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THE DAKOTA-PERMIAN CONTACT IN NORTHERN 
KANSAS. 

BY F. C. GREENE. 

Plates I to IV. 

INTRODUCTION. 

BRING the summer of 1906, while working on the Uni- 

versity Geological Survey of Kansas, under the direction 
of Dr. J. W. Beede, the Permian-Cretaceous contact in Kansas, 

north of the Smoky Hill river, was mapped. The most of the 
northern third of the region was mapped jointly with Doctor 

Beede and the remainder mapped individually, in alternate 

stretches. 

The region covered in this account lies in Washington, Riley, 

Clay, Dickinson and Ottawa counties, and is included in the 
Washington, Marysville, Clay Center, Abilene, and a corner 
of the Minneapolis topographic sheets of the U. S. Geological 

Survey. The area lies in the drainage basins of the Little 

Blue, Republican, Smoky Hill and Solomon rivers. 

The topography is characterized by bold bluffs of the Da- 

kota sandstone and smaller benches of the harder Permian 

limestones and shales. There is one peculiar feature of the 
topography throughout the region: northern slopes of the 

divides are generally steep, while the southern slopes are very 
gradual, and often without rock exposures. The effect is as 

if the land had been tipped to the south, or as if there had been 

an interruption of a southeastern drainage which turned the 
master streams to the east, thereby causing the streams to 

erode their southern banks. 

In regions of the Dakota formation, this often results in 
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an extensive series of low hills, composed entirely of loose 
sand, such as are seen in the vicinity of Abilene. 

In the extreme northern part of the state, the country-rock 

is overlain by the glacial drift of the Kansan ice sheet. At 

the points where the contact crosses the Kansas-Nebraska 

line, the original topography and geology are obscured by 

drift, 60 to 100 feet in .hickniess, as observed from well bor- 

ings. 

GENERAL SECTION. 

Pleistocene.—Glacial drift of Kansas sheet and loess(?) ter- 

races. 

Cretaceous.—Dakota formation, sandstones and plays, 
Permian.—Limestones and shales. 

Permian.—No attempt was made to distinguish between the . 

formations of the Permian, but it was necessary to note such 

local aspects as would help in determining the contact line. 

There is everywhere an unconformity of considerable relief 

between the Permian and Cretaceous systems; which repre- 
sents in time the Upper Permian, Triassic, Jurassic and Co- 
manche Cretaceous. 

The relief of this unconformity amounts, in places, to nearly 

100 feet in the distance of a quarter of a mile. In one place 
(two miles northeast of Emmons, Washington county) there 

is a Permian monadnock which has patches of Dakota lying 

here and there on its sides, owing to erosion since Dakota 

times. This results in exposures of Permian above the level 
of the surrounding Dakota. Similar conditions on a smaller 

scale are found elsewhere. 

Owing to this unconformity, the section of the Permian dif- 
fers in places, the Permian having been eroded before the 

deposition of the Dakota to a lower horizon in some places 

than in others. The result of this is that the Permian is rep- 

resented at the contact by different horizons, none of which are 
present over very large areas. At most places a series of thin- 

bedded limestones and shales was present at the contact, but 
in others a very porous limestone, evenly bedded red and 

yellow shales, or blue clay shales, represent the horizon of the 

Permian present at the contact. Over the whole area the Per- 

mian beds appear to be very evenly stratified. 

The following section, taken from a cut on the Burlington 

railroad about two miles northwest of Hanover, Washington 
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county, shows a typical succession of the Permian beds of that 

region: . 

10. Limestone, thin-bedded, and yellowish shales............... S.. t. 

NR, MIUREN GU 3, DAE base ics o's o's b's iece’s tip e Care eA 6 in. 

8. Shales, calcareous olive-gray, with limestone about four feet 
I ac cial hace's digi aip BS «0 ase inh ste reel stayd 16 ft. 

7. Limestone, grading oe marly concretions to marly 
hE a ee retre VeVi see caw Aa Se bee's 6 c'elae hiale x Te 

RT MERTENS MORNE OO Sj a's Ayla oc baiday ae dees sve we esau eas 4 ft. 
5. Shales, red, evenly bedded, with jceisional indurated bands; 

in the lower portion are two layers of very impure semi- 
crystalline limestone or dolomite, apparently thrown down 
by precipitation. There are also "four or five very thin lay- 
gg a rer ire ee ey ere ree eee rae 15 ft. 

I AA Cia a wgles Tue gue! ke 6 6.a.04 SWAN aa diole 816,606 6,0 10's. 10 ft. 
8. Limestone, two layers, separated by bluish shale; upper lime- 
EE EIS SS QAR eS AU PEN ee oa at eee ee 33 ft. 

NS CREWE SUIOMGO on 6 oink n'e sv pabs sie> sna eeien goles veces 4 ft. 
1. Shales, yellow calcareous and argillaceous limestone........ 2 ft. 

_ Covered slope below. 

The character of the Permian from a little different horizon 

is shown in a section from the north bank of Mill creek, near 

the middle of section 13, Charleston township, Washington 

county : 

7. Covered. 
6. Limestone, light buff, cellular, rather thin-bedded.......... 8 ft. 
De pemmiee, Diuish and yellowish...............ccccsceescrcces 13 ft. 
4. Limestone, blue, laminated, fossiliferous................... 4 in. 

TNS en P ob rier ratty Sete C ts lo Niely, de 3 ft. 
2. Limestone, hard, buff, fossiliferous ....................05- 8 in. 

1. Shale, blue, and covered slope to water level............... 17. ft. 

Cretaceous-Dakota.—The prominent bluffs of this forma- 
tion are composed of a deep-red or brown, rather coarse- 

grained, ferruginous sandstone. For this reason the forma- 

tion is often spoken of as the Dakota sandstone, but this is 
a misnomer, as the bulk of the formation is probably not a 

hard sandstone, but clays and shales.1 Other exposures vary 
greatly. In fact, it is hard to imagine a formation of a more 

diversified character. It gives much evidence of being a shal- 
low-water deposit, such as would be formed along shores and 

in small estuaries by delta deposits, etc. Both the nature of 

the deposits and the fossil content bear out this statement. 

The land mass was probably a short distance east of the pres- 

ent eastern outcrop, as the Dakota becomes more evenly strat- 

1. Gould. Trans. Kan. Acad. Sci., XVII, pp. 122-178, 1901. 
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ified to the west. The fossils consist of the leaves of such 
genera as Quercus, Sassafras, Salix, Ficus, Protophyllum, 

Platanus, Betulites, etc., all land plants. 

Near the contact line the diversified nature is well shown. 

Yellow, red, brown and white sandstones are found, both con- 

solidated and loose. These colors may be in separate layers 

or all in the same stone, in a space six inches square. In places 

a conglomerate predominates. In Charleston township, Wash- 

ington county, about a quarter of a mile west of the line be- 

tween sections 23 and 24, there are twenty-five to thirty feet 

of variegated. multi-colored clays, such as are typical of the 

Dakota a little west of Brookville. Saline county. The local 
name for this is “rainbow” clay, all the colors of the rainbow 

being jumbled into a variegated mass. There is no consist- 
ency in the structure in the easternmost outcrop of the Da- 

kota. Within a quarter of a mile a road may cut through 

both a deposit of hard dark-red sandstone and a light-colored 

clay. In the sandstone cross-bedding is very much in evi- 

dence. In places large nodules of iron pyrites are found, while 

iron-oxide concretions of various sizes and shapes interest the 

inhabitants throughout the region. 

The loose Dakota sands wash far down over the Permian 
‘and often obscure the contact. 

As the sandstone is very porous, while the limestones and 
shales of the Permian are impervious, springs are found along 
the contact line and are helpful in locating it. 

Pleistocene.—Glacial drift of the Kansan ice sheet. This 
formation overlies the five northern rows of townships in the 

region mapped. It is as diversified in character as the forma- 

tions underlying it. Besides the sands and boulders of quartz- 

ite, greenstone, granite, etc., it is composed of fragments of 

Permian and Dakota rocks, the latter generally forming the 

bulk of the deposits. This is probably due to the fact that the 
Dakota formation extends some distance to the east in the 

region north of Kansas, thus lying directly in the path of the 

Kansan ice sheet. In the region of Hanover (and several 

other places) these materials have been cemented together into 

a conglomerate. Variegated clays and other clays, resembling 

those of the Dakota, have been deposited in places. 

This causes some very perplexing problems in locating the 

contact in the drift-covered region. In the first place, it ob- 
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scures the underlying formations over large areas, and in the 
second, it contains deposits of clay, sand and conglomerate 
almost identical with those of the Dakota. However, if there 

are any wells present, the water will be hard in the drift and 
soft in the Dakota sandstone. 

Other Deposits of the Pleistocene.—In much of the region 

along the west side of Mill creek in Washington county there 

are fifteen feet of very sandy, jointed clays, gray above and 

brown beneath, overlying the plain sloping towards the creek. 
This deposit may be due to the changes which seem to have 

been made in the direction of Mill creek in glacial times. The 
topography and geology suggest the possibility that Mill creek 

once flowed southeast from Washington, with a large branch 

from the north joining it just east of Washington, while a 
small stream used the present outlet of Mill creek into the 

Little Blue river. There is a channel beneath Greenleaf, nearly 
100 feet deep and filled with glacial debris, as shown by the 

wells supplying water to Greenleaf. Along the railroad be- 
tween Washington and Greenleaf there are no exposures of 

rock in place, but as the region was not carefully studied this 
evidence is not conclusive. Glacial damming of this stream 

in the region southeast of Washington may have formed a 
lake which sought an outlet to the north in the present valley 
of Mill creek. 

If these suggestions are true, it was probably in this lake 

that these deposits were formed. 

West of the Republican river at Clay Center the river bluffs 

are terraces composed of loess-like material with calcareous 

concretions, and native rock below. They rise to a height of 

forty to sixty feet at the edge of the river bottom, and are higher 

here than farther back. There is, as a rule, a fair back slope 

of the terrace to the hills of the Dakota to the west, and the 
junction is usually occupied by streams or branches of them 

and the drainage is away from the river down the terrace, 
which has a maximum width of three miles. 

It may be that this deposit is the same material as that 

which is known as “plains marl” in the western part of the 

state. In regard to the latter, Professor Haworth? believes it 
to have had the same origin as that of the Tertiary mortar 

2. Univ. Geol. Surv. of Kan., vol. II, p. 275. 
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beds, and thinks it probable that many of the properties of the 
plains mar! are largely due to the action of wind. 

In the region mapped the loess was found in valleys having: 
a north-and-south direction. This may be due to the fact that 

a wind from the west, carrying the material, would deposit it 

in valleys lying north and south, while it would not accumulate 

in valleys having an east-and-west direction. 

DISCUSSION OF THE MAPPING. 

The mapping began at the Kansas-Nebraska line. Here the 
contact was concealed by 60 to 100 feet of drift. Just west of 
the Little Blue river, opposite Hollenberg, the Permian was 

exposed near the 1300-foot contour, while east of this town the 

Dakota rocks were exposed near the same level. Thus, in a 
general way, the contact is at the 1300-foot level between the 

state line and Washington west of the Little Blue. On the 
west bank of Mill creek there is a deposit of Pleistocene, cover- 

ing the slope. The region is mapped as Cretaceous rock, 
though there is little doubt that it is material washed from 
the higher hills to the west. A tongue of Dakota extends north 
in the area between Mill creek and this river. If the sugges- 
tion that Mill creek formerly had its outlet to the south is true, 

this tongue would probably be an outlier. 
On the east side of the Little Blue are outliers within six 

miles north and south of Hanover, but inside the boundaries 

of Washington county. South of Washington the contact rises 
nearly to the 1400-foot line, but west of that place pitches 
down, so that the Permian extends up Mill creek only two 

miles. The contact is found in the valley of Beaver creek, at 
an elevation of about 1375 feet. At Greenleaf, owing to the 

presence of the old channel noted above, neither Permian nor 

Dakota is exposed, but the former is only thirty feet below 
the level of the town a few miles east and west. Across this 

area the contact is dotted. 
From Greenleaf to Clifton there is a continuous dip to the 

west. There is an outlier of Dakota in the vicinity of Chep- 
stow, and it also extends south into the extreme northwest 

corner of Riley county, south of Kimeo. West from this point 

to Clifton the contact lies mostly in the northern row of town- 
ships of Clay county. 

In the Republican valley the contact is concealed by a de- 



GREENE: DAKOTA-PERMIAN CONTACT. 7 

posit of loess-like terrace material and alluvium, but a few 

miles east of Clifton it is found at the 1280-foot contour, and 

probably crosses the river about a mile southeast of Clifton. 
West of the Republican river the Dakota is found as a thin 
sheet on the terrace, as shown by well borings. Here the con- 

tact is at about the 1240-foot mark, but rises steadily to the 

south until the divide south of Manchester is reached, where a 
height of 1360 feet is reached. There is, however, a constant 

westward dip, so that the contact never extends very far west 

in the valleys of eastward flowing streams. In the region just 
described the contact passes near Idana, Oak Hill, Longford 

~ and Manchester. 
East of the Republican river, in Clay county, the Dakota 

forms a large outlier about three miles northwest of Green. 

Here the contact is nearly up to the 1400-foot contour. From 

this outlier ‘west to the Republican river the dip of the Per- 

mian is clearly and distinctly shown. 
From Manchester to Abilene the Dakota lies on a narrow 

divide, but at its southern extension expands into a large 
area. In this area it is very thin, and disappears in a large 
expansion of sand hills, which may have originated from 
poorly lithified sandstone, or from stream or wind sediments. 

From Abilene east to within three miles of Chapman, sand 
and sand hills occur on the north side of the Smoky Hill. 

There is much doubt as to the origin of these deposits. In this 
connection, the observations of Hay® in the vicinity of Junction 

City are interesting. He found sand hills near Junction City 
at or about the same level as those in the vicinity of Abilene. 

He says: “A more recent examination of the high-level sand 
dunes previously referred to revealed the fact that they are 
‘residual beds, resting on and abutting against undoubted out- 

liers of the Dakota.” Two areas of Dakota are shown on his 
map. These are only one-half of a mile west of the eastern- 
most outcrops in Washington county, although the trend of 

the eastern outcrop of the Dakota is southwest throughout the 
state. | 

8. Hay. Geol. of Ft. Riley, etc., Bull. 187, U. S. G. S., p. 28. 

2—Univ. Sci. Bull., Vol. V, No. 1. 
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FURTHER NOTES ON THE PUEBLO RUINS OF SCOTT 
COUNTY. 

BY H. T. MARTIN. 

(Contribution from the Zodlogical Laboratory, No. 188.) 

Plates V to IX, and one text figure. 

A T the annual meeting of the Kansas State Historical Society 

at Topeka in January, 1899, Dr. S. W. Williston read be- 
fore that body a paper entitled “Some Pueblo Ruins in Scott 

County, Kansas,” in which was fully set forth the results of 

the excavation of the ruins now known as Quartelejo, together 
with a list of the implements and weapons procured from the 
rooms which composed the old building. This paper will be 

found in the Kansas Historical Collections, volume 6, 1897- 

1900. Unfortunately it was not then possible to publish along 
with the paper the photographs and drawings of the ruins 

which were made during the excavation. In order to make the 
photographs and ground-plan drawing which accompany this 

paper as comprehensible as possible, the original description 

by Doctor Williston will be given almost verbatim. Since this 

account was based upon the field notes of the present writer, 

who made the excavations under the directions of Dr. Will- 

iston, its repetition here will be somewhat in the nature of a 

personal account. 

DOCTOR WILLISTON’S ACCOUNT OF THE RUINS. 

“The ruins are situated in the valley of Beaver creek 
(wrongly called Ladder creek on the map), in the northern 

part of Scott county, twelve miles due north from Scott City, 

and about ten miles south of the Smoky Hill river, as shown 

on the maps, precisely where the township line touches the 

(11) 
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most eastern bend of the creek. At this place the valley of the 

creek, which here runs nearly north, is less than a mile wide, 
surmounted on either side by high bluffs of Tertiary material. 

The immediate valley is excavated in the Cretaceous chalk. 

The result is that here, as elsewhere in western Kansas where 

like geological conditions obtain, the underflow through the 

Tertiary sandstones, over the impervious chalk floor, comes 

abundantly into the valley, furnishing a considerable stream 

of water. Perhaps no stream in the western part of the state 

offers more favorable conditions for irrigation than does this 

in its lower part. In the dryest years there is always an 

abundance of water in the stream, and in the deep pools along 

its course there are always many fish. About a half mile above 
the site of the present ruins, the Tertiary underflow comes to 

the surface along the side of a hill in such perpetual abundance 

that it is utilized in the irrigation of a considerable tract of 

land. 
“These two facts—easy facilities for unfailing and exten- 

sive irrigation, and a fish- and beaver-producing, perpetually 

flowing stream—are undoubtedly explanatory of the location 
of the ruins at this place. The ruins are situated near the 
middle of the valley, close to the stream, and away from any 

possibility of ambush by hostile savages. They occupy a small 

knoll of ground, and, as first seen by us, consisted of a low, 

rounded heap of soil and stone, perhaps 75 or 100 feet in diam- 

eter, the soil wholly overgrown by buffalo grass. The rocks 

are the coarse sandstone of the neighboring hills. A small 

excavation had been made in the middle of this mound by pre- 

vious explorers, perhaps two feet in depth and of a dozen 

square feet in area.” 

In conclusion, Doctor Williston says: “One fact is estab- 

lished from the explorations—the ruins are of Pueblo origin. 

Of this there can be no question. The plan of the structure is 

only such as the Pueblo Indians could have devised and carried 

out. It is not the work of white men, either Spanish or 

French, though it is very probable that both the Spanish and 

French may have occupied this and other structures at this 

locality at later times, or even contemporaneously with the 

Pueblos. The finding of an iron ax, of rude and primitive 

workmanship, it is true, indicates white men’s skill. It is very 

evident, also, that the metal instruments were used by the 
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occupants. Several of the manufactured articles show clearly 

the imprints of metal saw teeth. 
“The origin of the ruins is of course not positively proven, 

yet I believe that concerning this there is scarcely a doubt that 
they represent the old fortified place known as Quartelejo, 

founded about 1650 by a party of Indians who fled from the 
oppression of the Spaniards, from Taos, in New Mexico. The 
only information concerning this place that I have so far been 

able to obtain is from the works of Hubert Bancroft, volume 

17, on Arizona and New Mexico.” 

The following is the full description of the ruins as published 

in the Kansas Historical Collections by the present writer: 

“In the excavation of the chief structure referred to in the 
cited paper, all possible care was taken to avoid mutilating the 

plastering with which the walls were covered, thus permitting 

the exact size and shape of each room to be ascertained. As 

now excavated, the walls are about two and a half feet in 
height. The structure measures fifty by thirty-two feet in 

size, and stood as nearly due east and west in its greater meas- 

urements as it would be possible to locate it with an ordinary 

compass. The outer walls were of heavy stone, from eighteen 

inches to two feet in thickness, and were cemented or grouted 
together, making the full measurement of the building about 

fifty-three by thirty-five feet. The building site, as has been 
described by Doctor Williston, was a slightly raised mound, 
about seventy-five yards from the bed of Beaver creek, which 
here affords an abundance of water for both irrigational and 
domestic use. By the side of the building there are two large, 

hollowed out places, which had probably been used for the 

puddling and mixing of the adobe employed in the construc- 
tion of the building. The stone used in the building, all of 
which had been brought from the surrounding hills, was con- 

siderable in amount, and many single pieces are all that a man 
can lift. 

“About 100 yards south of the main edifice there is evidence 
of several other smaller buildings, all of which must have been 

constructed of adobe alone, since no rock remains. These 
_ smaller structures, two of which were examined by us, yielded 
no utensils or other relics; nor could their size and shape be 
made out with certainty. Both of these buildings, as well as 

the large one, present evidence of having been destroyed by fire, 

whether as the result of some accident or by Indian foes one 
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cannot say, of course. From the fact that no human bones 

were found anywhere about, the probability of design is less- 

ened. That the larger structure had been destroyed by fire 
there can be no doubt, since the adobe is burnt, and charcoal 

is thickly scattered everywhere; the stone and bone imple- 
ments also all show evidence of fire. Rooms IV and VII, as 

I have designated them, show only slight evidence of the fire, 
and it is possible that one or both of these rooms had never 
been covered, and hence contained but little subject to de- 
struction by fire. Room IV had portions of the rotted posts, 
evidently used as a ladder, remaining. 

“Charred corn was found in every room except VII, in some 
places four or five inches deep. In room V there had been four 

or five bushels of this corn in a slightly hollowed out place at 

one side. 
“About twenty-five yards north of the main structure there 

appears to have been three or four small structures, each sepa- 
rated a small distance in an east and west line parallel with 
the main building. These structures were wecieabtnnd circular 
in outline, and were perhaps teepes. 

“The most interesting room in the structure is the one I will 
designate as room IJ. Its dimensions were seventeen feet by 
thirteen feet and nine inches. It had a raised dais or platform 
on two sides, about six inches high; that on the west side five 

feet and three inches wide; that on the north side two feet. 
The wider one was doubtless used for sleeping purposes, and 
the narrow one as a bench. Very near the center of the room 
there is a box-like receptacle, formed of thin stone set edge- 
wise. Like the others described further on, the bottom of this 

one was about six inches below the level of the floor, and its 

size was eighteen by twenty-one inches. It had been plastered 

at the bottom, and contained, when examined, a quantity of 
clean wood ashes. The receptacle may have been for the grind- 
ing and mixing of corn. In the southwest corner of the room 
there is a peculiar structure three feet nine inches in length by 

- two feet and one inch in width, inside measurements, built of 

adobe. Its walls are eighteen inches high at the west end and 

twelve at the east end, the slope gradual from one end to the 

other. The walls, five or six inches in thickness, had been 
nicely rounded at the top. In the middle, and joined to the 

west end, is a small platform, about sixteen inches in length 
by twelve in width, raised about six inches above the bottom 
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of the grooves which surround it. These grooves, shaped some- 

what like a U, slope toward the closed end. This part was 
filled with ashes, suggesting that the use of the oven was for 

the baking of pottery. Near the east end was a large hole, 

twelve inches in diameter and eighteen inches in depth, cov- 
ered with a flat rock. It contained nothing save fine dust. 

“The walls and floors were nicely plastered. The plastering 

gave no indications of finger marks, but seemed to have been 

smoothed off with some instrument. Stones that might have 

answered such uses were found in the rooms. In this room 
was found a small pipe, decorated with horizontal markings. 

Here also were found a needle or awl for the sewing of hides, 

several arrow-heads, fragments of pottery, and bone needles. 

The remains of two posts, about eighteen inches apart, were 

found in the northeast corner, evidently for the uprights of a 

ladder for ingress and egress. Similar holes in like positions 

were found in the other rooms. There were no indications of 
doors or other openings in any of the rooms. The roof was evi- 

dently made of willow poles or brush covered with adobe, as 
large quantities of the latter show impressions of twigs. 

“Room II was sixteen feet and four inches in width by eigh- 

teen feet six inches in length, and had both wall and floor 

plastered. The fireplace was two feet by one foot seven inches 

in size, and close by it was a hole twelve inches in diameter. 

On the east end there was a bench, as in room I, four feet two 

inches in width, and on the north side one two feet in width, 

while on the other two sides the width was but twelve inches, 

but raised to about ten inches in height. Close to the fireplace 
was found a grooved stone maul, ribs with marks of a saw 

upon them, arrow points, pottery, bone and stone scrapers, and 

a small pipe. On the ledge at the east end was found the half 

of an iron ax or wedge. The iron of course is much rusted, 

and the tool appears to have been split longitudinally and 

transversely by some mishap. It had a groove near the head, 

instead of an eye, for the attachment of the handle, after the 

manner of the stone axes of the aborigines. This room con- 

tained more charred corn than did any of the others. 

“Room III was fourteen by thirteen feet in size, with plas- 

tered walls and floor, the corners rounded at the east end 

and square at the west. It had a fireplace eighteen inches by 

twenty-four, and a raised dais four feet wide at the west end. 

The holes for the posts supporting the roof and for the ladder 
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were as in the other rooms. The plastering turned up about 
the posts showed that this work had been done after the roof 

had been placed over the structure. This room furnished 
grinders and several bone implements—scrapers and fleshers 
—made from the shoulder-blade of the buffalo and deer and 
antelope. The wall posts were rotted in the ground, and not 

_burnt as in the other rooms, nor were the bone implements 

partly burned, as was the case with those in the other rooms. 
In this room, also, was found part of a musical instrument, a 

flute or flageolet, made from the wing bone of a large bird; 

also a bone implement with a serrated edge. 

“In room IV fewer implements were found than was to be 

expected, for few marks of fire were visible. Owing to this, 

the room was in better condition for articles to have been pre- 

served. It is just possible that the fire started on the south 

side, giving the occupants a chance to save most of their be- 

longings from this room. Several scrapers, knives, also the 

small arrow points on plate I, Nos. 1, 2, 4, 5 and 12, 16, 17, 18, 
19, 20, all of which are fine examples of workmanship, were 

found. 
“Room V was the smallest in the building, being only ten by 

fourteen feet in size. It had well-plastered walls and floor, a 
fireplace seventeen by twenty-two inches in size, a large quan- 

tity of corn, arrow-heads, grinders, scrapers, pottery, etc. 
Close by the fireplace there was a hole in the floor covered by a 

flat stone that had been undisturbed. At its bottom was found 

half of a clam shell, which had been sawed lengthwise with a 

toothed saw, the tooth marks being very plainly apparent. In 

the northwest corner was a small oven, nine inches in width 

and sixteen in depth, excavated from the wall of the. room and 

plastered throughout. It contained three or four inches of 
wood ashes in the bottom. In this were also found three oval 
and one square adobe bricks, about ten by fourteen inches in 

_ gize, flattened above and rounded below. They may have been 

used in the baking of tortillas. 

“Room VI was ten feet five inches in width by thirteen feet 

and eight inches in length. The level floor had been plastered, 

as also the fireplace, which was eighteen by twenty-six inches 

in size. There was a narrow partition between this room and 
room V, and since no indications of a ladder were found here 
it is possible that the two rooms had been connected. Several 

2—Univ. Sci. Bull., Vol. V, No. 2. 
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scrapers, of bone and flint, together with grinders, etc., were 

found here. , 
“Room VII, thirteen feet square, differed from all others in 

having no fireplace or plastered walls. Numerous bones of 

bison, deer, antelope, coyote, badger, etc., were discovered in 

this room. The only relics were bone and flint scrapers. Prob- 

ably the room had been used as a sort of storehouse, and not . 

for human dwelling. 

“The pottery found was in part composed of plaster of Paris, 

possibly obtained from the crystals of selenite scattered over 

the chalk exposures in the vicinity. A number of ribs were 

found which had been smoothed at one end into a sort of spat- 

ula, and had probably been used in the making of pottery or in 

the plastering of the building. Coiled as well as smooth pot- 

tery was found, but only a single piece that showed evidence 

of decoration. Some of this pottery has been submitted to 

Professor Hewitt, of Las Vegas, N. M., who has given much 

attention to the work of the Pueblo Indians. He was of the 

opinion that all this pottery had been introduced from New 
Mexico, and had not been made in the vicinity of the building 

or village. Probably this is the furthest east that such pottery 

has yet been found. In one of the rooms were found several . 

squash seeds; some between two pieces of pottery, in good con- 

dition, others much decayed.” 

In the above account by Doctor Williston, he very graph- 

ically described the locality, surroundings and natural re- 

sources in the immediate vicinity of the ruins, which he had 

visited in 1896, but unfortunately was unable then thoroughly 

to investigate. He also gave a number of important quota- 

tions from the works of Hubert Bancroft, an eminent writer 

on Arizona and New Mexico. These works treat largely of the 

early history of the Spanish in America, and contain important 

data relative to the position of the pueblo known as Quartelejo, 

and the condition under which this isolated post was first built 

and peopled. From the above-named works it appears that 

about 1650 a band of Taos Indians fled to the plains and for- 

tified a place called Quartelejo. In the papers of the Archzo- 

logical Institute of America, American series V, Hemenway 

Archeological Expedition, A. F. Bandelier, page 181, says:. 

“Tn 1704 the Indians of the pueblo of the Picuries abandoned 

their village in northern New Mexico and fled to the plains, 

where they established themselves at a place called El Quar- 
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telejo. Superstition was, from all indications, the cause of this 

hasty movement.”’ In a foot note he adds: “This flight of the 
Indians of the Picuries to the Quartelejo is mentioned in sev- 

eral documents. I quote here only the witchcraft trial, entitled 

‘Causa Criminal contra Geronimo Dirucaca, Indio del Pueblo 

de Picuris,’ 1713, MS., fol. 16, 17. The same document also 

fixes the date. In regard to the return from Quartelejo, it was 

effected in 1706 by Sargente Mayor Juan de Uribarri.” 

For some reason or other there appears to be a conflict as to 

the exact date of the settlement of the Indians at Quartelejo, 

yet both the above writers agree that the return to Mexico was 

effected in 1706. This would indicate clearly that both Ban- 

croft and Bandelier were writing about the movements of one 
and the same band of Indians. Furthermore, it does not ap- 
pear credible that the governor of New Spain would have al- 

lowed these discontented Indians to have stayed at Quartelejo 

from 1650 until 1704, a period extending over fifty years, with- 

out an effort being made to effect their return, and in all prob- 

ability Bandelier’s date of the founding of this isolated pueblo 

in 1704 is the more correct. 
He further states that “in all probabilities the place got its 

name from the fact that these Picuries Indians made a tempo- 

rary stay there.” This is also intimated by Fray Silvestre 
Valez de Escalante in his letter to Father Agustin Morfi, April 
2, 1778. After the evacuation of the pueblo in 1706 at the in- 
stance of Uribarri, another band of friendly Indians must have 

taken possession of and occupied the place for a number of 

years, for from Bandelier we learn that in 1719 Governor 

Don Antoni Valverde Cossio, having determined upon a cam- 

paign into the north and northeastern plains (a movement 

made chiefly against the Yutes and such of the Comanches as 

had joined them), penetrated as far as the Quartelejo, and 

even beyond. A part of Valverde’s object was to secure the 
rancherias of the Jacarrilas against their foes. Part of these 
friendly Apaches lived at Jacarrila, forty leagues north of 

Santa Fe, and another band lived at Quartelejo. Again, we 

find that in the following year, 1720, Don Pedro de Villazur 

called at this pueblo on his ill-fated trip to the Pawnee village 
_which is supposed to have been located on the Platte river, 
when all perished at the hands of the treacherous Indians. 
After this I have been unable to find the place mentioned by 
any other writers of early southwestern history. And it is 
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more than probable that after the Pawnees had annihilated 
Villazur and his soldiers they also, to check the inroads and 
settlement of the Spanish and their allies, destroyed the Quar- 

telejo, thus effectually clearing the whole country north of the 

Arkansas river. This would admirably account for the entire 
pueblo and settlement being destroyed by fire, as it undoubt- 

edly was. From the position of the utensils and implements 

found, a very hurried departure must have been made from 

the main structure. Most of the meal-grinding apparatus 

found in each room appeared to be left in a group, as though 

just laid aside after use. This, and the finding of so much 

charred corn in most of the rooms, would surely indicate that 

no prearranged plan of evacuation had been decided upon. 

That the ruins are those of the Quartelejo mentioned by the old 

Spanish writers, to which conclusion Doctor Williston came 

after seeing the group of relics obtained, there can be no doubt. 

Dr. F. W. Hodge, of the Bureau of Ethnology, says, in the 

-American Anthropologist, volume 2, October and December, 

1900, that he regards the discovery of the ruins as of great in- 

terest, that they are of typical pueblo fashion, and, in conclu- 

sion, says: ‘The former existence of this pueblo has been 

known to students of southwestern history and ethnology for a 

number of years, but not until the publication of the results of 

the investigation had its situation been known, and there is no 

reasonable doubt that the identification is correct, for pueblo 

architecture is intrusive in Kansas.”’ 

If the identification by Doctor Williston as Quartelejo is cor- 

rect, then the exact locality of this pueblo, so often referred to 

by the old Spanish writers, and to which Don Juan de Archu- 

leta journeyed, is assured, and as such should be of great value 

in assisting to prove more definitely that the localities desig- 

nated by Brower and Hodge as the site of Quivera and Hara- 

hey are correct, and thus have some bearing as to the probable 

line of march of Coronado, and help to prove that he did cross 

the Arkansas river. 

Brower says, in his ‘““Harahey,” page 27, volume 2: “When 

the final acceptance shall have been established that Coronado 

reached and crossed the Arkansas river and followed its course 

to the great bend, then the true site of Quivira and Harahey 

will have been finally reached and comprehensively under- 

stood.” 

By referring to a quotation given by Doctor Williston in his 
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paper taken from the narrative of Fray Silvestie Velez de 
Escalante, April 2, 1778, translated “In the Land of Sunshine,” 
we find that Don Archuleta found in the possession of the 
Indians of Quartelejo pieces of copper and tin, and that they 
said they had procured them from the Quivera pueblos, to 

which they had journeyed from Quartelejo. 
If these Indians had visited Quivira as they claimed, and 

Quivira and Harahey was where Brower and Hodge have lo- 

cated it, northeast of Quartelejo, then the presence in the ruins 

of the sandstone arrow straighteners can be satisfactorily ex- 

plained, and the possession of knives and arrow heads of the 

Harahey type and material does tend to. prove they had com- 

municated in some way with the Quivira settlement. The 

arrow straighteners referred to, and which were found in the 
ruins, are made of the Dakota Cretaceous sandstone. 

The writer has found many arrow straighteners on the west- 

ern Kansas prairie made by the plains Indians, within a few 

miles of the ruins, but these were all of a different and harder 
material. Dakota sandstone in any shape is intrusive in the 
neighborhood of the ruins, but a journey to Quivira by the 
Indians of the Quartelejo would take them directly through 

the outcroppings of Dakota sandstone which occur in Ells- 

worth, Barton and Rice counties, and enable them to procure 

and carry back with them this valuable acquisition. 

In a previous paper the writer made mention of a peculiar 

U-shaped structure that looked like it might have been used 
for the baking of pottery, on the raised platform-like center 

piece, a photograph of which is shown on plate VI, fig. 3. 

This, Dr. F. W. Hodge, in the American Anthropologist of 

October and December, 1900, says is a typical pueblo grinding 

trough, and on the raised platform in the center was undoubt- 

edly fixed the grinding stone. 
The small fireplace and chimney built into the wall of room 

V is due to the influence of Spanish associations, for at this 
early date chimneys were unknown to the Pueblo Indians 

of New Mexico. The chimney leading to the roof was carried 
up the center of the wall between rooms V and VI, and was 

plastered inside, provision being made to allow for room for 
this by a thickening of the wall at this point. It is of course 
not known of what material the inner walls were composed, 
but from the amount of rock that had been removed from the 
ruins for building purposes by settlers the past twenty years, 

3—Univ. Sci. Bull., Vol. V, No. 2. 



22 KANSAS UNIVERSITY SCIENCE BULLETIN. 

and the amount remaining at the time of the excavations, I 

think it is safe to presume that the whole structure, with one 

exception, was composed of rock. The wall separating rooms 

V and VI was entirely too thin to allow of being built of stone, 
and was in all probability made of willows woven together and 
plastered over. The division wall extended clear across the 

room to a height of eighteen inches, and although no opening 

for communication showed at this height, it is more than pos- 
sible that these two rooms were connected by some opening in 

the division wall higher up, considering the fact that in room 

VI no post holes remained showing any indications of their 

having had a ladder for communication with the roof. 

It is much to be regretted that out of the vast amount of 

material that has been collected in and around the 100 or more 
village sites enumerated in Brower’s Harahey, not more than 

a dozen specimens have been secured for the University collec- 
tion of archeological material. Yet Brower states that more 

than 10,000 archeological specimens have been gathered, and 

are deposited in the museum of the State Historical Society of 

Minnesota. 

As a means of advancing the study of the earliest history 

of the state, and as an inducement to students interested in 

archeology and ethnology, scarcely could there be anything . 

more valuable and important than a well labeled, systemat- 

ically arranged series of archeological specimens collected 
from these historical old village sites of Quivira and Harahey, 

visited so long ago by Coronado and his followers. 

I here wish to convey my thanks to Dr. C. E. McClung for 

his assistance in the preparation of this paper, and for his 

kindly advice and corrections. 

In the near future a model of these interesting ruins, the 

first ever inhabited by white man in the state of Kansas, will 

be constructed and placed in the University museum. 
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THE INFLUENCE OF MAGNESIUM SULPHATE ON THE 
MOTOR CELLS OF THE CEREBRAL CORTEX. 

BY H. F. HYNDMAN AND W. E. MICHENER. 

(Contribution from the Physiological Laboratory of the University of Kansas.) 

f Vee experiments of which the results are here briefly re- 

; corded were undertaken for the purpose of ascertaining 
whether magnesium sulphate paralyzed the motor cells of the 

cerebral cortex. It was found that 1.5 grams of magnesium 

sulphate per kilo, when injected in rabbits subcutaneously, pro- 
duced anzesthesia in about fifty minutes that lasted two hours. 

Rabbits were employed in all of the tests and three series of 
experiments were carried out. . 

In the first set ether was given, and when anesthesia had 

developed the motor areas were exposed, and a definite, well- 

defined small area, which when stimulated with insulated 
platinum electrodes with a determined minimal strength of 
induced current, caused the hind leg of the side opposite to the 

one stimulated to give a definite contraction. The cortex was 

then carefully removed and again the minimal strength of cur- 

rent determined that would produce the same extent of con- 
traction as before in the same leg. The animal was then 

allowed to come from under the influence of ether, and then an 

anesthetic dose of magnesium sulphate was injected. The 

same area on the opposite side was now stimulated with a de- 
termined minimal strength of current that would produce the 

same extent of contraction as was secured with ether. The 

cortex was then removed and again the minimal strength of 

current determined. 

The experiment was also modified in that the minimal 

(25) 
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strength of current for contraction was determined after cortex 

stimulation, and then, when the animal recovered from the 

ether effect, magnesium sulphate anesthesia was secured. 

Again the cortex was stimulated with a iceman seney of 

induced current. 
The results of this set of bacnkiblckial were that it shaded 

exactly the same strength of current to produce the same extent 

of contractions, both with the cortex intact as well as when the 

motor cells were removed and the fibers directly stimulated 

under ether as under magnesium sulphate anzesthesia. In each 

case the strength of current required for the same contraction 

was greater when the motor fibers were directly stimulated 

after the motor cells were removed than when the contractions 

were secured indirectly by direct stimulation of the motor cells. -— 

The second set of experiments differed from the first set in — 

that the same procedure was carried out under magnesium 

sulphate anzesthesia alone. _ 

The third set of experiments consisted in determining the 

strength of current when applied to the central ends of the 

eighth and seventh cervical dorsal spinal nerves under ether 

and magnesium sulphate anzesthesia that would reflexly cause 

contraction of certain muscles of the mouth. 
A comparison of all the experiments showed that the same 

minimal strength of current was required to produce the same 

extent of contraction under ether as under magnesium sulphate 

anzsthesia, whether applied directly to the motor fibers, indi- 

rectly to the fibers through the motor cortical cells, or when 

applied to afferent fibers that secured a reflex response; and 
that a greater strength of current was required when applied 

directly to the motor fibers than when the impulses reached 

these through stimulation of the motor cortical cells. 
We conclude, therefore, that magnesium sulphate anesthesia 

does not paralyze the motor cells of the cerebral cortex in the 

rabbit. 
We take this opportunity to thank Doctor Hyde, under whose 

supervision these experiments were conducted, for her many 

kind suggestions. 
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A STUDY OF THE RESPIRATORY AND CARDIAC AC- 
TIVITIES AND BLOOD PRESSURE IN THE SKATE 
FOLLOWING INTRAVENOUS INJECTIONS OF SALT 

SOLUTIONS. 
BY IDA H. HYDE. 

Plate X, and 49 figures. 

(From the Marine Biological Laboratories of Woods Hole and Leland Stanford! and the 
Physiological Laboratory of the University of Kansas.) 

‘PpHE experiments that are recorded in this article were con- 
ducted on the skate, Raia erinacea and Raia binoculata, 

during the summers of 1902, 1903, 1906 and 1907. 
A host of articles have accumulated since Humboldt first 

studied the action of salt solutions upon the rhythmical changes 
in the heart’s contractions; but with the progress of physical 

chemistry new problems and different views presented them- 
selves and left many important questions still unsettled. To 

aid in solving some of these I undertook the study from a less 

general standpoint by employing a method and an animal sel- 

dom heretofore adopted in the solution of the questions. A 
few experiments were begun on the fresh-water sturgeon and 
on the frog in order to compare the results with those obtained 
with the skate. These, however, will be extended and varied 

before the results are published. . 
It was hoped that simultaneous records and comparisons of 

the three activities might throw some light upon the factors 

that influence them and indicate whether their nerve centers 
are alike stimulated by the same ions. At first the object was 
also to determine whether it was the anion or cathion that 

1. I take this opportunity to express my hearty thanks to the directors for the priv- 
ilege of working in these institutions and for the courtesies I received there. 

(29) 
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stimulated the different centers, and if there were ions that 

simulated one but proved neutral or inhibitory to the other 

centers. Moreover, whether valency or solution tension were 

influential factors, and if the toxicity produced on either the 

respiratory, cardiac or vasomotor centers by certain salts could 

be counteracted by definite amounts of other salts that proved 

antitoxic. Before I had proceeded far, however, I desired, in 

addition to the solution of some of these questions, to study 

other physical and chemical effects that were produced in the 

body by the salts; e. g., osmotic pressure, the products of chem- 

ical reactions, such as oxygen, carbon dioxide, hydrogen and 

hydroxy] ions, and the dosage of the solutions. 

I realize that in experiments of this character a host of phe- 
nomena may exert their influence and that it is difficult with 

the data at hand to assign to any special one the cause that 

produces the particular result. Some of the events which may 

deserve consideration can, however, be controlled and their in-— 

fluence either accounted for or removed from further consid- 
eration. That is especially so in the investigation of the fishes, 

where the temperature and supply of the water can be con- 

trolled and are kept normal and constant throughout the ex- 

periment and where the amount of solution injected bears a 

direct proportion to the weight of the animal, and also where 

from the method employed mechanical stimulation, either due 

to the insertion of the cannula or brought about by retaining 
the fish in a definite position during the experiment, is avoided. 

On the other hand, we assume that the addition of an isotonic 

salt solution to the blood, the chosen amount of which does not 

cause any change in any of the functions under consideration, 

will, if hypo- or hyper-tonic, produce various physical and 

chemical alterations both in the fluids and tissues of the body. 
Introducing an additional salt into the blood assumes changes 

in its osmotic pressure and in the contents of the corpuscles, 

also alterations in the permeability of the walls of the capilla- 
ries, corpuscles and other tissue cells. Or the new composition 
in blood salts may make new combinations with colloids or 

ferments or proferments, or set free ions that will thus stimu- 
late or inhibit functions by acting directly on cardiac or muscle 

cells, or indirectly upon special centers. That is, the physio- 

logical property of the blood is altered by changing the propor- 
tion and character of the electrolytes in it, and this must have 



HYDE: EXPERIMENTS ON THE SKATE. 31 

its peculiar influence upon the life phenomena of respiration 
and heart action and blood pressure. To which of these must 
be ascribed the important changes produced in respiration and 
cardiac activity and blood pressure is a question with which J 

shall not for the present concern myself, since in addition to 
the experiments which I conducted it would be necessary, as I 
later saw, to carry on extensive physical and chemical investi. 

gations for which I lacked the time. I shall content myself, 

therefore, by simply stating my method and observations, and 

not attempt theoretical considerations of the underlying 

causes, trusting that the data obtained from over 200 experi- 

ments will aid in the correct interpretation of results secured 
by other investigators working upon problems related to those 

that I undertook. 
According to Garry? and Sumner® the percentage of salts in 

the skate and selachian’s blood does not differ from that in 
sea water. The lowering of the freezing point being —1.8° C. 

and the osmotic pressure twenty-two atmospheres, the sea 
water is therefore isotonic with the skate’s blood, while Bag- 
lioni*® estimated it isotonic with an m% NaCl or a 2 per cent 

NaCl plus 2.5 per cent urea. Although the osmotic pressure 
of the selachian’s blood is the same as sea water, its salt con- 
tent is less, but the lowering of the freezing point is compen- 
sated by the urea in the blood. 

Employing Welcker’s method, I ascertained that a small] 

skate weighing from 550 to 700 grams possessed 25 to 30 grams 

of blood, or about one-twentieth of the body weight. Harris*® 
states that the weight of the blood in the skate is only one- 

fortieth of the body weight, but he does not describe the method 

employed for ascertaining his data. 

Although there are wide variations in blood pressure, I 

found that the mean pressure for an average-sized skate was 

about 20 mm. of mercury. 
- The photograph on plate X illustrates one of the methods 
employed for securing records of the respiratory and cardiac 

action and blood pressure. The skate was placed ventral side 
up on an inclined board, partly submerged in water, and held 

in place by fish netting; a constant stream of fresh sea water 

-2. Garry, W. E. Biological Bulletin, 1905, vol. VIII, No. 4, p. 257. 

3. Sumner, F. B. Bulletin Bureau of Fisheries, 1906, p. 596. Baglioni. Zentralblatt 
fiir Pheslelorie, 1905, vol. XIX, p. 12, Harris, D. F. Journal of Physiology, 1903, 
yol. XXX, Nos. 3 and 4, p. 319, 
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of a definite volume, velocity, and temperature entered the 

mouth through a forked glass tube covered with rubber tubing. 

