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) Ae inirvoduction to the course in Elementary Systematic Botany, we
'™  will begin as far back in time as possible. Namely, we will take up
j\“—‘ the origin of the earth and its oceans. then we will very briefly re-.

I viaw lagt semester's work before studying in detail the Higher Flants.
II. Origin of the earth and of the oceans,
A; According to the Nebular Hyvothesis (of Kant ani Laplace).
1. The Nebular Hypothesis was first proposed in 1755 by Emmanual
Kant in his "Naturgeschichte des Hirmels™, and promptly forgot-

I

ten until resurrested by von Humbolt 90 years later. But Laplace
# in 1796 had independently developed this same hypothesig and
later even improved upon it. The gist of it is us Zplilowa:
5, Stages in the Nebular Hypothesis: '

a; Agtral Eoni Originally all the matter later comprising the

sun, the earth, and the other planets of our solar system was

-a nebula or luminous eloud such as one can see in Andromeda
and Orion with the naked eye. 45 it contracted becgsuse of the

A force of gravity arou.d its central nucleus or sun the con-

like a star., The gases were thought to contain the future

. H,0 of the globe or the dissociated elements thereof and other
i ‘i. heavy gases. During this contraction toward the center, the
extremely hot vapor also finslly formed itself into an egqua-

torial ring such as is visible around Saturn today, These

Hunt Institute for Botanical Documentation

diffused throushout an area having s radius of over 2,800,000@

000 miles, This matter was extremely attenuate and constituted

densing gases grew hotter and hotter. Thus the whole mass shome
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rings finally broke up by the azgregation of the gases, thus

forming the planets., The smaller rings around the planets \

gsimilarly condensed to form the satellites. This ended the

Astral Fon of thecearth's development,

Azoie EZon: Zhe Azoic(ér age without life) Hon of the earth®a §
development followed the astral, It might be divided into tw;
subdivisions:

il The lithie era was characterized by the zradual coolihg
of the molten mass on the outside to form a hot rocky crust
of original rocks whieh were naturally wholly erystalline
end heated to above 25000 F; A1l the water was still in
the atmosphere as well as all the C0, and 0. As the earth
shrahlk dge to further cooling, lateral pressure develop@d
wrinkles,

2; The oceanioc era then came with the cooling of the glahe
to such a? extent that the steaming atmosphere could drop
its water, This then either formed a uPiversal ocean or
collected in the depressions. Then tidal action resulted
and this frietion engegdered 2 retardation of rotation of
the earth. The waves, currents and rivers began their
work while the zases of the-air combined with the rocks

to produce limestones, and iron carbohates by purely chem-

ical methods., Thus sediments gradually aceumulated and form-
ed the earth's supercrust; 1
¥he Zozoie Hon: Now with an ocean in which mineral salts were l
found in extreme dilution, life must have appeared in its |

most primitive forms, This was therefore named the Eozoias i

gon, ec meaning davn and zoon,animal. The plants must have
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appenred first ani! ns those ineressed in numbers, some of

them dizcovered that it is far easier to steal the manufag-

tured food of their relatives than to make their own out of

the raw salts of the ocean, Thus the animal kingdom gradually

7 evolved

JRT 5: Argunents against the Hebular Hypothesis: At firat sicht the
Webular !lypothesis seems guite plausible, yet many objections
%o it have arisen, especially of late years due to the advance
in ¥nowledge of oelestial mechanios ani of the molecular activi-
ties of gases. furthermore, there i3 no evidence of an original
orust of rooka. If the atmosphere acsording to this hypothesie
wms f£irst very dense andi sote! aa a blanket of thick gases to;ru;
tain the heat how can we account for glaciation during the Perminr
and even Proterozoie times snd for the fact that the animals of
the early past were fitted to conditions muoh like those of to-
dey? And if the primitive water in the atmospheretwas pfeciniiai;
ed upon & dry earth, the ooecans must have been larzer than now I
as much of the water must have sosked into the rocks, But now
we are beginning to realize that the oceans are getting deeper
rather than shallower. Muoh of the additional water is being 517;
gn out by voloanoss snd thermal springs, ihe 0ld geologists be-
1ieved this water was merely that whioch had seeped into the rocke
and therefore named it vadose water; the present geologists hold
that it is new, juvenile, or teluric water but recently freed
from the deep lavas. Bspause of such objeations to the Nebular

o Hypothesis we shall amdvert to the Flanetesimal Hypothesis and '

see what that has to offer;
B, Ascording to the Flanetesimal lypothesis (of Chamberlin and ioul-

ton.)
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If two stars, or suns, without any previous motion werse allowed
to attract each other by thevforce of gravity, they wonld move in
a straisht line toward each other's centers with ever inereasing
velooity until an inevitable collision results, But if the other
heavenly bodies are allowed to exert their zravitational pull
upon these two avproaching masses, these instead of colliding
would sail past each other and out into space, Vhen hhese stars
thus approached each other, they must have exerted mutusl tidal
forces. Such a foree is of course exemplified by the moon's at-
tempt to pull the ocean awsy from the earth, fthus causing the
high tide. Yhe earth's force of gravity, however, is fortuneately

too great to permit this attempted robbery. But in the case of
the two hypothecated stars we -re studying, the tidal forces
were S0 great that they actually pulled parts of each other info

space, Some of this material then promptly began to revolve
around the one star, our sun, z= a3 spiral nebula,

The Huelear Stage of the earth's development then began as a
nebulous knot =eting a= a nucléga in a gpiral nebula, Gradually
this nueleus increased in size ﬁ} the capture of smaller planet-
esimals around it until it reached a diameter of 2000 %o 3000
miles;

The Initial Volecanic Stage: The self-compression of the earth
due to its own gravity now probably produced sufficient internmal
heat to melt the primitive roecks. Then tongues of lava began to
creep‘toward the surface through the weaker zones of the earth's
erust. This lava snd the escaping gases of the interior may well

have produced vast explosions which tore out zreat graters, At

this time thezearth may have been too small to keep its gases |
|
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from @iffusing into space just as the moon is now. But with the

added gzrowth from attracted satellites, the next stage developed.
The Initial Atmospheriec Stage arose when the heaviest gas was
retained, namely:COp. Then came 0, and later N5, Yhen the earth
resched about the size of Mars, or a diameter of 4200 miles, it
retained its Hy0, Even yet the earth is too small to hold the H,
and many of the rarest gases. When at lenzth the atmosphere be-

eame saturatel with water vavor from voleanio action, the next

gtage began,
The Initial Hydrospherie Stage was characterized by the beginnin
ning of marked ercsion by the agency of water. The heavier mater=-
jals were leached out of the rooks and devosited in the natural
depressions or seas. Thus the dry land became lighter than the
ge@iments at the bottom of the sea., The sea bed then became de-
pressed relative to the land and this was the origin of the
ocean basins and of the continental platforms which constitute

the grand topographic features of the globe. Now that we have
an ocean at hand, we can imagine that life on earth became poaaihﬁ
aible;

The Initial Tife Stage: The period when life began on earth

may be termed the Initial Iife Stage of eozoic time. As %o h&w
1ife originated snd finally evolved into its present diverse
forms, we will postpone until later;

The Last Stage of FPlanetesimal Ascretion: The growth of the
earth by aceretion probably became slower and slower as the naigh+
borhogd was drained of planetesimals, the earth from this time u;
probably has caught only such heavenly bodies as stray meteors,

most of them of such = small size that they never reach the ground
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but are vaporized by the extreme heat which is generated by
their Priction with the upper limits of our atmosphere. %fhus
they flare up as so-called "shooting stars™ and are then souffed !
out of existance, the gases being a welcome addition to our globeJ
Yet many oftthe larger meteors reach the earth's surface weigh- |
ing many tons; These commonly contain such Bases as H, €O, , e 4
CHy , and H: At the beginning of the last stage of planetesimal

aocretion the earth probably had a greater diameter than its

present 7918 miles, This is due to its shrinkage.

The last stage is that of Gradation as the surface of the‘earthl
{s no longer subject to continual burial from planetesimals. From
that time on to the present, the usual geo%ogical prozesses have
taken place,

A summary of the planetesimal hypothesis might be given in .
W, M. Davis' words: "But today the confident acceptance of the [
earlier view [:the Nebular or Laplacian Hypotheais] is shaken
by the introduction of a very different concept, according to
which the earthihas been built up slowly of scraps of cold \
metter - planetesimals - loosely at first, when its mass was
amall and its gravity was therefore weak, more compactly as it
grew to greater and greater size and the eold exterior welghed
dovn more heavily on the cold interior; more compactly still
when the inereasing outer parts crushed the inert inner parts anﬂl
thereby generated = growing store of interior heat, thus provid-
ing for a bezinning of the various processes of vulcaniam; Lyen=
tually, as the present size of the e-rth was epproached and
reached, volcanic eruptions became powerful ahd freduent enough =

ag they still are - to expel great volumes of gases from the in-

\

1

terior and to pour out vast floods of lava; and in so far ss—




III, Origin of life.
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these gasea inalude waler wvapor, a large part of it coqloﬁ and
pondensed in elonds sand fell as rain; then - az was also supposed
in the earlier hypothesis - the rain water gathered into atreams
and, even with greater fluildity than the molten lava, ran down
the slopes of the lands and spread out with a level surface in
the primitive depressions. thus explained, the ocemns began to
form from a supply of interior or telurio water, not of exterior

E

greater and greater volumes through the geologic ages; thus they h

or atmospherie water; and thus they have continued to grow %o

may, according to the later hypothesis, be growing still, It is
impossible to say which one, if either, of these explanations is
true; but in this sort of long-range archery, it is well to have

two strings to one's bow,™

Chief theories:

Spontaneous generation as desoribed in Milton's "P.radise Lost™
and formerly almost universally accepted. This theory now is re=
jected by almost everyone because of the work of such men as Redi

and ynal,

Cosmic pangenesis as deseribed by Richter in 1865 and amplified
by Arrhenius in 1908 that the spores of 1ife were pushed to earth *
from some other planet by means of molecular bombardment of light
rm: :

Frimal spontaneous generation on earth while the sea was yet !

nyoung. Certain chemicals may have come together in eolloidal state
and gradually developed into an almost living thing as exemplified
by the "chemical seed", Such struetures may then have evolved |
into living orgenisms similar to some kuown today:BUb to this

point we have been indulging in rank speculation. We don't know
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IV. The ocean,

K — Fhysieal features,

A Size.
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how the oceans originated, but we have an idea as %o how they

. - — . _____J_q,L

mey have orizinated, Ve don't lmow how life on this earth arose §
but we have at least tried to explain its inception. The fact
remains that we have an ocean and life innit. Let us now proceed

to a study of the two,

, As e sea covers about 71% of the earth (or 140,000,000 sg. |
a miles out of 197,000,000 square miles),

,_,h; Phe average depth is about 2.5 miles, while about 60 great
abyssel deeps with a depth of over 3000 fathoms ocour (one
fathoﬁ is 6 feet;)

-»,1‘: In the northwest Pacific lies the Challenger Deep °£. r'
5269 Pathoms, while north of Hawaii is the Murray Deep. |
,,'-2; North of the Philippines lies the Swire Deep of 5348 |
fathoms (or over 6 miles); 0f this Murray says: "If the '
highest kmown mountain {lt; Everest, 29,002 £t,) conld be !

placed in this area of the Pacifie, its summit would be l

eovered by the waters of the ocean to a depth of 3,087 ft..ﬂi
3 (: Phe bottom of the ocean does not necessarily slope gradually
from the land to the great deeps., Certain more or less definitﬁ
areas may be noted:
. 1. Continental Shelf: This comprises the area bounded by
the shore and a depth of 100 fathoms. It has been divided |
into two regions:
-1 Littoral Region or Strand, which lies between high

and low water mark, is the most important area because
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here marine organisms evolved into terrestrial forms,
& Xa The area comprises only 62,500 square miles and
is very narrow, snd thus competition is eorrespond- i

ingly keen. For that reason the animals surviving ther)

there today are heavily armored as exemplified by Ik

olam and other molluscs, crabs, sea-urchins, star-

fishes, horse-shoe crabs, etc, :n
i A fhe area is alternately exposed to air and %o
|
water with each tide so that organisms were obliged t

to adapt themselves to radieal changes which i? many |
cases prepared them for later terrestrial life. This
gradual change to land organisms can still be observ-
edi
;,a: Algae of the strand region are usually hard and
leathery or have mucilag?unua covering for pro=-

tection from dessication., In some regions, the

gommon Fucus or Bladderwrack of the Atlantic Coazst

has even crept onto the =altmarshes which are cov=
ered only at spring tide to grow with wvascular
plants:

7 .hi Sea-urchins, star-=fishes, and many molluscs like
the opii are exposed at low tide without inconven-
ience while many crabs like the sand crab and rock
erab live most of their lives above high tide level

b, Shallow Water Area, which lies between low tide rezion |

Oy

and the end of the continental shelf which usually oe=-
egurg at 100 fathoms, This area for the world amounts to

about 10,000,000 square miles and is the great feeding
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Temperature.

1l

2,

3-

4.

ground of fishes and whales,
1—2: Intermediate Slope constitutes the part of the ocean bed |
from 100 fathoms to 1000 fathoma,
¢ 5; Profound Abyss comprises the ocean bottom below 1000

fathoms. Here the deeps occur,

Heat from the air and sun penetrates to about 250 fathoms; thus
the bulk of the sea water is relatively cold.

The surface temperature is auﬁomatically regulated for if the
temperature. rises, then greater evaporation checks the rapidity
of the rise. If the temperature goes dowm, fog forms and chedks
further radiation., f

Murray writes: "At the depth of 50 fathoms 1% ia'prabable that |
the temperature does not change by so much as 2° ¥, at any one |
place through the year) and below the depth of 100 fathoms,_thsre
is no evidence of any annual change of temperature whatever. The |
temperature below 500 fathoms is below 40° ?: This includes
about 87% of the entire ocean." In the great deeps it is a little
above 32° F; or even 30° F, (~1° U:): The ooze dredged from the |
ocea; floor is so cold that it cannot be handled without discom-
fort. Zhis cold is largely dne to the fact that cold water is |
the heavier., Thus the water that is chilled in the Zrigid oceans
near the poles sinks and creeps very slowly to the torrid zome,
where it must slowly rise;

The only basins that have not at the lower depths these cold
waters are the enclosed mediterraneans like the classie lMediter-

ranean between Furopecand Africa, the American mediterraneans

like the Caribbean 3ea and the Sulf of Mexico, and several others




in the Australasian region, The deep water of these basins, in- i

level of their deepest entrance, ,

atend of beins frigid, is only as cold as the open ocean at the

C. Fressure,

-~ 1., At 2500 fathoms the pressure is 2,5 tons to the aqua.re.inch. A

log of wood becomes thoroughly waterlogged when put dovn. A cork-
ed bottle shivers to fragments through implosiom. Deep sea fis_hes.;
if they become fool-hardy and swim up t-iil an unsccustomed level, '

may Ttumble upward” and finally explode,

|

2; Agsoording to W.M.Davis "Water is, moreover, so little compres-
gible that the ocean {5 of almost uniform density from surface to :
bottom; in this respeot it contrasts strongly with the gaseous |

atmosphere, which is so easily compressible that, while its lower |

layers are dense enough to permit seeds snd sailing vessels to be
propelled by the winds and to support birds and airplsnes if theyl
move rapidly enough through it, its upper layers are like a vacu=
um in their extreme tenuity. On the other hand, in spite of the
pressures of two, three, or four tons to the scuare inch that are
exerted at the gredater ocean depths, the botiom water is only
about as mich denser tas: the surface salt water of the ocean is
denser than the fresh water of lakes., Hence any objeet that is
heavy enough to sink at the ocean surface will pretiy surely

reach the bottom; the old idea that even an anchor would cense

—

ginking when it had descended to a depth where the water is com=
: presged to the density of irom is a fable;“ '
o vy Gompoaition;
1e The amount of salts dissolved in seawater varies to s slight

degree. fhe average amount of salt, however, is about 35 grams
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per 1000 oo. of sea water. This is of course the same af 3,5

—_— ——-

1bs., of salt per 100 1bs., of sea water. If concentrated, the

sea salt would emount to about 4,800,000 oubic miles, This womld

be sufffioient to cover the whole United States 1.6 miles deeDd, }

It is oomputed that the amount of sodium now in the sea wonld
require 80,000,000 to 90,000,008 years to accummlate.

fhe oomposition of sea salt is about as follows:

NaCl {godium chloride) 17+8
MgClo (magnesium chloride) 10.9
KgS0y (magnesium sulphate) 4.2
CaB0y (ealoium sulphate) 3

K050, aputasaium sulphate) 2.5
€aCo galoium carbonate) 0.3
all gthers [o)rer

Naturally the seaxwater contains more salt in land-locked Ii
areas with much evaporation, In the liediterranean there are
38 grams per 1000 ce., and in the Atlantic 36; Un consts with
many Tivers this amount is decreased, andvthe fresh water being
1izhter floats on top of the salt water. One or two interesting
pnzses are ¥nown in which mariners have been able to scoup up a *

supply of drinking water from the surface of the ocean after a

heavy tropical rainstorm. But the salinity is usually greatest
at the surface due to evaporation;

Phe'aalts of the sea have of course been derived by the age” |
long lemching of the earth., The C0, of the sea has been in part
gbsorbed from the air, and in part from submarine volcanoes; (0]
comes partly from the atmosphere and partly from photosynthesis:

Tn addition to salts sea water contains dissolved gases, chiesf-
1y air and GO@, whose amounnts vary according to temperature and

depth, and accordingly in the past as the ocean has been under

glacial or warm climates, Roughly, ms an averagey We may say :
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that esch liter of ses water contains abont 20 ec. air, ?hich 1
{s much richer in oxygen than the atmosphere, and about <085 i
grams of 002; The importance of these gases is very great, for
wpon the supply of oxygen depends the life of the organismg in
the sea, while the 002, whose total guantity is at present about i
20 times that in the stmosphere, acts as a regulator of the amounﬁ
in the air and the amountiin the air determines the temperature

4o a certain extent.

There is an interesting correspondence between the salts in the

sea and the salts in mammalian blood: |
SEA BLOOD
Na 30.6 3940
“5 5.8 . }
Ca (57 1.0
X 1l 2.7
Cl 55.3 45.0

Bayliss explains this in the following words: "lhen vertebrates ‘
|

with a closed eirculatory system took to the land, they took with|
them a2 blood of the same com?osition ag regards salt as the sez |
water which they left behind," '
Penetration of light. i
feh light is reflected by the ocean as all know by the glare
from the surface. The heat rays are absorbed in the uppermost i
layers. fhen follow the red rays through the spectrum till final-|

!

1y blue and ultra-violet remain, With a delicate apparatus,

lurray found thet at 17000 meters in the Atlantic there was no
effect on = photographie plate. But congiderable light penetrateai
%o 1000 meters, This then constitutes the diapHanous region. Be- |
low this comes the aphotic region; 1

Heiman Fol, a Swiss naturalist, experimented in a diving dress |
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off Niece, At 10 meters, the sun disappeared; at 30 m. the light
was S0 bad that it was difficult to gather animals on the bottom;
he counld see stones at 7 = 8 m;; shining objects at 25 m. Dark
red animels looked black to him, green and blue-green algae ap- _
peared lighter, This is explained by the absence of the red rays.
A common method of studying transparency is to lower white

disesi noting the depth ?f disappearance. Detritus amd plankton
often hinders visibility,

F. Bionomic divisions.

1.

2,

3.
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Nekton is the collective name for the-actively swimming organ-
jams of the sea such as fishes and whales, while plants are want-
ing in this 5r0up: To offer as little resistance to the water as
possible, such organisms possess the ftorpedo shape:

Benthos pertains to the organisms at the bottom of the sea such

as barnacles, sea-urchins, and the seaweeds attached to the bot-
tom: . 5

Plankton may be defined ss those organisms, eifher plant or .
animal, which float freely in the water but are unable to regu- |
late effectively their ownilocation, Many of them exert movements:

of their own which permit them to change their level in the water

or to approach or move away from objects. Yet these movements ara.
actually so insignificant that the plankton is dependent upon winJI
,.wavaa and ourrents for diapersal: i
4, Historical: The first to use the microscope on these sea
organisms was the famous Danish zoologist O0.F.lueller who in
17177 deseribed Ceratium tripos, a2 phosphorescent plant belong-
ing to the Peridineae or Dinoflagellates. Ehrenberg followed

and did much work on species, their significance as sea food,
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1
and their structure, A regular gold mine of rare forms was fo ]
found by various investigators in the intestinal canals of
Salpse = some so minute that they can be captured only with
difeiculty. In 1883 von Stein published the first monosgraph

on tHe Peridinese, based chiefly on specimens taken out of 1

Salpae. The plankton constitutes a wealth of life more abun- |

dant than is contained in the richest and most luxuriant for-
est. The Ohallenger Ixpedition (1872 - 1876) with a staff of

scientists did an enormous amount of work. They went around

the world =nd made physical and biological observations. The
results were published in fifty quarto volumes by the British |
Government. Other scientific expeditions have been launched
since from America, France, and Germany, After 1885 the Prince
of Mbﬁ;uo worked constantly until his death a few years ago.
Other workers were Nausen, Agassiz, Anton Dohm, etc; About
1880 Hensen introdused the term plankton. He tried to caleul-
ate the amount of pelagic organisms by drawing nets vertically
through the plankton zone of about 200 mefers, determining the
species, rates of increase, eftc., But Hensen's nets did not
papture the smallest of the plankton, called nannoplankton,
which will be mentioned more fully later: i
@General biology and clasaification aceording to form: The
pelagic algae exist in countless myriads of minute indiviﬂualsh
Though invisible to the naked eye, they are often highly orgaﬁ
ized and remarkably fitted to their mode of life, Surrounded
by food materials on all sides and exposed to light through- i
out the photic or diaphonous zone and being protected by theiﬁ

tininess and often transparency, they are admirably fitted
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Por their environment, ‘s their density is greater than that
of sea water, they are kept from descending either by tyeir
own exertions or by suspension organs or even 0il drops. The
phytoplankton includes chiefly the diatoms, peridineae and !
brown flagellates as well ns a few green and blue-green a}g&s.
These will be disecussed later in their appropriate places. S
Schuett, o member of Hensen's Plankton Ixpedition of 1889,
olassified@ these forms under,

1; The Blaﬁaer Type, or Sphaeroplankton of Ostenfeld: These
have comparatively large cells while the wall and proto-
plasm are merely thin membranes around a central vacuole
filled with sap of about the same specific gravity as sea
'rfater: Coscinodiscus, shaped like a drum, is a representa-
tive diatom, while G: rex is over a millimeter in diameter
and is quite wommon in the warmer Atlantic, Halosphaera
viridis is a green globe which in masses forms the piente
verdi of Naples fishermen, Pyrocystis noctiluca is a phos-
phorescent form,

2, The Ribbon Type: Here the surface is enlarged owing to
the cell being flattened into a plane which is often bent
or Wis?ed. ilere belong such diatoms as llelosira and Fra-

. gilaria,

3. The Hair Type: The cells are much prolonged in one direc-
tion or united in narrow elongated colonies, Thus there is
great ?riction produced with the water. This type is very
eommon,

4, The Branching Type: These possess hair-sheped or lamelli-

form outgrowths,
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Geographical distribution-and kinds of marine plankton.

ihe organisms constituting the plenkton vary in the same
loecality at differentsseasons, Cleve, a Swedish student,
believed that the differsnces were due to changes in the

eurrents which swept nmew forms in from special provinces,

Thus in the Skagerrazck from February to April there appear
ed species which we canne;t with the Folar Sea. From lay .
4o June the plankton resembled that of the Western Baltie,
During the summer and autumn first came the North Sea ape=
cies and afterwards Atlantic forms. Cleve's view was Wrong:

These changes depend on light and heat, Certein forms rest

ag spores throush unfavorable conditions although some of
eourse may be:swept in.
Neritie plankton is a term first used by Haeckel for

plankton of constal waters. A whole series of species be=-

occurrence of neritic species are lesser salinity near the

ghore and more food as this is washed in from the land.

|
{
long here and these occur in myriads. The reasons for the _4

Then also, some have resting soores that remain at the bot-
4om of the shallow seas., A species which begins spore for-
mation disappears shortly afterwards from the surface lay- i
ers. Neritic species are often met with far from land where!
they still continue to inerease slowly; Horth of the Shet- u
land end Faroe Islands is an area well known for its meritic
diatoms, 7hese last are borme in by snow water currents. |
In the Polar seas during the summer close to the melbting

iece, a rich flora of neritic dintoms oecurs which forms a

browvn layer over the floes, Often as they get away from

the land, the neritic forms become weak snd simpler in




form., Away from the land they never seem %o form auxospores
and thus finally perish. Strong neritic forms, however, muy;[
sporulate even in the open sea., One might think these aporeg
would be lost, but 1t would require months for them to sink,
they are so small that they are rarelt caught in nets., ihey |
may be detected by means of the centrifuge. In a liter of 1
water from lat. 46° 48' H;, long 27° 46" W, (morth of the .I
Azores) from a depth of 100 meters lurray secured 4160 !
resting spores of three species of Chaetoceras t@ough the l
species were not present in any part of the area. Feritic
phytoplankton is largely diatomaceous while oceanic planic-
ton is mainly composed of peridines and coccoliths, In a
brozd wag, the neritic algal species can be divided into.
aretie, temperate and tropical species (with exceptions).
The arctic species are mostly diatoms of which Thalassio-
gira is characteristic. These are characterized by long
strings of short cylindrical cells unifed by a slime threadﬁ
In the densely populated areas of the north Atlantie, there
are 3000 to 12000 individnals of different species in a
quart of water; The temperate sSpecies are even more numer-
out: Chaetoceras didymus is most characteristic, there are
many tropieal species; lany of these have their northerm
1linit the coasts of the Hediterranean: The antarctic spec- :
ies have been little studied although hardly a single spec-|
% 1es is common to both arctic and antarctie waters. ;
3 Oceanic plankton slgae are of far wider distribution than:
are the neritic, Thus Ceratium species are hardly ever ab-

sent. These may roughly be divided into arctic, temperate
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Limnobiotic or fresh water realm and its plankton.

