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Fi'g.'.j.' Whittaker’s five-kingdom evolutionary scheme; reproduced with kind permission

. from Selence 163: 150-160. 1969 (fig. 3 R. H. Whittaker). Copyright 1969 by the Ameri-

. “can Associarion for the Advancement of Science.

trong affinities with Phaeophyta (Plantae) and Oomycota (Fungi) and no
obvious affinities with Ciliophora or Sporozoa. i RN
Secondly, higher kingdoms in both schemes are polyphyletic (on present -
ideas) to a degree that is profoundly disturbing to the ideal of a natural
classification, Drawing the protistan line at the unicell/multicell boundary
forces Whittaker to include Rhodophyta and Phaeophyta in Plantae with
the green plants; Oomycota, Myxomyeota, Acrasiomycota and Labyrin-
thulomycota with the “true” Fungi; and Mesozoa and Porifera with the
‘Metazoa in Animalia. As -Whittaker himself says, his three kingdoms of
higher organisms appear less as kingdoms than as alliances of separate
multicellular groups. ; o '
' The main question for our discussion is, then, does a scheme like that of
" Copeland or Whittaker represent the best broad classification we can make
«at present, despite its acknowledged limitations, or are there sensible (bet-
ter) alternatives? / ] : ' Tt
Margulis (1973) has recently suggested a modification of Whittaker’s
sKstem (Fig. 4). This removes phyla from Plantae, Fungi and Animalia into,
the upper reaches of the Protista, leaving the three kingdoms of higher
organisms arguably monophyletic, It does, of course, increase the heteroge-
“neity of the Protista and objections to that kingdom on those grounds. It is,
in effect. a partial return to Copeland’s scheme with the main exception of
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Life forms

Climates and major physical events
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Quaternary Recen
Plemt«:‘ﬁene
Mot

) q,/,.-‘ S Tertiary, PIio%ene

A

sJ extinction of many large mam-
mals, including woolly mammoths.
Deserts on large scale,

Large carnivores. First known appearance
ofiman-apeqd.

Whales, apes, grazing animals. Spread of

e of man. Planetary spread of]Homo
sapiess]

grasslands as forests contract.
Large, browsing mammals. Apes appear.

Primitive horses, tiny camels, modern and

giant types of birds.

First known primitive primates and carni-

vores

— memmgtS ~—

Fluctuating cold to mild. Four glacial ad-
vances and retreats (Ice Age); uplift of
Sierra Nevada.

Cooler. Continued uplift and mountain
building, with widespread extinction of
many species.

Moderate uplift of Rockjes.

Rise of Alps and Himalayas. Lands gen-
erally low. Volcanoes in Rockies area,
Mild to very tropical. Many lakes in
western North America.

Mild to cool. Wide, shallow continental
seas largely disappear.

moL
'1‘26 Miur:ene
Les’
: 38 Oli éc’fene
153 E ene
“'Id
@LT Paleokene
! / A “f:‘e}l ]
‘l;?-'laﬁ ,Mtsiorc Cretaceous ]:L d“"lkl
- 0 T %

Jurassic

/
-

Triassic ~— —

Age of reptiles, extinction of dinosaurs.
Marsupials, insectivores| Angiosperms
e

become abundant.

mammals. Birds appear.

__First|dinosaurs. Primitive mammals ap-
tl : eI,
pear. Forests of gymnosperms and ferns.

v, Dinosaurs’ zenith. Flying r.c.-ptile'ls’,< small

Lands low and extensive. Last widespread
oceans. Elevation of Rockies cuts off rain.
ST

Mild. Continents low. Large areas in
Europe covered by seas. Mountains rise
from Alaska to Mexico.

Continents mountainous. Large areas arld
Eruptions in eastern North America, A
lachians uplifted and broken into basms.
—

Permia_m
ey

Carboniferous
Pennsylvanian
Mississippian

.l-% PALECZOIC

Devonian ",
1

4

forest types wane.