_ As soon as the water enters the mouth and flows out of the 
gill slits over the body, thus keeping the skate practically sub- 

merged, and the netting comes in contact with the body, the 

fish is perfectly quiet and remains so for hours, apparently 

contented and comfortable. A cannula, filled with 20 per cent 

glucose or glucose and 1 per cent ammonium oxalate, is in- 

serted in one of the side branches of the aorta and joined to a 

delicate mercury manometer placed quite on a level with the 
blood vessels. To the open end of the manometer is attached 
a Hiirthle manometer, which records the heart action, while 

the pressure is read off directly from the manometer. ° 

By means of a silk loop one of the gill arches is attached to a 

light lever which records the respiratory movements. In con- 

trol experiments the tip of the ventricle was exposed and by 

means of a silk loop joined to a light lever, so that in addition 

to the above records, separate ones were obtained of the rate — 

and force of the heart’s activity. 
The salts employed in the experiments were all chemically 

pure, either from Kahlbaum or specially prepared in the lab- 
oratory, and they were all standardized. The water employed 

in making up the solutions was twice distilled in glass. 

To avoid mechanical stimulation a cannula, to which was 

connected a rubber tube, was inserted either in the median or 

lateral caudal vein and tied in place. Subsequently 4 cc. of the 
solution per kilo weight of fish was slowly pressed from a 

graduated glass tube into the cannula by means of a rubber 

bulb attached to its upper end. 
During the inspiratory phase the mouth and spiracles are 

opened, the floor of the mouth is lowered, the gill clefts or ex- 

ternal branchial apertures are closed, and water enters the 

mouth and spiracles. In the expiratory phase the mouth and 

spiracles close, the floor of the mouth returns to its normal 

position or is elevated and the gill clefts open to allow the 

- water to escape. Occasionally a peculiar spouting takes place 

during which water is thrown from the mouth and spiracles. 

This is observed in the aquarium also and may be due to irri- 

tation, touch, stimulation of the mucous lining of the mouth by 

slime particles or vitiated water. 

I first investigated the effect of different concentrations of 
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the same solution, seeking the weakest solution that produced 
any change in the three functions under consideration; also, 

which concentration proved toxic, and whether the injurious 
dose could be modified or antagonized by a definite dose of an- 

other salt. 
Observations were made and curves secured before, during 

and after the injection of the salt solutions. From one to five 

minutes after the injection a change in one or more of the 

functions under consideration usually occurred, and this was 

followed by a second change that lasted from five to twenty 
minutes, before the records again assumed their normal char- 

acter. The first effect may be the reaction of the salt upon the 
constituents of the blood and indirectly upon muscle and nerve 

cells; the second is due to osmotic pressure changes. That in- 
jections of hypertonic salt solutions in the blood of the dog in- 
creases the osmotic pressure, which may become normal within 

twenty minutes, was proved by Magnus.‘ Moreover, those 

_ salts that set free O, COz, H, or OH ions, in their reactions. 
exert their influence more often through these ions, and effect 
results that differ from those produced by salts having the 
same cations, but do not react with the same resulting ion 

products; e. g., NaCl is different in its effects from NazCOs, 

probably because of the OH ions set free by the NazCOs dis- 
sociation. 

It is possible that the blood pressure, respiratory and cardiac 
activities depend upon the number of molecules and ions in the 
blood, and upon the dissociation tension of the salts. The pre- 
potent anions or cations may stimulate or inhibit enzyme ac- 

tion, and thus aid in producing the inner stimulus that affects 

alike the force of cardiac and respiratory activity and directly 
or indirectly the blood pressure. 
A careful study of very many experiments with the same 

salts was made, the average results summed up, and the most 

typical of a series of experiments put in tabular form. Thus 
table II gives a survey of the different series of experiments and 
is a summary of all the experiments conducted on the skate 

with NaCl solutions. It shows that m/32, m/16, m/8, NaCl 
solutions produce as a rule practically no change in the heart 

or respiratory activity or blood pressure. An m5% NaCl solu- 

4, Magnus. Archiv fiir Experimentelle Pathologie, 1900, vol. 44, p. 99, 
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tion (see curve 1) increases the force and blood pressure but 

leaves the rate of the heart and respiration unaltered. 

An m/1 solution (curve 2) causes a rise in blood pressure 
and force of heart’s rhythm at once, which usually continues 

for about twenty minutes. But the force and rate of respira- 

tion is either unchanged for one to two minutes and then de- 

creases; or may, as does the heart rate, first decrease and then 

return to normal. 
Following the injection of a 2m NaCl pidnbiins (curves 3 and 

4) the blood pressure increased for about five minutes, then 

became normal. The rate and force of the heart and respira- 

tory movements decreased for one to twenty-five minutes; but 

in many cases the force of the heart’s activity first decreased 

for one to two minutes and then increased, or increased as the 
blood pressure rose. In every instance the systole and inspira- 
tory phases were prolonged above normal with a 2m NaCl 
solution. 

“A résumé of the NaCl experiments shows that injections of 
4 ee. per kilo fish of m/64 to m/8 solutions are as a rule prac- 
tically indifferent; m5 stimulates the force of heart and res- 

piratory activity and raises blood pressure for from one to 
five minutes, but is usually indifferent to rate; m/1 increases 

the force of the heart’s action and also blood pressure, but the 
rate and force of respiratory activity differs in that they may 

for one minute remain normal, then decrease; or may, as does 

the heart rate, decrease for one to three minutes before re- 
suming again the normal activity ; 2m decreases rate and force 
of heart and respiration, but the heart’s force is often increased 
after one to two minutes’ decreased action. The blood pressure 

is raised during the first one to five minutes, then falls. 

It might be concluded that the blood salts can be slightly in- 

creased by 4 cc. per kilo m/64 to m/8 without stimulating or 

inhibiting either of the three functions that are considered, 

and that equilibrium of the osmotic pressure is rapidly estab- 

lished. On the other hand, m5 stimulates the force of both 
heart and respiration. I infer that its effect is directly upon 
the nerve centers for one to five minutes, before the attraction 

of water to the blood establishes equilibrium. An increase to 

m/1 has a stimulating effect only upon the force of the cardiac 

center, thereby increasing also the blood pressure, but 
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strangely enough does not affect the respiratory center in the 

same direction but rather depresses its force and rate, as well 

as the rate of the heart’s activity. But a 2m solution has again 

a like depressing influence upon both force and rate of respira- 
tory and cardiac rhythm and at first causes a rise in blood pres- 

sure. 

CURVE 1. Following an injection of m% NaCl. Lever attached to 
heart and gill arch. 

Curve 1. 

tec 

een 
Upper, respiration. Lower, cardiac curve. Injection at X. Force of 

heart and respiratory action increased, but not rate. 

CurvE 2. After NaCl. Lever attached to heart and gill arch. Normal 
before X 

Curve e+ 

Before a After 
4 x i 

ANI 
Upper, respiration. Lower, cardiac curve. Heart and respiratory 

rate unchanged; force of former increased but of latter unchanged or 
even less. Tim e, five seconds. 

Data of the mean results in respiration, heart action and 
blood pressure of many experiments on the skate. Different 
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concentrations of NaCl were intravenously pienied | in the pro- 

portion of 4 cc. per kilo fish: 

TABLE I. Effect of NaCl solutions. 

Respir- | Respir- Blood pressure. 
Salt amt.) Mol. Heart | Heart | atory atory Time of | Curves. 

rate. force. rate. force. | Nor- |. change. 
mal, |~ 

NaCl2cce.| m/82_ | Neutral. | Neutral. Neutral. Neutral. 24 24 

NaCl2ce.|  m/16 | Neutral. | Neutral. | Neutral. | Neutral. 20 20 

NaCl2ce.| m/8 Neutral. | Neutral. | Neutral. | Neutral. 14 14 

In- In- First 1-5 NaCl2cc.; m% Neutral. conned. Neutral. Beh se 26 28 on faenbeik: 1 

Fell 1-3 s In- During 
NaCl2cc.| m/1_ | ™inutes.| creased | Normal | Normal | 4, 20 20 2 : then or less. | or less. A 

we at once. minutes. 

First 1-2} First 5 

NaCl2 2 at, eye- | minutes Tnepire-| De, | 20 | 23 | Fist | 5, 4 a cc. m c rose, spira- . tole pro- then de- | tion pro- creased. minutes. 

longed. creased. | longed. 

CurvVE 3. After 2m NaCl. Heart directly attached tw lever. 

Curve 3. 

| a aa 

Upper, respiration. Lower, heart. Time, five seconds. Systole and 
inspiration much prolonged. 

Curve 4, 2m NaCl. Hiirthle mercury manometer. 

Curve 4- 

x > * 

Normal, 10:35 A. M. 10:40 A 10:45 A.M. 
Heart rate, 36. Heart rate, Piece slightly Heart rate, 30, force in- 

increased. creas 
Respiration rate, 36. Respiration rate 27, Respiration rate 36, 

force slightly de- force less. 
creased. 

Pressure, 20. Pressure, 23. Pressure, 23, 
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Curve 5. M/32 KCl. Heart and blood pressure were obtained with 
Hiirthle manometer. For respiratory records the lever was attached to 
the gill arch. 

Curve 5. 
SSS eee eee 

Normal ses x| 

4 1 A £ 1 1 

Line] upper curve heart, and from abscissa to heart blood-pressure 
record. 

Below the latter respiratory curves, and the time in five seconds. 
Blood pressure remained unchanged, respiratory rate decreased, force 

unaltered, expiratory phase ebewers di Heart rate from 24 to 22, pro- 
longed diastole and force unchanged. 

CurvE 6. M/8 KCl. Lever attached to the tip of the ventricle and gill 

? Curve 6. 

a. 

pepper, respiratory curve. Lower, heart. Time in five seconds. 
The first part of the upper curve of respiration, taken before injection, 

registered 36; immediately after, force slightly less, but the rate increased 
to 42, and in ten minutes was normal again. The first part of the lower 
heart curve before injecting was 34 per minute. For about twenty 
minutes it was less (27), with prolonged diastole, then gradually in- 
creasing during fifteen minutes to normal. Force was unchanged. 

CuRVE 7. Effect of m/8 KCl. 

Upper, heart and pressure recorded with Hiirthle mercury manometer. 
Lower, respiratory records from lever attached to a gill arch. 
Pressure before injecting m/8 KCl 20 mm.; after injecting for two 

minutes 22 mm., then normal. After injecting the solution, the respira- 
tion for about twenty seconds decreased in rate with prolonged inspira- 
tion, then for about one minute increased, and in fifteen minutes was nor- 
mal. Force was unchanged for twenty to sixty seconds, heart rate de- 
creased with prolonged diastole, then in five minutes normal; force 
unchanged, 
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Curve 8. M% KCl. Curves secured with heart and respiratory ievers. 

Curve 6. 

My, 
_ ; 

PUNE DPR Ps 20 ne gat 
Upper, respiration. Lower, heart curve. 
Within one to two minutes after the m% KCl was injected, the heart 

action ceased. Respiratory force decreased, rate increased, and stopped in 
twelve minutes. 

CuRVE 9. m% KCl. Curves secured with lever and Hiirthle man- 
ometer. 

Curve 9. 

rer OE rc 

x 

The upper are cardiac, the lower are respiratory records. Time, five 
seconds. 

Within one minute blood pressure and heart action were zero. Respira- 
tory rhythm decreased and in twenty minutes stopped. 

TABLE II. Mean results in respiration, heart action and blood pressure fol- 
lowing injection of different concentrations of KCl solutions. 

" Blood pressure. 
Salt mol. Respira- Respira- 
4¢c. per ptweid Time. coms tory Tine: tory = Curves. 

kilo. rate. force. ote Change 

KCl Un- Un- Un- 
m/100 Neutral. changed.| changed. changed. 18 18 

KCI U pn 4 cin 18 18 n- then less, cr m/32 Slower. | 20-60 sec. changed.| or less 20-60 sec. prance 20 20 5 

at once. changed. 

18, 22. 
KCl De- Un- De- Un- 20 oe 6 
m/8 creased. 20-60 sec. changed. | creased. At once. changed. 20 — 7 

In- De- In- 22, 
KCl | creased,| 5 creased rane 5 sec.; De- - 1 min. 8 
m% then Sec. | for 30sec.| © Pr Tmin. | creased.| 95 0, in 9 

ceased. then less, ps2 ye : 3 min 

The influence of KC] injections are summarized in table II, 

which represents the mean results of many experiments of the 

different series of KCl solutions. Curve 5 is a typical curve 

secured after injecting the usual amount of an m/32 KCI solu- 

tion. From the table and the curve it is observed that an m/32 
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KCl solution produces a first effect of from twenty seconds to 

one minute upon the heart and respiratory activities. More 
often during this time the heart rate is slower, due to prolonged 
diastole, and the force remains unchanged. The inspiratory 

phase is, however, lessened while the expiratory is relatively 

prolonged. 

Curves 6 and 7 represent records obtained with different 

methods after injecting an m/8 KCl solution. Although many 

other records were made these were chosen because they rep- 
resent the more general type. There were exceptions in every 

case, but those variations were accounted for either because 

of the morbid condition of the skate, because it had been in the 

aquarium several days, or had been under observation for sev- 

eral hours and was fatigued or more or less irritable. After 

the solution was injected for from twenty to sixty seconds the 

heart activity greatly decreased and diastole was much pro- 

longed. Occasionally the action increased above the normal 

rate for one to two minutes, and in ten to fifteen minutes was 

normal. The force remained unchanged. The respiratory 

rate as a rule decreased for fifteen to thirty seconds, with 

prolonged inspiratory phase, then either suddenly increased 

above normal or gradually returned to the normal rhythm. 

The force was usually unchanged. The blood pressure either 
fell or increased slightly, about 2 mm. mercury, for from one 

to two minutes. 
Following the injection of m5 KCl, pressure fell either very 

suddenly to zero or in rapid leaps from 20 to 16 in one minute 

and zero in two minutes, or often 19 to 22 in one minute then 

zero within three minutes. The heart decreased in rate; e. g.. 
from 30 to 18, with increased force in one and zero in two 

minutes. Respiration slowed from 39 to 30 in five seconds to 

18 and very shallow and often irregular and spasmodic in ten 
minutes, or rapid, 46 to 60, in five seconds, and gradually to 

zero in seven minutes, but in some cases continued active as 
iong as twenty minutes after the heart had ceased contracting. 

A résumé of the effects of KCl solutions brings to light that 

diastole and inspiratory phases are prolonged above normal in 
the different strengths of solution. Blood pressure falls in all 
but the most dilute solutions. The force of the heart and res- 
piratory activity is practically unchanged in all but the toxic 

strength, m5, after which it decreases. The rate of the heart’s 

* 
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contractions as a rule is at first decreased in all strengths but 
the m/100; m54 is toxic to heart and respiratory activity, 
though usually the respiratory rhythm continues for five to 

twenty minutes after the heart has ceased. — 

A summary of some experiments that were undertaken to 

study what salts counteracted the toxic influence of KCl solu- 
tions is shown in table IIb, and curves 10, 11, 12 and 18 illus- 

trate a few of the experiments. 

Curve 10 records the antitoxic effect of an m5% NaCl solution. 
The rate of the heart’s action was 36, that of the respiratory 
26. At 10:05 m52 KCl was injected; within a few seconds the 

heart action became irregular and respiration rapid, then ir- 

regular, with prolonged expiratory phases. Blood pressure 

fell. At 10:15, an injection of ms NaCl was followed in a few 

seconds by regular and strong cardiac and respiratory con- 

tractions, which in ten minutes were quite normal, but the 

force of the heart-beat was stronger. In other experiments 

the toxic effect of an m34 KCl was quickly counteracted by an 

m/8 NaCl solution. 

Curve 11 shows the favorable influence of CaCle with or pre- 
ceding a KCl solution; m/4 KCl following m/4 KCl+m/32 
CaCle shows a decrease in force of heart and respiratory ac- 

tivity, and a toxic m5 KCl following a mixture of m5 KCl+ 

m/32 CaCle shows, in addition to a decrease in rate, a marked 

decrease in force, but in twenty minutes the heart and respira- 

tory rhythm is almost normal. The CaCle evidently proved 
antitoxic, and with KCl enhances the force of both respiratory. 
and cardiac action. 

Curve 12 also shows that a dose of m/4 CaCle that preceded 
an m5, KCl and m/1 KCl counteracted their toxic effects. 

Curve 18: After CaCle m%, blood pressure stood at 14 mm., 
heart action at 24, respiratory action at 36. When m5 KCl 
was injected, pressure fell to 2 mm, heart to four contractions 

and respiration increased to 42. At the end of two minutes 
pressure was again 14, heart and respiratory rate had in- 

creased, though shallow. At the end of five minutes, pressure 

and action of heart and respiration were quite normal, but 

respiratory rate more rapid. This shows that when stronger 
solutions of Ca are injected, and the blood is in excess of the 

normal, it counteracts the toxic effect of m5 solution of KCl 

quicker and the toxicity is less marked on respiratory than 
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heart action. In some experiments the toxic effect of KCl 
m5, was overcome if CaCle was injected soon after the KCl 
solution. 

TABLE IIb. Salts that counteracted the toxic effect of m5g KCl. 

Q 
. | Blood a iy. | Blood 

Salt amt.| Mol. | Heart. poe cng pres- Peas 9 Mol. | Heart. yore ta pres- 5 
3 sure. sure. | & 

Irregu- Rapi pid, | Pres- | NaCl. cc. Regular} Regular 
a m% wil then’ | sure |followed| m% | intwo | intwo | Rose.| 10 
ad bee spas- | fell. |m% KCI. minutes. | minutes. 

modic. modic. 

3 Rate un-| Ratein- Rateun-| Rate 
KCI pas changed, | creased, aoe e m/82 |changed,| _ less, Hf 

quent. force — —— Preceded! m/4 force in- force in- 

m% | Rateand| Rateand CaCl+ | ,,/g9 | Rateand Rate and 
KCl | subse-| force force KCl. force in- | force in- 11 

quent. less. less. |Preceded.| m5 | creased. | creased. 

Rate Stimu- | Stimu- 
— slight in- lant forcellant force’ 

KCl ms ini rate sar CaCl. m/4 | and — and rate| Rose. | 12° 
‘orce anti- anti- 

and force less. toxic. toxic. 

KC] | m/ conti Preceded. 

Almost 

ms | Stopped; pacer CaCl, Pa 
KCl | subse-| Vinutes|. force | Fell. |Preceded| mé 24 36 Labs g 13 

quent. quite fell, then m%®% KCl. 
: * 7 normal. 

CuRVE 10. Toxic action of KC] m5 counteracted by NaCl m%&. Levers 
a to ventricle and gill arch. 

_ Time, five seconds. Upper, respiration. Lower, cardiac curves.5 

5. Within a few seconds after injecting m5 at X, the heart action became irregular 
and spasmodic in long diastole. In twenty-five seconds the greatly increased respiratory 
movements assumed prolonged expiratory spasms and a few seconds following m5 NaCl 
injection both respiratory and cardiac age became more regular again. m5 NaCl 
proved antitoxie for the toxic dose of m5 K 

» 
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CURVE 11. Toxic effect of KCl m% counteracted by CaCle m/32 for the 
upper curve. For lower curve, the lever was attached to the ventricle, 
and to the gill arch for upper. : 

Curve 11. 

Showing the antitoxic and stimulating action of CaCl2g 2 ec. m/4 KCI+ 
m/32 CaClo. Rate of heart contractions increased. KCl m/4 decreased 
the force of heart and respiration, while rate of respiration increased. 
The difference between the effect of m% KCl and KCl m% plus 
CaCle m/32 demonstrates that CaCly increases force of heart and respira-— 
tion. 

CURVE 12. Toxic effect of KC] m% or m/1 counteracted by a previous 
- dose of CaClo m/4. For lower record the lever was attached to the ven- 
tricle, and to the gill arch for the upper curve. 

Curve 12. 

1 1 rl 1 scat 4 

Following 8 cc. of gradually increasing to m/4 doses of CaCle the 
heart became distended and contracted more forcibly, due to the intra- 
cardiac pressure; m5 KCl injected increased the rate of cardiac and 
respiratory activity and an m/1 KCl injected ten minutes later failed to 
produce its usuak toxic effect. 

CurVE 13. KCl m& following m% CaCle. After m% CaClg was in- 
jected the pressure stood 14 mm., heart rate 24 and respiratory 36. At 
3:50 p.m. KCl m% was injected. In one minute pressure fell to 2 mm., 
heart rate to 4 and respiratory rate increased to 42. At the end of two 
minutes pressure stood 14, heart force increased rate 8, respiratory rate 
48, force less. At the end of five minutes pressure and heart action were 
quite normal while respiration was abnormal in rate but normal in force. 

Curve 13. 

Call my i kor me 

i. es 

Upper curve, heart and pressure from abscissa. Lower curves, res- 
piration. Time, five seconds. Records with Hiirthle and lever manometer. 
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The results of the experiments with CaCl: are briefly tabu- 
lated in table III and partly shown in curves. It was observed 
that after an injection of the usual amount of m/32 CaCle 
solution (curves 15, 16), the blood pressure remained un- 
changed. Respiratory activity was usually inereased for one 

to three minutes, and the cardiac contractions continued un- 

changed or did so after about one minute of decreased rate and 
increased force. Following an injection of an m/8 CaCle solu- 

tion, the rate of cardiac and respiratory activity is usually de- 

creased and the force of both increased. The blood pressure 
rises for about one minute. Often systole and inspiratory 

phases predominate, and furthermore, the solution proved an- 
titoxic to many toxic salt solutions. The effect of an m54 CaCl 

was first a decrease in rate of cardiac and respiratory activity, 

often irregular, with prolonged systole and inspiratory phases. 

The force of both activities was usually increased, as was also 

the blood pressure, for from one to three minutes. If the force 

of the heart-beat was not increased the blood pressure did not 
rise above normal. 

TABLE III. Mean results in respiration, heart action and blood pressure, 
following injections of different concentrations of CaCl. solutions. 

Respir- | Respir- Pressure. 
Salt mol,| Heart | Heart | Dura- | ‘atory atory | Dura- Curves. rate. force. tion. rate. force. tion. Nor- |q, mal. , ange 

Un- Un- Un- Un- 
CaCl changed | changed changed | chan : 1min, | Changed) changed | 3 min. | 20 | 20 | 15,16 

ease creased. | ¢c 

De- In- Un- Un- 

m/8 | or un- ‘oa up- | 178 min. a or ged 1-3 min.| 17 18 | 17,18 
changed. | chan ¢c 4 

CaCl eeeid I tical I n- ce :. c n- a 
m% or ir- | creased, | *®™in- | “orir- | creased. | 1-3 min.} 22 | 24,22 | 19, 20 

regular. regular, 

CurRVE 15. Following an injection of m/32 CaCle. 

4 + i 

2—Univ. Sci. Bull., Vol. V, No. 4. 
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Rate less and force of heart unchanged; rate of respiratory activity 
decreased for one minute, then normal, force increased. 

The upper respiratory and the lower cardiac records were secured with 
levers directly attached to gill arch and apex of heart. 

CuRVE 16. After m/32 CaClo. 

Curve 16. 

The upper curve, Hiirthle manometer heart record. Lower curve, gill- 
arch lever records of respiratory activity. Rate of heart decreased, force 
unchanged. Respiratory activity and pressure unchanged. 

CuRVE 17. Effect of m/8 CaCle. 

Curve 17. 

r’ slitietin pa 

The upper curve is a record of the cardiac and blood-pressure changes 
secured with a Hiirthle manometer. The lower respiratory is a gill-arch 
lever record. Rate decreased, force increased for both activities and 
blood pressure showed slight rise for a minute or two. 

CuRVE 18. Effect of m/8 CaCle. 

curve 16. 

MU an AAW 
Upper, cardiac record secured with lever attached to the heart. Lower, 

gill-arch record. Respiratory rate unchanged, force increased. Cardiac 
rate decreased, force increased. 

CurvE 19. Effect of m% CaCle. 

Curve 19. 
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Hiirthle cardiac records above, gill-arch lever records below. Time, 
five seconds. Cardiac and respiratory rate decreased, force and blood 
pressure increased for about three minutes, then quite normal for about 
thirty minutes. First effect often irregular and spasmodic, especially for 
cardiac r m 

CuRVE 20. Effect of m5 CaCle. 

Curve 20. 

— 

4 1. 4 4 A. A. rt 

Upper curve respiratory, lower cardiac. Levers directly attached to 
heart and gill arch. Cardiac and respiratory rates first decreased, force 
increased; irregular prolonged diastole and inspiratory phases. 

The results following injections of MgSO: solutions are 

summarized in table IV, and illustrated in the curves. It was 

observed that an m/64 or m/8 MgSO: had a more depressing 
influence on respiration than on cardiac activity. The rate was 

either unchanged or less, but force and blood pressure usually 

slightly greater for cardiac, while rate and force of respiratory 

activity were generally decreased. 

An m5% or m/1 solution produces for about two minutes an 
increase in blood pressure followed by a decrease. Respiratory 

and cardiac rate and force both decrease, but occasionally the 

force of the heart’s activity is first increased. Sensory re- 

flexes are all reduced. With every strength of the solution the 

force and rate of the respiratory rhythm and the cardiac rate 

were decreased, but blood pressure and cardiac force were in- 

creased or decreased after a previous increase. With strong 
solutions, e. g., m/1, diastole and expiratory phases predomi- 

nated and the activities may become irregular, but an m/8 

CaCle overcomes the toxic effect and increases the force of the 
respiratory phase and blood pressure. 
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TABLE IV. Mean results in cardiac and respiratory activity and blood pres- 
sure following injection of different concentrations of MgSQ,. 

Heart Heart | Dura- | Respir- | Respir- | pura. | Pres- Pressure 
Salt mol.| ‘rate. force, tion. pe i b cand tion, | sure. | change, (Curves. 

Un- Less 
MgSO. or un- changed 15 min. or un- Less. | 15min. 20 21 21 
m/64 h @.| or in- hanged changed.) . Cased. changed.| 

Less {I d Less 
Mem +] orun- | orun- | 5min. | orun- | Less. | 5min.| 18 19 22 
_ changed.| changed. changed. | ‘ ; 18 

Less De- 
et orun- | creased | Rise2m.| Less. Less. | 3min.| 22 23 23 

changed. |after rise. 21 

CuRVE 21. Effect of MgSO, m/64. 

Upper curves, cardiac and pressure with Hiirthle. Lower, respiratory 
gill-arch lever. Time, five seconds. At x, injection. Cardiac rate less, 
force and blood pressure slightly greater; respiratory rate less, force 
unchanged. 

CuRVE 22. Effect of MgSO4 m/8. 

Curve 22, 

TT nn ee eee 

Upper curve, cardiac and blood pressure shows decrease in cardiac 
rate, slight increase in force and blood pressure, for two minutes. Lower, 
respiratory gill-arch lever curve; decrease in force, not in rate. 

CuRVE 23. Effect of MgSO4 m%. 

Curve 23. 

RL RL lL DD hI rae 

x —_ 

NNN OV NENG Ee OT 

Upper curves, cardiac and blood pressure; rate unchanged, force and 
blood pressure slightly increase for two minutes, then decrease. Lower, 
respiratory curve, decrease in rate and force. 

pn ae a ie ie te EES. 5! 
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The effects of NazCOs injections are tabulated in table V. 

It was observed that NazCQOs solutions are most effective in 

strengthening the force of the cardiac rhythm and thus rais- 

ing the blood pressure. They do not stimulate respiratory 
activity except in strong doses, when they may increase the 

force. Its pronounced influence upon the heart may be due to 

OH ions that are set free by the dissociation. 

a LABLE V. Résumé of Na2CO; injections upon cardiac and respiratory 
activity and blood pressure. 

Heart Heart | Dara- | Respir- | Respir- | pura-| Pres- | Pressure 
Salt. rate. force. ion, pe i tas tion. | sure. | changes. |CUFV®- 

N Un- In- Un- Un- 
ot changed.| creased. | }©™i- | .nanged. | changed. 22 24 24 

cell te U - : n- Un- 
m/8 or creased. | 15 ™iM- | whanged. | changed 20 23 25 

less. 

Un- 8 Un- 
chan: - changed In- 

or cromeed | 22m |S de | evens 26 28 26 
mie _! __ less. cressed. 

CuRVE 24. Effect of NagCO3 m/32. 

; Curve 24. 

x => 

Upper curves, cardiac and blood pressure with Hiirthle. Rate un- 
, force and blood pressure increased. Lower, respiratory; force 

and rate unchanged. Time, five seconds. 

CURVE 25. NaoCOs m/8. 

Upper curves, cardiac and blood pressure. Rate decreased, force 
greatly increased, pressure rose. Lower curve, respiratory; force and rate 
unchanged. Time, five seconds. : 
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CURVE 26. NaeCOs m/2. 

Curve 26. 

adie 

Ny x >. 

Upper, respiratory gill-arch lever records. Increased force, decreased 
rate. Lower, cardiac lever directly attached to heart. Increased force, 
decreased rate. Time, five seconds. 

NazHP0Os solutions are not so stimulating to cardiac rhythm 

as are NazCOs solutions. This is shown in table VI. More- 
over, for the same strength they are more toxic. The solutions 
act like NazCOs chiefly upon the force of the cardiac action and 

are indifferent in weak solutions on respiratory movements. 

TABLE VI. A summary of experiments of intravenous injections of 
Na.HPO, relating to cardiac and respiratory activity and blood pressure. 

Respir- | Respir- 
Mol. Heart Heart Dura- Dura- | Pres- 
sol. rate. force. tion. peers be tion. | sure, | Change. |Curves. 

Naz Tr In- 

HPO ess OF | creased ‘ Un- De- , 
m/64. suamaad or un- 5 min. changed.| creased. 5 min, 23 24 27 

*| chang 

In- In- 
Less or creased : creased De- > 

wee ite orun- | > ™iM. | or un- | creased.| > ™in.| 24 22 28 
gee. | changed. changed. 

Less, j 
Less then F : De- ‘ m/4 rapid x Less. 5 min. ae creased. | 2 min. 23 18 29 

stopped. . 

CuRVE 27. Effect of NasHPO«4 m/64. 

Curve 27. 

abit x 

Upper, cardiac and blood-pressure Hiirthle manometer curves; show 
force of heart action and blood pressure; slight increase, rate decrease. 
Lower, respiratory rhythm unaltered, Time, 5 seconds, 



HYDE: EXPERIMENTS ON THE SKATE. 49 

CURVE 28. Effect of NasHPO, m/8. 

: Upper, cardiac and blood-pressure Hiirthle manometer curves. Rate 
little less, force slight increase. Lower, respiratory record; shows rate 
unchanged, force decreased, pressure decreased. 

CURVE 29. NasHPO, m/4. 

Upper, cardiac and blood-pressure Hiirthle curves; show fall in blood 
pressure and for three minutes almost cessation of cardiac action. Lower, 
respiratory, force much decreased. 

_ CURVE 29b. Effect of gradually increasing strength of NapHPO, solu- 
ons. 

" 4 a n 2 4 

Upper, eee | gill-arch lever curves show that with increasing 
strengths from m/64, m/32, m/8, m/4, solutions that the rate increased 
and force decreased from the normal and that this solution is more favor- 
able to respiration as stimulating rate. Lower, cardiac apex lever curve 
shows that the rate remained practically unchanged except in m/4, when 
it became rapid and force decreased gradually from the normal. 

The influence of NaOH solutions is briefly tabulated in 
table VII. It is demonstrated that it acts, augmenting in all 

concentrations, on the force of the heart-beat and has not the 
same but rather a depressing effect on the respiratory center. 

The OH ions here, as in the NazCOs, are the stimulating fac- 

tors, but act more powerfully than in Na2COs solutions, The 
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respiratory force decreases with increased strength of the so- 

lution, while the blood pressure rises in all concentrations em- 

ployed, showing that increase in blood pressure is not neces- 

sarily associated with rise of respiratory activity but rather 

with force of heart-beat. 

TABLE VII Showing the effect of NaOH solutions upon respiratory, 
cardiac and blood-pressure changes. 

Heart Heart Dura- Respir- Respir- | pres. | Pres- 
Salt mol. Sate force, tok. atory atory sure, | sure |Curves. 

rate. force. change 

NaOH m/ta| chonmed In- 5 min Un- Un- 25 2 ont btn creased. : ehanged. | changed. 6 30 

Un- Much |-;. ~. | Decreased | Decreased 
m/32 changed Shevemaad 15 min. or un- or un- 24 29 81 

or less, aati” a changed. | changed. 

Un- In- ¥ In- De- 

m/8 changed. creased. 10 min. creased. creased. 24 . 27 82 

M4 se In- | 10 ered De- 2 m or un- min. | chan or . 6 29 33 changed, | ‘teased. Mikes oi creased. 

CurRVE 30. Effect of m/64 NaOH injections. 

: curve 30. 
——VeLlO OL OO I Lee 

x 
LOLI ENE NNN ET WESSON Ne 

Upper, Hiirthle curves of cardiac and blood-pressure changes; decréase 
in rate, increase in force and blood pee for two minutes. Lower, 
gill-arch lever curves of respiratory changes unaltered. 

CURVE 31. Effect of m/32 NaOH solutions. 

Curve 31. 

se Te 

x 

ONS OL LOLI LEE OE ENE Nal 

Upper, Hiirthle curves of cardiac and blood-pressure changes show a 
first effect of two minutes of greatly increased force and slight decrease 
in rate of cardiac rhythm. The blood pressure increased for two minutes, 
respiratory rhythm decreased very little if at all. 

CurRVE 32. Effect of m/8 NaOH solutions. | 

: Curve 32, 

pRB re ENR ay i ea ABB LSC LEO LO II OO _ 

Vorvel Wetmedl—> 
ONIONS ISN, pf EDI NIN 

Upper, Hiirthle curves of cardiac and blood-pressure changes show in- 

creased blood pressure and rhythm, Lower, respiratory curves, increased 

rate but decreased force. 
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CURVE 33. Effect of m/4 NaOH solutions. 

Upper curves, blood pressure and force of cardiac rhythm increased. 
Lower, respiratory activity decreased in force, rate increased. 

From the series of experiments with different concentra- 
tions of urea solutions the conclusion is drawn that injection 
of urea solutions of high concentrations, 2m to 4m, increases 
force of respiratory and cardiac activity mainly. The rate is 
practically unchanged, and weaker solutions are quite indiffer- 

ent on blood pressure, cardiac and respiratory activity. It has 

been found by Schréder® that selachian’s blood normally con- 
tains 2.6 per cent of urea, and Baglioni* found that the selach- 
ian’s heart beats longer in urea than in NaCl. According to 

Loeb it is due to the OH ions which are present when the dis- 
sociation of the urea occurs. A weak solution of m/20 of 
NazCOs, to which a 2m urea solution has been added, greatly 
increased the force of cardiac action and blood pressure. 

- TaBLe VIII. Effect of urea solutions. 

Respir- | Respir- Salt mol.| Heart eart Dura- Dura- | Pres- | Pressure 
rate. Force tion. pa or tion. | sure. | changes. Curves. 

Urea, Un- Un- * Un- Un- 

m/50 |changed.|changed.| 15 ™iM- | aitered. |changed.|/°™in-| 20 20 

Unal- Unal- 
m/1 Un- Un- 15 min. | tered or | tered or | 1 min. 21 21 84 

altered. | alteréd, fn: Sineeuabn, 

Slight Slight Un- Un- ; 
2m. rise. |increase.| ?™i- | changed.| altered. |}5™in-| 20 20 35 

Un- Un- 4m. changed, Increase. hanged. Increase. 22 21 36 

CuRVE 34. Urea m/1. : 

_ Curve 34. 

t 1 1 1 ‘ a 1 

6. Schrider. V. eitschrift fiir Physiologische Chemie, XIV, Ss. 596, 

7. Baglioni. Zentralblatt fiir Physiologie, 1905, XXX, No. 12, 
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Upper, respiratory curve, with lever attached to gill arch, shows first 
decrease in rate for about one minute, then rate normal, force slightly in- 
creased. Lower, cardiac curve, with lever attached to apex. Cardiac 
activity unaltered. 

CURVE 35. Urea 2m. 

Upper, Hiirthle cardiac record shows little increase in force and rate. 
Lower, respiratory rate and force unaltered. ; 

CURVE 36. Urea 4m. 

Curve 36. 

1 L 

Upper, Hiirthle cardiac curve; increased in force and pressure, rate 
unchanged. Lower, respiratory curve; force slight rise, rate unchanged. 

The results obtained with standardized HCl solutions are 
tabulated in table IX. The weaker solutions, ranging from 

m/100 to m/64, increase for the first minute or two the force 

of the cardiac and respiratory and blood-pressure changes, and 
decrease or act indifferently on the rate of respiratory and car- 

diac activity. A stronger solution, m/32, for the first minute 

or two decreases the rate but usually increases the force of 

both the respiratory and heart action, and the blood pressure 

usually rises for the first minute; m/8 is toxic, but the respira- 

tory rhythm continues several minutes after the heart ceases, 

or if it continues it is rapid and faint and the respiratory 

movements are continued with less force and rate. It is sup- 

posed that the stimulating action is due to the H ions. In all 
concentrations between m/100 and m/16 there is an initial 
increase in pressure and force, followed by a decrease in all 

activities before a return to either normal or less. 
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TABLE IX. Effect of HCl solutions. 

Heart Heart Dura- | Respir- | Respir- | pura-| pres. | Pressure 
atory atory tion, | sure. | changes. Curves. Salt mol.| ‘;ate. force. tion. 
rate. force. 

In- 

De- In- : Un- | ¢ 2 mi 19 37 HCl m/64 2 min. or un- spina 20 creased. | creased. changed. changed 

De- I D saapet n- : e- cnang ; 
m/82 | creased. | creased.| 1 ™iM- | creased.| orin- |1™i-| 4 , " 

creased. 

1 min.. In- oe a 1 min., 10 
m/8 | Rapid. | Weak. | thende-| creased. |“ Grin |thende| 21 0 ™ 

CURVE 37. Effect of m/64 HCl on cardiac and respiratory activity and 
blood pressure. 

Curve 37 

L. A. 
Fi 

Upper, gill-arch lever respiratory curve shows for two minutes in- 
ereased force, rate unchanged. Lower, apex lever cardiac curve for two 
minutes increased force, decreased rate. 

CURVE 38. m/32 HCl injection. 

Curve 36. 

L i i. lie 1 L 1 

Upper, cardiac Hiirthle manometer curve and blood pressure shows de- 
creased rate and increased force and rise of blood pressure for one 
minute. 

Lower, gill-arch lever record of respiratory activity shows rate less, 
force unchanged for one minute. 



54 KANSAS UNIVERSITY SCIENCE BULLETIN. 

CURVE 39. Effect of m/8 HCl on cardiac, respiratory and blood pres- 
sure changes. ° 

WV 

Upper, gill-arch lever respiratory curve shows increase at first of rate 
and force, then gradual decrease. Lower, apex lever curve shows at once 
fall in force and rapid heart-beat that soon becomes irregular and spas- 
modic before ceasing. 

Injection of different strengths of NH:Cl solutions show that 

weak solutions are quite indifferent. An m/8 solution increases 
blood pressure and force of respiratory movements, but an 

m5 depresses cardiac and blood pressure activities and greatly 

stimulates the expiratory phase of respiration, causing an ir- 

regular spasmodic rhythm for fifteen minutes, and this is re- 
placed by a weak but regular activity. 

TABLE X. Effect of{NH,Clfsolutions. 

Respir- | Respir- 
Salt. Heart Heart Dura- Dura- | Pres- | Pressure 
mol. rate. force. tion. sow best tion. | sure. | changes, |CUTYS 

NH,C) | chansed| _ U hanged |, UR- chan. n- s chang X 
m/64 or less. | changed. 8 min. or a4 eheseet 5 min. 26 26 

creased. y 

Un- Expir- / Un- : Un- Seer . 
m/8 ~~ changed. 15 min. changed. pies in- |15 min. 26 28 40 

First in- 
Long ex- 

Much Much piratory,| °Tease m% 15 then 15 26 22 41 less. less. pero regular 

. or less: 

CurvVE 40. Influence of NH4Cl m/8 on cardiac respiratory and blood- 
pressure changes. 

; Curve 40. 

—? x 

Upper, Hiirthle cardiac and blood-pressure curves show that rate and 
force are unchanged, blood pressure rose, Lower, respiratory curve; 
rate unchanged, force slight increase, 
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Curve 41. Effect of m5 NH,Cl. 

Upper, Hiirthle eardiae and blood pressure show a decrease in cardiac 
activity and blood pressure. Lower, respiratory curve; for fifteen min- 
utes a ent expiratory phase and irregular rhythm, then weak but 
regular. 

Effects of dehydrated chemically pure NazSOs. solutions are 
most pronounced in the strong concentration of m/2 and m/1, 
both of which increase the force of cardiac, respiratory and 
blood-pressure activities, leaving the rate unchanged. The 

effect lasts longer with the weaker solution, and the after- 

effects are not, as with the saturated m/1 solution, a weaken- 

ing of the rhythm and fall in pressure. 

TABLE XI. Summary of Na:SO, effects on respiratory cardiac, and blood- 
pressure changes. 

=a aa PS a oe : peerecescesos- snagaiggaT res eta oo 

Respira- | Respira- Pres- 
Salt mol.| Heart | Heart | Dura- tory tory Dura- | Pres- | sure |Curves. 

rate, | force. tion. rate. | force, | tion. | sure, | change 

Na2SO Un- Un- . Un- Un- ; 
m/64 | changed. | changed.| 15 ™iM- | changed.|changed.| 15™in. 26 26 42 

Un- Slight . Un- Slight 
m/2 | changed. |increase.| 15 ™iM- | changed. | increase. | 15™in- 26 27 43 

n/t Un- Slight Un- In- 
| changed. | increase. 5 min. changed. | creased. 5 min, 27 29 44 

CuRVE 42. Effect of m/64 Naz2SQ4. 

curve 42. 

SaaS eee 

x 

YOOONASAAT YI SID 

Upper, Hiirthle cardiac and blood-pressure curve, and lower, respira- 
tory, all show no change after injection of the solution. 

CurvE 43. Effect of m/2 NazSOx4. 

Curve 43. 

Det ce SEO ofa PEL Bloae Aees SESOME  o TS 

* 
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Upper, Hitirthle cardiac and blood-pressure curves; rate unchanged, 
force and pressure slight increase. Lower, respiratory curve; rate un- 
changed, force increased. 

CurRVE 44. Effect of m/1 NagSO4. 

Curve 44. 

— LOL" 

x 

Upper, cardiac and blood-pressure curves, show slight increase in force 
and eto ip rate unchanged. Lower, respiratory; rate unchanged, force 
increased. 

The effects of intravenous injections of BaCle solutions are 
increased irritability and increased force and blood pressure, 
especially with weak solutions. Like most of the other salt 

solutions, it does not increase the rate of either heart or re- 

spiratory activity. In strong solutions it is toxic, producing at 

first irregular spasmodic cardiac and respiratory phases with 
strong diastolic and expiratory phases and with rise of blood 
pressure, or cessation of activity. The toxic effects can be 

avoided if small doses are injected with gradually increasing 

strengths, and the toxic effect is overcome by injections of 

CaCle solutions. 

TABLE XII. Effect of BaCl, on cardiac, respiratory and blood- 
pressure changes. ; 

Heart Heart dura- | Respir- | Respir-| pura- | Pres- | Pres- 
Salt mol. ‘ atory atory ; sure |Curves. rate. force. tion. via Sanaa: tion. sure. a 

I heeweat int n- chang xpira- 
— Pein creased | 15 min. or tion in- | 2min. |18mm.|/20mm.| 45 

‘ gec.! diastole. slightly | creased 
less. 

U hanged bes U I After 16 n- cnang min, n- n- 

m/82 | changed.| or in- changed.| creased. | 8 min. 16 7 46 
creased. | 8 min, 

Un- ; In- Stops or 10-20 
changed 

m/8 | orslow | reased | 9-5 min. | rapid min. 23 25 47 
or spas- | Uzita- spas- 
shade. bility. modic. 2 min. 

m/4 Toxic. Toxic. 
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Curve 45. Effect of m/64 BaCle. 

Upper, cardiac curve; rate unchanged, force and blood pressure slight 
increase. Lower, respiratory curve; rate unchanged, force increased. 

CurvE 46. Effect of m/32 BaClo. 

Upper, Hiirthle cardiac curves; after one minute, rate, force and pres- 
sure unchanged. In five minutes, force and pressure increased. Lower, 
respiratory curve, shows rate unchanged, force increased. 

CuRVE 47. Effect of m/8 BaCle. 

Wormal ?x 
Curve 47. eg GLAD 

’ B half an hour after A. Upper curves of A and B, cardiac and blood- 
pressure records, show first spasmodic activity, then strong force and in- 
creased pressure. These activities decrease in half an hour but the rate 
continues unchanged. Lower, respiratory curve, shows first spasmodic 
oe then this stops for twenty minutes. In half an hour it is weak 
and slower. 

The effect of distilled water passes off quite rapidly. For the 
first two minutes the rate of cardiac and respiratory activity 
is lessened and the force of the heart-beat and blood pressure 
slightly increased. The blood is rapidly affected and clots 

easily; soon the equilibrium of salts is again established and 
the normal action resumed. 

Distilled | Heart | Heart Dura- | Respir- | Respir- | pura- | Pres- | Pressure 
H.O. rate. force. tion. atory atory tion. | sure. | changes, |Curves. 

rate. force. 

Slight De- Un- A 26 3-4 cc. |Decrease.| eaten 2 min. creased. | changed. 2 min, 24 24 48 
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CuRVE 48. Effect of distilled water. 

Upper, Hiirthle cardiac and blood-pressure cunves, show decrease in 
rate, slight rise in force and blood pressure for two minutes, then normal. 
Lower, respiratory lever, gill-arch curve, shows decrease in rate, force 
unchanged for two minutes. 

