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Introductory. 
«/ 

Tlie results presented in tliese notes are the outcome of ex- 
periments performed by the writer at the University of 'Wis¬ 
consin a numlier of years ago and supplemented by other studies 
of more recent date. 

Althouyh the cnrvature of the seta of many common mosses 
and the nnsymetric growth of the capsules of not a few others 
are matters of common observation, students of plant physiology 
appear to have given but very little attention to the phenome- 
non. Bnt one author, Wichura (1), seems to have given the suk- 
ject close study and his conclusions were reaclied without any 
considerable amount of experimentation. By observing tlie con- 
duct of developing sporopliytes of Bryum argenteum L. with re- 
ference to the direction of the strongest illumination vdien pla- 
ced in various positions, Wichura came to the conclusion that 
the position assumed by tlie capsules of tliis species is due to 
the influence of the direction of the incident light rays. After 
a few experiments with Bryum argenteum, he ventured the con¬ 
clusion that the direction assumed by the slioots and leaves of 
Fissidens, the secund ITypna. Dicrana and others is likewise de- 
termined by their relation to tlie direction and intensitv of il- 
lumination. A marked sensitiveness of the sporophyte to light 
is also asserted. The possible infLuence of still other factors in 
shaping tlie development of the mosses seems not to have oc- 
curred to tliis author. 

Goebei (2), however, points out that our knowledge of the 
influence of factors of tlie environmeiit on tlie development of 
the mosses is in a very unsatisfactory state. 
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Experimental. 

I have given attention especially to the development of the 
sporophyte of two of our commoner species, Funaria hygrome- 
trica Sibth., cliaracteristically fonncl in exposed, snnny spots, and 
Mnium cuspidatum Hedw., one of the shade-loving mosses of the 
woods. In its matnre form, the capsule of Funaria is bilaterally 
symmetrical and decidedly arcuate, being convex in its upper 
outline, concave beneath. In addition to this curvature of the 
capsule, the seta shows a very pronounced bend some distance 
below the capsule. The capsule of Mnium cuspidatum is nearly 
radially symmetrical and takes a pendant position by means 
of a sharp curvature of the seta formed very the capsule. 

Early in April, turfs of both species were transplanted into 
pots and removed to tlie laboratory for study. The general 
course of development is much the same in both species. Fol- 
lcrwing tlie fertilization of the egg, both the archegonium and 
tlie young sporophyte begin growth, the latter as a slender body 
enclosed in the rapidly enlarging archegonium. At this stage 
the tip of the calyptra may just be seen among the perichaeti- 
cal leaves. Soon the growth of the archegonium ceases, and this 
organ is torn away froin its attachment by the elongation of 
the sporophyte enclosed witliin it. Goebel (3) suggests that the 
line at wliicli the archegonium separates from the receptacle is 
marked by a zone of modified, weakened tissues to facilitate the 
rupture. In a number of iiistances,' specimens of Funaria were 
seen in which the calyptra failed to separate as usual at the 
base, and the sporophyte pierced it, growing up through it in a 
manner recalling the Hepaticas. This would seem to indicate 
that occasionally the specialized, weakened zone may still fail to 
tear with the required readiness. The sporophyte continues to 
grow in length for about a fortnight under laboratory condi- 
tions, keeping an erect position. Einally, as the seta reaclies 
nearly the normal length, the curvature begins to appear at the 
base of the calyptra. Before the curvature of the seta is com- 
plete, but usually not until it is well under way, the rudimen- 
tary capsule can be detected as a small swelling just below the 
distal extremity of the sporophyte. This structure now enlarges 
rapidly while growth in the seta rapidly diminislies and soon 
altogether ceases. The calyptra is finally ruptured by the ex- 
pansion of the growing capsule and falls away. The capsule of 
necessity retains permanently the position assumed at the time 
tlie narrow, elongating zone below the capsular rudiment loses 
the power of growth. 