¥ Age oflamp

‘/\ Re'Etiles evolve. Orgin of conifers and
possible origin of an angiosperms; earlier
*

s. First reptiles. Variety

of insécts, Sharks abundant. Forests,

ferns,
—

e

ymnosperms, and horsetails.
—_——— ——

—

abundant. Lungfish. Rise of land plants

/Age Ofﬂ Amphibians a;aﬁh

Extinction of primitive vascn
Origin of modern subclasses of vascular

pIants

S Fifstt

. Rise of fish and

reef-building corals. Shell-forming sea

animals'abundant. Modern groups of

Extensive glaciation in Southern Hemi-
sphere. Appalachians formed by end of
Paleozoicm drain from con-
tinent.

Warm. Lands low, covered by shallow seas
or great coal swamps. Mountain building
in eastern U.S., Texas, Colorado. Moist,
equable climate, conditions like those in
temperate or subtropical zones, little sea-
sonal variation, root patterns indicate
water plentiful.

Europe mountainous with arid basins.
Mountains and volcanoes in eastern U.S.
and Canada. Rest of North America low
and flat. Sea covers most of land.

Mild. Continents generally flat, Mountain
building in Europe. Again flooded.

: i
[\l | f algag and fungi.
500 Ordovician ( First fish. Invertebrates dominant. Mild. Shallow seas, continents low ; sea
f i i 5
Y ! - covers U.S. Limestone deposits; micro-
/ ( I scopic plant life thriving.
9@600 Cambrian & WALES  Ageof marine invertebrates. Shell ani- Mild. Extensive seas. Seas spill over con-
£ ey’ ——m S s
/ mals. .: p tinents.
I ?2& ) = U
B T
PRECAMBRIAN. Earliest known fossils. Dry and cold to warm and moist. Planet
f'cg‘renaro'o cools. Formation of Earth’s crust. Exten-
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£ ErA \ YEARS AGO [ PERIOD | | EPOCH CHARACTERIZED BY
\E ¥ =
earth's crust formed; unicellular|
hrchm{zolc 5.000,000,000-1,500,000,000 organisms; earliest known life
bacteria, algae, and fungi; primi-
pmterfzuic 1,500,000,000-600,000,000 ..h_rﬁ-ltfi-'m Ular organiats
600,000,000-500,000,000 Cambrian — lic ILES | marine invertebrates
¥ ; ¥ conodonts, ostracods, algae, and
500,000,000-440,000,000 Ordovician i Eaaaads
440,000,000-400,000,000 Silurian v gir-breathing animals
f dominance of fishes; advent of
il 400,000,000-350,000,000 _Devanian amphibians and ammonites
i eo} S -] increase of land areas; primitive
350,000,000-300,000,000 Mississippian | 2 ammonites; development of
% winged insects
2 warm climates; swampy lands;
300,000,000-270,000,000 Pennsylvanian | 5 development of large reptiles and
o insects:
270,000.000-220,000,000 Permian many reptiles
Gl volcanic activity; marine reptiles,
220,000,000-180,000,000 Triassic dinosaurs
Mesc{zolc 180,000,000-135,000,000 Jurassic dinosaurs, conifers -
extinction of giant reptiles; ad-
135,000,000-70,000,000 Cretaceous vent of modern insects; flowering
. plants
70,000,000-60,000,000 Paleocene | advent dms, mammals__
60,000.000-40,000,000 Essogecs > Eocene presence of modern mammals
40,000,000-25,000,000 @ | Oligocene | saber-toothed cats
Cenolzoic 25,000,000-10,000,000 E Miocene | grazing mammals
Neocene growth of mountains; increase in
10,000,000-1,000,000 Pliocens | size and numbers of mammals;
gradual cooling of climate
1,000,000-10,000 |Pleistocene| widespread glacial ice
Quaternary
10,000-present N 2 Recent development of man
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Table 22-2  Comparative Summary of Characteristics in the Six Major Phyla of/Exkaryotic Algae C/’_