Acid sodium phosphate solutions cause an increase in force 
of respiratory and cardiac activity, and for the weaker solu- 

tions at first also an increase in rate. Diastolic and inspiratory 
phases are often prolonged and the toxic effect is overcome by 
an alkali solution of sodium phosphate or one of CaCle. 

TABLE XIV. Showing mean results of NaH,PO, solutions. 

Mol. | Heart | Heart | Dura- | Respir- | Respir- | Dura- | Pres-| Pres- 
. : atory atory ‘ sure |Curves. solution.| rate. force. tion. abe. pssats wee 4 sure. dl 

Rapid to! weak, | 1min. | od@eq |. Less | 1min. * 
m/64 parma increase.| 2min. | Normal. | imerease.| 2 min. 

minutes. 

Increase.| 1 min. Un- / : 
m/16_ | Increase. ye io * =i. changed.| creased. 10 min. 50 

De- In- 1 min. In. I 

m/8 creased. | creased. 3 n- 

Normal. | Normal. | 5™in. |. creased. | ¢ 
10 min, a 

CurRVE 49. Effect of m/64 NaHePOx, solutions. 

Curve 49. 

xX x1 min. 

Upper records of respiratory activity before, during and following for 

two minutes the injection of an m/64 acid phosphate solution. First 
minute rate greatly increased, force less; within two minutes force gradu- 

ally increased to slightly above normal and rate normal. The lower car- . 

diac record shows first rapid contractions that increase during the second 

minute in force, becoming normal in rate and force in two minutes. 
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Curve 50. Effect of m/16 NaHePO, solutions. 

Curve 50. 

i i m™ i = 4 . va 

Upper, gill-arch lever records of respiratory activity, show increase in 
force, rate unchanged. Lower, cardiac lever, records first an increase in 
rate and force; second, rapid, shallow; in ten minutes quite normal in 
rate and force. 

CurRVE 51. m/8 NaHoePo, solutions. 

Curve 51. 

ah 

1 3 i - ’ 2 

Upper, gill-arch lever records of respiration show increase in rate, and 
two minutes also in force; inspiration prolonged. Lower, cardiac 

apex records. First minute prolonged diastole and increased force, fol- 
lowed by slower rate; in five minutes quite normal in rate and force. 

3—Univ. Sci. Bull., Vol. V, No. 4. 
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HYDE: EXPERIMENTS ON THE SKATE. . 6f 

TABLE XVI. Toxic and Antitoxic 
Solutions. 

Toxic. Antitoxic. Curves. 

2m NaCl. CaCl, m/32 3 

m% KCl, m* NaCl 11 

m5 KCl. CaCl. m/32 12 

m% KCL. CaCl, m/4 13 

m/1 NMgSO, CaCl. m/8 14 

Na-sHPO,, or 
NaH+PO. m/4/ “Cac, m 16 
m/l Na.80O, CaCl. m/16 

BaCl, m/4 CaCl. m/8 

BaCl. m/4 NaOH m’8 

NaOH m/16 HCl m/100 

The following is a résumé of the conclusions drawn from 

the different experiments: 
M%*% NaCl increases the force of cardiac and respiratory 

rhythm and blood pressure, but is indifferent to the rate during 

the first five minutes. Weaker solutions are neutral, and a 

stronger, m/1, solution is rather depressing except to heart 

force and blood pressure, while 2m is generally depressing, 

prolonging systolic and inspiratory phases. 

The different strengths of KCl solutions proved depressing 
to the activities under consideration. Diastole and inspiratory 

changes are prolonged and the toxic effect of an m5 solution 

is counteracted by CaCl m/32 or NaCl m5. 
CaCle solutions are indifferent or depressing to the rate of 

both cardiac and respiratory activities, but stimulating to the 

force and slightly so to the blood pressure. M5% solutions pro- 
long systolic and inspiratory phases. 

Solutions of MgSO: are depressing to the respiratory mech- 

anism and cardiac rate, but at first stimulate heart force and 
blood pressure. Diastole and expiratory phases are prolonged 

and the toxic effects are neutralized by m/8 CaCle solutions. 
NazCOs solutions stimulate heart force and blood pressure 

and are indifferent to the heart rate and the respiratory mech- 
anism. Their stimulating effect upon the force of cardiac 
activity is enhanced when the solution is combined with urea, 
and like the latter exerts a similar influence upon respiration 
and heart action. 
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NazHPO: solutions stimulate as a rule only the force of heart 

action. The blood pressure, heart rate, as well as respiratory 

activities, are generally decreased or unaltered. 

Solutions of NaOH proved more stimulating to cardiac force 

and blood pressure than any of the other solutions that were 
employed. They were depressing to cardiac rate and respira- 
tory activity, except in strong solutions they increased the rate 

of respiration. They affect the center that controls the force 

of the heart-beat oppositely from what they do the center 

which governs the respiratory force. Like other alkaline solu- 

tions, they may exert their influence by favoring oxidation. 

Urea solutions, except the strongest, are quite indifferent to 

the functions under consideration. A 4m solution increases 
the force of both the cardiac and respiratory activities; possi- 

bly through the OH ions that are set free when dissociation oc- 
curs. 
Weak HCl solutions produce initial stimulations for a brief 

‘period in cardiac and respiratory force and blood pressure, but 
depress the rate, and a stronger, m/8, solution is toxic for 
cardiac but less so for respiratory activity. 

Weak solutions of NH:Cl are indifferent. An m/8 has a 
slight augmenting effect on blood pressure and the expiratory 

phase, while an m5% solution depresses blood pressure and 

cardiac rhythm, but heightens the force of the respiratory 

mechanism for a short time. 

Following the injection of strong NazSOs solutions the force 

of respiration and heart action and height of blood pressure 
is increased, while the rate is unchanged. The addition of a 

weak solution of CaCle is favorable. 
The effect of a weak solution of BaCle is increased force of 

cardiac and respiratory rhythm and a rise of blood pressure. 

Diastolic and expiratory phases are prolonged. The solutions 

are more toxic than other salts of the same concentration, and 

the toxicity is overcome by CaCl. 

Injections of distilled water produce transient stimulating 
effects in the force of cardiac contractions and blood pressure, 
and depress the rate. 
Weak solutions of NaH2POs accelerate the rate she force of 

heart and respiratory action. Diastole and inspiration are 

prolonged and toxic solutions are neutralized by NazHPOs. 

“A ‘eonsideration of the results tabulated in the foregoing 
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pages discloses the fact that increased force of cardiac activity 
is usually accompanied by increased force of respiratory ac- 
tion and blood pressure. But NH:CL m/8, urea, and NazHPOs: 
are exceptions. NH:Cl increases blood pressure without in- 
creasing cardiac force. Urea produced increased force of re- 
spiratory and cardiac activity without raising blood pressure, 
and NazHPOs m/8 increases force of cardiac but decreases 
force of respiratory action. Moreover, most of the salt solu- 

tions of a definite concentration that augmented the force of 

cardiac also increased the force of the respiratory rhythm and 

proved either indifferent or depressing in their influence upon 

the rate of both of these activities. 
The exceptions are MgSO: m/8, which stimulates force of 

cardiac but not that of respiratory activities and is depressing 

to rate, and NaOH m/8, that stimulates cardiac force and rate 

but not the respiratory rhythm. 
The toxic effect of many solutions at certain concentrations 

was counteracted by definite strengths of other salts. Of these 

antagonistic solutions, CaCle m/32 or m/8 proved most ex- 

tensively favorable. It was interesting to learn that certain 

concentrations of some salt solutions prolong the cardiac sys- 

tole and the inspiratory phases, while other solutions favor 
diastolic and expiratory phases. M/2 NaCl and also m5 
CaCle prolong systole and inspiration, while KCl m/8, NaHe 
PO: m/8 prolong inspiratory activity and diastole. Moreover, 

strong solutions of MgSO:, NH:Cl and BaCle sbi: diastole 

and expiratory activity. 

The salts that were especially depressing upon the candies 
and respiratory phases were KCl and MgSO... There are cer- 
tain optimum per cents of salts and acid solutions, below or 

weaker than which the effect is stimulating or initiates tempo- 
rarily increased activity, and above or greater concentration 

than which the solution inhibits or decreases activity or proves 
toxic. Moreover, increased blood pressure, as a rule, is accom- 

panied by a decrease in rate of cardiac and respiratory activity. 

4—Univ. Sci. Bull , Vol. V, No. 4. 
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_ THE NUTRITION OF THE EMBRYO SAC AND EMBRYO 
IN CERTAIN LABIATZ. 

BY F. H. BILLINGS. 

Plates XI to XIV. 

*OON after the publication of a paper on seed development, 
in which various sympetalous families were considered, 

the writer began an investigation of embryo-sac nutrition as 
found in the Labiate. Literature upon the subject indicated 
the presence of certain nutritive structures that resembled 

some of those described in the paper mentioned above. The 
structures consisted of outgrowths or specialized portions of 
the embryo sac which by enlargement frequently replaced con- 

siderable portions of the integument. The position and shape 
of the structures are characteristic in some instances of the 
family in which they occur. It is therefore one of the prob- 

lems of the present investigation to ascertain what degree of 

uniformity prevails among a number of genera of the Labiate, 

and thus determine, if possible, whether any special type of 

embryonic structure is liable to become characteristic of the 

family. Though the number of species studied is but a small 

representation of the total number distributed over the earth, 
still, as will presently be shown, a great enough similarity ex- 
ists among them to warrant the supposition that a like re- 
semblance probably exists among the remainder. It would not 

be safe to extend such a conclusion to any family taken at 

random, inasmuch as some families are aggregates of groups, 

such as subfamilies, which may not be closely allied phylo- 

genetically but which are associated on account of fulfilling 
certain taxonomic requirements. 

(67) 

‘ 
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One of the services that may ultimately be performed for 

taxonomy is that of testing the homogeneity of families. The 

results could be reached satisfactorily only after all the species 

of any given family had been examined as to their ontogeny. 

Taxonomically speaking, the Labiate are regarded as a fairly 

homogeneous family with well-marked characteristics. 

Species whose common ancestors are not remote should show 

similarity in embryonic particulars, since these are con 
the ones least influenced by environment. 

No attempt was made to work out the stages preceding fer- 

tilization in every instance. Several species were examined, 

however, and the series of events constituting the earlier his- 

tory of embryo-sac development were found to be identical. __ 
The ovular primordium gives rise to a single megaspore 

mother cell, from which originates an axial row of four poten- 

tial megaspores. The most deeply seated of the four develops 
into the ordinary type of an eight-celled embryo sac. 

The growth of the embryo was followed in detail in Lamium 

amplexicaule, and it was found that the various stages in de- 
velopment correspond closely to the plan observed in most 

dicotyledonous embryos. However, it is not with the develop- 

ment of the embryo but with the behavior of the embryo sae 

that this paper has most to do. 

Many of the writings of early investigators who worked along 

embryological lines show that there was little thought of as- 

signing physiological significance to peculiar shapes assumed 
by. the embryo sac. More recently quite a number of observy- 

ers have entered the field, and they have shown the wisdom 

of correlating morphology and physiology. Bibliographies of 
their papers have been published from time to time, so that 

only the literature cited in the text, or very recent papers, will 

be given here. 

The single and unusually thick integument of many Sym- 

petale, including the Labiate, appear to serve a double func- 

tion. The outermost layers become transformed into a seed 

coat, while the inner or remainder, wholly or in part, may be- 

come a nutritive tissue (Nahrgewebe) which invites, as it 

seems, the digestive and absorptive activity of the endosperm. 

Sometimes the nutritive tissue is more or less localized, as can 

be seen from the deposits of starch in certain regions. In other 

instances the deposition of food material is general throughout 
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the integument, so that no special part would be likely to be- 
come a particular point of attack by the endosperm. 
When the absorptive activity of the endosperm is largely 

centered in some outgrowth or differentiated portion of the 
embryo sac, the term “haustorium’’ is applied to such a por- 

tion. In instances where haustoria are not developed, the di- 

gestive and absorptive power is more or less equally distrib- 
uted over the entire surface of the embryo sac. Where ab- 
sorption is going on most rapidly, the cells directly concerned 
in the appropriation of the nutritive material are usually. 
abundantly supplied with plasmatic contents. In case of the 
presence of a haustorium the endosperm cells lying adjacent 
to the base of the haustorium show the greatest richness in 

plasmatic contents. 

The following genera and species of Labiatee form the bases 

of the detailed description : 

Lamium amplexicaule. Mentha canadensis. 
Stachys palustris. Salvia lanceolata. 
Phrysostegia virginiana. Salvia azurea. 

— Leonurus cardiaca. Monarda fistulosa. 
Brunella vulgaris. Nepeta cataria. 

- Teucriwm canadense. Dracocephalum sp. 
Pyenanthemum lanceolatum. —- Scutellaria parvula, 
Lycopus rubellus. 

Lamium amplexicaule. 
This s species will be given more detailed consideration than 

the others, for it will serve in a measure as a type of the fam- 
ily and also as a basis of comparison for the other species. 
The embryo sac, at the time fertilization is accomplished, con- 

tains the usual form of egg apparatus (fig. 1). The endosperm 

nucleus is large, spherical in form, and contains a vesicular 

nucleolus. The nucleus does not lie near the egg apparatus, 
as is the case in so many plants, but at the opposite end of the 
sac near the disintegrating antipodals. The contour of the sac 

shows a constriction which may be used to distinguish a larger 
upper, or micropylar portion, in which the egg apparatus lies, 
from a smaller, lower, or antipodal portion, in which the endo- 

sperm nucleus lies. The endosperm nucleus does not leave the 
antipodal region, but immediately after fertilization develops 
a tissue in its end of the sac. Double fertilization probably 
occurs, though it was not observed. 
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The egg responds to fertilization by elongating greatly, and 

pushing down into the forming endosperm tissue (figs. 2, 

3). The elongation is at first due to the growth of the en- 

tire egg cell. A transverse wall soon separates the suspensor 

from the proembryo. It is thus seen that the cell which is to 
develop into the embryo is removed altogether from the mi- 

cropylar portion of the sac. For a time this portion contains 
no active nuclei, the synergids being in a process of disintegra- 

tion. But endosperm nuclei soon migrate into it through the 

space lying between the suspensor and the wall of the embryo 

sac. The nuclei are but few in number and they do not form 
tissue (fig. 4). From this time on, the two extremities of the 

embryo sac are very sharply distinguished. The antipodal end 

is soon filled with a compact growing tissue that surrounds 

the embryo. Increase in size of the tissue takes place rapidly, 
so that the micropylar portion shortly becomes the smaller 
(fig. 4). A remnant of nucellus can usually be seen as a dis- 

organized mass of cells lying at one side of the micropylar ex- 

pansion of the sac. For a considerable length of time the endo- 

sperm tissue extends only to the constriction, beyond which lies 

the micropylar region with its wandering endosperm nuclei. 

An examination of the integument cells surrounding this region 

shows that dissolution is in progress—due, of course, to the 

predatory activity of this part of the sac. The antipodal por- 
tion, with its endosperm tissue, exerts a similar absorptive 
influence, but the material absorbed by the latter is retained or 

used up in building more tissue, while that absorbed by the 

former is not, but is transferred to the endosperm tissue. The 

micropylar portion of the embryo sac may therefore be re- 

garded as a haustorium. Evidence of the results of haustorial 

activity is seen in the unusual richness of plasmatic contents 

in the endosperm cells bordering on the haustorium. The pres- 

ence of starch in the basal portion points to the same conclu- 

sion. 
The nuclei of the haustorium do not form tissue, as has al- 

ready been stated. In Lamium amplexicaule they take no 

definite position. Although they have the same origin as the 

nuclei of the endosperm tissue they differ considerably from 

them. The chief difference lies in their much greater size. 

These may attain a length of over thirty micromillimeters, 

which is greater than the average diameter of an endosperm 
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cell (fig. 5). The haustorial nuclei vary usually from twenty 

to thirty micromillimeters in diameter, but the smallest are 
much larger than any formed in the endosperm tissue, since 

these average only about five micromillimeters in diameter. 

Another difference is the much greater size of the nucleoli of 

the haustorial nuclei. In addition, the nucleoli are not vesicu-- 
lar, as are most of those in the endosperm tissue, but are solid. 
The large size of the nucleoli would seem to indicate an in- 
creased nutritive function on the part of the nucleus, especially 
in light of the theory that nucleoli represent reserve food sub- 
stance. There is no evidence that the haustorial nuclei undergo 
division, either in Lamium or in the ccenocytic haustoria of any 

other of the Labiatz investigated. There is some variance in 
the explanations of the peculiarity of these nuclei, but dis- 
cussion of them will be reserved till the close-of the paper. 
_The suspensor elongates during the growth of the embryo 

sac and finally attains an unusual length (fig. 6). Its course 

is for some time plainly visible in the haustorium and for a 
longer time in endosperm tissue. The portion nearest the em- 
bryo persists while the remainder slowly disintegrates. The 
appearance of the suspensor is such that at no time does it 
seem to serve as a conductor of food substances to the embryo, 
at least from any locality other than that of the endosperm 
tissue immediately surrounding it. It appears to have fulfilled 
its function when it carried the embryo from the haustorium 
down into the midst of developing endosperm tissue. 

While the micropylar haustorium is transferring materials 

to one end of the endosperm tissue the opposite end is nour- 
ished by substances conducted through a vascular bundle that 
passes down the integument and terminates near the chalaza. 

The little depression or pocket in which the antipodals undergo 
disintegration is deepened until it forms a short canal, which 
extends from the endosperm toward the terminus of the vas- 

cular bundle. It does not merit the name of haustorium to the 
extent that the micropylar expansion of the sac does, since it 

exerts little or no absorptive influence upon the integument 
cells bordering it, but rather seems designed to facilitate con- 

duction from the bundle. Its increase in length is not accom- 

panied by a pronounced increase in diameter nor does it contain 
nuclei. 

Later stages in embryo development show increase of the 

- 
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endosperm tissue and a consequent encroachment upon the 
haustoria. Just when the micropylar haustorium ceases to 

function is hard to say. Its activity probably does not cease 

as soon as it begins to be encroached upon by the endosperm 

tissue. The nuclei in fact remain till late stages in seed de- 
velopment. 

Stachys palutris. 

The embryo sac seen in figure 7 presents markedly differen- 
tiated portions. The stage shown here is reached in the same 
manner as a corresponding one in Lamiwm. While the endo- 
sperm is beginning its formation in the antipodal end of the 

sac a number of nuclei migrate into the haustorium. They 

distribute themselves over the micropylar end of the hausto- 

rium, where the cytoplasm is chiefly located. The opposite end 

is distinctly vacuolated. It will be noticed that the constric- 

tion is very narrow. Through it passes the suspensor with an 
enveloping layer of cytoplasm. The regions adjacent on each ~ 
side of the constriction are stored with starch, the result evi- 

dently of the absorptive activity of the haustorium. As in 
Lamium, the cells of the endosperm tissue nearest the hausto- 

rium are richer in plasmatic contents than those at a distance. 

The canal that conducts from the terminus of the vascular 

bundle is comparatively long in Stachys. It is sharply bent 
about midway in its course, one arm running longitudinally to 
connect with the end of the vascular bundle. 

Stachys and Lamium vary in the structure of their embryo 

sacs only in minor details, the main difference being the more 

definitely placed haustorial nuclei in Stachys. The embryo is 
nourished in both by the endosperm tissue surrounding it, this 

in turn being assisted in its growth by the activity of the 

haustorium. It is probable that the suspensor does not func- 

tion in the conduction of materials to the embryo, on account 

of the disorganized condition of its cells. The food materials 
gathered by the haustorium are transmitted to the endosperm 
tissue through that part of the constriction lying around the 
suspensor. 

Phrysostegia virginica. 

This species has a peculiar appearing embryo sac when the 

stage shown in figure 8 is reached. Such difference as may be 

noted, when it is compared with Lamium and Stachys, is due 

principally to the direction of growth taken by the endosperm 
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tissue. If the growth had been uniform in all directions the 
long axes of the haustorium and endosperm tissue would have 
been approximately parallel. In Phrysostegia the endosperm 
grows in a one-sided fashion, producing a bend in the embryo 
sac of about ninety degrees. The haustorium is a club-shaped 

sac containing a few large nuclei. Its upper or micropylar end 

is vacuolated, while its lower end, adjoining the endosperm 
tissue, is densely protoplasmic. The suspensor is exceedingly 

long. 
The position of the antipodal canal is peculiar in this species. 

It is located near the haustorium—a situation explained by the 
short length of the vascular bundle, as well as the one-sided 
growth of the endosperm tissue. The constriction existing be- 

_ tween the haustorium and endosperm tissue is comparatively 

wide, with the result that the cytoplasm of the haustorium 
comes in contact with the endosperm tissue to a greater extent 

than in any other species examined. 

Leonurus cardiaca. 

Leonurus has a large haustorium with a contour much like 

that of Stachys (fig. 9). The haustorial nuclei have a more or 
less fixed position in that portion lying nearest the endosperm 
tissue. This is the reverse of the condition in Stachys, where 

the nuclei lie in the micropylar region. Their number varies 
from four to six.. The definite position of the haustorial nuclei 
would suggest the presence of cell walls, but there was no evi- 
dence of them. , 

Leonurus bears a close resemblance to Phrysostegia in the 
proximity of the antipodal canal to the haustorium. The canal 
does not appear in the section shown in figure 9, so its position 
is indicated by the dotted lines. The lower portion of the endo- 
sperm tissue and its connection with the vascular bundle 
through the canal is shown in figure 10. 

Brunella vulgaris. 

This species possesses a large coenocytic haustorium contain- 
ing nuclei without definite position. In this respect it is like 

Lamium. The antipodal haustorial canal becomes laterally 
placed, but, unlike the two previously described genera, it re- 
mains near the base of the endosperm tissue. 

The five genera thus far mentioned belong to the tribe 

Stachydez. No marked variations occur; in fact, they are 
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much more nearly alike than they are different. Phrysostegia 
appears to be the most divergent, but such divergence is really 

trivial. All are characterized by a large micropylar hausto- 
rium—a feature, however, which it shares with representa- 
tives of other tribes. 

Teucrium canadense. 

A glance at the diagram shown in figure 11 will show the 

relative position and size of the different portions of the em- 

bryo sac. The most noticeable difference between this species 

and those previously described is the relatively small size of the 

haustorium. The failure of the haustorium to enlarge much 

is doubtless mainly due to its proxity to the end of the beak-like 

extremity of the integument. There is but little room for en- 

largement. The haustorium contains a few nuclei that do not 

form a tissue. Whether this organ is really functional or not 

is difficult to determine with certainty. At most its activity 

can be only very slight, otherwise the extremity of the integu- 

‘ment would undergo dissolution. The endosperm nuclei which 

are found in it do not have the size nor the altered appearance 
seen so frequently in vigorously acting haustoria. It would ap- 

pear from this that alteration in the haustorial nuclei is to 

some extent at least proportional to the activity of the organ 
to which they belong. 

Pycnanthemum lanceolatum. 

The general configuration of the embryo sac is much like 

that of Lamium (fig. 12). The ccenocytic haustorium attains 

a large size, with the result that most of the micropylar por- 

tion of the integument becomes absorbed. The constriction 

between haustorium and endosperm tissue is soon obliterated, 
so that the two lie contiguous over a considerable area. The 

suspensor is long, as in the previously mentioned species, but 

owing to the size of the haustorium most of its length is found 

within the limits of this structure. 

Lycopus rubellus. 

Lycopus rubellus, when contrasted with Pycnanthemum, 

which belongs to the same tribe, differs in two respects; the 

haustorium is small, and the constriction lying between it and 

the endosperm tissue is relatively long (fig. 13). The basal 

portion of the endosperm tissue extends in a beak-like process 

to the end of the vascular bundle. This process occupies the 
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position of the antipodal canal of previously described species. 
Its origin may be explained by a growth of the tissue into the 

canal, which it thus displaces. The haustorium contains but 

one or two nuclei with no formation of tissue. 

Mentha canadensis. 

The integument in this species is not extensive, yet there is 

a large coenocytic haustorium present which closely resembles 

that of Pycnanthemum. Like Pycnanthemum, there is in 
Mentha an early obliteration of the canal connecting hausto- 

rium and endosperm tissue. Lycopus, on the other hand, rep- 
resents the other extreme, in which the canal persists for a 
long time. Pycnanthemum, Lycopus and Mentha belong to the 

tribe Satureinez. 

Salvia azurea and Salvia lanceolata. 

These two species will be considered together, as they pre- 

sent many points in common. As compared with the repre- 
sentatives of other genera, however, they show marked differ- 

ences. In the first place, they are unique in having two haus- 

torial outgrowths, one ccenocytic and one composed of ordinary 
endosperm tissue. In addition, there is a well-developed antip- 

odal canal. 

In order to follow better the development of the haustoria, it 
will be advantageous to examine the definitive embryo sac and 
consider some of the phenomena immediately following fertili- 

zation. The definitive embryo sac of Salvia lanceolata is shown 
in figure 14. It is short, and in comparison with the extensive 
integument is relatively insignificant (fig. 15). The shortness 

is the more noticeable when the amount of space occupied by 
the egg apparatus is taken into consideration. The embryo 
sac is filled with a reticulated cytoplasm, which is distinguished 

from that of Lamium ampleaxicaule and other species examined 
by the absence of vacuoles. The antipodals lie in the depression 

which marks the beginning of the canal to the vascular bundle. 
The small size of the embryo sac necessitates the proximity of 

the endosperm nucleus to the egg apparatus. 
Fertilization is followed by a very slight elongation of the 

egg cell—a marked variation from the condition found in the 

species of other genera examined. The explanation for this 
difference lies in the fact that none of the space occupied by the 
definitive embryo sac is to be included in haustorium formation, 
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since elongation of the egg and suspensor is always for the pur- 
pose of removing the embryo from the sphere of haustoria! 
activity. In Lamiwm approximately half of the sac becomes 
haustorium, and it is in view of this fact that the embryo is 

transferred for development to the antipodal region. The 

elongation of the suspensor in the majority of Labiatze exam- 

ined appears to terminate its function, for disintegration fol- 
lows. In Salvia, on the contrary, there is reason to believe that 

it plays an important part in embryo nutrition. The cells com- 
posing it are short and relatively rich in plasmatic contents. 

The first division of the endosperm nucleus results in the 
formation of a cell at the extreme antipodal end of the embryo 

sac. The wall cutting off this cell lies approximately in a plane 
at right angles to the long axis of the embryo and suspensor. 

The separating walls of cells produced in succeeding divisions 
are at first parallel to the first wall. The embryo is soon sur- 
rounded by endosperm tissue (fig. 16). One endosperm cell 

_ takes a position near the end of the suspensor for the purpose 
of entering directly into the formation of a haustorium. The 

growth of the endosperm tissue surrounding the embryo is 
greatest in a direction toward the upper part of the integument 
and approximately parallel with the vascular bundle. As a re- 

sult, an endosperm process, cylindrical in shape, projects into 

the region where lies the most extensive portion of integument 

tissue (fig. 17). The outgrowth is evidently designed to reach 
the nutritive tissue remote from the main mass of endosperm. 

Functionally, it is a haustorium, differing principally from 

tissue-containing haustoria of certain other families of plants 

in the greater number of cells. Figure 17 shows a young haus- 

torium of Salvia lanceolata. In its maturer stages, seen dia- 

grammatically in figure 19, it is composed of much elongated 

cells. Such differentiation suggests conduction as a function. 

The elongated cells lie principally in the axis of the haustorium 

with their long axes parallel to that of the haustorium. The 
peripheral cells serve as digestive and absorptive cells, while 
those of the interior of the haustorium are conductive. The 
products of its activity are transferred to the main mass of 

endosperm which it thus serves as an absorbing organ. : 

The other haustorivm is ccenocytic, and its activities are 

directly concerned with embryo nutrition through the suspen- 

sor. It is not a structure developed from the suspensor, though 
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it continues it, in a way, out into the integument. It recalls 
some of the haustoria] outgrowths in the suspensor cells in 
certain Orchidacez? and Rubiacez.’ In Salvia lanceolata two 
endosperm nuclei take part in haustorium formation; more 
than two in Salvia azurea (fig. 18). In both species one end of 
the haustorium completes the basal or proximal portion of the 

suspensor. In Salvia lanceolata more of the suspensor is sur- 
rounded than in Salvia azurea. In the former the suspensor 
becomes bent while in the latter it remains straight. 

The haustorium grows outward through the integument, 

taking a direction nearly at right angles to that taken by the 

other haustoria. The purpose of the ccenocytic haustorium 
is to dissolve the integument cells surrounding it, but it is 
unique:in communicating the products of its activity to the 
suspensor. Attention has already been called to the striking 

differences between the Salvia suspensors and those of the 
other Labiatz examined. As the former take part in embryo 
nutrition their cells present an appearance betokening activity. 
Instead of losing their protoplasmic contents or undergoing 
dissolution, as. in instances where excessive elongation takes 

place, the suspensor cells of Salvia are healthy appearing, re- 
sembling the endosperm cells in this respect not a little. 

The ccenocytic haustorium does not attain the size of the one 
composed of tissue (fig. 19). As in similar haustoria previ- 

ously described, the nuclei are larger than those of the endo- 

sperm tissue. 
A eanal, bent at nearly right angles, is formed between the 

endosperm and the vascular bundle. There appears to be no 
nucleus in it, but granular material resembling cytoplasm is 

found along the side walls and at the end. As the main body 
of endosperm pushes outward at the expense of the integument 
cells, the canal does not suffer for a time (fig. 20). Instead, 
the endosperm becomes laid down around its proximal end. 
This gives the appearance of the canal piercing the tissue. The 
canal forms a direct communication with the vascular bundle, 

serving probably as a conduction to the endosperm. 

Monarda fistulosa. 

_ This species is patterned after Lamium rather than after 
Salvia. There is a large ccenocytic micropylar haustorium 

which does not differ materially from that of Lamium. A few 
nuclei are present, though of a relatively smaller size. The 
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embryo sac is narrow and the suspensor is very long. There is 

no antipodal canal, but the endosperm tissue bends toward the 
terminus of the vascular bundle in the form of a process. 

Nepeta cataria. 

The haustorium of Nepeta cataria is coenocytic, and contains 

four nuclei that occupy a more or less definite position at ita 
base or near the place where the suspensor passes into the con- 

striction (fig. 21). The haustorium is relatively small, con- 

taining much less than half the length of the suspensor. 

Dracocephalum sp. 

This varies from the other species of Labiatz examined in 
the character of the outline of the endosperm tissue. In the 
other species this tissue enlarges quite uniformly, presenting 

a smooth or entire outline when sectioned. The outgrowths 

in Dracocephalum have no definite position or form and hence 
are not to be regarded as other than integral portions of the 

-endosperm tissue and not haustoria (fig. 22). The haustorium | 

is much elongated, as is the endosperm tissue. The embryo lies 

in the upper portion of the latter, being attached at the end of 
a very long suspensor. 

Scutellaria parvula. 

The bent embryo sac of Scutellaria, resulting in a bent em- 

bryo in the ripe seed, is of course well known to taxonomists. 

It conforms to the other species in Labiatze in possessing a 

haustorium, but located, as it is, at the extreme tip of the ovule, 

its growth is greatly limited, so that it remains small (fig. 23). 

The endosperm is elongated and tapers at the base into a hook- 

like process whose end lies near the terminus of the vascular 

bundle. 

DISCUSSION AND CONCLUSIONS. 

In a large number of plants, especially those in which two 

integuments are present, the embryo sac assumes a somewhat 

elliptical or oval form in longitudinal section, with an approxi- 
mately entire outline. The nutrition designed for growth of 

the endosperm may be absorbed fairly uniformly over the en- 

tire surface of the sac, or it may be absorbed more rapidly at 

one point than at other points, but in either case the elliptical 
or oval outline is maintained. If added organs mean increased 

specialization, then embryo sacs of the type just mentioned, 
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without special absorptive structures, may be regarded as a 
simpler, less differentiated, perhaps more nearly primitive, 
sort. 

In some instances the innermost cell layer of integument, 

which borders on the nucellus or else on the embryo sac, is 
specialized into a digestive layer, whose activity is directed 

against the remaining integument for the benefit of the em- 

bryo sac. The name “tapetum”’ has been frequently applied to 
this layer, but its use is justified only on account of the nutri- 
tive function it performs. Goebel‘ proposes the term “epithe- 
lium” as a substitute. Three characteristics usually pertain to 
the epithelium: first, it remains intact for a longer period 
than the integumental layers adjacent; second, its cells be- 

come differentiated in form or contents from those of the re- 
maining integument; third, it apparently exerts a digestive ac- 
tion. The digestive action is doubted by some, among whom is 

Schmid,® who ascribes a protective function to it. Since the 

species of Labiatz herein described do not develop an epithe- 
lium, it is without the province of this discussion to do more 

than call attention to the fact that Schmid challenges the re- 
sults obtained by the “‘Goebelische Schule,” thus showing that 

the problem is open for further investigation. 
The Labiate, in common with some other sympetalous fami- 

lies, depart from the type described for many plants having 
two integuments by differentiating haustoria. The haustorium 

implies increased absorptive activity in one portion of the 
embryo sac, but not necessarily cessation of the function else- 

where. Among the labiates studied, all (with the single ex- 

ception of Salvia) have a micropylar haustorium of some sort. 

In most of the species it is a well-developed structure, exhibit- 
ing manifest activity as a nutritive organ. But in such species 

as Scutellaria parvula, Teucrium canadense, and Lycopus ru- 
bellus, it is of small size, and its usefulness may with safety 
be said to be either greatly reduced or else obsolete. Whether 
such a condition really represents actual reduction from a pre- 

viously more highly developed state, or whether it is primitive 
in its nature, is a problem yet to be solved. The much elon- 

gated suspensor is here offered as evidence favoring the former 
view, since the purpose of elongation is believed to be the re- 
moval of the embryo from the region of the haustorium. Ex- 

traordinary length in proportion to the size of the haustorium 
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might therefore mean that shortening of the former did not 

accompany reduction in size of the latter. Conditions external 
to the embryo sac may have had something to do with hauste- 

rium reduction in such a species as Scutellaria parvula, where 
narrowing of the integument to a beak left but little tissue to 
be exploited. ; 

The nuclei in the ccenocytic haustorium merit interest on 

account of the extraordinary size and appearance some of them 

attain. Such nuclei are found in other families where similar 
haustoria exist. They have been described. by Balicka-[wanow- 

ska,®° Schmid’ and others. That they are transformed endo- 

sperm nuclei is of course easy to observe. Knowing the kind of 
work the haustorium is called upon to do, one might expect in- 

crease in size, both of entire nucleus and also of nucleolus, on 
account.of extraordinary nutritive function. The loss of power 

to divide accompanies the development of this function. Ac- 
cording to Schmid,° the nuclei should be considered degenerate 

_ structures, whose condition has been produced by excessive 
nourishment, as is attested by loss of power to divide. In- 

stances of like nature are not limited to embryo sacs, but occur 

in mycorrhiza and in animals. There is room for difference of 

opinion, however, as to the governing principle underlying such 

nuclear change. It is at least open to investigation whether 

the increase in size is a direct result of degeneration, due to 

unusually favorable conditions regarding food supply, or 

whether it is due to the added functional responsibility de- 
manded of them by the haustorium. It is questionable whether 

either failure to undergo division or exceptional abundance of 

nutriment should be used as a test of degeneracy. As evidence 

against the latter view, attention is called to the normal ap- 

pearance of the nuclei in the cellular haustorium in Salvia and 
those in the endosperm cells adjacent to a coenocytic hausto- 

rium. Both are in very favorable condition as to food supply, 
yet there is no nuclear enlargement. It would appear that 
ceenocytic structure is conducive to such enlargement, but it 

cannot be merely a question of food supply. A difference is to 
be noted in the lack of cell walls, which in a tissue may pos- 
sibly exert a limiting influence on increase of size in nuclei. 
Another difference is seen in the relatively small number of 

nuclei in a ccenocytic haustorium. It might be difficult to 

prove, however, that for this reason the work demanded of each 
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nucleus would be greater, though of course there is a possi- 

bility that it might be true. 
Haustoria have either indefinite or more or less definite 

positions of their nuclei. Walls might be expected in instances 
where the nuclei are definitely placed. Balicka-Iwanowska® 
found a very delicate gelatinous membrane present in cer- 

tain instances of this sort. No walls were evident, however, 

in any of the micropylar haustoria of the Labiate. 
Indefinite location of nuclei are associated with irregular 

form of haustorium, while those having a more nearly fixed 

position are found in such as have an approximately symmet- 

rical form. 
The Labiatz investigated generally have long suspensors, 

which are associated with the presence of micropylar haus- 
toria. An exception is seen in Salvia, which has a short sus- 
‘pensor and no micropylar haustorium. The direct results of 
suspensor elongation are the removal of the embryo from the 
haustorium and its transfer to the vicinity of the center of the 
growing endosperm tissue. These results are doubtless suffi- 

cient to serve as causes for suspensor elongation. It is at least 
evident that a position within the haustorium would not be as 
favorable as a position without in so far as the products of 
haustorial activity are concerned. The endosperm tissue itself 

exerts a digestive action on the integument, and it also receives 

the nutriment from the haustorium, hence this tissue is more 

favorable for embryo development than the haustorium alone. 

Although integument cells are destroyed by the haustorium, 

there is no reason for believing that those of the embryo would 

likewise be, since endosperm tissue bordering on the hausto- 
rium is in no way affected by its digestive action. There is, 

therefore, no reason for thinking that suspensor elongation is 

to remove the embryo from the predatory action of the haus- 
torium. 

In general, it does not appear that the suspensor functions 

as a conductor of nutrition to the embryo. Evidence for this 

view is found in the collapsed condition of the suspensor 
through nearly its entire length, especially in that part lying 

within the haustorium. The greater portion of it is apparently 
without cell contents of any sort, and may or may not be con- 

tinuous from the micropylar end of the embryo sac to the 
embryo. It would be expected of a cell or tissue that is serving 

2—Univ. Sci. Bull., Vol. V, No. 5. 
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actively as a means of translocation of food materials that some 

vestige of life would be discernible. In Salvia, for instance, 

a healthy, vigorous condition of the suspensor cells accompanies 

activity in food transmission. In all the species examined 

(except Salvia), the only suspensor cells that appeared to be 

living were those immediately adjacent to the embryo. The 

nutrition of the embryo is accomplished through absorption 

over its entire surface, whereas in Salvia an added source of 

nutriment probably lies in the conducting power of the sus- 

pensor. 
The length of the suspensor is roughly proportionate to the 

size of the haustorium through which the embryo has to be 
transported. Usually the movement is past a ccenocytic struc- 

ture to a tissue. An instance is to be noted, however, in My- 

oporum! (Myoporacee), in which the growth is directly 
through one portion of the endosperm to another. The beaked — 

portion of the endosperm is apparently a remnant of what may 
once have been a ccenocytic haustorium, but in which the ce- 

nocytic condition has been lost. 

The integument varies in thickness and extent in the differ- 
ent species. Of course, it is in those in which it is most ex- 
tensive that the largest haustoria are possible. Through the 
integument in each case there runs a vascular bundle which 

terminates near the antipodal region. A slight outpocketing 

of the embryo sac is found extending into the integument to- 

ward the end of the bundle. Later it may develop into a canal 
without nuclei, or into a process of the endosperm. Its func- 

tion in all cases is evident—to facilitate the passage of nutri- 

ment from the vascular bundle to the endosperm. 
In summing up the characteristics that are common to the 

species described in this paper, with the exception of Salvia, 

they have been found to possess three that in the future may 
be shown to belong to the family as a whole. They are the 

micropylar haustorium, the much-elongated suspensor, and the 

antipodal canal or process. Marked variations from a common 
type, such as are found in Salvia, suggest a taxonomic re- 

arrangement, even though the usual macroscopic characteris- 

ties resemble those of the family in which the varying species 

is placed. In a previous paper,' for instance, attention was 

called to the striking difference in the ovular structure of the 

Menyantheze when compared with the codrdinate subfamily 
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Gentianez. The two have since been raised to family rank, 
probably for other reasons, yet it is interesting to note that 
the structure of the ovule justified the wisdom of the change. 

In this way can a study of sporangial, gametophytic and em- 
bryonic structures be of service in establishing more natural 
relationships and groupings. 
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& as work, the results of which are herein presented, was 
undertaken during the summer of 1907, under the direc- 

tion of Prof. W. C. Stevens, whom I have to thank for his kind- 

ness and much helpful advice. My thanks are also due Mr. 
F. A. Hartman for helpful suggestions. 

In discussing the root-tip cells of Podophyllum peltatum, I 
shall use the following outline: 

I. Methods. 
II. Resting cells. 

A. Nucleus. 
1. Nuclear membrane. 

2. Chromatin. 

- 3. Achromatin. 

4. Nucleolus. 

B. Cytosome. 

1. Cell wall. 
2. Cytoplasm. 
3. Archoplasm. 

Ill. Dividing cells. 
A. Prophase. 

1. Nucleus. 

2. Cytosome. 

B. Later phases of division. 
1. Chromatin. 

2. Achromatin and cytoplasm. 

IV. General considerations. 

A. Achromatic and archoplasmic structures. 

B. Individuality of chromosomes. 

(87) 
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METHODS. 

The root-tips of Podophyllum peltatum are peculiarly fitted 

for the study of mitosis in the vegetative cells of plants. The 

cells are larger than those of the onion root-tip, and in properly 

stained material the cell organs, especially the chromosomes, 

are to be seen with almost diagrammatic clearness. 

The material used in this study was collected during the lat 

ter part of March and fixed in Flemming. For staining the 

sections three methods were used: Haidenhain’s iron-hema- 

toxylin (some sections counterstained with orange G), the 

safranin-gentian violet-orange G stain, and a combination of 

these two. Satisfactory results were obtained with slides 

stained in hematoxylin, both with and without the counter- 

stain; the three-color method also gave fair results. Only a 

few sections were successful with the combination method, 

but they were promising; without doubt the method will 
repay careful experiment. It was followed as given by Schaff- 

ner (2). 

THE RESTING CELL. 

The most typical resting cells are not often to be found at the 

tip of the root, for this, of course, is the region of greatest 

mitotic activity and the resting stages are very short, but back 

from the tip as much as two millimeters. Farther from the 

tip the cells are apt to be plasmolyzed in fixing. 

The nuclear membrane of the resting cell normally disap- 

pears as soon as the cell begins division; it is, however, quite 

constant in its appearance and staining reaction, and varies 

only slightly in thickness. It appears to stain very deeply with 

chromatin stains, a fact which is probably due to the peripheral 

arrangement of the chromatin granules, as seen in figure 1. 

These chromatin masses are arranged over the linin network of 

the nucleus in large or small patches, depending on the age of 

the cell, 7. e., nearness to the tip. 

In examining the achromatic structures of the cells of P. 

peltatum I have had considerable difficulty, especially in the 

stages of mitosis. In some cells they can be seen quite clearly; 

in others, which appear to be equally well fixed and have been 

treated with exactly the same methods, they cannot be seen at 

all. Owing to this irregularity in their staining capacity, I 

have not been able to work out their history accurately. 

The nucleoli of these cells are very interesting. They vary 
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in number from one to several—rarely more than four—and in 
size and shape. In general they are irregular-spherical, but 

may be compressed into different shapes. ‘The variation in size, 

which is considerable, depends on the age of the cell. As the 

time for division approaches they grow smaller, finally disap- 

pearing about the same time as the nuclear membrane. This 

last fact sustains the conclusion that the nucleolus is simply a 
storehouse for food material for the rest of the cell. 

In most cells up to the time of division there is noticeable a 
peculiar vacuolated condition of the nucleus, and in these vac- 

uoles lie the nucleoli. Figure 1 shows two such cells, one of 

which has a single large nucleolus surrounded by a vacuole 

and the other three. The term “vacuole” for the clear space 
* surrounding the nucleoli may be misleading. Experiments 

seem to show that this colorless space contains something more 

than a watery fluid, which is extracted by dehydration. By sub- 
jecting the roots of Zea mays, Vicia faba, and other plants to 
strong centrifugal force, Mottier (1) found that the nucleolus 

with its surrounding clear space was thrown out of the nucleus 

into the cytoplasm. ‘The nucleolus was still surrounded by the 

space, a fact that seems to show that the colorless substance 
has greater specific gravity than the other contents of the 
nucleus. The colorless substance may represent the unor- 
ganized nucleolar material.” 

The cell wall of the resting cells stains much like the nuclear 

membrane and is only slightly thicker. 

The cytoplasm stains fairly dark with iron hematoxylin, 

and shows its fine reticular structure quite plainly. Scattered 
uniformly over the threads of the reticulum are large granules. 
The cytoplasm of the cell stains slightly denser than the nuclear 

sap. 
With regard to archoplasmic structures, not the slightest evi- 

dence was seen to indicate that such structures as have been 
described by Schaffner are ever present: 7. e., centrosomes and 

centrospheres. 
DIVIDING CELLS. 

The plane of division in these cells is mostly at right angles to 

the axis of the root. This rule, however, is by no means in- 

variable, for numerous cases have been found with the division 
planes parallel to, or at an angle of forty-five degrees with, the 
longitudinal axis (figs. 14, 20). 
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When the nucleus begins division the chromatin masses ar- 

range themselves in a spireme (figs. 2, 3) and the linin reticu- 

lum can no longer be seen. Perhaps the network has drawn 

tighter, the threads stretching out to form a framework for the 

spireme. This stage has been called “close mother skein” 

(Schaffner). In figure 2 the nucleoli are still present, but they 

are now without the surrounding clear spaces. 