It was first necessary to become oriented in regard to the 
rate and distribution of growth in tlie sporophyte at tlie diffe¬ 
rent stages of its development. For this purpose, Funaria was 
given most study since it is known to bear hard treatment more 
easily than many otlier species. India ink dots were placed at 
intervals along the sporopliytes and the intervening distances 

3* 
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were measured from time to time. Since, even when carefully 
carried out, the small size of the objects under study and the 
interference by the calyptra stood in the way of the highest 
accuracy, only an approximation to the true relations was ob- 
tained. I believe, however, that the chief features of the rate 
and the distribution of growth were distinetly to be seen. No 
attempt was made to ascertain the growth rate in the stages 
prior to the emergence of the tip of the archegonium from 
among the perichaetical leaves. 

Measurements initiated as soon as the appearance of the 
growing archegonium above the perichaetium would permit in- 
dicated that the growth rate was very slow, about 0,13 mm. in 
twenty-four hours in a temperature ranging between 20 0 C. and 
25 0 C. Perhaps this slowness was in part due to the restraining 
action of the archegonium wliich was still attaclied to the ga- 
metophyte and probably not keeping pace in growth rate witli 
the included sporopliyte. At all events, as soon as the arche¬ 
gonium was torn loose at its base, a rapid increase in the growth 
rate of the sporphyte was observed. When the edge of the ca¬ 
lyptra presented itself above the perichaetium, the growth rate 
seen to have risen from 0,2 to to 2,0 2,5 mm in twenty-four hours. 
Subsequent measuremeuts showed that this rate of elongation 
was slowly and steadily increased until the sporophytes reached 
a total lengthAof from 10 to 12 mm, the stage preceding the 
first indication of the curvature. As the curvature became more 
pronounced, the growth rate feil off rapidly, and when, in about 
forty-eight hours, the rudimentary capsule became distinguis- 
hable, growth of the seta sank to nearly zero and, as the gro¬ 
wing capsule became increasingly prominent, soon ceased alto- 
gether. The growth made during this period of declining elon¬ 
gation in the seta was unequally distributed and, being more 
rapid on the convex side of the seta, served to bring about the 
curvature noted. That this curvature was a permanent feature 
connected witli growth, rather than a result of unequal turgor 
pressure, appeared on placing the young sporophytes in plasmo- 
lizing Solutions. No changes in form was seen to accompany 
the loss of osmotic pressure. 

Thus the growth curve in its chief features is plainly not 
widely different from that characteristic of rnany other plant 
structures that have been studied. The regularity of the ascent 
during the earlier stages it somewhat interefered witli by the 
mechanical restraint prior to the breaking away of the arche¬ 
gonium from the gametophyte. The elongation of tlie seta is 
completed in about teil days from the appearance of the ca¬ 
lyptra. Experiments were made for the purpose of ascertaining 
the location and extent of the growing zone. By observing the 
movement of the edge of the calyptra from dots placed near it 
on the seta, it soon appeared that the entire zone of elongation 
was situated inside the calyptra, Further experiments showed 
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tliat in all stages of growtli open to study this was true. Ac- 
cordingly, to more accurately define this zone, it was necessarv 
te remove the calyptra, After a number of failures due to the 
great delicacy of the tissues in the end of the young sporophyte, 
it was foünd possible to remove this structure and fix dots of 
India ink at close intervals along the apical region. Measure- 
ments rnade at intervals of twentv-four hours thereafter showed 
tliat the zone of elongation was limited to a space within 2 mm 
from the apex, most rapid growth being found about 0.8 mm 
from the tip. The young seta was found to have reached its 
complete diameter at any given point as soon as its growth 
in lengtli was completed. The diameter near the base 
averages about 0,15 mm and about 0.14 mm near the base of 
the capsule. 