NUMBER PHOTOSYNTHETIC TN /CELL WALL
PHYLUM OF SPECIES PIGMENTS FOOD RESERVE  FLAGELLA COMPONENT REMARKS
Euglen 800 Chlorophyll a P_;M{my]um 1,2, or 3 percell, No cell wall All unicellular,
(euglenoids) e and b, carotenoids \ and fa apical ' most freshwater;
sexu
\ reproduction
unknow:
Chrysophyta 6,000-10,000 Chlorophyll a, Leucosin - 1 or 2, apical, Pectic compounds Most!nmrine l
(golden-brown " andofteng, and oils equal or unequal with siliceous S
algae and carotenoids, TR material
including
1,100 Chlorophyll a Q’ch an 2, lateral Cellulose Marine and fresh-
T and ¢, carotenoids \ oils water; sexual
@ e e Gl e e e reproduction rare
Chlorophyta 7,000 Chlorophyll a @ Usually 2 per cell, Cellulose Mostly fresh-
(green algae) o and b, carotenoids identical e ater, b me
marine
haeo 1,500 Chlorophyll a Laminarin 2, lateral, in Cellulose and Imost all
(brown algae) = and ¢, and fats reproductive cells  algin marine, flourish
carotenoids, only T in cold ocean
including waters
fucoxanthin ._
: 4,000 Chlorophyll a, 'Gi’;;r: None Cellulose, pectic Mostly marine
(red algae) = carotenoids, @fy €erials but some fresh-
phycobilins, common, xylan in  water; complex
chlorophyll d in Porphura sexual cycle;
some many species

= ﬁﬁwT{F

The phyla of algae differ from one another widely in the nature of their flagella
(when present) and in their biochemical characteristics, especially with respect to
differences in pigmentation, nature of reserve food, and cell wall components
(Table 22-2). The names of some phyla are derived from the colors of the pre-
dominant accessory pigments, which mask the bright green of the chlorophylls. A
wide variety of carotenoids is found in the algae. The xanthophylls are yellowish-
brown carotenoids; the xanthophyll fucoxanthin gives the brown algae their
characteristic color and name. It is also found in the golden-brown algae and
diatoms (phylum Chrysophyta). The red algae (Rhodophyta) owe their colors to
several kinds of phycobilins, accessory pigments that, unlike the carotenoids, are
water-soluble. In the green algae the color of the chlorophylls is usually not
masked by accessory pigments. The diversity of pigments present in the chloro-
plasts of the various phyla of algae suggests that (1) various types of oxygen- '1
producing prokaryotes were in existence prior to the development of eukaryotic
cells, and (2) the various phyla of algae may have evolved as a result of the
establishment of symbiotic relationships with different photosynthetic pro-
karyotes, which then evolved into modern chloroplasts.

il a e

374

SECTION 4 THE DIVERSITY OF LIFE
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SOME WAYS IN WHICH ALGAE ARE OF IMPORTANCE TO MAN ‘,,fff’ilj#ﬁﬁf;*
I. GREEN ALGAE - (chlorophyll not masked by other plgments) (& Hibﬂcttﬂ If/
7S Toundations of food chains for animals in water, /"’FZS_YJ
2. Add humus to top sorl or cultivated land, \ .
3. Contribute oxygen to air by photosynthesis. (f47Jvtf“f“‘5‘3

(CH ﬂ\fjuf’ﬁ‘{‘l‘ﬂ'}
II. DIATOMS (abundance of Q%@ give cells a golden color)

onstlitute an importa of the floating organisms known
as planktonz which makes up a major portion of food available to
marine animals,.
2. Edible olls for human consumption, containing vitamins A and D.
3. Filggr_*igwm for the clarification of sugar syrups, clean-
ing solvents, mouth washes, medical ser&.-:’r
» llse Insulation against heat and sound,.: r’—\\
» be Mild abrasive agent in silver polish and\tooth paste.i
6. Water-PPooring and strengthening of concretd &and Portland cement