The spireme soon becomes looped with the heads pointing 

toward the poles. I have not observed any connection between 

this fact and the fact that the chromosomes are J- and U- 
shaped. The segmentation of the spireme does not seem to 

occur regularly near the equator of the nucleus, as would be 

necessary to make the heads of the chromosome loops identical 

with those of the spireme loops. 
At about this stage the nuclear membrane disappears, as do 

the nucleoli. There is, of course, variation about the time of 

disappearance, for the membrane is still present in figure 4, 

where the granules have split to form a double spireme. This 

split is very clearly shown in figures 5 and 6. The spireme 

granules here have segmented to form the chromosomes. Im- 

mediately after segmentation the chromosome granules con- 

dense and the segments shorten, thus giving the apparently 

solid character to the chromosomes. In figure 6 the two lower 
segments have lagged behind the others in condensation. 

At this stage or earlier the anlage of the spindle should ap- 
pear, for in the next stage observed the chromosomes were 

arranged on the bipolar spindle in the metaphase. The origin of 

the spindle was not observed, however, nor were any traces of 

a multipolar spindle seen. This may. be due to any one of the 

three causes: the duration of the multipolar spindle may be 

short; the spindle substance at this stage may not take the stain 

readily; or the bipolar spindle may have been formed in the 

manner usual in the cases of higher plants, but with the omis- 

sion of the multipolar stage. Of these three hypotheses for the 

. absence of the multipolar stage, the third seems, perhaps, the 

best from the evidence in hand. The probability of the hy- 

pothesis decreases when we consider that the central spindle 
fibers stain more deeply than the traction fibers. No centro- 

some or centrosphere. was seen in these cells, although in one 

or two cases a massing of protoplasmic granules at the poles 

of the cells might have been taken on a superficial examination 

for a centrosphere (figs. 7, 11). It was not difficult to de- 
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termine, however, that such was not the case, and it seems quite 
certain that the spindle is formed without the influence of 

other archoplasmic structures. 
In most cells there is no metaphase for the entire chromo- 

some mass, 7. é., an equatorial plate, in these cells, but each 

chromosome passes through the stage without waiting for the 

others. Figures 7 and 11 are the only approach to such a con- 
dition, and even here there is some lack of uniformity in the 
division of the chromosomes. Figures 8, 9 and 10 show the 
usual condition of the equatorial plate. Figure 10 shows the 

longitudinal split of the undivided chromosomes very clearly. 
This cell was crushed, but the crushing served to bring out the 

split all the better. 
During the metaphase the first signs are seen of the concen- 

tration of the cytoplasm at the center of the cell, where the 

new wall is to be formed, and the consequent vacuolation of the 

cytoplasm at the poles. (This phenomenon is the usual occur- 

rence in these cells but there are numerous instances where it 
is only slightly marked.) This concentration seems to aid in 

the construction of the new cell plate, for the more marked the 

concentration the more rapid the cell-plate formation. 

In regard to the division of the chromosomes nothing un- 
usual was observed. The chromosomes divide and pass to the 
poles as in most forms. In passing up to the poles the chromo- 
somes usually turn with the short arm of the J toward the cen- 

ter of the spindle. One chromosome seemed to stand out from 

the rest slightly and was especially marked by its size; this was 
the long chromosome m (figs. 9,14). Polar views of the ana- 

phase present the best opportunities for counting the chromo- 

somes, but there is much uncertainty even here, owing to the 
difficulty of getting all of the plate in one section or of tracing 
it through neighboring sections. Fourteen chromosomes were 

counted in about a dozen cells, but this, of course, is insuffi- 

cient evidence on which to base a decision. 
Arrived at the poles the chromosomes fuse end to end and 

then form a loose daughter “skein.” This “skein” becomes a 
close one and the chromatin forms a dense mass at the poles. 
The remainder of the nuclear reconstruction consists in the 
formation of the membrane, the distribution of the chromatin 
granules in the nuclei, the appearance of the linin network and 

the formation of new nucleoli. It is a general rule that the 

nucleoli arise on the side of the cell nearest the new cell wall. 
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While the reconstruction of the nuclei has been in progress, 

several changes have occurred in the spindle and the cytoplasm. 

As soon as the concentration of the cytoplasm is complete the 

spindle broadens out somewhat. Figure 23 shows a maximum 
bulging, while figure 22 is perhaps a minimum. Figure 22 

shows an unusual phenomenon in the process; the majority of 

the central spindle fibers (only the central fibers now remain) 

seem to have become free at their polar ends and to have short- 

ened towards the center, staining very darkly in this region. 

The threads disappear as soon as the cell walls are formed. It 
is difficult to determine what the bulging out of the spindle and 

the concentration of the threads and cytoplasm signify, but it 

seems probable that the threads contain some substance useful 

in the construction of the new cell wall. This suggestion is in 

line with the work of Strasburger (4) and Haberlandt (5), 
who have discussed this phenomenon of the spindle in detail. 

The rate at which these processes occur varies. One may 

find a nuclear membrane before the cell plate has started (fig. 

20), or he may find the cell plate well started while the chro- 

matin is still in the loose daughter ‘‘skein” (fig. 19). 

GENERAL CONSIDERATIONS. 

Achromatin and Archoplasm.—In regard to the origin of 

the spindle Schaffner concludes that, in root-tips of the onion 

and of Sagittaria, at least, the multipolar spindle is due 
either to pathological causes or to “improper manipulation 

in preparing the sections,” and that a bipolar spindle is formed 

not by the transformation of a multipolar stage but under the 

influence of a centrosome and centrosphere as commonly de- 

scribed for animals. As previously stated, I find no evidence 

whatever for concluding that such archoplasmic structures are 

present. 

Although no traces of a multipolar spindle have been seen 

here, it is not necessary to assume that a centrosome is present 

to guide the formation of the bipolar spindle, as the fibers them- 

selves may possess sufficient directive energy to bring about 

the bipolar form. 

Individuality.—A single bit of evidence was found in support 

of the theory of individuality of the chromosomes in vegetative 

cells. In several of the cells there is an unusually long chromo- 

some, m, in general dividing before the others in the cell. Al- 

though this meager bit of evidence is by no means conclusive, 
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it points toward the view that while the cell is the unit of 
structure the chromosome is the unit of potentiality, and that 

the chromosomes themselves may all differ in structure and, if 
in structure, also in potentiality. 

An interesting problem concerning these root-tip cells is the 
relation of the cells to the entire tissue and the cytological 
processes of later stages of embryonic growth. Material for 

this study is not at hand at this time, but I hope to be able to 

trace out these processes at some subsequent period. 
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NOTE. 

The drawings of the Podophyllum root-tips were all made with the aid 

of a camera lucida (B. & L.) A C. Reichert 42 objective was used and 

with it a B. & L. %-inch ocular for the larger figures and a %-inch for the 
smaller, making a magnification of 2466 and 2000 diameters, respectively. 

Figures 9, 13, 14, 15, 16, 18, 20, 22, 23, 24, were made from material 
stained with the Flemming three-color method. The others were made 

from sections stained with the iron-hematoxylin method. 

2-—Univ. Sci. Bull., Vol. V, No. 6. 
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INTRODUCTION. 

OME plant forms are peculiar and striking. Those of the 

desert are particularly individual, many being even gro- 

tesque in their chance variations. The choice of one of these 

plants for study was suggested by Professor Stevens, of the 

Botany Department of the University of Kansas. Accord- 

ingly, after sectioning and examining about fifty or sixty 

plants, I selected and studied three more carefully. Of these 

the subject of this sketch is perhaps the most interesting. 
The material for this study was obtained in the summer of 

1908. In July of that year collections of about sixty or seventy 

different species were made by Mr. L. M. Peace, of the Uni- 
versity of Kansas laboratories. These were taken from the 

region around about Tucson, Ariz., representatives of some 
species being taken from several habitats, as from mesa, 

wash, irrigating ditch or hill top. As the short summer 

season of rains had just begun some of the plants were ob- 

tainable before the leaves had appeared. Specimens were, of 

course, also taken after the leaves came out. The jars with 
their preserving fluid (two per cent formalin) were taken into 

the field, and the plants put into these as soon as collected. In 
many instances the whole plant was secured, one jar containing 

the root, stem, leaves and flower or fruit of the same plant. It. 
will be seen that this collection is particularly valuable because 

(97) 
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of the great care taken in obtaining it. Many thanks are due 

Mr. Peace on this account, as well as for numerous verbal ex- 

planations and descriptions of the desert, the vegetation and 

the individual plants. 

The literature dealing with the desert plants is, as is well 

known, somewhat meager. So far very little more than a de- 
scription or a mere mention of Koeberlinia has been found. 
Gray describes it in his Plante Wrightianz, and places it 

with the Rutacezee. Engelmann mentions it twice in his works: 

once in his review of the Wislizenus plants and once as erro- 
neously numbered by Emory among his Cactacee of the South- 

west. Bentham and Hooker describe it under the family 

Simarubacez. The Ailanthus, or “Tree of Heaven,” is perhaps 
the most familiar representative of this family with us north- 

ern dwellers among mesophytic forms. John Charles Van Dyke 

alludes to the “crucifixion thorn” in “The Desert.’”’ He says he 

has met with it in several localities although it is reported as 

. “very scarce.” Several travelers in Mexico and the Southwest 

have made collections of this plant or have reported it. Prof. 

Charles Bessey, of the University of Nebraska, in the “Burro 

Thorn” (Holocantha emoryi) finds a plant of great interest, if 

not one wholly as attractive morphologically, if one may judge 

by the brief account he was able to give for lack of the “oft 

promised material.”’ 

A description of the plant as a whole has not been found. 

We do not know that anyone has ever had the hardihood to dig 

up a root. It is said to make an impenetrable barrier, so that a 
plant three feet high is of such dense growth that the main 
stem is hardly to be seen. Among the earlier collectors of the 

plant might be mentioned Chas. Wright, Dr. Josiah Gregg, 

Gen. Wm. H. Emory and Dr. N. Wislizenus. The plant is 

sometimes called “Junco.” It seems as the northern border of 

Mexico is approached the individual plants become more 
stunted and less numerous than farther south. The plant is 
thus described by Sargent: 

‘Leaves, not more than one inch long. Flowers, appearing 

in May and June, about one-fourth inch in diameter. A bushy 

tree, rarely twenty to twenty-five feet high, with a short, stout 

trunk sometimes six to eight feet long and a foot in diameter ; 

more often a low-branching shrub forming impenetrable 

thickets, often of considerable extent. Wood very hard, heavy, 

close-grained, dark brown somewhat streaked with orange; 
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becomes almost black on exposure, with thin yellow or nearly 

white sapwood of twelve to fifteen layers of annual growth. 
Distribution: Dry gravelly mesas and foothills, valley of the 
Lower Rio Grande, Texas, westward to southern through 

northern Mexico.” 
The four or five plants seen a ak Mr. Peace were of various 

sizes, the largest—the one from which the specimens were 

taken—being about three feet wide and very compact in 

growth. The branches were pale green in color, no leaves, the 
flowers whitish to cream color. This was about three miles 
southwest of Tucson. 

As far as observed every branch is a thorn, some of them a 
little blunt at the end and not tipped with the brownish needle- . 
like point. The thorns vary from 1.5 cm. to 7 em. in length, 
being from 1 mm. to 4 mm. in diameter at the base. The 
largest stem obtainable for study was about 4.5 mm. in diam- 
eter, and was probably five or six years old, possibly more. To 
all appearances the bark is smooth, but microscopically it is 

somewhat rough, the roughness due to the dome-shaped pro- 

jections which occur over the stomatal chambers. The flowers 
are borne along the sides of very small sharp thorns. They 

have the appearance of being in a raceme—an umbel-like 
raceme, some authors call it. The leaves, said to be scalelike, 

are soon dropped. 
INVESTIGATION. 

“The study of the desert plants was taken up in February, 
1909, in connection with other graduate work at the University 

of Kansas, and continued until the middle of August of that 

year. 
The methods employed in pursuance of this study were vari- 

ous. The chlor-zinc-iodide treatment of sections fresh from the 
formalin or paraffin, or softened from the dried state, proved on 
the whole the most satisfactory. 

All the figures, except a few of the flower and some diagram- 

matic ones, were made by the aid of the camera lucida, the pro- 

jection lantern or the photographic camera. 

Stem.—The stem as a whole shows some interesting features 

in cross section, of which the thick epidermis, deeply sunken 

stomata, the deep palisade tissue, compact wood and small 

water tubes are not the least striking. 

The tisswes might be taken in their order, beginning with 

the innermost one. It has been observed that no generalization 
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can be made in regard to the structure of these desert plants, 

each one having its own peculiar way of getting on. 

The pith occupies a sort of triangular area. The cells are 

comparatively large (see table), are heavily lignified, deeply 

pitted, stored with starchy material, and possessed of—in al- 

most every case—a small crystal having the form of the cal- 

cium oxalate crystal. In the younger flower branch we find 

cells with thick walls, also, but retaining their rounded shape, 

pitted, and plentifully surrounded with air spaces. No food 

material was observed stored in this region. In the older stem 

elongated pit cells next the trachial tubes are densely filled 

with material that stains blue with c. z. i. This has a fine 

granular appearance (fig. 2, plate XX). 

The medullary rays are conspicuously broad in cross section, 

many being five cells wide. The cells are comparatively large. 

They have the ordinary cylindrical shape with thick lignified 

and pitted walls. (Figs. 3 and 5, plate XIX.) Intercellular 

spaces are frequent. Most of the cells are full of non-nitrog- 

enous material, while a few narrow and elongated ones appear 

adapted for quick conduction. Those between the phloém 

strands show the characteristic proteid reaction with c. z. i. 
and have the usual unpitted walls. Crystals are often found in 
these cells. 

The xylem makes up a great part of the stem. The wood 

fibers cannot be said.to be very numerous. They have the 

usual shape and are rather short. (See table.) The fiber- 

tracheids are found quite plentifully and correspond closely to 
the wood fiber. The bordered pits, however, are very numer- 

ous, there being at least 200 to a tracheid. (Fig. 15, plate 

XX.) The pits are small. The spiral tracheids have the single 
and double spiral threads. These vessels are decidedly small. 

The tracheids are of three kinds and vary in length and diam- 

eter. (See table of measurements.) The tracheal tubes have 
many small bordered pits and have thickenings in ridges in 

the walls. The whole tube is divided at more or less regular 

intervals, as from 0.6 to 0.27 mm., by thick rings. Upon in- 

vestigation these may sometimes be seen to be in the plane of 

union of neighboring tubes, the walls being so completely 

fused as to obliterate all trace of joining. It seems that these 

rings are really the borders of an aperture in the ends of tube 
elements, occurring in the earliest laying down of the tissue. 

They were observed in the last vessels laid down before col- 
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lecting in the midst of the rainy season of 1908. (See figs. 5 
and 6, plate XX.) These pitted vessels, often with ragged 

inner thickenings (fig. 6), are found from the spiral vessels 
next the pith to the latest growth. They are also found in the 

young thorn which bears the flowers. The end of this division 
of the tracheal tube is often very much elongated and gradu- 

ally tapering (figs. 3, 4, 9). Sometimes the long tapering is 

omitted and we have a peculiar cell ending as in figures 6a 

and 7. These elements sometimes taper at both ends, but fre- 

quently and abruptly in horizontal base. (Fig. 3.) 
Besides the tube elements just described, there are the more 

or less rectangular tracheids that join their neighbors above or 

below by horizontal or oblique walls. (Fig. 13.) 

No means to be had will give an exact account of the age of 

the stem. This is true of most of the perennials of the desert, 

we believe. Upon projecting upon the screen by means of the 
lantern, a cross section of the older stem showed traces of five 

or six seasons’ growth, a slight increase in the size and number 
of the vessels being noticeable in each successive yearly growth 
as well as a somewhat greater compactness of growth in the 
wood itself. Probably for the year 1907 a new set of vessels 
has been formed. (Fig. 1, plate XVIII.) Outside of these is a 

second set of larger and unquestionably new water vessels laid 
down at the beginning of the rainy season of 1908. The width 

of an annual ring varies somewhat, but on the whole has an 

average of about 0.2 mm. The entire radial measurement of 
the wood from pith to phloém is about 1.5 mm. This would 
make the stem about seven and a half years old. 

The Phloém region shows the usual storage of nitrogenous 

materials in the sieve and companion cell portion and in the 
parenchyma. The elements of the sieve vessels are rather long 
(see table) and full of fine granular material. The sieve plates 
are heavy, with very minute perforations on the sides. The 
phloém parenchyma in my material occurs in a series of five 
parts, each being about three cells wide. (Fig. 1, plate X XI.) 

The stone cells and bast make a hard, rigid cylinder around 

this more delicate portion, the stone cells occurring between the 

bundles of bast and extending around them. 
The sclerenchymatous or stone cells are of various shapes: 

some are squarish, some oblong, and some so elongated as to be 
confused with the bast as far as shape goes, but possessing 

the deeply pitted characteristic of the stone cell. This zone 
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occupied by the stone cells is broad. Sometimes the cells are 

found in the region of the palisade cells, in scattered patches, 

or in many cases filling up air cavities pelanr the stomatal 

chamber. (Fig. 1, plate XXIII.) 

The bast appears to be of twofold RATS TA ordinary 

long, tapering cells, united by a long splicing, then another 

kind, shorter and tapering abruptly at one end, while the other 

end, rather blunt, fits securely into the socket made by the two ~ 

cells below. (Figs. 8, 9, 10, plate XXI.) These fibers occur in 

the regular bundles, but they also make a sort of inner bundle, 

we think; at least, in all the cases so far examined they appear 

to occupy that position. They may make a sort of inner sup- 

porting shaft to the whole group. When separated from the 

long fibers a bundle of them looks like a barbed shaft. 

The spongy parenchyma tissue takes up the inner collen- 

chyma region. These are about five or six cells deep radially. 

The walls of some of the parenchyma of the innermost portion 
are heavily lignified. Neighboring cells have not so changed 

materially, but the cellulose wall is thicker in many cases. The 

walls in all the sponge are about twice as thick as those of the 

palisade region. The spongy cells are spherical, cuboidal or 

ovoid in shape, and about twice the diameter of the palisade 

cells. The numerous and large intercellular spaces in this re- 

gion are conspicuous. There are besides whole rows of open 

spaces, seen in either cross- or longi-sections. (Fig. 9, plate 

XXII.) This will be taken up in a later paragraph, however. 

The palisade cells lie in characteristic position, two or three 
deep radially. They are thin walled, cylindrical in shape, with 

some, but rather small, intercellular spaces. The chloroplasts 

are of goodly size, and show a deep blue in treating with ec. 

z. i. In this region also are to be found very large aerating 

chambers, ovoid in shape, connecting directly with the stomatal 

chamber above, and thence with the outer world. These are 

not quite so numerous as the smaller cavities mentioned in the 

sponge. (Figs. 3, 4, plate XXII.) 

The epidermis is remarkable. The cuticle itself is very 

heavy, it being 0.015 mm. in thickness in the old stem. The 

whole epidermis as found in the older stem measures from 

0.075 mm. to 0.105 mm. There is but one row of epidermis 

cells. These are elongated radially, and in the younger parts 

of the plant are of thin cellulose walls. In the older parts the 

walls become very much thickened, so much so that in time only 
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a conical space at the bottom represents the cell cavity. (Figs. 
4,5, plate XXII.) At intervals these picket-like cells give way _ 
to large cavities, which they surround and protect by a slight 

modification at the outer extremity, a curving upward and in- 
ward, thus making a little dome of from eight to a dozen cell 

_ tips. (Figs. 3, 1, plate XXIII.) These, not entirely closing the 
cavity, leave an aperture allowing of communication between 

the outer world and the stomatal apparatus within and thence 
farther beyond to inner tissues. (Fig. 8, plate XXII.) The 
details of this arrangement, although seemingly complex, are 

actually simple. The stoma lies at the base of the epidermal 
air chamber; slight projections of the walls of the guard cells 

make a shallow stomatal chamber immediately above, and like 
ones make one below. Beyond the lower lies the large ovoid 
cavity referred to in the palisade tissue. (Figs. 8, 9, plate 
XXII, fig. 11, plate XXIII; and for measurements, see table, 
p. 7.) A curious little Phycomycete makes its home in the out- 
side stomatal cavities. It occurs in a majority of the stem 
stomata. (Fig. 7, plate XXII.) There are about 150 stomata 
to a square millimeter. (Fig. 2, plate XXIII.) In the younger 
stem a tissue for water storage occurs just outside the peri- 
cycle. Sometimes this appears to be represented by a single 
cell only. (Figs. 8, 9, 10, plate XXIII.) The region of spongy 

parenchyma here stains deep blue with c. z. i., while the pali- 
sade cells remain yellowish. 

Flower.—The flower, cream color to yellow, shows the four- 
parted arrangement—four very short triangular sepals, green- 

ish in color; four long, blunt, prominently veined petals, en- 

closing eight stamens, which show an inequality in length of 

filament. The anthers are elongate-ovoid, and open on the 

side. They are attached to the filament at about one-fourth 

the distance from the base. The filaments are stout and taper- 
' jing upward. The superior ovary is globose in shape, tapering 

above into a pillarlike style, which in turn tapers slightly at the 
apex to form the stigma, which is a plain surface surrounding 

a circular orifice. 

Upon sectioning the ovary longitudinally the numerous 
ovules are noticed in longi-section; they appear hanging down 

from the central placenta. In cross section two cells are seen, 
and in some parts a suggestion of two side partitions. The 

ovary wall is cutinized heavily without and within, insuring 
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protection for the ovules against the intense aridity of the des- 

_ ert atmosphere. The mesophyll of the ovary is well supplied 
with chorophyll bodies and contains numerous mucilage cells, 
thus assisting in the provision for intensest drought. A resin- 
ous gum is found in the seed vessel surrounding the ovules and 

the vascular bundles in the placenta. (Figs. 1, 2, 3, 4, plate 

XXIV.) The resinous gum is not found elsewhere. 

The contents of the cells of the stomata of the inner wall of 
the seed vessel stain a deep blue with c. z. i., showing that the 
guard cells here are living and filled with non-nitrogenous ma- 

terial. 
The mucilage cells finally break down, thus forming large 

mucilage reservoirs. (Figs. 8, 7,5, plate XXIV.) 

CONCLUSION. 

Koeberlinia is what Clements would call a stem xerophyte. 
The low stature of the plant, its compact habit of growth and 

the heavily cutinized surface everywhere, reduces evaporation ~ 
to a minimum. The dead-air spaces furnished by the outer 

stomatal chambers also contribute toward this end. A supply 
of moisture is insured for the more strongly growing parts by 

the storage of water in special reservoirs and by the presence 

of mucilage in the seed vessel. The resinous gum aids in con- 

serving moisture. Greater strength is secured, perhaps, 
through the peculiar splicing of the large tracheids. The stone 

cells, with their firm adherence to the bast fibers, also give 

strength. The air spaces in epidermis, palisade tissue, sponge, 
medullary rays and pith insure a goodly supply of COz without 

much evaporation. These points might be summed up thus: 

Evaporation minimized by: 

Dispensing with leaves. 

Heavy cutinization on all exposed surfaces. 
Dead-air spaces (outer stomatal chambers). 

Low stature. 
Compact growth. 
Resinous gum surrounding tender growths. 

Moisture supply provided for by: 
1. Special reservoirs for water storage. 

2. Mucilage in-cells in seed vessel. 

3. Tracheal elements. 

4. Presence of resinous gum, 

at hel sc ase Ce 
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Strength attained by: 
1. Extreme lignification. 

2. Long splicing of bast. 

3. Long splicing of large tracheids. 

4. Heavy zone of stone cells firmly adhering to bast. 

_ Supply of air provided for by intercellular spaces in: 
_ Epidermis. 

Palisade. 
Sponge. 
Medullary ray. 

Pith. 

On the whole, this plant presents a wonderful array of 
“aids” to getting on in the desert. No other plant examined 

showed so thick an epidermis and such an aerating system. A 
few were almost leafless, a few had a heavy epidermis, some 

were strongly lignified, others showed resinous secretions. Al- 

most all had larger water-conducting vessels. With all the 

- adaptations that this plant had it seemed strange that it was 

so rare, but upon investigation we find that by abortion the 

many seeds are reduced to one, two or three to a berry. We 

have not yet found out whether the berry is eaten by animals 

or not. 

Tables of measurement, rainfall and evaporation are pre- 
sented for reference; also, a very superficial table giving some 

facts in regard to a few other desert plants. I am indebted 
to Mr. Peace for the tables on rainfall and evaporation. He 
has also kindly furnished the two photographs as well as much 

valuable information. Thanks are due to Doctor Trelease. 

Doctor Land and Doctor Spalding, for kindness in answering 

inquiries. I also wish to thank Doctor Billings for sugges- 

tions, and Professor Stevens especially for ever-ready assist- 

ance. It is a pleasure here to express gratitude to Doctor Mac- 
Dougal for freely granting the facilities of the desert labora- 

tory while the materials were being collected. 
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TABLE OF MEASUREMENTS. 

Structure. Length, mm. Width, mm. 

Le Md pith Reis vb ie visa cas PE ei ae, eaieew ce ay «+. 0.038 to 0.045 0.03 to 0.075 
2. Marginal pith cell..............6: si ereid eee CAI -045 .075 .O1 -015 
Bp: PROUMUATH PAY CON a 5 6555's ose kc ke bo stasweie ae Wks calioe 05 . 075 -012 -014 
4, Wood fiber ...... ei rebate Sav Amen S Ry ee red a .24 Peace TAS alace 
Bet OCR Oe: CONS i oo te Nace aa olka xs 4a0 ce Sk dis cae oo tame sO ite i See cans -015 
Gs Dirge: tan Oa soa s5 sss ailics Sn be cb che ome Wide BAD -06 “oF 01 -03 
As vA CAOOOB Ss 60 Vioiat can ass oaly arcidian bs Baily AIA Sadek te Ma .114 .015 -025 
Be OVS OGY Weep ai nis rs esp He ge aiden abe ae -03 25 015 
9 hloem parenchyma ..... a a er Leo” wales -022 ee ots erg 015 

10. - Stone: cell ie Fee Visi a wks « SER ee eURGR 05 12 -015 
11. Bast: (longed: oo oo ees Pee ee a rirer Pipeatt ate @ .06 » | Palen mie ee -013 
12." Bast. (ehore) ses. Sites Sores cee ee ee ae 015 038 eee s 007 
18. .Spongy pParenehyMs 066 esiecGa iene s be bcneceaes .015 .03 RS .02 
14, Palisnde celle.) (avi civ iew bees oes hess eee ai Bip gate 01 -012 
15. Enidermis,: older stemcg ta) os > 6c became ced co eo. eae 075 -105 
16. Cutinized portion epidermis, old stem......... 0  ..... eaaee ate Fae -075 
17. Epidermis flower branch...............2+200+ Sain Sian Shah TET ee ee RL Dette He ; 
18. Cutinized portion epidermis, flower stem....... 0 ..... 0 seeee ee -013 
19. Epidermis-ovary, outer ............ PPO es aE Ree ee ie . 038 - 065 
20. Cutinized portion epidermis-ovary, outer....... 0.2.6. seeee .01 -015 
21. Epidermis-ovary, inner .............+seeeeeees eR tee ees. -02 -045 
22. Cutinized portion epidermis-ovary, inner....... Pe SNES Shr ah etary i": -01 
23. Epidermis of anther................. Epic Visine O41 a ete LEE he ee Ree z 
24. Cutinized portion epidermis, anther........... seeee  ceees euled -0019 
25. Epidermis of petal, outer..............00e000% Spe eeey. Mae ena - 02 
26. Cutinized portion epidermis-petal, outer.......  ..... seeee tw ww ws 0019 
27. Jepidewminrneiah aniers o70s. . oo seu dak «icles bs sia pews Si ae . ye 015 
28. Cutinized portion epidermis-petal, inner.......  ..... oo ceeee en ee -0019 
29. Upper stomatal space. oi. ..6s.sccesecicaes Saele PER a ate Pe Mee eg 4° -04 
8G... Lower StOMAtal“GnRGe cicada tie obese ea Whi eae es 06 area 03 
81. Outer stomatal aperture............... Tevet y Og SER eee ya vo Wis ott 008 
Be, Inner sscOmesnl waperlate. gs Kes san cians + Geasiclin CGI in wae Seen 015 
83. Air space in sponge...............06. rac -08 - 025 - 082 
84... Muctiage celle cccii ss sewds eves 9 de acanate ST, MA - 0325 
85. Mucilage reservoirs .. ee path Wel oe .06 -15 
86. Water storage cells..... eae .08 .06 .08 .045 
87. Resinous gum ceells....... “ -03 .092 -015 * .02 
28. Intercellular space, DIGhs 565. .< decay eis Ohgue tn ade es ae 007 015 
39. Intercellular space, sponge.............. ab x pae nla sete uedes - 008 .015 

RAINFALL NEAR TUCSON. 

* With snow. + With sleet and snow. 

TEMPERATURE AT THE DESERT LABORATORY. 

Lowest. Highest. Lowest. Highest. 
PST dan Dima Paper igr ee AB ame 77° F, 99° F. Pos ak. Be ae ee Le ee 65° F. cee, 

HO Re eater eee mee 77 10 SP EDS Sits Sra clare ete 68 
Or Bas ae a eae 74 99 gst =| | Sem ares. tae Mets ina 75 95 
FAC pera tans >. pire 78 90 ee DE ga 0b a oye e siktee Sine 75 99 
OVO soa seek ee eee 78 95 Sy Sad Gk br atb eae RS 75 94 
OTE. tte 74 101 OT a eT a walang rete 6 62 92 
baat: beta Gt capes ole 8 71 100 “Che assees Gaede tants 65 90 
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A CASE OF ABSOLUTE TONE MEMORY. 

BY ARCHIBALD HOGG. 

XTRAORDINARY forms of consciousness are necessarily 
few, otherwise they would not be extraordinary. They 

are usually worthy of study and report directly by reason of in- 

herent interest and indirectly through the light they throw on 

mental process in general. Among the exceptional forms of 

memory activity we find in hearing what is called by musicians 

“recollection of absolute pitch,” by psychologists ‘‘absolute tone 

memory.” A striking instance of the possession of this faculty 

led the writer, assisted by a friend' who is a skillful amateur 

violinist, to make the two tests herewith reported. 

The subject? is a boy thirteen years of age, a quiet, gentle 
lad, imaginative, introspective, fond of his music and of long 

walks, and is perhaps less vigorous than the average child of 

the same age. 
He gave early evidence that he possessed unusual musical 

gifts. One night when he was about four years old, and while 

lying in bed, he listened to the playing of a wedding march at a 

marriage ceremony in a neighbor’s house. The next morning 

he climbed on the piano stool at home and reproduced the 

march—but in a simpler way. At the age of six his musical 

education began with lessons on the piano, and it has continued 

ever since except when interrupted by the vacations and ill- 

nesses incident to childhood. His possession of absolute tone 

1. Mr. A. K. Hubbard, assistant professor of civil engineering in the University at the 
time. 

2. The boy is the son of a professor in our University. Both parents are musical. One 
older brother plays the cello, another plays violin. Two younger children cannot be char- 
acterized with much certainty yet with respect to musical ability, 

(113) 
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memory was so strikingly emphasized as to attract attention 

one day about three years ago, when he remarked to an older 

brother who had just tuned a cello that the pitch of the instru- 

ment differed from that of a few days before—-an observation 

that was verified by appeal to the piano. Since then the boy 

has been tested, usually for amusement or out of curiosity, 

some five or six times, but without any records being kept. 

Composition comes easy to him and he has composed not a few 

melodious pieces during the last four or five years. 

The notes given in the tests and the observer’s judgment are 

indicated in accordance with a quite simple plan. The notes 

from and including middle C to its octave above are left un- 

marked. A tone in the next higher octave is indicated by a 

single accent mark above the letter, in the second higher by 

two accents placed above, and so on; similarly with the lower 

octaves, except that the accent marks are placed below the let- 
ter in such instances. The usual symbols for sharp and flat are 

used after the prescribed fashion. 

The note or notes struck are placed first in the record and 

are followed immediately by the observer’s judgment. In hoth 
tests the observer himself was seated with back turned at a 

distance of about eight feet from the instrument and was look- 

ing away from it. In other and unrecorded tests at home he 

has been sent at different times to various places about the 
house within hearing distance of the piano. The results of the 

unrecorded tests have been practically the same, as conversa- 

tion with people present on such occasions has revealed. The 
uniformity of testimony regarding these unrecorded tests is the 

reason why more tests were not made by the present experi- 
menters. 

The first test was made on the observer’s piano in April of 
this year. The results are given in table I. 

Several times the observer was asked not to name the notes 
but to come to the piano and point them out without striking 

the keys. It was doubtless an unnecessary precaution. 
A few miscellaneous tests were next made. The observer 

was asked to reproduce, either by whistling or singing, certain 

notes that were named, and thereupon sang or whistled in 

correct pitch, as shown by the piano, the following notes, 

f#, g#, c#,, bb, f. db” a’, d. 

Following that a simple tune was played on the violin and 

the key asked for. It was promptly and correctly given. The 
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TABLE I. 

‘Stimulus. Judgment. Stimulus. Judgment. 

Cc Cc D, D, 

E E FBé F Bs 

AM A” B/G B,'G 

D’ D” GG# AbA 

By, By, EyGij eee 
G! G’ BYU RY” BY pu 

F yy Fy, Gi, B, D,G, G, B, D,G, 

BM BY" Eé,,G,, Bé,D, | Eb,,G,,Bb, D, 

DF), Dj, C F+ € F# 

qu qu E,,,G” E,,G”" 

Ab’ Ab/ D,C# D,C# 
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experimenters having an idea as to the method of recognition, 

parts of three or four tunes were played, care being taken not 
to stop on the key note. The recognition was again prompt 
and accurate. Being questioned, the observer said his judg- . 
ment in the first instance was determined by following the 

general rule that a simple melody ends with the key note. In 
the subsequent selections the judgment was determined by the 
sequence of the notes. 

Then a high note on the violin between bh” and b” was 
struck. When asked the pitch the observer mentioned b’, and 

upon being told it was not exactly that he named bh”. 

Next, several double stops were given on the violin, one note 

being a shade off the key in each case. The note that was in 
error and the direction in which it should be changed were cor- 
rectly given. The observer was now asked to direct the opera- 

tion of tuning the A string of the violin until it corresponded 

with his own piano. The result, as shown by the piano, proved 

that the judgment was slightly in error in the flat direction. 

The same test on the D string gave a correct judgment. Prac- 

tice with the A string doubtless helped here. 
Lastly, the opening notes of a piece were sung. They were 

named correctly by the observer, as appeal to the piano demon- 

strated. He is ignorant of fingering of the violin. 
The second test was made one afternoon about a month later 

with the piano used twice a week by the observer when he 
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takes his music lesson. The instrument is tuned to interna- 

tional pitch and is lower than his own. He said it sounded 

flat. The results are in table II. 

TABLE I. 

Stimulus. Judgment. Stimulus. Judgment. 

C# c.. qu qu 

Gi Gy, Ab G’ 
Al” All D, D, 

D” D/ Ab’ Gi 

Bb Bb, GH” Gr 

G, G, F Bb EA 

Bé Bs Bs,G A#, F# 

De” D/” CF BF 

Fe" : sd G,, B,, D, G, G,, B,D, G, 

Fy ie Ge” Be’ De” Ge” G’” BB’ D/ 

Bi. 3. BY’ G’ Ba’ DD” BF!” Fe” A” CH! 

DF, Dw - E6GB4D DF#AC 

With the first of the errors it occurred to the experimenters 
that the judgments were being determined exclusively by 

simple comparison with the image-standards from the home 

piano—an hypothesis which would have involved uniformity 

in the errors. Notes a half tone lower in pitch than those 

really given should have been named. 

Later it occurred to us that the observer himself might be 

trying to correct the difference between the two pianos. That 
this was usually the case became known from answers to ques- 

tions asked after the test. The observer arrived at most of his 
judgments by traveling the following mental highway: The 

tone was first identified and named by means of the images 

from his own piano—the instrument on which he daily played 

and with which his familiarity was great. Having thus iden- 

tified the tone as nearly as possible (exact correspondence in 

any instance would be highly improbable), the simple addition 

of a half tone brought about the judgment announced. 

In a few cases direct recall of the tone-images from the teach- 

er’s piano rendered any additional mental labor unnecessary 

to identification. iia 
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In closing, a few statements are made by way of addition 

and partial summary. For our observer the difficulty of iden- 

tifying a single tone is scarcely harder in one region of the 

piano scale than another. But there is a decided difference in 
ease of analysis according as there are high or low complexes 
of tones. In the third octave below the mental separation of 
two notes was not attempted, the remark being made, “It’s 

such a jumble, I can’t remember,” while in the third above the 
identification was made with accuracy and without a noticeably 

great amount of concentration. Images from the organs of 
utterance seemed to play no part whatever in his recall of 

tones. Sound images apparently furnished exclusively the ma- 

terial used in all the judgments. Upon being questioned as 

to his method of identification and of reproduction the observer 
said he “just heard the tones in his head and told in that way.” 

Of a piece of musie recently purchased for him he said he had 
played it off “in that way” before touching a finger to the 
piano. His introspective competency was greater than was 

expected. 



+e ats 



THE 

KANSAS UNIVERSITY 

SCIENCE BULLETIN. 
Vol. V, No. 9—April, 1910. 

(Whole Series, Vol. XV, No. 9.) 

CONTENTS: 

THE HACKBERRY PSYLLA, PACHYPSYLLA CELTIDIS-MAMM4 RILEY. 

A Stupy IN COMPARATIVE INSECT MorPHoLoGy, . . H. B. Stough. 

PUBLISHED BY THE UNIVERSITY 

LAWRENCE, KAN. 

Entered at the post-office in. Lawr2nce as second-class matter. 



x. r, Bs ft i" 

( + P| 
% 

Fie 

%. 

. a 

‘ 

aoe voy 

Py 

+ . 



THE KANSAS UNIVERSITY 
SCIENCE BULLETIN. 

Vor.V, No.9] APRIL, 1940. neg 

THE HACKBERRY PSYLLA, PACHYPSYLLA 
CELTIDIS-MAMMZEé RILEY. 
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BY H. B. STOUGH. 
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(Contribution from Entomological Laboratory, No. 158.) 

Submitted in partial fulfillment of the requirements for the degree of Master of Arts. 

WING to their minute size and obscure life habits, the 
members of the homopterous family Psyllide have re- 

ceived comparatively little attention in North America. In 

the present paper an endeavor will be made to add to our 
knowledge of this family, using as a type Pachypsylla celtidis- 
mamme Riley, the same being a study in comparative mor- 

phology of mouth parts, thorax, and genitalia, and develop- 

ment of wing venation and wing pattern. The specimens upon 

which I have based my studies emerged from their galls upon 

the hackberry trees during October of 1908, at Lawrence, Kan. 

I wish to thank Prof. S. J. Hunter, upon whose suggestion the 

problem was taken up, and under whose guidance and counsel 

the work was carried on, for his interest in my investigations 

and for his assistance rendered. 
In search for literature on the Psyllide of North America, 

and especially that dealing with Pachypsylla celtidis-mamme 

and its genus, I was impressed with the fact that very little of 

a definite and final treatment has ever been given to these in- 

sects in this country. A few species have been described, a 

few figured, and the life histories of a number worked out, 

while keys for the species of only about one genus can be found. 
In Europe, on the contrary, the contributions to the knowl- 

(121) 
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edge of this family have been numerous and have added greatly 

to our information on the subject. The first of these contribu- 

tions was made by Forster, in 1848. He was followed by Flor, 

Thomson, and Hartig, but not much of an advance was made 

upon Forster’s work until there appeared in 1879 a treatise, 

“Zur Systematik der Psylliden,” by Low; this, together with 

other contributions by the same author, has long remained 
authoritative. The researches of Léw in the taxonomy and bi- 

ology of the Psyllide, together with the anatomical work of 

Witlaczil, have much simplified the study of this family in 

Europe. 

James Edwards, in “Hemiptera-Homoptera” (1896), treats 

of four genera of the family, including twenty-eight species of 

British Psyllide, with tables for the separation of the genera 

and species. He also illustrates these forms in color and gives 
the typical wing venation of each genus. 

Maskel (1889) lists and describes four species of Psyllidee 

- from New Zealand, giving keys for separating the subfamilies 

represented in that locality, and figures the larval, pupal and 

adult stages, and some of their typical anatomical characters. 

This paper contains more figures of these characters than any 

other I have been able to find, and was quite useful from that 

standpoint. This writer also discusses the use and taxonomic 
importance of the different characters of the family. 

Froggatt (1903), in a paper on “Australian Psyllide” de- 

scribes eighteen species, mostly of the two genera Aphalaria 

and Trioza. He figures the galls made by three species of the 

latter genus. 

The reasons for the dearth of material in this country may be 

found in the fact that the family Psyllide, like some other little 

known groups, being composed of small and inconspicuous in- 

sects, has not been largely collected and studied, two or three 

species excepted. One of these, the pear Psylla, Psylla pyricola, 

is of great economic importance in some localities, and has long 

been known and its life history carefully worked out. The life 

histories of these insects are very difficult to determine def- 
initely, and since some of them are gall-formers, the biological 

side of the work becomes still more complicated. Only about 
three specialists have ever devoted much time to their study in 

this country, among whom was C. V. Riley. In an article on 

“The Psyllidz of the United States” (1883), he gives a résumé 

of the present knowledge of the family and its principal char- 
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acters, habits, life history, etc., listing thirteen species. Un- 

doubtedly the most important work published so far is that by 
the same writer entitled “Notes on North American Psyllide” 

(1884). This paper lists nineteen North American species, 
‘distributed among the following genera: Livia, Aphalara, 
Psylla, Pachypsylla, Trioza, Calophyla, Rhinopsylla, and Cera- 
topsylla, the descriptions of three genera and two species being 

new. The most important part of this work, from the stand- 

point of the present paper, is that dealing with the new genus 

Pachypsylla. This genus is peculiar to this continent, having 
no equivalent in Europe, so Riley thinks, and to it belong the 
hackberry psyllids. Only three species of these are placed in 
his key. Riley also discusses “hackberry galls,” in the Cana- 
dian Entomologist (1883). 

An important contribution to the biology of the subject, es- 

pecially of the gall-making phase, is an article on psyllid gall- 

making in the fifth report of the United States Entomological 
Commission, written by A. S. Packard (1887). This gives 
keys to three species ; descriptions of pupa; key to, and descrip- 
tions of, the galls of the following species and varieties of the 

genus Pachypsylla: venusta, gemma, asteriscus, umbilicus, 

mamma, pubescens, globulus, cucurbita, and cucurbita var. To 
this is added a detailed description of each gall and a con- 
densed general life history of a hackberry psyllid. No mention 
is made of the stimuli causing the gall-formation. Ashmead 
(1881) describes the life histories and gall-making habits of 

these insects, and lists nine species, adding three new ones. 

Two papers by Charles W. Mally, entitled, respectively, 

“Hackberry Psyllide Found at Ames, Iowa” (1893), and 

“Psyllide Found at Ames” (1894), give a series of observa- 

tions on the winter habits and spring egg-laying of Pachypsylla 
celtidis-mamme, with descriptions of the eggs, larve, pup, 

and galls, and record thirty-one species for North America. 
He describes four new species and figures the early stages and 
wing venations. 

Where mention is made of the galls in the papers that I have 

mentioned, only the gross structure of the gall is treated. Cook, 

however, in “Galls and Insects Producing Them” (1903-04), 

has made a contribution toward the histology of the psyllid 

gall; he also discusses mouth parts and ovipositors in their re- 
lation to gall-formation, but in common with other investiga- 
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tors was not able to add much to our knowledge of the gall- 

producing stimuli. 
On the mouth parts of Hemiptera, in addition to works of a 

general nature, I would cite two of importance in throwing 
light upon the homopterous mouth as seen in the Psyllide. 

These are by Charles L. Marlatt (1898) and Walter J. Meek 
(1903), and deal with the mouth parts of the cicada. Besides 

these, such works as those of Sanborn on the Aphidide 

(1905), Berlese on Coccide (1896), and others, were.of use 

in a comparative study. The best work upon mouth parts, of 

Hemiptera is recorded in the German of Leon (1887), Geise 

(1883), Wedde (1885), and Heymonds (1899). Dohrn (1865) 

contributed to the internal anatomy of the Hemiptera, and 

Witlaczil (1885) worked out the brain, eyes and digestive 

system. 

GENERAL CHARACTERS OF THE FAMILY PSYLLIDAS. 

The Psyllide were formerly classified with the Aphidide, 
to which they are closely related, and are still sometimes 

known as “the jumping plant lice.” These insects are from 

one-eighth to one-fifth of an inch long and in general appear- 

ance may be likened to a minute cicada. Their principal char- 

acters follow: Hind legs developed for jumping; antenneze 

nine- or ten-segmented (in life in constant vibration) , last seg- 

ment bearing two short spines; tarsi two-segmented; mouth 

parts suctorial; wing venation comparatively simple. Some 

of the species are of economic interest, being injurious through 

their feeding habits. A number form galls, notably upon 

hackberry. A few species secrete “honey dew.” 

According to Mally (1894) there are thirty-nine species and 

varieties in North America. Only nine species are to be found 

in the collection of the University of Kansas, four of these hay- 

ing been taken in Kansas. So far, not many fossil insects of 

this family are known. Scudder lists in “Tertiary Insects of 

America” (1890) only two species, Necropsylla rigida and 

Catopsylla prima, the latter being of interest, as its wing 

venation resembles more closely that of Riley’s genus Pachy- 

psylla than of any other. 