— - — e e e — — ——d—z—»—m

Atlantic and tropicel Atlantis forms. Speaking of tropical
forms Hjort says: "On this cruise (of the Michael Sars) }
we made acquaintance with the tropical Atlantic plankton

in all its abundance, For a northerner it was most fascinat
ing to study the many strange forms especially of peridin=
aaa; Zvery fresh batch disclosed species that were new or
rare or else remarkable stages of development., The multi- |
tude of species was surprising though none of them was very.
numerously represented. Every day one mizht sit and examine
gome unigue mieroscopical form which might be lost only too
easily and conseuuently had fto be drawn there and then;"
Using a centrifuge to collect all material in 300 ce. of
water in one drop, Murray and Hjort found mich of interest.
Myriads of tiny forms appeared which normally pass throush
the Pinest silk nets. lhese are most abundant in the open
gsea while large diatoms and peridines are scanty - about
10 per liter. Plant life below 100 m. is exiremely scanty.

The meximum lay at about 50 m,; at some 1100 feet it ceases

entirely. In general then:
) ) Plankton is less abundant in the open sea than in
coastal waters,

2, Plankton is less abundant in tropical than in $emper=- |

ate seas, Iq

The limnobiotie realm involves the study of rheology |
and limology. Rheology is the science of flowing bodies |
of water} limnology ig the science of static bodies of watez

fhis refers to fresh water only, In flowing water the life




2,

Hunt Institute for Botanical Documentation

yaries inversely with the rate of flow. fhis has not been
studied very much, the whole science being barely fifty
years old. Rheology includes all gradationsvfrom a rill to
a river. In static waters the gra§as vary from a puddle fo
a lake - a microcosm of the ocean, This is the most compli-
cated inland environment., A lake is only a temporary body
of water because the stream that flows throuszh it tends
either to fill it up with detritus or to cause its drainage

by lowering its outlet., lemporary bodies of water are natur

ally inhebited:by forms which reproduce rapidly, and during
unfavorable seasons can pass into a resting state (Spiro=- '
gyra, blue~-greens, diatoms), Bodies of water on poor soil
are usually barren;bW1de stretches subject to river over=

flow produce the richest flora and fauna, Lakes produce a

|
l
|
great variety of ecological conditions depepﬁing upon the {
kind of bottom, shore, islands, depths, ete., chemicals I
in water, exposure to wind and sun, inflow and outflow, sed-
iment, wvezetation, etn: i
Big lakes produce an immense amount of plankton. This is
artificially divided into the net-plankton (t&ken in the
plankton-net of bolting eloth) and the nammo-plankton to
which Lohmann sets an upper limit of 25 mu. These pess th
through the finest silk gauze and mst be filtered out of A
the water or centrifuged. Filters are not so good as they
become clogged. A machine making 2500 revolutions per minut%
will produce a gediment in 5 - 8 minmtes. 15 ce. of water ;
is usually anouqh: The organisms are then transferred to a !

counting cell. fhis nanno-plankton (Lohmann 1911) consists
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of flazellates, algae and bacteria. The number and variety
i3 astonishing. Fven in clear alpine lakes Ruttner says they
gtand in a ratio of 160 %o 3 to the net plankton and at
least two-thirds of them are still undescribed and diffi- |

oult to include in lmown genera., The maximum number yet

found is from Iake Mendota, Wisconsin, where Cyclotella
was fouud %o number over 30,000,000 per liter. Ruttner cal-
eulates the volume #n the Tunzer lakes as three times the
net plankton, Birge and Juday say that the weiszht in dry E
organic matter from three isconsin lskes is from 15 to 20
times the weight of the net -lankton to 5 to 6 times of .
the nanno-planikton.

The net plankton is collected in nets of fine bolting
alqth; (For more details see VWard & Whipple.)

Plankton organisms are transparent, delicately colored,
and buoyant due to their form or by containing gas or oil.
Heavy walls and shells are wanting. They bear floatation
organs such as wings, bristles, spines, parachutes, spiral
threads, or gelatinous covers:

No climate is too rigorous for plankton organisms. They
are are found in fresh water lakes at T?o N.L., which are
hardly if ever free from ice, with a maximum temperature
of less than 2° at the bottom. The shackelton expedition
describes an extensive microfauna and flora at 77° 30! S:L;
from }akes frogzen solid for many months, often for several
years, At the other extreme comes Cypris, a crustacean,
which is recorded from hot springs at 509 G;. while eiliates

and royifers occur at 65° C., and oscillatoria and nostoes




at 70 = 90° ©,

6. Plankton cannot exist in youns streams as these are too

turbulent, Some deep laekes produce a bothom "fauns relicts“l
composed of types related to marine forms, These are of?en
regarded as & survival from times of ocesnic commection,

ine limnetic life is far less varied then the marine. %this
ig due to the severity of the fresh water conditions, eur-
rents, newness of such bodies, and today sewage, factory
and mine wastes, etc. “Streggs below great cities and %n
mining and manufacturing districts are aquatic deserts.”

?; Ypesh water life is guite uniform over the earth, Ebropa,?
Forth America, and even islands show a close affinity. This
is most evident amonz the Protophytz and FProtozoa., This is
probably due to their dissemination with dust;

Cryoplankton or the organisms of ice and snow; These are

of course allied to the true plankton., Sometimes they ocau?‘\i

in such numbers as to color the snow. All these plants seem

to be devoid of any special protective deviee against the eold

or to drying out, and lie exposed for months; During most _

of the year they are frozen in ice and snow and exposed to ‘
the dark arctic night, As the snow melts, they vegetate in
water with a tempa®ature scarcely above 0° 0; {

1: Red snow is the ldllonest; It varies in color from blood F
red to rose red, and brick red to purple brown. It is most
often caused by Chlamydomonas nivalis which may ecolor the
gnow to a depth of a few centimeters, Other plants that
eolor the snow red are Gloeocapsa sanguinea, Uerasterias

nivalis, Pteromonas nivalis, ete,
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Economic importance:

Brown snow: ‘his is fregquently caused by the desmid
Aneyloneme Nordenskioeldii which contains violet cell sap

and, with other algse and mineral matter, absorbs sunlizht

and so melts cavities. In company with it live -Fleurococcus
vulgaris, Seytonema gracile, Diatoms and other algae.

Green snow: This is usually due to desmids, also Raphid-
fum nivale, blue-greens, moss protonema, and green Chlamy~

domonads, Yellowish green or bright yéliow snow i3 tinted

e

by another algs, possibly Chlamydomonas flavivirens, which

oecurs freguently in the Carpathians,

v0f course the great economic importance of all this is
that pelegie phytoplankton is the sole food supply of pela=-
zic animals; Salpae have stomachs filled with coecoliths,
peridines and diatoms. Their number is so great that Stein
gould write his original monograph on peridines contained
in the stomachs of Salpae. Gopopodé are, however, the chief
consumers of these minute organiams; e ¥now most about
their food from a study of their excrement which is brought:
up abundantly iu.neta; This iz composed chiefly of coceco-
liths, peridines, and diatoms, Animals sometimes seem to faﬁ
outweigh the plants of the plankton, Foraminifera and Rad-
?olaria oceur in numerouns species and in enormous quantitie;
. Haeckel described 4318 species of Radiolaria taken by the

Challenger, In one of his hauls from 4475 fathoms in the
5 {

Pacifie, 3538 species were found, Brooks speaks of coursing

two weeks along the edge of the gulf stream surrounded by

an army of brown medusae (Linerges mercutia) to a depth of
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50 %o 60 feet; They drifted by for more than 500 miles. S
Similar erowding occurs smong the nekton, or actively swim-
ming organisms, Mackeral schools have been seen in a'wind-
row of f£ish one half mile wide and twenty miles long. Her=
ring banks are almost solid walla; In 1879 three hundred
thousand river herring were landed in one haul at Albermarle
Sound. Copepods occur in red swarms, The Challenger steamed
for two days throuszh a cloud of a single species. Such mass-

es may be & mile thick,

Not many years have elapsed since science began to real- {
ize the importance of this drifting life of the sea. "The t
ocourrence of plankton in natural waters has a definite and
direct bearing upon the oceurrence of fish life. Algae and | '
protozoa and organisms play an imporitant part in the ecyele
of changes which extend from the decomposition of organic |
matter by bacteria to thelfood supply of man..... The pro- |
tein products of metabolism are consumed by bacteria; bac-
teria are eaten by protozoa and the nitrate formed by bas- |
terial action in the presence of oxygen is utilized as food
by algae; algae and protozoa are consumed by rotifers snd
erustocea and thése latter form the basis of the food of
many fish, Some fish are provided with special mechanisms
for straining the plankton from the water, a notable inséen
stance of this beinsg the menhaden, a salt-water fish which
swims with its mouth wide open; fhe water enters through

the mouth and passes throusgh the gills, while the organisms .
that are thus removed are carried to the 3tcma.ch:" "Experi-

ments at Woods Hole, Mass., have shown that the abundance
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Aromatie Odors:

Grassy odor:

Fishy odor:

<

and size of the menhaden are closely related to the abun~
dance of plankton:" (Ward & Yhicple.)

Many planktonic organisms get into the water sucply and
often make it uuite objectionable for drinking because of
their odors. These are due to ethereal oils. After these
organisms die and disintegrate, this oil is diffused. The‘
quality of the odor frejuently changes with the intensity.
If in small smounts 1t produces an aromatic odor; if in
large amou ts it become fishy. The amount of o0il required is
small, Synura oil is recognisable with ome part in 25,000,
000 of water while oil of pepermint is-recognisable in
50,000,000; The following table of odors is interesting:

DIATOMACEAE 5
1. Asterionella Aromatic - geranium - f£ishy
2, Cyelotella Faintly aromatic
7. Diatoma Faintly aromatic
4, Neridion Aromatic
5, Zabellaria Apomatic

-PROTOZOA
1: Cryptomonas Candied violets N
2, Mallomonas Aromatic - violets - fishy

CYANOPHYCEAE
1., inabaena Grassy & moldy - green corn
2, Rivularia Grassy & moldy

3, Clathroeystis Sweet - grassy
4, Coleosphaerium Sweet - grassy
5. Aphanizomenon Grassy

CHLOROPHYCEAE
1. Volvox Fishy
2, Indorina Faintly fishy
3, Pandorina Faintly fishy
4, Diectyosphaerium Faintly fishy
-PROTOZOA
1: Uroglena Fishy and oily
2; Synura Ripe cugumbers - Bitter and spicy taste
3; Dinobryon Fishy like Fucus

4, Peridinium Fishy, like clam ahalls.
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G. The character of the ocean floor,

1e Origin of sediments,

a; Tand sediments which have drifted 150 to 200 miles away
from the continent but rarely more.

'b: Voleanic dust and pieces of pumice from erdptions which may

gither float in the air or in the water for thousends of miles

i

before sinking to ocean floor.

o. Gosmic dust derived from shooting stars or meteors which the l

earth ﬁieka up in its Journey around the sun, I
d.; Organic materisl such as the miux’*bscopic shells and skelet-
ons of Diatoms, Foraminifera (chiefly of the genus Clobigerina)
, Rediolaria, ete.
2, Kinds of sediments;

a. Blue and green muds found comparatively near the coast, as
the continental slope, and derived from the finest land sedi-
ments, The green color is due to grains of glauconite nat:ur:tpas'ex;l-1I
of a silicate of alumina, iron, »nd poftassium which forms in
the sea.

'n: Hed muds found carrrpa.]:'a.t.'w'el.;;r near the coast, as the contin-
ental slope of eastern South “merica, and derived from the

iz,

Ca Calearedus ooze found away from land and derived from the
gskeletons of Forsminifera like Globigerina which settle downm
like rain from the diaphanous region of the oaea.n: this is

e ’ especially common in the Atls.ntie; :

'+ 59 Siliceous or Radiolarian ooze found away from land and dem

rived chiefly from Radiolarians and Diatoms. Fhis is found

chiefly in the arctie where diatoms are very common, or in
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very deep water because there the calcareous matter is more
readily dissolved away by the larger percentage of C0,,at

those depths.
e. Hed clay found in the deepest abysses and composed of vol= |

oanie ash and fragments of meteorites. li

f
\

e
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V. Review of the "hallophyta. 1]

A. waomycetes or bllme-mclﬂs-
1. General charascteristics: Nakedvindividual protoplasts, or cells.

of the flagellate type all but during the spore state, which might

- be considered a oyst, dependent upon an almost aguatic environmanﬁ
They are neither strictly plants nor animals but possess some of
the characteristics of both,

2, Evolutionary significance: This seems to be an extremely archaie
type of organism thatvapparently save rise to nothing better - a

eul de sac, Since they lack chlorophyll, weeneed not bother with
them in our search for the evolution of the hizher plantsa,

B, Myxophyceae or Blue-green Algzae.
771 General characteristies,

8., Cell wall is very elastic.and usually becomes gelatinous and
swells, Its function is undoubtedly to enable the plent to
withstand periods of dryness as the wabef is but slowly ?va@or§
ated from such investments, and is fery readily absorbed. Thul;
it forms a protective layer as well as a water reservuir; !
b. Cell structure, althoush extensively studied by over 50 in-
vestigators, is little unﬂerstaod; l
1. The outer central body is bluish green due to granules ofl
phycocyanin and probably chlorophyll, while the immer is |
colorless. The blue-green color, in some cases, may be mask-
ed by other pigments., No distinct chloroplast exists as is
n found in other plant?. Sugar is present dde to photosynthe-
sis but never starch,

2% The immer eentral ecolorless body i=s = true nuecleus ac-

gording to some scientists, no nueleus =2t all according to
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others, while according to the most plausible theory it is
an ineipient or diffuse nuclens composed o? irregularlyl I
placed granules of chromatin-like material,

Movement is observed in most filamentous blue-greens and
especially is noticeable in Oscillatoria. The most imporfant
theories as to cause are the following: i
1; Due to & fine pellicle or layer of protoplasm on the out- M

side of plant which flows. The reason was advanced bgcause
the filament moves only if it touches the substratum.

2: Due to uneven growth of cells.

5; Due to minute cilia as in bacteria. ‘his theory was a?-
vanced by Phillips who states he could distinguish them,

But other investigators believe Fhillips mistook parasitic
bacteria for oilia;

4, Due to formation and sxplosion of a series of microscopie
bubbles of gas similar to mechanism of sutomobile. This
reason was gZiven because movement oceurs only when exposed
to light: !

Ho mexual method of reproduction is lmown for any blue=-green.
‘A

Spherical or eylindrical resting spores, found in some of
the hizher types, are formed by the growth in size of o vege-
tative cell and the thickening of its wall; These can usually
live several years under adverse conditions, In fact some one"
in 1846 sealed up a quantity of dry soil and put it aside, In
1912, or 66 years later, this soil was moistened. In a short
while appeared & blue-green, Nodularia turicensis, which must
have arisen from resting spores that had lain dormant for over

half a century,
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Heterogysts are fouid usually in the higher bypes. These are
formed Prom young vezetative cells by the disintegration of the
ineipient mucleus and the gradualsassumption of a homogeneous
character by the whole of the cell conten’_ﬁa. lieither their
structure nor function is well understood. It is probable that
the heterocyst has a historie significance as a reproduective
call; The blue-greens possibly have degenerated as far as a
special method of reproduction is concerned and. the heterocyst
is probably the remains of that asexual reproductive organ.

Hormogonia, which are merely multicellular segments of a
£ilament, form in many filamentous species toraid in dissemin-
ating the plant.

2. Evolutionary Significance.

L=

Although they are commonly called Blue-green Algae they are
not related to the Algae at all, Their only relatives seem to
be the bacteria as the following evidence tends %o show:

1: Neither bacteria nor Blue-greens have a definite nucleus,
while both possess other features in common such as slime
sheath, gliding motion, remarkable resistence to hisgh tem-
peratures, and internal inatomy.

a: here are several ewganisms which seem to bridge the gap
between bacteria and blue-greens;

a. Begglatoa mirabilis, a sulphur bacterium, could be
sonsidered s saprophytie Oseillatoria; The latter, in
fact, has a tendeney to be saprophytic and for that
reason occurs so freguently in foul water where it can
make use of dece.},ring material such 28 drainage from man-

ure, sewers, ete.
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b. Olathroeystis rosea=-persicina, a bacterium, seems very
maeh like Mioroecystis. .
'b: Primitive cell organization.
- u; The earliest fossils lmown.

.

1e Eozoon of the limestone of Archaeozoio Era may be a cal=

—————

eareous blue-green rather than a profozoan as was originally |
held.; :
2: Oryptozooan cenadense, an undoubted blue-green fossil of
oaloarsous rocks of Proterozoic time is composed of concen-
tric layers of two @ifferent kinds of rock. le lmow that
these were blue-greens becauze even today we find that cer-
tain blue-greens deposite caleium carbonste in their gela=-
tinous sheath and this deposition occurs at varying rates,
thus gradually building up a eabbage-like siructure.
u,: A study of evolution among the blue-greens gives us a clue
as to how the many=celled plant and animal arose:
s Chroococcus is obviously the simplest, each daughfer cell
being round and after a division minding strictly its owm
. bnsineas;
2u Aphanoecapea is more hizhly evolved than Chroococous becaus
the danghter cells more or less remain together due to a
common jelly, thus forming a very primitive colony having
no definite uhape:
e Gloeocapsa is more highly evolved than Aphanocapsa because
L here we f£ind that the daughter cells are firmly held togeth-
er by jelly to form a colony of more definite shape:
4. Oscillatoria is more highly evolved than Gloeocapsa be=

eanse its cells divide in but one plane and all the daughter
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SUMMARY; The blue-greems apparently evolved as far as Gloeo—
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gells remain together to form a filament. Here apparently.
we f£ind how s colony has evolved into a many-celled plant.
We can say that the filament is probably a many-celled plant
because it moves in definite directions showing that the
sells work in unison, lere also we f£4ind the brea¥ing up of
the £ilaments to form hormogonia.

Nostoe is more highly evolved than Ogeillatoria because
many filaments build up s large filamentous colony embedded
in 5e11y; I% is also more hizhly evolved in 80 far that
heterocysts as well as vegetative gells oceur.,

Gloeotrichia is more highly evolyvedl than Nostoc because
we get regularccellular differentiation into heteroeyst,
gonidium or resting spore, and vegetative cells that gradu-
ally taper toward the tip of the filament. Here also we find
the most primitive type of branching ealled false branching.

3tigonema is more highly evolved than Gloeotrichia becanse
its cells oncesionally divide into two plenes and thus give

rise to true branching.

trichia and Stigonema and could then go no further because
they did not divide into three planes to build up a solid
colony which would have given rise to different kinds of i
tissues. They also failed to evolve sex; So this is the

end of the line ~ they gave rise to nothing better. Now we
will have to turm to the true algae and see how they gave

rise to the hisher plants.




I
C. Flagellatae or Flagel laﬁes. i
1. General characteristics: These are a very variable group of uu e I}

gellular or at most colonial organisms, some of which are definite |

animals, some definite plants, while some possess the character=

istics of both animals and plants. Here then we must search for

the ancestors of the higher plants and animals,

2; Evolutionary significance:

a: Proterospongia Haeckeli is 2 colonial flagellate having for
each cell a choana or collar-like confractile protoplasmic oup
or rim surrounding the flagellum, The identical structure is
Pound in the endodermal cells called choanoeytes in the am-
pulla of sponges. thus the sponges were derived from certain
flagellates; The sponges or ancient relatives of t?e sponges
in turn gave rise to the higher enimals and to man,

b: Puglena, a unicellular flagellate, easily leads over 1o the
green algae or Ghlorophyceae, as we will see kater,

C. Hydrurus, a colonial flagellate possessing a brown chroma?o-
phore PROBABLY gave rise to the brown algae or Fhaeophycesae.

d; Rhodomonas, a unicellular flagellate possessing a red chrom-
atophore, POSSIBLY gave rise to the red algae or Ehodophyceae:

D, Chlorophyceae or Green Algae;

1; These have undoubtedly been derived from the Flagellates through
an organism like Euglena; In fact, so many organisms show inter=-
mediate characters that some authorities class them with the
Flagellates while others class them with the Chlarophyeeae:

2. General characteristies:

- They are typieal thallophytes or plants composed of a thallus
This means th§t there ig 1ittle or no differentiation of vege-

tative organs,
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b. They contain chlorophyll and usually no other pigment to .
mask it.
0. The protoplast always has s distinet nucleus and one or more

chloroplasts, this type of structure being retained by all the f

higher plants.

5 3 Evolutionary significance as indicated by certain species.

B

Buglena, though usually considered a Flagellate, is practi-

eally a green alga.

1.

2
3.

It is a unicellular motilerganism possessing & re? eye-
spot, chloroplasts, pyrenoid, gnd a gingle flagellum,

It ¥acks sexual reproduction.

It can encyst, if the conditions become unfavorable, to

become = spherical non-motile green cell,

b, OChlamydomonas, a true green alga.

t.

2.
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It consists of a single cell bearinz two c¢ilia, a thin ,
membrane investing the protoplast, = cup-like chloroplasst,
a pyrenoid, a central nucleus, two contractile vacuoles, ‘
and a red eye spot which apparently induces the plant to
swim to the light; It is thus essentially a biciliated ;
Euglensa, !
Here we get a elue as to how sex may have arisen. In asexJ
ual reprodunetion a few large zoospores arise identieal to {
0ld Chlamydomonas cells, But occasionally a larger number [
of mich smaller zoospore-like cells arise, called gametes.,
Bach of%ﬁhese is possibly too small and weak to develop into
a Chlamydomonas so two of them unite and pool their resourc-
es and then develop into a typieal Chlamydomonas cell; Thus |
hunger may be the origin of snx: Additional evidenee that se

sex arose from hunger iz afforded by Kelba' eultural studies
1

i & e
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on Hydrvodictyon, ‘henever the plant was kept in a solu-
tion relatively free of available food it produced small
gametes, while if kept in a solution rich in available food
it produced zoospores.

Under certain conditions the cell may lose its ciiia,
gecrete a gquantity of jelly around itself and beecome qui-
escent. This zoogloea-like stage is malled the Palmella
stage; This temporary loss of motility in the vegetative

gells of Chlamydomonas becomes the permanent oondition in

higher forms.
Pleuroeoocns;

This is a common alega found on tree trunks, ete, It is
unicellular and round and resembles Chlamydomonas in the
non-motile palmella eondition,

Agexual reproduction is merely by the division of the
old ecell into two daughter cells, similsr to method in
Chrooasocens, the Blue-Green.

Sexusl reproduction is unknovm.

Sehizochlamys.
Here we find the begimming of the colonial habit induced

by the formation of common jelly in which the individual
egells are imbedded. The plant is reminiscent of the ances-
tral Chlemydomonas form by possessing a number of worthlessa |
and motionless eilia called pseudoecilia, Yhen the old eell |
divides into two daushter cells, the mother cell wall does !
not streteh but avpears as two or more crescents in the
common jelly;

Sexual reproduction is unknown.
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Scenedesmus,

1. This represents & definite colony consisting of 2 to 8

cells lying side by side, The fwo end ocells are somewhatb E
aifferent from those that lie between them, thus we have i
here the beginning of cellular differentiation in tﬁe Greens |
2 Asexual reproduction is by the bresking up of the contents
of each cell into smaller cells which arrange themselves
and then emerge as a young colony.
2, Sexual reproduction is unknown;
Magny multicellular algae have sexual reproduction similar
to that of Chlamydomomas. Namely, numerous and smaller zoo-
spore-like cells ealled gametes are produced wnich swim around
for a time like a2 Euglena or Chlamydomonsas and then unite in
pairs. Since these gametes are all alike, the plant is said
to be isogamous. The union of these igsogametes is co;&ugation

and the resilt is a thick-walled zygospore or zygote.

In many multicellular -lgae we £ind that the one gamefe has i

become smaller and smaller and correspondingly more active.