- 7. Ceramic glazing ma terials.?
Emulsifiler for paints.*

st\{’bf— ‘i Fossil material, called dW&used for thesee

Cnl,
ITI. RED ALGAE (Eﬂicoerzuhrin\,. a réd pigment, masks the chlorophyll)
THTes 1mportant substances are obtained from red algae: agar,
irldophycin, and carrageenine Some of their uses are the following:

Microbiological culture media. L i T Hm viot - Coral RecFs
Roughage in feeds. G- /mem ’

Gel Jn fruit cakes, sherbets, lces, Jjelly candies, frozen )§-5TM}E
desserts, and meringuese et ANy
Gel in canned meatse. (280 )
Base fuv greaseless creams (cosmetics) to stabilize emul- M&j

sionss
2+ IRID I: Used in stabilizing chocolate fibers in chocolate - (‘_& o
D c;vs§ us it A
Y & 3. CARRAG N: Pharmgceutical emulsifier. — C:—_f\_afg'r.‘ii MESS\
abllizer/for\ice creamg, lces, and sherbets.
IV. BROUN E (fucoxanthin) a brown pigment, masks the chlorophyll)

e following products are obtained from various brown algae:

o 1, Kelpmeal for feeding stocka R
2. Edible/&eld for human consumption, called 'kombu" o (‘)M‘W)
F

otaghe—— 6'[“4-35’;1)“ C A Bl NS 3 3
% Ioaine ot L gminne: A

5. Acstone (by fermentation of carbohydrates)

6 Hertil °
1s a substance derived from various brown algae. The follow-
i ist gives some uses for thils substance,

T R Tood industries, for stabilizinw ice creams, lces, and sher-
s SRS IR S o)

betse.
8, Gelling & in milk desserts, Jjellies, and puddingse.
9., Emul er in cosmetic

10, Material for dental lmpressions.

Note: The red and brown algae, as well as the green algae, provide
food and oxygen for animals in water.
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III.

Iv.

SOME WAYS IN WHICH ALGAE ARE OF IMPORTANCE TO MAN

GREEN ALGAE (Chlorophyll not masked by other pigments)
1. Foundations of food chains for animals in water.
2. Add humus to top soil of cultivated land.

3. Contribute oxygen to air by photosynthesis.

DIATOMS (Abundance of carotinoids give cells a golden color)

1. Constitute an important part of the floating organisms known
as plank which makes up .a major portion of food available to
mariﬁEﬂgﬁg;;is. T

2. Edible oils for human consumption, containing vitamins A and D

3. Filtering agent for the clarification of sugar syrups, cleaning
solvents, mouth washes, medical sera.*

4. 1Insulation against heat and sound.*

5. Mild abrasive agent in silver polish and tooth paste.*

6. Water-proofing and strengthening of concrete and Portland cement.®

7. Ceramic glazing materials.* .

8. Emulsifier for paints.---gives flat finish for wall paint, also.¥*

% Fossil material, called diatomaceous earth, used for these.

RED ALGAE (phycoerythrin, a red pigment, masks the chlorophyll)
Three important substances are obtained from red algae: agar,
irldophycin, and carrageenin. Some of their uses are the following:

1. AGAR: Microbiological culture media.

Roughage in feeds.
Gel in fruit cakes, sherbets, ices, jelly candies, frozen

desserts, and meringues.

Gel in canned meats.
Base for greaseless creams (cosmetics) to stabilize emul-

-sions.
2. (LBIDQBBHGIH;_ Used in stabilizing chocolate fibers in chocolate

milk.

