on one side [¢n.]; on the other side no traces of it are visi-
ble. The shape assumed by the organ is now no longer constant in any
two individuals. The vacuoles have either entirely disappeared asin Fig. 7,.
or they are much elongated and usually found between the prismatic cells.
‘Where the lateral walls of the cells have disappeared their former position
is often marked by these elongate vacuoles. From being intracellular as.
in Figs. 8 and 6, the vacuoles thus become intercellular just before disap-
pearing. . '

On about the twenty-fourth or twenty-fifth day the cuticle eovers the-
whole surface of the embryo. No cuticle, however, forms on the surface of
the pleuropodium, the elongate peduncle of which is constricted off by the
developing chitinous secretion. When embryos of this age are kept for
hours or even days in heematoxylin or borax carmine and then washed, it is:
found that in perfect specimens none of the staining fluid has penetrated
the cuticule; the embryo is still yellowish white, with a brilliant violet or
red spot, visible to the naked eye just behind the base of the metathoracic
leg on either side of the body. This is the pleuropodium, the only portion
of the embryo which has been stained by such protracted immersion.

Examination with higher powers shows that the pleuropodium has now
become very irregular in outline. [Fig. 8.] The old boundaries between the-
prismatic cells have disappeared. The apical part of the appendage, still
somewhat bulbous in shape, is a syncytium through which the nuclei ap-
pear to be migrating toward the opening of what was formerly the pe--
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duncle but which has now broken down into a mass of cells of more or less
irregular outline [Fig. 8 ».]. This mass of cells is augmented by the nuclei
which are continually leéwing the bulbous mass of protoplasm, and which,
before they leave it, surround themselves with an irregular body of cyto-
plasm cut from the large mass of protoplasm. This process continues while
the whole mass of cells takes on various forms. Finally it spreads out
between the posteriorly directed metathoracic leg and the ventral face of
the abdomen. Fig. 9 shows a section through the remains of the pleuro-
podium of an embryo twenty-six days old. The nuclei fail to stain more
-deeply than the protoplasm. The mass pl seems to be the remains of the
bulbous portion marked pl in Fig. 8. In embryos a few hours older no
traces of the organ are to be found. Its remains probably become indis-
tinguishable from the granular plasmatic secretion which is found in coag-
ulated masses about the legs and mouth-parts of the embryo. Thisgranular
plasma was originally the limpid fluid that filled the cavity of the amnion.

It will be seen from my description that the origin, development and dis-
:solution of the pleuropodia is comprised within the space of fifteen days—
from the twelfth to the twenty-seventh day of the .whole period of de-
velopment, which requires about a month. Within these fifteen days falls
the peculiar phenomenoﬁ of revolution, which begins on the fifteenth and
is concluded on the seventeenth day. Fig. 1 illustrates the lateral view of
.an embryo during revolution. [Sixteen days old.] The appendage [ap.]
has reached its maximum size and alieady shows the constriction which
is most marked a few days later. The amnion and serosa have ruptured
and are passing back over the large mass of yolk. The serosa, s, with its '
large flat nuclei is contracting away from the ventral and posterior por-
tions of the yolk. The amnion, a, with its much smaller nuclei still covers
the ventro-lateral faces of the egg in continuity with the edge of the dorsad
growing body-wall.

For a more complete account of the revolution of the embryo I would
refer the reader to a former paper [’89¢c].

Periplaneta orientalis. L.
(Plate TI, Fig. 10.)

So great has been the difficulty encountered in removing the large eggs
-of this Blattid from the thick-walled ootheca in which they are deposited.
that I have succeeded in securing only a few advanced embryos.

As would be expected from the close systematic affinities of the insects.
the pear-shaped pleuropodia are similar to those of Blatta, though they are
somewhat more truncated at their endsan:l attached by much shorter and
broader peduncles than in the species dealt with above. Fig. 10 represents
a longitudinal section through one of these appendages as it appears in a
cross section through the middle of the first abdominal segment. The
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greater portion of the body is still filled with yolk [not seen in the-
figure], while a portion of the mesoderm has been converted into connective

tissue, ms. The pleuropodium is undergoing degeneration. We haveseen

that in Blatta the nuclei of the huge cellsso characteristic of the organ are-
at first distal in position, but that they gradually wander back towards the

body during the breaking down of the appendage (Fig. 8). A like migra-
tion of nuclei seems to occur in Periplaneta, though I cannot affirm this.
with certainty as I have seen only pleuropodia in the stage figured. Cer-
tain it is, however, that many of the nuclei lie in the proximal ends of the-
cells. The shape of cells so closely applied to one another as those under-
consideration must be determined to some extent by the position of’
their large nuclei. Now in Fig. 10, the broad ends of the cells are
directed towards the body, while the narrow ends converge at a point [¢]
in the distal end of the appendage. Thisis probably not the original arrange-
ment, which would be like that seen in Blatta [Fig. 8].* In order to reach:
the condition of the advanced pleuropodial cells of Periplaneta, from the
condition seen in Blatta in a younger stage, we have only to suppose that
most of the nuclei migrate to the proximal ends of their respective cells-
and push before them a quantity of protoplasm; in this way the cells would
become rounded off at what were originally their pointed ends, and taper
to thread like points at what were before their broad distal ends. At two-
such cells are seen in the act of loosening themselves from the main mass.
and are apparently about to pass into the body cavity through the broad.
lumen of the peduncle. The cells with more deeply stained nuclei at y,

agreeing with the cells of the ectoderm, ecd, and contrasting with the-
large pleuropodial cells, seem to belong to the common ectoderm; they at

first, perhaps, form the walls of the peduncle but subsequently pass up into
the appendage. This supposition is rendered more probable by their per-

ipheral position. The ends of the large cells are frequently filled with and

separated from one another by vacuoles, some of which are very large and:
conspicuous. The protoplasmic reticulum in the neighborhood of these-
vacuoles has the striated appearance described above for Blatfa. At the-
distal end of the pleuropodium the protoplasm is less compact and in many

of my sections, like the one figured, spreads out in an irregular granular
mass which leaves the appendage and probably joins the amniotic coagulum.

If my interpretation of the few stages which I have seen is correct, the

pleuropodia of Periplaneta disappear partly by absorption into the body of

the embryo and partly by the dissolution of their outer portions be-
tween the body walls and the egg-envelopes. In the section figured the

cuticle [¢t]is formed on the pleural and ventral walls of the abdomen,
but is not continued over the surface of the pleuropodium.
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Mantis carolina, L.
(Plate II, Fig. 11.)

Mr. T. H. Morgan has kindly sent me some of the embryos of this inter-
esting insect. All the specimens examined were in a stage just preceding
the rupture of the embryonic envelopes, hence almost corresponding with
the Blatta embryo figured (Fig. 1). The pleuropodia are distinctly visible
in surface view as a pair of narrowly pyriform evaginations, partly covered
by the metathoracic legs with which they are homostichous. Their tips are
directed laterally, while the ends of the metathoracic appendages converge
to\wards the median ventral line. Each pleuropodium is very much shorter
:and narrower than the legs or any of the cephalic appendages. A section [Fig.
11] shows that the organ is a solid body, perbaps best described as a narrow,
pear-shaped sack, whose thickened walls are made up of a single layer of
«cells and whose cavity has been reduced so as to be represented by a line.
The cells forming the appendage have the form of curved pyramids; their
broad bases form the outer surface and their gradually tapering apices
converge from all sides towards the central line representing the obliter-
ated cavity. These cells differ only in shape from those of the ectoderm of
the body walls and other appendages: the size and reactions of the nuclei
together with the quantities of cytoplasm surrounding them are essentially
the same in the elements of both the body walls and pleuropodia. In the
‘Pleural wall [ecd] the nuclei are arranged in about three irregular rows;
Jjust at the insertion of the pleuropodium, however, there is only one row,
a fact indicating that the appendage, which was very probably hollow in a
preceding stage, had its lumen shut off from the body cavity by the in-
trusion of a layer of ectoderm cells at «. Not having studied more ad-
vanced embryos, I am unable to state anything in regard to the manner in
which the pleuropodia degenerate. The fact that these organs are small
and solid and that their component cells differ in no way from the ecto-
dermic elements of the body walls and other appendages, is sufficient proof
that the pleuropodia of Mantis are mere rudiments.

In Mantis carolina there are distinct appendages on at least the second,
third and fourth abdominal segments, but none of these in my embryos
had developed beyond the mammillate stage. Graber ['88] has observed
on the second abdominal segment of an European Mantis a pair of append-
ages shaped very much like the pleuropodia on the basal segment. As
these donot occur in all embryos of the European species, and as the embryos
of the American species examined by me, were all taken from a single
capsule and hence deposited by a single female, I cannot feel certain that
this second pair of pleuropodia is always or even normally absent.
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Xiphidium ensiferum, Scud.
(Plate 2, Fig. 12, 13, 14.) ’

The ontogeny of this interesting insect presents a remarkable and ap-
parently isolated retention of many annelid traits. Among other peculari-
ties there is developed in an early stage a large and rounded preoral disk
between the procephalic lobes, making the head of the embryo resemble a
clover leaf. This preoral disk is soon completely constricted off from the
body of the embryo proper, and, moving forward a short distance, gives
rise to two cellular envelopes. The movements of the embryo in relation to
the yolk also differ markedly from anything heretofore described in insect
development. As I shall devote a special paper to a description of
the development of the Xiphidium embryo, I will here confine my
attention to the pleuropodia which are quite as prominently developed as
in other Orthoptera.

The embryo when first formed on the convex surface of the curved
elongate- oval egg, resembles very closely the Blatta embryo which I have
figured in a corresponding stage ['89¢, Plate XVII, Fig. 45]. The appendages
of the first abdominal segment arise as in Blatta, but as soon as the differen-
tiation of their component cells sets in, a great difference between the

_ Blattid and Locustid pleuropodia becomes apparent. Each of the modified
appendages becomes bulbous and constricted into a peduncle at its . base;
the contour, however, is not evenly rounded but somewhat angular. The
distal end of the sack terminates in a point. Sections show that the
cavity of the organ is very large [Fig. 12, cv.] while the cells forming the
walls are consequently reduced to short and broad prisms. Their cytoplasm,

-though still distinctly granular, is paler than that of the ectoderm cells of
the thoracic appendages and body walls. The nuclei, too, stain much less
deeply than the much smaller nuclei of the remaining ectoderm, presum-
ably because the quantity of cytochylema is relatively much greater, while
the amount of chromatin in the modified and unmodified ectoderm re-
mains approximately constant. At first the large cavity of the pleuropodium
communicates with the body cavity by means of a canal through the
peduncle: later this communication seems to be completely cut off by the
disappearance of the lumen.

‘While the cells of the pleuropodia are differentiating to reach the
stage figured [Fig. 12] and described, the embryo passes through the
yolk backwards and emerges tail first on the concave surface of the egg.
Here it grows considerably and then during revolution passes around the
posterior pole of the egg and again makes its appearance on the convex
surface of the yolk. During the time that the embryo is going through
these peculiar maneuvers, the pleuropodia reach their maximum size and
advance towards the pleursze. Henceforth they diminish in size while their
peduncles become thinner. The oldest embryos examined had their eyes
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pigmented and were ready to escape from their envelopes. When the chorion
was removed, the serosa and first cuticle were found covering the embryo,
the hypodermis of which had already secreted a second chitinous layer.
The shrunken but still conspicuous pleuropodia were attached to the
pleurse laterad and close to the insertion of the saltatorial leg. A
dark brown granular substance was collected in large masses over the head
of the embryo, in the spaces betweeen the legs and the envelopes and on
the surface of the pleuropodia, both of which were easily torn from the
body and left adhering to the serosa and first cuticle. To these membranes.
also adhered much of the granular dark brown secretion. When I at-
tempted to stain embryos still in possession of their pleuropodia, I made
the same observation as on Blaffa embryos of the corresponding_stage:
the pleuropodia were colored but the chitinous covering of the remainder
of the body prevented the stain from entering the subjacent tissues. Sec-
tions through the first abdominal segment of embryos in this advanced
stage [Figs. 13 and 14] show that the peduncle of each pleuropodium is
much attenuated and inserted on the cuticle at the bottom of a rather deep
pit in the pleural hypodermis [ecd.]. The appendage is therefore cut off
from the living tissues of the body and, being very loosely attached, is.
easily shed by the embryo during the movements preparatory to hatching.
A section through the broad portion of the organ in the present stage [Fig.
14] when compared with a section of the organ in its prime [Fig. 12] shows
the extent of dissolution. The cell boundaries, faint but still perceptible '
in Fig, 12, have now disappeared and the organ has become a syncytium.
Those portions of the cytoplasm which border the central cavity [cv.] are
filled with numerous vacuoles of different sizes. The nuclei have lost their
regular. arrangement, and in many cases also their evenly oval contours;
their cytoplasm stains more deeply and their chromation is aggregated to
form larger masses. The granularsecretion [s] surrounding the organ and
filling such spaces as are left between the embryo and its envelopes stains
deeply in haematoxylin and seems to be a later formation than the homo-
geneous secretion indicated at as in Fig. 12, between the amnion and body
of the younger embryo. The abundance of this granular substance cling-
ing to the walls of the shrunken pleuropodia and heaped about the legs in
the immediate vicinity would seem to indicate that it is to be regarded as
a secretion of the pleuropodia or of one of the embryonic envelopes and
not as the decomposed amniotic secretion.