The species taken for study belongs to this last genus, 

Pachypsylla. The namer, C. V. Riley, says of it: “There is no 

genus among those characterized by Dr. Fr. L6w with which 

oleae 
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Pachypsylla can properly be compared. In the convexity of 
the body it greatly surpasses Psylla, from which it is at once 
distinguished by the vertical and rugosepunctate head, the 
quadrate vertex, the short frontal-cones, the less filiform and 

‘stout antenne.” This species was first listed for Kansas by 

Tucker in 1907. 
The coloration of Pachypsylla has been well described by 

Riley. The general color is dark brown, with the abdomen 
showing pinkish shades along the edges of each segment. The 

wing pattern is dark brown, and the ocelli are red. 
This insect is quite short bodied; the sexes are easily distin- 

guished, as in all representatives of the family, the end of the 

abdomen being pointed in the female but blunt and appendage- 
bearing in the male. The total length of body averages, for the 

male, 3.2 mm., and for the female, 3.6 mm. 

HEAD. 

The head is carried in such a position relative to the re- 
mainder of the body that the epicranium is in an almost ver- 
tical position (34-4),* the frontal cones pointing downward, 

with the outer face of the frons in a horizontal position, its 

distal end projecting caudad. Viewed from the front, the head 

corresponds roughly, in general shape, to a right triangle, 

truncate at the vertex, the posterior edge of the epicranium 

lying on the base of this triangle, and a point somewhat be- 
yond the frontal cones representing the vertex (28-4). The 
whole head is rather flat, thin, rectangular, and boxlike, the 

open side of the box being the caudal side (28-1), against and 
into which opening fit the anterior part of the prosternum, the 

procoxe and the mouth parts. 

The following parts and regions of the head, excluding the 

frons and clypeus, which will be described under “mouth 

parts,” are to be found: epicranium, gene, frontal cones, an- 
tennal sockets, compound eyes, and ocelli. 

The epicranium forms the front wall of the head and is ver- 

tical in position. Its posterior margin is slightly concave, and 

curves caudad and ventrad to the opposite side of the head, 

forming a roll-like edge. This roll-like portion is the dorsal 
part of the head when the latter is in normal position. This 

region of the head (28-4, ep) is rectangular, about 0.45 mm. 

* Read plate XXXIV, fig. 4, 
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wide and 0.62 mm. long. Its posterior edge is concave, as are 

also the lateral edges which border on the corhpound eyes, 

while the anterior margin is quite convex and has a somewhat 

more than semicircular excision at its median point, in which 

region is located the frontal ocellus, seen in figures 4 and 5, fo, 

and in 2 in longitudinal section, pl. 28. The epicranium is 

seen to be flat in surface when the head is viewed in profile. 
The other two ocelli (28-4, 0) are placed at the two posterior 
angles of the epicranium, near its margin and slightly posterior 

‘to the compound eyes. They are about 0.07 mm. in diameter. 
The epicranium is divided along its median line by a very 

plainly cut suture into two equal sclerites. This suture is deep, 
and in making dissections of the head these two sclerites were 
often separated readily along this line. The anterior, convex 

suture between the epicranium and the rest of the head was 

not so apparent in most specimens that I examined, though 

usually those boiled thoroughly in potassium hydrate and then 

carefully cleared in xylol showed it more plainly. The surface 

of the epicranium is rugose-punctate, slightly pubescent. 

The frontal cones, erroneously called ‘cones of the clypeus’” 

by Slingerland and “face lobes” by Scott,! are found, one on 

each side of the median line, below the epicranium (28-4, fc). 
As seen from the front (28-5) they diverge from the vertex 

just beyond the front ocellus. They are separated from the 

cheeks or genz by a curved suture, which.appears somewhat 

ovate when the cones are viewed from below. This suture 

could be made out much more easily on the cephalic than caudal 

surface of the head. 

The genz (28-1, 4, 5, 9) extend from the cephalic edge of the 

epicranium down on each side under the compound eyes and 

fuse with the caudal, folded portion of the epicranium. Be- 

tween the cones and the compound eyes is the antennal socket 

(fig. 5, as), which is quadrate in shape, with angles much 

rounded, and with a blunt projection, p, breaking into it on its 

caudal edge, which is concerned with the articulation of the 

basal segment of the antenna. The aperture filled by the 

prosternum, procoxe, frons and mouth parts is similar in 

shape to that of the epicranium but narrower. On the edge 
of the gena, midway between the vertex and the compound 

eye on each side, is situated a sharp projection (figs. 1 and 

1. Insect Life, vol. V, pp. 229-230. 
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5, y), forming the attachment for a membrane which runs 
caudad between the front coxze, and which will be mentioned 
more fully later. The outline of the compound eye is somewhat 
more angular than rounded, viewed from either the front or 

the rear. 
In my study of the sclerites of the head I have followed Com- 

stock and Kochi, and my conclusions for Pachypsylla agree 
largely with the facts recorded by them. 

ANTENNA. 

The antenne are filiform, rather stout (a characteristic of 
the genus Pachypsylla), and average 0.83 mm. long. They are 

10-segmented (28-3). The relative lengths of the ten an- 
tennal segments on the basis of the length of the first segment 

may be represented thus: 1, 1, 2, 1.2, 1.1, 1.2, 0.8, 1, 0.7, 0.4; 
the second segment is wider distally than proximally and is 

distally notched; the fourth, fifth, sixth, seventh and eighth 
segments are constricted proximally; the tenth segment is the 

smallest segment.and bears at its distal end two stout, blunt, 
diverging spines (fig. 12), which are about as long as the seg- 
ment and appear to be hollow. The last few segments are 

compressed dorsally. — 

' The cuticula of the first two segments is very deeply rugose, 

forming scales, which on the second segment become Jonger 

at the distal end (28-3). The surface of the remaining seg- 

ments is covered with deep, transverse corrugations (28-6), 

‘which give to each segment a sharply serrate lateral edge, the 
_ teeth pointing distad. A fringe of sensory hairs is found on the 

distal ends of the segments, and a few scattered along their 
surfaces, the tenth segment being without conspicuous hairs. 

Figure 9, plate XXXIV, shows the last four segments, with 
their corrugations and the terminal spines, while figure 6, 

plate XXVIII, is of the articulation of the third and fourth 

segment, showing the sensory hairs and the cuticular struc- 

ture. . 
MOUTH PARTS. 

The suctorial mouth as found in the homoptera, and as de- 

scribed by Meek (1903) and others, consists of labrum, epi- 

pharynx, labium, hypopharynx, and sete. These parts are all 

represented in Pachypsylla. Closely associated with them are 
the frons, clypeus, mandibular and maxillary sclerites, and 

tentorium, corresponding in position to those in the cicada, 
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These parts are so closely associated with the mouth parts 

proper (labium excepted), forming as they do a distinct re- 

gion of the head, which is torn loose in dissection as a single 

complex of sclerites (32-1), that they will be described. in 

this connection. 

On account of the vertical he Ho of the epicranium, the 

mouth parts assume an orientation by which the frons, clypeus, 

and labrum are almost horizontal, their distal ends projecting 

caudad (28-5). The basal portion of the labium has a similar 

orientation, but distad of its bend (29-2) it observes a general 

ventral direction, though possessing some latitude of move- 

ment cephalad and caudad. 

Frons.—The frons is the largest and heaviest sclerite in this 

region. Viewed from in front (looking dorsad) it is seen to 

be obovate in outline (29-3). Viewed from the side (fig. 1) 

its ventral outline is strongly rounded basally, with a dent at 

about the beginning of the distal third. Its basal edge is 

thickened (figs. 5 and 1) and continued laterally into proc- 

esses (figs. 5, 3 and 1) which join the lateral ends of the 

rod-shaped tentorium, t, and the chitinized rods, emx. At the 

place where the rods xyz (fig. 5) above mentioned leave the 

frons at x, same figure, there springs a ligamentary process 

(28-5, lp), which runs cephalad and dorsad of frons, forming 

a small plate above the latter, and this plate in turn is con- 

nected to the vertex by two small ligaments. These are for the 

attachment of the frons to. the head, still leaving some oppor- 

tunity for motion. The frons is rugose-punctate of surface. 

Clypeus.—The clypeus (29-1, 3, c) is about one-third as 
long as the frons. It is more or less rectangular as viewed 

from the front, broader at proximal end, and its lateral edge is 

bent dorsad, thus partly enveloping the stylets or sete. The 

slightly curved suture between this: sclerite and the frons was 

clearly marked in most specimens examined, though in a few it 

was not readily discerned. 

Mandibular and Maxillary Sclerites—Between the lateral 
edge of the frons and the rod cma (29-1), and bounded proxi- 

mally by the arm of the frons which joins cma, is a more or 

less circular foramen through which the bases of the setze may 

be seen (figs. 3 and 1, for). This foramen is bounded dis- 
tally by two sclerites; the proximal is crescent-shaped and is 

known as the mandibular sclerite (fig. 1, mds); the distal is 
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triangular and extends forward about as far as the end of the 
’ Jabrum and is called the maxillary sclerite (fig. 1, mvs). The 

end of this sclerite has a rather slender, curved portion at its 
apex, called the ‘maxillary process.” These two sclerites are 
shown in figure 3 in ventral aspect, and in figure 1 in lateral 

aspect, where the clypeus, labrum, sete, etc., have been bent 
ventrad in order to show the parts free and not overlapping. 

The edge of the maxillary sclerite and maxillary process are 

also shown in figure 5 looking ventrad. According to Smith 
(1892) these two sclerites represent the true mandibles and 
maxille, the setz not being considered as such. 

MOUTH PARTS PROPER. Labrum.—The labrum (29-3 and 1, 
lab) is only about half as long as the clypeus and differs in 
shape from the labrum of the cicada in that instead of being a 
narrow, pointed process, it is, as viewed from in front, rec- 
tangular in general shape, slightly longer than broad, with 

distal corners rounded. It is not so flat as in the cicada, but 
its lateral edges are bent dorsad in the same manner as those of 
the clypeus, so as to partly surround the sete and the pharyn- 

geal canal. At the proximal end of the labrum is found a 
slightly curved suture between it and the clypeus. This suture 

was very hard to make out, and the two sclerites in some speci- 

mens appeared almost as if fused. Viewed from one side, the 

ventral outline of the labrum is seen to be slightly convex, with 

the distal portion bent somewhat ventrad. Marlatt’s nomen- 

clature makes the frons the clypeus and the vehsgieemet and la- 

brum a two-piece labrum. 

Epipharynx—Situated under the labrum (29-2, 3 and 1, 
ep), and shorter than the same, is an indistinct organ, the 

epipharynx. In the psyllid this organ is a delicate, fleshy, 
tongue-like structure, more or less triangular in shape, with a 

blunt tip, extending as a sort of outgrowth from, and exten- 

sion of, the labrum. It appears as if it were a prolongation of 
the labrum, and it was difficult in most cases to determine 
where the one ended and the other began. The epipharynx is 

pressed tightly upon the upper surfaces of the sete, surround- 

ing them somewhat on the sides, and thus supplements the la- 

brum in keeping them together to form a tube. 

Labium.—The labium is attached below the hypopharynx, on 

the lower side of the head (29-1, labi, and 34-6). This at- 
tachment is by means of a delicate membrane made fast to the 
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edge of the foramen next to the frons, which is easily torn 
away in dissection. At first the labium is merely a mem- © 

branous band with only very slightly raised edges, which in 

this region of the organ are somewhat chitinized. These edges 

gradually become more raised and lose their chitinization until 

finally a little before the bend in the labium these edges be- 

come broad flaps which come together, and from this point to 

the tip there is left only a slit (29-4). The epipharynx lies 
naturally against the floor of the labium, but it can be lifted 

clear, together with the remainder of the parts, for some dis- 

tance from this position. The first or basal segment of the 
labium is membranous, not chitinized, since it is so well pro- 

tected between the procoxe in a membranous fold. Each 

procoxa is placed very close to and almost fits the foramen 

laterad and dorsad of the frons (29-1, for). ‘The first seg- 

ment of the labium lies between the front coxze, embedded in a 

membrane, and these coxze almost meet over (ventrad of) it — 

(29-2 and 31-1). 

The attachment of the labium to the prothorax, in this case 

to the region between prothorax and mesothorax, typical of 

the Homoptera, is very strong as compared with that between 

labium and head. In fact, in most cases when the head was 

removed from the rest of the body the labium remained fas- 

tened to the thorax but tore loose at its base from the head. 

Meek mentions such a condition as present in the cicada, call- 

ing the structure on the thorax to which the labium is attached 

a “collar,” describing it in the following words: “A heavy 

membrane attaches the labium to a chitinized collar of the 

thorax.” In Pachypsylla this collar is a chitinized process 
(27-4) embedded in the membranes between the prothorax 
and mesothorax (29-2, p). This process consists of two 

heavily chitinized structures, flattened and concave at their 

distal ends and large and swollen at their proximal ends, which 

are connected by a curved, chitinous rod as a sort of yoke, 

which is immediately under or dorsad of, and partly encircles, 

the labium just cephalad of its bend (29-4, b). The bases of 
this process are embedded in the membrane dorsad and some- 

what caudad of the cephalic margin of the mesothorax, from 
whence the process projects ventrad and cephalad. The distal, 

parallel ends of these are roughened on their edges and hol- 

lowed out to form a groove, which, assisted by membranous 
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attachment, holds that portion of the labium just beyond the 

bend. Connected to the distal ends of these processes are mem- 
branes which run cephalad between the bases of the pro- 
thoracic coxze, surrounding the labium, to form a sort of fold 
or groove for the same. This arrangement may be seen in 

figure 2, plate X XIX, in diagram, m representing the mem- 

brane surrounding the labium, p the process holding labium to 
thorax; the position of the labium and setz may also be seen. 
Figure 1, plate XX XI, a cross section through the base of the 
mouth parts and procoxz, corresponds roughly to Meek’s 
“Fig. 13” for Cicada, and shows the great similarity between 

the two forms. The bases of the membranes surrounding the 

labium are here illustrated. 
The labium is slitted throughout its entire length. At its 

base, where it is almost flat, it has only short, low, lateral 
edges or flaps, and hence is broadly open, and the upper parts 
of the mouth fit into this (29-2, 4). The labium, epipharynx 
and sete all lie on the floor of the labium. Just at, or a little 
beyond, the end of the epipharynx the lateral flaps become 
larger and converge, their wavy margins fitting rather closely 

together. From here on to the end of the labium these flaps do 
not diverge again. Figure 6, plate XX XI, represents a cross 

section of the first segment of the labium just beyond its bend. 
Here the slit is seen to be held together by means of grooves 
and ridges. There is also a depression on its caudal wall. The 

lining of the labial canal is somewhat chitinized. On each side 
of the canal are found two longitudinal muscles, m of the same 

figure. The first labial segment is much roughened distally ; 

the second is quite short, chitinized, and bears sensory hairs 

at its distal end; the third segment is heavily chitinized, with 
a pointed tip ending in two lateral, tonguelike processes. The 
lateral outline of these is seen in figure 2, plate XX XI, and in 
cephalic aspect in figure 3. The most notable feature of these 
processes is the three large sense organs on each—large spines 

on pegs. These same three sense organs are found on the 
labium of Aleurodide. This segment also bears several large 

sensory hairs, two of which are much longer than the segment 

itself. 
Pharynx.—This is tube-shaped, chitinized, spreading some- 

what at its cephalic end (29-5, p). Its ventral surface is 
supplied with eight pairs of muscles and tendons, which run 



132 KANSAS UNIVERSITY SCIENCE BULLETIN. 

to the inner surface of the frons. At its distal end the pharynx 

fuses with the hypopharynx and hypopharyngeal lamelle. The 

organ is heavily chitinized and thick-waHed for some distance, 

but soon becomes narrower and, losing its chitinization, pro- 
ceeds caudad until about the middle of the back part of the 

head, where it turns abruptly caudad and enters the thorax 
to become the cesophagus. ; 

Mandibles and Mazxille.—In dissecting the mouth parts the 
labium is generally torn loose from its connection below the 

hypopharynx and other parts and left connected to the thorax, 
as already mentioned. The sete, however, remain fixed firmly 
to the upper parts of the mouth (32-1) and can be sepa- 

rated and torn loose from these parts only with difficulty. They 

are held together by the labrum and epipharynx above, the 

maxillary sclerites and maxillary processes on the sides, and 

by the hypopharynx below. From this point the bases of the 

mandibles and maxille diverge cephalad and laterad in a man- 

ner which has aptly been compared to the form of the letter 

“VY.” The orientation of these parts was best seen in either a — 

lateral view of the frons, clypeus and other parts removed 

from the head, or by examining the parts in such a position 

as to look down on the bases of the setz in the direction of 

their distal ends. In such a position this divergence, which 

takes place immediately cephalad of the hypopharynx and 

other closely enveloping parts, can be plainly seen. The bases 

of these sete (26-8, 9) are hollow, funnel-shaped, heavily 
chitinized, and attached to the other parts by tendons and 

muscles. One pair of these sete, from their cephalic posi- 
tion, were recognized as the mandibles, and when dissected 

out were found to surround the other pair of stylets through- 

out their entire length, their slightly concave inner surfaces 

fitting closely against them. This latter, inner pair represents 

the maxille. On dissection they were found to be held firmly 

between the mandibles on each side and were difficult to sep- 

arate. The mandibles are thicker than the maxille, but not so - 

wide. Their relative shapes can be seen in cross section in 

31-5. As in the cicada, the setz shortly after leaving the 

head begin to curve so that the mandibles are above and below 

the maxille instead of laterad of them. This curving was seen 

in sections distad of the bend of the labium and had begun in 

the section from which figure 5 was drawn. In this figure the 



STOUGH: THE HACKBERRY PSYLLA. 133 

lumina in each mandible may be seen. These may also be seen 

running to the tip when the mandibles are viewed extended, as 

they are generally filled with air, which renders them visible. 
No indication of lumina could be found in the maxille. They, 

however, by their concave surfaces fitting together, form a 

canal through which the plant juices are sucked. The tip of a 

mandible is very slender, sharp, and sickle-shaped, the convex 

side bearing blunt serrations, the teeth pointing proximad 
(26-7). The tip of a maxilla is of similar shape but with a 
sharp projection on the convex side some distance from the 
apex (fig. 6). The apices of these setz are so transparent 

that the details of their structure were difficult to discern 
clearly. 

The homologies of the hemipterous mouth have been much 

discussed in the past, and the opinions held have been various. 

I have followed the nomenclature used by Meek for Cicada, 

which seems to be in harmony with late investigations along 

this line. In their place I have compared the parts of the mouth 

as seen in Pachypsylla with the corresponding parts in Cicada. 

I also found in my work that comparison with other homop- 

terous forms was helpful, showing the close relationship of 

the Psyllidez to the other families. 

The labium of the Aphidide is quite similar in general struc- 

ture to that of Pachypsylla except in relative length and num- 

ber of segments and in the fact that it does not possess the 

bend characteristic of the latter insect. 
The mouth parts, exclusive of the labium, are almost iden- 

tical with, though larger than, those of the Aleurodidze which 

I have examined. The same sclerites are present, arranged 

similarly, though somewhat differently shaped. The labrum is 

much shorter and smaller proportionately than in this family, 

and the setz seem to be relatively shorter. The end of the 

labium has the same lateral processes, but these are relatively 
smaller. The Aleurodid labium has a bend similar to that of 
Pachypsylia. 

The coccid mouth parts also correspond in many ways. Here 

the labium is very short and the sete are retracted into a 
special pouch when not in use. The parts exclusive of the 
labium are similar in general structure to the same parts in 

Pachypsylla. Berlese’s nomenclature and figures in his work 
on Italian Coccidz were very useful to me. According to this, 
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the clypeus or ipostoma (epistoma) corresponds to the frons of. 
Pachypsylla, the two terms “ipostoma” and “clypeus”’ being 

generally used interchangeably by him. Cmzx of my figures is 

the ipostoma; «xyz is the rod-shaped apophyse of the clypeus; 
the thickened, basal edge of the frons, z, is the transverse bar of 

the ipostoma; the opening, for (29-1), is the foramen of the 

ipostoma. The structure which Meek calls the tentorium is 
designated by Berlese the transverse branch of the ipostoma. 

ny THORAX. | 

The thorax as described by Riley: “Pronotum moderately 

short, of equal width, slightly emarginate behind, steeply as- 

cending posteriorly ; lateral impressions sculptured and colored 
as the head; well marked. Dorsulum well developed, thrice as 

long as the pronotum, and about twice as wide as long; poster- 

ior lobe distinctly longer than the anterior ; hind margin sinuate 

each side and truncate at middle; surface finely alutaceous; 

color, light brownish yellow with a large brown apical spot 

divided by a yellow median line. Mesonotum convex, wider 

than head, sculptured as dorsulum, with four vitte (longi- 

tudinal) of brown or greenish-brown color, the outer ones 

usually wider than the inner ones, all bordered and divided 

transversely by lines of brighter yellow.” 

Prothorax.—Viewed from above the thorax is seen to be 
composed of a number of sclerites, as seen in 27-3, A and 

B, which upon closer examination and dissection may be shown - 

to make up the three typical regions of the thorax. In the 
prothorax there is only one sclerite composing the tergum— 

the pronotum (27-3, A and 31, pn). This is collarlike, steeply 
ascending, as seen in the longitudinal section (fig. 3 B), some- 

what wider at the middle than laterad, where an obscure 

suture divides it from the pleural sclerites. ‘This is shown in 
plate XXVII, fig. 1, and plate XX XV, fig. 12. The proepi- 
sternum and sternum are very closely fused and the suture is 
scarcely evident. The proepimeron (27-1, em 1) is a rather 
wedge-shaped piece, rounded on its ventral end, lying back of 

the ventral portion of the pronotum and the dorsal portion of 

the proepisternum. Situated in the pleural membrane beneath 
the proepimeron is the prothoracic spiracle, sp. As seen in 

35-6, the prosternum is only slightly developed, its cephalic 
edge on each side being produced entad into a slender portion. 

The prothoracic coxz are large and occupy, together with the 
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labium, which is imbedded in a membranous fold between the 
former, most of the prosternal region, leaving the prosternum 

to develop mostly on the sides. The “collar,” already described 

as a chitinized process holding the labium to the thorax, may 

be of the nature of the apophyse as seen in the endoskeleton of 

the mesothorax. 

Mesothorax.—The mesothorax is next in complexity of 
structure, naturally being larger and more complex than the 

prothorax, as it bears, besides one pair of legs, the fore wings. 
The tergum is composed of three sclerites (34-2, and 27-3, A, 
B). Edwards thus describes the mesotergum of the Psyllide: 

“Mesonotum large, generally suborbicular; a portion of its 

area in front in the shape of a broadly truncate triangle (the 

dorsulum) , separated from the remainder by a distinct suture, 

and a small crescent-shaped piece projecting from the middle 

of its hind margin (the scutellum), also marked off by a 
suture.” 

The dorsulum (27-8 A.and 1) is in shape an equilateral 
triangle, truncate at its angles, with the edges of the lateral 

truncations notched. The posterior margin is not straight, but 

produced on each side into a small projection midway between 
the median line and the edge of the sclerite. The anterior third 

of the dorsulum is covered by the posterior edge of the prono- 
tum (fig. 3 A). 

The mesonotum (27-3 A and 1, mm) is the largest sclerite 

of the thorax, ovate, convex, and about twice as wide 

as long, with anterior margin almost straight and posterior 

margin deeply convex. The sclerite is laterally narrowed to a 

blunt, notched point, which is best seen in lateral view (fig. 1). 
The scutellum (figs. 3 A and B, scu, and 1) is, viewed from 

above, ovate, twice as wide as long, lateral edges rounded, an- 

terior margin slightly concave and posterior convex and hol- 

lowed out at the median line. The structure of the pleurum 
of the mesothorax is exceedingly complicated and the sutures 

are all indefinite. The structure of the same is shown (partly 
diagrammatic) in figure 1. The suture between the meso- 
sternum and the sclerite just dorsad could generally be made 

out. This latter sclerite I take to be the mesoepisternum, es 2. 
The mesoepimeron, es 2, is a very irregular, much folded scle- 
rite intimately connected with the inwardly extending endoskel- 

eton (fig. 2, es 2 and end). These pleural sclerites are so folded 

2—Univ. Sci. Bull., Vol. V, No. 9. 
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and fused one upon the other that practically only the region of 

each could be indicated roughly in figure 1. The origin of the 
anterior wing may be seen in figure 1, bp. Just cephalad of 
its base are two fleshy processes—the cephalic, larger and some- 

what reniform in shape; the articulatory epidemes, artep. 
Cross sections show the larger epideme to be almost spherical, 

with a broad, short base or. pettiole. 

The mesosternum is rectangular, wider than long, anterior 

margin somewhat convex, with corners rounded. The coxal 

cavities or acetabula are large, ovate, and are situated on the 

posterior margin (35-11). 

When the mesothorax is dissected free from the other seg- 

ments, and viewed from behind, the endoskeleton is plainly 

seen. I shall not attempt to give the orientation and detailed 

description of its different parts, which may be seen in 27-2 
(partly diagrammatic). This internal skeleton is a complex 

of plates and rods, braced in all directions, and fused with the 

outer sclerites of the segment. Three different internal pro- 

jections may be seen, dorsal, lateral, and ventral. The dorsal 

piece, the phragma, phrg, is a symmetrical, transverse plate 

projecting ventrad. A similar structure in the mesothorax of 

a stag beetle is figured by Packard (Textbook of Entomology) 

and called ‘‘Diaphragm for the attachment of the tergal mus- 

cles of the metasternum.” On each side there is a simple pro- 
jection which seems to correspond to the apodeme, apod. The 

lower projection or apophyse (‘‘medifurca,” according to Pack- 

ard) is seen at apoph, and in 35-11, and is shaped like a 
letter ““Y’’; its dorsal edge is hollowed out, this hollow together 

with a similar one on the lower edge of the phragma above 

giving passage to the digestive system, etc. (27-33, c.) 

The mesothorax is built for great strength, the sclerites be- 

ing much fused and the internal structures all large and heavy. 

Although this segment carries the anterior wings, which are 

used mainly in flight, I have no evidence that this insect is a 
very strong flyer; on one occasion a specimen was captured on 

the top of a high building, but probably it was carried to such 

a height independent of its own flying powers, by a awone wind 

blowing at the time. 

Metathorax.—This segment is the strongest in iiatuialee of 

the thoracic segments, and the endoskeleton and external scle- . 

rites are so strongly fused that the homologies of this region — 

present a great many perplexing problems. I shall proceed to 
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describe the different parts as | have found them, together with 
my interpretation as to their homologies. The structure of 

the notum is not so difficult to determine. Three sclerites are 
plainly made out (27-3 A). The anterior of these is crescent- 
shaped, and in life is concealed by the scutellum of the meso- 

tergum. The dorsal portion of the second sclerite is a small 
ovate plate, while the third and posterior sclerite is rather 
broad, its posterior margin somewhat indented and its lateral 

Margins concave. 

The metasternum (27-5; 30-8; 31-7, str) is best developed 

anteriorally where it is connected with a very light, narrow, 

median portion between the acetabula, which in turn is con- 
nected with and almost seems to be a part of the metafurca, mf, 
of the endoskeleton. Closely connected to the internal pieces 
of the latter, and separated from the sternum by an obscure 

suture, is a sclerite whose dorsal end fuses with the other parts. 
This probably represents the region of the metaepisternum 

(31-7, es 3). The portion (2) in figure 7 which runs ven- 
trad and entad to join a part of the metafurca has notches on 

its ventral edge at x, and with these notches articulates the end 

-of a complex of sclerites extending down the side and across 
the ventral surface of the segment (27-5 and 31-8). Much 

difficulty was found in homologizing these sclerites, authorities 

differing as to the names of some of the parts. Upon tearing 
loose this complex carrying the metathoracic leg from its at- 

tachment at « and y (31-8) and examining it under a high 

power of the microscope, its structure could be made out. It is 

composed of five sclerites. Entad (somewhat caudad and 
dorsad) is a more or less crescent-shaped sclerite (fig. 8, str). 

This I believe to be a part of the sternum. The next sclerite, 

mer, extad and cephalad, is of a similar shape but bears a blunt 

projection or tubercle. Authorities differ as to what is the 
homology of this part. Westwood says: “Beneath, the epimera 

of the metathorax are singularly produced behind the place of 
insertion of the hind legs (which are pushed forwards), and 

terminated by two strong spurs.” Edwards states: ‘‘Meso- 

sternum produced behind into two large, sharp spines.” Riley 

states: ‘“Metasternal processes cylindrical, hardly narrower 

toward the tip, which is obtuse, not pointed.” I find a similar 

structure in all the Cicadidz which I have examined. In “Les 
Cicadines D’Europe,” translated from the German of Fieber 
by Reiber (1875), in the discussion of the general structure of 
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the Cicadidz, under legs, this sclerite is called the ““meracan- 

thus” (“A la base des hanches et spécialement aux postérieures, 

nait, visible chez les Fulgorides et remarquablement développée 

chez Cicada, une épine subulée, au lobe triangulaire, lancéolée, 
cornée, qui est encore assez distincte aux hanches intermédi- 

aires, Le Dr. Hagen [Die europ. Cicaden, Stett. ent. zeit. 1886] 
appelle trochanter [Klappe] cet appendice corné qui doit étre 

désigné sons le nom vrai de Meracanthus, pl. 10, fig. 9, b, car 

le trochanter n’a pas d’apendice’’). 

Focusing upward with the high power, the next sclerite, also 

crescent-shaped, with parallel edges, which is seen to be the 

next extad, comes into view (fig. 8, em 3). It is this sclerite 

which articulates at x and y (figs. 7, 8). This I believe to 

represent the metaepimeron. Cephalad and laterad of these 

sclerites is a platelike piece, the cephalic end of which bends 

dorsad and entad, and forms a ring. This structure is seen in 

figure 8, cox. On this ring, the trochanter articulates (also 

_ upon the end of the episternum), and since this sclerite is the 

only one which in any degree approaches the typical cylindrical 

coxal form, being in this case a sort of ring at its end, I take it 

to be the coxa. Entad (dorsad) of this, and slightly cephalad, 

_ is an accessory sclerite (35-8 and 9, scl), a rod whose caudal - 

end is flattened out into a plate to which are attached muscles 

that arise from the inner surface of the meracanthus, or epi- 
_ meron (which of these two, I am as yet unable to state). The 

cephalic end is connected to the cephalic edge of the trochanter 

and serves to pull it towards the body. Its position is shown in 

figure 8, plate XXXV. 
Turning now to the internal structure of the metathorax, 

which is best seen from the front, when this segment is severed 

from the others the metafurca (30-8; 31-7; 27-5, mf) are 

the most prominent features. The two large forks which pro- 

ceed dorsad and caudad are connected with the lower surface 

of the tergum. The whole endoskeleton is so closely fused with 

the sclerites of the metathorax that it cannot always be sepa- 

rated from them. This internal structure is large and heavy, 

and by bracing all parts makes the segment exceedingly strong 

and rigid. 

The structure of the pleural sclerites in a species of Aleuro- 

did which I examined was also found to be very complex, there 

being a large number of sclerites homologous to those found in 
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. Pachypsylla, and a careful comparison of the two forms would 
throw much light on the question. 

The metathorax is not so heavily braced as in Pachypsylla, 
but the coxal region is still well developed. A study of the 
psyllid pupa would probably show much of interest in this con- 
nection, as these parts above mentioned are all represented 
there but somewhat simplified. The folding and fusion of parts 
in the adult, and the presence of a heavy, braced endoskeleton 
and the complex articulation of the trochanter of the meta- 

thoracic leg, are all specializations to render possible and in- 
crease its jumping power. 
My studies on the thorax of the Psyllide agree with the 

recent articles by Snodgrass (1909), in which the old theory of 

Audouin making each tergal segment to be composed of four 

primitive sclerites is discredited; I have been able to find no 

more than three sclerites composing the mesoterga and meta- 

terga. — 

WINGS. 

I. VENATION. 

_ The wing venation of the Psyllidze seems never to have been 

reduced to any. uniform system such as that of Comstock and 

Needham (1898-99). I find the venation figured by Mally, 
Edwards, Slingerland (1896) and others, but the nomencla~ 

ture is not uniform and is of a special nature. I have at- 

tempted to reduce the venation as seen in the insect under dis- 

cussion to the system of Comstock and Needham, above 

mentioned. In this study my first conclusions as to the homolo- 

gies of the veins were arrived at through the study of adult 
wings alone, but later I have made use of nymphal wings and 

wings of newly emerged adults. 

On March 6 a large number of pupz of Pachypsylla celtidis- 

gemma were procured from their galls on the stems (lateral 

buds) of the hackberry, some seven or eight being found in 
each large-sized gall. Their wing pads, after soaking for about 

a day in dilute formalin, were removed, mounted in dilute 

glycerine, and studied with special reference to their trachee. 
As soon as I had begun this study I found that my conclusions 

arrived at earlier were borne out in almost every detail by the 
number, position, character, etc., of the trachee of the 

nymphal wings, these trachez corresponding to the veins of 

the adult wing. 
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Venation of Nymphal Wing Pads and Wings of Newly Emerged Adults. . 

Fore Wing (26-3 and 32-8).—The costa, C, rises from a 
large tracheal trunk from the thorax, proximad of the radius 
and subcosta (fig. 3). It follows the anterior margin, but 

drops down at the region of the stigma and fuses with the 

subcosta. ; 
The subcosta, Sc, and radius, R, are fused throughout the 

basal third of the wing, and the free portion of the first-named 

vein is comparatively short, as it soon fuses with the costa. 

The radius is represented by a single trachea, and at its 

base, where it is fused with the base of the subcosta, it rises 

from the large tracheal trunk, distad of the origin of the 

costa (fig. 3). 

Media and cubitus, M, and Cu. The media rises from the 
main trunk just cephalad of the base of the cubitus and distad 

of the base of the subcosta (fig. 3). It is two-branched and 

shows its double structure throughout the distal half of the 

' pad, the two branches being close together and parallel for 

some distance. The three trachez, the subcosta plus radius, 

the media and the cubitus run parallel throughout the basal 

third of the wing. In normal position, these three trachez are 

very close together, as in figure 8, but in the diagram (fig. 3) 

they are represented more widely separated to show their con- 

nections with the main tracheal trunk from the thorax. The 

occurrence and relative positions of these three trachez are of 

the greatest importance in correctly determining the homolo- 

gies of the adult veins, as the upper of these branched veins, 
formerly called the “upper branch of the cubitus,” arises from 

a trachea distinct from the true cubital trachea, and therefore 

cannot be a part of the cubitus, while the trachea representing 

the subcosta plus the radius fused is distinct from those of 

media and cubitus, though all four veins appear as a single 

vein in the basal portion of the adult wing. Both media and 
cubitus are two-branched, their distal ends bending so as to 

run parallel with the costa for some distance before fusing 

with it, forming at some places as many as three parallel or 
more or less intertwining lines of trachee (fig. 3). 

The anal fold or “clava] suture” (fig. 3, af) is present as a 

distinct trachea which fuses at its distal end with the second 

branch of the cubitus and the costa near the posterior margin. 

Only one anal vein (fig. 3, A) could be made out, but as this 
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trachea was torn more or less when the fore wing pad and the 

hind wing pad, which are grown together at this point, were 

separated, such evidence in itself is not conclusive. However, 

from my studies I have every reason to believe that normally 

only one anal vein is represented. Likewise, the basal connec- 

tions of the costa of the posterior margin and the trachea of 

the anal fold to the main trunk from the thorax could not be 
accurately determined. 

For the further study of the development of the venation, a 

number of Pachypsylla celtidis-mammez which had emerged 

during the fall of 1908 were thrown into weak formalin im- 
mediately after emergence, before the chitinized veins had 

been laid down (26-4; 32-9, 10 and 11). In one specimen 

(26-4 and 32-9) the wing was still delicate and transparent, 

with its edges crumpled and folded, and the veins still-prac- 

tically in their tracheal condition, while in other specimens the 
wing membranes had hardened, the pattern gained its pig- 

ment, though still light, and the veins fully formed but with 
the tracheze in some cases visible within them (32-10 and 11). 

In the youngest specimen mentioned above the three parallel 

trachez of the subcosta plus radius, media and cubitus were 
strictly separate and corresponded in position to those of the 
nymph of P. c.-gemma. The distal ends of the veins, becoming 

lost in the folds of the margin of the wing, could not be traced. 

The position and direction of these tracheze here were more 
closely like the veins found in the adult than were those of the 
nymphal wing pads. 

These studies aided me much in studying the development 

of the trachez into veins, and the coalescence of two or more 
of the former into one vein, as seen in the case of the sub- 
costa plus radius, media and cubitus. In some specimens 
these could be seen to be still single and parallel until they 

reached the internal trunk (26-4 and 32-9). The radius and 
subcosta fused (32-10) was on the cephalic margin of the com- 
pound vein in process of formation, the cubitus (fig. 11) being 
on the caudal margin. . 

The vein in the anal fold could still be plainly seen (26-4), 
but its basal connection was not made out. Since there is no 
thickening of the wing here, as soon as the air leaves this 
trachea the only suggestion of a vein that is left is the trans- 
parent “fold,” 

ee | 
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Since there is so little chitinization and thickening of the 
membrane around the trachezx of the hind wing, these can be 

studied best in specimens such as the above, where air in the 

tracheze renders them visible. This is especially true of the — 
costa, subcosta and vein in the anal fold. The subcosta cannot 

be made out in the adult hind wing, and has not been figured 

for it, but shows plainly when filled with air. By placing a 

piece of black paper under the condenser of the microscope 
the veins appear a glistening white, and under the low powers 

are much more easily studied in this manner. 
An interesting point I observed in the hind wing was the 

presence—in one specimen—of what should probably be re- 

garded as a “sport” vein (26-2, sv). It is connected with the 

anal vein and also fuses with the costa. Since I have found in 
one hind wing of two specimens, both male and female, the 

radius forked, as is the case with the normal cubitus, which 

branch, though a “sport,’’ probably points back to a former 
two-branched condition of that vein as seen in the fore wing, 

this vein above mentioned may show the same condition for 

the anal wing, and represent the second anal vein. I find 

under ‘‘Psyllide”’ in the “Zodlogical Record’ for 1867 the fol- 

lowing: “From the occurrence of irregularities in the vena- 

tion of the wings of this species,[Anisostropha ficus Linn.] he 

[Frauenfeld] takes occasion to remark upon the frequency of 

such irregularities among the Psyllide; the variation is almost 

always confined to one wing.” 

Adult Venation. 

Fore Wing (27-6).—The costa can be easily traced around 

the entire margin of the wing and is very thick at the basal 

portion of the anterior edge. All the rest of the veins except 

the anal arise from a single main trunk, which is the main 

support for the wing. This trunk is composed of the three 

trachesze mentioned above, fused—the subcosta plus radius, 

media and cubitus. The subcosta and radius are fused as far 
as the stigma, s, where the subcosta runs up toward the costal 

margin, forms the lower margin of the stigma, and meets the 

costa somewhat proximad of the apex of the wing. The radius 

is composed of a single vein, probably representing R 4 + 5. 

At about the middle of the cell, J, a vein leaves the main trunk 
which divides into two branches, each of these again dividing 

once. The two upper branches represent M 1 + 2, and M 
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3 + 4. In one specimen of Psylla coryli I found that on one 

wing the media was single instead of two-branched, but never 
found such a case in the present species. The two lower 
branches above mentioned are Cu 1 and Cu 2. Below this is 
what is called the “‘claval suture,” corresponding to the anal 
fold (fig. 46, af). The region posterior to the anal fold or 

claval suture is generally called the ‘“clavus,’’ from the corre- 
sponding region in heteropterous wings, cl. One anal vein is 
present; this, by a dorsal and cephalic folding over of the 

distal half of the margin of the clavus, takes the place of the 

costa at this point (that is, forms the posterior edge of the 
wing here), the two veins appearing upon first observation 
to have crossed. This condition was also observed in the 
nymphal wing pads and in the Hehe of newly emerged indi- 
viduals. 

Hind Wing (27-7).—This is more simple in venation than 
the fore wing. The costa-soon becomes weak and indefinite. 
The subcosta is not visible except in newly emerged individ- 

uals where the trachee are filled with air, and the radius is 
seen as in the fore wing, as a single vein. The media is also 
a single vein, though in two specimens I found it two-branched 
in one wing after the fashion of that vein in the fore wing. 

The cubitus has two short branches. The claval suture and 
anal vein are practically the same as those in the fore wing, 

only there is no folding over of the posterior — of the 

clavus. 

The adult wings as above described are specialized by re- 

duction, the coalescence of veins being outward. 
According to Mally’s nomenclature, the common base of the 

media and cubitus which joins the subcosta plus radius is 

known as the “Petiolus cubite,” Pc; the media and cubitus be- 
fore branching are known as the “first cubitus” and the “sec- 
ond cubitus,” and their branches the “first, second, third and 

fourth furcal veins.” The presence of a media is not recog- 
nized by him. 

Edwards calls the media and cubitus the “upper and lower 
branches of the cubitus,” and the “Petiolus cubite” of Mally 

the “Stalk of the cubitus.”” He mentions no media. 

Woodworth (1906) adheres to a nomenclature somewhat 

different. According to this, the media and cubitus are called 
the “independents” which “appear as a twice-forked branch 
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from the primary,” the fact that these veins are distinct, 

arising from separate trachese—as I have shown—not being 

recognized. 

The Psyllide are the highest of the group Phytophthires of 

the Homoptera. These all have simple wing venations, that of 

the Coccide being the simplest. Woodworth says of these: 
“The venation of the Phytophthires has a nomenclature of its 

own, not relating it to any other groups, the only investigator 

who has attempted to homologize the veins being Redtenbacher. 

This author admits to only two branches as belonging to vein 

V (corresponding to my independents) [vein m] in the Psyl- 

lide, and sees none at all in the Aphidide.” 

Il. PATTERN. 

Fore Wing.—I quote Riley’s original description of the wing 

markings of this species: “Front wings narrower and, there- 

fore, apparently longer than in venusta, very little wider at 

terminal third than at basal third; costal margin at base but 

slightly subhyaline, more or less densely covered with small, 

brownish, scalelike specks, as follows: an oblique and gradu- 

ally narrowing band (extending from the tip of the ptero- 
stigma to near tip of radius), which runs across the wing to 

the tip of the first fureal, is usually freer from these dots than 

the rest of the wing, while its edges are usually more crowded 

with the dots, so as to bring the pale band into greater relief; 

quite frequently there is an intensified patch of brown about 

discoidal part of subcostal vein and at all vein furcations; also, 

the terminal space outside of the pale oblique band is uniformly 
dark, but with three marginal pale spots (one on each side of 

the cubital, second marginal and discoidal cells), always more 

or less evenly speckled; exceptionally, both inside and outside . 

the oblique band, there is a border of variable extent, of a uni- 
form dark brown color, not composed of small dots.” 

There is great sexual difference in color pattern and in in- 

tensity of markings, as seen in figures. The dark border of the 

light band mentioned in Riley’s description is generally very 

weak in the female, sometimes almost obsolete, except where 

it crosses the veins, as in figure 6, plate XX XIII. In general, 

the wing of the male is darker and more heavily marked than 
that of the female. Also, the spring forms of both sexes are 
said to be darker than those that emerge in the fall and hiber- 

nate over winter.? 

2. Insect Life, vol. V, p. 227. 

ee 
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In the males there is generally a large dark spot between 

Cu 1 and Cu 2, and on and below the radius proximad of 
its fusion with the subcosta, this spot tending to spread 

across cell I. These spots, proximad from the stigma, tend in 

the female to be reduced to dusky portions only a little darker 

than the surrounding parts, the former being almost indistin- 

guishable and the latter confined to a border to the vein. The 

three marginal spots mentioned by Riley are generally more 

distinct in the male. There is a great deal of individual varia- 
tion in the wing markings as to the number and arrangement 
of the small spots composing the pattern, no two individuals 
showing precisely the same combinations. Figures 1 and 5, 

plate XX XIII, show how this pattern is produced, and inci- 

dentally the difference in shape of the apices of the male and 

female wings. Figure 4, plate XX XIII, is another view of the. 

pattern at the branching of the median veins, more highly 

magnified than the two preceding. 

The upper surface of the wing is entirely covered with disk- 
like cuticular outgrowths about 0.005 mm. in diameter, best 

. Seen in cross section through the wing (30-9, a and b). These 

are more or less circular in outline though often very irregular. 

Some of these, b, are filled with dark brown pigment, the same 

diffusing slightly into the surrounding cuticula. These pig- 
mented disks are arranged in groups of 2, 3, 4, 5, 6, 7, 8, and 

so on, to form polygons and other figures. These groups form 

the “spots” which make up the pattern, and are either distinct 
or banked up together to form a dark spot or band, in which 

case the polygonal structure is not so apparent. The following 

elements make up the pattern: (1) The individual pigmented 
cuticular processes, which I shall designate as “disks’’; (2) 

polygonal and other combinations of these disks—‘‘groups” ; 
(3) arrangements of these groups making up the large and 

small spots, bands, etc.—“markings.” 
There are a great many different forms of groups produced 

by these disks, the principal types of which are seen on page 

146. Polygonal groups predominate, though chainlike, broken. 

and irregular forms are also found. Groups of “two’s” and 

“three’s” arranged lengthwise with the wing are found pre- 

dominating in the basal cells, while more complex polygonal 
figures are the rule in the distal regions of the wing. Groups 
consisting of only one disk were not found. 
Any difference between the composition of the groups or the 



146 KANSAS UNIVERSITY SCIENCE BULLETIN. 

frequency of certain group types in the male and the female 

was not found. The polygonal groups are oftener without the 

central disk dark than with. When this was not pigmented, 
the space was still clouded the same as the cuticula surround- — 
ing the pigmented disks. 

eae oe % 

¢ ¢ 0 
Fic. 61.—Diagram showing principal forms of 

groups found in the pattern. 