The other gamete, on the other hand, has become larger, heav=
ily stored with food and consequently sluggish. A plant with
a small microgamete and a larger megagamete is said to be
heterogamnus; If the megagamete has evolved still farther so
that it has lost matility entirely, we call this kind of
heterogamy oogamy. Ine union of heterogametes, hamely a micro-
gamete, male gamete, or sperm with a non-motile megagamete,
female gomete or oospherenis fertilization and the result is
an oospore. Thus we find that the origin of sex arose by the

slow differentiation of the two gametes for a division of labo2
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plant kinzdom is urknovm,. Some authorities claggify them as lreen

. . — . s e e e = — _,_.m,

the one being very active and without stored up food while

|
the other is inactive and rich in stdred food. .
h. It is not difficult to imagine that some form of green alga .
with oogamy gradually built up a more massive multicellular ﬁ

L

body. With the formation of a multicellular mass, the internal

cells would maturally be exposed to conditions that differed %
markedly from the sqperficial sells, This environmenfal dif- ‘
ference would then induce cellular differventiation as well as
eellular division of labor,

Characese or Stoneworts: This group is composed of guneer thallo-
phytes found in fresh and brackish water, They frequently become
enerusted with lime, a condition which no doubt is responsible

£or the common name of Stonewort., ‘heir exaot position in the

Al gae or Chlorophycene, others believe they are related to the

mosses, while still others believe they shounld constitute a group |

distinet from both Alpae and Mosses but possibly distant}y related

to both of them; ihe common genera are Chara and Uitella,

1. Ohare

a; This is composed of a cylindrical stem or main axis which

at regular intervals branches regularly to produce a whorl
of usually 6 to 8 shorter branches. These in turm produce
still shorter ones usually with an adaxial ocogonium and an
abaxial antheridium, Both the main and lateral axes grow in
lenzth by means of an apical cell, The main axis is regularly
reinforced by the formation of a series of cells below and
sometimes above the secondary axes which grow closely pressed

against the main axis, ‘he latter is thus enveloped by =




o

false cortex. ‘he plant is attached to the mid by colorless
rhizoids similar to the vegetative part of the plant in strue=
ture.

ba Asexual reproduction: No specinl asexual spores are produced.
: . s

s Qogonia are formed adaxinlly or in the upper axil of the

e o T r—————

G. Sexual reproduction. \
.l

smallest series of branch-like filaments., Zach oogonium is
more or less ezg-sBaped and composed ofvan apical cell sur-
rounded by 5 spirally would elongated cells. these convarse
at the tip and form 5 more cells that project beyond the
oegonium; “hese are the crowvm-cells, The oogonium contains
a single large nosphere rich in oil drops and starch grdins;
This develops into an pospore after fertilization by a s?erm
that enters throuzh the center of the row of crown cells.
Nothing like this entire organ is found in the plants pre-
vioualy studied, It doés resemble, however, the female or=-
gan, called archesonium, found in the Mosses and Higher
Tlanbs:

2: Antheridis are formed sbaxielly or in the lower axil of
the smallest series of branch-lite filaments, These are
spherical, their surface beinc composed of 8 trisngular
plate-like cells called shields, From the imner center ‘of
pach extends =2 elub-shaped or clavate cell emlled the
manubrium, At its tip are a series of head cells and from
each éne of these extend two spermetogenous filaments com=
posed of about 200 cells. Each cell contains a single sperm
wiileh is long, coiled, and bieiliated. Hach sniheridium

thus produecas 20,000 to 50,000 sperg. Nothing like this

Hunt Institute for Botanical Documentation



antheridium is found in the plants previously stndied,
Bren the sperm are peculiar, They do, however, resemble

more closely the sperm of the higher plants,

3. From the study of the reproductive organs of the Characeae

" we are entirely confused as to where these plants belong.
2, Hitella,
B, This plent lacke the cortinsal cells found in Chara,

B. ©his plant has ten arown cells instead of 5 =s in Chara.
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i = RN

s




—

|

TII.

A

B.

c.

Hunt Institute for Botanical Documentation |

N In cross;section, gtem has central ecylinder of wood surrounded

E ’ . = —m——

The Fsiloph-ton Flora, composed of the earliestﬁplmts nown,
Known only Zres the Silurian and Devonien. Beceuse of their ex-
treme Bge the fossils are nsually very vague and indistinet. They

Heve, nevertheless, been recognized in rocks in Sgotland and Sweden.

—

In spiteiof their age, & few were well-enough preserved to recognize |

the followins charscteristios: . ]

1; Roots lmown to be missing in some tinds, '

2: Stem with subterranesn rhizome which bears rhizoids.

3: Unbranghed or at most dichotomously branched. .

!
by phloem.

5: Sporangia eylindrie, alatively large, terminal, isosporous,
This $erminal position of sporangia certainly differentiates
them from everything else. : v ¥

Families.

1: Rhyniacese: neither leaves nor roofs; subterranean rhizomes |

with rhizoids; epecial sporsngium-opening mechanism wanting. y
#-Here belongs Rhynia Gwynne-Vaughani snd Hormea Lignieri which |

latter differs by having ttrJ'Jer-shape& rhiza.mas and a sterile I

columella in the sporangium, " %
Py Agteroxylaceas: innumerable leaf-like emergzences for assimila- .l

tion on stem; it is thousht that roots may be present on rhizomes;

atomata st tip of sporsngium seem to heip ag an opening mechanism.i

G_ommon genera are Asteroxylon and Feilophyton.

This ancient Psilophyton Flora then is displaced by two distinet
groups of plants or it may have ziven rise to one or both of them:

Lyaopsida and Fteropsida. The representatives of these two groups

will be studied in greater detail later.




1, Iycopsids,

a. These are oharacterized by innumerable minute leaves. fhey

probably arose as emersences or mToutpushings™ of the outer 1

- s Eepresantatives of this #roup are the Lycopods.

2, Pteropaida.
f These are characterized by a few large leaves. Thay probably
arose as modifications of en entire branch system.

b. Representatives of this group are the Terns.

A =,
; T o
DA o]
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layer of stem tissue to aid in assimilation and photosynﬁhesia.F
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lie near the micraopyle = littls rcot-like thresd whien entere the host
as n haustorium and intlmswtely assoeiates 1ts own trachelds with those

tuherele from whes: under rarv mriase adventive roota - but from abc
arises the flower synlk., The yrimary haustorium sends nore outgrowihs ',

into the host widlenh can new 1, stalks which from the roots arise

haustoria, )

Lathraca Sgquamaria ilie tontnwort., The seeds germinnte in the 1
enrvh and the ypung root rastens to a host teo Torm a dise from wnich
varasitio sinkers enter. Then the seedling grows into n great
subierranean plant coverad with curicus seale lenves thickly set and

a réesemblanca o n mass of bpanching oypen Tur eoncs — pure white
in eclor, Individunl plants extending over n agumre meter and weighing

5 kg. ars rot rare, Finally che purplisn inflorescences push through ),
the =soill.

The squamiform l€aves of Lavhren ars queer structures and were
lorrerly supposéd io trap insecis but are now believed to he spucial :
water seoreting devises. The blade is bent sharply back on itself so th
bozii upper and spperent under surtfaces are really alaxisl, The rbaxial
surfuoes approxinute and contain sabeut 10 ghamber=, Thus there is &

trunsverse groove at (a) into wi\lich open th |
mouth of seme 10 chambers — one Bhown in 3.
Thesschambers do not econmunieate late !

] stmpetures, B8eem to he hydathodes,
When water is forced into the rhizomes under
pressure it gushes out tne basal orifices of
the lewves, Lathrea often lives where soil is
Ry soaked with water and thin lear device is a
! apecinl structurs where transpiration is
impossible,

I7 Weinhwi ds right vhen tiils family lies cn another line that
arose moong primitive Serophulariscesme and is characterized by the
g1 ive un lar, ovary dus to fact that curpellary leaves are united
ouly by thsir edges. By placentnl protrusion they finally attain to
_Jbiloenlar eonditions, CGonopholis 1s purasitic on oak, Epiragus on the
Yeeeh - 2 kinds of fls, roots laok 1

: ¢ an old pine eone, Petalirerous
tbove seldom give seeds, cleistog. below do,

] One more line of evolution
san he Iraced from the advanced Sercphulariacese. This is the 1line of

- Ithe 8elagineas - Globulariacene,

‘ The former are a grou

b or Serophylaurimns of'ten woody with amall
leathery leaves and snall zygomorphic aggrogated flowers, 8t, 2 or 4,
Anthers with loouli united to one, Ovary £ loenled or through abertien
1L looculed. Fruit with 1 seed in esel ohumber and falling irta 2 nuvlets,
+ AT, and Madag, "The fumily has often been put with vhe ILamiales

segauss of singlé ovule but it is landulous noi ersat wnd huss)l as in
‘nua,

]
The OGiobularimcuas ure plosely =allied hut ai ffer in haviyz &
sular ovary with 1 pendulous ovule freom tha apex of cell, As we
* locules of the fSelaginene oo wonly aboris, B & H put Balagineas '
‘Uanageae in 1 family,

3?25&' sae
dzadt Bonewhere near the Orobanchagess 1s this +1ly vo e
shus. U, harbs; fle. aingls or u .

AP tE e . N
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Eaen bears stalked gl and alsco odd d
like ¢

-

A

of the host. The part of the ihrsad st11l putside the Loast swells To a /‘
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1agentas Fr. n cnpsule or berry. fiseds =
} SDE, ]{eno;-hym;ﬁa and Toscphyllium they fuges o= .
s ®ith mwrginal pleaentns 1is erohanchean, whils the infer:
v testupe, The flewers are neunlly very brilliantly
‘hairy hehit 1= distinetive,
L]

agetntiee orgons of gives interesting morrhel, Features,
pirringle apectesa ("Glexinia® of Gardenera) Mest penara L6¢ o
jpordy rhizomes whien mre of valne in specian dsserrinstionss

Tn the Ovtandieidsne there is a remarkshle
foliape reduvotion ard a single grect leal
whien is renlly the occtyledon. The estub-
1ighment geos or thus, The embryo rills the J
wead acrpletely — there is ne endesperm and the
> embryo gives hypos, mnd 2 cctyledens, There is
1o hud snd ne root develops. The hypooou,. pene—
trates the =0il und emella te & oorm Tastened |
by rhiizeids, Then adventive reots develed ,
ahove and the hypoootyl dies, Meanwhile one of
she eotyladons grows into = grest leaf and the
thar dies, In flewering the atalk arises from |
ha netyledor steam Just as do adventive shoots.

S ——

Piie frult 12 a long vwisted pod. 1
The Gesnerinoens ere tponie and subtropie, THNg
a droldene rench muoh devel. in Indo-Melay.
Tae ¥ oan memreely be ceparated Yrom vhe

Soroph. Oroharshan snd Bismen, In fmot the
Orohanshes ave anly parasitie and learlers. o
Gesperingens -~ Only mlue as degorsvive pl
Binningis - the 0loxinia pivens nheny 80 =psy |
wholly Brazilisn, 8. syenioss iz mach 0ros
with others, Aghimanes, Iscloms, ste, are gu
atad, In 15vh contugy and 18th century Lhey

wers very populir,
Solumellinoeng

Two srscica of shruls thet enrry vie (ean
fioral Tyre a steyr farsher. Live in Andes
Bonndor and Peru, P45 A4 @), The an
have contoricd shape like theas or fuouind
and the ovary is whelly inteorior, ey :

.

) -
%’ g umeiliacanae with their shrunby hehin would b
" Rk na ? wh i 1d samm vo ba the
s ﬁk‘ﬁ;:h old fammarian stook, They sanqoy have led to highse
: T e Zavter ape not oligonercue in andicaoium, il
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Acanphooers
Miin s & very advasoed Dnnily = u, aurubby wita Mie in nyfies or
FEOUMes Wnd L. donsplousue, Oalyx or corollm b, ealdom 4 perted and latter
i, Dilabiate, S 4 oP 8, seldow D. Lo Cirat ckse dldynnsous, Suwninodes

abundant, Ovary suporder & loouled and n onoi loguls 2, seldon more orf
1 evulgﬂ‘ Fr, a looulloidnl @upsule ., With rotinsculnes Ho éndodpaime
3

i

: 1y

9 Th woss detail, The ooroils is rewsrkally duveleped with long Tube :

B W, - when 5 1ipped the upper 1ip may te upright, hollew sad 0 Lonblind, or |
may Pail and then s ailt way ran dows tus dorsal Al is of ho flower. !

Lowor idp either inrolisd op Mord ollen sprawi ous and & lobed - often
haiyry, In Justdceas thore is u greove In hw uppor wiich conbaing
the style, Otaneas Vary, Peusians.waithus glvea B, othera % o4 2.
Often variavions in differeni, (lglers of Swaa G thus in Barbests one :
Tinds 4 stamens, and 1 sbd; or 2 Wuuaenc il 8 pedueed swwns and 1 stdj
or 8 gramena nad 3 stds ebos The anshers nite Quedr for Shars iy w
‘tandansy to abort ons aide and Iuriher she swes are onlique,

The pistil 4= aften long. Frudr fs u.
gapsular and Iooulioldal ¢loan down te
Basa, T1 umnally bussta sith 7lolence
snd dunte ol aasda, Seods and
fint, The Arunthapons atow arfinities ™
with was Tumbergione awons tha :
annvolvulacens Tor thess too give
Primivive retinsculs in =apsulss, Gray
puke Thanhergis with Acsothsosas, Onoe
other point. In np rauily L& shore lﬂi
a maifeldnass in palisn shapes — holda |
for EoursEiondsn slagifies WS- f

1. 8mooth round pollin Witk 2 or § poras.
2. Murrowed jollen - u, elliptic will Larse long grooves and

Sa %ﬁﬂ‘“ 1 stave®® poilen witk hrosd stave 1U® furrows with pores,
4, Ridbhed polisn - Ribs run betwmen pokes 7ith ‘hras roras ab squator,
be Suvudded pellen — and 6 more forns,

Almost nll wre troplc yeb o feW gei Ante feerate reglons, Dransnera
atericans I found In Pa, on river gruviloe, Var'ous Erllllant ones in
eultivation, Otherwise of nu value. Assothus spinoais nd mellia served
for models for the OQorinthimn saplisnl = iosves plnustizid,.

Blpnondncons - 800 sps,

80 far all the Parsonaliar Zandlies have heen ..
iroi the Serophularian aiooek, With ithe next —"
Bignonimgaae there s an nasarilage of primitive.
foutures raon Ling tic no = anglari W oo ynal
gundition, They nre u, trass T shrubs opf
linnegsy pavely horhs (Inearriilea) OhleTly of
8. Amgrinn, Hony give aeyound lesves, ¥Nis,

U, Lritliant irn ragebes or oyueas. Gerolla is

alpost roplir. Btosens are Toygr rITAR A
atacissde (Onvalips givos '3 ghaninogen) nille ¢

inomarous andreee ooaura In T =5e. OVAry
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‘because Lhe oapsule is eurn up with fslse walis, Ohiafly Afriem. Mcsuly
'mm;rlsn nn? strand plants. The fruits are ofter very odd and spiny.

fote tnen the prinitive fonfures. I

Woudy hnbit — almoat rog. Ms. 5 staena in 7 uph, ovary & loculsd

; Printr ias with Sercoula. 1a very olose
and. 7r, ayven flesiy, Yet their allini _ ¥
and m.-..;t. nnve gome from amme sroup, The 1danes of the fmriily are

feularly notehle. They elinb by loat tendrila v ich sometines Lave

6 e R ras. Their weod 45 se n mile mnonalons — heing
:.11::.'2»;1?:&9’ wﬁ;?- srten 4 at right anples te cne snothor or & greatver
pusber may ocour when caxbium gesses Lo forn wood nt cortaln weints
{(Prob. sonnceisd with leal arpanrement, fome seon to resankle young [}
grooved onk twigs and due Lo same tuing.) Tedema end Oatalps,

JFanily Pednlincune
These are cut orr hecavee cf herbao, stem and simple leavaa wnd also

Sesamin indioun of this fuiily nas %
hoen usad for fond for agas, Ia Risily
s seads are satan soariarsd on Lread
& ansoam mentionad By Thuophrasiua, l
Seeds ey nily and noh only sends but
gxpraased oil usad for food, particu-
1arly for Srying focds bul glvea one qi.i

nost "horriric snells¥, Targe quantitiel
are iny, inte Burops ror adultsratien
or olive 01l and Tor mronp. Oxllsd
benne or teel oil. Fegroes of 8, C.

use seeds parched, boilel eta, Tais,
aontain muellsge,

artynincens, Olosely «dlded te
Gdnlincene and hee the saas hornsd
< frnit shdaracter, QOvary 1 loouled at
- first with 8 ¥ sheped placontes wideh.
. Iatar gréw tooethap ard divas o 4
ahamheraed feuit. Exooarp of fruilil 1is
sofy ana sonn deouye,

~

o ——
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LAMIALES OF DIOVOLATER.

A BEa1l nusber of families- &§ oy and of Lhuee ?5% a1} into the .
thbintas. Feyiovs of the mhels group {a soblsvuerpy sik ons ssed ui‘t_suw_
Sith & Siiple meriosrp. Thie tukes us bueck cbvigusly o whe Borages llne i
Themesrs only £ uvules in essh earpel. The families nre Verbenuoess, L
Mypornaest. The Verbenndess wre moRt primitive, and many ars Lrass
shrubg,= some wivh conpound lesves. In sore 169 tim gorolle fa nesrly
regular snd wiih lsomerous sudroeciun. Aboul 507 have 4 stemena, whils 8%
bave only B. FEven im the Labistes diandry cocursin leas than anf. Hence
45 androselel fantures the Lumisles do nol g0 #s Fur se Lhe Paraonnles.
fha fruft fs u drups or dry fruft whicl may remain slosed or opem. Tn
this fruft appesr Sslse wallu vhich give riue Lo schizoonrpys There wre
760 sps. A abiking tendsnay ls Lo sggragale the Clowera into kesde or
spiken often sasvoisted with solored Lraota.

fere stind Verbvenw of 80 sps. To make up ibs pardesn Verbens hybride
4 sps. seem to hnve blended. Ye have soveral #ild sps.- V. haatate da
Lhe blus Verveln, V. urticaefolie the white Verwvalin

' Jentene of 50 spe. also gives flural verietlesi Oullickrpa hss shruts
~ with purple fruite- ornsmental.
) \

-'?'ﬁw 18 vbe fumoua Task tres of Yadia. T grandis mey be S¥e 4n
cums and 50-90¢ high. . Ussd in ahlp building snd dosu not float wntil

wually vke trges are girdled down va heart wood, laft abeanding for
aud then felled. Tesk wood contning m._ﬂ oil which prevents Lron
adingz. Tt 48 shipped in vael quantiss to Burope and NoA. T6
wreely hermed by ssn snimule exvepl Terodo nuvelio.
Avigunngas sre pangrovae plenbla which secd breatihlng roota inte the
air, and are viviparioud.

- 8, 4 very problematicsl sol taclated family. Ba snd He
galisd it sp melous order®. Engler pulm 11 At eénl of Tubiflorslew
Wapuing pute nmong PErachalsd. Thes ore herts sfd Jhruiusith Inadignifi-
ant Elovers i eplkec op heads. Flovers sre 8 and welramerous.

‘4 A4 NE-4. Tn esch lacule l=oovolea: Frultm mit or o plx. Yeually

Eilgus. Thay look 1ike & prow;: speclidiced for inssols,- thoy

hg Eilasanty, versatilo snthera wid powdery polles. Wertsas would
from the Apoeyial plexid.on o Lrudok copnbte sitk e Polenvnisles
8 the raduptdion to entomophily 1o dus o geognilous babiv,. P msjor
s Rugslli ore dcommmin. P sriotale nesr Pralt Field. 7. lanesolnia op

i

_ -
iy Lo ] ‘Bl Of Enslisr.
i T Fidan snd Tub!florales

pividad LYB, and B, irio Polemoniales, Tersprules, uid Tauelsles.
1. DATEMONREER. Temiliss. Conviolwuleseece, NMolanmoasa, Borraginocense,
Polamioriiscena , Bydrophyl] souns, il Nolanncens.

Az an oridsr chursgteorlssd by noebinomorply wnd cndroesial feomary.
&, Opnvolwnilacene,. hablt, anstony, Lluwer structure, sand releatlon
0 Aposynacenss Dichondrie~- Tpomes btutetss, I. leptophylls,

T punduratn, I. purpuran. Convolvilus eseplum, C.avense,
Cuataidens and aend germination.
by Holaniscsus. As Dighondia derivatives. lendlng to the Borages.

* Munt4institute forBetanical-Documentation
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Polemonisceae.; As direct derivetives of Apooynal or Gorerfal stock.
fobaee, Phlox, Collomia, and mechanistic "growth". Polemonium.
Eydrophyllaceae: wide distribution- affinity.

folenacese- a8 trensitional thru Sslpiglossédae to Scrophulitiaceae.
Inner phloem and wesk zygomorphy- Multiovulete 1ine., Description of
flower. False septel tendenvy and wall aborticn. Androeeisl modifi-
cations. 2 groups of species beaed of enbryo and stamens. Hicandre,
Atrops Belledonna, Hyoscyamus niger, Physalis pubescens, P. Alkekengi,
Capsicum annuum, Solantm florel features, §. MElONgEnNs, 8 tuberosum
and hietory. 8. uporo, 8. 1,ycopersicium, Mundragora; Datura Stramonium

petunia, Nicotiana, and Nicotine.
Salpigloeeldae: As transitions to Scrophulariaceae. Schizanthus.

Personales or Multiovulaime: ./' and cligomery. movules.
gerophulariaceane: TFlower end frait. abserce of inner phloem. Con-
ventional separation from other families. Habit- parasitism.
Pseudosolanae (Verbascum) as an interesting tranaition. Andirrhinum;
Penstemon and Peaulounia.

Rhinenthoidese and aestuatilon- semi-parseitism. Gerardis, Melsmpyrum,
Digitalis, Veronice. £

Orobenchaceae. Questionable afinity to Rhinanthus.
placentsl evclution within the family. Seed evolution of Orabenche,

in germination. TLethraes Squemsria- ecology snd odd leaves. Conopholis,

Bpifagus.

Lentitulariaceae: Derivatives from Serovhularisceae. Utricularia.
Eebit. land end water forms. bledders. Flower structure. The uni-
ideulsr ovary. Pinguicula ineect traps and effect orn milk.

Selaginacess. Globulariacedc. Schizocarpy and ovule rediction. Globulars

{as a8 ond of line.
Gosneriscese: Inferior ovary snd 1 loculws. Orobanches as parasitic

members brilliancy Rhizomes Oyrtandroideae and single leaf and ita origin
.

gloxinia Achimenes Isolome. N

patlumslliaosaaz Ae terminal epygynous members. anther character.
Aosnthacese: Convolvulacesen africity thru Thumbergioidese. Fruit and
retinacule. ‘Bxireme floral femtures. Obligue anther and aboriive sac.
manifold pollen. Acanthus spinosus as model for Corinthian capital .
Dianthera. Justlcesn.

Pedaliacese: Departure from last family. 0dd froits. Sesamum Indicum
ag & food Flant.

Martyndacase: Hooked fruit.

Tamiales or Diovulatme- ®ehizocarpy and phylogeny.

Tabiatae. Vegetative features. Zygomorphy and androecial reduction,
fate of Pifth stamen. Butterfly and bee types. .
Verbenacesa. Habit and sub actinomorphy. ususl stamen eondition.

Fruli aggregation. Verbena hybrids.

Plantaginaceas: Provlemadlicsl poeiiion habit anemophily formulg, fruit-
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fon n Ghe van of amlutign and huve some 40,000 spe.; more :
%M ::a.z:til Wumber-of the Pympetalés. They dsviae up. Lnbo ver v
}/ '!Ihi_’r gonseution ri, T4 groups slresdy gsonsidersd can :

wrehlonlamy Anosalny. o
) m‘ w:;in Engler - iwludu nuniom (&500), OCueprifoliaceas {350)4
- WWM-.I‘(&M}. Dipsncacens (150).

y 'mu- ver (1) Inferior overy: (0 sndroecium fsomer-: :

f us wilh dhe ﬁr&;a}ﬁ ;';“:onhzcn:sﬁttg gypelerihy rare aud when omn:g 4

' due Lo erowding, sffeuts ua(;r.er ﬂm;a or -ﬂ{‘liuﬂeru:sn? a::. i;‘:ﬂa N
anied r 4) Dvary frequently compossd of mo qma;j

’Irﬁzl‘gggas;‘ %h this gruup the mﬁ{dlu: Peuture 18 pro- )

|

; $nud: andient @y Fized s in vhe Tublflol

Flowere tatracyclic, ~09M%g.q @ of '/*, 4or b merpus.

: "‘ infe 3-‘!1‘9-, one or m_ . #
|

: iy ﬂth,cﬁ.'mh Y £ ¥ i g
Bowtth eLnly emerged to zi-vi xraun
ardesh etk

ﬂm 300 gen. S0UU0 mpa.
' girubs or herbs wiih decussate leaves vil.r. etlpules. TFlowers usually
\4-5 purted. Htamens usually = to petalsé. Ovary k. £ loculed, sometimss
9. Ovules in eugh locule 1-®, anatropous. Pruft w capsule or falling

1 seeded nuilets or barry or drupe.
.~ A¢ st be sesn iiie 1s rather & helerpgensus sesenblage and may not
rel. Tarnhan says L0 fe u foaail with extensive primitive evoldiiinary -
ity sl wurk.
BWotewertihy ars the stipules whieh i¢ redlly the enlr charscter that
: g8 than from the OQeprifélineese. These orgun bheve £ positlions~
m interpetdcler, where Lhey atanl on the aldes of whe stem betwaen tow

i Erut stitiife. TP Boinicar Bota tidritatiéin.,

& 1naf Itke anil pive the efreat of vertial yoes o b =
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sbiscesns ape myremeccphilous. Thus Myrmecedis has 1ts hyposotyl
,a’ng:miugo 8 great tubr:l{cla traversed by chambers. In their inflores-
asncsa gome hsve éntomophilous variations. In mussaends, Calycophyllum,
-fw. s Bepal Decomes OVeVETOWL sud attractive. Mennetis is probably
ornithephilous. Tthis can be diwided into & subfamilies.
1. Cinchonoldens. Ovary with muny ovules.

8s fecidesne. Ovary with 1 ovule per loculus..
w;&mhm would split Rublmeess into £ famllies snd sel apart ihe Gallume

ir weak herbamoesus hebit, ineignificant flowers with reduded dalyx and
zrzulnr bicarpellsry ova:-y.,rrequsnt reduction in their inflorescences, and
apedifa.li'ud_ fruit makes a natural reduced group. Again their stipules are

wholly diffsrent.