3. CARRAGEENIN: Pharmaceutical emulsifier.
Stabilizer for ire creams, ices, and sherbets.

BROWN ALGAE (fucoxanthin, a brown pigment, masks the chlorophyll)
The following products are obtained from various brown algae:

1. Kelpmesal for feeding stock.

2. Edible kelp for human consumption, called "kombu'.

3. Potash.

4. Todine.

5. Acetone (by fermentation of carbohydrates)

6. Fertilizer.
ia is a substance derived from various brown algae. The following

list gives some uses for this substance.

7. In food industries, for stabilizing ice creams, ices, and sherbets.
8. Gelling agent in milk desserts, jellies, and puddings.

9. Emulsifier in cosmetics.

10. Material for dental impressions.

Note: The red and brown algae, as well as the green algae, provide
food and oxygen for animals in water.



29.

XXIX. AIGAE (Pondscums and Seaweeds). Assigned Reading: Text, Chapter 47,
pp. 606-613.

L ]

AL

B.

Characteristics. Algae vary in size from small, one-celled species

to the large massive kelps. They live in fresh or salt water or

moist places.,

Pigmentation. Algae contain the green pigment chlorophyll, necessary

for the manufacture of sugar from water and carbon dioxide in light.

Fence algae are independent plants, not parasitic or saprophytic

like bacteria and fungl. Some classes of algae also contain blue,

brown, red, or yellow pigments in addition to chlorophyll,

Economic importance.

T, Water pollution, bad odors and taste from algal oils and decay.
Dense algal growths (water bloom) often smother fish, especially
where rav sewage is emptied into lakes and rivers.

2. Algae serve ag food for man and aquatic animals and are rich in
vitamins. (Dulse, Irish moss as foods). Potash, iodine, agar,
algin, and fertilizer are obtained from algae. Sicileous cell
walls of diafoms are used for filters, fire brick, metal polighes,
scouring powders and soaps. Algin is an important viscous colloid
used in dentistry. | ’

3.1£ng;gg;§g§%§n; food for aguatic animals. High in vitamins A and
D. About ,000 pounds of plankton are produced per acre of ocean

per year,
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Sees: Martin,G,.W; 1932. Bot. Gaz. 23(4): 421-435, Sysetematic posation
: of Slime *'*olds.
Sers Inbugcx Fngy. W VisTms 1N BoTayy. MYCQ;L_J_O_GX__ RSP Tl
€D, w.2.TvRRy . PerGnmon Peess. 195 Cal ey woed 1T 2 Ay
3¥3-326, General Orientati on:
‘ C PeANTS 2 myroLe s Chlorophyllous vs achlorophyll. gr Se
(EE. Cwra . AaE Fovbi fian "Fv"ﬁ‘]-"f??- e _py phyll. groups
| ( ie algal &Toups separated from other "lower! forms.

Ile

[

: '.“ﬁ “)’r ‘ aloae ‘ .;rtk‘mr ¢ LQLJ 1 F-‘- P J -;cnﬂf‘fvﬂ"’e;‘-‘-, P
PN Tt T bacteruh Py AT b MM:" ‘l&.VJ"b)
¥fungi - (feqh <
e& 1<lc:]:;msz.a;.t].es i
00 ler N A a nthulijales most of these highly diversifi
uﬂ"'mﬁh" » pla%odlophorgles (7 A __Q_\‘e S
R 19 2= myxomycetes laced in/ "Thallo ta",’ This r i
" Tame Al el ? rickettsiege 8 \ _ph’y iy
T o virales some explanation; justification; definit;

pleuropneumm ia) .
n AN MYeETALES | nyrosnemer HLES
/ ‘““1 JE Briefly charactlerize each of these;

y K_.,a ded fa-:,Tu‘\\ "'!“(5

i Frameits ;‘m., r757‘
‘ (wﬁ?‘%,c‘%wﬂ ) Fungi belong & what is thedr relationship to the other groups 2