The disks were found to be smaller proximad of the base of 
the wing and near the veins and the anal fold, and consequently 

the groups there were either of uniformly small disks or of part 

normal and part small-sized disks. There were no groups on 

the stigma; here the disks became reduced to mere low, conical 

projections. The anal fold was smooth and transparent, with 

clear-cut edges. 

Cross section (30-9, c) shows on the lower side of the wing, 

spposite each disk, a small, blunt outgrowth, generally unpig- 

mented. 

Hind Wing.—Here the disk structure of the membrane is 

barely visible under favorable conditions of illumination of the 

microscope. Only those disks on the clavus are pigmented, 
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The number of groups averages thirty to thirty-five. They 
tend to be irregular and not polygonal. Groups of “four’s” 
are perhaps the most common, being generally found singly, 

though sometimes two or three groups are associated together 
to form a figure, generally a chain. 

III. STRUCTURE. 

Fore Wing.—Of the sixty wings that I examined, the fore 

wings averaged 2.94 mm. long by 1.19 mm. at greatest width 

in the male, and 3.27 mm. by 1.37 mm. in the female. Varia- 

tions in outline of the wings and in the shape of the cells were 
very slight. There was, however, variation noticed in the 

length and breadth of the wing between rights and lefts in 
both sexes. — 

In the membrane at the base of the fore wings are found two 

small sclerites, called by Audouin “articulatory epidemes,” 

already mentioned (27-1, artep). The cephalic of these is 

seen in cross section to be more or less spherical in outline. 

On each side of the wing veins is a row of rather stiff, curved 

hairs in circular pits, seen in 33-1 and 5. On the anterior 

_ portion of the costa there are three rows of hairs, the an- 
terior of which is separated from the others by a central, 
dorsally projecting ridge of the costa. From a point near the 
proximal edge of the light band, already referred to under 

“pattern,” these hairs are found in a single row until the place 
is reached where the anal vein and the posterior costa seem to 

cross. From here on the costa bears no hairs, but in their 

place a row of very minute, sharp teeth on its outer edge. 

These teeth are also found on the edge of the anterior costa 

below the smooth-edged cuticular margin of the wing; they are 

somewhat larger here, but become obsolete a little before the 

apex of the wing is reached. 

Upper and lower surfaces of the wing are diicdencbiilli the 
same, as regards number and position of hairs. The structure 
of the membrane has already been treated. It is submem- 

branaceous in texture. 

Hind Wing.—The hind wing averages 2.5 mm. long by 0.97 
mm. wide. The apical portion is wider than the basal and is 
well rounded. The anterior margin is fairly straight, though 

somewhat undulating in outline. No hairs are found on the 

veins of the hind wing except two or three on the fused portion 

of the subcosta, radius, media and cubitus, and on the basal 
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portion of the anterior costa, where fifteen or more—the num- 

ber being variable—long, stiff hairs project cephalad, curving 

upward (38-8). The hind wings are very weak and delicate, 

and these hairs are of use in codérdinating the movements of 

the hind wing with those of the fore wing, resembling some- 

what the “hamulus” of the Hymenoptera. 
The anterior margin of the costa is only slightly roughened 

—covered with low, knob-like processes, distad of the hairs— 

the basal two-thirds of its length, but from here on as far as 

the beginning of the clavus these knobs become lengthened out 

into spine-like scales pointing distad. -The margin of the 

clavus is comparatively smooth except where roughened at the 

humeral angle. 

The membranes of this wing are transparent and thin, and 

were often separated from each other to form a sac, when 

boiled too long in caustic potash. This is in harmony with the 

studies of Weismann, Kiinkel d’Herculais, Dewitz, Van Rees 

and Pratt, which established the fact that insect wings are of 

hypodermal origin, being evaginations of the integument, and 

the separation of these membranes through the action of 

caustic potash shows plainly that the wing membrane is made 

up of two laminz, an upper-and a lower, which are fused to 

one another between the veins. The veins, except the costa, 

are almost without chitinization, and the subcosta could be 

made out only when it was filled with air as in newly emerged 

specimens.. 

The fore wing is quite flat, except the clavus, which is bent 

somewhat ventrad, and that portion of the clavus between the 

anal vein and the costa is bent quite sharply ventrad, so that 

it is almost horizontal in position when the wings are folded — 

along the side of the body. When the insect is at rest and the 

wings are in this position the anal angles of the fore wings fit 

up closely against the edges of the scutellum of the meso- 

thorax, and their edges are contiguous from the distal end of 

the clavus to the tip of the wing. Through the gap between 

the clayval portions of the wings can be seen the posterior mar- 

gins of the hind wings, which are contiguous throughout the 

claval region, their anal angles fitting against the small oval 

sclerite of the metathorax (the second tergal sclerite). 
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LEGS. 

The prothoracic and mesothoracic legs are essentially the 
same in structure, while the metathoracic leg is greatly spe- 
cialized. The cox of the former are not free and movable, 

as in many insects, but immovably fixed to the thorax, and, 
according to Witlaczil, coalescing with it. They are greatly 
produced laterally, this portion being flattened and longer in 
the mesocoxa than in the procoxa. 

The trochanters are short, cylindrical sclerites, somewhat 

constricted proximally. All three pairs are similar. 

The two anterior pairs of femora are swollen, the outlines 
of their dorsal surfaces somewhat convex, and the cuticula of 

ventral surfaces much roughened. The femora of the protho- 
racic legs are somewhat longer than those of the mesothoracic 

pair. The distal ends are on their ventral faces deeply gouged 

out, into which groove, bounded by strong lateral edges, the 

tibize fit when the leg is flexed. The femora of the metatho- 
racic legs are similar in structure to those of the other pairs, 

but longer and relatively more slender. There was very little 
_ variation of this part, as may be seen by the following table of 
measurements: 

AVERAGE LENGTH. 
e. Female. 

Right. Left. Right. Left. 

0.656 mm. 0.654 mm. 0.686 mm. 0.691 mm. 

The articulation between femur and trochanter of meso- 

thoracic leg is shown in figure 78, page 150. This is similar in 
the other pairs. 

The structure of the tibiz is of great interest. The tibize of 

the prothoracic and mesothoracic legs are about as long as the 

femora, but those of the metathoracic legs are slightly longer 
than the femora. The distal ends of the first and second pairs 
of tibiz bear a fringe of long, sharp spines which point distad, 

those of the prothoracic pair being slightly the weaker. The 

distal ends of the metatibiz are swollen and bear nine short, 
thick, blunt, black spines (figs 73, 74 and 75). These spines 
are a part of the scheme of specialization for jumping, pre- 

venting the foot from slipping in the same nigh as do the 
_ spines on the grasshopper’s tibiz. 

The tarsi are two-segmented. In the first two pairs of legs 

the second segment is larger, but the first is the larger in the 
metathoracic pair. In all three pairs the segments are much 
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Pig. 71. * 147. 

Pig. 79. x%0o - 

Fig. 77. % A4 

Fic. 72.—First metatarsal segment. c, claw; p, pad. 

Figs. 73 and 74.—End of metatibia showing spines. 

Fig. 75.—End of mesotibia. 
Fig. 77.—Metatrochanter. sh, sensory hairs; sp, sensory pits. 

Fig. 78.—Articulation between coxa and trochanter mesothoracic leg. 
cox, coxa; troc, trochanter; m, membrane. 

Fig. 79.—Prothoracic foot. c, claw; s, str, tendons moving claws. 

constricted proximally. The first segment articulates with the 

tibia by a joint much like that between femur and trochanter. 

On the ventral surface of the first tarsal segment of the meta- 

thoracic leg is a soft, membranous pad, projecting distad be- 
tween the two stout, laterally placed claws (fig. 72). This pad 
is best developed in the metathoracic tarsi and these claws are 
found only here. 

The second segment bears the claws, which are similar in all 

three pairs of legs. These are short, heavy, and rather blunt, 
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with several small sclerites at their bases embedded in the 
membrane. These are illustrated in figure 79, which shows 

the tendons controlling their movement, and the two-lobed 
empodium, one lobe being under each claw. This empodium 

is functional, as in many insects, and is used in holding the in- 

sect to a smooth surface, as it can cling readily to a glass sur- 

face. . 
-Femora, tibiz and tarsi of all three pairs of legs are cov- 

ered with hairs, many of which are probably tactile. Both 
coxze and trochanters (except of metathoracic legs) bear hairs, 
the latter with one or two hairs on their distal ends longer 
than the segments themselves. On the trochanters is a row 

of oval sensory pits (fig. 77, sp). 

ABDOMEN. 

The relative shapes of the abdomen in the sexes can be 
seen in 35-13 and 14 (figure inverted), also in 34-4. The 

abdomen of the female is larger than that of the male and 

seems much longer in proportion, as the ninth segment of the 

male bearing the genitalia is generally carried bent dorsad 
- and cephalad so that the supra-anal plate fits up tightly against 
the seventh segment, thus making the abdomen appear quite 
short. In both sexes it is slightly compressed laterally. Ac- 

cording to Edwards, there are visible five segments above and 
six below, not counting the genital segment. 

The first two segments are smaller than those caudad. ‘‘The 
first abdominal somite of both sexes is added to the meta- 
thorax to enlarge the springing-gear; the second abdominal 
somite forms a short stalk for the abdomen. . . .”— 
(Macloskie. ) . 

According to Witlaczil, in the male the supra-anal plate rep- 
resents the tenth somite, the ninth is not represented above, 
and below forms the subgenital plate; the eighth is scarcely 
at all developed above; in the female, the supra-anal and sub- 
genital plates or valves represent the tenth segment. 

In the pleural membrane are found seven spiracles, each 
surrounded by a wide, chitinized ring. The cuticula of the 

abdomen is punctate, not so pubescent as that of the thorax, 
and the membrane between the chitinized plates of each seg- 
ment is covered with great numbers of minute sensillia stylo- 
conica. On the posterior edge of each segment is a row of 

3—Univ. Sci. Bull., Vol. V, No. 9. 
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sensory hairs, in prominent pits, much more evident, however, 

in the male than in the female. ; 

GENITALIA. 

MALE GENITALIA.—The genital segment of the male of 

Pachypsylla celtidis-mamme is described by Riley as follows: 

“Male genital segment a little longer than the preceding ven- 

tral segment, brown, shining; plate as high as the length of 

the segment, lateral lobe barely indicated, anterior margin 

straight, posterior margin very slightly oblique, 7. e., the plate 

gradually increases in width towards the tip, which is truncate 

and not arctuate, as in the preceding species. Forceps as in 

venusta [two-thirds as high as plate, front margin straight, - 

hind margin slightly sinuate at basal half, tip rounded, outer 

face smooth and very shining].” 

The genital segment of the male consists of the following 

parts: Supra-anal plate or ‘genital plate,’ subgenital plate, 

forceps or ‘‘posterior processes,” and copulatory organ or © 

“sadeagus.”’ 

The supra-anal plate is a conspicuous fleshy process attached 

to the anterior edge of the subgenital plate. It is generally 

carried at about right angles to this plate, and is shown in 

35-10 as drawn forward out of normal position. It averages 
about 0.48 mm. in length (measured on cephalic surface) and 

its greatest width is 0.19 mm. Looking cephalad at this plate 

it is seen to taper at top and bottom, and to be convex with 

rather wide flaps on its lateral edges (30-6, sppfl). At its 
distal end these flaps recede to the edge, where the organ 

ceases to be an open trough, and becomes a short, rounded, 

truncate, cone-shaped structure (30-6 and 7, x), connected 

by its cephalic wall to the basal wall of the trough below. This 

structure ends in a short, flaring, membranous ring (figs. 6 

and 7, a), which is the external opening of the anus. The 
concave face of the plate is lined with a delicate, folded mem- 

brane, between which and the cephalic wall is situated a tube, 

the rectum. Almost the entire surface of the plate carries 
numerous long, stiff hairs. 

The lower extremity of the supra-anal plate consists of a 

chitinized ring which expands into a rather broad, two-lobed 

plate, lp, on each side. These plates drop ventrad at their inner 

edges much after the fashion of a funnel, and form the base of 

the copulatory organ. 
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Extending ventrad, with its dorsal edges articulating with 

the lower side of each of the above-mentioned lobed plates, is 
a chitinized band or loop (figs. 6 and 7, 1) extending down- 
ward almost to touch the inner surface of the subgenital plate. 

Between the arms of this loop the proximal portion of the 
copulatory organ swing, almost entirely concealed within the 

subgenital plate when the genital segment is telescoped into 

the next segment cephalad and the supra-anal plate is forced 
caudad. At emergence, however, the genital organs are ex- 

tended and not telescoped, and at time of copulation the copula- 
tory organ is protruded from the cavity of the subgenital plate. 

Extending ventrad from the lateral plates at the base of the 

supra-anal plate is the chitinized couplatory organ or extremity 

of and sheath for the penis—‘“the zedeagus” of some writers. 

This organ (figs. 6 and 7, co, and 35-7), soon after it leaves 

the base of the supra-anal plate, forms a sharp bend, reversing 
its direction to dorsad. After reaching a position about oppo- 
site the middle of the supra-anal plate there occurs a conspicu- 

ous swelling, and beyond that a joint or geniculation (30- 

6, g). The proximal portion of the second segment of the 
organ is also swollen. This segment in normal position drops 

‘ventrad. The distal end bends caudad and is swollen greatly, 

becoming club-shaped (fig. 6, c), convex cephalad, and con- 
cave caudad, this segment having a vertical orientation. The 

convex, cephalic face of the club is gouged out to form a deep 

longitudinal groove running from base to tip. 
The proximal portion of the first segment of the copulatory 

organ is not tubular, but slitted on its convex surface, and 

through this slit the penis enters the sheath, p. The concave 

surface of this portion is coarsely notched or corrugated trans- 
versely for some distance beyond the bend. The remainder of 
the organ is tubular, the canal running through the inner half 

of the sheath—that is, through the cephalic half of the first 

segment and through the caudal half of the second segment. 

This canal runs into the center of the club, makes a sharp turn, 

and, proceeding back upon itself, curves to the convex side of 
the club, where it issues at the base of the club in the bottom of 
the groove above mentioned. 

The copulatory organ is more strongly chitinized at its distal 

end than it is in the curved portion of the proximal segment, 

and along its outer surface, than on its inner. The first seg- 
ment measures (from base to geniculation, the distance along 
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curved side being much greater) 0.31 mm., the distal segment 

0.38 mm., and the club 0,12 mm. 

The subgenital plate has already been mentioned in the quo- 

tation from Riley. Its measurements are as follows: Depth, 

0.37 mm.; length, 0.40 mm.; greatest width, 0.26 mm. 

Situated at the posterior.end of the subgenital plate are the 

forceps (fig. 10, f, and 35-15). These two pieces are some- 

what swollen at their bases, seem to be articulated one against 

the other, and are connected to the subgenital plate by means of 

a long, thin, tendonous strip, which reaches ventrad to the 

inner surface of the plate, where it is fastened. The forceps 

are about 0.29 mm. in length, spread at widest 0.29 mm., and 

project above the subgenital plate 0.20 mm. 

FEMALE GENITALIA.—The genital segment and ovipositor of 

the female are of great morphological interest. The genital 

plates have been described by Riley as follows: ‘Female | 

genital segment a little shorter than the three preceding ven- 

- tral segments together; . . . upper plate a little longer 

than the lower one, gradually tapering toward the tip, which 

is straight; . . . lower plate also simple.” This is in 

substance all that I have found in the literature to which I have 

had access concerning the female genitalia of this family. The 

genital valves or plates, being of taxonomic value, have gen- 

erally been included in descriptions of species, but the oviposi- 

tor remains unmentioned, except in a few cases where it is 
spoken of as “ending in an acute point’? (Edwards). West-_ 

wood (1839) mentions it as a “pleurivalve conical ovipositor.” 

I have been unable to find anywhere a treatment of its struc- 

ture. 

I shall first treat of the two plates mentioned above, and then 

consider the structure of the ovipositor proper. 

Of these plates, the supra-anal is of the greater interest. It 

is wedge-shaped, with its apex blunt and its proximal end three- 

sided. It averages in length 0.98 mm. and in width 0.42 mm. 

Its shape is well shown in 35-4, where the ovate openings 

at its basal angles can be seen. These latter may be of use in 

attaching the plate to the abdomen. The plate is somewhat: 

convex but not so much so as the subgenital plate. It bears on 

its upper surface sensory hairs, probably tactile, and is quite 

heavily chitinized except for a large oval space, y, about 0.26 

mm. long surrounding the anal opening, where the plate is 
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almost transparent. Along the median line in this space is a 
slit, into the cephalic end of which the anus opens; this could 

be seen in a longitudinal-vertical section, where the rectum 
was found to run just under the dorsal surface of the posterior 
end of the abdomen and end at the cephalic end of this slit. 
About midway between this slit and the edges of the clear 
space are situated the curiously ornamental openings of the 

circumanal wax glands, outside of which are rather broken 

and irregular rows of short, heavy, curved, sensory hairs in pits. 

The dorsal aspect of this region of the plate is represented 
in 31-4. This encircling band of wax glands is double; 

their openings are ovate to rectangular, with borders measur- 
ing 0.015 mm. in width, and are seen in the greatly magnified 

portion shown in 26-5 B.  Longitudinal-vertical sections 
showed the glands themselves. These are of large size, flask- 

shaped, with long necks, and are closely packed in a double row 
under the dorsal openings. They are illustrated in section in 

figure 5 A, wg. Their nuclei, n, could in most cases be made 

out quite plainly. These glands are of hypodermal origin, and 

are homologous to the circumgenital glands or spinnerets found 
in the Coccidze. They are functional in the nymphal stages of 

most Psyllide, and in those forming galls the wax enters into 

the composition of the gall, making an impervious lining for 
the cavity, while it is found as a stringy, exuvial covering to 

some of the nongall-formers. These glands are functional in 

the nymph of Pachypsylla, but I have no evidence that they are 
so in the adult. | 

The subgenital plate is much broader and more concave than 
' the supra-anal plate, though not so long as the latter. Its 

shape when flattened out is shown in 27-8. The anterior 
margin is almost straight, except laterad, where it turns caudad 

and joins the lateral margin, forming an acute angle. The 

apex is blunt, as in the supra-anal plate. The approximate 

measurements of the plate are: Width at base, 0.73 mm.; 

median length, 0.63 mm.; length of lateral margin, 0.67 mm. 

The plate is covered with rather stiff hairs, probably tactile, 
more numerous at the posterior end and wanting at the anterior 

end; it is almost as heavily chitinized as the supra-anal plate. 
Ovipositor.—The insects of the suborder Homoptera possess 

a well-developed ovipositor. This is well preserved and of 
quite complicated structure in the family Psyllide, 



156 KANSAS UNIVERSITY SCIENCE BULLETIN. 

The typical structure of an ovipositor is described in the fol- 

lowing quotation from Packard: ‘Morphologically, the ovi- 
positor is composed of three pairs of unjointed styles (rhab- 

dites of Lacaze-Duthiers, gonapophyses of Huxley), which are 

closely appressed to or sheathed within each other, the eggs 

passing out from the end of the oviduct, which lies, as Dewitz 

states, between the two styles of the lowest or innermost pair 
and under the cross-bars or at the base of the stylets men- 
tioned; the styles or blades spreading to allow of the passage 

of the egg.” 

The structure of this organ I find to be second in interest 

only to the mouth parts. It is more complicated in structure 

than those parts in the cicada, but the homologies between the 

two can be worked out in part, as will be seen later. It is very 
similar in most points to the ovipositor in the Aleurodide. 

Lack of material has confined my work to postembryonic 

studies. There has been much investigation on the segmental 

_ origin of the ovipositor parts, the researches of Wheeler and 

Heymons being of chief importance. Wheeler (1892), who 

studied orthopteran embryology, holds for the “direct. con- 

tinuity of the embryonic appendages with the gonapophyses,” 

while Heymons (1899), from studies in Heteroptera and 

Homoptera, considers these gonapophyses as hypodermal out- 

growths. However, it is not my purpose to discuss these ques- 

tions, but to treat of the anatomy and homologies of the parts. 

A specimen of Pachypsylla female, mounted in balsam after 

having been thoroughly boiled in caustic potash and cleared, 

showed, when viewed from the side, the relative position of 

the ovipositor as regards supra-anal and subgenital plates, and 

the posterior abdominal segments (30-4). The ovipositor is 

seen to be an elongate organ with dorsal and ventral outlines 

about parallel. It measures in length about 0.82 mm., in 

greatest width about 0.19 mm., and in thickness less than half 

that of width. The caudal extremity is acutely pointed, this 

portion bending dorsad, then caudad, with its apex extending 

caudad even with the tip of the subgenital plate, while the 

supra-anal plate extends caudad from this apex 0.11 mm. in the 

specimen described. The proximal or cephalic end of the ovi- 

positor is composed of several sclerites of irregular form, to be 

described later, the ends of which project 0.16 mm. beyond a 

line joining the bases of the enclosing external plates to a 
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position about opposite and above the last spiracle, well into 

the dorsal portion of the last abdominal segment. Its position 
relative to the two plates is shown in figure 1 B, plate X XVI. 

Seven longitudinal rods or valves are to be found running 

throughout the organ. Six of these are paired, two pairs form- 

ing the lateral edges of the ventral face of the organ, and a 
third pair lateral and well towards the dorsal face; the seventh 

and unpaired rod is dorsal and median. 

Each upper and each lower valve of the two ventral pairs are 

very closely connected, being held together throughout their 
entire length by means of a tongue on the upper fitting into a 

groove in the lower, which may be seen in the cross section in 

26-1 A, tg. The tips of these valves are very sharp and 

finely pointed, and come together at their tips, where they are 

enclosed in a sheath. The cephalic ends of each ventral and 
inner stylet is connected with a more or less crescent-shaped 
selerite (26-1, blv). The cephalic end of each ventral and 

outer stylet connects with a sclerite (fig. 1, buv) which runs 

dorsad and caudad. When this reaches about the dorsal face 
of the ovipositor it turns caudad and becomes a thin rod, Ir, 

and at about the middle of the ovipositor becomes compressed 
laterally to form a wide, thin plate, which gradually loses its 

chitinization, and is lost in the fleshy tongues on each side of 
the ovipositor sheath (figs. 1, 2 and 3, stp). 
‘Situated medially and a little dorsad of the above-mentioned 

rods is a rather thick, cylindrical rod bent at its cephalic end 

slightly dorsad, then ventrad (fig. 1, mr). This rod does not 
project quite as far cephalad as the stylets below. It is greatly 

swollen at its caudal extremity, with a square end, and its ven- 
tral portion is continued into a slender process, in shape much 

like a human femur, procv. This last-named process works 

against a ventrad-projecting outgrowth of the sheath sur- - 

rounding the stylet tips, which serves to close the oviduct (fig. 
1, v). Lying above this slender sclerite are two pairs of chit- 
inized sclerites (figs. 1 2 and 3, se 1 and sc 2), which are 
connected with and probably serve to bring about lateral ad- 

justment of the lateral tongues above mentioned. Viewed 

laterally, these sclerites appear as one pair (fig. 1), but when 

viewed from above, and pressure was applied to the dissec- 

tion so as to spread the sidés apart, they were seen as two 

distinct pairs of sclerites. Viewed in this manner, the sclerites 
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of the cephalic pair, sc 1, are pointed, with convex inner sur- 

faces. Their tips have a connection with the lateral plates 

(figs. 1, 2 and 3, pl), the latter probably serving to spread 

these sclerites apart. The caudal pair, sc 2, reach almost to 

the base of the sheath surrounding the stylet tips, are rectan- 

gular in shape, with rounded ends, and with their inner sur- 

faces corrugated, the corrugations corresponding to the 

striations on the surfaces of the lateral tongues of the ovi- 

positor. 

The sheath already mentioned (figs. 1, 2 and 3, sh) is 

slitted on its dorsal surface from near its cephalic edge to the 

apex of the ovipositor, to allow of the spreading of the stylets 

and the passage of the egg during oviposition. The cephalic 

portion of its dorsal face carries the small, valve-like, ventrad- 

projecting process (fig. 1, v). - 
Fig. 1, pl. 26, shows a cross section about midway through 

the organ. In this the fleshy structures that were destroyed in 

boiling in caustic potash can be made out. The grooved and 

toothed valves, wv and lv, are seen fitted together, and the 

chitinized portion, «, which is grooved and forms the sides of 

the oviduct. Above the oviduct, and forming its roof, is the 

structure, y, whose ventral surface is covered with minute, 

soft, hair-like outgrowths, and whose dorsal portion is chitin- 

ized. The part marked z probably represents the lateral 
plates, lpt, of 30-1, 2 and 3. The duct of the cement (?) 
gland is seen at cmgd in this figure and appears in all sec- 

tions cephalad of this, and in those caudad‘up to the point 
where it turns ventrad and enters the oviduct. The entire 

course of this duct was best seen in longitudinal-vertical sec- 

tions, but could be traced well in longitudinal-horizontal sec- 

tions, where its union with the oviduct was plainly seen, and 

in the next succeeding sections ventrad the oviduct was laid 

bare. The cement (?) gland itself, a small sac, was found 

somewhat cephalad of the base of the ovipositor in most of 
my dissections. Figure 6, plate XX XI, is of a cross section 

near the base of the ovipositor sheath. Here the shape of the 
supra-anal and subgenital plates can be seen, also the position 

of the oviduct. The lateral tongues or sting-palpi are also 

represented. 
I have pointed out the structure of these parts and shall 

now give my theories as to the homologies, The typical struc- 
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ture of an ovipositor as being composed of several pairs of 

stylets has already been mentioned. 
To homologize the structure of the ovipositor of Pachypsylla 

with the structure of the typical ovipositor is more difficult 
than the comparison of it with that as seen in the different 
families of the Homoptera. I find that it is more specialized 
than a typical ovipositor such as found in the Orthoptera, 
though it is possible to show the homologies; but since it re- 

sembles more closely that found among the Hymenoptera— 
where it is specialized to form a sting—these homologies can 
be traced through the latter. Taking the sting of the honey- 
bee as a type of the hymenopterous ovipositor, since this has 
been so carefully worked out by Cheshire and others, it can be 

seen that the lower valves of Pachypsylla (30-1 and 3, lv) 
correspond to the lower and outer pair of darts in the honey- 
bee. The upper valves of Pachypsylla correspond to the inner 
pair in the bee, where they are fused into one piece to form the 
sheath. It should be noted here that the sheath does not corre- 
spond to that part of the ovipositor of Pachypsylla which I 
have designated by that name. In the honeybee there are two 
fleshy processes, one on each side of the sting, which are 

thought to represent the upper pair of stylets and are called 
_ the “sting-palpi” or “‘feelers.”” These are evidently the same 

as the lateral tongues found in Pachypsylla. 
The homologies up to this point are comparatively clear, 

but as to the remainder of the parts I can only theorize, as 
their structure is complicated and there are present more 
pieces than in the typical organ. The lateral tongues evidently 
are the “sting-palpi” and together with the lateral rods and 
lateral plates form the upper pair of stylets; but this expla- 
nation does not account for the median rod with its processes 
and appendages. There may be three possible explanations 
for these structures: 

1. This median rod might be regarded as a fusion of the 
dorsal pair of stylets, and the rods and lateral plates only as 

’ tendons causing the spreading of the sc 1 and sc 2 and conse- 

quently the sting-palpi. 
2. The rods and lateral plates might be considered as com- 

posing the dorsal pair of stylets and the median rod as an 

accessory structure which, moving backward and forward, 
would spread and close the sting-palpi, for these latter are 



160 KANSAS UNIVERSITY SCIENCE BULLETIN. 

evidently in as intimate a relation to the median rod as the 

lateral rods. Hence, there is possible a third theory: 

3. According to Lacaze-Duthier’s view, there are “two 

pieces forming the outer pair of rhabdites” (after Packard), 
as seen in the figure illustrating his conception of the ideal 

ovipositor. In Pachypsylla, one of these “pieces” might be 
the rod and the lateral plate which connects basally with the 
lever supporting the base of the upper valve, bwv, and distally 

with the tongues or sting-palpi. The median rod, then, might 
represent the second of the “pieces,” its two parts fused into 
one. Thus rods and lateral plates, together with the sting- 
palpi, would form one portion of the upper pair of valves 
while the median rods represent the other paired portion, 
fused. The sheath may also belong to the second piece of the 
upper valves, as do the two pairs of small sclerites, sc 1 and 
sc 2 (80-2). The levers supporting the bases of the lower 

valves, blv, find their homologues in similar structures in the 

honeybee, termed there simply “levers,” which are the point 

of attachment of muscles moving the sting. They have a sim- 

ilar function here, serving to spread the styles. 

The ovipositor of the cicada has been described and figured 
by Marlatt (1895). A rather superficial study of this form 

from my own dissections has rendered the following facts 

and hypotheses as to the homologies between this form and 
Pachypsylla: There are found two pairs of blades, the dorsal 
pair grown together, and the two pairs sliding on one another 

by means of tongues and grooves much as I have shown to be 

the case with Pachypsylla. The tips of the ventral pair of 
blades are serrated for cutting purposes. These two pairs of 

blades evidently correspond to the upper and lower valves or 

styles of Pachypsylla, though in the latter there is no need for 
their tips to be modified for cutting, as the eggs are not de- 
posited within plant tissue. In Cicada there is a very large 

sheath surrounding the entire ovipositor, except for a slit be- 

neath, which probably corresponds to the supra-anal plate. 
Marlatt says, ‘The ovipositor is protected and covered when 

at rest by two valves, which form a sort of sheath or scab- 

bard.” These second valves mentioned by Marlatt, which are 

dorsad of the blades, proximad are broad, and made up of 

chitinized and more or less membranous portions, and distad 

are composed of two distinct and distally separable scabbards 



STOUGH: THE HACKBERRY PSYLLA. 161 

covering the tips of the blades dorsally and laterally, and open 
entad and ventrad. The basal portion is evidently a complex 
made up of parts corresponding perhaps to the median rod, 
lateral rods and lateral plates, with their processes, append- 
ages, etc., of Pachypsylla, while the two scabbards may be 
homologous to the sheath. The sting-palpi are not repre- 
sented in Cicada. 

The ovipositor of one species of Aleurodidz which I have 
examined showed features most similar to those of Pachy- 
psylla of any other insect, the parts being much more easily 

compared with those of this insect. The upper and lower pairs 
of converging blades or styles were found, together with a 

sheath enclosing their apices, while their bases bore irregu- 
lar supports as in Pachypsylla. Sting-palpi and sc 1 and sc 2 
were also present. 

GENERAL SUMMARY. 

1. The head is made up of the typical sclerites. 
2. The mouth parts conform in general to those of other 

homopterous forms, such as those of the Cicadide, Aphidide, 
Aleurodidz, and most closely to those of the Aleurodide, differ- 
ing most from those of the Coccide. 

3. The mesoterga and metaterga show three sclerites only. 

The pleural sclerites are much folded, with their sutures almost 

obsolete. The internal skeleton of mesothorax and metathorax 
is large and heavy, making the segments very rigid. 

4. The metathoracic legs are greatly specialized for jump- 
ing, the tibize being provided with heavy spines on their distal 
ends, and the coxa, epimeron, meracanthus, a part of the 
sternum, and an accessory sclerite compose a single complex 

of sclerites which encases powerful jumping muscles. 
5. A study of the tracheation of nymphal wing pads and 

wings of recently emerged adults has shown that there are 

present in the adult wing the following veins: one costa; one 

subcosta; one radius; one two-branched media; one two- 
branched cubitus; one anal vein; and a vein occupying the 
anal fold, seen only in nymphal wings, being represented only | 
as a fold in the adult wing. Previous writers have not indi- 

cated the media and cubitus as separate veins, but I have shown 

them to be represented by separate parallel trachez in the wing 

pads. The subcosta of the hind wing, previously unfigured, 

was found in recently emerged specimens, A sport vein, pos- 
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sibly representing the second anal vein, was found in one 

specimen. 

6. The color pattern was found to consist of polygonal or 

irregular groups of pigmented, disklike outgrowths of the 

cuticula. The manner of producing the pattern is various. 

7. The male genitalia were found to consist of supra-anal 
plate, subgenital plate, couplatory organ and forceps. 

8. The female genitalia consist of supra-anal plate (orna- 
mented with a double row of wax glands, flask-shaped in longi- 

tudinal section), subgenital plate and ovipositor. The ovi- 

positor was found to be homologous in many points to a 

hymenopterous ovipositor as seen in the honeybee (a sting). 

Comparison with other homopterous forms showed it to be 

homologous in most points with that of the cicada, but almost 

identical to that of the Aleurodidz, showing, with the buccal 

appendages, the close structural relationship of the Psyllide 

to that family. 
| TECHNIQUE. 

My studies have been based upon dissections and serial sec- 

tions. 

Dissections were made in three ways: (1) A dissecting 

stand fitted with an 0.8-inch lens was used in some cases; (2) 

some of my work was done under a compound microscope (one- 

inch eye-piece and one-inch objective) on the lower end of 

whose draw-tube was placed a three-inch objective, thus pro- 

ducing an erect image. This combination was useful but its 

disadvantage was that the eye was too far from the specimen 

being dissected on the microscope stage; (8) the greater part 

of my dissecting, however, was done under a ‘“Pfeiffer’s Erect- 

vision Dissecting Microscope’”’ using objectives three inch, one 

inch and two-thirds inch. This was found to be the most con- 

venient, especially in the more delicate dissections, such as of 

mouth parts and genitalia. By the use of very fine, sharp- 

pointed needles, these minute organs could be torn apart with 

ease. 
Most of my material was boiled for a short time in caustic 

potash, and then treated with alcohol and xylol previous to 

dissections, no fresh specimens being available at the time 
when this work was done. Xylol was of great use in clearing 

the parts, but at the same time it rendered them brittle and 

easily broken. 

Dissections were made under water, alcohol, xylol and glyc- 
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erine. Xylol was a very clear medium, having the advantage 

that uncleared specimens could be dissected in it, soon becoming 

clear, but it evaporated very quickly, and, lacking viscosity, al- 
lowed too much movement of the parts being dissected. Glyc- 
erine was found to possess the necessary viscosity and was the 
most satisfactory medium in most cases. 

The nymphal wing pads were removed with fine scissors, 
holding the nymph the while between the finger-tips; the pads 

were mounted in dilute glycerine after being kept in formalin 

for about twenty-four hours. 
Serial sections were made through the mouth parts and geni- 

talia, and cross, longitudinal-horizontal and longitudinal-ver- 

tical sections through the entire insect. 

Killing and Fixing.—Live insects were killed by plunging 
into a boiling saturated solution of corrosive sublimate con- 
taining about one per cent of acetic acid, and after being 
punctured with a piece of glass drawn out into a fine point 

were left in the solution to fix for twenty-four hours. 

Dehydrating and Clearing.—The insects were placed in 
small vials with ends covered with cheesecloth, and run through 

alcohols of percentages 70, 85 and 95, twenty-four hours in 

each. They were removed to absolute alcohol for about twelve 

hours and then run into xylol for about twelve hours. 

Infiltration and Embedding.—Leaving the specimens still in 
the vials they were infiltrated in a paraffin oven with paraffin 

_ of melting-point 50-55° C. for forty-eight hours. They were 
then embedded in paraffin in small paper dishes, being oriented 
properly as the paraffin hardened when the dish was floated on 
cold water. | 

Sections.—Serial sections 10-20 microns thick were cut on a 
sliding microtome. The ribbons were floated onto Mayer’s 

albumen fixative on a clean slide, the excess of fixative drained 

off with filter paper, and the slide dried on top of the paraffin 
oven for twelve or more hours. The slide was then left for 

ten to fifteen minutes in xylol to remove the paraffin, when it 

was run through the following grades of alcohol, five to ten 
minutes in each: 95 per cent, 85 per cent, 70 per cent, 50 per 

cent, 35 per cent, 25 per cent, and then into water, after which 

the sections were stained in Mayer’s Carmalum, ten to fifteen 

minutes, washed in water and run back through the alcohols, 

beginning with twenty-five per cent, into absolute alcohol, five 
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to ten minutes in each. They were then cleared in xylol and 

mounted in balsam. 
In running the sections into and out of the stain (aqueous) 

the lower grades of alcohol, 25 per cent and 35 per cent, and. 

then water, were necessary; as without their use the transfer 

into the stain from 70 per cent alcohol was found to be too 

sudden, causing currents which tore the sections loose from 

the slide. Any dirt or grease on the slides made this more cer- 

tain. However, cleaning the latter in 95 per cent alcohol con- 

taining a few drops of hydrochloric acid obviated this. 
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ss teen work is an inquiry into the special devices for the 
lateral transfer of food materials in the phloém of vascu- 

lar plants; to see whether sieve tubes are always present in 

the higher plants; and to make some comparative studies of the 
phloém in stems, petioles and fruitstalks. 

At first material in the winter condition was tried but did 
not prove satisfactory, on account of the difficulty of identify- 

ing the sieve tubes in their winter condition. Material was 

again collected, this time including stems, petioles and fruit- 

stalks, from the spring and summer growth, where the sieve 
tubes were functioning. Vines were selected at first, from the 
supposition that the conducting elements would be better de- 

veloped and therefore plainer. This material was preserved in 
two-per-cent formaldehyde. As shrinkage of the protoplasm 
would really assist in making the cell walls more distinct, but 
little attempt was made to prevent it in the various processes 

of preparation. 

The celloidin method of imbedding was tried at first but it 

did not serve the purpose well.| It was rather essential in the 

hard material first collected, but the paraffin method worked 

better in most cases. By the celloidin method slides having 
the required large number of sections upon them were difficult 

to make. If the celloidin were left in the sections it stained 

too much like the cellulose walls. If dissolved out the cuttings 
were liable to cupping or to injury in the region of the cam- 

bium, These facts led to the choice of the paraffin method, 
(169) 
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which was used where possible and which proved quite satis- 
factory in the majority of cases. The oldest material possible 

was commonly used. 

Stains adapted to the work in hand were not found at first. 
Iodine green and erythrosin were tried, but this method left the 
phloém red or pink—a ‘poor color for the purpose. Finally 

fuchsin for the lignified walls and methyl] blue for the cellulose 

ones were found to be quite satisfactory. The latter gave a 

fairly dark wall and slime body—the one better for making the 

drawings, the other rendering the identification of the sieve 

tubes less difficult. 
The sections of such varied kind as to subject and age of 

material stained quite differently under the samé treatment, so 
that each one usually required some variation. The slides were 

left in the fuchsin from two hours to several days. The excess 

stain was removed with acid-alcohol, and the slides were then 
placed in methyl blue for from twenty seconds to three or four 
minutes. 

As a rule, cross, radial and tangential sections, with many 

mounts on each slide, were prepared for each subject—in all, 
more than 300 slides. These included specimens from young 

and from somewhat older material. The tangential sections 
proved the best for demonstrating sieve tubes. The cross sec- 
tions were best for the measurements of cell walls and cell 

cavities, and to show the locality of the various tissues, etc. 

All were used to determine, if possible, the presence of pits, or 
of any other facts bearing on the problem. 

: PLANTS EXAMINED. 

The following is a list of the plants examined, arranged ac- 

cording to the classification of Gray’s revised manual: 

Pinacee: | Salicacee : ; 
Pinus laricio Port. Salix alba, var. vitellina (L.) 

Alismacee : Koch. 
Sagittaria latifolia Willd. - Populus alba L. 

Gramine: Populus deltoides Marsh. 
Zea Mays Linn. Juglandacez: 

Cyperacez: Juglans nigra L. 

Scirpus validus (Vahl.) L. Urticacee : 
Bromeliacez : Ulmus fulva Mx. 

Tillandsia usneoides L. Ulmus americana L. 

Liliacez : Celtis occidentalis L. 

Yucca glauca Nutt. : Cannabis sativa L. 

Asparagus officinalis L. Humulus Lupulus L. 
‘Smilax rotundifolia L, Morus rubra L, 
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Aristolochiacee : 

Aristolochia macrophylla Lam. 
Aristolochia tomentosa Sims. 

Ranunculacez : 
Clematis Pitcheri T. & G. 

Anonacee : 
Asimina triloba Dunal. 

Menispermacez: 
Menispermum canadense L. 

Saxifragacee: 
Deutzia Fortunei Hors. 

Rosacex : 
Spirea japonica L. (7?) 
Pyrus Malus Linn. 
Fragaria virginiana Deuchesne. 
Rubus occidentalis L, 

Rubus cuneifolius Pursh. 
Rosa pratincola Greene. 
Prunus americana Marshall. 

Leguminose: 
Gymnocladus dioica (L.) Koch. 

_ Gleditsia triacanthos L. 
- Melilotus alba Desr. 
Amorpha fruticosa L. 
Desmodium canescens (L.) DC. 

Rutacez: 

Zanthoxylum americanum Mill. 
Simarubacee : 

Ailanthus Sih Aditods Desf. 
Anacardiacee : 

Rhus glabra L. 
Rhus toxicodendron L. 

_ Rhus cotinus L. 

Celastraceex: 
Celastrus scandens L. 

Aceracee : 

Acer saccharinum L. 

Acer Negundo L. 
Rhamnacee: 
Rhamnus lanceolata Pursh. 

Vitacee: 
Psedera quinquefolia (L.) 

Greene. 

Vitis wstivalis Mx. 
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Tiliacee: 
Tilia americana L. 

Malvacez: 
Abutilon Theophrasti Medic. 

Cactaceez: 
Opuntia Rafinesquii Engelm. 

Haloragidacez : 
Myridphyllum heterophyllum Mx. 

Cornacez : 
Cornus asperifolia Mx. 

Oleacee : 
Fraxinus viridis Mx. (?). 
Syringa vulgaris L. 

Asclepiadacezr: 

Asclepiodora viridis ( Walt.) 

Gray. 
Asclepias syriaca L. 

Convolvulacee : 
Cuscuta glomerata Choisy. 

Labiate: 
Monarda fistulosa L. 

Solanacez : 
Lycium halimifolium Mill. 

Scrophulariacez: 

Verbascum Thapsus L. 

Bignoniacee : 

Tecoma radicans (L.) Juss. 

Catalpa speciosa Warder. 

Plantaginacee: 

Plantago virginica L. 
Caprifoliacee : 

Symphoricarpos orbiculatus 
Moench. 

Triosteum perfoliatum L. 

Sambucus canadensis L. 
Cucurbitacee : 

Cucurbita pepo L. 
Composite : 

Brauneria pallida (Nutt.) Brit- 
ton. 

Gaillardia grandiflora ? 

Arctium Lappa L. 
Cirsium discolor (Muhl.) Spring. 

Lepachys pinnata (Vent.) 

These range from the Pinaceze to the Composite. They in- 

clude one parasite, one epiphyte, three hydrophytes and two 

xerophytes. The list embraces twenty-three herbaceous plants 

(not including vines), five herbaceous vines, ten shrubby vines, 

thirteen other shrubs and twenty-one trees. These are em- 
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braced in thirty-nine families, ‘sixty-five genera, and seventy- 

two species. P DRAWINGS. 
In general, camera-lucida drawings have been made to show 

the pits in the phloém when found, to show sieve tubes and 
some of the adjacent tissues from three points of view. A 
Bausch and Lomb 1/12 objective was used with but few ex- 
ceptions, and for measuring a Bausch and Lomb micrometer 
eyepiece—divisions 1/10 mm. In all about 175 drawings have 
been prepared for use in evidence. 

FINDINGS. 

PROBLEM I.—What special devices occur for the lateral 
transfer of food materials in the phloém? 

After considerable search I have found pits in the lateral 
walls of the phloém of fourteen plants, as shown, for example, 
in figures 1 and 2. In figure 1 they are evidently between the 
medullary ray and the phloém; in figure 2, between the sieve 
tubes and the adjoining cells. | : 

Frank! seems to imply that there are no pits between the 
parenchyma cells of the phloém. Figure 1 shows some as they 

appeared between the parenchyma and the parenchyma, and 
between the parenchyma and medullary-ray cells of the stem 

of Populus alba. He also states that the sieve tubes are the 

widest phloém elements.2. This is hardly true in quite a num- 
ber of instances, as in Amorpha fruticosa (fig. 6), where the 

parenchyma is the wider. Quoting from Briosi,’ he states that 

the slime bodies of the sieve tubes sometimes contain starch 
granules, Some are shown in figure 7 in Populus alba. They 
were noted also in Rhus toxicodendron. Frank states also* 
that the lateral walls of the sieve tubes are never strength- 

ened. Figures 4 and 5 show thickenings on the lateral walls 

of the sieve tubes in the roots of Populus deltoides. Tt would 
seem that these are for strengthening the wall. They occur 

also in the end plates of the sieve tubes of the same plant 

(figs. 8 and 9) and in Populus alba. 

Strasburger® finds pits between the phloém parenchyma and 
the medullary rays. Figures 1, 2 and 8 show such. He also 

states® that the cortical rays are specially adapted by means 

Frank, A. B.: Lehrbuch der Botanik, 1892, vol. I, p. 184. 

Loc. cit., p. 183. 

Loe. cit., p. 183. 

Loe. cit., p. 188. 

. Strasburger, Ed., Textbook of Botany, 1897, p. 185. (Trans. by Porter.) 