In a number of young sporopliytes from which the calvp- 
trae liad beeil removed, sharp curvatures appeared, resembling 
verv strongly the träumatropic curves seen in roots (4). These 
curvatures were probably due to sliglit unavoidable injuries in- 
fiicted in removing the calvptrae. To slightly inflict a wound 
near the apex was found to produce similar results in erect spo- 
rophvtes from which the calyptrae had been successfully remo¬ 
ved. Decapitation experiments seemed to show that the percep- 
tive region lies in the immediate apex of the sporophyte. 

Having traced roughly the course of the elongation of the 
sporophyte and its distribution as seen in Funarm. attention was 
directed toward determining the influences bringing about the 
well - known curvature of the seta seen in Funaria and of 
Mnium. 

3fniiim showed itself very sensitive to conditions of light in 
its natural habitat as indicated by the uniformity with which 
the individual sporopliytes of a turf assume their positions with 
regard to their environment. Since Funaria shows itself to be 
less acuratelv directed. Mnium was selected for these experiments. 
Pot cultures Avere exposed in various positions to the action of 
gravity and light in the liope of ascertaining whether light is 
the sole directive influence, as indicated by AVicliura. 

On April 11 at 11 : 45 a, m. a pot of Mnium having 30 young, 
erect sporopliytes was placed in a dark box in such a manner 
that the perpendieular sporophytes were subjected to lateral illu- 
mination through a hole two inches wide by four inches long 
at the level of the culture. The pox Avas placed near a soutli 
window in strong diffused light. 

Twenty-four hours later, eight of the sporophytes AA^ere in- 
clined about 20 o from the perdendicular toward the source of 
light, by means of a bend within or at the base of the ea¬ 
lyptra, 

After another twenty-four hours, fifteen individuals liad made 
similar curves toAAmrd the light. On April 16, about 120 hours 
from the beginning of the experiment, all but three shoAATed plain 
inclinatioih It Avas noted that in eAmiw case, the more adAmnced 
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sporopliytes performed this reaction, indicating tliat for a time, 
tlie young sporopliytes are not very sensitive to light, becommg 
increasingly so until tliey react tlirongh a distinct cliange in tlie 
distribution of growth, resnlting in tlie inclination seen. 

A Mnium cnlture in which only erect sporopliytes were seen 
•was placed on April 11, at 12 : 00 m, in a horizontal position 
and illnminated witli light reflected from the sky in a direction 
parallel with the long axes of the sporopliytes. After 20 hours 
several showed slight bends near the tips, in diffeient dnections, 
some npwards, two laterally, others downwards. On April 13, 
hve out of twenty-two individuals were inchned downwards, 
three npwards, two laterally, tlie remainder maintaining the ho¬ 
rizontal position, presumably not yet having reached tliat stage 
in their development at which tliey became sensitive to gravity. 
On April 16, eight showed a downward curvature, three pointed 
oblicptely downward, two pointed upward, nine were still hori¬ 
zontal. ' Tliree had bec'ome capable of perception and motion 
since April 13, and had responded by a downward curvature. 
On April 17, ten curved downward, "tlie two laterally directed 
individuals liad changed position so as to point downward, two 

still pointed upward. On April 19, all had taken a position in 
which the sporopliytes pointed downward. 

From this Experiment, it appears tliat for a time tlie young 
sporopliytes are not perceptive to gravity and maintam for dat s 
in a horizontal position an „Eigenrichtung" derived possiblv 
from the relation to the sporophyte. As they become capable 
of perception■ and reaction, in spite of Illumination parallel witli 
their long axes, the rudiments respond by curvatures directing 

the apices toward the earth. 
Thus it appears probable tliat Mnium sporopliytes take on* 

the curvature characteristically in ade in response to geotropie 

induction. 
In the hope of getting further light on the question of the 

part played by gravitation and light, a culture of Mnium was 
placed in a perpendicular position, illuminated from above b\ 

dif'fused light. 