Cricada septemdecim. TFabr.
(Plate 3, Figs. 19 and 20.)

Most entomologists are familiar with the small ova deposited by this
noxious Homopteron in short parallel rows in the twigs of our native trees.
The eggs are translucent, so that the stages of embryos killed in Carnoy’s
fluid heated to 70° C., which renders the yolk transparent and the embryo
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opaque white, may be readily recognized before sectioning. It is difficult
to remove the chorion without seriously damaging the egg, so that sections
are best stained on the slide. The development is very much like that of
Aphis as described by Will. ['88.] This need not surprise us when.we
stop to consider the close relationship of the Phytophthora and Homoptera.

In the earliest stage examined the embryo was found in the middle of
the yolk, with the thoracic appendages just making their appearance, and
the thin amnion so closely applied to the ventral plate as to be difficult of
detection in some sections. The embryo is quite straight, exhibiting little
of the pronounced curvature of the Aphis embryo.

In a later staye when the thoracic and cephalic appendages are well
established, no appendages are to be observed on the abdominal segments,
sections through which show that the ventral surface is very flat, without
even the bulgings that have frequently been mistaken for rudimental ap-
pendages. In a cross section through the middle of the first abdominal
segment [Fig. 20] there is seen at the points corresponding with the places
of evagination of the metathoracic appendages of the preceding segment,
a pair of ectodermic thickenings [ap]. The cells of these thickenings as
shown by the curvature of their nuclei are aggregated somewhat like the
segments of an orange. The long axes of all the ectoderm cells are in this
stage directed dorso-ventrally. I have for the sake of emphasis repre-
sented the thickenings, which for reasons given below, I believe to be true
homologues of the evaginated pleuropodia of other insect embryos, as
paler than the cells of the surrounding ectoderm, though in reality no such
differentiation has as yet set in. In the section figured a slight depression
marks the convergence of the outer ends of the pleuropodial cells.

During the revolution of the embryo, the pleuropodium reaches its full
size and presenté in section the appearance of Fig. 19 ap. It is easy to see
how this organ originates from an orange shaped cluster of cells like that
just described. The ectodermic elements increase greatly in length and
assume the form of curved pyramids with their tapering apices attaining
the surface of the body and their broadened nuclear ends projecting into
the body cavity. The outer and attenuated ends of the cells are uniformly
hyaline and stain very faintly in borax carmine. The cytoplasm of the
inner ends is granular like that of the remaining ectoderm. [ecd.] The
nuclei of the pleuropodium seem not to differ in their finer structure from
the nuclei of the general ectoderm. They are frequently triangular or vi-
olin-shaped both in the pleuropodium and in the undifferentiated ectodern.
The only difference is one of position: the nuclei of the body wall lie at right
angles to their former position. A granular mass, the amniotic secretion,
fillsthe space between the body walls and the egg membranes [¢h.] In one
place, however, this mass is replaced by one of a different nature, a glairy,
homogeneous and vacuolated substance [s] of irregular though rounded
outline, firmly attached to the attenuated tips of the pleuropodial cells.
This homogeneous mass, which stains pink in borax carmine, is often more

T—A. & L.
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globular than as represented in the figure, and is often separated from the
granular amniotic secretion by a clearly defined space, proving that one or
both of the secretions contract under the influence of the reagents em-
ployed. From the constancy of its occurrence and the manner of its adhe-
rence to the outer surface of the pleuropodium, I do not hesitate to regard
the homogeneous mass as a secretion of the pyramidal cells. It seems
to consist of an albuminoid substance; the vacuoles which it contains may
be artefacts. Not having examined it in fresh embryos, I was unable to
learn anything more concerning its physical or chemical nature.

A somewhat more advanced embryo was examined in surface view after
staining; with Ehrlich’s haematoxvlin, The presence of the pleuropodium
was distincly indicated on each pleura of the first abdominal segment near
the insertion of the metathoracic leg, by a clear circular area surrounded
by a dark ring. The clear area I take to be the cluster of hyaline cell-tips;
the appearance of a dark circle is probably due to the ectoderm cells seen
in section at o o together with the nucleated ends of the subjacent pleuro-
podial cells.

In Cicada embryos nearly ready to hatch the pleuropodia are not to be
found. The pyramidal cells grow pale and irregular, finally fall asunder
and are probably absorbed. The ectoderm cells at oo grow over the small
area formerly occupied by the hyaline cell-tips to complete the pleural wall.

Although the pleuropodia of Cicada, being invaginated thickenings of the
ectoderm, differ considerably from the evaginated pleuropodia of the
Orthoptera, I believe that T am justified in regarding both forms as homo-
logues. The facts which make for this homology are the following:

1. The pleuropodia of Cicada are of purely ectodermic origin.

9. They appear only on the first abdominal segment.

3. They are at first homostichous with the thoracic and cephalic ap-
pendages.

4. Their cytological structure closely resembles that of some evaginate
pleuropodia; the shapes of the component cells with reference to the sur-
face of the body being merely reversed. Compare the pleuropodia of
Mantis carolina. [Fig. 11.]

5. Their greatest development is attained during the revolution of the
embryo.

6. They move away from the median ventral line of the embryo and
take the same position on the pleure as the evaginated pleuropodia of the
Orthoptera and Coleoptera. )

7. They atrophy and disappear before the embryo hatches.
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Zaitha fluminea, Say. *
[Plate 3 Figs. 17 and 18.]

Of this form I have examined only embryos in the stages immediately
preceding, during, and after revolution. Just before revolution the embryo
lies on one face of the yolk with its amnion and serosa in contact and not
separated by alayer of the vitellus as in most of the Hemiptera whose on-
togenies have been studied. Hence Zaitha would seem to resemble the
Orthoptera and Coleoptera in its manner of embryo formation. The stages
which I have studied show only the fully developed pleuropodia; I can,
therefore, assert nothing in regard to the process whereby these organs
originate and disappear, although their resemblance when fully formed to
the pleuropodia of Cicada renders it highly probable that the beginning
and end of their development are no less similar to those observed in the
Homopteron.

In Fig. 17 I have represented half a cross-section through the first
abdominable segment of an embryo during revolution. The ectoderm
[ecd] of the dorsal surface in the neighborhood of the heart [¢b] is much
thinner than the ectoderm laterad to the large ganglion [gl]. In one place
near the large pleural fold filled with adipose cells |ad] the eztoderm is
greatly thickened to form a bulbous organ which is to be regarded as a
pleuropodium. The cells composing it are greatly elongated, being
three or four times as long as the thickest ectoderm cells of the ventral
body wall. It is also seen that a great number of cells take part in the
formation of the Zaitha pleuropodium while but very few go to make up the
same organ in Cicada. In the water-bug the rounded inner face of
the pleuropodium projects as far as the yolk and presents at irregular in-
tervals a few flattened mesodermic elements [cn]. The inner ends of the
long cells are coarsely granular, their outer ends uniformly hyaline.
Their nuclei are but little larger than the nuclei of the body walls. The
delicate hyaline cell-tips converge to form a flat surface which is covered

* The eggs of this species were given me by Dr. W. Patten as the eggs of an aquatic
Hemipteron, which from his description I took to be a Nepa, and mentioned it as such in
my preliminary notes ('89a *89b). The species, however, can be no other than our com-
mon Zaitha fluminea, Say, for I now remember Dr. Patten telling me that he found the
eggs attached to the hemielytra of the female. This habit, according to Uhler (article
Hemiptera, Standard Natural History Vol. II, p 258, 1884) is shared, so far as their habits
have been observed, by all the species of this exclusively American genus. The female
Nepa attaches her eggs to aquatic plants. The chorion of the egg issmooth and unorna-
mented in Zaitha, while the egg of Nepa has at one end seven hair-like radiating pro-
cesses, which, according to E. v. Ferrari, make the egg resemble the seed of Carduus
benedictus. (Die Hemipteren-Gattung Nepa, Latr (sens! natur.) Annalen d. K. K. naturhist.
Hofmuseums. Bd. III, No.2. Wien 1888.)

I hasten to correct my mistake, as the species of Nepa and Zaitha are not only gener-
icallv distinct, but belong to different families: the former to the Nepide, the latter to the
Belostomatidee.
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by a broad pencil of refractive threads [s] which is to be regarded as the
secretion of the pleuropodial cells. In Fig. 18 three of these curious cells
are represented as they appear under a magnification of about 900 diam-
eters. The inner ends which stain deeply in borax carmine contain a num-
ber of very coarse granules among which are interspersed a multitude of
finer ones; the granules diminish in number beyond the oval nuclei and
have completely disappeared in the gradually tapering outer ends of the
cells [{]. These ends are not affected by the stain. Each cell-tip is capped
by a refractive thread, which nearly or quite equals the cell in length and
may often be split into two or three branches. Usually the line which
separates the cell-tips from the threads which cap them, is distinctly
marked as in Fig. 17 and at z in Fig. 18. I have, however, found num-
erous cases where no such line could be detected, the hyaline cell-tips pass-
ing without interruption into the long refractive threads. The minute
structure of the nuclei resembles that of the pleuropodial nuclei of Blatta.
Through the faintly stainable caryochylema runsa chromatic reticulum,
the nodes of which are irregular and much thickened. The nucleolus has
little affinity for staining fluids and is probably to be relegated to Carnoy’s
class of ‘‘nucléoles plasmatiques.”

Sialis infumata, Newm.

This Neuropteron oviposits on the leaves of plants overhanging the
water. The eggs are arranged in regular rows, with their stem-shaped
micropyles directed upwards. The embryos are so small that it is diffi-
cult to obtain good surface views; still I have been able to satisfy myself
that the first abdomina) segment, at about the time of revolution, presents
a pair of conical evaginated pleuropodia, which lie somewhat outside of
the line of the thoracic legs. In my sections I could detect neither a dif-
ferentiation of the cells nor diverticula of the body-cavity extending
into these appendages. The apparent solidity of the organ may have been
due to the thickness and the plane of my sections.

PART SECOND.

Gryllotalpa vulgarys. L.

The pleuropodia of the mole-cricket were observed as early as 1844 by
Rathke [44] who described them as mushroom-shaped bodies. Many
years later, Korotneff ['85] in his account of the general embryology
of Gryllotalpa figured and described the same organs more at length.
According to thisauthor they arise as button-shaped prominences, not in
line with the other appendages but laterad to them. Their outline in sec-
tion resembles that of a mushroom and they are seen to consist of succu-
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lent [saftigen] cells. Later, when the back of the embryo has closed over,
these appendages atrophy [‘‘ gehen zu Grunde”]. They fall off and disap-
pear completely. [¢‘Sie fallen spurlos ab”].

It may be doubted, judging from observations on other Orthoptera,
whether the pleuropodia arise laterad to the other appendages. Probably
the earliest stages in their formation escaped Korotneff. His last observas-
tion, viz.: that the pleuropodia fall off, is quite definite, and, if based on
observation, precludes their possible disappearance by absorption.

Oecanthus niveus, Serville.