To go bmek to the sub families.

ghonoldeas:
i}fnﬂu“ » eapsule: COfnchoms, al) the spa-matives of Cordelleras of §. Amer.

but eultvivated in Java, Indis, Jemaies, snd Quinine is derived from several
gps. 0. offifinnles, 0. Tuncifpdiu, ete. Contains ®alkalolds; einehonin,
quinemin,quinin, hydroguinin arivin, disinehonin,

2. Fruit fleshy: Surcoeephalus sambucinue of tropicsl W. Afriea is edible
gardenius are cultiwated fro flowers.

Noffecidene:

3;-&; important is Qoffes of which three sps. give coffee beans. 0. arabiea
#aith home in Abyseinis; 0. liberies, and 0. atenophylla of 8ierra Leune.
Other &ps, ure loeally cultiveted: The firast has been longest in culture
and wss intredused from Persis in the 15th ceniury. OCame to Consiantinople
4n 1564, Watives of Africa chen the graine raw us a stimulant. For trade
the seeds ars freed of the fleshy pericarp and silvery skin. Oreen seeds
about % of thein or eaffein. Caffein causes the heart to beat
more rspidly , 18 also & esrebsl stimulant.

Cepheelis Ipecasusnha ( Brazil) gives Ipecsc, used as an emetie.
gontaine emetin.

Rubis tinctorum is & red dye.

@Galium u genus of £50 epe. are mostly emzll crseping herba. TFle. alumosd
destitute of eslyx and the fruitlets are nut like and sometimes provided wiih
hooked heirs for dispersal.

Houstonis should sleo be mentioned. Genus increases southwest. :

Hﬁp-hal‘slﬂthnn- is the button bush one of the Coffeoideas. ILives on pond
marging, ¢luy and peats. B.N.B. to the tropics and up Mise. to Lakes. 1In
Florida it becomes irees 40° high. On Block Is. also gives single trunks tu
18..

€uprifoliacess
Poaition in relstion to Rubianeesne can be shown by what Yernham sBays.
300 spa. slmost all trees and shrube und lurgely temperate. They merge into
the Rubiaceae. Lmek of etdpules is the sole constant difference but this fail
in Sambucus. 8Sambucua is sometimes ocalled & transitional genus between the t
families, but there is mo gulf to be bridged. Bambuous has been suggestad
too, as a plant comnecting up with the epigynous polypetalue.
The Oaprifolisceses have a strong trend toward zygomorphg. (Nete Louicem
In moat sps. the inflorescamce is umbellate or capitate much as in the
Rubialee mrid offers e continuous surface to insects. This is the thas ancient
umbel1ifloral infloreseence and the resemblsnce Lo Umbellifsssaerse is height
-enad bythe outer large sterile fleowers (Viburnum Opulus). The whole in-
florescence is tending do become the Biologiesl egulvalent of a single flower.
The ovary usumlly has 3 cerpels but all save ore often abort (Viburnum)
Linnses gives sand interesting transitionfor there are £ abortive <¢arpesis

ovelee 0 gt B B T B AT DI R AT
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fonomieslly ceriain Velerisns are used for salald. ?-_ulotnriu is
“dorn esslad or Lamb's leviuce. V. edulis vhe tobeceo roat is the
- inieiple edible root of Indisns who 1ive on w. Rogkies. T3 hes & sirong
" 4and offensive odor and peculiar tasie = large, bright yellow. Baking
f sonverts to & soft pulpy sweat msss. V. offipinales is the Garden Hellotrope
o~

pat's valeriasn, or St. Georges Herb used in medecine.
yardostachys Satsmansi of Indis gives the perfume known as nard.

In conclusion though the family seema to simulsate the- Compoelise
yet it must pe merely the independant working out of basic prineciples
eommon to both- for zygomorphy snd triloocularity of Velerians militates

against their clase relationship..
-

nipsacacese. (Scabiosacese)
Wow we have the olimax of aggregation of the line and the individual

flowers give 2 types of 1/,
(1) The ray flowers get their /' as & resultof aggregation while (2) the
digs Plowers gring over the old entomophilous epnditvion.
1 They are haerbs u. with opposite leaves without stipules. Flowerse
with sn epicalyx and also involucre of bracis snd stand in heads. QOalyx !
5-4 toothed. Teeth often bristly or sosent. Corolia '/' 5-4 lobed ( in l
‘last case the union of & perts.) Stamens 4 or less. Ovary 1 loculad and
1 seeded, Ovule hanging. Truit esndé achena. .
Flowers blossom from center out- congested cymes.
This represents the terminus of the line the 2 sterile carpels
of Valerisns have gone completely. Payer eays 8 secong cerpel =ppears
as & primordium. Just as in Valerian, the ecalyx asBumes new role.
Yernham ssys: "In a close inflorescenace the medre erowding of the floreis
provides & source of mutual protection among them; and the calyx being
no lgnger required for purpose of protedtion is pressed inio the service
of fruit dispersal." , Wettsteln saye as o position®lrotz der grossen
Ahnlichkeit mehrerer Gattungen (Dipsacus, Caphalaria) mit Compusiten
whel che auf einem ahblichen Baue der Inflorescenz, suf ahnlicher
H Ausbildang des Xelches und der Fruchi beruht, ist an eine nahere
: Vernandschaft mit diesen nieht zu denken; die vernsundschaftlidhen
Peziehungen zu den Ubrigen Rublsles aind kKlar." o
The epioalyx of the Dipsicalian flower is an oad thing shich .
envelovee the infericr ovaru. IT mey have arisen frouw concrescence
of 2 bracieoles.
Warming divédes into & groups. ,
A, With & eearious bract to each lower., Seabiosa has epicalyx
s gallar while its calyx is of 5 bristles. Dipsacua,the teasel, large
spiny herb with eapitula reeenbling composites. Epicalyx almost entire.
Lenves unite in pairs and rain water eollects.
P. PBristles, but no true bract to,eaeh Flower.

Dip=acus heads used in fulling sloth. D. fullorum.
apabiosa cultivated se " mourning bride”

Hunt Institute for Botanical Documentation
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onicepens: Riervilla the bush honey stickle has 188 celyx tule piro.
Into bristie like lobes. Asian piervillias are ciltiveted under the name ol
l wiegela, one pink and white form D. floride ie common. _
' nicera- the honeysiokle has Doth bush und el imbing forms. The latter ofien
hug connabe upper leaves. Run 8, Me. to troplcs.
whoriosrpos is the snowperry. 8. albus is the coumon one. The ovary 1s
% %gmula& The ¥ median have movules in £ rows all of which abort, the 2
iatersl ones have only 1 ovile each , and thia deVelopi. |
r Linnsea , named after the " tmmortal Linnaeus" is a trailing vine of Hudsonl b
-pn and Oanadian couniry.

woese: Oorolla whedl shaped or urn shaped,regular 5 lobed- Stigma f

pnearly sessils, Inf. terminal and cymose.
_g;§g§%g! Tentage the sheep berry of rich solls. Others V., dentatum, V.
aeerifolium. V. Opulua the high bueh oranberry. marginel. ehow fla. big
red fruilt am Crosses n. Burope , Asgn, snd reeppears on the Pacific Cossl.
1 ynr,_amsrieanum 1ives in e Asia and in tanadian zone. TUsed in drug
pusiness as"Crampbark”, end berries are used for fruit. "Snowball" &
sgerile form. V. alnifolium the hobblebueh has habit of matural layering
| same show flowers in oyme and red fruit.
~ gembucus gives elder verries. 8. canadensis snd 8. racemosa.
mpionteum ( horse geutian) root gives s oathartic. Bark of Vibutnum \
prunifolium ( Black Haw) is used as 8 uterine sedative.

" DIPSACALES.

gometimes the Dipsacacese and Valerisnacese sre merged into Dipesw
‘fjgﬁ.es'_., ‘Their flowers are irregulae and the loculd are reduced to 1 with
‘& single ovule. They are herbaceous. ' .

» Teaves opposite ana often pinnate wiihout stipules. Fls.
gorolla u. pentamerous , buu former in antheslis scarsely

lerianaces
/V; ealyx and oo e
visitle , later it inc¢reases. Stamen l-4, O0Vary 3 earpeled and witc 3

I

|

f

|

g1 LSl . :

gt ipqg;j:hut only one matures with a single hanging ovule and becomes a nat.
(Observe composite features|) There oan be 1ittls question but thet these

are the progenecy of the Geprifoliscsae. Centraentius has but 1 etamen and
‘has & lobk spur.

mhe dotted lime in botn these diagrams represente a&*ah._‘.L 2 . .
I two GOl % one of whiitn the corolle

e. which divides 1t Into WO gompantmente, U ;

A . tyidea-is-inzs

g enclosed the style.

¢ e
M
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Boonomieally certsin Velerinns sre uasd for saleds. V. ololoris ie
gthe oorh salsd or Lewb's letiuce. V. edullia the Lobeoso rool 1a the
r printoiple edible root of Indisne who iive on w, Roskiss. Tt hes & strong
© SRd offenuive Gdor and psculiar tesie - large, bright ysllow. Baking
converts o & cuft pulpy aweaot mesz. V. offisinelss iu the Garden Helioiropd
$'s wvaleriun, or St, faorges Herb used in medecine. A

“ruuE Iram

Fardostachys Sstamanci of India givas Lhe yerfume known as nard.

In eonclusion though the fuaily ssems to yimulnve the Compoeitae
g8t £t must be merely the independunt working out of baale prinoiples
sommon to both= for zygemorphy and trilocularity of Valerians militates
againat their oloes relutionship,.

« (Baulitouncons)
¥ we have Sme olisac of aggregetion of the lins wnd the fndividusl
flowsra give £ types of '/'.
) The vay flewerd gei their 1/% ne a rasulbof apggregation while (&) the
gun fiowers Bring over the old entomophilous oconditicon, J
~ Thuy are heaerbs u, wih opposite leaves without atipules. TFlowers w
nith on eploalyx snd aluo involucrs uff bracis rnd stand in heads. Oalyx {
B-4 toothed. Teath often bristly or stsent. Oorolls */! 6-4 lodbed ( in |
imet onse the union of & ports.) Bftamens 4 or less. Ovary 1 loouled snd .
1 seeded. Ovule hanging. Frult and achona.
‘Flowers blossom from cenier vul- congested cymes.
This represents the terminus ol ihe llne the £ sterils carpels
of Valepiung have gonz completely. TPaysr says & sccond ocarpsl sppears
; a8 & primordium. Just ns in Velerian, the culyx sssumes new role.
gmhu 8uys: "In i closs !nflorpscence the mere crowding of the florsts
roviies s source of mutual protection umung them} sand the oslyx be

f ] g 10 required for purpose of protedtion is preseed into the a as
Q of frult dispersul.” Wettsteinu euys aa to pouliticnd®rotz der grossen
f‘! Ahnliohkeit mehrersr Getiungen (Dipsacus, Cdphularin) mit Compositen
~ whelche auf elnem shblichen Buue der Inflorescenz, auf shnlicher
ubildtng des ¥elohes und der Frucht beruht, ist an sine nshere
] ‘%:mm: iiaft mit dissern nicht zu denken; die versandschaftlidhen
e ‘Bezl zu den Ubr%gen Rublisles aipd klar."
" . The epicalyx of the Dipsicellan flower ie an oud thing shich
- gnVelgpae the inferier ovaru. It ey huve srieen from concrescence

of £ Lragtgoles,
. Jsrming divddes into E groups.

. Th »ijesrious bract to each flover. Sosbioss bas epieslyx )
» oallsr whi ‘:h?.t. ¥x ia of 4 bristleoa. Dipsacus;ths teaasl, lsrge !
gpiny herb wiil ‘a{tun recesbling composites, Epios) yx almost entire.

aven unlte mbpt g und rein water colleots. .

B, Bristles, DU Nooiye pract to esoh flowsr.

Pipsueue honds used In i e .
goubiosn qultivatad ss " mﬂ{:y’:gidl‘?- fullorum

i
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" INFERAE  OAMPANALRS.

Phe 18t smd most sdvenoed oFder of the Plant Kingdom. Moat herbe
ateous. The fundamanisi tendency io spproxiuation end ayngemesis of
E anthers Lo give s pollen presenisilion mechanism. The anthere dehisce
introsely snd shed polien into the tube formed by their union. The
young 8tyle io olavate snd a8 it gfoss it sweeps thEC ra 1t out of
. the tube. TLuter the siygmes expsnd and present a2 fresh surface for
forelgn pollen., Ultimately in meny Quupoeiime they mey curl over, touch
the unthers und uyo ‘effect self pollinstion if oross pollination failo.
fuch I8 & teéndengy {n Quspanulatas. _
_ A Beuond teudenay ie mggreésstion of florets. The hesad sre reslly
congestiad eymesy racomes, in Dipsacacese they are congested gymes. (This
fundamenial distinoticn beitween the two atooks) Aguin there im no
dency 1o mns oligomeroua andreeclun; even whel Zygomorphy enlers as
elincens thers is no oligomery. Onl, exception is Qandolloscsds
only 2 stamene fueed with siyle Lo give and Irritable gynostemum,
rabiles to Asclepiads and Npchide. From Yeitstein may be udded the
151 The relationehip of the Families is clear. Not only im
fonl but in ecclogicsl festures snd in anutomicwl physinlogy.
‘milk gansis), The Campanulacess pepresent ihe original types
.‘nn iina of development leads vo the zygomorphic Lobeliusese;
be pebuliar Compoaite inflorescence. T¥ith the other Sym-
ere 1o no phylogenetioc relationship. S8eeming relstf.a o
1y due ¢ eouvergenve. Ourblits had betier Le put with

Herds or woody. TPerisnth e, rerely '/'> SHT U. pentamerous.
/-gn.m- isomerous, fres, but snthers chow evVery segree of syngenesis
_~from complete fréedom to close union (Lobelies Inflorescdnce
! typtoally  Smgeme si:k lar.e flowers but tend to aggregution 1s seen
.. In Jasione apd Phyteumm. O0Ovary inferior 8-B, DUt us 3 parpeled mnd 3

Jdesnlar. gtyle beseet with collecting bairs. Hometimes the avary is
» slf inferlor, so the epigynous tendsney 18 not fully realized- sug-
geutive of s direct Rosnlisn derivetions Pruit u. s cepsuls witk ®
R A considerable number are in cultivation for flowers , but
their economi¢ importance is smsll. The large genus iR
230 spsy 0. rotundifolis and 4 C. aparinoides,; 0. ameri-
i ..r’.n. \
sentation of Campanulsa.

.
OB AR . \\
This Faml.y stands near Lhe Cauy:
. ' Canmpa cend, but 1s distinguished
.:{5;:5{}:22’1;’,“2“ the enthers bound i!-‘:?u:xuxnia: thre whdeh *Lll;g h:try
parpesled Ggml Sveapa out the polien. Futhermore the ovary is &
sy defines pﬁ ;r reduces to a Sub-Family under the Campantilacene.
onliored ﬂa:"“”rb‘ with morid milky juice, slternate lesvea nnd
tumenn Pree Pron 8% Lrregulur gamopetalous 5 lobsa gorplle, the
. H o el the eorolls and united {nt tube vommonly by ..
Srtnstivtefor Botameal dDoewmentation

i stigme often ringed., £ ]
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Me woreer »orte @7 thse worie. of thase viantl

u;:;;l" nave add tubars which develop from the fisst inter= W
dode asbove the cobtyladeon. For the Tirst one or two yesrs only
ocre or two lseves. ere produced while in the third jepr Bty iv
ing stem develops, The old tubers get to be half g yerd long
end are deeply buried and very urittle. From these angiial se=
rial shoots arise. The tubers grow by mesns of s costiosl oem
biun 28 do the Drecsenas. DIOSCOREA prehensillf (Scott. Annels
¥1,327) hag ite tubers covered with long thorn=roots; this is
ggéen slsc in the palm, IREARTEA ferox. The tubers often show B
remarkeble phelloderm formation. Some of the speciea are mon=
cecious while others are dloecicus. 1

2. Genersa.

8. PIOSOUREA is the largest genus. Ihis gzets into the Unit=
ed States and into China and Japan. There ie 2lgo one in
the Pyrenzes with 2 close ally in Chili, Several specles
ere grown in the tropics for the very starchy tubers. Ia
the Fiji TIslands some 50 varieties are cultivated and meny
weigh 50 = 80 1bs. Dialete is cultivated widely insthe In=
dian Archipelego,in eastern Africe and in Americe. The
Yegro word ysm mesne "to eat'. Sturtevant mentions 25 spe=
cles in oultivetion., D:villosa,which reelly should be D.
paniculets,is the only one found within the scope of Gray'fl
Hanual. It gets north to Long Island Eound although fomielr
1y it grew pp to Bostom

B. * TESTUDILARIA contains two Cape species. T.elephantipes,
the Hottentot Bread, has & tuber very rich in sterch. It - |
crows veey slowly but mey:begome 3 yards ground end 3 feet

high.

~Hout

-

ORDER SCITAMINALES,

(We begin to get now dnto the extreme members of the Nonocots
vwhich show#wild extravagsnces in florasl structure. The small i
family TACCACEAE of 2 generas and 10 species have been especial=
1y puzzlides to systematists. Jussieu puts them near Narciesus.
R. Broyn places them betiween the ARACEAE end the ARISTOLOCHTIATE=
AE = the z2racean idea hosed on leaves of TACCA leontopetzloides
which resemble those of ANORPHCPHALIUS, Reichenbach puts tHem
with the Arolds,vhile Masters sees a relationship to ARISTOIO-
CHIACEAE,SANTATACEAR and Aolds. Thus everyone secemg to see both

Yonoe and Dicot affipities. B Haskerville pu 2 them between L.
. b TRt -
Havetiien a3l Bhe BAIINICIE, (RCREY pubo iR L PR TRE Run
be related to the Burmennias, Both are epigynous snd have par=
fetal placentetion,meny small anetropous hitegumented meeds, snd
endoaperm. But the TACCACEAE have only cne loeulus in the ovary
Pax says they form 2 bridge from the AWARYILIDACEAE over the
DICSOORIACEAE to the BURMANNIACEAR. Totey would derive them from
ASPIDISTRA mmong the ABPARACACEAE end run over to THISNIA enong
the BURMANNIACEAE. TACCA pinnatifids is wide spread in the trop
ics,the tubers yieldinz arrowrsot. The flowers hzve long brac=
tiocles like threads. Thus it seems the plan of the infloresme
cence PlECE? them near the AVARVILIDS but they differ in having
B one=celled, oyary. They peem s2lso related to DIOSCORIA snd rdﬁ
into the RURMANNIACEAE on seed festures, )
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ORDER MALVAIES - This order must also be looked upon as derives
from the RAUALES. Its femilies are very uneven in sdvancement.
Thus the Sterculiss are 1ittle removed from the RANATES in gynoce=
cigl chzrecters but their stamens are kwonsdelphous; whide the TIL-

IACEAE on the contrary have free stalens and complete syncarpy. Inf

general we may say that it is en order derived from the old type
P55 #5 A5 #5 Cmany. Bessy defines them zs follows: Pistil
usually of 3 to many weakly united carpels with as many cells
(eometimes reduced); ovules mostly few: stamens indefinite ,mona=

delphous or free; endoeperm ususlly present, The following families

belong to this order: MNALVACEAE STERCULIACEARE,BIEOCARPACEAT (and
Besgey adds BALANOPSIDACEAE, UIXACEAE  ¥ORACEAE and URTICACEAR).
A, MALVACEAE,

2 General features: Trees,shrubs,or herbs with mucilage aell{

iri the pith and bark, The perfect and actinomorphic flowers
often produce 2 double calyx. The stamens are usually many in

2 circles; the outer circle sometimes producing stamincdia or
being suppressed and the inner being monefielphous. Furthermore

chorieis 3p%}ts the inner circle into indefinite numbers,and

the anthers are one-celled. The pollen grains are prickly.

The gynoecium is composed of 5 =8 carpels with the styles

usually united. There =zre one %0 many endospermous seeds in

each locule. The fruit is capsular or composed of parcts which
fall free at maturity as achenes. There is a tendency to clt
up the ovary by false septs to produce free pieces, This has

led in 1ts extreme to the MALOPEAR which have a blackberpy= .

like head with nutlets arranged in tiers., There are two main

Zroupss :

a. LATVEAR having & ring of carpels which fall apart st
maturity.
Dy HIBISCEAE,having loculicidal capsules.
2. Genera.
a. ABUTITON, the Flowering Maple, is supposed to contain a-
. bout B0 species. They are much hybridized.

b. ALTHAEA officinalls is a tall plent with velvety dowany
ovate or trilobed leaves growing in salt marshes and some-
times inland. The generic name comes from "to cure", The
root ylelds mershmallow,n mucilage though mershmallews es
a confection are mostly made of Zum arabilc,white of ez
and pugar.

Ci ALTHAEA rosea ig the hollynock of gapdens.

d. MATVA rotundifolia is a weed 4f rich garden soil common=
ly called cheeses.

8, HIBISCUS Moscheutos is the beautiful Rose allow common
in brackish mapshes near the coast. Its fruit is s larze,
many=sseded capsule,

£ HIBISCUS esculentus,Okra or G umbo,is an African plant

cultivated widely for its mucilazinous pods used in soups.
Records of it go back to 1216 when Abul-Ahbas-el-Kebati,a
native of Seville,visited Egypt and saw it there. Its geeds
are said to form the best coffee subetitute known.

GOSSYPIUM, Cotton,has seeds covered with wool, There sre |

many verieties of 2 - 3 Bpecies, It was cultivated long
before Christ. From 1804 to 1904 the crov incressed from
150,000 Bales valued at 513,000,014 to 13,893,999 bales
valued at 2587, 347 . 308, Pormerly the =zrowars wera teanbled
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drupe furnishes the vegetable ivory,

7Baobab or Monkey bread tres of Africa,growe to an enourmous
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in getting rid of the a=eds but for 1804 ite value was
290,268,227, The root is a powerful abortifacilent that
.ects like erzof.
TILIACEAE. : p
Affinities: These stand on a different line from the lasst
and well illuetrate now certain characters may lzz while o=
thers go forward. For the TILIACEAE are tr2es (a primitive
feature) with the mucilage and fibrous phloem of the MALVA-
CEAE but the stamens are free and 2-celled while the overy is
completely H=gcelled and syncarpous. The leaves are oblique.
The frult of TILIA is 2 to 2 seeded and these seeds enlarze
g0 as to crush the sterlle carpels aside. The stamens tend
to be bound into bundlea. It has s curious samara. It i= a
famous bee plant, The wood was used by the sncients for buck=-
lers accordinz to Pliny; while the inner bark wes used for
mats and paper. _
TILIA europes ofien vecomes of great sge and girth, fne in
Wirtemberg is 54 ft.,in circumference,spreads 100 feet and

. must be sustained by 108 pillars.

STERCULIACEAR.

Affinities: Thie family lies close 4o the MATLVACHEAR but
the carpelg ere practicelly free and have 2=gelled anthers.
The stamenBlare often very odd. This family is important bhe=
ceuge through the BUTTHERIACEAE it seems to run over to the I
EUPHOREBTACEAE.

Genera,

8. THEOBROMA cecao is s natlive tree of Central and Sonth
Amepica. Tts brownish flowers come out in bunches on the
0ld wood, The frult i1s a pod a foot or less long and some
4 inches in dlameter witn 5 cells containing beans imbed=
ded in acid pulp. The name of the plant means "food of tne
Gods''wnile the agexiea name is vronounced ka=-kow,cocoa
being the manufactured product. The means are washed ap
fermented. Chocolate is the sweetened preparation of the
roasted and ground cacoa bean with most of its fat retain- q
ed; while cocoa is a fine powier of the seme with the fat
extracted. The fat is much used in pharmaceutical prepara-
tions. It is white and about as hard ss beeswax. Cocoa has
been khown since the time of the Aztecs. The seeds contain
about 1.57 theobromin,

b. CULA gcuminata of Weat Africa now cultivated innBrazil i
end in the West Indies,furnishes the cola nut,a muscle {
gtimulant, The "cola" habit is increasing éspeeially among

alpine climbers. Fresh cola nuts do not contain caffeine
but a glucoside kolanin which converts to kolarea of the
formula CigHyz (OH)p.

ELEQCARPACEAE 1s a genus to which E.sphaericus belongs whose

BONBACEAE are very close to the MALVACEAE but differ in hav-
ing smooth pollen and several-celled anthers. To this family
belong seyeral interesting plants. ADANSONTIA digitata,the \

8ize. BOMBAX itself and particularly CEIBA pentandra,the Cot- |
ton tree ,have the inside of the carpels beset with wool but
this cannot be spun. They ars Tourd throughout the tropies. l




Hunt Institute for Botanical Documentation

— - S —

ORCER CERANIAIES - According 30 ¥ngzler this order is diagnosed
as follows: Tne flowers sre cyelic,hieterochlamydeous or apatalous,
seldom naked,and usually five-parted, the androecium alternating
with the corolla. The five to two carpels &are united and superior.
At maturity they often break v.psﬁ thus :1—:awingia progz'ﬁlgnziniﬁ;"

- one to_two in num 5 i

é%g f;ﬁﬁg géyﬁiﬁevggﬂ'glaggpggugndymicropyle directed upward frare
1y reversed). '

Wettstein,on the other hend,derives them from the MALVALLS., He COn
siders that a Tilis form could give rise to the Oranges, Theae
heve many stemens but this may be dus to chorisis. ¥rom them by
reduction he derives the LINACEAE end others, Hallier on the con-
trapry sees in the disc-forming Saxifrages the ences teal state sinc
the RUTACEAR have & large dise. Engler without cormitting himself
ag to ancestry starts the order with the CERANIACEAR snd derives
4the RUTACEAE by chorisis. We will follow his general plan and at—
tach the order to the RANWAIES eealizing that there are ROSALTAYN
and MATVALIAN festures in the order which would likely be the case
in an old Ranslisn stock common to mll, (For amplificetion see p.
A.  GERANIACEAR

< Affinities; nHey are typically P 5 #56 A 5 # 656 (5)

though this varies for the stemens may run from 6 - 15 and

mey be united at the base. Thne carpels sre united above to a

rgohnabelartigen Verlesengerung" of the torus from which the

name of Stork!'s bill has arisen. This suggests a primitive
tanalien ideéa but it may be due to specizlization. The car= |
pels commonly split at maturity (also primitive and signifi- |
cant of forms higher up). There is a weak zysomorphy also !
vhich leads over to the TROPAEOLACEAE. GERANIUM hes 10 stem= |
ens with anthers while in ERODIUM the outer row has none.