On April 12, all sporopliytes were perpendicular, on April 
13, thirteen out of thirty showed a distinct curvature near the 
base of the calyptra. Ön April 15, hfteen w^ere still erect, the 
others showing curvatures varying from a hwv degrees to as high 
as 90 o from the perpendicular. On April 18, all were more or 
less inclined, and in various radii, indicating no niarked directive 
influence. Here, as bevore, a period of inability to perceive or 
react is followed by perception and reaction. 

From tlie experiments sketched here in scant outline, it ap¬ 
pears probable tliat the curvature of the seta in the species is 
due to a growth reaction on the part of the young sporophyte 
to the Stimulus of gravity. It appears probable, also, in view 
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of the directive influence of lateral Illumination and the absenee 
of uniformity in Symmetrie illumination, that the radius in which 
the sporopliyte falls in carrying out tliis curvature is determined 
by the direction of the strongest illumination. 

In the hope of getting further light on the question, seve- 
ral attempts were made to carry through to maturity cultures 
in a horizontal position on the klinostat, but unfortunately I was 
balked eacli time by the occasional failure of the apparatus to 
perform its duty. In spite of fliese discouraging features, a pot 
of Mnium capsules was obtained in which, instead of the usual 
pendulous position, an average inclination of 30 0 from the per- 
pendicular was seen at maturity. 

Experiments witli Funarm gave results very similar to those 
above described. The Funaria sporophytes showed themselves 
more quickly responsive to lateral illumination than Mnium. An 
unknown species of Weh er a, found on a somewhat exposed hill- 
side, was more sensitive to the directive influence of light than 
either Funaria or Mnium. 

In view of the partial failure of the klinostat experiments, 
it was deemed desirable to Supplement the observations descri¬ 
bed witli some further evidence to show the relative effective- 
ness of light and gravity in calling forth responses in the spo- 
rophyte, and the following studies were made in the spring of 
1901, ad Harvard University. 

Two experiments were carried out witli Mnium cuspidatum, 
a form found in great abundance in tlie open woods near Ar- 
lington Heights. Colonies of this moss were transplanted March 
22 with the least possidisturbance to flower pots iilled witli wood- 
soil and taken to the greenliouse laboratory at the Botanical 
Grarden. The sporophytes had already made considerable pro- 
gress but were still erect and showed no indication of a capsular 
enlargement. 

In the first experiment, the desire was to ascertain the be- 
liaviour of tlie growing sporophytes when placed in a horizontal 
position with perpendicular illumination. These conditions were 
obtained by sink in g the pot containing the Mnium culture on 
its side in a larger pot filled with sphagnum which was held 
away from the plants by another flower pot placed with its 
mouth over the open end of that containing the moss. Light 
was admitted by breaking out a piece of the empty pot 1 inch 
wide by about 3—-12 inches long. After placing the moss tuft 
in the position described, the containing pot was put in briglit 
diffused light. After forty-eight liours, nearly all of tlie sporo¬ 
phytes had made a more or less marked curvature upwards to- 
ward tlie light. This curvature was some distance from the free 
end of the sporopliyte and seemed to be clearly located in its 
growing zone. Another curvature mucli sharper and more loca- 
lized was .also noted, especially in the more advanced individuals, 
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immediately below tbe calyptra or perbaps partly witbin it. Tliis 
second curvature was, like tlie first, in tbe plane of tlie incident 
rays, bnt in tbe opposite direction, depressing tbe tip of tbe 
sporopbyte. In many cases, tbe capsnlar rudiment was main- 
tained by tliose two exposed curvatnres in an approximately ho¬ 
rizontal position. In tbe more advanced cases, tbe ends of tbe 
sporopbytes were pointed nearly downward. tliat is. away front 
tlie ligbt. 

Twenty-four liours later, tbe long upward curve of tbe se- 
tal portion was semewbat more rnarked, and in tbe older indi- 
viduals in wbicli tbe capsular rudiments were furt-best- advanced. 
and eonstituted a very well developed. narrowly ebiptical body. 
tbe sbarp curve just below tbe calyptra bad so far progressed 
as to bring tbe capsular rudiments into a nearly perpendieular 
position. In tbe younger sporopbytes tbe general upward curve 
brougbt tbe distal *ends of tbe sporopbytes into a nearly per- 
pendicular position. Immediately below tbe calyptra no curve 
was seen. 