The second insect in which pleuropodia were described was Oecanthus
niveus. Ayers ['84] while pursuing the general ontogeny of this Gryllid
was evidently impressed with the interest attaching to these organs; hence
the more complete account which I reproduce in full:

¢‘ The respiratory function of the embryo is first irdicated at the time of
revolution by the appearance of paired lateral outgrowths of the ectoderm
from the pleural region of the first abdominal segment. These gills or
respiratory organs come to lie just behind, but dorsad of the base of the
third thoracic appendage. In outline they are broadly ‘oval or kidney-
shaped and are united to the body by a short peduncle springing from the
center of that face of the disc which is in contact with the body of the
embryo. These folds are cellular structures and at different periods are
solid or hollow. The cells of the folds early lose their ectodermic charac-
ters and become somewhat larger than those of the adjacent body wall,
In the fresh condition they appear enucleate and coarsely granular, but
upon treatment with osmic or acetic acid a nucleus is distinctly visible,
In surface view there is to be seen a clear central area which indicates the
position of the internal cavities of the gill. These cavities are continuous
with the body cavity and probably serve as channels through which the
vascular fluid circulates They vary in shape and relative proportions.
The relations of these appendages to the body is best seen in sections. The
outgrowing flap is here seen to project over an invagination immediately
below it and in some instances to become apposed so closely to the body
wall as to convert the open pocket into a closed canal. In its middle part,
where the fold fuses with the body, its cells are separable into two irregular
layers which correspond to the two primitive plates of the fold, but they
fuse completely, or become widely separated, in the free portion of the
pad. These appendages reach their greatest degree of development soon
after the revolution of the embryo, and then gradually atrophy, entirely
disappearing before the complete closure of the body walls. In sectionsof
the gill organ before its atrophy [or absorption] one finds both distinct
canals and lacunar spaces, which radiate from the point of connection of
the pad with the body, and these together with the arrangement of the
cells give the radiate structure characteristic of the fresh gill. The canals
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are generally circular in section and pursue irregular courses throughout
thg cell substance, while the spaces are developed by the separation of ad-
jacent cell walls and are irregular in outline and occur at varying distances
from each other. The gill pad is essentially a single-layered sac, with a
much constricted neck, evaginated from the pleural region of the abdomen.
The protruding organ is flattened against the body of the embryo and by
this means the cells are rendered spindle-shaped. The nucleus of each cell
lies in that part of its cell which is farthest from the constriction of the
organ. The cell wall gradually tapers to a point and ends near the neck.
The cells are bent in various ways depending upon the relations of their
nuclei to the wall of the pad.” )

Ayers seems not to have recognized the identity of the abdominal ap-
pendages and what he calls the ¢ gill-pads.” On plate 18 he figures [Figs.
8, 19, 20, 23, ab. p.] the first pair of abdominal appendages as digitiform
and arising in a line with the thoracic and remaining abdominal appenda-
ges. In Fig. 20 these organs are seen with tips directed outward, while
the ends of thethoracic appendages converge. Concerning the abdominal
appendages he writes: '

“ Soon after the mesoderm has extended into the hollow appendages,
there appear suceessively a varying number of abdominal protuberances
exactly similar to the maxillary and thoracic appendages in their earliest
stage of growth. Of these only two pairs ever reach any considerable de-
gree of development, they are the first and the last abdominal. The for-
mer grows to the length of the mature mandibles and then atrophies. It
varies in shape from a finger-like process [pl. 18, fig. 17] to a lobed out-
growth, and in the later stages is covered by the last thoracic appendage.”

The last sentences imply that the organ undergoes dissolution in situ and
this is further sustained by Fig. 22, where what would seem to be the ir-
regular remains of the appendages are seen through the translucent meta-
thoracic legs. Evidently Ayers lost sight of the appendages after they
had been covered by the last thoracic legs and when they passed out from
under these and made their appearance as enlarged and peculiarly modified
organs high up on the pleural wall, they were regarded as organs having
no relation to the abdominal appendages. Ayers no longer letters the ap-
pendages with ab. p., but with a new reference, A, and, what is more con-
clusive, says that the pleuropodium ‘‘is essentially a single-layered sac
with a much constricted neck, evaginated from the pleural region of the
abdomen.”

The section of the ¢ gill” described and figured by Agyers [Figs. 13 and
14, pl. 22] *“before its atrophy [or absorption]” shows the cells after the
setting in of degeneration. The figures are in every way comparable
to the figure which I have given of Periplaneta (see above, page 92, also
fig, 19, Plate II). Fig. 14 shows the dorsal wall of the embryo covered
over and the heart completed,a stage in which the pleuropodia have
passed beyond their maximum development which is attained just before
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or during revolution. The canals and spaces alluded to in Ayers’ descrip-
tion are exactly like those seen in Periplaneta in the corresponding stage,
and must not be regarded as delicate ramifications of the body cavity but
as irregular spaces produced by ghe falling asunder of the columnar cells,
They are probably identical with the intercellular vacuoles seen in the de-
generating pleuropodia of Blatta and Periplaneta. Had Ayers passed
sections through the pleuropodia of Oecanthus before the setting in of
dissolution, his description would 'have been different and very probably
like what I have given for Xiphidium.

Stenbbothras.

Graber briefly described the pleuropodia of this Acridian in his paper on
polypody ['88]. In a more recent article ['89] he gives a fuller description
which I reproduce:

¢ Each of the pleuropodia of Stenobothrus at the time of its greatest de-
velopment lies on the pleural wall of the first abdominal segment about
where, in later life, the tympanal apparatus is situated. It is a flat-
tened biscuit-shaped body about 1 mm. in diameter. While the remainder
of the body wall remains destitute of pigment till the insect hatches, the
pleuropodia acquire a brownish hue. Of the same color also is a finely
granular coagulum partly glued to the skin in the immediate neighbor-
hood of the pleuropodia and the legs. In sections the organs present a wide
cavity which opens by means of a short and rather broad passage into the
body cavity. In some sections a few cells, probably interpretable as blood
corpuscles, are to be found in the cavity; in other sections these cells areab-
sent. Thelarge cells of the outer wall, which in this insect also are enorm-
ously developed, are especially interesting, as they are so filled with yellowish
granules that the whole outer wall of the sack presents the appearance of
a brownish yellow plate. These granules are visible even in Canada
balsam preparations. Closer observation shows that the above mentioned
coagulum in the vicinity of the pleuropodia and legs contains yellow
granules very similar to those contained in the cells and thus justifiéh the
conclusion that this coagulum, at 'lea.stj. in part, is secreted by the pleuro-
podial cells, the outer surfaces of which are not covered by a chitinous
cuticle.”

Blatta germanica, L.

Patten was the first investigator to describe the pleuropodia of Blatta
germanica ['84]. His observations are summed up in the following words:

¢ At first a number of abdominal appendages are developed which, how-
ever, quickly disappear again with the exception of the first pair, which
further develops into pear-shaped structures attached to the abdomen by a
stem that increases in length and finally changes into a very fine duct
leading into a small cavity in the expanded distal extremity, which owes
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its size to the development of extremely high ectoderm cells. No mesodern
enters into the construction of the peculiar organ which in the later stages
of development disappears entirely.”

Cholodkovsky's paper ['89] which ingrespect of the pleuropodia of
Blatta adds but little to Patfen’s description, appeared several months after
my account of these organs was written. After describing the origin of
the different appendages, the Russian observer passes to a more detailed
description of the first abdominal pair.

¢ While the ectoderm cells keep increasing in length in the first abdom-
inal appendages, those of its constricted basal portion, on the contrary,
become somewhat shorter. As a consequence of these changes the abdom-
inal appendage assumes the shape of a pear attached to the body by means
of a slender stem only. The greater portion of such an appendage consists
of very long aud narrow, almost fusiform ectoderm cells, which with their
broadening distal ends form the surface of the appendage, while their
proximal ends narrow towards the peduncle. The cells are very closely ap-
plied to one another, and there is no cavity in this portion of the modified
appendage, though there is a narrow canal in the axis of the peduncle
leading into the body cavity. Somewhat nearer its distal than proximal
end each long ectoderm: cell contains a large oval nucleus. Focussing on
the surface of the widened portion of the pear-shaped body one observes
that it is divided into facets; each facet has slightly raised edges and a
central depression, and belongs to an ectoderm cell. During later develop-
ment before the hatchmg of the embryo these appendages disappear by a
process unknown to me.’

This description is in the main (,orrect It is true that the outlines of
the pleuropodial cells are polygonal in surface view, but I have never seen
anything like the facets with raised edges and depressed centers described by
Cholodkovsky and depicted in his Fig. 15 This appearance is probably due
to Cholodkovsky’s method of preparing Blatta embryos by protracted im-
mersion in Perenyi’s fluid, a method which is in all probability responsible
for the marked distortion of some of his other figures.

2

Mantis.

To Graber we owe the only account of abdominal appendages in Mantis
embryos published heretofore. In his general work on insects [77] he
figures the anterior portion of a young Mantis embryo, in which the
pleuropodia are seen as a pair of digitiform processes, directed and shaped
like the thoracic legs, which they are far from equalling either’in length or
breadth. In his later paper ['88] Graber figures another embryo Mantis in
which is seen a pair of what might be called secondary pleuropodia on the
second abdominal segment. This second pair, which is absent in some em-
pryos is somewhat smaller, though in other respects exactly like the first
pair. Further stages in the development of these organs are not described.
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It is probable that they soon disappear without ever becoming bulbous,
since a tendency thus to differentiate is distinctly manifest in®other Orthop-
teran embryos that have reached the age of the Mantis embryos figured by
Graber.

Neophylax concinnus.

An isolated observation on pleuropodia in the Phryganeidae is embodied in
one of Patten’s figures of a Neophylax embryo ['84, plate 86 A, Fig 11.]
Patten notes the fact in the text [page 578] that three pairs of abdominal
appendages are developed cn the basal segments, but says nothing about a
differentiation of the most anterior pair. The figure referred to, however,
shows that the conical abdominal appendages of the first abdominal seg-
ment are considerably larger®than those of the two succeeding segments.
Dr. Patten has, at my request, kindly taken the trouble to re-examine his
sections, and informs me that the cells of the pleuropodia differ in struct-
ure from the unmodified ectoderm cells of the other appendages and the
body wall of the embryo.

Actlius.

At my request, Dr. Patten has very kindly sent me the following de-
scription of the pleuropodia of this Dytiscid:

As in other forms so in Actlius, the pleuropodia arise on the first abdom-
inal segment of the young embryo, as a pair of ectodermic evaginations,
homostichous with the thoracic legs. Later, the distal end of each bul-
bous appendage, consisting of largé columnar cells, is invaginated in the
form of a cup. The nuclei are situated in‘the inner ends of the cells, each
of which secretes at its tip a short refractive thread, which, with those of
the neighboring cells goes to form over the invaginated area a thick,
striated, cuticula-like layer. Dr. Patten remarks that this form of secre-
tion may be compared with the pleuropodial secretion of Zaitha, the only
difference being that the individual threads secreted are so short as to form
together a continuous sheet, instead of a penicillate bundle.

These peculiar appendages, which of all described species most closely
resemble the pleuropodia of Meloe, do not fall off during their period of
degeneration, but are pushed into the yolk and absorbed.

Hydrophilus piceus, L.

The pleuropodia of this form were first observed by Kowalevsky [ '71.]
They are distinctly seen in his Fig. 12, as digitiform processes, shorter than
the metathoracic legs. Nothing is said of their differentiation. In the
figure of an older embryo they are represented as a pair of smaller protuber-
ances inserted on the pleurae near the bases of the metathoracic legs.

Heider ['89] in the first part of his beautiful monograph, figures the
pleuropodia of Hydrophilus in several places, [Figs. 2 and 38 in the text;
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Fig. 9, plate 2, Figs. 10a, 10b, 11 and 12, plate 3] not as digitiform, but as
smalt bulbous,organs with spherical contour, developed from a pair of
small mammillar prominences. At the time of the rupture of the embry-
onic envelopes, they are but little larger than the terminal metameres of
the metathoracic legs and show but little tendency as yet to move apart
from the places where they arose in line with the metathoracic and re-
maining abdominal appendages. In sections of the last stages described
by Heider, the beginning of a differentiation of the cells may be observed
but the pleuropodia do not attain their greatest differentiation till a later '
stage of development. Heider reserves further description for the second
part of his monograph.

Melolontha vulgaris, Fabr.

In the cockchafer the pleuropodia attain a much greater size than in any
other insect heretofore studied. We are indebted to Graber for an ex-
cellent description of these remarkable organs. [88.]

The pleuropodia are first seen in embryos twelve days old, and do not
reach their maximum size till the twenty-second day. They are large flat-
tened sacks attached by peduncles and, when fully developed, are much
longer than the thoracic legs and about three times as broad. Graber
thus describes the minute structure of the full-grown pleuropodium:

“Tn respect of histological structure, a feeble magnification shows that
the condition of the abdominal appendages differs decidedly in many, if
not in all, particulars from that of the legs. This is especially true of the
outer, or ectodermic layer. For, while this layer in the legs, like that of
the body wall and all the other appendages * * * 0% consists
of relatively narrow cells with relatively very small [0,006 mm] nuclei and
only sporadically inserted larger cells with large nuclei, nearly all the cells
in the abdominal appendages, and moré especially those forming the outer
walls of these pocket-shaped organs, are of considerable size and are pro-
vided with nuclei more than twice as large as those of the remaining ecto-
derm, since they measure about 0,014 mm. Considering that, at the time
when the organ was formed, the ectoderm nuclei were 0,008 mm in diame-
ter, it follows that during the course of further development, the nuclei of
the ordinary ectoderm become somewhat smaller, while those of the ecto-
derm of the abdominal appendages undergo a considerable increase in size.
This increase is most-pronounced in the outer wallof the appendage; a por-
tion of the inner wall, as well as the short cervical portion, or peduncle,
formed by constriction, having typical [i. e., small] ectodermelements.”
‘Within the cavity of the sacks ‘are found numerous cells of the same
structure as those which occur in the body cavity and likewise in all the
appendages. I regard it as an open question whether these elements, origi-
nating as they do from an evagination of the mesoderm, become wholly
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dissociated and are ultimately .to be regarded as blood cells, or whether
they, in part at least, unite to form a loose tissue [lockeres Gewebe.]”