. Loc, cit., p. 185. 
2 oP 
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of these pits and their contact with the companion cells for 
_ taking up and transferring the food materials laterally, espe- 

cially to the cambium. Figure 6 shows a very common ar- 
rangement of the medullary rays which bears out the rest of 

his statement. It may be added to by saying that the medul- 
lary rays are often close to each other tangentially, and the 
rays and ray-like cells of the pericycle often sweep around the 

narrow portions of the phloém, as seen in figure 6 of Amorpha 
fruticosa, as though for the special purpose stated above, and 
in a way especially fitting them for that function. Some re- 
cent research’ has further verified Strasburger’s statements 
in certain plants.® 

One thing to be noted in botanical literature is that ou on 

sieve tubes and sieve plates is usually done with plants from . 
the Vitacez, Cucurbitaces, Tiliaceze, and a few others, where, 

as will be seen by reference to table I, the walls of the phloém 

are unusually thick. Presumably this is because here the 
things to be seen are more pronounced, and hence more easily 
found and studied. Table II shows comparative data collected 
from the plants having pits in the lateral walls of the phloém 
as observed in this work and from those in which -such pits 
were not observed. In Hquisetum pits are general in the 

phloém elements and in the rest of the cortical tissues. In 
others this is not true. In the tables mentioned it will be seen 
that pits are present in those plants having thicker walls than 
those in which pits were not observed, and, as a rule, the sec- 
tions were from actively functioning tissue. It is seen that 

the phloém walls are as thin in some cases as 0.25 micron, and 
in many cases 0.35 micron. In fact, in the phloém in many 
instances there was but little evidence of appreciable addition 
in thickness to the original vertical wall formed by the cam- 
bium or procambium. As a result of this, in drawing with the 
high magnification of 1200 diameters, it was not feasible to 
use a double line for representing the thickness of the walls, 
and the attempt to do so was soon abandoned and choice made 
of the measurement and tabulation method as shown by the 
tables. It is quite plain that such thin walls could neither 
have nor require pits. In the xylem I found pits invariably 

Hill, A. W., Histology of the Sieve Tubes of Angiosperms. Annals of Botany, 
ag 22, No. 86, pp. 246-290. 

8. Sykes, M. G., Anatomy and Histology of Macrocystis pyrifera and Laminaria sac- 
charina. Annals of Botany, vol, 22, No. 86, pp. 291-326. 
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present, but with the cell walls always much thicker. Even 
here there are no actual perforations. 

Plants often adopt the device of obliquely placed end plates, 
possibly for the purpose of furnishing greater surface for the 

pits. This is noticeably true in many instances, especially in 
the Salicaceee. As a result it seems necessary to strengthen 
these walls, and cross banding with thickenings in the walls 
are seen in figures 2, 8 and 9. The best illustrations (figs. 8 
and 9) are from a root of Populus deltoides, taken about eight 
feet below the surface of the ground. Here there is a much 
increased sieve-plate surface, with strengthening bands at 
regular intervals, as seen from two directions. 

PROBLEM II.—Are sieve tubes always present in the phloém? 

As to this problem, my data, many of which were obtained 
only after long search, are quite positive. Plants differ greatly 
in arrangement, location, number, size, staining qualities, ete., 
of their sieve: tubes in the various specimens. However, one 
can be reasonably sure of their presence by noting the phloém | 
in cross section. The companion cells and the sieve tubes ad- 

joining form units in outline, which, together with the proto- 

plast of the companion cell and the slime body of the sieve 

tube, assist in the discovery (fig. 6). Sieve plates are not so. 
easily found, unless it may be in those plants where sieve 

tubes are numerous, or where one happens to get a section 

through an unusually favorable place. For still better evi- 

dence the slime body is good, but the perforated sieve plate is 
best. I was usually not satisfied until all of these requirements 
were met, and the drawings were then made. 

Perforations were not found in the end plates in Pinus 
laricio, Sagittaria, and Asparagus. They were quite numer- 

ous, although very small, in Opuntia. In Myriophyllum, a 
hydrophyte, they were evident, as in Cuscuta, a parasite. In 
this last were found cells of large dimensions, apparently 
serving especially as conducting cells. One was 0.1 mm. in 

tangential diameter by 1.62 mm. in axial length. We could not 
tell how much longer, because of the limits of the section. 
Sieve tubes are also present in. Tillandsia, an epiphite. Here 

there is a cylinder of sclerenchyma inclosing the vascular bun- 

dles, and probably permitting of but little lateral transfer of 

foods. 

Data concerning the sieve tubes are contained in tables I-IV. 
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It will be seen that the walls are commonly quite thin—those 

between them and the companion cells being thinnest. Thick- 
ness of their walls ranges from 0.25 micron to 4.17 microns. 

PROBLEM III.—The facts observed concerning the third part 
of the problem are tabulated in table III. The tendency is 

shown to be toward a reduction of the diameter of the vessels 

in the fruitstalk and petioles, with an increase in thickness 

of the walls. 
RESUME. 

First.—There are special devices for the better lateral trans- 

fer of foods present in the phloém and cortex of the plants 
studied. These are (a) pitted walls; (b) the arrangement of 
the phloém in narrow wedges with pericycle cells sweeping 

around these and connecting with the medullary rays, and 

(c) radially elongated medullary-ray cells adapted readily to 
conduct the food as stated. It is probable that in many plants 
the extreme thinness and large area of the phloém walls per- 

mits a considerable lateral movement of materials without 
resort to pits, and that no pits are to be found in some (per- 

haps many) cases. 
Second.—Sieve tubes with perforated sieve plates were dem- 

onstrated in all but three of the plants examined, and here I 

was satisfied of their presence. They often increase the area 
of their sieve plates by placing them obliquely, and these may 
require special thickenings to support them. The number of 

the sieve tubes in various species varies considerably. They 
are present in some plants when probably almost functionless. 

Third.—Relatively, the phloém and xylem do not vary 

greatly in amount in the various parts of the plants, such as 
the stems, petioles, etc., but the main differences in this respect 

are in the other tissues. 

2—Univ. Sci. Bull., Vol. V, No. 10. 
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TaBLE I, Thickness of cell walls in stems (measurements in microns). 

>inus laricio Bort............ 
‘ sedge 3 latifolia Willd... 

y' 
§ al validus L.......... 

landsia usneoides a 
beh rotundifolia L.. 
Yucca glauca a mB 25 hea 

gus re) 

eee eee ee 

lo ee ee eee wee sees nalis 
Salix alba, poe g iellinn Gi) Becks) i2) ils ees 
Juglans nigra cate ahi bats aaa atk gk ed oneh cb X ature Lato 

eee eee ee ee ee re ed 

Populus deltoides Marsh............... Rey oe 
ae hy OH TO 

Cannabis AN ERROR ENR RES relia eatar SUPT cag OS 2s 
Humulus pos Tesac 6b sislhatice's Wood ts 0 a dea ae ee 
PROUUO EMI Pa cre cs B ines sss se awinvas ce ves oh owen caae 

Menispermium pth Pei itick ces kes nas Hee ce eex 
Deutmia T6TLONel HOPG, 6... ees cccse ees sce ccnsateuns ORC 

Gleditsia ornhermerinch Boe en Ae em 

Fenthoaelnee americanum Mili. Abia } eel ele No won ieee mane 
Ailanthus glandulosa Desf................cccccececeeee 
RS SIBER dites e n d s iceis e painee de SES REY OE eRe Sues 
[tis TOSICOMOMANON: Ba.6 c6o5 hecuwiocc ha diuaee te ves cemuded 
BINNS GOLSGM ON Ee ices. o's Cade Gavan wanous oie es 
Celastbs On MONE Ts, FEA eh ae adhe Peach ives 
Meee WAeChaMNUM Tas sos. oi cave sss oe ah oe wen eee 
ROPE erundoes Greed a Go i eee 
Rhamnus lanceolata Pursh...............ccccceecsesecs 
Psedera quinquefolia (L.) Greene...................655 
“VECIs CORTE VRE i is Caas bn vee aon wma oe aces 
Tilia americana L........... 
Abutilon theophrasti Medic... 
Opuntia rafinesquii Engelm..... 
Myriophyllum itolia Me Mx 

Syringa caleeee Ba ee 
Cuscuta glomerata Choisy..... vate 
Lycium halimifoltum ‘Milliec.i ccs. ocd oawetsesceawacans 
Tecoma radicans DuUs8 oie cise sols als ode ChE Minn Va CMO ORES 

Triosteum perfollatum Da. fo i vcs ccs cee ceheseewe bows 
symphoricarpos orbiculatus Moench................... 
3rauneria pallida (Nutt) Britton............05.......- 

Gaillardia grandiQers 3's iioccid see eb dee oes ta 
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Maximum thickness of wall................2...02.- 
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TABLE IL. 

Thickness in microns of walls between— 

s. t. and | © 2"4) 5. +. and ube 4 
s. t cells m, ray. id. d 

xyl. par. nm. ray. 

I TONNE ory = 5 a cies Seek eed oats Lf ad OE ere 0.65 2.58 1.60 
MMM IPUMTAOR INULG, 6 clos asks dbsossveccssccces ce EA Pear oe a yee ae) Re 
Salix var. vitellina (L.) Koch, 0. 0.35 6:4 1s 1.28 
ES) Ae rane reer 1.08 0.53 1.25 a 1.@ 
-opulus deltoides Marsh. (stem) 0. 0.35 0.6 : a 
Repulos deltoides Marsh. (root)...... +, 4 1. j 8.24 
oe SeeArakreevadce cere 0. 0. gine PN 4 iG. cue 

Rubus apciden: OTE REE tt Se hoe ae 0. 4 0.35 : 1.75 
Gremociades dioica Mey MOOR. don teva. 0. “& 0.45 f 3.16 
RRR EE ee 0.50 0.88 0.50 3. 1.85 

d quinguefolia Rhay GPOGIO). oa .cdstaes 0. 0.50 0.50 g. 1.85 
OUUWNIO BESS leew ck ok Seabed decdes cies 3. 1% 4.4 3. 1.77 
Abutilon theophrasti Medic.................... 0. 0.45 0. i pal arse 
Symphoricarpos orbiculatus Moench........... 0. 0.40 0.50 2.7% | 1.92 

Svante for the above plants with pitted y 
_ “OA? io Dir aE aa ee 0.763 0.556 0.941 2.884 | 1.9938 
ee oes bin where pits were no i 

Paradis bev dh «ed vep'e ike cde das 0.549} 0.894] 0.683 { 2.922) 2.188 

Difference (+) or (—)......................2s--| +0.214 1 40.162! +0.808 | —0.088 | —0.140 
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HISTOLOGY OF TOWNSENDIA EXSCAPA AND 
LESQUERELLA SPATHULATA. 

BY LILIAN BUNTON. 

Plates XXXVIII to XLV. 

¥ ‘R WO excellent representatives of xerophytic vegetation, 

Townsendia exscapa and Lesquerella spathulata, were col- 

lected in Gove county, Kansas, at an elevation of 2700 feet. 
These plants are not common throughout this district and are 

limited to certain localities. -Townsendia was found growing in 

draws in the immediate vicinity of the town of Gove and also 

on the flat, open prairie around ‘Castle Rock,” about twenty- 

five miles southeast of Gove, and in the vicinity of a group of 

rocks known as the “Pyramids,” thirty miles southwest. 

A general idea of the appearance of the vegetation of this 

district may be derived from figure 1. My examples of Town- 
sendia, therefore, were growing on the flat, open prairie as well 

as in the draws, occurring not in clumps or patches, but as 

isolated individuals within three or four feet of one another. 

The plants on the open prairie show a more luxuriant growth 

than those in the draws. 
The specimens of Lesquerella were collected about twelve 

miles southwest of the town of Gove on a rocky, clay bluff. 

This plant, unlike Townsendia, was found growing not as iso- 

lated individuals but in rather large colonies. 

Of all the ecological factors influencing the structure, habit 

and distribution of plants the most potent is the water supply. 
In Gove county the total precipitation for the year 1904 was 

18.10 inches; the greatest monthly precipitation was 4.13 inches, 

in May; the least monthly precipitation was 0 inches in Febru- 

ary and November, The total snowfall for the year was 5.5 

(183) 
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inches and the number of rainy days 39. 
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In the following 

table is given the monthly and annual precipitation in Gove 

county for the year 1904, with departures from the normal: 

January. 
Precipitation: 527% 5 60.5. 0.01 
Departure-. orm wes «ts —0.57 

February. 
Precipitation | .4 -5. as. s 0.00 
Departure 3 ives es —0.72 

March. 
Precipitation .........- 1.00 
Departare og ics nes +0.32 

April. 
Precipitation. <i... 3... 3. L192 
Denarye (534 ceases sss? —0.27 

May. 
Precipitation .......... 4.13 
Departure 2s ntsi ccs +0.89 

June. 
Precipitation 2.505. .3554 2.62 
Departure. spi sHesadar —1.25 

Annual, 
- Precipitation 

Departure 

July. 
Precipitation .......... 2.18 
Departure =. ies se ocs —1.47 

August. 
Precipitation «..4i-)..0s 2.57 
DGURIUNTS oss see cree +1.11 

September. 
Tecipitation ©... iti s6 g 1.26 

Departere ss...) sve eees —1.08 

October. 
Precipituwen 3... 6s aces 2.00 
Departure 2504.2. sess +0.98 

November. 
Precipitation .......... 0.00 
Departure... 2. soc een —0.51 

December. 
Previpitation: .5..c sae 0.55 
Departure - i nscisseeces +0.03 

oY eee 18.10 
le. ee eee: « —2,27 

From comparisons with other places in Kansas where 

weather records have been kept, it is seen that the amount of 

precipitation of this habitat is remarkably small; in fact, be- 

_ ing the least, excepting that of Oberlin, Lakin, and Dodge City, 

where the annual precipitation was 15.72 inches. 

One may acquire a general idea of the temperature of this 

locality from the following -tables: 

Monthly and annual mean temperature for year 1904, with departure 
from normal, Fahrenheit. 

January. 
Temperature ........... 29 
Departure sce oo. eek ve oe +0 

February. 
‘Temperature 46.0 61556249 30 
Departure 2.544. Vegeey +1 

March. 
Temperature ........... 43 
Departure 6) <s4.4s5 ous +6 

April. 
Temperature 3... eG 48 
Departure: cineca so ode 0 

May. 
Temperature 2... . i ..525 57 
Departures) 60,05 age3 -—4 

June. 
Temperature - .x.4e60 0003 67 
Departare’ 78. Feee en —4 

Annual. 
Temperature 
Departure 

OR BO OR BPH OD 

0 
9 

ee ed 

eee eee eer ee 

July. 
Pouisriters 
Departure 

August. 
_ Temperature 
Departure 

September. 
Temperature 
Departure 

October. 
Temperature 
Departure 

November. 
Temperature 
Departure 

December. 
Temperature 
Departure 

cower eer ee eee eee 

ore eee ee eee 

eee eee eer ewe eee 

eee e ee er eee 

2 2.8 Og a9 
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Monthly maximum temperatures for the year 1904, with dates. 

SR 6p 5 whic cide vos oils re BOCs ies sinks caticd WSS 102° 
ei iss «gin vp «0 3 Be ee Ons ses i's sews 95° 
ES er ree eran Gz +\- September 9 6... as 103° 
ng | Se Ge Te MUO? Sei oe Kd 5 ae ee 87° 
RT oes ea kee cig « +, 6:09 We GELS a Cg a ar 73° 
AI AG ae ira a we 7p erecemmer SL ol. eee eenee 68° 

Monthly minimum temperatures for year 1904, with dates. 

EID oy a's oc pee cee ts pe UI eg ines fs 5's aA hate 54° 
Deer De Se oe So PSG 22 GS id aes 50° 
EE eer eee e*) } entember 16 «6. 6 o<iv daa tn 41° 
ER gr Be P AIOUNIEE SO sis bomen wig ee gs 25° 
alee Vaca se wie Be. + NOVemper Ths. So xetene ct 11° 
Ea a ene 50° | December 26 .........5.0%+- 4° 

Another ecological factor which has much to do in shaping 

plants is the wind. On the prairies the wind has full sweep; it 
blows most of the time at a rapid rate and tends to dry up what- 

ever vegetation there may be in its path. No definite statement 

can be made as to the velocity of the wind of this special local- 

ity. In the following table, however, are shown some of the 

results of observations made by Stevenson, of Edinburgh, upon 
the increase in velocity of the wind with the height above the 
ground, as given in Schimper’s Plant Geography: 

Height of instrument Velocity of wind 
aboveground, in feet. in miles per hour. 

REN RAI ok pn a a Fa Ai ea ae 6.83 
eee ls sie 6s pSh stb vide ba oS 8.73 
EE RL Lee a A ah a oa Bag ply Xs 9.77 
ME ee eet eae co a ele er weve cea 10.45 

Me oti ree Bir eats ss Sido leds e ewes 10.54 
ee ere ok Vos a dia ecto gn kn pao 8 11.54 
Ree ee a Aree Mee uie a ek bee ete 5 12:21 

Height of instrument Velocity of wind 
aboveground, in feet. in miles per hour. 

logs k ee eae cy Piatsiniine. a 6.< 28 9.8 
PR ete tine ences Tole Coda hi ci sate Swe cca Sieaie 0-8 12.4 
Pres tetictal mea antes hs ER aS Si. Y 13.8 

RA eee Be SG ae BERS ENC eee Men 14.3 
v5 Se cs Bae R UR OOF att er a) let seth 9 A paneer a age EU 15.0 
bee Uh ew ice ek pid bea sceluanls. Se bla 2 ait tae 16.3 

Height of instrument Velocity of wind 
aboveground, in feet. in miles per hour. 

Eka da ee Oe ics Rie nae 22.2 
BS ore Sola Ra ee wee ee eee 25.6 
Fee SP CSR BOY EA Pea EN TECOE OO Oe 31.9 
7 ESSE SPR et Sere tae a Me ee 33.7 
RE each alk ace a + & ohS ge ATE Dla wrk OLS NE RTD 37.1 
Dee TN, 6 PON a ee Pak ae ew tw CORE IO 42.7 

From the above tabular statement it is quite clear that plants 
that are only slightly raised aboveground experience the effects 

of the wind much less than tall plants, and especially trees. 
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The action of the wind on plants is partly direct by tensile 

stresses and partly indirect by increasing transpiration; both 

these actions are the more energetic the taller the plants or the 

higher their location. 

Where my Townsendias occurred the soil is a loose, cal- 

careous deposit, allowing the water quickly to percolate 

through it. 

When the character of its habitat is considered, it would be 

expected that the anatomy of Townsendia must be that of a 
xerophyte. 

TOWNSENDIA EXSCAPA. 

Townsendia exscapa is perennial from a woody taproot 

which averages ten centimeters long and three to four milli- 

meters in diameter at the thickest portion. The stem grows 

from one to four inches high. The fact that this plant is low 

helps it to endure the strong winds prevailing in its locality. 

The character of the stem varies in different plants. In 

some, while young, it is quite simple, bearing only a few heads 

of flowers; in others it is several-branched, bearing six or more 

heads. As a rule, however, it gradually becomes more and 

more branched with age until the whole plant may attain a 

breadth of ten to twelve inches, bearing about 100 heads of 

flowers. The leaves are all clustered at the base, narrowly 

linear or slightly spatulate, and one to two inches long. The 

flowers are white and are borne in sessile heads one to one and 

one-half inches broad. In figure 2 is shown a photograph of - 

Townsendia. When the flowers of the larger plants have gone 

to seed the plants have the appearance seen in figure 3. 

- In the discussion of the histology of Townsendia the stem 

will be first treated, then the root, and last the leaf, and the 

different tissue systems under each will be examined. 

The Stem. 

Tegumentary Tissues.—The protection of the mature stem 

is provided for by a cutinized epidermis and cork tissue. All 

the walls of the epidermis are cutinized. In figure 4 is shown 

a small portion of the cutinized epidermis. In the following 
table is given the average thickness of the walls of the epi- 

dermal cells and the average length and width of the cavity of 
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the epidermal cells of Townsendia and a few mesophytes and 
xerophytes: 

Outer Inner Radial Vertical Radial 
wall. wall, wall. length. width. 

Eupatorium : 
altissimum.) 0.005 mm. | 0.001 mm. | 0.001 mm. | 0.023mm. | 0.015mm. 

MESOPHYTES. 0.006 mm. | 0.006 mm. | 0.003mm. | 0.02mm. | 0.01mm. 

Sagittaria. | 0.003mm. | 0.001 mm. | 0.001mm. | 0.02mm. | 0.01 mm. 

HYDROPHTES. 

Nelumbo- | 0,006mm. | 0.008mm | 0.003mm. | 0.04mm. | 0.02mm. 

TOWNSENDIA. |.............. 0.05mm, | 0.02mm. | 0.018mm. | 0.09mm. | 0.068mm. 

In the following table is given the average thickness of the 

layer of cork, the average thickness of the walls of the cork 

cells, and the average length and width of the cell cavity in 
 Townsendia: 

mememni@es OF -GOFK 68). ee 4-7 cells. 
Average thickness of wall.............. 0.004 mm. 

Average length of cavity............... 0.14 mm. 

Average width of cavity................ 0.087 mm. 

In figure 5 is shown a small portion of cork tissue in cross 
section. 

When compared with the mesophytes and hydrophytes 

above mentioned, it is seen that Townsendia has a well devel- 

oped protective system, one of the primary requisites of a 

plant growing in a dry, windy habitat. 
The Strengthening Tissues.—The strengthening tissues 

found in Townsendia consist exclusively of collenchyma and 
short sclerenchyma cells. From figures 6 and 7, collenchyma 

cells as seen in cross and longitudinal sections, it may be seen 

that the cells of the collenchyma tissue have remarkably thick 
walls. The walls of the short sclerenchyma cells also are much 
thickened, as shown in figures 8 and 9. No true bast fibers are 
found; the tissue that in cross section appeared to be bast 

when examined longitudinally proved not to be bast, but a 

tissue of short sclerenchyma cells. Wood fibers are also 
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wholly lacking. This deficiency, however, is in a measure com- 

pensated by the modification of other tissues, the walls of the 

wood parenchyma, cortex, pith and medullary-ray cells being 

remarkably thickened. The walls of the cortex and pith cells 

are, on the average, 0.03 mm. thick. In figures 10 and 11 are 

shown a few cortex cells as seen in cross and longitudinal — 
sections, respectively. In figures 12 and 13 are shown a few 

pith cells as seen in cross and longitudinal sections, respec- 
' tively. As shown in figure 14, the tracheids have thick, ligni- 

fied walls and constitute the smaller portion of the xylem area; 

these, together with the wood parenchyma cells, tend to 

strengthen the plant. A longitudinal section was mounted in 

a drop of concentrated solution of chromic acid; in a few min- 

utes everything had disappeared but the tracheids. The 

chromic acid dissolved the wood parenchyma cells, leaving the 

tracheids isolated as shown in figure 15. The average length 

of a tracheid is 0.243 mm.; the average width, 0.016. mm. 

Tracheal. Tissues.—In the stem the conduction of water is 

provided for by tracheids varying in length, and in longi- 

tudinal section having the appearance of typical tracheal 

tubes. When, however, a longitudinal section was macerated 

under a cover glass in chromic acid, the tracheids were isolated 

from the other tissues and stood out prominently as spiral and 

scalariform tracheids. By computing the number of tracheids 

in one xylem wedge and multiplying by the number of such 

wedges, where the cross section of the stem is 19.635 sq. mm. 

in area, there were found to be 1313 tracheids. The average 

diameter of these stem tracheids is 0.016 mm. The total 

water-conducting area of the stem, cross section, is 0.266 

sq. mm., which is 1.3 per cent of the whole stem. Of the xylem 

portion of the stem, 6.6 per cent is given up to tracheids. 

When compared with the water-conducting tissue of several 
mesophytic herbaceous plants, that of Townsendia seems quite 

small. In Saponaria officinalis 22.7 per cent of the whole stem 

is devoted to the conduction of water; of the xylem portion 

29 per cent, the average diameter of a tracheal tube being. 

0.026 mm. Thus it is seen that 17 times as much of the stem 

of. S. officinalis as in Townsendia is devoted to the conduction 

of water. 

In Verbena stricta there was devoted to the conduction of 

water 9 per cent of the stem cross section, where the area was 
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found to be 3.801 sq. mm. Of the xylem portion, 62 per cent 

was devoted to the conduction of water. In Verbena, then, 

there was found devoted to the conduction of water seven times 

as much of the stem as in Townsendia. In Mentzelia oligo- 

- sperma there was devoted to the conduction of water 9 per 

cent of the stem cross section, where the area was 9.07 sq. mm. 

Of the xylem portion, 33 per cent was devoted to the conduc- 

tion of water. In Mentzelia also there was found to be de- 

voted to the conduction of water nearly seven times as much of 

the stem as in Townsendia. In Ambrosia artemisifolia there 

was found devoted to the conduction of water 21 per cent 
of the stem cross section, where the area was 13.86 sq. mm. 

Of the xylem portion 52 per cent was devoted to the conduction 

of water. In Ambrosia, then, there was devoted to the conduc- 

tion of water about sixteen times as much of the stem as 

in Townsendia. In Abutilon avicennz there was devoted to the 

conduction of water 2 per cent of the stem cross section, where 

the area was 38.48 sq. mm. Of the xylem portion, 6 per cent 

was devoted to the conduction of water. In Abutilon, accord- 

ingly, there was devoted to the conduction of water approxi- 

mately twice as much of the stem as in Townsendia. 

: When compared with the water-conducting tissues of desert 

plants, which have have been discussed by W. A. Cannon! in 

his paper on the “Water-conducting Systems of Desert Plants,” 

Townsendia has a relatively large water-conducting area. 

In the following table is given the number of tracheal ele- 

ments in 1 sq. mm. of stem, cross section, of Townsendia, and 

of several mesophytes and xerophytes; the latter cited from 

Cannon: 

POIPULIPOR, © hSaGie SA. bra PS Ga BCA C8 GI Rik 4G eed’. sie 66 

Mesophytes: 

EMRUOR: GINCERM io 0) Cics's' seas OR ie he Re ee eS 33 
TON GET IORD: ifs vk Sots Cake ded Clee ae co wk man 734 
MLO ROS PETIN iS Oe aaa Eee ie Sie oe 17 
MinOreata artemisifoRs % 0 we 124 

Xerophytes: 

ee COLNE os np ecole ceed ok rie Cecenpes + 1 
SEN CFIRONINE . oo wi ons hoc bee Ck cee hein Bb hes 2 
PMMIRTES BDIONUZENS. <5 .. o's's ts oa kx ene bie aedas ae 7 

Tissues for Food Conduction and Storage.—The medullary 

ray is composed of two kinds of cells, some with rather thick 

1. Bot. Gazette, June, 1905, pp. 396-408. 

2—Univ. Sci. Bull., Vol. V, No. 11. 
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cellulose walls which measure 0.001 mm. in thickness. The 

thick-walled medullary-ray cells constitute approximately one- 

third of the whole area of a medullary ray. An explanation 
of there being both thick- and thin-walled medullary-ray cells 
may possibly be that the thick-walled cells have sacrificed 

their function of conduction and have assumed that of 
strengthening. The average vertical length of a medullary- 
ray cell is 0.01 mm.; the average width 0.008 mm. In figure 16 

are shown a few medullary cells as seen in cross section; in 

figure 17 as seen in longitudinal section. 

Very little special provision for the passage of food longi- 

tudinally seems to have been made by Townsendia. The ordi- 

nary collateral vascular bundles are found. A comparatively 

small portion of the vascular bundle, however, is devoted to 

phloém—about 12 per cent; in Verbena stricta 25 per cent of 

the vascular bundle is devoted to phloém. In Mentzelia oligo- 
sperma there is the same proportion of the vascular bundle de- 

voted to phloém as in Townsendia—12 per cent. Neither sieve 

tubes nor sieve parenchyma cells are found in Townsendia. 

The whole work of conduction of food longitudinally is ap- 

parently assumed by the cambiform cells and the undivided 

mother cells of the sieve tubes. Presumably the sieve tubes, 

when present in a plant, would carry the food more rapidly. 

The most elaborated sieve tubes are always found in plants of 

considerable length, especially in trailing, clambering and 

climbing plants. Townsendia, however, is so low that it seems 

that the food can be conducted longitudinally rapidly enough 
and in sufficient quantities by the cambiform and undivided 

mother cells of the sieve tubes without the aid of sieve tubes. 
In figure 18 are shown phloém cells as seen in cross section ; 

in figure 19, as seen in longitudinal section: a, cambiform cell; 

b, undivided mother cell of the sieve tubes. The average 

length of these cells is 0.18 mm; the average width, 0.01 mm. 

The average thickness of their cell wall is 0.0006 mm. 

In Townsendia, the xylem parenchyma cells and the medul- 

lary ray, cortex and pith cells afford sufficient means for the 

storage of food. Upon examination of sections of the stem of 

the plant collected at the time of flowering and fruiting, there 

appeared stored up in the tissues of the stem no food what- 

ever, thus showing that the food must at this time be used 
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by Townsendia as fast as it is made. No statement, however, 
can be made of the storage of food in the plant later in the 

season. 

The Root. 

Tracheal Tissues.—As in the stem, the conduction of water 

in the root is provided for by spiral and scalariform tracheids. 

By computing the number of tracheids in a certain portion of 

a cross section, and multiplying by the number of such por- 

tions, there were found to be 1271 tracheids in the cross sec- 

tion of the root. In figure 20 may be seen how these tracheids 

are distributed throughout the section. The average diame- 
ter of these tracheids is 0.018 mm. The total water-conduct- 

ing area in a root, where the cross section area is 7.496 sq. 

mm., is 0.325 sq. mm., or 4.2 per cent of the whole root area. 

In structure, the other tissues of the root do not differ es- 

sentially from those of the stem; hence the discussion of them 

as found in the stem will suffice for the root. 

The Leaf. 

The Tegumentary Tissues.—The outer wall of the epidermis 

of the leaf is not wholly cutinized; the inner portion is of cel- 

lulose and is 0.0108 mm. thick, and the outer portion of the wall 
is cutinized and is 0.0072 mm. thick. The inner tangential 
wall is of cellulose and is 0.0036 mm. thick. The radial walls 
are likewise of cellulose and 0.0036 mm. thick. The average 
‘tangential length of the cells of the epidermis is 0.0396 mm.; 

the average radial length, 0.025 mm. No difference was found 

between the upper and lower epidermis, hence the figures given 

above will suffice for both. In figure 24 is shown a portion of 

the cutinized epidermis as seen in cross section. 
Tracheal Tissues.—After a leaf boiled in alcohol had re- 

mained in a mixture of chloral hydrate and hydrogen peroxide 

“for several days, it had become so well bleached that its vena- 

tion could be seen easily with the naked eye. There appeared 

three prominent longitudinal veins, one central and two lat- 
eral, from which extended other veins branching in every 

direction and terminating in water-storage tracheids, as 

shown in figure 2la. In the cross section of the midrib 

through the center of the leaf were found ninety-five tracheids, 

the average diameter of which was 0.0075 mm., making the 
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total water-conducting area there 0.00004 sq. mm. The cross- 

section area of the midrib was 0.01207 sq. mm., 32 per cent of 

which was devoted to conduction of water. In figure 21b is 

shown the midrib as seen in cross section. In the cross sec- 
tion of each of the lateral veins were found twenty-eight 

tracheids, the average diameter of which was 0.0059 mm., 

making the total water-conducting area in each vein 0.00073 

sq. mm. The total cross-section area of each vein was 0.003 

sq. mm., 24 per cent of which was devoted to the conduction of 
water. The average distance between the ultimate branches 

of the veins—a and b, figure 22—is 0.031 mm. 

In the leaf, the phloém consists only of cambiform cells and 

undivided mother cells of the sieve tubes; the xylem is made up 

of wood parenchyma cells and spiral and scalariform tracheids. 

- The average diameter of the cavity of the tracheids is 0.006 

mm. The walls of the parenchyma cells, however, remain 

quite thin. In figure 23 are shown the phloém cells as seen in 

longitudinal section of the midrib: a, cambiform cell; b, undi- | 

vided mother cell of the sieve tubes. The average length of 

these cells is 0.14 mm., the average width 0.01 mm., the aver- 

age thickness of the cell wall 0.0006 mm. 

The Photosynthetic Tissues.—On both sides of the leaf are 

found palisade cells; the spongy parenchyma cells are not very 

prominent and towards the center of the leaf, in some places 

in the leaf not really being differentiated from the palisade 

cells. The explanation of the palisade cells on both sides of 

Townsendia may be that out on the open prairie the reflected . 
light from below is sufficiently intense to stimulate the forma- 

tion of palisade tissue on the under side of the leaf. 

On each side of the leaf there are from two to three layers 

of palisade cells, the average length of which is 0.14 mm., the 

average width 0.05 mm. The average number of chloroplasts 

in a single cell is twenty-nine and the average diameter of a 

chloroplast is 0.0008 mm. In figure 25 are shown the palisade 

cells as they appear in surface view; in figure 26 spongy pa- 

renchyma cells as they appear in surface view. 

In the following table is shown the number of chloroplasts 
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found in a single mesophyll cell of a number of plants, as given 
in Haberlant’s ‘“Pflanzen-Anatomie”’ : 

Spon: 
Palisade cells. parench. cells. 

mragaria elation: 2). 20008. et ice. 86 14 

Pulmonaria officinalis ............. 85 15 

. Favetweg, COmemUNis bos eed ea Sie 82 18 

NO RIE el =). oh iid as sims dead os 80 20 

WAOOODOIR TOLTORUL ico 05a sn chine vies 2 79 21 
MVODGCOLUM, MAJUS .. 06sec acces ee 77 23 

FRCHOMCRUS GANWUS 22.5. ck ee 73 27 

Phaseolus multiflorus ............. 69 31 

eee MORENMEE SS GL. kee eas. 67 33 

When compared with the plants above mentioned, it is seen 
that in the leaf of Townsendia the chloroplastic surface is 
relatively small. On both sides of the leaf the number. of 
chloroplasts in a single mesophyll cell is approximately 
twenty-nine, thus giving to both sides of the leaf the same 

chlorophyll-producing volume. The small number of chloro- 
plasts found in the mesophyll cells of the upper side allows 
the sunlight to penetrate to the lower side of the leaf, thus 
giving to the cells there the power to carry on photosynthesis 
more effectively. 

The Water-storage Tissues.—In the leaf of Townsendia 
there is an admirable arrangement for all the mesophyll cells 

to have immediate access to water. Throughout the full 

length of the leaf on both sides are found large cells which 

are used primarily for the storage of water. These water- 
storage cells, however, seem to assume other functions; they 

evidently take part in the conduction of water and aid to a 
slight degree in photosynthesis. They have very thin walls, 

which are lined by a few chloroplasts much smaller than those 
found in the other mesophyll cells. Bordering on these water- 

storage cells are mesophyll cells which draw upon them for 
water when there is need. 

In order to secure the greatest access to water the palisade 

cells occur in various relations: bordering on veins, on water- 

storage cells, on spongy parenchyma cells. In the following 

table is shown the relative frequency of palisade cells bor- 

dering respectively on water-storage cells, veins and spongy 
parenchyma cells: 

Bordering on water-storage cells................-. 222 

MnCrr OT VOB. eee sere eeta rs 81 

Bordering on spongy parenchyma cells........... 42 
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From the above figures it is seen that the palisade cells occur 

most frequently bordering on the water-storage cells, there be- 

ing nearly three times as many bordering on the water-storage 

cells as on the veins and twice as many bordering on the veins 

as on the spongy parenchyma cells. Figure 27 is a diagram- 

matic drawing, showing the distribution of water-storage cells; 

b, as seen in a cross section of a leaf. In figure 28 are shown 

the palisade cells, B, bordering on water-storage cells, A. In 

figure 29 are shown the palisade cells, A, bordering on the 

veins, C. Some places in the leaf the palisade cells, D, have 
still greater access to water, bordering as they do on both 

water-storage cells, A, and storage tracheids, C. This relation 

generally occurs at the ends of the leaf. In figure 30 are 

shown the palisade cells as found in this relation. Sometimes 
the palisade cells are found bordering on water-storage cells, 
A, which in turn border on veins, C, as shown in figure 31. 

Such an arrangement as this is an excellent one; for as fast 

as the water-storage cells are deprived of the supply of water 

on hand they can immediately draw on the veins and thereby 

continue to supply the palisade cells with water as it is needed. 

In figure 32 are shown palisade cells, A, bordering on spongy 

parenchyma cells, B. 

Another means for storage of water is the water-storage 

tracheids found at the termination of the veins. Palisade 

cells bordering on these tracheids can obtain water when there 
is need. In figure 33 are shown these tracheids as they ap- 

pear at the ultimate ends of the veins; in figure 34 the water- 
storage tracheids as they appear in other places in the leaf. 

The Aérating Spaces.—In Townsendia there were found 
devoted to aération only 20 sq. mm. of the surface of a leaf 

which measured 100 sq. mm.; or, in other words, the volume 

of the intercellular spaces and the volume of the whole leaf, 

roughly estimated, stand in the relation to each other as 

8:1000. When compared with Pistia texensis, an hydrophyte, 
whose aérating volume and the volume of the whole leaf 

stand in the relation to each other as 760: 1000, the amount 

of volume devoted to aération in Townsendia seems quite 

small. 
There were found on either side of the leaf an approximate 

average of 344 stomata to 1 sq. mm., the average number 

usually found in plants. There was no difference in the char- 
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acter of the stomata on either side of the leaf. It seems rather 
surprising to find in the leaf of a xerophyte the usual number 
of stomata found in plants and to find them at the surface of 
the leaf instead of being sunken beneath the epidermis; for, 

as a rule, in xerophytic plants there are fewer stomata and 

they are often sunken beneath the epidermis. 

In figure 35 are shown the stomata as they appear in the 

surface view of the leaf of Townsendia. In figure 36 is shown 

a stoma as it appears in cross section of the leaf. 

SUMMARY. 

1. Size and Habit of Townsendia.—Townsendia is a low 

plant, growing from one to four inches high; it grows on the 

flat, open prairie as well as in the draws, and occurs not in 
clumps but as isolated individuals. The stem is at first rela- 
tively simple, but, as a rule, it becomes more and more 
branched with age until the whole plant may attain a breadth 
of ten to twelve inches. 

2. Tegumentary Tissues.—In the mature stem of Town- 
sendia the cutinized epidermis, whose outer walls measure 

0.05 mm., and the cork tissue several layers thick, constitute 

the tegumentary tissues. 

In the leaf of Townsendia there is found an epidermis 
whose outer wall measures 0.017 mm. in thickness. The outer 
portion of the wall is cutinized and measures 0.0072 mm. in 
thickness; the inner portion is of cellulose and measures 

0.0108 mm. in thickness. 

3. Strengthening Tissues—In Townsendia the strengthen- 
ing tissues of the stem consist of collenchyma and short 

sclerenchyma cells. True bast fibers and wood fibers are lack- 

ing. The remarkably thick cell walls, not only of the strength- 

ening tissues but of nearly all the tissues, make the stem of 

Townsendia strong. 

4. Tracheal Tissues.—The area pe to conduction of 
water in Townsendia is comparatively small, there being only 
1.3 per cent of the stem devoted to that function. Growing as 
it does in a location where the water supply is poor, Town- 
sendia would not require very extensive water-conducting 

tissues. 

5. Food-conducting Tissues.——Longitudinally there seems 

_ to have been made very little provision for the conduction of 
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food in the stem. The phloém portion is very little differen- 

tiated; it consists only of cambiform cells and undivided 

mother cells of the sieve tubes, there being found neither sieve 
tubes nor sieve parenchyma cells. 

6. Storage Tissues.—Since Townsendia grows in a xero- 
phytic habitat it is not surprising to find in it some provision 
for the storage of water. In the stem, the cortex, medullary 

ray and pith cells are well adapted to the storing of water. 

In the leaf, however, special provision is made: throughout 

the whole length of the leaf are found large water-storage 

cells which not only reduce transpiration but also rapidly fill 

whenever the water supply is increased, and yield their con- 

tents to the assimilating cells as the supply of water there is 

reduced. 

7. Aérating Spaces.—As would be expected to be found in 

a xerophyte, the amount of space devoted to aération is com- 

paratively small. Only one one hundred and twenty-fifth of 

the volume of the leaf of Townsendia is devoted to aération; 

while in Pistia about two-thirds of the volume of the leaf is 

thus employed. 

LESQUERELLA SPATULATA. 

Lesquerella spatulata is perennial by a much branched 
caudex which varies from one to two inches in length. It has 

a taproot which measures from one foot to a foot and a half in | 

length and one-fifth of an inch in diameter at its thickest por- 
tion. The leaves are separated by short internodes and ap- 

pear tufted. They measure from one-half to one inch in 

length and one-fifth to one-seventh of an inch in width. They 

are entire and vary in form from narrowly elliptic to ovate- 

lanceolate, oblanceolate and spatulate, and they, as well as the 

pedicels, are beset with stellate hairs. The flowers are yellow 

and are borne on pubescent scapes which measure from one- 

half inch to six inches in length. 

The Stem. 

The Tegumentary Tissues.—The protection of the mature 

stem is provided for by a cutinized epidermis and cork. There 
is, in addition to these tissues, in older portions of the stem, a 

borke. All of the walls of the epidermis are cutinized. Figure 

37 represents a small portion of the epidermis as seen in cross. 
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section ; figure 38a, a small portion of the epidermis as seen in 
longitudinal section. 

In the following table is given the average thickness of the 

cell walls and the average length and width of the epidermal 

cells: 

Seer rmmronntaAl WEIN gee es 8 eee 0.0049 mm. 
Deer cemmential Wall, . 6.5 6 .cc5 cece eee ees oes 0.0049 
IE OE re 6 oes i a a kp ake beg wae bes wel Se 0.003 
Vertical diameter of cavity...............6.. 0.075 
Benen) cameter Of CAVITY. 6. os ee oie vee o's 0.026 
Tangential diameter of cavity.............. 0.04 

_ In the following table is given the average radial breadth of 

the cork zone, the average thickness of the walls of the cork 

cells, and the vertical, radial, and tangential dimensions of the 

cell cavity: 

Average breadth cork zone................005. 15-20 cells. 
Average thickness of wall.................... 0.001 mm. 
Wertical diameter of cavity................56. 0.025 
Radial diameter of cavity...........6..0...%. 0.026 
Tangential diameter of cavity................ 0.036 

Figure 38) represents a few cork cells as seen in cross sec- 

tion. 

In addition to this large zone of cork there are found in the 

borke rather large stone cells, which, as shown in figure 39, 

have relatively thick and pitted walls. 
The tegumentary tissues are remarkably well developed for 

such a low, herbaceus plant as Lesquerella. When, however, 

its xerophytic habitat is taken into consideration, the necessity 

for this provision is readily seen. 

The Strengthening Tissues.—The strengthening tissues in 

the stem consist of collenchyma, bast fibers, stone cells and 

wood fibers. 

The radial breadth of the collenchyma zone is 0.093 mm. 

The average thickness of the walls of the collenchyma’cells is 

0.006 mm.; the average tangential breadth of the cell cavity is 

0.036 mm.; the average radial thickness is 0.01 mm. In figure 

40 are shown a few collenchyma cells as seen in cross section; 
in figure 41 as seen in longitudinal section. 

The sclerenchyma tissue is made up of cells which vary from 

stone cells to short bast fibers. As shown in figure 42, the stone 

‘cells found here are smaller than those found in the borke. 

Figure 43 represents the stone cells as they appear in longi- 
tudinal section. 

3—Univ. Sci, Bull., Vol. V, No. 11. 
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The bast fibers are 0.11 mm. long and 0.016 mm. wide, the 

average thickness of the cell wall being 0.006 mm. As may be 

seen in figure 44, the ends of the fibers overlap but little. In 

figure 45 are shown a few bast fibers as seen in cross section. 
The most striking characteristic of the strengthening tissues 

of the stem is the presence of large zones of thick-walled wood 

fibers, which constitute 26 per cent of the area of the stem and 

78 per cent of the area of the xylem. These wood fibers, as 
shown in figure 46, occur among spiral tracheal tissues. They 

average 0.11 mm. in length and 0.01 mm. in width. The walls 

are remarkably thick—0.006 mm.; the cell cavity is exceed- 

ingly small, in some places being almost entirely obliterated. 

Figure 47 represents a wood fiber as seen in longitudinal sec- 
tion. : 

The strengthening system in the stem of Lesquerella is more 

extensively developed than that in the stem of Townsendia, the 

only strengthening tissues found in the stem of Townsendia 

being collenchyma and short sclerenchyma cells, bast fibers and 

wood fibers being absent. This deficiency in Townsendia, how- 

ever, is compensated by remarkably thick cell walls, not only 

of the strengthening tissues but of nearly all the tissues. The 

strengthening tissues in the stem of Lesquerella are so well de- 

veloped that there is no need of the other tissues being modi- 
fied, as was the case in the stem of Townsendia. 

The Tracheal Tissues.—The tracheal system in the stem of 

Lesquerella consists of spiral and scalariform tracheal tubes 
and spiral and scalariform tracheids alone. There was found 
devoted to the conduction of water 2 per cent of the stem cross 

section, where the area was 7 sq. mm.; 4 per cent of the xylem, 

where the cross section area was 3.46 sq. mm., was devoted to 

this purpose. 

In the following table is given the average thickness of the 

cell wall, and the average tangential and radial dimensions of 

the cell cavities of the various tracheal elements found in the 

stem of Lesquerella: 
Average thickness Radial diameter Tangential di- 

of cell wall. of cavities. ameter of cavities. 

Largest tracheal tubes......... 0.002 mm. 0.016 mim.» \Siseboes 
Smallest tracheal tubes......... 0.003 0.002). «= OP ee ee 
Trach@lds a7. sore oe aw ce ee 0.002 0.016 0.04 mm. 