Tikewise some anthers in PELARGONIUM ere lacking. ERCDIUN

and GERANIUM have interesting seed dispersel mechanisms. b

2. Genera.

8. GERANIUM, the Btork!s bill, has about 160 species found
particularly in the northern hemisphere. Some have bsauti-
ful flowers of scarlet,crimson or purple and are therefore
cultivated, C.meculetum is (lie common wild one of Massa=~ |
chusetts fields. G.Robertianum is found both in Euraope ‘
and America.

b. PELARCONIUM has 232 species eccording to Enuth in "Pilan
zenfamilien', They ere nearly all from South ATrica, It l
differs from GERANIUN in ite spurred nectariferous sepal’ |
sdherent to the pedicel, They are weakly zygomorphic ang ll
probably lead to the TROPAEOLACEAE -with thelr strong zyso—
morphy and long spur. Bailey says::"The person who wishes |
to ptudy the contemporanesous evolution of plants may find J
his heart's desire in Pelargoniwn, With great numbers of |
species and many of them variable and confusing in the
wild state,with plant breeding in many placee and contin- |
ued thru two centuries,and with a larze specisl literatucel
the genus offers exceptional advantages and perplexities
to the student."” I

i
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LINACEAR.

Afiinities; The flaxee stand on shout the same leyvel a8
the Gareniums. znd have the same general flower. A signifi-
cant feature ig its tendency to fopn false septz in its cap-

sules which was observed in WIGEILA among the RANUNCULACEAE,

This Teature is perhaps carried into the TUBIFLORALES. Histeo=
logically, the abundance of slime cells.in the epldermis i=

notable, )

TINUM usitstissimum,an annual,is the economically important |
flax, There are two forms in cultivation: forma wvulgare, the
cloged flsx whose capsulebdocs not crack open and whose earpsd
walls &re smooth; and forma humile,the opennilax whose cap-
suyle cracks open and whose carpel walls are haliry. ¥Flax grows |
wild today between the Persisn Gulf and the Caspian and Black
Seas, It was probably carried by the Finms from theres into
Europe. It is supposed to heve originated frém the perennial
Y. angustifolium which grows elong the Mediterrsnesn. This
gpecies hos been found in the Cwéss Lzke dwellings and in
Lombardy peat moors. The old Egyptilan linen came from T.usi=
tatissimum. The bast fibres are ,2 - 1.4 meters long and
about .0241 millemeters thick,pasle in color with s silky
sheen and with hardly eny lumen. The fibres ard obtained from
the plant by retting viz letting the stems decay in water.

The seeds of flax produce linseed oil,

OXALIDACEAE,

This 1ia snother besal family with the genus OXALIS which is
often very sour because of calcium oxalate. AVEHRHOA which
belongs to this family is cultivated in the tropics for its
edible fruits which faste like gooseberries.

TROPAROLACEAE - |
The spur which beged t¢ appear in PELARGONIUX has carried
over to this family where it ls well developed, It differs |
i1 having 8 stamens and a tricarpellary gynoecium. The car=
pels fall apast as & schizocarp when ripe, Slnce these plants|
contain myrosin, the seeds moy be used as capers. T.majus and |
T.minue are the cultivated "masturtiums". The zbove families
of this order have formsd a plexus of herbaceous forms pro=
bably evolving each into sysomorphy. The Balesaminacese ssem
tol end this line.

BALSAMINACEAE

This is another zysomorphie family of herbs with usually wat-
ery stems. The irritable S-carpeled fruits hurl out thelr
seeds 1z charmeteristic, The wild forms eround Massachusetts
are THPATIENS biflorz and I,pallida;while I.nolil-me-tangere

is fourd in Europe. The garden and greenhouse slents which
come Trom the Hast Indies are I,balsamina,l,Bultani and I.
Hostil. Some produce cleistozamous flowers. |
FRYTHROXYLACEAD- P 5 #5 A (6 #5)c (3 -4) |

Bffinities:: Bince this family is woody and nas actinp=
morphic flowers,one must gzo back for an ancestry to the Lina=
céond agtinomorphic types. Usnally only one carpsl develops
to maturity 28 a dsups;

ERYTHROXYLON caceo furnishes folis coce fror which cocaine
{GL7 Hop NQ4) is obteined. The Indians chew the leaves when |
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on Jjourneys as it wards off the sense of fatigue. IT uased
excessively it produces similar effects as 2pium. Cocaine
produces local insensibility to pain.
G, VATPICHIACEAE .~ P 5 # 5 A B #6566 (2 =-0)
To this family belong 650 species in 55.zensra. They dre all
tropicel and found particularly in the New World. They arce
closely sillied to the last family. They are weody or lisnes
~ with commonly cleaved woods, The most beautiful tropieal 1is
anas belong in this family. The petals are comsonly fimbrials’
end the frait is usuaslly 2 schizocarp of nutlets. Bulbs are
produced hy some,wnile the fruits are comnogly winged. .
H. ZYCOPHYLLACEAE =
Thege are ususlly woody plants often zZrowing in salty desert
83ils, it our only form which sometimes gets in from the 0ld
World is the herbacecus TRIBULYUS terrestris which zrows on
dumps and 18 also found in Illinois,Hebraska and ¥enszs. It
s & spreading herl heving Trults covered with spines so a5 &
become disseminated by animels. Another fact of intersst ahou
this nlant 1s its dichasial inflorescence which is in line
with the Tuvhorbias., NITRARIA grows on salt soils 4in Southern
Russia to Eastern Asia, GUAJACUM offilcineale of Central Averi-
c¢a produces gum guiac while PECARUM Harmala of Oentral Asis
end the castern Mediterranean countriss furnishss Turkey-red,
a dye,from the seed shell..
) RUTACRAR=- Bib £56 A b # 5 6 (6)
£ Affinities: This family of 910 species is placad by Wett-
stein in the order TEREBINTHALES becsuse of its efhereal oils
ete. ,a8 1s well illustrated by DICTAMNUS,the zas plant. Hal=
lier,however,congiders them Saxifrage derivatives because of
their usually pinnate leaves and the presence of & big floral
disc. Engler,on the other hand,divides them into 6 subfamil-
ies of which the RUTUIDEAE,TODDALOIDHAE,and AURANTOIDEAR in=
tepast us chiefly.
2. Subfamilies: !
a. RUTGIDEAE.
Ry DICTANMNUS fraxinifslia,the Gss plant,Purningz=bush or
Dittany,has a sirong cdor of lemon due to ethereal oils,
and it even flashes on sultry evenings when lighted. It
is a very hardy besutiful plant. "Instsnces are known ina
whnich it has outlived father,son,and grandson in the
seme spot!
2% KANTHOXYION emericenum, the prickly ash sometim=s also
called "fuothache tree",is & Jow shreib with vinnate 1
leavesn,orickly twigs and small zreenish flowera in sxil-
lary-umbellate clusters. It has been found in the Amhers#]
region at Sunderland and also in Norwottock. Thierson
saya:"I have found it growing in only one place,on a
southern slope in Medfgpd, " .

. e RUTA graveolus is a strong scented ¥uropean plant used
in folk medicine. The flowers are cymoss,the temminal
one being pesntamerons while the laterals are tetramerous.
Baillon says the seeds are sudorific,antisvasmodic,an~-
thelmintiec and antidotal. One species 1s used by the
Egyotian women to make the hair crow while still snothen
species is used to make z vinezar caolled "quatre voleurs!
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TODDALOIDEAE - geners:

PTRLIA trifoliata,the Hop tree.

PHELLODEIDRON amurense,the Cork tras.
AURANTOIDEAE=

Affinities: Here belongs the grest genus CITRUS. e
ape evergreen more or less spiny trees,having leaves
dotted with oil cysts and unifoliolate compound with
winged petiocles. The usually white flowers are axillary
or in smell inflorescences. Their floral formula is
5 45 A many G several, derived probably from the 1
more primitive genus LIMONIA which is P5 # 5 AB #5G (57)
by chorisis, This is evident because in CITRUS the sta=
mens are united around the hypogynous disc into bundles
of very unequal members,and in fact scmetimes such a
bundle consists of but one stamen, The pulp of the oreng
is composed of internal heirs. The seeds often have sev
eral embryos,z fact discovered by Leeuwenhoek as early
as 1715. The exire ones arise from the nucellar cells
above the megaspore. There is great confusion of species
among CITRUS and some of the hybrids are so well estab-
1isghed a8 to be called species, Linnaesus recognized onl:ﬂ-
two species:.C.aurantium,the orange;and C.medlca,the
lime,lemon and citron. Ewingle recognizes 9 species,

History of CITRUS: C.aurantium was brought from India
to0 Arabia in the 9th Century and then carried westward
by the Moors in the 12th Century to ve cultivated in Be-
ville and Palermo. S8%.Dominic planied an orange tree
for the convent of 8:Sabina innRome in the year 1200, |
The Crusaders found many growing in Palestine. One of f
the first shipments to ngland was from Spain in 1290,
and the Queen of Edward I bought 7. These early orangea]
were all of the sour or bitter variety. America may havey
possessed these as natives but it is more 1likely that I

the Spaniards introduced them. They run wild in the
South where they are used for grafting stock.
Genue CITRUS:

a, C. aurantium is the early known bitter orange.

b. 0.aurantium var.zinensis (sometimes called c.sinenﬂ
sis) is the sweet orange. There are many variesties
and it is extensively cultivated. Sometlmes it pro=
duces 2 or 3 whorls of carpels,one above another:

Cy C, iecumana or C.grandis is the grape fruit,native
of tropical Asia. It was carried from China to the
West Indles early in the 1Bth Century.

d. C. Japonica,the Fumquat,is a little,sweet orsdnge
gbout the size of a gooseberry with B carpels and
thin skin, ‘

-5 C.1imonia,the lemon,was provsbly introduced by the
Hoors who carried it to Palestine sbout the 10th Cen:
tuary. Eingler figures 2 curicus chimaeras of lemon
crossed with orange. They are rough lemon on some
segnents and smooth crange on others. Such have been
knovn 200 years.

C,ichangensis is a recent addition from the high-
lands of southwest Chi It 1a the northermmost
plaat of genus end ; at alti ien £ 3000 = EOO
Teet where it gt st id 7

become yery important in boeedin

o
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-8 C.medica,the citron,gets its name from Hedia whence
it is depived, It was the only plant of the genus
known to the Greeks. It is muech cultivated along the
Mediterranean and particularly in Corsica fromn where |
it is shipped in brine to America to be candied. A
very ord variety is var.sarcodactyla which has its
fleshy carpels separated into fingers. It is very
fragrant and therefore used by the Chinese and Japen-
sse for perfuming clothing and rcoms,

STMARUBACEAE=

This family differs from the RUTACEAE in dioecism and pbsence

of 0il. Here belongs AILANTHUS glandulosa,the Tree of Heaven,

which got its name becsuse of its tall growing habit. It is
planted as an ornsmental although it suckers freely. The
ffuit is 2 samare.

Eurseraceae-

Affinity: This family has resin and balsam canals in the
baék and 80 yilelds aromatic woods and gums of value.
enera.

a. COMMIPHORA (BALSANEA of Gleditsch,BATSAMODENDRON of
Kunth, ) of which thers are 63 species contains meny valu= |
able plants, C.abyssinica is a2 10 meter tree of southern |
Arabis and northern Abyssinia growing at an elevation of
300 = 2000 m. From it the true Myrrh (gummi Myorhae) is
obtained by making cuts in the green bark from which a
milky yellow juice flows which hardens into myrrh resin,
This is aromatic and bitter. The wood when heated produces
:b:;;::% perfumed smoke, From other epecies myrrh is also |

EﬁLzﬁggggELLIA species produce olibenum or frankincense. '

Affinitles: There is some union of filaments,end petaloid
gz:;:gatggzen occur between the anthers on the sdze of the |
Subfamilies.

a, CEDREIEQIDEAE to which belong CEDRELA of Central andx
Scuth America of which 0.odorata is the "duftende haeuf-
éﬁdzgnﬁéggsrenkiaten und Zuckerkisten ete. ,verarbeitete

b. SWIBTENIOIDEAE to which belonzs the itrue mahogs -
TEXNTA Mehogoni of the West Indies. Sefi i

POLYGALACEAR=

Affinities: According to Wettstein's definition these are
woody vlants or herbs having a median zygomorphic calyx with

2 of its 5 leaves often petaloid. There are 5 or 3 (2 not de=

veloping) petals,the median bdlow usually concave and with a

fimbriste appeniage; stamens 8 (rarely fewer) and uéually I

with the filaments united to = tube open above. Carpels usu=

ally 2 and the fruit a capsule, nut or-drupe. The anthers open
by & sickle-shaped flap at the top though this is resorbed |

Eﬁzgriao thagdt?ey*aeem to heve a terminal paore,

T 8 an odd family standing shervly off ¢ ther GERAHT-

ALES, The relation tg them 1sgs:2} ?&}tgé-°:2: gkgiriJEﬁghE =

TiAi the § sepals are all alike,2 not having develoned to 2213- '

0K Ta B 2rae Srancan o e reled. Then XeNOHITY

e stamen and a very highly develgped Aisa,
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MOUTAERA hzs 5 carpels 1ike the typical GERANIALES.
The safest character of the family for recognition is seen in
the pollen grains. These are ellipsoid and have at both peles
a zreat pit. From one pole to the other run thickened lines
which are divided in the middle by & thin equatorial zone.
Thus the grain looks constricted in the middle when flaccid,
or with a ring when turgid.

Genera.

a. XANTHOPHYLILUY is & genus of trees of Indla,Ceylon and

ustralia. _

b. = POLYCGATA is the only genus of liew England. P.paucifolia
is our pretty fringed polygala which is orchid-like and
also produces cleistogamous flowers. P.polygama found on
sandy soil has many cleistogamous flowers. P.sanguinea ig
often mistaken for a clover. _

Ce POLYGATA Seneza 1s the Seneca snakercot. Its dried root
contdins an acrid principle,senegrin,which is similar to
saponin, It produces verilgo,weakness of the eyes,lachry=
mation, sneezing,ptyalism,burning in the stomach, vomiting,
and colic.

EUPHOREBIAGEAE -

Affinity: Thelr systematlc position 4is in doubt. On one
hand they show relationship to the AERANIALES and MALVALES,
and on the other to the URTICALES., They can always be recog-—
nized by their unisexual flowers and form of fruiis and seeds.
Their relationship to the GERANIAIRES is seen in the structure
of the gynoecium which falls away from the column and ventral
raphe, There is progressiyve reduction in the family from a
Geranium=-like unisexual flower as exemplified by ACTEPHIIA
excelsa,an Australian plent. This plant has three 2-~forked
stigmas and a glandular disc at the base of the carpels. The
staminete flower has an abortive ovary. There are 208 genera
and 4000 species of which 700 belong to EUPHORBIA and 500 =
600 to CROTON., This femily offers many economic members al- *
though in general it 1s a family of poisonous plants,

Genergl characters: They are ususlly woody but alssc herbe,
and often cactus-like (EUPHORBIA) or whth phylloclades (PHYL <
ANTHUS ). The leaves are usually simple and stipulate. Eilk
canals are abundant and so rubber,CH,can often be obtained.
The flowers are always unisexual and of zreat variety,often
in catking, heads,etc. Some have no perianth,some have a simpls
perianth which 1s most common,while sume have calyx and corol-
1z, easpecially in the stamigate flower. The staminate flowers
possess the same number of stamens as of perianth leaves,cr
more to very many,or less. There is probably some chorisis as |
RICINUS seems {o show. The staminate inflorescence usually
produces a tricarpellary trilocular ovary with one ovule in
each cavity. Rarely are 2 or more ovules found per loculus.
The stigmas are 3 and split. The fruit is usually a capsule |
falling into 3 parts to leave a central column. The seedg ape
usually caruncled have endosperm snd a ventral raphe, "

Subfamilies,

2, PHYLLANTHOIDEAR ,which have 2 ovules per loculus and no
millk tubes.

33 FEYILTANTHUS tends 46 produce c¢ladodes which look like

leaves and from which the flowers gspring. Piliurd hae
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leaves but these are sessile thus gziving the effect of
compound leaves. P.speciosus has strict phyllocladig.
OROTGUUIDEAR,which have 1 ovule per loculus and milk

composed of smell inflorescences which simulate flowers
in the highest group,the EUPHORBIAE. It can be traced
from complete inflorescences to conditions where they
aimulate flowers very closely. Thus in ANTHOSTENA a sin=
gle pistillate flower has been shoved to one side by fhe
develovment of meny small staminate flowers which stand
in the axils of brects. Bech staminate flower produces &
tiny tubular calyx but is reduced to 'l stemen. In EUPHCR
BIA itself the staminate flowers lose the calyx and the
result is a naked stamen borne on a pedicel. The stamin=
ate flowees can be distingulshed from stamens by the
fact that they have a joint,the lower part being the ped
icel while the upper is the filament. PEDILANTHUS per=
haps carries things to the extreme. The regular cyathlum
of & EUPHORBIA becomes very "Zygomorphic",the 2 forward
involucral leaves become larger and the 3 posterior smal
er,while & last one becomes slipper-sheped and contains
the nectaries. Thus it simulates a pouched flower. In
some HEUPHORBIAE the stamens may branch to produce 100
members. i

HIFPOMANE Mencinella, the celebreted poison tree of troj
pical America,furnishes an arrow poison used by the In=
dians, Thie branches contain a milky juice which blistere
the skin like a hoi iron, It is a common belief thati te
sleep under the tree causes death,

CROTON Tiglium furnishes croton oil a drastic purgativi
which in large doses causes death. The plant is cultivat
ed in southern India for its tiglinie acid.CsﬁaO .

EUPHORBIA resinifera of Moroccco produces a m lﬁ-which
is used as 2 purgative and is so intensely acrid that
people in collecting it are compelled to tie a cloth
over mouth and nostrils. The resin produces sneexzing,
voniting and diarrhoea and in large doses death. In fact,
where any Buphorbia drug is manufsctured,the worlkmen )
must protect themselves,but even then get headache,dizzis
ness 2nd weakness, |

EXCOECARIA Agallocha of tropical Asia furnishes the I
millkynjulce a2gallochs which is so acrid that it causes
blindness if if gete into the eyes of the woodcutiters.

EUPHORBIA Drumondii poisons sheep in Hew South Wales,

MAWIHOT utiliseima is one of the main tropical food
plants. Its Jjulce 1s so poisoncus that the fresh juice
causes the death of dogs mnd cats in 20 minutes, The p-a:lJ
son 1s volatile,liowever,and by pressure and roasting ia |
dissipated. Tapioca iz the siarch which settles ocut of f
the water in which cassava mea)l is washed. The meal is
made into bread.

HEVEA braziliensis is the most important source of
rubber. Gashes are made in the trunk,snd the milk which
exudes 1s allowed to harden. It is then collected and
ameared over zartheprnware ves selsg ,8toked and dried.

Development of the cyathium: The cyathium is really ‘i

i




To this new layers are added until it 1is thick enough.
Then it comes into the trade as raw caouchouc. The great
ast source comes from Guyana,Brazil.

9. RICINUS is the castor bean plant. The oil is not poisor
ous but 3 seeds have produced death in man. The toxic
substance,which is worse than strychnine or arsenic,has
not been isolated. Tt causes vomiting and severe gaatric

~ vain. The plent is now of great importance as the oil is
' used for aeéroplane engines.

105 HURA repitens,the Eandbox Tree,has a frult 6 cm.,in
dismeter containing 5 = 20 cells which explodes at matur-=
ity to hurl ocut its seeds. Boiled in oil and cut open, it
is used as & sand box.

. ORDER URTICALES-=  According to the regression theory, this order
represents a degradation from some entomophilous form. Weddell de=
rives them from the MALVALES through TILIA,

The flowers are apetalous,greenish and with no nectar and conse=-
quently anemophilous. The stamens stand before the perianth lobes.
This is the position an outer row would assume of an old P 5 #£5
A B # 5 type whose inner row had disappeared. The calyx lobes are
4 =6 while there are 2 or 1 carpel with 1 seed. The fruit is a
drupe or nut. The seeds are often endospermous. Cystoliths are com-
mon. There ere 1580 species.
A. MORACEAE -~
These are woody plants with milky julce. There are two familizss:
* 8 MOROIDEAE,
a. MORUS, the mulberry,has aggregate fruits analozous to a
blackberry into which sepals also enter. They are very
sweet and of 1little value though birds sre very fond of I
them. M. rubra runs from New FEngland and Illinois aouthwkrd.?

i, alba,e Chinese species,wss introduced into Burope about

1400 for silkworm culturs. Then during the eilkworm craze
it was brought tonAmerica. The poor people of Asia eat the
fruit. M.nigra,a native of Persia and the caucasus,was 1
¥noym to the Greeks and Persians. It was cultivated for
sillworms under Justinian. Other species are found in Peru
and in the Fzst Indies.

b. EACTURA aurantiaca,the Osage orange,has a big green roush
milky juiced fruit.

c. BROUSSONETA, the paper mulberry,is used in Jepan and Chins
for paper, The South Sea islenders make bark dresses from |

2 ARTOCARPOIDEAR,

a. FICUS Carica,the fig,is one of 600 species. The flawers
line the inside of a great vase-formed receptacle. The

"seeds" of the fig are thus achenes. It is B tree of an-

cient cultivation,linked with lezends of Dionysius and Zeus |

It has a2 remarksble method of pollenation for explanation
° of which see L.H.Beiley' s"Cyclopedia",
b. FICUS benghalensis 18 the banyan., A1 the botanie gardens
at Calcutta there is 2 banysn embout 100 years 0ld, The main
trunk some years ago wes 42 feei in circumference with 232
edditional trunks many of them 8 - 10 feet in clrcumfersnce
The banyan under which Alexander cemped 7000 men is now
2000 feet in circumference end haa 3000 teunke. A
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CANNABACEAE=

88 an ornamental,

wpread through India, Persia and Arabis during the early ¥iddle
Ages. In the 11th and 12th Centuries the Hashishin,s sect of~
Morayians,while dnder the influence of the arug, used to kill
many Crusaders. The plant is largely grown in India and Tirkes=
tan from where the leaves and stalks come into commerce as
bhang, The resin contains the narcotic principle,

FICUS elastics,the common rubber plant, is a big tree in
the tropice. It does not produce ag much rubber ss the
HEVEA species. The seeds often germinate on other treea to
which they have been brought by birds.

PICUS religiosa,the Peepul Tree of India ,hss long caudate
pcuminate leaf tips.

FICUS sycamorus,the sycamore fig,was emplgyed by the E=
gyptians for munmy cases. The frult was also eaten.

WICUS of many kinds are lianes of the tropiecs.

CASTITIOA elastice,of Centrel America,producesa rubber.

ANTIARIS toxicaria,the famous Upas tree of the South Gee
Islands,was fabled by the natives of Java to be so voison-
ous that the vapors from it would kill man and animals that
came near it. It has been grown in gardens without kiiling
the attendants. The julce however,is very poisonous snd is
used f6r arrow poison by the savagzes.

BROSINUM Galasctodendron,the Venezuelan cow tree,was first
noticed by Laet in 1633, From incisdions in the bark,milk
will flow in quantity. It is slightly astringent but is
used by the natives. It is now grown in Ceylon and India
where 1t is drunk extensively,

ARTOCCARPUS communis and A, intezrifslis sre the bread=-
fruits. The former is not known in the wild state but is
extensively cultivated in the tropics. Most of the variet-
ies are seedless. The fruit is the size of a child!s head
with the surface reticulated not unlike a truffle,covered
with a thin skin and having a core the size of a small iid |«
knife handle. The edible part lies between skin and core
and is as white as snow and somewhat of the consistency of |
new bread. It must be rossted before being eaten. Its taste
is ineipid with s slight sweetness,resembling wheat bread |
mixed with artichoke. If it is to be preserved it is scrap-
ed from the rind end buried in a pit where it is allowed
to ferment,when it subsides into a mass somewhat of the
consistency of cheese, These pits when opened emit a naus= |
eous, fetld, sour odor,end the color of the contents is zresn+
ish yellow. It will kesp geveral yeasrs and is cooked with
coconut milk to produce an agreeable and nutritious food. I
Foster says 27 trees coverinz one ascre willlsupport 10 = 12|
people for 8 months, -

ARTOCARPUS integrifolia,the Jack fruit of Coehin China
and Southern CHina,was recently introduced to the Antillee.
The fruit has a powerful odor of melon "and is quite dn=
bearable to persons ofa weak stomach,orvthose not sceus=-
tomed to 1t."

HUMUTUS Lupulus is the hop,while H. japonicus is cultivated

CANNABIS sativs is the hemp of commerce.
CAINARIS indica produces hasheesh. The use of this drug




C. ULKACEAE=

x5 The flowers of elm often become declinous by auypreasion.
The perisnth is composed of 4 - 6 leaves and 4 - G stamens.
The ovary is unilocular with 2 carpels but 1 ovule.