Graber has also observed the atrophy of the pleuropodia of Melolontha.
Degeneration begins about eight days after the pleuropodia attain their
maximum size. ¢ In the embryo thirty days old, with the dorsum closed
over and the cephalic and anal ends already strongly flexed towards each
other, the organ has diminished in size, not only when compared with the
legs, but absolutely. More striking, however, is the reduction of the ab-
dominal appendages in the thirty-four day old embryo, which in conse-
quence of its great increase in length, is already completely coiled up and
has attained to maturity. Here the appendages in question, are nothing
but minute scales, hardly as long as a segment, and half concealed in the
aforementioned coagulum. They separate from the body with the slight-
est touch. Probably they are pushed off while the insect is leaving its en-
velopes, perhaps in consequence of rubbing against the same. In the
hatched larva only the healed [verloethete] cicatrice of the peduncle is to
be found.” ’

Meloe proscaraboeus. L.

After treating of the formation of the germ-layers of this Coleopteron
in a former paper, Nusbaum devotes a more recent article ['89] to a de-
scription of the very interesting pleuropodia. I quote his description in
extenso:

¢ The appendages of the first abdominal segment have up to the eighth
day of development the form of roundish cylindrical sacks and consist,
like the thoracic legs, of a single layer of cylindrical ectoderm cells sur-
rounding a cavity in which may be seen a few loose mesoderm cells. On
the eighth day of development each of these appendages differentiates into
two parts: one basal and cylindrical, and one distal, which is spherical and
somewhat pointed at the pole [outer end]. In the basal part the cavity
persists as before, together with the loose mesoderm cells; in the spherical
portion, however, the cavity disappears and is replaced by large and much
lengthened cylindrical cells, These large cells arise by a kind of invagin-
ation of a portion of the ectodermic layer at the pole of the appendage.
The cells of the invaginated portion grow very rapidly and soon take on
the appearance of very large and characteristic elements, so loosely juxta-
posited that narrow clear slits may be observed here and there between
them. The edges of the invagination approach one another till there re-
mains only a small aperture leading into a roundish cavity closed on all
sides. On the tenth day of development the segmentation of the thoracic
legs may be seen very distinctly; in each leg three to four parts, or seg-
ments may be distinguished, which are marked off by constrictions on the
outer surface of the ectoderm. It is interesting to note, that the append-
ages of the first abdominal segment seem also to undergo a kind of con-
striction, so that I cannot concur in Graber’s statement that ‘¢ the abdominal
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appendages are always unsegmented.” For, in the above mentioned stage of
development a distinct constriction of the ectoderm may be observed between
the basal and distal portions; hence I believe that we are justified in regarding
as segments the two parts of the appendage thus distinctly separated. On
the twelfth day of development —sometimes even before — the plasma of
the invaginated cells, whose roundish oval nuclei lie near the basal ends,
acquire a very distinctly and finely fibrillar structure, resembling that of
the epithelium of many excretory glands. In theabove described cavity is
collected a homogeneous, sticky secretion, which gradually swells out of
the aperture in considerable quantity. It is easy to detect delicate threads
of this secretion running from the large cells surrounding to the mass of
the secretion filling the cavity. The structure of these glandular ap-
pendages reminds me somewhat of the glandular temporary appendages
[¢ dorsal organ’] which I have described in Mysis; I hasten, however, to
state expressly that I do not wish to maintain any homology between these
organs.”

Interesting as is the account just quoted, Nusbaum goes on to describe a
still more interesting condition. He says: ‘‘I have further convinced
myself that the remaining stub-shaped abdominal appendages of Meloe are
of a glandular nature. At the tip of each of these appendages there is also
formed an invagination, which is, however, much shallower than in the
appendages of the first abdominal segment, so that it does not form a
cavity. The invaginated cells are closely juxtaposited, long and cylin-
drical but not as large as those of the first abdominal appendages. They
likewise secrete a sticky substance, though in less quantity than the afore
mentioned organs of the first segment. Back of these invaginated cells
lies a cavity communicating with the body cavity and filled with loose
mesoderm cells,” The further fate of these organs was not traced by
Nusbaum. ¢ The roundish terminal joiut of the appendages of the first
abdominal segment is very probably thrown off, while the basal portion
together with the stub-shaped appendages of the other abdominal segments
gradually grow shorter, flatten out and finally disappear entirely.”

Before passing to a brief resumé of the results recorded in the preceding
portions of my paper, Iinsert a table of the insects, which have been studied
with reference to abdominal appendages. In this list are included a few
forms, in which no pleuropodia have been described. I am well aware that
negative conclusions in regard to details merely read between the lines of
works on the general ontogeny of a species are of very little value, butin the
cases to which I allude, the probability of such prominent organs
as the pleuropodia being overlooked by investigators who have care-
fully studied insect embryos by means of sections is so small, that
I do not hesitate to record their omissions as mnegative results.
Most of the forms enumerated as having no pleuropodia were examined
by Graber and myself withthe express purpose of observing whether these
organs were present.
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ORDER ORTHOPTERA.
FaMILY GRYLLIDZ.
Oecanthus niveus, Serville.
pleuropodia evaginate, bulbous with reniform outline.
[Ayers *84.]

Gryllotalpa vulgaris, L.
pleuropodia evaginate, bulbiform.
[Rathke (°44), Korotneff (’85), Graber (’88).]

FAMILY LOCUSTID.AE.
Xiphidium ensiferum, Scud.
pleuropodia evaginate, bulbiform, subreniform [Wheeler].

FAMILY ACRIDIIDZ.
Stenobothrus.
pleuropodia evaginate bulbiform, with yellow granular
secretion. [Graber(’88,) (’89) 1.

FaMiLy MANTIDZ.
Mantis (European).
pleuropodia evaginate digitiform; occasionally a pair
on the second abdominal segment [secondary pleu-
ropodia] [Graber (*77), (88) ].
Mantis carolina, L. :
pleuropodia evaginate, elongate pyriform [ Wheeler].

FAMILY BLATTIDZ.
Blatta germanica, L.
pleuropodia evaginate, broadly pyriform.
[Patten (’84,) Cholodkovsky, (°89,) Wheeler.]
Periplaneta orientalis, L.
pleuropodia evaginate, pyriform [ Wheeler].

ORDER HEMIPTERA.
FAMILY APHIDIDA.
No pleuropodia described for any of the following species:—
Aphis pelargonii. [Will (’88).]
¢ saliceti. [Wall (°88).]
‘“ rose, L. [Will (°88).]

FamiLy Cicapipz.
Cicada septemdecim. L.
pleuropodia invaginate, solid, bulbiform, with glairy,
vacuolate secretion. [Wheeler (’89a, and ’89b)].

FAMILY BELOSTOMATIDE.
Zaitha fluminea, Say.
pleuropodia invaginate, solid, bulbiform, with penicillate
secretion. [Wheeler (’89a and ’89b), ].
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ORDER COLEOPTERA.
FamiLy HYDROPHILID Z.
Hydrophilus piceus, L,
pleuropodia evaginate, digitiform.
[Kowalevsky (’71). Heider (’89)].

FamiLy DYTISCIDA.
Acilius. :
pleuropodia evaginate, calyculate, with a thick, striated,
cuticula like secretion. (Patten.)

FAMILY SCARABAIDAE.
Melolontha wvulgaris, Fabr.
pleuropodia evaginate, very large, flattened, bag-shaped
[Graber (°88)].

FamiLy MELOIDAE,
Meloe proscarabeeus, L.
pleuropodia evaginate, calyculate, with sticky homogen-
eous secretion. [Nusbaum (’89).]

FamiLy CHRYSOMELIDA,
Lina tremule, Gmel.
no pleuropodia [Graber].
Doryphora 10-lineata, Sa;y.
no pleuropodia [ Wheeler ’89].

ORDER NEUROPTERA.
FAMILY SIALIDZ.
Sialis infumata, Newm. ‘
pleuropodia evaginate, conical (Wheeler).

ORDER TRICHOPTERA.
FaMiLy PHRYGANEIDZ.
Neophylax concinnus.
pleuropodia evaginate, conical [Patten (’84)].

ORDER LEPIDOPTERA.
FaMILY BOMBYCIDZ.

No pleuropodia have been observed in the following: —
Gastropacha quercifolia, L. [Graber ’€8.]
Bumbyx mori, L. [Tichomiroff (*82)).
Orguia leucostigma, A.and S. [Wheeler.]
Telea polyphemus, Cram. [ Wheeler.]
Callosamia promethea, Drury. [ Wheeler.]
Platysamia cecropia, L. L Wheeler.]
Hyperchiria io, Fabr. [Wheeler.1
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ORDER DIPTERA.
No pleuropodia have been observed in the following :—

FamiLy CHIRONOMIDZE.
Chironomus. [Weismann, (’63).]

FaMirLy TABANIDA,
Tabanus atratus, Fabr.? (Wheeler.)

FaMILY MUSCID&E
Musca [ Weismann (°63), Voeltzkow (’89) ].

ORDER HYMENOPTERA.

FaMILY APIDZ.
Apis mellifica, L.
No pleuropodia [Buetschli (*70), Grassi (’84).] -

The facts accruing from a study of the pleuropodiain the above enumer-
ated forms, representing some of the families of most of the natural orders
of insects, may be briefly summarized as follows:

1. The pleuropodia were at one time organs of considerable functional
importance to the primitive Hexapoda. This is proved both by the size which
they attain in several cases [ Melolontha, Blatla, etc.] and by the variety of
structure which they exhibit in different species, sometimes even of the
same natural order [Hydrophilus, Melolontha, Meloe.] The latter fact
would indicate that the organs had occurred very generally among ancient
insects and had undergone the modification to which the struggle for ex-
istence subjects organs of very general occurrence and important function.

2. Pleuropodia seem to be of constant occurrence in insects of some
orders [Orthoptera, Trichoptera (?)], in other orders these organs are as
constantly wanting [Lepidoptera, Hymenoptera], while in still other groups
[Coleoptera, Hemiptera] they are well developed in some forms and entirely
lacking in others. .

8. The pleuropodia are always derived from the ectoderm.

4. They arise as appendages serially homologous with the appendages of
the thorax and abdomen.

5. The pleuropodia described up to date belong to one of two types—
they are either formed by evagination or invagination. Those of the latter
type are subspherical and solid; those of the evaginate type appear under
two forms: the bulbous and the calyculate, the latter being distinguished
from the former by having the apical area invaginated. [Acilius, Meloe.]
The evaginate bulbous form undergoes some modification in different
species. Thus we may distinguish as its varieties the mushroom-shaped
[Gryliotalpa], the reniform [Oecanthus], the broadly pyriform [Blatta], and
the elongate pyriform pleuropodium [Mantis carolinal. All these varieties
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are pedunculate. Undeveloped pleuropodia do not become bulbiform,
since they never pass beyond the conical or digitiform phases common to
all incipient insect appendages. [Neophylazx.]

6. The cells composing the pleuropodia in all cases exce'pt where these
organs remain rudimentary or digitiform, deviate considerably in their
structure from the ectoderm cells of the body wall and the other append-
ages. The cells and nuclei increase in size and usually become more
succulent.

7. In most pleuropodia of the evaginate type there is a larger or smaller
cavity, communicating by means of a narrow duct through the peduncle
with the body cavity [Blafta, etc.]. In the calyculate forms there is a
second cavity, distinct from the first, opgning in the opposite direction, on
the outside of the body.

8. No trachese, nerves or muscles have been observed to enter into the
formation of the pleuropodia. A few mesoderm cells, probably blood-
corpuscles or fragments of mesenchymatous tissue, have been observed in
the cavities of some evaginate pleuropodia.

9. In some species the pleuropodia produce a secretion from the ends of
their enlarged cells. This secretion may be a glairy albuminoid substance
[Cicada, Meloe,] a granular mass [Stenobothrus], a bundle of threads
[Zaitha], or a thick, striated, cuticula-like mass (Acilius).