On Marcb 29, about 170 bours after tbe beginning of tbe 
experiment, every capsular rudiment, now in most cases about 
one-balf tbe rnature size. billig in a perpendieular position tbrougb 
a sbarp curve immediately at tbe base, near tbe edge of tbe 
calyptra. Tliis nuirvature, in tbe plane of tbe incident rays. di- 
rected tbe apex of tbe rudiment away from tbe ligbt, toward 
tbe center of tbe eartb. Tbe general upward curve was found 
to bave remained as before. 

On April 1. about 240 bours after tbe beginning of tbe ex- 
periment, tbe capsules, normal and nearly f'tdl sized. were seen 
in every case to bave tbe sperculum directed downward. Tbe 
general setal curve bad been made permanent by tbe internal 
tissue development. 

Turtber observations sbowed tbat normal capsules developed 
witbout any furtber clianges in position. 

IToni tbe data described. it seems justibable to draw tbe 
following conclusions: Tbe young sporopbyte. prior to tbe de¬ 
velopment of a distinct capsular rudiment. is eitlier positively 
beliotropic or negatively geotropic, and tends to assume a per- 
pendicular position wbicli is flxed by tbe furtber development 
of tbe tissues. AVlien in tbe young sporopbyte a capsular ru¬ 
diment bas begun to develop. tbis setal curvature is not mar- 
ked, possibly bec-ause of tbe rigidity of tbe seta tbrougb tbe de¬ 
velopment of meebanical tissue. A sbarp curvature appears just 
below tbe capsule, turning tbe capsular rudiment into tbe per- 
pendicular position as a result of eitlier a positively geotropic 
or of a negatively beliotropic reaction. It appears tbat tliese 
two opposed responses seen in tbe two curvatures can for a time 
take place syncbronously. Tbe question of tbe part played by 
ligbt and by gravity is, bowever. not settled. 
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In tlie second experiment, an attempt was made to make 
this clear. O11 March. 27, a healthy culture of Mnimn cuspida- 
tum was potted and packed as above described and placed with 
tlie sporophytes in a horizontal position. Illumination front be- 
low was secured by means of a mirror placed ab out 8 inches. 
below the culture which reflected light from the eastern sky 
upon the horizontal sporophytes. Light was admitted through 
an opening 1 —1 4 inches wide and 2 inches long, made by bre- 
aking a place in the pot opposite the sporophytes. Except in 
the forenoon. when some direct sunliglit was reflected upon the 
plants, strong diffused light was supplied. 

On March 29, the young sporophytes in many cases showed 
a sliglit gradual bend in the distal half in an upward direction. 
in a raanner not markedly different from that seen in the pre- 
ceding experiment. At the distal end a slight downward direc¬ 
tion is noticeable, brought about by a curvature of smaller ra- 
dius near the lower edge of the calvptra. In a few cases, the 
sporophytes were practically horizontal except at the distal end, 
where a downward curve was seen. 

On April 1, no increased curvature in the setal was noticed. 
A sharp downward curvature at the lower edge of the calvptra, 
however. was conspicuous, bringing the now clearly enlarged 
capsular rudiments into a position approaching the perpendicu- 
lar. A ith but three exceptions in about thirty-five individuals, 
the tips of the calyptrae pointed ahno'st directly downwards, 
therefore. against the incident light’ rays. 

On April 10, the capsules were found to have developed 
normallv and were approaching their full size. In every case, 
the long axis of the capsule was perpendicularly directed, and 
stood at approximately a right angle to the axis of the seta. 
The plants seemed to be entirely healthy. 