18 CELTIS hes o curved embryo while the pericarp tastes like
date.

e ICACEAE~
,. . 'I‘h?:g are mostly herbs often bearing stinging halrs,with watery
4 Jjuice and green unisexual flowers borne in catkins.

3. URTICA dioica is the common nettle. "Flogging with fresh
nettles was formerly resorted to by doctors to produce a heal
thy counter=irritation of the skin, Tiis prectice riemed ur-
treation is still successfully edopted both in eivilized coun
tries and among saveges."

v ORDER SAPINDAIEE=

Acaording to Engler they are like the GERANIATES and mostly wood

éxcept that the seeds either hanz with dorsal raphe end miecropyl

directed upward,or eecend!with ventrsl raphe and the micropyle
underneath, Then Engler calmly points ocut that the seed features
do not hold. He recognizes 11 suborders. Bessey defives them as
followa: Flowers mostly ectinomorphic,perfect or diclinous,pis=
til1 1 to seversl celled,suvperior to inferior,ovules 1 to 2,erect
or escending,or pendulous,endosperm mostly none. He gays the

BAPINDALES lie wholly in a phyletic sideline and the order has

been developed from pome part of the intermediate order CELASTRRJ

LES,which constitutes a transition from the lower hypogymous cup

flowers to those in which eplgzyny is fixed. In the lower SAPIN=

DATEE hypogyny still persists,but in the higher femilies this N

gives way to complete epygymy. But Eecsey includes in the BAPIN®=

DAIES the families JUGLANDACEAF  BETULACEAR, FAGACRAR 1 YRICACEAR, |

JULIANTACEAR, PROTEACEAE0OS which some representatives have epi=

gy, Xeny euthorities however do not include these families in

the order et all. It is thus best to follow Fnzler's plan.
A, BUXACEAR =

e BUXUS sempervirens,the Box,is used as an orremental., It has
been substituted for hops in beer with serious results becaus:
of an acrid poison. |

Be FHPETRACEAR =

1. General charscterietics: These are the crowberries. They
bear a resemblance in habit to the heaths. The flowers are
onisexusl but often bear the rudiments of the other sex. They |
have both calyx and corolle, The staminate flowers have epi=. |
sepelous stamens while the pietillate hiave 2-=3 or £=9 united
carpels. The seed has a ventral raphe and a single intégument,
The fruit is a dpupe heving 1 = 9 stones. These plants look
very much 1ike ERICAS with needle=like leaves,and Nuttall ever
tried to place them near the Conifers. The xerophilous leaves |
are furrowed below, In COREMA the furrows are lined with haip,

O There are only B species found in 3 zeners. |
o Genere. [

|

|

i

B, COREMA Conredi hss brilliant crimson anthers and later
produces Jeathery drupes, Tt forme carpeis on sand hills ir
New Jersey,long Ieland,Yatha's Vinyard, Nantucket, Cape Cod,
Plymouth COunty, Prirce Faward Tsland snd ¥agdalen Island.
It ie slsp found on quartzites of the Shawengunk Yountains
Bt VWew York and on the zpanites of ¥aine and llova Beotie,
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. COREXA s21ba of Portugal and the Azores is the only octher
living species of this genus while a species callied C. in=
termedla lived in Scuthern England end in NWetherlsnds in
the Pliocene. _

(.15 ENPETRUL stropurrureum,which grows =t the Gulf of Bf.
Tawrence,has plum colored fruit snd wooly branches. .

d. EEPETRUN Eemesiil,which grows from Hewfoundland to south=

Lo ern Tabrador,has trenslucent red fruits
e. FEPETRUE rubrum grows in Pstagonis.
G. ANACARDIACEAR (TEREBIITHACEAE) =
35 Affinity: The flowers,vwhich are usuaslly small snd massed
into clusters,are perfect or unisexual through abortion,usu-
ally regular with 5 parted whorls. The torus 4s flat,concave

or convex,and sometimes produces 2 columnar gymaephor or a*

digc, The stemens are 3 = 6 and usually equal in number to

the petsls. The carpels,which sre 3 =--1 and seldem 5,are free
or severel are united esch containing 1 ovule whichd is invert
ed and hes its raphe turned to the dorsal side of the carpel.

The styles are usually united. The mesocarp is resinous but

no endosperm exists. These plants are best developed in the

tropics of both hemisyheres though many run into the temper=
ate regions.
5 Genersa.

8. WANGIFERA indica,ihe mango which is now widely cultivated

ie a2 native of oriental tropies. The yellow fruits are the
i size of a goose-egzg,but sometimes even get to weigh 1 kilo]

= grem. They are filled with sugar and citric acid. The mange
is to the tropical peoples moreiimportant then the apple
is to us., DTe Céndolle says that it 1s in cultdvation 4000
years. It ies found today growing wild in the mountains of
India. There are many references to it in Indian literatupe
and the Indians even have annual celebrations in its honoo.
The emperor Akbar who reigned in the 16th Century planted
an orchard of 100,000 mange trees. The Portugese probably |
carried the plant toc Africa end then to South America where
it was first grown in Brezil end then later in the VWest In-
dies. The trees are evergreen and often grow very large,
one at Zahia,Brazil,hes @ trunk 25 feet around,is 70 feet
heigh and has a spread of 125 feet. The leaves are leathery
and 6 =-16 inches long end when crushed emit the odopr of
turpentine.. The leaves are borne in "flushes;that is in
periodic growth periods. The flowers =re borne in panicles
a foot or more long with 2000 or more to a cluster. They
are polyzamous. The staminate are more numerous snd have L
but one pollen bearing stemen,the other 4 being abortive or
stamincdial, The fruits vary much in shape and size being |
reniform,heart shaped,ovoid,ellipsoid;with skin smooth,
yellow or greenish yellow,scmetimes flushed crimson and var
‘ very besutiful. The aroma is often spley. The stone is larg
large,flattened and usually bears long tough fibers which |
extend into the juiey flesh. The flavor is hard to describe
%3me say it is like apricot and pinasapple combined; athers,
ike peach, TPopensce seys: "Weither of these comparisons
conveys an accurste idea of the delicious riguancy and frea=
grance of e perféct mwango, rich: snd sweet, vet neven oio%ing
and overrunning with lucious Juice". Sometimes seedlinwa

S_Hunt Institute for Botanical Documentation
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produce fruit that smells of turpentine but Jamelle re=
marks: "there sre those who fdo not like it because it
smells of turpentine,there are others who come to like
turyentine because it reminds them of the mango." The man= |
go is really = dessert fruit,yet in India it is made into |
custards called "mango phul" and is spiced and dried into
cakes while in Cuba it is used for jeme and preserves,

ISTACTIA lentiscus,the mastic tree,grows in scuthern
Europe,nortgern Africa and western Asip. Mastic 1is the re= |
sin obtained from ineisions in the bark. 1t comes mostly |
from the Island of Scio and from Asiatic Turkey. The Turk=
ish ledies spend most of their time chewing mestic to sweet|p
en the breath and strengthen the gums. 011 is derived from
the seeds.

PISTACIA verse is the pistacia nut of the Mediferranean
and the Orient. The frult is ovoid,the size of an olive,
and conteins one seed with an oily,mild kernel. The nut is
used in confections,in lcecream,or is eaten raw,

PISTACIA Terebigthus produces Cypress Turpentine which
was once much used in medecdne;

SCHINUYS molle of Central end Southern America produces
the Americen mastic.

ANARCARDIUX occidentalis,thie cashew,is closely related
to the mengo. In A.pumilum,the one fertile stemen is on
a level with the stigma. The first species has a very guee
fruit,the terminal nut belng borne on 8 fleshy receptacle.
Roth are edible; the nut being the cashew-nut while the
receptacle is the cashew epple. The nut is roasted and eat-
en,or its oil is extracted. The shell is very scrid and
even the fumes from the roasting nut are very irritating,
having the same effect = polson ivy. The sweetish sour
apple according to Zngler "wird von den llegern genossen'.
The tree ylelds a kind of varnish which repels white ants.
The tree,which is very tender,grows 20 = 40 feet high. It
is now cultivated in both tropics end at the extreme south
of' Florids,

SPONDIAS sp. produces the Brazilizn plum,an edible fruit
havéng the cdor of a quince and the acid flavor of 2 poor
mango.

RHUS,a genus of 120 species,is represented chiefly in the
subtropics and in warmer regions. They are called TURPINIA
by Rafinesque because of their resinous property. Engler
divides them into four sections. The flowers are polygamaons
The celyx is b parted and there are alsto 5 petals. The ste-
mens are inserted on & disc with tubular filaments and o=
vold anthers. The overy is almost globose,with the hanging
geed rising from the baseal funicle. The atyles are three.
The stone-fruit is often heiry while the mesocarp is resines
ous, "Lemonade" can be made from the crushed fruits of K
glabre and R. typhine. R. Toxicodendron is the poison iwvy.
For poiscnous features see Pammel p. 508. R.Vernix and R.
vernicifera both yield lacquer. R.vernicifera of Jepan prs
duces the best. The julce which is milky turns black when
eogllected due to the enzyme laccase. Ueny plants of thie
genus yroduce dyes.

|
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B, CEIASTRACEAE. \

having a large disc,srillate seeds,a large embryo,and other P
; technicel points. This famlly is knovn since the Cretaceous,
having run to Alaska,Greenland and Spitzbergen in Tertiary !
Times.

’

D AQUIFULIACEAE.

Affinity: Thie family is one of dioecious woody plants that

are often evergreen with 4 -8 merous flowers and with hang=
ing anetropous ovules. The embryc is minute and enclosed in
flshy endosperm. A few specles of this femily are of egonomic
interest.

Genersa.

IIEX opace,the American holly with red fruits much used
at Christmas,runs from Massachusetts south near the coast.
A yellow berried form,forma Yanthocarpe,is known. The wood
wes once much sought by turners,whip makers and engravers.
"For these various uses the wood is brought into Boston
in pieces usually 15 — 16 inches long and 1 = 6 inches
thick. Pmerson says:"A handsome low tree with nearly hord-
zontal branches end thorny evergreen leaves. The erect
trunk is clothed with 2 smooth bark of an ashy gray, resem=
bling thet of the beech but somewhat lighter. On the clder
trees it is usually overspread with grayish Parmelias and
Tecanoras and other bluish,whitish and gray lichens." The
plant is generally free from insects. The wood is white,
hard and setiny. This 1s a specles deserving cultivation.

IIEX Aquifolium,the Kuropean holly,has shinder leayes
than the Amerimen species.

ILEX vemitoriz was used by the North Carclina Indians
for making the celebrated "Blsck Drink",called Cessena or
Yaupon. This was an exhilerating beverage containing caf= |
fein prepared from the roasted leaves of the plant. COnly |
men were permitted to drink it during religious ceremonies.

IIEX paragupriensis was used in & similar manner for th%j
emetic effect produced by the Indiarns to form the South
American drink Juno Msi® or Yerba de Matk. It replaces Y
tea in Brazil and Buenos Aires and is consumed by thousande
of tons. The leaves contain caffein, .

IIEX verticellata is the so-called black alder or winteri
berry of New England,

NEMOPANTHES mucronata,the mountain holly,grows in our i
cool woods with beautiful claret colored gruit.

Affindty: This family differs from the AQUIFOLIACEAE in
¥

Genera. .
EVONYOUS is cultivated under the nsame Spindle Tree.
EVONYMUS atropurpureus,the Burning Bush or Wahoo,is very!
ornemental because of its copious crimson fruit. !
EVONYMUS americanus,the Strawberry Bush,opens its crim=- |
son pods to expose the seeds with scarlet arils,
CELASTRUS,of which there are 297 species well scattered
ovef the earth,is the Bitter Sweet. One of them is a native
Xew England lisne.
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‘oies belonging to PALAEQ-SPICATA have been found, The follow-[

BALVADORACEAR. L l

Affinity:. Thes= are like the CELASTRACEAE except that thej
have 2 loeculi s weaker disc,and no aril,

BALVADORA persice,which runs from Featern Africs to lInadis, L
produces an edible drupe.
STAPH YLEACEAE,

Affinity: These differ from the zbove in heving compound
leaves,thus recalling the RUTACEAH. The ovary 1s trilocular,

Genera.
g. STAPHYLEA trifoliata,the bladder nut,is mnot rare.
b. BTAPHYLEA pinnata grows 'in Southern Eurcope and in Asia

Minor,
c. STAPHYIEA colchica grows in the Ceucgsus,and S, Emodi in |

the Hemalayes.

ACERACHAR. J

Affinity: This family is closely allied to the last famil
iés. Thus they have perfect or unilsexual flowers which seem
to be running towerd anemophily as exemplified by A.negundo.
They seem o be reducing the flowering varts ss is shown by
the fact that they often abort. A large disc is present. The
overy is two=loculed yet triloecular ones are not rare =g wvar-
iants. This fact 1e significant since the STAPHVIEACEAR have |
triloculed ovules. The fruit is a samara. The geeds are with-|
out endosperm and have no arillus. o

ACER is s genus of 100 speciss and meny culture forms. Pal=p|
ontology supports the circumpolar orizin of the genus. It is |
one of the most ebundant Tertiary fossils and in the Oligocenc
there were many sections of the gZenus growing in the arctic [
realm of Greenland, Spitzbergen,Kemchatka,etc. Pax has aecti§n+
ed the geris into TRIFOLIATA,several Chinese and Japanese i
species; NEGUNDO; INTEGRIFOLIA,lsurel-like forms of Asia; In=|
DIVISA; PATHATA; SPICATA; RUBRA; MACRANTHA; SACCHARINA; PLATA-
KOIDIA; GLABRA; CANPESTRIA; and LITHOCARPA. The fossils ACER |
trilobatum belonging to the section PALAEO-RUBRA,end o spe- .

ing are cormon species::

a. A.ssccharum, the Suger or Rock Maple.

b. A, 8accharum var.nigrum,the Blsck Sugar Meple.

C. Asssccherinum,the White or Silver Waple,which is a fine
ornamental tree.

d. A-pennsylvenifum,the Striped Maple or Moosewsod,s small
and slender tree of rich woods.

e. A.Pseudo=pletenus,en introduced species,is the Sycamore
Maple.

5 A.platanoides, the llorway Haple.

SAPINDACEAE,

AfTinity: These plants ere trees,shrubs or lianes, The T
flowers are often unisexual end strongly zyzomorphic,have &
big disc,and are 4~ to 5-parted. The ovary has usually three f
loculi,a fact which is significant because of the locular
structure of the two preceding families. The stamens sre usu=-
8lly8. This is a big tropical family of 1050 specizs, Many of
them are lianes which have curiously cle=zved stems due to pe-

cullar cembisl activity. Some yield woods of zreat hardness,




iron woods,and some producecedible fruits or nuis. Many of
the plants are poisonous.
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. RHAMMNATES =
These are prominent woody plants with simple or compound leaves.
The flowers have ususlly one whorl of stemens which stand opposite
the petels and strong discs are developed. This smell order at-
taches closely to the SAPINDALES and more particularly to the
CELASTRACEAR, Fpipetaly arises through abortion of the outer stam-—
en whorl.

A, RHAMMIACEAE®

& T

family of climbing lisnes or shrubs;which are often thorny
and have sstringent or bitter gualities. The flowers are per=
fect or imperfect and have the following formula:

P4 =5 plus 4 -6 A4 -5 ¢ (2 =5) the calyx veinz usually
synsepalous, The petals =mre borne on the calyx,while the sfa=-
mens are on the disc oppoeite the petals. There is one ovule
per cell.

= Hunt-Institute for Botanical Documentation .

Génera.
LITCHI chinensis or NEPMELIUM litchi is & common Chinesc

fruit with 158 =20 varieties that are very productive. In
fact one tree may produce four bushels of nuts, They are
cultivated in Bengsl end in the West Indies. The frult has
the congistency 2nd flavor of & muscat grape,and is nearly
round,li inches in diemeter,snd has a thin red shell coversc
with rough warts. When fresh,they are filled with s white *
jelly=tike pulp surrounding a large shining brown seed. The
dried fruit resembles & prune., "The importance of the Lyche
in the eyes of the Chinese is evinced by the fact that thers
arc no less than 9 treatises on the Lychee by famous suthors
beginning with that of Ts'ail Hsiang in 1058 A.D. ,and extend-
ing to that of Wu ¥Ying M nei in 1826." [

NEPHRELIUM lougana is the ILungan or "Dragon's Eye". It is |
smaller than the Lytchee,yellow hrown,and has about the I
same flavor. - 1

KOELREUTERIA ‘paniculata hss been introduced from China to
be cultivated here as an ornamential. 1

SAPINDUS Drummondi,growing from EKsnsas,to Loulsiana,is -1
the only species here:

SERJANIA lethalis has nectar frow wgich bees produce poi="
sonous honey, This honey i1s used by the Brazil Indians &s 1
an arrow poison and also @s a fish poison.

SERJANIA curassavica yields a poison used by murdercrs.
Ite nectar is also poisonous.

AESCULUS species are put into this femily by Gray althnug}
most systematisis place it irtp the family HIPPOCASTANACEA .
He says:'"seeds farinaceous but imbued with a bitter and nar:
cotiec principle." Pammel says: "By washing and boiling, the *
starch in the seeds may be utilized and this is done in
France." Dr.Rusby says that in the South the crushed seeds
are' thrown into the water to stupefy fish (cf.SERJANIA).
Fatal cases of voisoning of children has been reported from
Texas. The poison is sesculin,Ci5H1g0gy plus Ho0,a2 wides
apread glucoside among the SAPINDACEAE,also aesculetin,pav-
iin,quercetrin,argyraescin,aphrodaescin,and saponin.

ABSCULUS glasbra,the buckeye,is used for making violins

General charscteristics: Thiscis the Buckthorn Family,a




CEANOTHUS americane.

Brown's Theory
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1.

2.

Genera.

a, RHAMNUS Carthartica 1s 2 hedge plant from the julce of
which the "sap-green" of painters ia made by the addition of
alum and zum arabie. It is very purgative and now only used
in veterinary medecine.

b. RHAMNUS Frangula of Europe furnishes charcoal used for
making gunpowdes, ]

o ZIZYPHUS Jjujuba,one of a genus that furnishes edible fruit
commonly called jujubl,is the Chinese date introduced more
than 1200 years agoc into Chine from Persia. There are many
varieties. The pulp of the wild sorts 1s sweetish.

&’ 2IZYPHUS lotus is the African date palm,Jew Thorn or Lotus.
This is Tennyson's Lotus. "The purplisk fruit resembléc an
olive. " According to Theophrastus,the lotos wes so comnmon on
Zerbi,the island of the Lbtophagi,that a Roman army on its
wey to Carthage fed several days on the fruilt. Homer men=
tions it as a lure from which Ulysses kept his companions. If
It forms an importent food in Tunis and Berbary,and is now
cultivated in southern Burope.

a8, ZIZYPHUS sativa,a jujube cultivated in Spain,France and
Italy,has scarlet fruit. It wae introduced inte South Caro- |
lina in 1837 snd the peeds were sent out from the patent
office in 1856,

2 ) PALIURUS spina=Ghristi,the"Jew thorn",zrows on dry stony
801l in Southern Furope and through Asia Minor to China.
This genus has odd horizontal wings arising from the recep=
:igle that surround the fruit. It was common in Tertiary

es,

B. CEAIIOTHUS americena,Red root or New Jersey Tea,is the lass+
achusette representative of the family. It zrows on dry sun=
ny slopes. The minute white flowers in terminal clusiers are
followed by three=sided dry fruits. The leaves were used as
a8 tea substitute during the Revolution.

VITACEAE=
General characteristics: These plants are z

to be climbers,yet IEEA is almost 2 tree. Mongeggr%é;g ;&33533
tendrils or cirrhi with fleshy discs for elinging, The tend=
rils are morphologically the same as the inflorescences and
sometimes a gendril will produce berries,one half veing an in=
florecscence while the other is tendrilar. Then also tranaitione]
from tendrils to discs may oceur on the same plant. Thus Eng— |
ler figures QUINARIA quinquefolia with an ordigary tendril
wound around a nail while the others produce discs, The onto=
genetlc origin of the tendril has been interpreted by Brown '
Baeh tendril has no leaf beneath bt but stands opposite one:
Furihermore in VITIS viniferas there is an alternation of 2
foliasge leaves with tendrils and one without. The theory is
thaet the axis growing forwerd develops a leaf on its side in
the angle of which stand two buds:;one growing forward and
pushing the terminal axis into a lateral poaiiion as a tendril
The other bud then grows out into a so-called dwarf branch X
ggicnoi: ugually'very small and dries up in autumn 1eavan5
intg anlogﬁ %E:ng;? basal buds which the next sp:ing.developa
Genersa.




inflorescences

seed

(CISSUS cactiformis. VITIS species
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PTERISANTHES has 2 band=shaped and irregular floral axis
upon which the flowers are strewn., The staminate are all .
stalked and stand on the edge of the plates while the pis=
tilate sit on the flat surface or are sunken in it. 1

©188US tetragonia,C.cactiformis,and C.quadrangularis have
fleshy green branches. p

VITIS species throw off their perianths when they open. |
These tear away at the base while the tips are still conce=
ent. V.lebrusca is our northern grape,the parent of the
Concord,Catewba,ete. V.vulpina is the nocthern fox grape.
V. vinifera, the Buropesn wine grape,is much afflicted with
PHVL.IOXKERA and for this reason is not grown on its own root|
stocks here. A small=fruited seedless race is much grown i
Greece to produce the dried currants of commerce. o

PSEDERA tricuspidata,the "Boston Ivy",is a Japanese spe=
cies.It shows the modification of the inflorescence fnto
clinging disce plainly. .
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SYSTEMATIC BOTANY OF FLOWERING PLANTS
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mal
Family CALYCANTZACEA
2, Calyeanthus Tloridus

Mote how the bracis of tae pedicel duzlly fun into e
Seoricnth menpers. Solit the flower len s, IS ther_a a def-
inite purber of nerianth lesves? Are =11 ihe stamens zlike ad
fertile or acc sterile steminodia to be found? IT the latier con-
dition, what does it signify? What has hazpened 1o e p:‘:sit‘i‘on of
the carpels? How could this flower be dcrived from one lilze IZl=agno=
1ia? -

[}
¢¥A. Draw o sectioncd flower.

B. Draw the fruit and olso its longiscction.

Family 1L.OYTHIACEAR

3, The transition to the next fomily which we hinve in our flora - the
Leuraceze=is effoctod thru the tropical LoniilifceoCs

A Fron ciert skcteh figures of the wale oad Tencle flowcrs &nd
“"T plgo = etamen with its uplifted vealves,

Fanily LAURACEAR
4. Bessafras variifolium-

—J?A. Obesrve and sketch the three kinds of leaveses
Boil (zny odor))and study the asle and fonple flowers, In
the malc note nine stauens witil the cutl:crs opcniag by up=
1iftcd valves.~ Con you dotect glands ot the bese of the
inner ones.: .

ﬂ%B. Sketch tne male flower on an enlarged selae.
Fenale flower. Is therc any trace of stzamens?. Is the
stigms simple or lobed?

"‘ﬁ‘{” C. Sketch the femcle flower znd tic drupe (blue wien meturc) vhiea

results from the natured ovary.

Benzoin aestivale may be substituted for sassafras.

What moaifications of the lonimiaceous flower would be nce-
essary to produce the laurel type. Some laurels have the

pistil evidentily three-lobed and sunken into tiae receptaclc.

“seHunt Institute for:Botanical Doctumentation
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Ordet PIPZRALES
Family PIPERACEAE

The Piperaceae according to Hallier'!s theory effect the traas-
ition from ilagnoliateae to Aracece. 1f they are Liagnolia descen=
dants they represcnt a state of exirene reductions

t—-é 5. Saururus cernuus. The Lizard's Teil.

This plant is sonetimes put into the Femily Ssururccese. 0Cb-

serve thc new type of inflorescence, Can it be correlated

with the reduced size of the new individuel flowers,
(Handle the specimen w:th eare)

ﬁ.‘i\Aa liske a hzbit sketch of the plant i
,-LB. From book or chart copy figures of the flowex end its dissrast
6, Piper nigrum. The Black Pepper

,}{ A. Sketch living specimen or from Herberium sheet. If latter,
handle with care,

B. Copy figures from books as for Baururus
-7. PTeperonia sp.
A. Habit sketch of inflorescence and leavesa
Order SPADICIFLORALIS
Family ARACZAE

With the Araceze we comc to a fzmily of lonocotyledons its
affinities with the last f=mily seem to be closc,

obeserve the net veincd leaves of Arispcas, Is @iis 2 typical

Honocot feature? Note the inflorescence of Acorus and of Anthuriua

=nd compare with Peperomia. (Scie Peperomias actually have spaties)

As Draw z habit sketch of anthurium - Repeat for Ariaaé;xii oxr
Richardia or lionstera., Observa sterile part of Svadix
in the two former and elaborate spathe,

8. Acorus Calamus

: Work out tne strueture of ifhe Acorus flower, IHotc its shrong
trimerous tendency, Was Saururus also inelining that way?

Hunt Institute for Botanical Documentation
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B. Draw the Acorus spadix and diagram its flower. Write its |
floral formula. 2

Cs Draw fruit of Arisaema.

D. Copy diagrams from chart to show the origin of heterocotyly \
or monocotyly in the Peperomia-Aracean series. IE

Tamily LEMNWACEAE

9. Draw the frond of Lemna minor under the lens. The Lemnaceae
are the smallest seed plants,
Family PATMACEAE
10. Phoenix dactylifera:
A preserved staminate inflorescence is available. Note its
large size branching habit and enclosure in the spathe.
A. ©Sketch the inflorescence
1l. Male flowers of a Livistonia are also available for study.
How does the anatomy compare with that of the aroid flower?
B. Draw the staminate flower.
12. Pistillate inflorescences of Rhapis flabelliforme are available.
Study the pistillate flower. How many carpels? . will » seveilto, woche, |

C. Bketch a small portion under lens.
D. Observe and sketch such palm fruits as are available. Often
only one carpel matures,

Germinating date seediings. Review previous study of this

seedling and compare the seedling leaf with the later "character
leaves",

Family PANDANACELE

From greenhiouse specimens observe curious 3-spiral arrangement
of the leaves and the many prop roots.