10. In some evaginate pleuropodia there appears a constriction, proba-
bly homologous with some one of the constrictions which separate the tho-
racic and maxillary appendages into metameres.

11. In some cases, at least, no chitinous cuticle is formed over the sur-
face of the pleuropodial cells. [Blatta, Stenobothrus.]

12. The pleuropodia attain their greatest size during the revolution of
the embryo. Soon after the yolk has been enclosed by the body walls and
the heart has formed, the appendages of the first abdominal segment begin
to degenerate.

13. The degeneration of an evaginate pleuropodium does not in all cases.
result in a reabsorption into the body of the embryo, but in a falling assun-
der of its large cells and their subsequent dissolution outside the insect’s
body.

14. The pleuropodia in all their forms and stages are characterized by a
certain incompleteness, twhich, together with the brevity of their existence
even during embryonic life, stamps them as mere rudiments of what were
probably in remote ages much larger and more complex organs.
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PART THIRD.

The question as to the original function of the pleuropodia must needs
have suggested itself to all investigators who have met with these conspic-
uous organs in insect embryos. - Naturally enough, each investigator has
sought an answer in-the particular insect studied, in most cases never sus-
pecting that so simple an organ as a pleuropodium could have undergone
much modification and have assumed in formsunknown to him a structure
calculated to render his narrowly based theoretical conclusions untenable,
In view of the ectodermic origih of the pleuropodia, they may be said to
have had one of three functions: they were eithrer respiratory organs, sense
organs or glands. Hence, owing to the fact that limited observation has
precluded any general survey of the pleuropodia throughout the whole
Hexapod group, different investigators have advocated one or the other of
these functions, each being guided to his particular view by the special in-
sect to which he devoted his attention. Thus Graber has become an advo-
cate of the gill hypothesis from his observations on Melolontha, a form in
which the pleuropodia are in many ways singularly specialized; Cholodkov-
sky, perhaps impressed by what he supposed to be a facetted surface on the

- pleuropodia of Blatta — in reality a phenomenon due to his use of reagents
—believes the pleuropodia to be sense organs; while Nusbaum has been
most naturally led to regard the modified appendages as glandular organs
by his observations on Meloe. . .

1 shall proceed to a consideration of the three theories advocated up to
date, briefly examining into the reasons which have influenced their ad-
herents, and ﬁlia,lly settling on the gland theory as to me the most probable, °
‘With this last theory none of the observed facts are in contradiction —
while as much cannot be said of the gill and sense organ hypotheses.

A. The G1ll Hypothesis.

" Rathke, the first to find pleuropodia, was also the first to assign to them
a function [’44]. Their peripheral position, the delicacy of their surfaces,
their close adherence to the egg-membrane, which he thought due perhaps
to some sticky substance, and the further fact that they contained cavities
filled with what was very probably blood, made Rathke believe that he was
dealing with respiratory organs. He supposed, moreover, that these organs
functioned during embryonic life. The embryos of Gryllotalpa, he says,
require a great deal of air, on which account they are deposited in spacious
subterranean chambers. Whensimply buried in the earth, the eggs decay.

Agyers followed Rathke in his interpretation of the problematicAappend- :
ages. ['84]. Of late Graber ['88] though dealing with these organs at
8—A. & L.
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greater length and possessing more facts than his predecessors, has adopted
their theoretical views without modification. His latest contnbutlon how-
ever, seems to show a tendency to depart from the standpoint held in his
Paper on polypody, a change of opinion attributable to his study of Steno-
bothrus.

The facts which have led to the a,ssumptlon of the gill hypothesis are the
fo]lowmg

1. The position of the pleuropodia on the pleura near the insertion of
the metathoracic legs could not fail to suggest the respiratory organs of the
Crustacea. . ) . }

_ 2. In some insect embryos the pleuropodia are shaped like lamellar gilis.

This is notably the case in Melolontha, the pleuropodia of which are so gill-
like that G'raber figures an.Isopod side by side with the insect embryo for
the sake of comparison.

. 8. Blood has been observed to circulate in and out of the pleuropodia.

That these facts are not sufficient to sustam the hypothesis, is shown by
the following consideration:

The pleuropodia of Melolontha certainly resemble the gills of certain
Isopoda,, but it'is almost equally certain that the appendages of the
cock-chafer have departed from the original type of pleuropodium which
is best seen in the Orthoptera [Blatta, Stenobothrus]. As these organs
were present after hatching, in ancestral forms, it follows that in the pre-
cursors of Melolontha, they might have been balloon-shaped after the ani-
mal’s escape from the egg. Such large, sack-shaped organs must necessarily
become much flattened while they are confined to the narrow space be-
tween the body-wall of the embryo and the egg-envelopes.

The cell-layer forming the walls of the pleuropodia in all cases where

- these organs are not rudimental, is considerably thicker than the ectoderm
of the appendages and body walls. Now, as a gill in ultimate analysis.
is merely a thin layer of cells separating the blood from the air, it becomes
very difficult to understand why the comparatively thin layer of ectoderm
cells forming the walls of the thoracic and cephalic appendages and the in-
tegument in general should not constitute a much more efficient respiratory
organ than the thick-walled pleuropodia.

Blood has been seen to circulate in and out of the pleuropodia, but it also
circulates in and out of the legs, mandibles, anal stylets, etc., in the same
manner.

The bulbous shape of the plenropodia in the majority of forms is unlike.
that of any known insect gills. The tracheal gills seen in the larval Ephe-
meridze, Odonata, etc., are foliaceous or filamentous; while the protrusile,
anal gills of such forms as the larval Eristalis are tubular.

Lastly, appendages shaped like the pleuropodia of Meloe, Acilius, Zaitha
- and Cicada, could not have had a respiratory function. The hypothesis is.

therefore insufficient to cover all the facts and must be either restricted to.

a few doubtful cases or abandoned altogether.
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B. The Sense-organ Hypothesis.

Patten [’84] and Cholodkovsky ['89] are the only investigators,
maintained that the pleuropodia of embryo insects may have fun
sense organs. The following facts make for th

who have
ctioned as
e probability of this supposi-

tion:

1. The pleuropodia are composed of peculiarly modified ectoderm
" cells, ‘ :

2. They roughly resemble such sensory structures as the Arthropod
eye.

3. Paired sense-organs are known to occur on the abdominal segments
of many Arthropods. Cases in point are the curious Euphausia with its
pairs of eye-like sense-organs and many Orth
stylets.

4. In Acilius, as Dr. Patten informs me, the small rods secreted by the
pleuropodial cells are comparable to the retinal rods in the larval eye of
the same insect. . That the secretion in Cicada and Meloe flows together
into one glairy mass, instead of forming bodies of like and definite shape
capping the ends of the individual cells,may be due to the fact, that the
organs are now merely rudimental structures. Dr. Patten tells me
that the large lateral Ssense-organs of the embryo Limulus polyphemus
produce a glairy secretion very similar to what I have described in Cicada
[’89 a and b].

5. The pleuropodia are similar in shape and manner of development to
the halteres of the Diytera and the Pectinate appendages on the second
abdominal segment of Scorpious, both of which modified appendages, as
we have good evidence for believing, are functional sense-organs.

These facts are weighty. It seems to me,
that the pleuropodia are sense-organs, is unt
investigator has yet observed even a trace o
with the pleuropodial cells.
should certainly expect to fi
the case of much smaller an
ficult to detect the nervous

optera that have sensory ana

however, that the supposition
enable, for the reason that no
f nervous tissue in connection
In sense-organsas large as the pleuropodia we
nd a well-developed neural element, since in
d more insignificant sense-organs it is not dif-
connection. Granting that the pleuropodia are

rudimental structures, it remains none the less improbable that g nervous
connection, which in so large an organ must have been prbminently devel-
oped at one time, could have disappeared so completely while the sensory
cells themselves underwent comparatively little diminution in size. The
Pleuropodia are, moreover, most conveniently located for innervation from
the large ganglion of the first abdominal segment or from one of its main
branches.
It is, of course, possible, that in some or all forms the organs under con-
sideration may have had a sensory function; but the facts accumulated up

to the present, do not permit us to assign to the cells any other than a
secretory function.
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C. The Gland Hypothests.

Besides Patten, who claimed that the pleuropodia might be glands [’84]
no one till very recently has considered this view. In the July number of
the American Naturalist [’89a] I adavocated this view ina brief note.* In
one of the August numbers of the ¢ Biologisches Centralblatt” ['89] Graber
published his remarks on the pleuropodia of Stenobothrus, attributing to
these organs a glandular function. In one of the September numbers of
the ¢ Zoologischer Anzeiger” ['89b] a preliminary account of my observa-
tions on the pleuropodia of Zaitha and Cicada was published. In one of
the October numbers of the Biologisches Centralblatt” appeared J. Nus-
Bbaum’s description of the pleuropodia of Meloe ['89]. Nusbaum regards
these organs as glandular, but terminates his papér in a confusion of
jdeas as evinced by the following remark: ¢ Die druesige Natur der
Bauchanhsenge bei den genannten Insekten [Meloe, Stenobothrus] [die ohne
Zweifel auch bei anderen gefunden werden wird] spricht dafuer, dass wir
es hier wahrscheinlich mit rudimentaeren Organen, die nicht bloss zur
gewoehnlichen Gangfunktion bei den Insektenvorfahren, sondern vielleicht ’
auch noch zur Atmungsfunktion dienten, zu thun haben.”

1 £ail to comprehend how the glandular nagture of the pleuropodia can in
any way suggest that they may have functioned simultaneously as ambu.
latory and respiratory organs. i

The following are my reasons for assigning a glandular function to the
pleuropodia: )

{. The entire ectoderm of Arthropods, excepting its nervous derivatives,
is essentially a glandular layer, one of its prime functions being the secre-
tion of the chitinous armour SO characteristic of these animals. This
function is retained by the ectoderm cells, even when they are pushed into
the body as in the case of the tracheae, tentorium, oesophagus and rectum.
Looking at the compound Arthropod eye from Watase's standpoint [’89]’
as a cluster of ectodermic invaginations we have a case where ectodermic
cells still retain their chitin-secreting habits though pushed below the sur-
face of the generalintegument and covered by superjacent cells.

9. The pleuropodial cells closely resemble other simple ductless glands
in insects, such as the wax-glands of the Aphididee and the stinging
glands of some Lepidopterous larve. In the embryo and young larvee of
the Bombycid Hyperchiria io, I have observed the formation of the huge
pranching spines, which arranged in several parallel rows, repel theinsects
enemies with their stinging. secretion. The immensely enlarged ectoderm
cells which secrete the poison in the lacuna of the spines, have very
glandular cytoplasm and large nuclei, thus resembling the pleuropodial cells
of Blatta.

3. The pleuropodial cells in several insect embryos produce a secretion,
the character of which differs considerably in different forms.

* This number of the Naturalist did not appear till Nov. 18th, 1889.
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4. In some insects at least [Blatta, Periplaneta, Xiphidium, Stenoboth-
rus] the chitinous cuticle does not cover the pleuropodia, even after invest-
ing the body of the embryo. On thesupposition that weare dealing with duct-
less glandular organs, the reason for this is obvious. The secretions of cutan-
eous glands cannot penetrate a thick and unmodified layer of chitin, so we
find gland cells covered with a cuticle the [chemical ?] structure of which
departs from that of ordinary chitin. This cuticle is also thinner than that
secreted by the unmodified hypodermis cells ot the general integument.
A good example of such attenuation and modification in the molecular
structure of the cuticle covering ductless cutaneous glands is furnished by
the collophore of Anurida maritima described below. Now the first cuti-
cle shed by the embryo in the egg must be regarded as the attenuated rudi-
ment of what was formerly a much thicker cuticle shed by the insect in
some post embryonic stage of existence. Supposing that the cuticle origin-
ally covered the pleuropodia of such an ancient insect had been more
delicate than that covering the remainder of the body, it would cease to be
secreted in the embryos of existing insects because reduced to such exces-
sive tenuity. There is still another possibility which might account for our
not finding a chitinous cuticle on the pleurododia: the secretion of these
organs may itself be some chemical modification of the chitin, which cov-
ered the appendages before the peculiar differentiation of their cells set in.

5. The lack of any apparent innervation to the pleuropodia, though
adducible as a fact against the sensory nature of the organs, is just what
we should expect on the supposition that they are glandular. The difficul-
ties encountered by histologists in tracing the innervation of glands is well
known.

6. The manner in which some pleuropodia degenerate suggests what is
known totake place in many glands that indicate their relation to epithel-
ial structures by secreting their own broken-down cells. The milk-glands
of the mammalia and other cases will suggest themselves to the reader.