The experiments above described seem to make it clear that 
in the case of Mnium, and probably of Funaria also, the „nod- 
ding" of the capsules is brought about by the stimulating ac- 
tion of gravity, since the direction of the Illumination does not 
interfere with the tendency of the capsules to assume the ,,nod- 
dingkC or, in the case of Mnium, the pendulous position, seen in 
na time. The partial success of the klinostat experiments points 
in the same direction. 

The directive inhuence of illumination is clearly marked in 
determmmg the plane in which the capsular rudiment shall fall. 
Sometimes the apex of the capsttle falls toward the source of 
light, sometimes a'gainst it. This conclusion has been tested many 
times by the study of Mnium in its usual habitat. and, with 
very rare exceptions. it is possible to parallel the results seen in 
the laboratory. Occasional exceptions may be accounted for by 
considering the foliage conditions and tlie position of the sun 
in the lieavens during the day at the time of the year when 
the sporophytes are developing. Yarious obstacles interfering 
with light may thus be located. 
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In an early growing stage, the yonng sporopliytes seem to 
reaot somewhat to gravity in a negative sense, tending to bend 
upward toward the perpendicular whether lighted from above 

or from below. 
In the course of the study of the sporopliyte, as above 

sketched, a number of interesting relations were observed per- 
taining especially to the calyptra. 

In Funaria, the calyptra is a more highly developed struc- 
ture than in Mnium and seems to perform so mnch more per- 
fectly the protective function whicli has been assumed for the 
calyptra. This appears reasonable wlien one beais in mmd tlie 
nature of the dangers incident to these two types of moss. Fu¬ 
rt aria grows on the ground in dry, exposed situations, m the 
full blaze of tlie direct sunlight and is exposed during the fort- 
nio-ht or tliree weeks required for tlie maturation of the spores 
to^tlie danger of desiccation. During the first week after the 
appearance of the growing archegonium among the perichaetial 
leaves, desiccation is ‘fatal to tlie young sporopliyte, and lt is 
only after the capsular rudiment has reaclied about one-half of 
its 'mature bulk that it is able to survive the degree of desicca¬ 
tion resulting from a few days of hot, dry weather. Hence, the 
season for sporopliyte formation falls in the moist season of the 
year when tlie* temperature is sufficiently high to allow rapid 

growth. ' ‘ _ . . 
The calyptra is an added factor of great ecological signm- 

cance for this moss. 
The archegonium after the fertilization of the egg. grows 

until a length of about 4,2 mm is reaclied. Separation from 
the gametophyte results at this stage, and measurements at sub- 
sequent stages showed that it makes no further grov th. It eon- 
sists of three distinct parts: (1) a long, slender, beak-like distal 
portion comprising, about onehalf of the total length whicli pas- 
ses by a somewhat abrupt expansion into (2) an enlarged sac- 
like portion whicli in the younger stages is traversed lengthwise 
by longitudinal folds. This sac contracts sharply at tlie ba^e of 
the calyptra into (3) a short, basal, collarlike portion v Inch cla^ps 

the seta very tightly. 
The calyptra is a loose bag, drawn together tightly at its 

mouth in whicli the entire dividing and growing regions of the 
young sporopliyte are enclosed. A oung, still erect, sporopliytes 
from whicli tlie calyptrae were removed with the greatest care 
rarely succeeded in developing into mature sporopliytes, even 
tliough giving no evidence of injury in the removal. It was not 
until the capsular rudiment liad reaclied about half its mature 
size that tlie removal of the calyptra failed to produce untoward 
effects on the sporopliytes. All this seems to point to the great 
importance of the protection afforded by the calyptra, from meclia- 
nical injnry as well as from undue desiccation. It seems pro¬ 
bable that" the removal of the calyptra at the later stages is less 
detrimental because of tlie increased cuticular development and 
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because of tlie greater resisting action of tlie solid masses of 
tissued formed. 