Hunt Institute for Botanical Documentation




Family SPARGANIACEARE

13. Sparganium sSp.

A. Sketch the specimen avzilable. If any show the supra-axillary
position of the inflcrescence,brin:s this out.

B. Boil out stzminate and pistillate flowers and sketch under lens.

Is there any evidence of a perianth?

C. ©Section a carpel long tudinally with a sharp razor and observe
the single hanging ovules Sketch.

D. Eketch mature friits of S. eurycarpum and of 5. americanum.

Family TYPHACEAR
14. Typha latifolia.
Inverpret curious terminal inflorescence by reference to the

supra=-axillary inflorescence of Sparganium.

A. Habit sketch.

_ Boil out male and female flowers. Any perianth or anything
that mighi be so interpreted. How many stamens per flower? Note
gy-nophofe and curious stigma of pistil.

B. ©Sketch both flowers.

€. Study the mature parachute-like fruit. What change has the
ovary undergone?

Order RANALES
Family RANUNCULACEAE
15. Caltha palustris
Stu:_iy j;he structure of this primitive magnoliaceous derivative
and see if i{ does not mean more now than when you first studied it.
What 15 the probsble origin of its perianth? ssediual = TN ATy B
T-:"(%'.,-,\ .Ee Fras s o] '\":5 N
A. Draw on a large scale in sectional aspect.

B. Draw fruit sliced open lengthwise. Is this fruit more or less
primitiyve than that of Mammolia?

Hunt Institute for Botanical Documentation
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M6. Coptis trifelia.

This flower shows the beginnings of corolla formation 1ts so-
called nectaries or "honey-leaves" which are believed to be steri-
lized stamens. One flower available preserved in a small vial has
one very significant sepal.

A, Draw flower enlarged to show the nectaries.
B. Draw the curious sezal of the flower in viala
C. Draw the hesd of carpels and show their gynorthcres.

17. Xanthorrhiza apiifolia .

Note the cupped hon?i-leaves of this flower,

A. Sketch habit and one flower enlarged.
B. Sketch mature gynoecium

18, -Ranunculus sp.

Is the perianth haplo- or diplochlamydecus? Note the nectapi
f:%-cus scale at base of petal. What is the probable origin of the
petal?

A. Draw flower from back.
B, Draw one petal.
C. Study and draw head of carpels enlarged.

D. Section mature a’g‘f_{é‘ée and draw. How many vul es? Fada

= R, Ll i i i e O
19, Aguilegia.

’ Study the flower of Aquilegia canadensis or of A. vulgaris.
Which parts are the sepds? Which petals? Vhat is the use of the
spur? Are the stamens and pistils still in the familiar Ranunculus |
condition? To understand how the curious spurred bodies arose !
refer to chart. Here is a striking line of evolution from Helle-
'bc-rl_w niger thru Isopyrum anemonoides 1. adoxoides, 1. grandifl .ra,
Aguilegia hispanica to A. vulgaris or A. canadense,

Flunt Institute for Betanical Documentation
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A. Copy the chart. ( I// 7
N <
Can you see how the Ranunculus petal probably arose from
. some condition =imilar to that of Isopyrum?

20, TWigella.

Study this flower if available and note the number of petzls
and the munber of sets of stamens? If not available, copy from
chart.

21. Delphinium.

Examirz the very curious flower of Delphinium., It was pTo- "
bably originally of the Nigella type but reduction of pa.rta‘e.mi
introduction of spurs has produced a much invclved zygmorphic
flower. As a hint the four lower petals are wholly lost or rep-
resented by mere rudiments.

A. Draw flewer frum side and face. -

B. Remove sepals and draw parts remaining.

C. Remove pet=15 and draw androecitm and gynoeciunm,
D. Construct a floral diagram.

Family BEREERIDACEAR
| 22. Berberis vTulgaris

a About the only consiant difference between the Berberidaceae
and the Ranunculaceae is the single c¢

B S arpel in the former. Study
] T ower wi this in mind. TWote ¢tals in same state
as in Coptis. Note ho o 5 b

W Stamens open. Where seen before? Section
ovary longitudinally. How many seeds?

Draw flower Spread open. -
Draw sepal and betal,
Draw ovening stamen,

Draw opened carpel.

L o -
-

Refer to the genus lahonia.
Pare with the unifoliolat
. vation of the latter,

What are the leaves like? Con-

€ compound leaf of Berberis. BExplair depi-

A. ©Bketch the two side by side,
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Family NYNMPHAEACEAE
23. XNuphar advena - Cow Lily

How is this plant adapted to the water 1ife? Were any of the
buttercups inclining the same way? INote the obvious resemblance
of the flower to that of the buttercups. How do ithe petals differ
from the sepals? How does the gynoecium differ from that of Ranun-
culus?

A. Sketch a leaf and a flower from the face enlarged.

B. HRemove enough of perianth and androecium to show pistil and

G. Cut pistil transversely. sketch.
Observe number of carpels and placentation.

D. Section pistil longitudinally and sketch inner face of a c .rpel.
The placentation is similar to that possessed by tie popples.

24, Nymphaea cdorata. The white water-1ily.

f

: What adaptation of the leaves to the aguatic 1life?

Study the flower. How many sepalgs? Follow petals inward, Into
what do they merge? Interpret from previous work on Ranunculaceae.
How many carpels? How many petals and stamens and how are they in-
sertea? Interpret,

A. Draw the opened flower and leaf.
Be Draw a transitional series from stamens to petals.
C. Remove petals and stamens and draw ovary with scars.

Section pistil longitudinally thru center. Interpret the
central hummock. How are the ovules borne.

. ©BSketch the longisection of pistil.
B. Section pistil across and sketch.

MONOCOTYLEDONS: WITH THE EXCEPTION OF THE SPADICIFLORALES.
Order HELOBIALES

Family ALISHACEAE

-

25. Alisma Plantago.

Hunt Institute for Botanical Documentation
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rivativets Note Ie=
free carpels. Toes the
er of its parts?

The Helobiales seem to e Ranunculus de

semblance in great number of stamens and of
affinities in the numb

perianth show monoeot

- A, Sketch leaf.
_RB. GSketeh the paniculate inflorescence. .
C. GSketch longisecticn of flower and also construct diagram of
Samts
Seetion fruit and note particularly the absence of erdosperm
The last two

and the massive Ttlub-shapec hyoocotyl of the enbryo« X ;
features are tne only two which really differentiate the HelobialesS.

D. Sketch the section of the achene.

26, BSagittaria latifolia.
The flower shcws advance over Alisma in what respect?

A, BSketch a few of {+he many leafl types.
B, Sketch flowers

Family POTAMOGETONACEAE

27. Potamogeton SPe :
| Observe cecological polymorphism of leavesSs

A. | Habit sketch of the plant.
. Boil out flower and fruit.

B, —Sketch flower and fruit magnified.
C. & Section fruit parallel to the prozd face. Observe and draw the
sectioned achene and cpoiled embryoOe.

ordar FARINALES

Tamily COMMELINACEAE.

Hunt Institute for Botanical Documentation
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28, Tradescantia |

Note actinomorphy and the syncarpous gynoecium. The latter
differentiates the family from the Helcbiales as does also the
mealy endosperm. E

A. BSketch habit of plant and also the flower enlarged.

29, Cofmelings communit.

This memper of the family exhibits remariable z; jomorphy. .
Two petals become eiongate into wings; thres stamens *E,ransfarm into
yellow staminodia, while the median stamen below 18 dizferent |

from the other two.

— B, If available, make habit sketch and drawing of flower cnlarsed. |

e Order LILIALES
Tamily JUNCACEAE

30, Juncus sps. .

Study a species of Juncus in the flowering condition and note-
its typical 1ily formula. Is it probably aneunophilous or entomo=-
philous? 1Is it a member of the Prophyllatae or Eprophyllatae?
(Bee Gray p. 270)

A. BSketch habit of the plant and the flower magnified.

- Many of the species identifications of Junei depend on the
fruit characters and on the seed.

B. ©Sketch habit of inflorescence and a single capsule of several
species and determine by aid of the lanual,

31. ITuzula campestris var. umbellata. 1
lote flat leaves and arachnoid pubescence. Study flower with

lens. How many seceds in the cvary.? The latter character is the
main one which separates the genus from Juncus.

Hunt Institute for Botanical Documentation
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4. Bketch g part of the plant.
B. Sketch a flower to show the lily structure.
C. Diagram the flower.
Family LILIACEAE -~
Tribe Melanthoideae
32, Veratrum viride.
The flower of this plant may be looked upon as advanced over
the Juncaceae in the direction of entom®phily.
~A. Sketch leaf and a portion of the inflorescence,

Study the flower and note that the carpels are passing from an
apocarpous te a syncarpous condition.

—B. BSketch the flower and also the septicidal capsule and seed,

Tribe Asphodeloideae.
33. Hemerocallis fulva or He. flava.
What has happened to the perianth at its base =nd how has this
affected the position of the stamens? Full entombpaily is attained,

How has the compounding of the ovary adivanced over the condition
in Veratrum? The capsule is loculicidal with several seeds.

As Sketch flowers and also androecium and gynoecium with perianth
8plit along one side and turned back.
B. ©Sketch the capsule,

Tribe Allioideae,

7 34y Aliium sp,

Observe scarious spathe and umbelliform inflorescence,
scarious perianth, complete snycarpy and loculicidal capsules,

A+ Draw umbel, single flower and fruit.
By If viviparous speci-iens ave available (onion sets) make sketches,

Hunt Institute for Botanical Documentation-
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Tribe Lilioideae
35- Tulipac
3 The tulip is known to be extensively hybridized and it will be
interesting to see the condition of the pollen grainsa
Stamens of various varieties have been dried. ©Soak out in potash

solution and examine the pellen grains in water-mount with compound
microscope. Compare with pollen grains of a native 1lily.

A« Make sketches of both types.

‘7 Tribe Asparagoideae
36, This is a tribe with berry fruits. Skdtch habit of Asparagus,
Smilacina or other genus.

7 Tribe Smilacoideae
A vine tribe with berries.

37« A. 8Sketch of habit and fruit.
Order GLUMALES
Family CYPERACEAE
Tribve Oreoboleae
This most primitive tribe seems to have been derived from the
Juncaceae,
A. Copy figures of Orecbolus from chart.
Tribe Cyperoideae
You are later to make a key to the species of Cyperaceae
studied hence it will probably be necessary to take notes on each
species studied in addition to making the drawings,
38, Cyperus sp.
Observe the typical vegetative sedge features: solid stem,

grass-like leaves with closed sheaths, non-tunid nodes, flattened
two ranked spikelets and leafy involucre.

Hunt Institute for Botanical Documentation
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~ A. Habit skeich of plant.
Disscct out the Tflowers. Note scile and number of stamens.
o) What is the shzpe of the achene and how is it correlated with num-
ber of styles?
B. Draw thes spikelst enlarged.
€. Draw singic flower with the scale turned back. Diagrac the
flovwera

D. Determine the species by aid of Manusl.

i
| Tribs Scirpoideue

. 39,

Eleccharis sps.
This is an exquisite genus of plants. 0Ooserve habit; any

leaves? How does the head differ in shape from that of Cyperus?

A.

of

B.
C.
D.

40.—

Ae

43,
44,

Habit sketch and drawing of head maognified. -

Remove scale and achere. How does latter differ from that

Cyperus? Note perianth. How is it barbed?
Praw achene on a large scale £ 1 label tubercle and bristles.
Repeat for other species available.
Determine by aid of lHanual.

= I\
Stenophyllus capillaris. L j

Work out as for Eleocharis and make necessary sketches.

Seirpus. This genus runs into Eleocharis. See 1. you can

determine the main peoint of difference in the achenes,

Work thru the spceies given as for Eleocharis zsnd determine
each one by use of Manual.

41, YEriophorum (Btym.) As for Eleocharis
) 42. .Rynchospora (EBtym.) " "

n

Qladium mariscoides " b " -

Stleria. A rare plsot with us having most beautiful achenes.
Do not lote

Hunt Institute far Botanical Documentation
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Tribe Caricoideze

The rare genus Hypolytirum seems to effect the transition
from some prim:wive member of the Scirpoideae. See chart. Vhat
ch. e would be neccssary to convert the Scirpus flower into the
Hypoliytrum flowe:?

A. Copy the diagrams from chart.

Kobresia carries us one step nearer %o Carex. What is
happening to the two scales?

A. Copy the Kobrenia diagrams from chart.

45, Carex sps. This is the daminant genus of the Cyperaceac.
Start with a large-headed species in the flowering condition.
Note that the plant is obviously monoecin's. Are the spikes
strictly male or female?

Boil out a few of both kinds of Fflowers. The scale is in the
same nosition £s usual, but how will you intervcet tie bladdery
perigynium (utriculus)? oOpen it and observe ti.c pistil. How
many styles? Is it of the El=ocharis or Scirpus type? Study
the matured achene, Is it lenticular or trigonous?

A. Draw habit sketch of inflorescexnce.
B. Sketch a single perigynium with its scale.
C. GSketch the pistil and mature achene,

Study the staminate flower. How many stamens? How could such
a flower be derived from one like that of Scirpus?

D. Draw the male flower with its scale and stamens.

E. By use of lanual determine several species of Carex.

¥. Construct an artificial key to the Genera and species of Cy-
peraceae which you have studied.

Family GRAMINEAE
46, First to become acquainted with the structural features of
grasses work out the Rye- Secale cerale.

l. How do the stems and their nodes differ from those of
the Cyperaceae? How do leaf sheaths differ? Observe ligule at
Junction of blade and sheath,

2. Study the inflorescence - a spike; in this case made of
spikelets. Separate i 2 florets of a2 spikelet and loock between
them. ‘What 13 seen? Wnn% deos it suggest as to the origin4dl
spikelet condition o7 Rye =
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3. Study the heads of the teratological specimens availables.
How many florets per spikelet?

Observe that each spikelet bears two basal glumes inside
which stand normzlly two fertile flowers. ZEach flower consists
of an outer nerved and hispid-awned lemma and an inner more
membraneous 2-keeled palea,

ext come two delicate lodicules, How many stamens and
pistils? How many styles and ovaries?

g A. Draw the spicate inflorescence,
B. Draw one normal spikelet and also the teratological one,
C. Draw the structure of one floret rather diagrammatically as
though it had an extended axis.

Study chart to see how the grass floret can be derived from
a Juncus type and how it can also be homologized with that of
Carex. i

A. Copy figures from chart.

The fruit of Grasses - a caryopsis. 5
47. The Maize fruit: .

Study the sections of corn grains available., The scutellum
probably represents the cotyledonary lamina, while the sheath
around the plumule (Coleoptile) has been interpreted as the li-
gule of the same leaf. It comes out of the seed in germination
but does not turn green.

A« Sketch the section.

48. Wheat - Triticum sativum.

Most grass embryos nave a small upgrowth - the epiblast -
on the face opposite the cotyledon. This seems to be a second
reduced cotyledon. What significance? ©See if you can find it on
the embryo of soaked wheat grain.

A. Remove and sketul: the wheat embryo with the epiblast.
B. Determine several grasses and familiarize yourself with the
use of the Manual key.

&

Hunt Institute for Botanical Documentation

—— e ————— s




—

Hunt Institute for Botanical Documentation




i
.{(

Hunt Institute for Botanical Documentation



!

Hunt Institute for Botanical Documentation




o P
Family AMARYLLIDACEAE

49. Use whatever member of this family +iat is available. In what
single feature doocs its structure differ from that of the 1ily®

A« Drar and diagram the flewer and write its floral orinula,
Family IRIDACEAE

50. Preserved flowers of the Iris are available for study. What
essential differencc from the -mevy11id flower? Ilote curicus
peteloid modification of the styles. How is cross-pollination
effected?

A« Habit sketch of Iris,

Teratological flowers of I. japonica are also available, Ob-
serve wka,; ishappeuing to the stamens.

B. Bketch one of the partial staminodia,

One specimen shows a curious tubular outgrowth from the angle
of a sepal. Does this give any suggestion as to the morphology
of a sepal? g

C. Sketch tq show this Teature.

Family BROMELIACEAE

5i. Tillandsia - the Spanish loss.
A- Habit sketch of a smal. portion,

Remove a leaf to a slide and examine with the compound micro-
Scope. Observe the curious scales which absorb r2in water.
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B. ©Sketch a small portion,

Other Bromeliads; Observe evident 'adaptation to holding water.

52. The Pineapple.

This great aggregate fruit consists of a whole inflorescence
whose axis, ovaries and bracts zll become a fleshy mass. The
cultivated pineapple is seedlesss Note proliferation of the axis.
Shred the leaf and observe the tough Tibers; they are used in the
textile incdustry.

A. Sketch the whole fruit.

Order Scitaminales
An extravagant order with intense zygomorphy.

Family HUSACEAE

53. Strelitzia regina or S. augusta,

This flower is so highly modified that a description will be
necessary. 1t is still based on the Lily formulaz. The two sepals
are obvious; two petals are fused and enclose five stamens; the
petals are bright blue in S, regina., The third petal is reduced
to a curious 3-corned, broad, short 1leaf. DBetween the fused
retals is thrust the style.

A. Draw the flower.

B. Remove the sepals and loosen the style and stamens from the
petal sheath. Draw.

C¢  Diagram the flower.

b4, liusa - the banana.
Note that the flowers of the inflorescence are unisexual.
What is found in place of Lhe ovary in the male flower? The
perianth parts with the eiception of the median inner petal are
fused into a single strap - How many points? How many stamens?

A. Draw and diagrom the male and female flowers.

Family CANNACEAE

%5« Canna
Pha ‘ecanna family =kows advance over the lusaceae. Its stamens
ars largely chenged into staminodia. Remember that it is bosed on

13 Formulas
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The inferior ovary, 3 sepals and 3 petals are evi.dent. Only
the irnmer membors demand interpretation. Tne member which curls
i outward is called the labellum - it is5 =& modified stamen. The
- three bro.d, bar-sr shaped members arc three more staminodia. This
accounts for 4 tcamsns, One of the others -s slender and tongue
shaped, while the 6.4 is also leaf-like, hut bears a half anther.

Ae Draw the flower slizhtly spread apart if necessary to show
the e features. I.obel sepals petals and staminodia.

Be Diagram the flower.

C. Section the ovary transversely and sketch.

Family ORCHIDACEAE
We s8till deal with the 1lily ground pian.
56. Cypripddium:

How account for the seeming two sepals? Tae three petals
are obvicus, Note the position of the anthers snd explain the
mechenism of poilination. What is the morphology of the trian-
sular flap above the pouch?

-

%4 Draw ~hic flower from the side and by arrows suggest the course
of an insect.

3. Remove tae pouched labellum. Observe the column (synosteniun) ,
the two stamens with short filaments, the stominodium and
the obscurely S-lobed stigma.

Vhat is the moxrphology of th: column?
S« DIraw the flower with the lobellum removeda

If orchid seed. are nvailable, study with compound ricru-
S¢0pes Note loose trata and pror development of embryoe.

- Da Zraw seed with embryo,
NS By If orchid sceds are available, study with campound nicroscopte
liote loose testa aiid poor development of embryoc.
¥, Draw seed with cbryd.

. We sk=11 also prooably study and interpret one of the com-
dizcetad tropical avchictd,
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IIOTYLEDONEAE
Order ARTSTOLOCHIILES

ARISTOLOUHIACEAE
“ 57, Asarc

lote tximeous actinouorphin flowsry T preserved flowers
are =vailarle, dissect Uff periantil, Is there an evidence of
corolla?

Ao Tiabit skeith of ‘lower 213 drawing of flower with serianth
Temoved.

58, Arisiolochia
Habit sketch of flowers of As macrojhylla znd A. elegans.
Order SARRACHENT ALES
Family S& SAC. UIACEAE
L. Hebit sketeh of leaf a2nd flower of Sarracesia purpurca and of

darlingtonia sxlifvenicas

e Under 1l-ns stoieh a poridaa of tihe inner hairy surface cof ‘the
deaf cf Sarraccenia.

Ponily NEFENTHACEAS :
60, A. Sketek preserved leaf of Hepenthes,
Order PAPAVERALES

_ This oprder is ideal to teach the modifications which a basic
form may undergo in its evolution.

Family PAPAVERACEAT

61, Papaver Rioeas
Note 2 fugacious sepals; 2 plus 2 petals; nany stamens and
syncarpous gynoecium. How many stigmas? How would you derive
such a Ilower from a Ranalian ancestry? Section the pistil trans-
- versely. Do the septa veach the center? What kind of placentas
tion? Wiere have we sech a cimiiar gynoecium before? Vhat is the
shspe of the seed?
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A. Habit sketch of plania

B. Cketch of Tistil.

C. Sket.-~ transverse section and gin+le seed magnifieds
D. Diagram the flower.

62. Chelidonium mzjus. .
y How do=s :ls npistil differ rfrom that of the poppy? This is
the more typical Papavoraceous gyioeciuu,.

As  Diagram the Chelidonium flower ana sketck the pirsil matureds

Family FlIZARIACEAR.

Dicentra:

 63. Keeping the poppy structure in mind see what hae Lappened ta
the various parts heve. At the hase lie itwo lhiracteoles; ti.et
follow the other parts as In popRy, but ¢ e petals are curiousiy
modifiei. What :<on-kable fact do you onsexrve ~bous the two

stzmens? lluw nay taey have arisen Ifrom ao ori, inzl 2 plus 2 con=-

dition? How m.ny carpels in t.e cynoecium?

As Draw the flower.

B, Remcve the two outer petals and draw ti.e paris remaining.
C. Draw o e siamen,

D. Draow tle pistil.

E. Diagram the flower,

Fe Diagram the flower of a hypothetical ancestor ol DicentTras

Tamily CAPARIDACEAE

64. Cleome spinosa
How many sepals, pet:1s, stamens? BStarting with the hypo-
thetical ancestor of Diccatra how can you derive ithe stamen con-
dition o Cleome? What lhizs happened to the insertion of the

—istil? What temm can you se for i:s stalk (female plus te bear)e.

See if you can detect a glandular disc behind the ovarye This
develops remarkably in certain Capparids.

Ae Draw the flowers
B. Conctruct nross and iongitudinal diagrams,

€, If mature fruits are available, draw with and withovt valves,
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Family CRUCIFERAE

2« On the specimen furnished abserve the absence of bracts in . the
inflereseence, Is this likely to be a primitive character?

Work out the structure of the flower. See if you understand
what Eichler means when he says thot the four longer stamens have
erisen by chorisis ef the twa medizn inner ones, This strueture,
then, recalls what ancestry? How many sarpels? Yote folse septum
in mature fruit. :

A. Draw bit of infloreseence e show absence of bractse

B. Drow single flower o® izrge sszle.

c. Remove perianth - sketsh s@amens and pistil.

D. Dizgrom flowers .

B, Sketch fruit (Silique) with and without valves,

F. Drow the campyloiropous sepd under lens, Note curved
embI Yo :

G. Identify o few crusifers Yy use of Manual.

ordes MALVALES

“With this order we leave the Papaver line and go back for an
sneestry to the Rancles oncé mores

Femily TILIACEAE

66, Tilia: This would seem to be a foundntionnl form of the order
Valveles exeept in the high development of its gynoecium. XNote

the inflorescence ettached to bract. That does the latter become

ot meturity? Observe the slightly oblique cordate leaf,

Turn to the flower. How meny sepals and petals and stamens? Does
this suggest the old Renalian type? How many carpels? Are they
sti11 in the Ranalian condition? How many eells with ovules
motured? (Cut fruit acToss).

A, Drew twig with infloreseence,

B. Draw flower enlarged.

C. Draw mature fruit and a section of it.
D, Construct a floral diagrom,

A strong vegetative character of the order Hzalvales is the
presence of gum cavities (eontaining smarshmallow") in pith and
bark. Exomine €ross seotions of Tilia stem and see if these appear.
Compere with the ecross-section of a true mallow.

A. Sketeh a bit of the latter.

The flower which we think of as typically malvacecous however is not
that of Tilia but is more like the next:




=RR -
Family Hfalvaceae

67. Abutilon -
What is the most striking feature of this flower? How could

it be derived from that of Tilia?

2 Draw habit.

Be Drow Clover with two petals Temnoved.

Remove ithe ctamcns. . Is the gymnoccium nearer or farther from the
ranalian t/pe than in Tilia% Compare the immature gynoecium with
the mature condition of ..ltheea. It is very similer,

C. Draw both gynoeciza
D.. Diapram the Abutiion Tlower.

68. The other sub-fomily hes capsular frusts. Hote fruit of
Hibiscus. I6 it loculicidal or septicidal? Guasypium belcnugs
here also.

A, Draw the fruit of Hibiscus,
Family STERCULIACEAD

69. Theobroma Czcaos
Sketeh twig of the plent and its fruit with seeds.

Order GERANIALES

70. Here we come to a definite florasl plan which is well seen
in Pelarzonium. Study the flower «nd first determine and write
the floral formula. How could it be derived from Tilia? (The
orange flower forms an almost perfect transitiocn)

A: Habit sketch of Pelargonium.

Study now for details. How does the upper calyx lobe differ from
the others? S»1it the flover and follow the tube, What does it
adhere to? (The flaxes and oxalids are perfectly actinomorphic
but the relargeniwm & rurn dng toward zygomorphy. Ti:is becomes
extreme in the balsams au. polygalas) Are all the stamens fertilg?