7. The structure of the pleuropodia described up to the present, though
considerably diversified, is in all cases consistent with a glandular func-
tion.

Ha.vmg reached the conclusion¢hat the pleuropodia functioned as glands
in ancestral insects, I have probably made the utmost use of the few factsat
my disposal. The word ** gland,” however, is so indefinite, since the special
functions of glands are so numerous, that, stopping at this point, the hypo-
thesis is still very vague. For the sake of giving it clearer outlines, I will
elaboratestill further, though aware of the dangers I incur in descending
to particulars.

‘What then was the special glandular function of the pleuropodia in primi-
tive insects? Inseeking an answer to this difficult question we are pursuing
the most logical course when we muster the different classes of glands ob-
served in air-breathing Arthropods, and select for special consideration the
class that presents the greatest variation in structure and the widest dis-
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tribution. On making this review we find in the first rank the odoriferous
glands. These function either as means of defense or as aphrodisiacs, or
probably in many species as both. The great importance of copulation and
protection from enemies readily explains why the odoriferous glands should
play so prepollent a rolein the lives of Arthropods and even higher animals.

Iwill give a brief though by no means exhaustive list of forms possessing
odoriferous glands, for the sake of showing the wide distribution of these
organs among the different groups of air-breathing Arthropods and the
variety of their structure and secretions.

According to Marx ['86] the Pedipalp Thelyphonus emits a secretion
which smells like acetic acid. The Myriopod Fontaria gracilis secretes
from its series of repugnatory glands a fluid which contains free hydro-
cyanic acid [Claus, ’87]. Ibhave frequently seen our common Julus [Spirobo-
lus] marginatus, when irritated emit from its repugnatory glands a brown
liquid with a pungent odor not unlike bromine, though this element very
probably does not enter into its _cheniical composition.

Among the Orthoptera numerous cases might be adduced. Minchin ['88]
lately discovered in Periplaneta orientalis a new gland, which ¢ consists of
two pouch like invaginations lying close on each side of the middle line,
between the fifth and sixth terga of the dorsal surface of the abdomen.”
These pouches ‘* are lined by a continuation of the chitinous cuticle, which
forms within the pouches numerous stiff, branched, finely pointed hairs,
beneath which, i. e., on the side towards the body cavity, are numerous
glandular epithelial cells.” Minchin’s supposition that these organs are
odoriforous glands has been proved to be correct by Haase ['89]. ¢ Drueckt
man naemlich das Abdomen einer Kuechenschabe derart, dass die Leibes-
hoehlenfluessigkeit nach hinten gedraengt wird, so treten zwischen dem
5 und 6. Hinterleibessegment vor den harten Rueckenplatten des letzteren
zwei kleine, durch das eindringende Blut gelblich durchscheinende Saeck-
chen hervor und verbreiten sofort ganz intensiv den bekannten Schaben-
gestank. Dass dieser seine Quelle in den beiden Stinkdruesen hat, wird
durch vorsichtige Ausloesung der letzteren leicht nachgewiesen.” Similar
eversible stink-glands have been observed in the Blattid Corydia by Gers-
taecker ['61] and Haase ['89]

An American Phasmid, Anisomorpha buprestozdes, has well developed
repugnatory glands, which have been alluded to by Say (59, Vol I,
p. 84) and other writers. I quote from Maynard (89) who has published
the latest account: ¢ The devil’s horses, as they are called by the negroes,
were in pairs, the females being evidently about to deposit their eggs. I
usually found them lying quietly in a fold of the saw-palmetto, with the -
legs close to the body and the antennae together and pointing straight for-
ward while the comparatively diminutive male, which is never more than
a third as large as the female lay close beside his mate, always clinging to
her whenever she moved and was thus carried by her. Both were very
sluggish, not moving until actually touched, then the female raised herself
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slowly on her hind legs and straightway there emerged two streams of 3
vaporous fluid from the upper angle of the thorax near the neck. These
streams were directed forward, but at a slight angle outwardly and up-
ward, that is when the insect was resting on a horizontal surface. When
the matter discharged first leaves the orifice from which it is expelled, it is
a milky fluid, but as it is apparently as volatile as ether, it almost instantly
assumes the form of vapor and is projected at least six inches. This fluid
has a most peculiar pungent or peppery odor and although the moisture
from it dries away very quickly from any object with which it comes in
contact, the odor is retained for a long time. The fluid when thrown
against the hand has no perceptible effect on the skin, but I have been told
repeatedly by the negroes that the effect upon the eyes is very painful.”
Odoriferous organs are well developed in the Hemiptera. Everybody is.
familiar with the secretions emitted from the metathoracic pear-shaped
glands, the duct of which opens by means of the osteoles between the hind,
legs. i
The Neuropteran lace-wings (Chrysopa) are characterized by a powerful
and very unpleasant odor.
Passing to the Coleoptera, many Carabidee, that produce from their anal
glands secretions containing formic and butyric acid might be mentioned.
- Every collector of our native Coleoptera must have noticed the very
powerful secretion produced by our common Chlaenius sericeus when
captured. The bombardier-beetles [ Brachynus], are well known for their
habit of emitting clouds of pungent secretion accompanied by decrepita-
tion. Loman [’87] has recently asserted that the gaseus secretion of the
anal glands of the Paussid Cerapterus 4- maculatus contains free iodine.
Among Cerambycids the European Aromia moschata hasa powerful musky
~odor and the allied Callichroma plicatum, emits a strong honey-like smell
according to the statement of my friend Mr. F. Rauterberg, who has col-
lected numbers of these beautiful insects in Texas. The members of the
genus Meloe exude oily drops of cantharadin from the joints of their legs
when disturbed. The Coccinellee have a similar habit of exuding a deep
yellow liquid. The Tenebrionidee are usually supplied with some un-’
pleasant secretion.

Odoriferous glands occurs both in larval and imaginal Lepidoptera.
Fritz Mueller has studied the scent glands [Duftflecken] on the wings of
numerous South American Lepidoptera (’86 a—e). The forked protrusile
gland of Papilio larvae and the pungent odor which it diffuses is well known.
Its structure has been described by Klemensiewicz [’82]. One of our com-
mon species of Pieris has redolent wings. According to Maynard [ *89]
the exquisite little Bombycid Utetheisa bella ‘ exudes an orange colored
fluid from its thorax that has an unpleasant odor.” According to Packard
the larva of Lochmaeus tessella, Pack, when disturbed sends out from each -
side of the body a shower, or spray of clear liquid. * The opening of the
gland is in the lower anterior part of the prothoracic segment”. Poulton
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[ ’86] has described the formic acid secretion ejected from the prothorax of
Dicranura vinula. According to the same observer Dicranura furcata
everts from the same region of the prothorax a gland ¢‘ consisting of six
diverging processes of a light green ceolor, divided into two groups of .three
each.” He also mentions an eversible gland in the prothorax of the
larvee of Melitaea artemis and Catocala species.

Peculiar scent organs, resembling those of the larval Papilio and con-
sisting of a pair of tentaculiform processes, eversible from between the
seventh and eighth ventral segments of the male imagines, have been des-

" cribed by Smith (’86) for the Bombycids Leucarctia acreea and Pyrrharctia
isabella. These processes, which are orange colored and fully half an inch
long in Leucarctia, but whitish and somewhat shorter in Pyrrharctia are
covered with hairs, blackish in the former and snow white in the latter

species. “In both species an intense odor, somewhat like the smell of
laudanum, is apparent when first the tentacles are exposed; and there is
no reasonable  doubt but that they are odor-glands, though exactly what
purpose they serve is not so clear.” Smith says that a Mr. Morgan has
described these organs in L. aerea and similar structures in Agrotis plecta.
and Euplexia lucipara; and that similar organs have been described for
Aletia wylina by Riley. .

Among the Diptera prominent cases are rare.” Coenomyio ferruginea
emits an odor which reminds me of the juice of a certain species of
Hypericum, and which has often enabled me to detect the presence of the

insect in the woods when several feet distant. The odor is retained in

. dried insects that have preserved for years in collections. The species of
Gastrophilus have a sharp, disagreeable smell, powerful in some species,
faint, but still perceptible in others. ( Leunis’86, vol. I. p. 419.)

Among the Hymenoptera the formic acid secretions of the ants are well
known. The catapillar-like larvee of the species of Cimbex, both Eu-
ropean and American, when irritated secrete a pungent green liquid from
pores arranged along the sides of the body.

The cases cited are but a few of the many that will occur to every field
entomologist. The histological structure of the glands, so different in
different forms, has not been considered, as it would lead me beyond the
confines of my subject. On a priori grounds we should expect to find that
structures so useful to their possessors as the odorifferous glands are to in-
sects, have been profoundly modified by the action of natural selection.
Their wide occurrence in insects of all orders shows, moreover, that they
have been in use for a great length of time. The Archentoma probably
lived in damp places like those inhabited by the living species of Peripatus,
Myriopoda, Thysanura and Blattidae and, being of a harmless nature like
their modern descendants, might have made considerable use of large
odoriferous glands on the pleurae.

If T am correct 1n my supposition that the pleuropodia functured, in the
Archentoma as odoriferous organs, they must be regarded as much less per-
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fect structures than their modern equivalents, such as, for instance, the anal
glands of the Carabidae and the analogous metathoracic organs of the
Hemiptera.

Of the three types of pleuropodia, whichI have distinguished, the evag-
inate bulbiform, calyculate, and invaginaté, each had its advantages and
disadvantages, as a secretory organ. The evaginate bulbiform pleuro-
podium presents extensive secreting surface but from its prominence and
necessarily delicate covering it would be readily injured. Situated on
the abdomen in the median ventral line, or in line with the metathoracic
legs such organs would, if prominent, be rubbed against the ground or inter-
fere with the movements of the hind legs. This is probably why the pleu-
ropodia move towards the pleurae and project from points outside of and

_near the insertion of the metathoracic legs. This position is also most ad-
vantageous for repugnatory organs.

The calyculate type, being a transition from the bulbiform to the invag-

- inate types, has the tips of the secreting cells protected. The secretion

' may accumulate in the cavity of the organ and be expelled to more advan-
tage when the animal is irritated. The projection of the organ beyond the
general surface of the body, however, renders it subject to the same injur-
ies as organs of the bulbiform evaginate type.

The advantages and disadvantages of the pleuropodia of the invaginate
type are obvious. The glandular cells are efficiently projected, but in
Zaitha and Cicada the secreting surface of the cells is much reduced.
‘Were these glands hollow we should have much more efficient argans, re-
sembling the stinkglands of Julus. It is probable that such hollow invag-
inated pleuropodia will yet be discovered in some insect embryos. (Hemip-
tera?)

In the best examples of modern odoriferous glands, like the anal glands
of the Carabidae, where all the delicate secreting cells are protected by
being pushed into the body cavity, their being tubular or racemose greatly
increases the amount of secreting surface, while the presence of a reservoir
renders it easy for the insect to dispose of a great amount of its malodor-
ous secretion at a moment’s notice. Forms like the larval Papilio with its
eversible prothoracic gland have all the advantages possessed by the bulbi-
form pleuropodia with none of the disadvantages, since the delicate organ
can be drawn back into the integment out of the reach of injury.

The little inefficiencies exhibited by all the pleuropodia as odoriferous
glands when compared with the more perfect of their modern analogues,
proba,biy explain why the latter have usurped their places. The pleuro-
podia would, on this supposition, furnish an excellent example of a set of
organs that have gone down in the struggle for existence and have been re-
placed by organs of more perfect structure though of the same general
function. .

1t is interesting in this connection to cast a glance at Scudder’s tables il-
lustrating the sequence and relative importance of the different orders of
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insects during geological time, [’86, p. 110 to 113]. Scudder's group of
Palacodictyoptera extends from the Silurian to the Trias, culminating in
the Carboniferous and Permian. This group comprises the generalized pre-
cursors of the more modern Orthoptera, Hemiptera, Neuroptera, and Coleop-
tera. Itseemsnot unlikely that some or all of theseancient forms may have
possessed pleuropodia throughout life, and that specimens may yet be
found perfect enough to show these organs in the adult. The Orthoptera,
Neuroptera and Coleoptera proper appear in the Trias,* while the Hemip-
tera are comparatively wellrepresented in the Lias. Now these more ancient
orders, constituting the division Heterometabola (of Packard), are just the
ones, as will be seen from a glance at my table, whose embryos pos-
sess- pleuropodia. The Diptera, and Hymenoptera, occurring in the Lias,
and the Lepidoptera, appearing in the Oolite, have to all appearances kept
increasing in number and variety up to the present time. In the embryos
of insects of these orders, comprising the Metabola of Packard, no pleuro-
podia have been observed up to date.