As shown in figure 46—a small portion of the xylem as seen 

in cross section—the tracheal elements occur among alter- 

nating, definite zones of wood fibers, A, and wood parenchyma 
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cells, B, the largest ones being among the wood fibers and the 

smallest among wood parenchyma cells. It is generally con- 
ceded that spiral vessels are formed by the procambium ex- 

clusively, and wood fibers by the cambium. As the tracheal 
elements found interspersed among the wood fibers are spiral 

and scalariform, the activity here must be due either to the 

cambium or procambium. From the fact that these spiral 

vessels are found somewhat remote from the pith, there fol- 

lows a probable conclusion that the cambium, contrary to the 

general rule, has formed spiral vessels. ae 
The tracheal elements found in the stem at the nodes were 

different from those in the internodes. At the nodes the 
tracheal tissues consist exclusively of short and peculiarly 

shaped tracheids. In figure 48, A, are shown the scalariform 
type of tracheids; B, the spiral type of tracheids as seen in 

longitudinal section. 
In the internodes the tracheal elements consist exclusively of 

spiral and pitted tracheal tubes, with the exception of a 

few tracheids interspersed here and there. Figure 49, A, illus- 
trates the spiral tracheal tubes found among the wood fibers, 

as seen in longitudinal section; figure 49, B, spiral tracheal 

tube found: among the wood parenchyma cells; figure 49, C, 

pitted tracheal tubes as seen in longitudinal section. 

Tissues for the Conduction and Storage of Food.—The med- 
ullary rays found in the stem of Lesquerella present an inter- 

esting characteristic. Throughout the entire length of the 

medullary ray are found leaf traces containing spiral tracheal 

tubes as shown in figure 51, a. These tracheal tubes are much 

smaller than those found in the xylem area of the stem, the 

average diameter of the cavity being 0.007 mm. and the aver- 

age thickness of the cell wall 0.002 mm. Figure 50, a repre- 
sents a leaf trace. The internodes are so short that it is im- 

possible to cut a section without having leaf traces traversing 
the medullary rays. These leaf traces run horizontally into the 

primary xylem, and when the cambium begins its activity it 

builds up the medullary rays around them. The average 
width of a medullary ray is 0.06 mm., and the average vertical 

length of a medullary-ray cell is 0.03 mm., and its average 
width is 0.01 mm. Figure 51, b represents a small portion of 

the medullary ray as seen in cross section. 

In the stem, the ordinary collateral vascular bundles are 
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found; 20 per cent of the vascular bundle is devoted to phloém, | 

as in Townsendia. Neither seive tubes nor seive parenchyma 

cells are found. The whole work of conduction is assumed by 

the undivided mother cells of the sieve tiibes. Lesquerella is 

a very low plant and it seems that the food can be conducted 

longitudinally fast enough and in sufficient quantities without 

the aid of the other phloém elements. In figure 51, ¢, are 

shown a few phloém cells as seen in cross section; in figure 52, 

as seen in longitudinal section; at the angles of these cells 

occur small intercellular spaces, A. 

In the stem of Lesquerella the storage of food is provided for 

by means of the thin-walled parenchyma of the cortex and the 

xylem parenchyma and the medullary rays. Figure 53 repre- 

sents.a few cells of the thin-walled parenchyma of the cortex 

as seen in cross section. Figure 54 represents a few cells of the 

xylem parenchyma as seen in longitudinal section. In all of 

these tissues starch and proteid were found in small quantities, 

but neither sugar nor oil. 

Figure 50 is a diagrammatic drawing of the cross section of 

the stem traced as seen when projected upon a screen. From 

this may be derived a general idea of the various tissues of the 

stem, their relation to one another, and the proportion of the 

stem devoted to each: A, borke; B, collenchyma; C, scleren- 

chyma; D, phloém; EF, xylem; 1, tracheal tissues; 2, wood 

fibers ; 3, xylem parenchyma; F’, medullary ray; a, leaf-trace. 

The Root. 

The Tegumentary Tissues.—The tegumentary tissues of the 

mature root consist of a cutinized epidermis and cork tissue 

which are similar to those tissues found in the stem, both in 

structure and proportion. 

The Strengthening Tissues.—The strengthening tissues 

found in the root of Lesquerella consist of collenchyma, stone 

cells and wood fibers. These tissues show no difference what- 

ever from those found in the stem. 

The Tracheal Tissues.—The tracheal tissues in the root con- 

sist entirely of scalariform and spiral tracheal tubes. In a 

root where the cross section area was 18.75 sq. mm., there was 

found devoted to the conduction of water 4 per cent. Here the 

cross-section area of the xylem is 6.7 per cent of the entire 

root. 

In the following table is given the average diameter and the 
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average thickness of the cell walls of the tracheal elements in 

the root: 

Average diameter of the larger tracheal tubes.............. 0.03 mm. 
Average diameter of the smaller tracheal tubes............. 0.007 
wena enickness of cell Wall. ..0 2... ek ee eee ee ets 0.005 

As in the stem the tracheal elements of the root are inter- 

spersed among definite, alternating layers of wood fibers and 

wood parenchyma cells. Figure 55 represents a few wood 

fibers and tracheal tubes as found in the outermost layer of 

xylem (fig. 56a, F’) as seen in cross section. Here the tracheal 

tubes are relatively large and the wood fibers have compara- 
tively large cavities. The next succeeding layer of xylem 

(fig. 56a, F’) consists of very small, thick-walled tracheal tubes, 

A, and wood parenchyma cells, B, shown with greater magnifi- 

cation in figure 57. In figure 58 are shown a few wood paren- 

chyma cells as seen in longitudinal section. The average length 

of these cells is 0.07 mm. and the average width 0.015 mm. 

Figure 59 represents a few wood fibers and tracheal tubes 

found in the next succeeding layer of xylem (fig. 56a, G). The 
average diameter of the tracheal tubes in this layer of xylem is 

0.023 mm.; here the wood fibers have remarkably thickened 

walls and a smaller cavity than those found in the outermost 
layer of xylem (fig. 56a, L’). 

Figure 56a, a segment of the cross section of the root, shows 

the constitution of the xylem: A, wood fibers; B, tracheal ele- 

ments; C, wood parenchyma. 

In figure 56b are shown the tracheal elements found in the 

root: A and B, scalariform tracheal tubes, C, spiral tracheal 

tube. 

Tissues for the Conduction and Storage of Food.—In the 

root are found only secondary medullary rays, which are nar- 

rower than those found in the stem. In these medullary rays is 

found no tracheal system as in those of the stem. As in the 

stem, there seems to have been made very little provision for 

the passage of food longitudinally. Yet, however, a larger pro- 

portion (25 per cent) of the vascular bundle of the root is de- 

voted to phloém than in the stem. The phloém consists ex- 
clusively of undivided mother cells of the sieve tubes. 

_ Starch and proteids in small quantities were found in the 

medullary rays and phloém-parenchyma cells, but neither glu- 
cose nor oil. In the root of Townsendia there was found 

glucose, but neither starch, proteid nor oil. 
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In figure 60—a diagrammatic drawing of the cross section 

of the root traced as seen when projected upon a screen—are 

shown the different zones of tissues of which the root con- 
sists and their relation to one another: A, cork; B, collen- 

-chyma; C, stone cells; D, thin-walled parenchyma; EF, phloém; 

F', wood fibers; G, wood parenchyma; H, tracheal elements; 

I, medullary ray. 

The Tegumentary Tissues——The tegumentary tissues con- 
sist of an epidermis with trichomes. All the walls of the epi- 

dermis are cellulose except the outer tangential wall, which has 
a thin film of cutin on the outer portion. The outer and inner 
tangential wall each measures in thickness 0.006 mm., and the 

radial wall 0.003 mm. The average radial diameter of the cell 
cavity is 0.02 mm., the average tangential diameter 0.016 mm. 
On both sides of the leaf the epidermis is of the same charac- 
ter. Figure 61 represents a small portion of the epidermis: 
a, cutinized portion; b, cellulose portion. The trichomes are 
thickly distributed over both sides of the leaf, and must be 
quite effective in giving protection. The discussion of these 
trichomes will be taken up in connection with the water- 

storage system. 

The Tracheal Tissues.—For the study of venation, a leaf was 

used which had been bleached by standing four or five hours © 

in dilute hydrochloric acid and then two or three days in 

chloral hydrate. As shown in figure 62, there could be seen 

in this leaf one large central vein, A, running longitudinally 

throughout the length of the leaf and sending off near the 

center of the leaf two large lateral branches, B, and below the 

center the large branch, G. On either side of the midrib there 

are two prominent longitudinal veins, C. These primary veins 

send out other veins which branch in every direction and end 

abruptly, as shown at D. The average distance between the 

ultimate branches of the veins, EF and F, is 0.16 mm., there 

being included within this area, on the average, twenty-five 

mesophyll cells. The phloém consists only of undivided mother — 

cells of the sieve tubes, whose average length is 0.16 mm. and 

width 0.006 mm. The xylem consists exclusively of spiral 

tracheary tracheids. The average diameter of the tracheids 

in the midrib is 0.006 mm., and the average diameter of those 

in the smaller veins is 0.003 mm. In the midrib, where the 

cross-section area is 0.015 sq. mm., 20 per cent is devoted to 



BUNTON: LESQUERELLA SPATHULATA. 203 

‘the conduction of water. Figure 63 represents a small portion 

of the midrib as seen in longitudinal section: A, spiral tra- 
cheary tracheid; B, undivided mother cell of the sieve tubes. 

The Photosynthetic Tissues.—The leaf of Draba is bifacial, 

that is, palisade cells occur on both sides of the leaf, which is 
from twelve to fifteen layers of cells thick. The average radial 

length of a palisade cell is 0.027 mm., the average cross diame- 

ter 0.02 mm. Figure 64 represents a few palisade cells as 

seen in surface view. 

The average number of chloroplasts in a single mesophyll 

cell on either side of the leaf is twenty-seven. The small num- 
ber of chloroplasts found in the mesophyll cells of the upper 

side of the leaf allows the sunlight to penetrate to the lower 

side, thus giving to the cells there the power to carry on photo- 

synthesis effectively. 

The Water-storage Tissues.—In the leaf of Lesquerella there 
are no water-storage cells as are found in that of Townsendia. 

The only structures in the leaf that might serve principally 
as water-storage elements are the large trichomes which occur 

on both sides of the leaf. These trichomes, as shown in figure 

65 (surface view) are quite frequent, and are stellate-peltate 

in form. These, as a rule, are found above a vein, and, since 

they are alive even on old leaves, they presumably have some 
active function to perform. Their basal portion is slightly 

depressed beneath the lower level of the epidermis, and the 

wall here is cellulose. The remaining portion of the wall of 

the trichomes is cellulose, except the very outer portion, which 

is cutinized. The fact that these trichomes occur above the - 
veins and that their basal portion is cellulose-walled seems 

to point to the conclusion that when there is plenty of water 
furnished by the veins they absorb water, store it up, and 

yield it to the mesophyll cells as it is needed. Figure 66 rep- 

resents a trichome as seen in a leaf cross section: A, cutinized 

portion of a wall of trichome; B, cellulose portion of wall of 
trichome; C, mesophyll cells; D, tracheids. 

The Aérating Spaces of the Leaf.—Mounting the bleached 
leaf so that it could be looked through from surface to surface, 

I estimate that approximately 2.7 per cent of the volume of the 

leaf is devoted to intercellular spaces; in other words, the vol- 
ume of the intercellular spaces and the volume of the whole 

leaf, roughly estimated, stand in relation to each other as 
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27: 1000. On either side of the leaf are found 640 stomata to 

1 sq. mm., a much larger number than was found in the leaf 

of Townsendia. The stomata are at the surface of the leaf in- | 
stead of being sunken, as is often the case with xerophytes. 
In figure 67 are shown a few stomata as seen in surface view. 

In figure 68 is shown a stoma as seen in cross section. 

Figure 69 represents a small portion of a leaf as seen in 

cross section: A, upper epidermis; B, lower epidermis; C, 

palisade tissue; D, vascular bundle. 

SUMMARY. 

1. Size and Habit of Lesquerella spathulata.—Lesquerella | 

spathulata, a perennial from a branched caudex, is a low plant 

growing from-one to two inches high. It was found growing 

on a‘rocky clay bluff, occurring not as isolated individuals, but 

in colonies. 

2. Tegumentary Tissues.—In the mature stem of Lesque- 

rella the tegumentary tissues consist of a cutinized epidermis, 

cork, and borke. In the mature root the tegumentary tissues 

consist of a cutinized epidermis and cork. 

The tegumentary tissues of the leaf consist of an epidermis, 

all the walls of which are cellulose except a thin film of cutin 

on the outer tangential wall. There is, in addition to the ordi- 

nary epidermal cells, stellate trichomes on both sides of the 

leaf, which would be effective in protection against too intense 

illumination and in the reduction of transpiration, as well as 

in the storage of water. 

3. The Strengthening Tissues.—The strengthening tissues 

consist of collenchyma, bast fibers, stone cells and wood fibers. 

The wood fibers constitute a very important part of the 

strengthening system. These have remarkably thickened 

walls, the cavities in some cases being almost obliterated. 

Contrary to the general rule, the wood fibers are found among 

spiral tracheal tubes, both wood fibers and spiral tracheal 

tubes having been formed by the cambium. 

4. Tracheal Tissues.—The tissues devoted to the conduction 
of water constitute 2 per cent of the stem and 4 per cent of the 

root. This seems a comparatively small area devoted to this 

purpose, but growing, as Lesquerella does, in a location where 

the water supply is poor, it would not.require very extensive 
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water-conducting tissues. The tracheal tissues consist of 
spiral and scalariform tracheal tubes and tracheids. 

5. Photosynthetic Tissues——The photosynthetic tissues of 

the leaf consist exclusively of palisade cells, and there is found 

in a single palisade cell on either side of the leaf an average of 

twenty-seven chloroplasts. 

6. Food-conducting Tissues—As in Townsendia, the 
phloém is but little differentiated. It consists exclusively of 
undivided mother cells of the sieve tubes; sieve tubes and 

sieve parenchyma cells are wholly lacking. 

7. Storage Tissues—In the stem the phloém cells and 
medullary-ray cells afford provision for the storage of food. 

In these tissues starch and proteids were stored up in small 
quantities. The only storage tissues found in the leaf are the 

large stellate hairs which, possibly, rapidly fill whenever the 

water supply is increased, and, being cellulose-walled at their 

bases, yield their contents to the mesophyll cells as the supply 
of water is reduced. 

8. Aérating Spaces—As would be expected to be found in 
a xerophyte, the amount of space devoted to aération is com- 

paratively small, there being only 2.7 per cent of the volume of 

the leaf devoted to this purpose. 

4—Univ. Sci. Bull , Vol. V, No. 11. 
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PLATE VI. 

Fig. 3—Typical Pueblo grinding trough, three feet nine india 0 
two feet one inch wide and e ghteen inches deep. 

Fies. 4, 5, 6, 7.—Awls or drills, used deciles ead for perforati 
and bo ring holes into bones, etc. Fi 7 is of a reddish fi 
tifully colored, and of fine workman * 

Figs. 8, 9, 10, 11, 12.—Bone implements, probabl used Sa enlarge 
skins.’ Have "been much used. f 

Fics. 18 to 18, inclusive—Pipes and pipe stems; all are made. 
clay. Figure 15 is well made and decorated with the de 
on plate VIII, eT 62; mouthpiece broken off. Pipe 
an Mags in long and seven-eighths inch in diameter 
center. 
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PLATE VII. 

Figs. 19, 20, 21, 22, 23, 24—Arrow shaft straighteners. These are made 
of the Dakota sandstone, and probably came from somewhere in the 
vicinity of Quivira, for no outcroppings of this material are exposed 
nearer to Quartelejo than those which occur on the western boundary 
of Brower’s Quivira, about 130 miles east of the Quartelejo pueblo. 

Fig. 25.—Bone piccolo, made from the wing bone of a large bird, prob- 
ably a pelican. 

piano Ny implement, possibly a hoe blade, from shoulder blade of 
uffalo. 

Fig. 27.—Tallying implement, made from rib of buffalo. 

Fic. 28.—Bone tool with a toothed edge, which may have been used for 
fleshing skins. 

Fie. 29.—Bone tool, made from rib of buffalo, worn smooth and flat, 
spatula-like. 

Fic. 30.—Bone implement of undetermined use, much worn, with toothed 
edge. Made from shoulder blade. 

Fies. 48 to 56, inclusive—Fleshers or scrapers, of flint. Figures 48, 45, 
46, 47, 51, 52, are beautifully made. Figures 46 and 51 show cross 
sections of Fusilina, a fossil typical of the Carboniferous. The ma- 
terial of these two, at least, is not found in the vicinity of the ruins, 
and was probably procured from the eastern part of the state, 
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PLATE VIII. 

Figs. 57, 58.—Knife blades of yellow chert. 

Fig. 59.—One of the most interesting implements found, consisting of the 
half of an iron ax head, five and one-half inches long by one and a 
quarter wide at its greatest width, and five-eighths of an inch thick. 
This, by some mischance, had been split in two longitudinally, and 
was arranged with a groove around it instead of an eye like our 
modern axes have. 

Fic. 60.—A fine grinder of conglomerate, eleven inches long. Shows 
much usage. 

Fig. 61.—The half of a clam shell, plainly showing saw-tooth marks 
where it was divided. This was found at the bottom of the twelve- 
inch hole in room V. 

Fic. 62.—Diagram of pattern on pipe bow! shown on plate VI, figure 15. 
Impression was made on clay and photographed. 

Fic. 63.—Base of deer antler, which has evidently been used as some im- 
plement. 

' Figs. 64 to 69, inclusive-—Specimens of charred corncobs. Figure 59 
shows some well-developed kernels on it. 

Fic. 70.—Bone implement, well worn. 

Fig. 71.—Portion of ’dobe plastering from walls, showing impressions of 
finger tips. 

Fig. 72.—Baked clay marble, evidently used in some game. 

Figs. 78, 74, 75.—Chert scrapers. 

Fie. 76.—Hoe blade made from shoulder blade of buffalo. 
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PLATE XV. 

1. Two resting cells, showing chromatin granules, and nucleoli with 
the surrounding clear space. 

2. Cell beginning mitosis. Close spireme. Nucleoli without the 
clear space. 

3. A granular spireme. The nuclear membrane has disappeared 
but the cytoplasm can still be distinguished from the nuclear 
sap. 

4. The chromatin granules are here arranged in rows. This cell has 
its nuclear membrane yet and the nucleoli have not disap- 
peared. 

5. Polar view; spireme segmented to form the chromosomes, has a 
longitudinal split, and is uniformly granular. Nuclear wall 
just disappeared. Chromosomes looped to form U and J 
shapes. 

6. A little later than figure 5. The longitudinal split is very clearly 
seen. 

7. Late metaphase. Cytoplasm granular in places, may have been 
slight plasmolysis in this cell. The spindle fibers are stained 
very lightly here. 

8. Metaphase. Spindle shows marked polarity; chromosomes some- 
what indefinite. 

9. Metaphase. gir Seg at the ends becoming vacuolated and at 
the center slightly denser. An especially long chromosome 
(m) is to be noted. 

10. The cytoplasm of this cell was crushed; however, the chromo- 
somes, which were undivided yet, show the longitudinal split 
clearly. 

11. Anaphase. Cytoplasm very granular in places (homogeneous 
portion not shown). The spindle is well stained in this cell, 
and the chromosomes have their characteristic bent shape. 

12. Anaphase. Spindle not clear in this figure. The amount of 
cytoplasm is small compared to the amount of chromatin here, 

eas 

Bt: 
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Concentrated cytoplasm at the spindle center; a very 

Anaphaw: “Snindle Aor de sala hare 5 retiev 
nieans (drawn from a slide Hila Peig Mr. hikes Ste 

Anaphase. Polar ied 14 paces sare 
Same as 17. 

plate beginning to form. 
Chromatin has diffused throughout ‘ee sees: ahead 
ones formation. oe nuclea membrane has also- 

Chromatin a dense mass, very indefinite at the Pr of 
not shown; cytoplasm much contracted from 
concentrated about the spindle. 

A very peculiar indle; cytoplasm 1 much condensed ;— 
dense spindle formed 2 about the center of the cell ‘where 
cell-plate is appearing. Chromatin not shown. 

spindle and = cell plate extends entirely across it. Cyto) 
vacuolated; the daughter nuclei, not shown in this figure 
nearly reconstructed. 

Cell plate nearly formed; nuclei reconstructed; cyto 
centrated at the center. (From slide belonging to M 
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PLATE xvi. 

Koeberlinia sina 

ae" 1. Cross section of stem. P, pith; M, memnen 
Tr, tracheal tubes of year. 07 (3); Ph, phloém; 
renchyma air space; Pa, palisade air ‘space; Ea, epid 
B, bast; Scl, sclerenchymatous tissue. © ‘Semi-dia 

Fie. 2. (a) Section from an older stem, showing ‘Leumi oe 
07, ’05. (6) Portion of. am stem, ecaliuatie an 
Semi-diagrammatic. ae . 

alls. x 2§ 

Fic. 4. (a) Pith from flower hemo: en 
X 283. (b) Single cell from flower-bran 
air spaces, A. Cross, x 400. 

Fic. 5. Pith of old stem, Seite nee conditions cay 
Croas, x 283. 

Fig. 7. Dia oo cccekueuinn of regions of older 
Wa wood fees sa mongers B, bast; S, stone whe 

wood 
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PLATE XIX. 

Koeberlinia spinosa. 

Fic. 1. Medullary rays, showing longitudinal extension, longi-tangential 
section. Semi-diagrammatic. x 55. 

Fig. 2. Portion of (1) in detail, showing thick walls, some pits, and nu- 
merous aerating places. Tangential. x 283. 

Fic. 3. Single medullary ray cell from (2), showing food bodies F, B; 
pits, P; aerating spaces, A. Longi-tangential. x 636. 

Fic. 4. Medullary ray cells, showing one elongated and narrow cell e. c., 
and some more, box-like, for storage, St. Longi-radial, x 283. 

Fic. 5. Single storage cell from (4), showing food bodies. Longi-radial, 
x 636. 

Fic. 6. Portion of medullary ray extension in phloém region, showing 
thin, unpitted walls and cells filled with nitrogenous material. Longi- 
radial, x 283. 

Fig. 7. Portion of older wood, showing tracheids, Tr; fiber tracheids, 
Ft, and wood fibers, wf. Cross, x 283. 

Fic. 8. Detail of (7), showing pitted condition of wood. x 636. 

Fic. 9. Water vessels bordering pith. T'r, tracheal tubes; Td, tracheid; 
P, pith. x 636. 

Fig. 10. Spiral tracheids, near pith. Semi-tang., x 283. 

Fic. 11. Portion of wood, showing scattered tracheids, Tr. Cross, x 283. 

tame 
eas 
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Fig. 1. Tracheal tube bordering elongated 

Fic. 18. acti rectangular tradhalds: Nok fda, x 

Fic. 14. Single tracheid. ‘Longi-radial, x 283. 

Fic. 16. Wood fiber. Longi-section, xX 283. 

PLATE XX. 
Koeberlinia spinosa. — . is 

part of bundle. P, pith cell; Tr, trach pee 

Fig. 2. Elongated pith cells densely filled with ‘insly p 
terial. Pits in walls eertie Fe: pith; W, wood. 

Figs. 3, 4, 5, 6. Different views of tracheal tubes, all show 
cular’ opening at the end. 6 (a) Third ‘partition 
section of ring bordering aperture. se have be 
welded as to give the appearance S ee 
Longi-section, x a eas 3 ii is a cavity outlined, 

Fic. 15. ‘Fiber-tracheid with small but numerous pits 
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PLATE XXI. 

- Koeberlinia spinosa. - 

Fic. 1. Five rows of phloém rages" 28 cells. P. 5 
section; m, medullary-ray cell 

Fig. 2. Sketch of portion of loém, Ph, 
showing various sizes of cells. Lon 

Fic. 3. Portion of (2) in detail, sieve be ue 
parenchyma cells alongside, p pi; tc ! 

Fig. 4. Stone cells” bordering spo 
unlignified, and some at Fh ified, ps 
cells; Pen parey pee seas ‘Cr 

Fa. -7. ie Tepetieg bast ties: hy Potion «sds bast 
tapering part and projections of to suppo 
(c) Projections with adjoining cellulose wi 
long fiber. © All x 283. 

s Figs. 8, 9, 10a, X 55, 283, 636, leaden Short baat f 
occur securely fastened together. 1, sketch show! 
bast fiber, x 636. 



PLATE XX]. 
Science BULLETIN, UNivirsity or KANSAS. 

Vol. V, No. 7. 







_ PLATE XXII. 3 
- Koeberlinia spinosa. 

Fic. 1. Portion of ae P, On spongy parenchy 
stone cells to epidermis. Numerous intercellul 
found. Cross: x 283. 

Fic. 2. End vi ot iatanin cells, showing number ang ze 
rophyll bodies. * 83. al section, x 2 

Fic. 3. Epidermis of - yung stem, showing large oaliane. 
thin walls; this pr W paneaey - seeply sunken 
Cross, X 283 

walls. | 

Fic. 6. S 7 aes 1 cok oot. Poe guard | 
a =a stomatal eR atOpEE, ects slg yaete 
x : 

eeratus OA, outermost aperture; E’, epic 
er stomatal air chamber ; isc, inner stomatal 
ction of thickening, making stomatal 
cells; AS, air space in sponge. Cross, 

of regions of aerating spaces, sho’ 
rmal region; p, palisade region 
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PLATE XXIII. 

Koeberlinia spinosa. 

Fic. 1. S, stone cells filling up lower stomatal chamber; Ph, remains of 
Phycomycete in outer aperture; d, portion of “dome.” Cross section, 
xX 283. 

Fig. 2. Surface view of outer stomatal aperture and epidermal cells. 
SA, stomatal aperture; HC, epidermal cells. Tangential section, 
x 283. Compare with fig. 3, plate XXII. 

Fig. 3. View toward outer stomatal aperture from within, showing 
tips of cells making the “dome.” Tangential section, x 283. 

Fig. 4. Section across mid-chamber. Tangential, x 283. 

Fic. 5. View looking toward stoma, showing’ shelf, s, made by projecting 
walls. Tangential, x 283. 

Fic. 6. Stoma proper, showing guard cells. Tangential, x 283. Com- 
pare with fig. 6, plate XXII. 

Fig. 7. Stoma proper, invaded by growth of Phycomycete, Ph. Tan- 
gential section. 

Fig. 8. Water-storage cells, W, in flower branch, and aerating space, A. 
Cross, X 2838. 

Fi@. 9. Portion of older stem, showing empty cells, W, probably for water - 
storage. Cross, x 283. 

Fig. 10. Water-storage cells, W, and aerating space, A, in flower 
branch. Cross, <X 283. 

Fig. 11. Aerating space, A, in spongy parenchyma. Longi-section, Xx 
283. 
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Fic. 1. Resinous-gum cells, 
gated portion of receptacl 

Fic. 2. Resinous-gum cells 
section, x 283. 

: Fig. 3. Resinous-gum cells, 

Fic. 4. Section of ovary. 
2. Longi-section, x 5. 

Fig. 5. Section showing 
sues in ovary. MR, mu 
dermis; p, palisade tissue} 
section, x 55. 

Fic. 7. Portions of (6) more in eer 
other letters, see (5). Cross, X 283. 

: Fig. 8. Diagrammatic representation of r r 
, erence figures as above. Cross vnoiel 
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Fig. 1. Portion of ovary wall in | 
sophyllt Mr, mucilage reservoirs; IE 

: VB, vascular ieee pee 

Mie. 3; Outline of portion 
stomata, S. Cross, enlat 

Fig. 6. Single. flower. 
longer than stamen S. 

Fic. 7. Single flower. | 

Fic. 8. Section fae 
epidermis. Cross, © SE 

Fic. 8a. Pollen grain. 
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Fo i—-Cree section through, 0 
cement gland duct 

Fic. 

Fig. 

Fig. 

Fie. 
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PLATE XXVII. 

Fic. 1.—Lateral aspect of prothorax and mesothorax, diagrammatic: 
pn, pronotum; es 1, proepisternum; es 1, proepimeron; pstr, pro- 
sternum; pcox, procoxa; sp, spiracle; dor, dorsulum; mn, mesonotum ; ; 
scu, scutellum ; artep, articulatory epidemes; bp, ‘base of primary; 
em 2, mesoepimeron; es 2, mesoepisternum; mstr, mesosternum; end, 
portion of endoskeleton. 

Fic. 2.—Caudal aspect of mesothorax, diagrammatic: ter, tergum; 
str, mesosternum; phr, phragma; apoph, apophyse; c, canal; apod, 
apodeme; es 2, mesoepisternum; em 2, mesoepimeron; end, portion of 
endoskeleton corresponding to end in fig. 1, plate XXVI. . 

Fic. 3.—Sclerites forming tergum of thorax: A. pn, pronotum of pro- 
thorax; dor, dorsulum of mesothorax; mm, mesonotum of mesothorax; 
scu, scutellum of mesothorax; mett, "metathorax. B. median, longi- 
tudinal section through tergum. 

Fig. 4.—Chitinized process holding labium to thorax (cephalic aspect) : 
A. a, lateral arm of process; 6, yoke-like piece connecting lateral 
arms, caudad and dorsad of labium. B, tip of a lateral arm. 

Fic. 5.—Ventral aspect of metathorax, diagrammatic: str, meta- 
sternum; cox, coxa; em 3, metaepimeron; mer, meracanthus; troc, 
trochanter; mf, ventral edge of metafurca. 

Fic. 6.—Venation of adult of P. celtidis-mamme, fore wing: c, costa; 
Se + R, subcostal plus radius; s, stigma; Se, subcosta; R, radius; 
Mts; media; M $8 4, media; Cu 1, cubitus; Cu 2, cubitus; af, anal 
fold or “claval suture”; cl, clavus; A, anal vein; Pc, ‘petiolus cubite. 

Fic. 7—Venation of adult of P. celtidis-mamme, hind wing. 

Fic. 8.—Ventral aspect of subgenital plate of sheseieci: b, base of plate; 
a, apex of plate; sh, sensory hairs, 
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PLATE XXVIII. 

Fic. 1.—Caudal aspect of head: ep, epicranium; e, compound eye; fo, 
front ocellus; g, gena; fc, frontal cone; a, antennal segments; y, pro- 
jection from gena; x, portion of membrane forming fold around 
labium between procoxe. 

Fic. 2.—Longitudinal section of front ocellus: cu, cuticula; hyp, hypo- 
dermis; /, lens; ip, iris pigment; v, vitreous body; 7, retinal cells; n, 
nerve. 

Fig. 3.—Antenna. ‘ 

Fic. 4.—Cephalic aspect of head: ep, epicranium; e, compound eye; 0, 
ocellus; fo, front ocellus; g, gena; fc, frontal cone; a, antennal seg- 
ments; as, antennal socket. 

Fic. 5.—Ventral aspect of head: ep, epicranium; e, compound eye; fo, 
front ocellus; g, gena; fe, frontal cone; as, antennal socket; p, pro- 
jection from edge of antennal socket; y, projection from gena; f, 
frons; lp, ligamentary process of frons. 

Fic. 6.—Articulation between third and fourth antennal segments: a, 
rere segment; 6, fourth segment; cor, corrugations; sh, sensory 

airs, : i 
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Fic. 1,—Lateral aspect of mouth 
eh ahem lab, labrum; ep, epipha 

; mandibular Fatah mes, 

men. ; 
‘Fic, 2.—Lateral ixeet of reonthe Pp 

epipharynx; s, sete; labi 1, lab 
mestr, mesosternum; p, process of thc 
brane forming fold between Oromia 

vey See bss of mouth part 
clypeus; abrum; ep, epipharynx 
cmzx, chitinized plate for muscular atte 
lamella; mds, mandibular sclerite mes, 
maxillary process. 

Fig. 4.—Ventral aspect of labium: Hie 
epipharynx; labi 1, labi 2, labi 3, £5; 
where bend occurs. 

Fig. 5.—Dorsal aspect of mouth 
labrum; ep, epipharynx; md, m 
plate for muscular attachment; ep, 
maxillary process; h, hypopharynx; 

_frons; p, pharynx. 
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PLATE XXX. 

Fics. 1, 2 and 3.—Lateral, dorsal and ventral aspects of ovipositor 
diagrammatic: uv, upper valves; lv, lower valves; vs, upper and 
lower valves (fig. 2); buv, base or support for uv; blv, base or sup- 
port for lv; sh, sheath; v, valve closing oviduct; procv, process of rod 
for closing v; sc, laterally diverging pairs of sclerites cephalad of 
sheath (fig. 1); sc 1, proximal pair of sclerites; sc 2, distal pair of 
sclerites; stp, sting-palpi; mr, median rod; lr, lateral tendenous rod 

' flattening out into lightly chitinized lateral plates, lpt. 

Fic. 4.—Diagram showing position of ovipositor: spp, supra-anal plate; 
a, opening of anus; sgp, subgenital plate; v, valves of ovipositor; sh, 
sheath of ovipositor tip. 

Fic. 5.—Lateral aspect of metafurca. 

Fic. 6.—Caudal aspect of supra-anal plate: spp, supra-anal plate; sppfl, 
inner edges or flaps of supra-anal plate; x, distal portion of plate; a, 
anal opening; lp, lateral plate; co, base of copulatory organ; l, loop 
below copulatory organ. 

Fic. 7.—Lateral aspect of supra-anal plate and copulatory organ: spp, 
supra-anal plate; sppfi, inner edges or flaps of supra-anal plate; x, 
distal portion of plate; a, anal opening; lp, lateral plate; co, copu- 
latory organ; g, geniculation; c¢, club; p, penis; l, loop below copu- 
latory, organ; y, slit in base of copulatory organ. 

Fig. 8.—Cephalic aspect of metathorax, diagrammatic: str, meta- 
sternum; mf, metafurca; la, lateral projection of endoskeleton; meitt, 
metatergum. 

Fic. 9.—Section through fore wing: wm, wing membrane; b, pigmented 
disc; a, unpigmented disc; c, cuticular processes on ventral surface of 
wing. 
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PLATE XXXI. 

Fic. 1.—Cross section through procoxe and mouth parts: cox, coxa; c, 
clypeus; p and pc, parts of pharyngeal canal; mds, mandibular 
sclerite; mas, maxillary sclerite; s, sete; cp, hypopharyngeal lamella; 
m, membrane forming fold between procoxe to hold labium. 

Fic. 2.—Lateral aspect of tip of labium: ¢, lateral tongue-like processes; 
sh, sense organs. 

Fic. 3.—Cephalic aspect of tip of labium: t, lateral tongue-like processes; — 
sh, sense organs; si, slit of labium. 

Fic. 4.—Base of supra-anal plate of female showing wax glands: a, anal 
opening; wgo, openings of ducts of wax glands; sh, sense organs; 2, 
chitinized portion of plate; y, slightly chitinized, translucent portion 
of plate. 

Fic. 5.—Cross section of labi 1: .md, mandible; ma, maxilla; m, longi- 
tudinal muscles; s/, slit of labium; /, lumen in mandible. 

Fic. 6.—Cross section of ovipositor through base of sheath: spp, supra- 
peel Diet sgp, subgenital plate; ovid, oviduct; sh, sheath; stp, sting- 
palpi. 

Fic. 7.—Lateral aspect of metathorax, part of metasternum, epimeron, 
meracanthus, coxa, etce., removed, diagrammatic: mett, meta- 
tergum; mf, metafurca; bs, region of base of secondary; es 3, region 
of metaepisternum; str, part of metasternum; end, a rod connected 
to metafurca; x, point of articulation of em 3. 

Fic. 8.—Lateral aspect of metathorax, part of metasternum, episternum 
and metafurca removed, diagrammatic: mett, metatergum; mf, 
metafurea; str, part of metasternum; mer, meracanthus; em 3, meta- 
epimeron; cox, coxa; scl, an accessory sclerite; « and y, articulation 
of em 8; troc, trochanter; fem, femur, : 
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Fic. 10.—Branching of r 
fore wing of — 
plus subcosta; 

Fic. 11.—Branchi 
emerged ee celt 
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En aoe A Fic. 1.—Apex of wing of male, 
<2: Fic. 2.—Hind wing. (Photo. 
oe Figs. 8 and 6.—Wings of fem 

rare Fic. 4.—Highly magnified 
ge Figo eh Fig. 5.—Apex of wing of f 
Ps Fic. 7.—Wing of male. (1 

Fig. 8.—Base of hind wing, 
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Fic. 1.— 
Fig. 2.— m 

Fic. 8.—Ventral aspect of male. ( 
Fic. 4.—Lateral aspect of female. 
Fic. 5.—Pach lla. on bark att 

(Photo.) ee 

Fic. 8.—Lateral pee of aed ie 
Fic, 9.—Last four joints of anter 
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5. .—Mesothoracic leg. (Pia ¢ 
Fig. 6.—Prothoracic leg. (Photo.) 
Fig. 7.—Lateral aspect of copulato 
Fic. 8.—Metathoracic leg. (Phot 
Fic. 9.—Lateral aspect of ovipo: 
Fic. 10.—Lateral aspect of 

plate; sgp, subgenital plate; 
Fie. 11.— Mearthorsciy: legs — 

apophyse. 
Fig. 12.—Prothoracic a p 

es 1, proepisternum; em 1, p 

Fic. 18.—Lateral aspect of female 
Fig. 14.—Lateral aspect of male a 
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PLATE XXXVI. 

Fic. 1. Tangential section of Populus alba with pits in wall between 
medullary ray and phloém parenchyma and between two pa- 
renchyma cells. : 

Fic. 2. Side view of obliquely placed end sieve plate from Populus alba 
and with pits between the sieve tubes and the other phloém 
cells. Tangential section. 

Fic. 3. A pit in a vertical wall between a medullary ray and the phloém 
of Populus alba. 

Fic. 4. Transverse or reticulate strengthening bands on the wall of a 
sieve tube in a root of Populus deltoides. Tangential section. 

Fig. 5. Transverse bands on the wall of a sieve tube in the root of 
Populus deltoides, as seen in section. 

Fic. 6. Transverse section in Amorpha fruticosa, showing the radially 
elongated medullary-ray cells and others similar to these 
sweeping around the narrow strip of phloém and arranged 
to conduct food from these radially, especially to the cambium. 

DESCRIPTION OF FIGURES. 

Plates XXXVI and XXXVII. 

Explanatory notes: Magnification is 600, except in figure 6, where if is 
250 approximately. * 

Lettering: st = sieve tube; m = medullary ray; p = parenchyma; 
camb = cambium; stch = starch; cr = crystal; pt = pit; n = 
nucleus. 

Symbols: —>) and —>] = direction toward nearest point of circum- 
ference or in the epidermis, : 

\ 
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Fig. 7. Tar tial section oft Populus alt 
on of a sieve tube and starch 

Fic. 8. Tangential section in the root of | 
ofthe remarkable obliquely pla 

~ eross section. 
: beads and nie 

smaller beads. ie pin 
. for the distribution of 

: cation between the two cells 
Figs. 9 and 10 are pe Shee 

Fee ee Sch ray cell. 
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View from “Castle Rock | ‘Fie. 1. 
the habitat of Tow 
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“Fic. 3. Photograph of Townsendia in 
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11. Cortex cells, longitudinal section. 650. 

14. Small portion of xylem, cross section, showing: 

Cutinized epidermis of what cross = be 
wall; ees rhe) wall. x 650. 

4 

5 
6. 
T 
8. 
9. 
10. Gartine Gals, chase Ween x 650. 

12. Pith cells, cross section. x 650. © 
18. Pith cells, longitudinal section. x 650. 

~ b, wood parenchyma cells. x 650. 
15. Tracheids, as seen in a longitudinal section, 

the wood ace sess ses Ks sneans of ch 
— 
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Fic. 19. Phio&m Galle ionpieiiinal, ae ae 
ee mothe 9 Beh get in. ibes. X 650. 

Fic. 23. Phlogm cells as seen in a a longitudinal section 
Bios a leaf: a, cambiform cell; b, undivided iether 

a sieve tubes. x 650. 
Fig. 24. fares epidermis of leaf, cross ‘section: a, 

; ized portion of wall. x 650. ee 

Fig. 25. Palisade cells, surface view: C intereellular 
cell. xX 650. | s 

_ Fie. 26. _Spongy parenchyma cells, surface view. 
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Fic. 

Fig. 

Fic. 

_ Fie. 

Fie. 

FIG. 

Fic. 

Fig. 

Fig. 

Fic. 

27. 

28 

29 

PLATE XLII. 

Townsendia exscapa. 

Diagrammatic drawing showing the distribution “of 
storage cells as seen in cross section of a leaf: a 
water-storage cells. 

Palisade cells bordering on water-storage ‘cells: 
storage cells; B, se cells; a, chloroplasts foul 
storage cells. x 650. 

Palisade cells bordering on the veins: <A, palisade 
border parenchyma cells; C, tracheids. x 650. 
Palisade cells bordering on water-storage cells” a 
tracheids: A, water-storage cells; B, chloroplasts. 
water-storage cells; c, water-storage aes D, 
cells. x 650. 

Palisade cells bordering on water-stora, meee o calls, which bes 
border on veins: A, water-storage c S; 
tracheids; D, border ‘parenchyma cells. xX yep 

Palisade cells bordering on ngy parenchyma cells 
copa B, spongy parenc yma cell; C, Intercellular sp 
x 

Water-storage tracheids as they appear at the ultimate, 
the veins: A, veins; B, water-storage tracheids. 

Water-storage tracheids as neta, appear in other 
leaf: A, ordinary trachei , 
x 650. 

Stomata, surface view. x 650. : eee 

Stoma, as seen in cross section of the leaf. * a. 

\ 
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Fig. 

Fig. 

Fig. 

FIG. 

Fie. 

Fig. 

Fie. 

Fig. 

FIG. 
FIG. 
FIG. 

Fie. 

FIG. 

FIG. 

Fig. 

37. 

PLATE XLIII. 

Lesquerella spathulata. 

Cutinized epidermis of stem, cross section: S, outer tangential — 
wall; 7, inner tangential wall. x 650. 

38a. Cutinized epidermis of stem, longitudinal section: S, outer 

0. tangential wall; T, inner tangential wall. x 65 

386. Cork cells as seen in cross section. x 650. 

49. 

50. 

Stone cells found in the borke, cross section. x 650. 

. Collenchyma cells, cross section. 650. 

- Collenchyma cells, longitudinal section. x 650. 

Stone cells found in sclerenchyma tissue, cross section. 650. 

Stone cells found in sclerenchyma tissue, longitudinal section. 
x 650. 

a fibers, longitudinal section. 650. 
Bast fibers, cross section. x 650. 
Small portion of xylem, cross section: A, wood fibers; B, wood 
parenchyma cells; C, tracheal elements. 

Wood fiber, longitudinal section. x 650. 

Tracheal elements found in the stem at the nodes as seen in 
longitudinal section: A, scalariform type of tracheids; B, 
spiral type of tracheids. x 650. 

Tracheal elements found in the internodes of the stem, as seen | 
in longitudinal section: A, spiral tracheal tubes found among 
the wood fibers; B, spiral tracheal tubes found among the 
wood parenchyma cells; C, scalariform tracheal tubes. x 650. 

Diagrammatic drawing of the cross section of the stem: A, 
borke; B, collenchyma; C, sclerenchyma; D, phloém; E, 
xylem; 1, tracheal tissues; 2, wood’ fibers; 3, xylem pa-— 
renchyma ; F’, medullary ray; a, leaf trace. xX 87 %, 
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Fie. 

Fie. 

Fie. 

Fig. 

Fie. 

Fie. 

Fig. 

Fie. 

Fic. 

Fic. 

Fi. 

Fic. 

FIG. 

Fig. 

Fig. 

PLATE XLIV. 
Lesquerella spathulata. 

51a. Spiral tracheal tubes found in the leaf trace. x om 

516. ser portion of the medullary el, as seen 2 “CTOSs 

Ble. far cells, as seen in cross section : A, intereelular 
x R : 

52. Phloém cells, as seen in longitudinal section: Ai 
spaces. x 650. ia 

53. Bk ar ss parenchyma cells of the cortex, cross 

54. Xylem parenchyma cells, as seen in longitudinal section : 

55. Wood fibers and tracheal tubes found in the outermost 
xylem, cross section. x 650. ; 

56a. Segment of the cross section of the root, showing ihe: ec 
‘tution of the xylem: A, wood fibers; 8, tracheal 
C, wood parenchyma. x 53. 5 

566. Tracheal elements found in the root: A and B, sealari 
tracheal tubes; C, spiral tracheal tube. x 650. | c 

57. Tracheal tubes and wood parenchyma cells found in the 
of xylem (fig. 56a, F): A, tracheal tubes; B, wo 
renchyma cells. x 650. 

58. Wood parenchyma cells, as seen in longitudinal section. : 

59. Wood fibers and tracheal tubes found in the layer of 
(fig. 56a, G). x 650. 

60. Diagrammatic drawing of the cross section of the root, 
ing: A, cork; B, collenchyma; C, stone cells; D, thin- 
parenchyma; "E, phloém; F, wood fibers; G, 

_ ehyma; H, tracheal elements; J, medullary ray. X_ 

61. Cutinized epidermis of leaf: A, outer tangential wall; a, 
ized portion; b, cellulose portion; B, inner tangent tial 
x 650. 

62. A bleached leaf, showing the method of venation: a 
vein; B, lateral branches sent off from the midrib 
center ; fs two prominent longitudinal veins found ¢ 
side of the midrib; D, E, F, terminations of Me 

x 27, 
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63. Small portion of midrib of leaf, as seen in ‘Jong “at 

64. Palisade cells, surface view. | SEMEL ee Se 
65. Trichomes, as seen in surface view of the leaf. 

66. Sips: wor festemetnae gee cross section: ea 

PLATE XLV. 
Bah, Lesquerella spathulata. 

tion: A, spiral ee, bias By: = d 
of the sieve tubes. 

wall of trichome; B, cellulose portion of 
_C, mesophyll cells; D, tracheids. x 250. 

67. Stomata, as seen in surface view. x 650. 
68. Stoma, as seen in cross section. O50, 6 ‘ache ae 
69. Leaf, as seen in cross section: A, 

Fs css 2! epidermis; C, petienee tissue; 

—_ 
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