A. DPraw = flower from the side to show the spur,
B. Draw as if sectioned thru the spur.

Study the fruit-of Pelargonium or Geranium. Vhat dispersive
mechanisn? How many seeds in o carpel mature? Observe long beak
of receptacle.

Gy Draw the fruit ag if in the

®

ct of dispersing seeds.
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71. Observe fruits of Erodium.
Vhat advantage?

D, ©Sketch the Erodium fruit.

Family EUPHORBIACEAD

72, Suphorbia cyparissias or other species.
The apparent flowers of this plant are really curious inflorescences
beset with colored bracts., Study one of the ultimate bractecl
cups and observe the single female flower raised on 2 long curved
poedicel. How many carpels, styles, and stigmas? Around tne
female flower stand many male flowers, each consisting of a single
stamen borne on a pedicel and standing in the axil of a bract. To
prove that these are not stamens, carefully remove & few and notie
the joint where the pedicel joins the filament. Scmetimes, in
cther species = calyx is found at the point of union. Observe
the curious calloused nectaries on the bracts themsclves alternct-

ing with small hairy lobes.

A. Draw the cyathium from the side on o large sczle.

B. Draw witn the front of the involucre removed.

C. Draw8 single stamen with its pedicel and bract.

D. Draw the mature fruit - Observe how it brezks apart at maturity.
E. Draw moture fruit of Ricinus and also one of its odd stamens.
It hes undergone profound chorisis.

¥. Draw the seed of Ricinus or other Euphorbian. The possession
of caruncle is an important family character.

Order SAPIHDALES
This order is closely allied to the Geraniales, only differing
in the orientztion of the ovule. ZEven this is not an absolute
character to distinguish the two orders,
Family ANACARDIACEAE
73. BRhus Toxicodendron.
A. Habit sketch of the plant.

74. Rhus Vernix.
A, Habit sketch of the plant.
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Family ACERACEAE

75. Acer species. g
Work out floral structure and note dioecism or polygemo-dicecism.
Are the stamens definite in number? How many carpels?

A, Habit sketch. -

B, Draw staminate and pistillatc flower.

¢, Dissect out ovule from a2 half-crown ovary and see if you can
make out the orientation of the ovule. :

D. Draw ovary in various stages of development to fruit.

E. TFoil samara., Remove and draw erbryo. Tnis is an illustration
of how to pack much material in a samll space.

Order RHEAINALES

Femily RHAMNACHAE

76, Ceanothus americana. : :
Study the tiny flowers and note particularly *nae position of the
stemens in rezard to the petzls. This is the distinctive
rhamnaliah character, Observe disc united to the calyx tube.
How many carpels? .

A. Habit sketch.
B, Sketch flower from face on a large seele.
C. Sketch fruit. ¥hat hopyens to calyx lobes in fruit?

Family VITACEAE

77, Vitis species, .
~ Study structure of the flower. Note polygam-dioecism. XNote tet-_
remery and rhamnalian stemen position. The petals are throvm
off as the flower opens.

A. Sketch flower.

Order URTICALES

Fomily URTICACEAR

Among the Geraniaceac etc, we have seen evidence of Tegression.
With the next few orders we may trace the sane principle progress-
ively =t work and leading to green anemophilous flowers much re-
duced in number of parts.
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78. Ulrmus Jmericana - The American Elm,

Wote inflorescence. IS there any significance in the compacted
Form? Siudy a single flower, How many floral envelopes? Are

-~ the perts wholly free? IHow many siemens and are they oppeosite |
the perianth looes oFf alternate with them? How many carpels?
fe all the flowers alile? (The elm is usually polygamous) [

= 13
A, Habit szetche {'\h)\) il
R, Draw the flower and alsg a lungisection. Rl [:
¢, Diagram the flover. |
Study the mature fruit. Vnat is it called? Do both cerpels mas- |[
ture? What is the morphology of the wing? ‘

|

D. Draw the fruit.

79, Urtica gracilis:
Compare with the elm, ote strict moncecism of the inflorescence.

How many sepals and Sfamens in tie male flowe ? How many carpels?
Note oid brush-like stipna. Section the half-grown fruit. Iow
many ovuies? Sec if you can detect that it is orthitropous,

Does this suggest & primitive or degradec position for the

nettle?

A, Habit sketeh.

B, Draw the two types of flower.
C. Diagram both types.

D, Draw the fruit.

Order FAGALES.

Family BETULACEAE |

Perhaps allied %o Uriicales and may be primitive instead of
reduced. We have seen the flowers of tne Urticales begin to com- ‘
pact into multiflorous inflorescences. 1In the Fagales this has
been followed by curious diclizsial conditionss.

B0. Alnus incana.
Work out the structure o the male Tlower of the alder. As a

help the following ig suggested: The big reddish first scale has
440 sets of smaller bracts attached to it. In the axil of all
stands three floWwers. Tach has four sepals and four stamens.

——=untnstitutefterBotanical Documentation
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Order CARYOPHYLLALDS

Family PHYTOLACCACEAR

™ 3. Phytolacca decandra - The Poke- yeed

Trnis family is not fapr removed froa the old ranalian stock. Note

its perianth. is it haplo-or di:;locl‘.lamydeous? The ten stamens
are said toc arise thru chorisis of the outer whorl of five. How

many carpels?

A. Habit sketch.
B. Drawing of one flowers

How many seeds LET carnel? liote campylotIobis Section & seed
parallel to the flac faces Yhat is the shape of the embryo?

C. Draw seed and enbryc.

Family NYCTAGINACEAE : i )
84, drapilis jalapa: Four o'clock or uarvel of Peru.

A. Observe habit and sketch. .

Section the Tlovier lengthwise. Yo are dealing with one of the
cases of gomosepaly among the Archichlamydeaes The impertant point
to note is the investiture of the ovary by the hardened calyx base.

Family AIZOACEAE

This family of which we have but on€ aberrant genus (Hollugo]
effects the transition to the Cactales thru its Tribe Ficoideac.

Folluge verticillata: Jote habit and work out flower detail of
this plent. The only real characier whioh separates it from the
Phiytolaccaceae ig the many seeded carpele

A, Draw small portion of +he habit material.

B. Draw flower enlarged and construct diagram.

¢. GCopy figure of section of the seed. The Garyophyllales were
once called Curvembryae - what significance?

r The lesembryanthemums represent the extremes of the Familye
They have arisen from the folluge type thru chorisis of stamens
J and epigyny.

A. Copy a figure of Mesembryanthemum and its floral diagram.

-‘ Hunt Institute for Botanical Documentation
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FTamily CARYOPEYLLACEAR
Tribe ALSINUE
Cerastiun or Stellaria .
Protzbly fresh material of one of these plants is availeable.
Study tae flow:r and work out structure. How many carpels? How
wmany loculi in the ruits? Wazt is the shape of the seed?

A. Skegeh habit, Zlower, fr il and seed.

Tribe SIITEAE .
Study hebit of Diaanlous species., Ohserve s:.-zj.sepaly. clawed
and appendaged petals. How mony cerpels? Loculi?

A.  Hobit sketch of cyme,
B, Longisection of flower.

erder CACTALES
Family CACTACEAE

These cees to be Aizoalian derivatives though Bessey tries to
attacn them te the Romales vecause of their prevalent epigymy.
If cactus flowers are available, study 2ad compare with the
flower of Jiesembryanthemun, .

A. Sketch flower.
B, Sketch longisection of flower.

Order HAIAIELIDALES
Family HALAMLIDACEAE

Hallier considers this plant traneitional from the iMagnolias to
the Saxifrages. Observe the involucre of bractlets around the
flowers. Note ourious linear petals inserted on calyx. Vhat is
the numericel plan of tle flowers? How many stamens? How do the
anthers open? Vhat other families Lave same opening method?

Are the stamens all alile? How m2-y caryels in the gynoecium?
Are they wholly” superior? To prodice such a type what would be
the necessary --»dification of thie inonalian flower? How does the
habit of the plznt bear out the magnolia theory?
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A. Draw leafy twig with flowers and fruit.

B. Drew one flower magnified,

C. Construct cross and longitudinel disgrams; write the floral
formula,

D. Draw the mature fruit.

Liguidembar Styraciflua belongs to the Homamelidaceze elso. Observe
hobit of the tree and its composite fruits.

' Family PLATANACEAE.

Draw leafy twig and fruit of Platanus occidentzlis,

Order ROSALES
Family SAXIFRAGACEAR

The order Rosales, according to Hallier is basic to 211 the re-
mainder of the Dicotyledons and hence its femilies demand a rather
careful study. Bearing the structure of the Hememelis flower in
mind we turn to the firet member of the Saxifrage family,

Astilbe japonica: :

This important genus is ancestral to the saxifrages and runs over
to the rosacecus genus Spiraea.
A, Sxetch leaf and panicle habit.

Study the flower and compare with that of Hamanelis., .Could it be
a direct derivative?

B: Draw flower as sprecd open and mapnified.

C. Drew more mature zynoeciun. Is the receptacle at all dapressed°
E. Diagram the flower in cross and longisection.

Saxifragoideae: Baxifraga
This is the type genus of the fanmily,

A. Make drawings as for Asﬁilbe
B, If 5, sarmentosa - the "Goat's Beard" is availsbvle, note its
odd zygmorrthy and sketch.

Hydrangeoideze
Philadelphus coronarius:

If flowers arz available, observe many stamens. If only fruits
are svailable, nu.e disc and advance in ovary toward an inferior
Dogition. How many carpels?
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A. Draw fruit.

Virite the floral formula and cf, with that of Hamamelis,

Philadelrhus the: is 2 woody zlant, had meny stamens; and four
cerpels united. ould you Dlace it in a more or less primitive
position than Sexifraga?

Hydrangee arborescens.

Observe a rounted specimen of the wild stecies, TWhat curious
adaptation “o entomoznily? Compere with the cultivated variety
celled "Hills of Snew!". Vhzt has hanpened? Are thie show flowers
fertile? :

A: Sketoh'm Bt of the cyme of ihe twe: plants.

Hydrangea vpaniculata,
This is our more cormon Hydrangea of lawng,

Ay Draw a flower of the two types found in its inflorescence,
Ribescidcas. 3
Ribes vuigare.

GCompare with Saxifrages to structure of fiower. lNote dise and
tWo-corpeled JTIWERIOR ovary. In this tribe trnen the ovary has
reachad its wltimate rosition.

A, Drew the flower from fuce and side.

From preserved materiel remove seeda, Bite them and note abundant
Tleshy endospern, Bection seed in parafin and search for embryo.

A, Gketch longisection of seed,
Family CRASSULACEAD
These have been called rentzmercus fleshy saxifrages.
fiote habit of the forms at aur disyosal. The leaves are obviously
adepted to what function?
As liake sketch of Colyled n (Bcheveria) and of Sedwst.

Study flower of Selnm roseum or of Cotyledon., It was the "ideal
tyra® of flower of the old botenies, Vhay?

Sceteh & bit of the plant and draw the flower,
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1 = ) 1 t is tetrciaerous
- lum, This plant =:» also be sta;ied. It :
?;izgggluf pent;merous ard caows a modification of its calyx.

How?®
A« Draw and diagram thc Ilower,

Family ROSACEAE
Sub-family SPIRAEOILEAE

aea species,
i Ccmpgra the habit of the species given with that of Astilbe.

A, Draw leaf and portion of inflorescence.

Vork out the floral structure noting insertion of petals and
stamens (how many?) and the free carpels slightly bunken. Can

you see why the Rosaceae have been called "perigynous buttercups™?

A. !Draw the flower in longisection.
B. Diagram the flower.
C. '‘Draw the mature gynoecium.

Physocarpus, This genus used to be included in Spiraea,
A. Draw mature gynoecium and also a carpel opened to Bhow seceds,

The Rosaceae is a family whose perianth and stamen conditions
all adhere pretty well to the Spiraea type, but in the relations
of carpels to receptacle there is the widest variation. Hence
we shall study mostly the gynoecia and receptacle of the remain-
ing sub-families and tribec. :

Sub-family Rosoideae,

Tribe Kerriese.
Kerria japonica or Rhodotypus kerrioides.
llote the general buttercup-like appearance of Kerria. What is
the nature of the receptacle and how many carpels are there?
How many seeds in each carpel? What name is applied 1o a small
indehiscent, one-seed fruit suich as this?®

A. Draw the mature gyncecium.
Tribe Potentilleae,
Potentilla, Section flower longitudinally through torus., Is

torus modified over the condition in Kerrieze? How many achenes?
How would the strawberry be derived from this condition?
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A. Sketch habit of the plant and the longisection of the fiower,

Iribe Rubinae., Section lengthwise as before. Iow a2bout receptacle?
How do the fruits differ from these of Fotentilla? What name can
be applied to the individual granules?

As Sketch as for Potentilla,

Trive Dryadinae,
Geum. How could this also be derived from tiie Potentillas? ¥Vhat

ieg the .ornl.ology of the tail and whav is its ecological use'?
A. ©Sketch habit and alse a single achene magnified.

Tribe Sanguisorbeae,

Agrimonia. <Compare the habit and lezf with that of Ranunculus
gceleratus. Is the plhirase "perigynous buttercusn" agein suggested?
Ixamine and interpret the odd little fruits. YWhat are the prickles
morphologically? Thaet acd antage?

Cut open the fruit longitucinally. Tiatl about the position of the
carpels? How many? Do all mature? Note the dry receptacle wall.
If it should become fleshy we would pass to the next tribe.

A« Sketch leaf and bit of inflorescence.
B. Bketech fruit enlarged,
C. ©Sketeh longisection of fruit.

Tribe Roseae. i
Rosa - Study the fruit, Cut open lengthwise. It is obviocusly an
Agrimonia with a f}.eshy receptacle wall and bony achenes,

A. Sketch the rose-hip and also itz longisection.

Sub-family Pomoideae’

Tribe Pomariae.

These have been called Spiraeas with capsular fruits sunken into
the receptacle, ©Section the apple pome longitudinally and trans-
versely and see if you agree with this statement.

A. Draw the longi- and cross sections,
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Tribe Crategoideae,
Cratzegus, Scyape away the flesh from ihe mass ¢f so-called nut-

lets, They are one-cceded carpels comparable to tae same in aprle
but the walls have become stony.

NS m———— = 2

A, TDraw the "ne-t of nutlets! wiil: basal _lesh adhering (See
Gray's Manual)

Sub=family Prunocideae. [
Study a flower of a member of this sub family, ¥ow does it differ )

from the last in vetation of carpel tc recentac.e? t
A. Draw the flower in longisection. H

Study the mature drupe of any species ayailable, Identify exo-
carp; endocarp and seed.

B, Draw the drupe as though in longisection,

Compare with the almond (Prunus amygdalus,, Wnat is the almond
nut? What is the edible Bart? !

G« ©BSketch the almond fruit from caart,

Since we have gone into the rose family in rome detail 1% is

easgy to become confused on the many tribes, etc. Construct a
hypothetical phylogenetic tree of ithe Rosaceze to include tre
Tribes you have studied and slso t = genera, Affix to the con-
necting lines the principle of gynoecial and receptacular modifi-
cation which has been introduced,
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Family CONNARIACEAE

112, Connaria h
Copy a figure of the habit and a flower of this plant, Note

its evident synthetic features.

Family LEGUMINOSAE
Sub-family Mimoscideae

113, Acacia sp. ‘

Note leaf type and cf. with that of Connaria. Observe actino-
morphy, many elongate stamens and 1 carpel which matures to a
legume,

A, Sketgh leaf, flower and fruit.
Sub-family Caesalpinoideae

114, Cassia sps .

Boil out the flowers 1Is it at all zygomorphic? 1Is the calyx
apo- or synsepalous? How many stamens and are they all alike?
How do the anthers open? Is there any tendency to approximate
the two lower petals?

A. Sketch leaf and habit,
B, Sketch flower from the face,
C. ©Sketch fruit of same or allied species,

Sub-family Papilionoideae.

115. BStudy flower of any one avéilable and see how it has advanced
beyond the Caesalpinoideae. MNote synsepaly and standard, wings,
keel of corollas Are stamens monadelphous or diadelphous?

A. Draw habit and single flower.
B, Draw androecium and gynoecium on a large scale.
Ce Draw fruit,

116, Desmodium species, :
The fruit of this legume is a loment adapted to animal dispersal.

Ae Study fruit with compound microscope and observe the distri-
bution mechanism,

A. Sketch fruit enlarged twice,
2. Sketch bit of surface under 1, p.
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Order MYRTALES

Another rosalian line characterized by ruling tetramery, sinzle
style and carpels tending to sink into torus.

Family ELEAGNACEAR f
This family is characterized by the fact that its members |
possess silvery hairs on stems and leaves. Study with the com-
Pound microscope.
A. Sketch a bit of the surface,
Family LYTHRACEAE
~118. ILythrum salicaria
Vhat numerieal plan? ‘hat about length of stamens and style
in the different Tlowers? 1Is ovary superior or inferior?
A. Draw flower of two types.
Family RHIZOPHORACEAR

119. Bhizophora Hangle, f
Draw habit from herbarium sheet and also the Viviparous fruit,

Family LECYTHIDACE\E i
120. Draw fruit of\Lecythis and of Bertholletia, |
Family MYRTACEAE -
121. Psidium guave '
Study flower. Note chorisis of stamens -~ is there any proof I
of this? Observe strong epigyny. "
_#A. Draw flower and fruit,
I

122, ZTugenia caryovhyllata,

Ae  Draw the flower bud. Try boiling and dissection.

|
Yamily MELASTOMACEAR
7 123, Habit and flower of Rhexia virginica,

?.::mil_y OE:LlGR(-xCE‘.E
Habit of flower and fruit of Epilobium ox of Oenothera,
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Order PARIETALES
Part I (Guttiferales of Wettstein)

Family THEACEAR

125, Thea japonica

If in flower, study living material; note the leathery green
leaves, bracted Tlowers - are the petals wholly free? Do the sta-
‘mens eviderce chorisis? How many vhorls? How many styles? ovules?
What is- the Truite

A. Draw flower and its longitudinal section,
B. Diagram the fléwer,
G, Draw fruit. =

Family HYPERICACEAR

126, Hypericum perforatium or other sp. '

What term is applied to the iaflorescence? Holg leaf to
light and observe dots. Vhat causes them? Boil out the flower. .
How many sepals and petals? 1hat shape to the latter and how markeg? °
How many stamens and is there any evidence of chorisis? How many
styles?

A+ Sketch habit,
B, Sketch single flower from the face,
C. Sketeh fruit,

Part IT. (Parietales s, str. of Wettstein)

Family VIoLacEam I

127, Viola sp,

By probing the Tlower as it lies in the natural position see if -
You can determine how the pollination mechanism fimctions, Dissect
flower, Note the spurred petal and appendaged’ steaens, -1 cleisto«
gamous flowers are available, Study and see Ly they diffsr from the
vernal opnesg,
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#A. Draw habit. - .
+#B, BSketch androecium and gvnoecium.
™ C. Sketch a stamen from the inner face.

D. Sketch gynoecium alone.
E, Diagram the flower.

Observe the fruiting capsule, method of dehiscence, placentation
and dispersal mechanism. If several species are available, how do
the seeds vary in color? '

F. Draw the fruit after dehiscence.

Family PASSIFLORACEARE o
128. Passiflora sp,.

Sketch one of the preserved flowers and also draw the cross-section |
of the ovary to bring out the parietal placentation. Label cdrona «
ecnd andrcgynorhores, .

. B & [
B. Diagram the flower, _ |

Family BEGONIACFAE : ' l
Habit sketch of the living material - note obligue leaf and
fleshy habit., As to flowers, chserve monoecism.

As Bkeich both staminate and pistillate flowers

B. Sketech cross-section of the ovary.

C. Observe seeds with the lens and draw, A [
D, Diagram each flower,

Family CUCURBITACE:E
129, Cucurbita sp.

A. Habit sketch of any form available,
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Study stained section of the stem with compound microscope, What
striking vascular feature?

E. Diagram the cross-section,

In the flower what calyx and corolla condition is anomalous for
an archichlamydean family? Note monoecism. In the staminate
flower what has happened to the individual stamens? Is there any
evidence of the original state in the colum? If the species is
one of the cucurbits, what is the shape of the anthers? See if

B. Draw the androecium on a lapge scale before dehiscence has
taken place and mussed things up with Pollen,

In the pistillate flower what is the position of the ovary? How
many stigmas? £

C. Draw the gynoecium,
Section the ovary and observe the placentation,

D. Draw the cross-section.

E. If mature fruir of a cucurbit is available, m :e a sketch of
it. It is callea & beop, Define,

F. Draw habit and fruit of Echinocystis lobator. T“hat other
£enus has the netted Pericarp layer so played up that it comes to
be of econonic importances

Order UMBELLALES
Family ARALTACEAR
130 Aralia or Panax BDS,
A, Sketch habit and fruit of any member of “he Family., How meny

carpels?

-
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Family UMBELLIFERAZ

.. 131, Take any large flowered form available and make habit sketch,

lNote reason for the family name, If froash
Study the flower. Waat about the gymmetry and are all the flowers
in the inflorescence alike in this respect? Vhat is the position

of the ovary? What is the condition of the calyx? How many petals,
stamens and styles? Tg there a swollen stylopodium?

¢rush and note ocdor.

A« Draw the flower: diagram it and write the Tlozal Tormula.

Study fruits which ara comylete ripe: Q,e if you can -ightly use
the terms: schizocary,

mericarp, carpophcre, stylopodium, primary
ribs, valleculae.

B. Draw the fruit before and after splitting,

Cut a thin cross-section of the mericarp in pith or paraffin and
under lens observe the location of the vittae and also the mass of
e dosperm,

-
Cs Draw the Cross-section.

D. Determine the Species and alsg se

veral others by the use of the
Manual,

Family CORNACEAE

132. Corus.

Draw inflorescence and fruit of a Cornus sp, which is without
the showy bracts, Repeat for (. florida. Any relatic  between
size of flowdrs and the possession of bracts for display?

THE SYMPET.T.AE
Crder ERTICALES
° Hamily ERICACEAR
133, Pyroloideae. Pyrola.
This genus s given because its cok¥olla ¥

. 8¢ rile dack o a Primi-
tive condition anomalous &rong sympetalizan foras, How? TDeizrmine
fioral formula.
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P
A. Habit sketch.

Study the stamen - How does the anther open?

Draw a single stamen.
Draw pistil.

Remove the seed from.the capsule and observe wit.h_ the compound
microscope. Where have we seen such before and with what nusri tive
feature do we associate it9

D. Draw the seed,

134. ZEricoidae;

Almost any genus will answer. Work out the structure and draw
what you deem important, In cases where the corollia is sympetalous
it is often a good plan to draw it as though split open and rolled
out on a flat plane,

Vacecinoideae,
135. Gaylussacia or Vaccinium sp,

How does the ovary differ in position from that of the other
Ericacene?

A. Draw flower in longisection.
B. Draw fruit,
Order PRIMULALES
Family PRINULACEAE
136, Steironema ciliatum or Primula so,

This flwer again attests its affinity 7ith the Pentacyclidae.
In what respect?

A. Habit sketch,
B.t Draw corolla as if split open,
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Section the pisiil. How many loculi and what kind of pla_c .<ation?
‘ihere seen befcore? Observe mature and dehiscing fruit. How many
carpels are probably represented?

€. Draw longisection of pistil on large scale.
D. Draw mature opening capsule.

TETRACYCLIDAE
Order GENTIANIALES
Family OLEACEAR

137. B8yringa, Ligustrum or Forsythia,
A very definite and easily remembered structure characterizes the
flowers of this family. Dissect and determine,

A, Habit sketch.

B, Ske'2h ringle flower and also one split open,
@, Draw bicaryrc!late fruit,

D, Construct fioral diagram.

-Family APOCYITACEAR

138, Apocyrum androsaemifdium. v o

Remember that this family begins to move toward the mildweeds,
Dissect flower. Note coronal scales and the position of the anthers.
How about the modification of the stigma? How many ovaries?

A. Habit sketch.
B. draw flower cut open.
. Draw single stamen to show sagittate tailed anther.

D. Draw mature dehiscing fruit and also seed,

Hamily ASCLETIADACEAR

139. Asclepias sp.

neview from your notes the morphology of this remarkable flower

and then work it out from specimen. The following sketches will be
& sare mindmum.
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<A« Habit sketch, -
B. 'Whole flower x 2 or 3, Label gynostegium,
’F} C. Single stamen forcibly removed with staminal and nectarial

corona,
D, Two stamens in place to show relation of translator to their
loculi and to stigma.
B, Pistil freed from stamens,
~F. 8ingle translator.

G, View of pollen grains under compowiid microscope.
H. Partly grown fruit.
I. BSchizocarpous mature dehiscing follicles,

Js BSeed,
K. Floral"dia.gram.
TETRACYC,IDAR =
(TUBIFLORALES)
POLENOI Z 1,38
Family CONVOLVULA BAR

140, cConvolvulus sp,

Note habit and tubulayp aciinomorphic corollia with epipetalous
stameas, How many®? What is the character of the ovary or fruit

and how uay ovules percarpel? To what ¥inal terminus did the
Convolvulacese lezd?

A. Habit sketch,
B, Corolla shown opened on one side,
C. Bletch of the fruit and its section,

Family POLRMONIACEAR

~~141, Phlox sp,
Note actinomorihy, stamen features, How many caruvels?

A, Sketches similar to last,

o

Family SOLAVACEAR

142, Wicotimaa Tabacum.

Fresh material is usually availaple, ilote the primitive
tubifloralisan characier,

s «llake sketches to show floxal parts,
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