D. Homologues of the Pleuropodia in the Lower Trachéata._

A consideration of the pleuropodia of insects embryos would be incom-
plete without a search for their homologues among the léwer Tracheata,
where there are numerous forms with abdominal appendages more or less
clearly developed. Organs of more or less interest in connection with the
pleuropodia of insects occur in scorpions, Solifugze, spider embryos, Sym-
phyla and Thysanura. These cases I will consider in order.

Cholodkovsky [’89] has called attention to the ‘ combs” of scorpions in
connection with the pleuropodia of Blatta. These organs, according to all
accounts, develop as a pair of appendages on the second abdominal seg-
ment and function throughout postembryonic life as sense organs, They
cannot be regarded as the homologues of the pleuropodia, since there is
no ground for maintaining a homology between the second abdominal
segment of the Arthrogastera and the first abdominal segment of the
Hexapoda.

Another case of a somewhat similar nature has been made known by
Croneberg ['87] in Galeodes araneoides. In the just hatched embryo of
this Solpugid, there is a pair of flat wing shaped appendages about 0.5 mm
long on the cephalothorax intercalated between the first and second pairs
of legs. - Their insertions are more pleural than those of the ambulatory
appendages. Like the pleuropodia of insects, they are pedunculated sacks
consisting of a single layer of ectoderm cells and contain neither tracheae,
muscles nor nerves. No traces of these peculiar organs are to be found in
the adult Galeodes. It seems to me very doubtful whether these organs

* Since the publication of Scudder’s work alluded to, undoubted remains of Coleop-
tera have been found inthe Coal Measuresof Silisia.
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are to be regarded as modified cephalothoracic appendages and not rather
as outgrowths of the pleural wall out of line with the l;ags. The isolated
fact, though interesting, can be of little service, till reinforced by more ob-
servations. Of course no homology can be maintained between these wing-
like organs and the pleuropodia of insect embryos. '

In spider embryos the knob-shaped appendages on the four basal ab-
dominal segments are very distinctly defined. They have been described
by Balfour ['80], Locy ['86], Bruce ['87] and Morin [87]. There can be no
doubt, from the manner in which they arise, that these knob-shaped ap-
pendages are the serial homologues of the cephalothoracic appendages, but
so vague is our knowledge of the segmental homologies between the
Arachnida and Hexapoda, that it is impossible to say which of the four

- pairs of appendages corresponds to the pleuropodia.

Bruce ['87], maintains that in spiders ¢ probably two abdominal append-
ages are invaginated to form each lung-book.” According to Morin ['87] the
first pair of knob-shaped appendages become the covers of the lungs which in-
vaginate at their bases; the second pair disappear completely, while the third
and fourth pairs form the spinnerets, the ectoderm on the summit of each
of the four protuberances invaginating to form the spinning glands. Bar-
ring the question of homology, the observations on the pleuropodia of
Cicada and Zaitha, given in the first part of this paper, make it easy to see

“how an appendage might invaginate to form a lung-book, as maintained
by Bruce. ) . .

As soon as we reach the Symphyla and Thysanura, we no longer en-
counter any difficulty in settling on the true homologue of the first abdomi-
nal segment of insects.

The remarkable synthetic form, Scolopendrella, has twelve pairs of legs.
Ryder ['81], Packard [’81] and Haase ['87]. agree that the first three pairs
are to be regarded as the homologues of the three pairs of legs of the in-
secta and that the three segments to which they belong, are to be regarded
as the homologues of the pro-, meso-and metathoracic segments respectively.
If this view be correct, and there is ¢ertainly nothing to militate against it,
then w2 may regard the fourth postcephalic segment of Scolo‘pendrella
as the homologue of the first abdominal segment of insects. This being the
case, the two ambulatory legs attached to this segment in the Symphyla
are the homologues of the pleuropodia of embryo Hexapods.

From the Symphyla we pass to the Thysanura, a group comprising sev-
eral forms of interest in connection with the pleuropodia of embryo insects.
Appendages are known to occur on the basal abdominal segment in
Campodea, Machilis and allied species, and in the Collembola. Through-
out the Thysanuran group the basal abdominal segment is doubtless to be
regarded as truly homologous with the first abdominal segment of the
higher, or winged Hexaroda (Pterygogenea). Hence, a pair of appendages
arising on this segment in the Thysanura as ectodermic evaginations, with
mesodermic cores, in line with and at approximately the same time as the
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thoracic appendages, is to be considered as truly homologous with the
pleuropodia of embryo insects.

It has long been known that species of Campodea ‘bear on the first ab-
dominal segment a pair of two-jointed appendages homostichous with the
meta-thoracic legs. No such appendages appear on any of the other ab-
dominal segments; a fact which would seem to indicate that they either
still subserve some particular function or are the rudiments of once func-
tional organs differentiated from a pair of probably ambulatory append-
ages. AsIhave been unable to obtain specimens of Campodea for study.
and can find no record in the literature to which I have access of any ob-
servations made from sections of this pair of curious appendages, I cannot
decide which of these conjectures is the more probable. Be this, however,
as it may, Campodea is to be regarded as a form, which, so far as its append-
ages are concerned, remains throughout life in a stage corresponding with
the Orthopteran or Coleopteran embryo just after revolution.

The second to seventh abdominal segments of Campodea present each a
pair of small unsegmented styliform appendages. These contrast in size
and shape with the pair of appendages on the basal segment. In Japyx
the differentiated basal abdominal appendages of Campodea are replaced
by styliform appendages, pairs of which also occur on the second to seventh
segments. In Nicoletia and Machilis styliform appendages occur on the
second to ninth abdominal segments. Machilis also presents similar pro-
cesses on the coxal insertions of the meso-and metathoracic legs. The

‘number of these style-like organs varies in different species of Lepismina.
In Lepisma saccharina such appendages occur only on the eighth and ninth
abdominal segments. -Oudemanus [’89] has found them on the seventh to
ninth abdominal segments of Thermophila furnorum.

These paired styliform processes are not regarded by Haase as homo-
logous with the true abdominal appendages of the Symphyla and Myrio-
poda, but as homologous with the coxal spurs of the lower Tracheata.
He consequently maintains that the real appendages to which they be-
longed have disappeared on all the abdominal segments of Machilis and
its allies and on all except the first abdominal segment of Campodea.
Haase supports this view with the following facts. In their structure the
styliform appendages resemble very closely the spines and spurs so com-
mon on the body and legs of the Tracheata. They are unsegmented and
unlike true appendages contain no muscular core. They correspond in
structure, and in their method of insertion with the coxal spurs of Myrio-
pods, Scolopendrella, Thysanura and certain Blattee [notably South Amer-
ican Blaberida]. Haase, who seems to have given very careful attention
to this subject, is very probably correct in his conclusions in regard to
these styliform appendages, or ‘‘ pseudozampe,” as they are called by
Grassi; still the proof cannot be regarded as complete till their early de-
velopment has been studied.

Though the appendages under consideration contain no muscular tissue
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when fully developed, itis, of course, possible that they may have contained
evaginations of the mesodermic somites during the first stages of their
development. We have a case in point in the pleuropodia of insect em-
bryos. In the younger stages, as T have shown in Blatta, each of the two
mesodermic somites of the first abdominal segment sends a papillar
process into an evaginafing pleuropodium in exactly the same manner as
the mesodermic somites of the thorax send processes into the legs. Subse-
quently, when the pleuropodia have become distinctly differentiated, the
mesodermic elements, which in the thoracic appendages persist and are
. converted into muscles, are pushed back into the body cavity. Using
Haase’s criterion and considering only the mature appendages, we .should
not be justified in regardjng the pleuropodia as true appendages.

The evidence in regard to the origin of the styliform. append-
ages, which Haase has failed to give us, is at least in part supplied by
Oudemanns [’81.] The Dutch investigator observed that of the three
pairs of styliform processes occurring on the 7th, 8th and 9th ‘abdominal
segments in both sexes of Thermophila furnorum, only one pair, and that
the hindmost, was to be found in the youngest specimens examined. Next
in order of time appears the pair on the eighth and finally the pair on the
seventh abdominal segment. This manner of making their appearance, as
Oudemanns suggests, is strong evidence against their being true append-
ages. It may also be noted in this connection that the styliform append-
ages even in those forms that possess many pairs are longest on the pos-
terior segments and - gradually’ diminish in length anteriorily. This is
contrary to what we expect in true appendages; for these in insect em-
bryos usually decrease in distinctness and prominence in the opposite
direction.

In the Collembola a peculiar organ, called by Packard the collophore,
oceurs in the median ventral line of the first abdominal segment. This
organ is thus described by Lubbock (*78, p. 68):

« Underneath the anterior abdominal segment is the ventral tube, or
sucker. In Podura, Lipura, and the allied genera, this organ isa simple
tubercle, divided into two halves by a central slit; in other genera, as, for
instance, in Orchesella and Tomocerus, the tubercle is enlarged, and be-
comes a tube divided at the free end into two lobés. In the Smynthuridae
and Papiriidae the organ receives a still further and very remarkable de-
velopment; from the end of the tube the animal can project two long, del-
icate tubes, provided at their extremity with numerous glands.”

Lubbock makes the following remarks on the function of the collophore:

« No one, indeed, who has watched the habits of the Collembola, can
doubt its function. If a Smynthurus islaid on its back —a position from
which it has some difficulty in recovering its feet — and if, while it is in
this attitude, a piece of glass is brought _within its reach, the animal will
endeavor to seize it with the feet, but at the same time it will project one
or both of the ventral tentacles and apply it, or them, firmly to the glass,
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emitting at the same time a drop of fluid, which, no doubt, gives a befter
hold. In the parallel case of the Poduridae, M. I’ Abbé Bourlet supposes
that the ventral tube act as follows: *“1° qu’ il sert & ces insectes & se main-
tenir sur les surfaces perpendiculaires en y faisant le vide; 2° que leliquide
excrété par lui sert 4 humecter la queue et la rainure; 3° qu’ il supplée a la.
faiblesse des pattes dans les chutes qui suivent les sauts.” I am, therefore,
disposed to agree with him in so far as he denies that the adhesive power
depends altogether on the viscous fluid; Lbut, on the other hand, I cannot
attach much importance to his two latter suggestions. De Geer well un-
derstood the use of this curious organ. Hesays: ‘ Quand la Podure [un- °
der which name he includes the present genus Smynthurus] marchait con-
tre les parois du poudrier, il lui arrivait souvent de glisser; ¢’ était comme
si les pieds lui manquaient, de facon qu’ elle était sur le point de tomber;
dans I’ instant méme, les deux filets parurent et furent lancés avec rapidité
hors de leur étui, s’ attachant dans le moment au verre par la matiére
gluante dont ils sont enduits, en sorte qu’ alorsla Podure se trouvait comme
suspendue a ces deux filets.” Nicolet gives a similar explanation of their
function, and, like De Geer, attributes the adhesiveness to the glutinous
matter which they secrete.” i

The question has presented itself to me: Is not the collophore developed
from a pair of true appendages united in the median ventral line, though seri-
ally corresponding with the thoracic legs and hence truly homologous with
the pleuropodia of insect embryos? Although I have been unable to give
the subject the careful study which it deserves, I believe that I have un-
earthed a few facts calculated to answer the question in the affirmative.

The only embryological observations made up to date on the origin of the
collophore are recorded in Ryder's brief account of the development of
Anurida maritima ['86]. His figures [Figs. 6, 9 and 10, plate 15] show
clearly that the collophore consists of a pair of true appendages applied to
each other in the median ventral line, even if he had not expressly stated
that ‘“ during the earlier stages the limbs, antennze, collophore, etc., had the
form of mere blunt, paired papille, or of blunt, clavate, tentacle-like
paired outgrowths from the lateral ‘surfaces of the ventral plate or elong-
ated germinal area.” )

1 can supplement this embryological evidence by a few observations on
the collophore of Anurida maritimz. 'This maritima species was found
in great numbers ¢linging to the under surfaces of stones between
tides at Woods Holl, Mass. Its collophore is less complicated than that of
our common inland forms, and therefore better calculated to give a cor-
rect idea of the fundamental pattern underlying its structure. Specimens
were killed by being placed for a minute in Carnoy’s fluid heated almost
to boiling and were then preserved in 80 per ceuat. alcohol.