Another fact observed may serve to explain tlie great effi- 
ciency of this protecting structure. Although torn away from its 
place of growth at an early stage in tbe life of tlie sporopliyte, 
tlie cells of tlie calyptra are fonnd to be living until sliortly be¬ 
töre it is rnptured by tlie increased size of tlie enclosed capsule. 
Having no organic connection during this long period with any 
source of food supply, it must maintain itself independently. 
Since each cell contains a good nuraber of cliloroplasts, this me- 
thod of support is easily surmised. The source of the neccessary 
steady water supply is doubtful. O11 renioving the calyptra from 
the sporopliyte, minute drops of water were usually seen adhe- 
ring to tlie sporopliyte, and the examination under low magni- 
ticatiön of tlie sporopliyte bearing the calyptra in position re- 
vealed the presence of water more or less hlling the upper part 
of the calyptra. Whether this water is excreted by the sporo- 
phyte and maintained in place by tlie calyptra, or whether tlie 
calyptra itself has tlie ability to condense or absorb water through 
its much folded outer snrface, can hardly be said. At all events, 
the calyptra is doubtless supplied with the substances and con- 
ditions necessary for carbohydrate formation, and for its nearly 
independent, temporary nutrition. Thus in tlie developing spo- 
ropliyte, three organicalli unconnected structures are present, 
each to a considerable extent capable of independent nutrition. 

In Mnium, growing on the damp leaf-mould in the woods, 
the danger of desiccation is minimal and the calyptra seenis to 
refiect this in its structure. It is pointed at the distal end and 
widens somewliat rapidly toward the base. There is 110 close 
clasping of the seta at the base, and tlie calyptra fall off at a 
much earlier stage than in Funaria. It seenis to me that a 
thorough study of the structure of the calyptra and its ecological 
relations to the sporopliyte offers an interesting problem in ways 
and means in Archegoniates. 

Another question of some inte riest was raised in connection 
with this study. It was noted that in tlie young stages of the 
Funaria sporopliyte, the distal end, containing the regions of 
cell division and most of the zone of elongation, was thrust into 
the calyptra to the very extreme of the long, beak-like portion 
and was not withdrawn to the capacious sac-like part un¬ 
til the enlargement ol“ the capsular rudiment was about to begin 
or was already to be traced. This withdrawal of the end of the 
sporopliyte to the- more roomy portion of the calyptra could be 
seen in progress before any noticeable enlargement of the latter 
had taken place. TTsually, liowever, the curvature of the seta 
began contemporaneously with the beginning of the withdrawal. 
In wliat way this withdrawal was ef'fected was not easily ex- 
plained. It seems probable that the inner surface of the beak- 
like portion of the calyptra is moist and offers little friction to 
the smooth surface of tlie slender sporopliyte. (5) As the cur- 

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at
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vature in response to the Stimulus of gravity is formed in tlie 
growing zone, therefore, in te sac-like portion of tlie calyptra, a 
feverage is gradually exerted by tlie bending zone against the 
slioulder marking the point of tlie sudden transition between tlie 
upper regions of tlie calyptra. This taken in connection with tbe 
action of tbe tigbtly clasping base lias tbe effect of slowly pul- 
ling tbat part of tlie sporopliyte in which tbe capsular enlarge- 
ment is seen to take place back into tbe roomy bag-like part 
of tbe calyptra wbere growth may go on until all danger from 
desiccation is past before tbe increasing bulk of tbe capsular ru- 
diment ruptures tlie calyptra and interferes with its efficiency as 
a protection against tbe loss of water. 

Tbe true relations of tlie curvature formation seem to sug- 
gest tliat tlie formation of tbis bond in tbe seta may serve a 
purpose cpiite different from tbat traditionally ascribed to tlie 
curvature. It may aid in advantageously arranging the relations 
of sporopliyte to calyptra as well as later wlien it assumes tbe 
nodding position, aiding in spore dissemination. 

Tbe conduct- of tbe calyptra in forms having erect capsules 
Avould be of interest in tbis connection. 
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