The collophore is quite prominent in surface view (Fig. 16 ¢.) appearing
as a heart-shaped tubercle on the middle of the ventral face of the basal
abdominal segment. The lateral edges are raised to form distinct rims,
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crowned with a few feeble hairs. The portion included between the lateral
rims is flat and of a much paler color than the remainder of the integument,
which is provided with an abundance-of blue pigment. A very distinct
slit divides the organ into two symmetrical halves. This is all that can be
geen from the surface; for further details recourse must be had to cross
gsections. (Fig. 15.) Here it is seen that the projection of the organ above
the general surface of the segment is about equal to its diameter. The
cuticle (ct.) is rather thick and externally very finely papillose. This un-
evenness of surface is. continued over the lateral rims, but where the
center is depressed and paler the papillose cuticle is replaced by a smooth
and more delicate layer (ct.), which stains pink in lithium carmine. This
portion of the cuticle, deeply induplicated at the median slit that divides
the organ into two symmetrical halves, evidently differs considerably in
its chemical structure from the unstainable papillose cuticle covering the
remainder of the body. The hypodermis forming the sides of the colio-
phore has very large flattened nuclei (hy.), which are almost concealed in
the dense layer of pigment. Beneath it lies a mass of connective tissue
(cn). At the inner boundary of the rim of the ventral face of the organ,
where the papillose cuticle is replaced by the delicate and stainable layer,
the hypodermis also undergoes a marked change. From being a rather
thin, deeply pigmented layer with huge flattened nuclei it becomes a
thicker layer of evenly granular, unpigmented protoplasm, smooth on its
external face but raised into numerous rounded protuberances ‘on its inner
surface. (gl.) A spherical nucleus considerably smaller than those of the
pigmented hypodermis, is lodged in each of these protuberances, which
thus represent the 'different cells. These are not, however, separated by
perceptible boundary lines: hence this modified portion of the hypodermis,
and perhaps also the unmodified portion, is to be regarded as a syncytium.
The whole of the hypodermis underlying the modified cuticle is peculiarly
and symmetrically folded. In its center it presents a broad induplication
corresponding with the narrower one of the superjacent cuticle. The cells
forming this median portion are small and flat. On either side there is
another rather deep infolding, to the inner angle of which a delicate muscle
is attached. (ms.) The ventral nerve chain, indicated at », runs beneath
the median induplication. As may be seen from the figure, there is a wide
space between the modified hypodermis and its cuticle. I have seen no’
traces of blood in this cavity, which in some specimens contains small
masses of a granular and very deeply stainable secretion. (s.) Larger
masses of the same substance are frequently seen clinging to the outer
surface of the modified cuticle. I regard the modified hypodermis as the
gland that secretes this granular substance. The cavity of the organ
bounded on the outside by the hypodermis is filled with blood (bl.) which,
when the organ is called into action, is probably forced against the glandu-
lar hypodermis, the two retractor muscles relaxing. Probably the infold-
ing of the cuticle is pushed out simultaneously with the three infoldings.
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of the glandular hypodermis. The great extent of surface of the hypoder-
mis compared with that of its cuticle may indicate that during protrusion
the latter is stretched and attenuated, thus allowing the secretion of the
glandular cells to transude more readily.

I have made no observations on the use to which the organ is put by the
living animal. The observations of Lubbock and De Geer quoted above,
render it probable that Anurida maritima uses its collophore as a sucker
wherewith fo fasten itself to the surface of the stone while the water is
rising and falling. It probably does not leave its place of concealment
during high tide to move about on the surface of the water like some of
our inland species. As its body, like that of most other species, is not
readily wetted, the layer of air that would cover it when emersed might
be sufficient for respiration till the returning ebb.

The collophore of Anurida, may bereadily reduced to a pair of append-
ages applied to each other in the median ventral line. The median in-
duplication of the hypodermis and the corresponding single infolding of the
cuticle I take to represent all that remains of the originally wide sternal area
separating the two appendages. Sections through the more complicated
collophores of a few of our common Podurids have convinced me that
these organs are also reducible to the simple pattern of a pair of appenda-’
ges more or less closely united in the median line. I have not, however,
made a sufficiently extended study of the more complicated types to be
able to explain the manner in which their different parts originated. Itis
to be hoped that some investigator will in the near future subject these
interesting organs to a rigid comparative examination, from both an ana-
tomical and physiological standpoint. Ryder's observations on the embryos
of Anurida maritima, together with the observations I have presented on
the adult of the same species, render it very probable that the Collembolan
collophore is to be regarded-as a pair of appendages homologous with the
pleuropodia of the heterometabolous iusects.

It seems, moreover, not improbable that the collophore of the Collem-
bola may have been derived directly from the pleuropodia of primitive in-
sects. Originally a pair of protuberances, covered with a sticky, perhaps
malodorous secretion, these appendages may have comwe to be of assistance
as adhesive organs in such leaping species as-had rather weak limbs and

*lived ‘where they found it of advantage to alight on surfaces of different
inclinations.

Milwaukee, December 20th, 1889.
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‘While my manuscript was being copied for the printer, E. Haase's re-
cent paper entitled * Die Abdominalanhinge der Insekten, mit Beriick-
sichtigung der Myriopoden ” (Morph. Jahrb. Bd XV 3. Heft. p. 331-435,
1889) came to my notice. This treatise, by far the most complete and
aceurate ever published on the subject, contains, besides a mass of other
observations, so many interesting facts and considerations bearing on
what has been set forth in my more special contribution, that I seize the
opportunity to append a few paragraphs on the points of most importance
in connection with the pleuropodia of insect embryos.

Huase has made a study of the pair of appendages on the first abdom-
inal segment of Campodea staphylinus and finds that they are specialized
to form glandular organs (p. 878-380). These two-jointed appendages do not
stand off at right angles to the body but are applied to its surface. The
inner face of the broadly oval distal joirit, i. e., the face turned to the
ventral surface of the abdomen is beset with 20-30 peculiar hairs (Haaran-
hénge) arranged in rows. - The two outer rows are composed of longer
and thicker setee, arranged like the teeth of a comb. Each bristle is in-
serted on a rounded follicle (Balg) which is surrounded by aridge. A
gland-cell terminates in each follicle. This pair of appendages is regarded
by Haase as ‘rudimentire, in der Entwicklung zuriickgebliebene
Beine,” and hence as in no sense homologous with the ventral stylets
(Ventralgriffel) occurring on the 2nd to 7th abdominal segments. As evi-
‘dence in favor of this view he adduces the fact that the appendages of the
first abdominal segment are largest "in young Campodece and that their
relative size diminishes with the growth of the insect.

Haase makes a somewhat similar observation on Iapyx gigas and
solifugus.- In these Thysanurans no appendages are developed on the first
abdominal segment, but in their stead six peculiar glands which are de-
scribed as follows:

 Be. Japyx gigas Brauer aus Cypern, einer Art von 23-26 mm Lénge,
tritt an der ganzen Bauchplatte des ersten Abdominalsegmentes jederseits
des schmalen, etwas eingesenkten Mittelschildes eine flache Vorwolbung
der Seitentheile auf. Am Hinterrande liegen jederseits des nur 0,125 mm
breiten mittelsten Stiickes, das eine einfache diinne Duplikatur der Ven-
tralhaut darstellt, drei scharfbegrenzte, von einer bindegewebigen Mem-
bran umschlossene Driisenzellmassen, welche selbst in zurlickgezogenem
Zustande den Plattenrand noch {iberragen und von einer schmalen
Ringfalte eingeschlossen sind. Die dusserste Driisenmasse ist bei 0,25 mm
Linge 0,135 mm hoch und an den Vorderecken abgerundet. Die mittlere
bildet einen eher abgerundet rechteckigen Korper von 0,13 mm Lénge
und 0,13 mm Hohe; die innerste ist flach und quer gestreckt, 0.26 mm
lang und nur 0,09 mm hoch. Die beiden &usseren Driisenmassen sind an
ihrer freien Hinterfiiche sehr dicht, die innerste spérlicher mit starren,
spitzen, gelben Bérstchen besetzt, die bis 0,03 mm lang werden und deren

9—A. & L.
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-an der mittleren Masse gegen 100, an der dussersten iiber 200 vorkommen.
Die Driisenzellen sind triibe durchsheinend, von gelblicher Farbe.”

““ Der Bau der Driisenmassen am ersten Hinterleibsringe von J. gigas
wurde an Léngschnitten untersucht. Die auf der Cuticula stehenden Hir-
«chen sind gelblich und bis zur Spitze von einem weiten Kanal durchzogen,
der scheinbar direkt in den langen Hals einer einzelligon Driisenzelle iiber-
geht. Die Ausfithrgéinge sind in der Mitte oft stark aufgeblasen, wihrend
sie sich am Ende wieder bis zu 0,001 mm Durchmesser verschmélern.

Aechnlich ldsst sich auch bei J. solifugus der Uebergang des die hohlen
kurzen Haarstacheln durchziehenden Kanals in den diinnen 0,02—0,03 mm
langen Ausfithrungsgang einzelliger rundlicher Hautdriisen von 0,005—
40,008 mm Durchmesser erkennen.” :

These observations on Campodea and Japyx are of considerable interest
in connection with the hypothesis advanced in the concluding paragraphs
©of my paper. Notwithstanding the glandular portion of the first abdom-
inal segment in Japyx is broken into six clearly defined masses, it may
still be true that originally the three glands on either side of the median
sternal line formed only one mass. The pair of glands which might thus
have given rise to the six separate masses mav be traced back through
structures like the pleuropodia of Cicada to a pair of true glandular ap-
pendages like those on the first abdominal segment of Campodea. Haase's
Fig. 17, Plate XV, representing a section through the glandula,r mass in
Japyzx, calls to mind the pleuropodium of Zaitha. :

Haoase also gives. a very interesting account of the evers1ble sacks,
which have long been known to.occur in pairs on the ventral faces of the
abdominal segmentsin many Thysanura. He hassubjected both literature
and insects to a painstaking examination, with results that I here very
‘briefly summarize: In the Myriopod Lysiopetalum (two species) pairs of
eversible sacks occur on the coxee of the 8rd-16th pairs of legs; in Poly-
zonium germanicum and a Moluccan Siphonophora there is a pair of these
sacks on nearly every segment caudad from the third. Scolopendrella has
10 pairs of eversible sacks, a pair on each segment from the 3d to the 12th.
In Campodea they are present on the 2nd to 7th abdominal segments; in
Japyx on the 2nd abdominal segment. In Machilis maritima and M.
_polypoda pairs of eversible sacks occur on the 1st to 7th abdominal

‘- segments; one large pair -on the first and two smaller pairs on each
segment from the 2nd to the &th; the 6th and 7th segments are
-each provided with but a single pair of small sacks. Experimental
-evidence is adduced to prove that the eversion of these sacks is a voluntary
act on the part of the insect, brought about by blood pressure, and that
when everted these organs subserve a respiratory function. To distinguish
them from tracheal and vascular gills Haase designates them ** Blutkiemen.”

The study of these peculiar organs naturally leads to a consideration of
the Collembolan collophore, to which Haase also ascribes a respiratory
function. Since he has not yet completed his study of this organ, his
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remarks are meagre, and, I believe, open to some objection. Thus, in
disregard of Ryder’s observation or-the embryo Anurida, he supposes the
bifurcate, protrusible and glandular portion of the collophore to be derived
from a pair of eversible sacks apposed in the median ventral line. On
page 873 he remarks:  Wie zuerst J. Wood-Mason hervorhob, ist die
Entstehung des Ventraltubus der Collembola auf die Verschmelzung eines
Abdominalsackpaares, wiesie bei Thysanuren auftreten, zuriickzufiihren,
und in Uebereinstimmung damitist auch bei den weniger riickgebildeten
Formen die Bilateralitiit der Endséickchen noch deutlicher ausgeprigt.”
He is careful not to maintain an homology between the pleuropodia of
insect-embryos and the eversible sacks of the Thysanura, though he agrees
with Graber in ascribing to the pleuropodia a respiratory function. The
wish to homologize the collophore with a pair of eversible sacks seems to
have prevented Haase from seeing the at least equally probable homology
between the collophore and the pair of appendages on the first abdominal
segment of Campodea and between these last appendages and the pleuropo-
dia of insect embryos — an homology which 1 could only surmise, but which
Haase’s own observations now render very probakle.

Though Haase regards both the Ventralsickchen and the collophore as
respiratory organs, he nevertheless believes them to have arisen frem what
were originally glandular structures. This is very clearly expressed in the
following paragraphs, quoted because they make to a certain extent for
my theoretical conclusions in regard to the pleuropodia.

¢ In der That ist es wahrscheinlich, dass die Ventralsicke der Symphyien,
Chilognathen und Thysanuren auf weit verbreitete driisige Bildungen zu-
riickzufiithren sind. Um nur die Antennaten zu beriithren, so liegen die
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