Are they plants or animals or neither ? etc. where & the

D%Aﬂ e Fungl defined by GWM in N.Amer.Flora l. 1949, (Myxomycetes)
] 'ftl-n‘ oAy )
?L_,-— Ideas on phylogeny: (fungi)
\»;ynuww ‘..\m( h %5 i a. Polyphyletic (from green,red algae
. 01y %3
f s vmwﬂf:/,’_?"} b. Monophyletic ( " filamentous algse
."I '-_———--—--”_- AR
/ C. Protozoan ( " colorless fl
/ Fungi not conventional "plants"; use of the terms;
/
./ and afsimilative for vegatative),
' Myxomycetes:
‘ Ly xomy Life cycle; 4/
EREyY spore (N)_) gwarm cell —» myxamoeba (sig flagell
(hetgfo‘kont)
ANTERD

pairing (plus, minus),* zygote (yonéng plaiffodim
fruiting body (R.D. before spore formation)

g subclasses: Exosporeae, Ceratiomyxales; Ceratiomyxaceae; Ceratlomyx

INTER N ATH 9 f’{mns:um s  Endosporeae . spores pallid: Liciales; no ca
eI N o€ LeFE . mﬂC*: “(Myxogastires): ' Tr:.chiaies <i1en}£;:Ie-ll?itll
(457, ©PAeN, chBRmA s 5 .
b 4 1‘..,1 p fols A
C;‘,;?ﬂﬁ G{:e . it & e spores dark: ._’__Ste:rqgnitales; J_;'i'_me,l"’ A
d 105, nt
L T e pte s
) 4 hyW '-zh('- 205
| yuwd e t ' . 31‘ c.l. %)
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SOME DISEASES OF PLANTS CAUSED BY. EUNGT.er
1. Soft” roE of Bweet potato due to Rhizopus,

208G showing enlarged kernels, stem tissues and anthers f£i1- \
ﬁ with spores. Sﬁ oo

. White pine blister rust s owing Canker of pine stem. Cronartim
ribicola. |

. Oranges attacked by blue mold.
. Blackstem Rust of Whéat. (Riker mount, )

3

i

5

6. Ergot of rye (Riker mount),

7. CEREFERDTE rust (Rikor ment).
8

9

. Onion smut (Riker mount),
. Wood rots (Specimens).

AT [ £oG5 )
HUMAN AND ANIMAT DISEASES CAUSED BY EQNQI! w
1. Athletes Foot. Organism: various species of Trichophyton.
2. R orm Diseases of skin, face (Barber's itch) and scalp.

O'F-mge.nzl_smm various species of Microsporium, Trichophyton.

3. Favus of the Scalp., Organism: Trichophyton schoenleini,

4. Blastomycosis. Organism: Blastomyces dermatitidis.

e 8. Organism; T Trichophyton msntagrophyt.es.

6. Organism: Sporotrichum schenckii,

e

8. Mmmgog?é' or Lumpy Jaw. Organisms: Various species of Actino-
myces and Nocardia,

MISCELLANEOUS FUNGI OF ECONO 'ANCE
oquefor style) showing growth of penicillim.

ue ¢
2 Pen!cillium (Petri diah culture) from which the antibiotic peni-

n is prod.uced
3. Stre tomyces (Petri dish culture) from which the antibiotic strep-
tomycin i1s produced.
4. Deadly Amanitgr -- & poisonous mushroom.
5. PiPrball; note mycelium at base,
6. Cloth rotted 'by fungil and teet showing strength of textiles.

odibf. AEAMLCHLES

fFLES
B
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1) Autotrophs able to SYNTHESIZE vitamins etc. ‘
! =
) HWophs not able "

e |

7 ie 1oss pf capacit.y to synthesize means

RS T - |

eater de endence on environment, greater

e

Senmma e

specializat:lon. (as in PARASITES)

ke ,mﬁcv{_'
BUJ} tr Atilize ino J:ganic N,S to mak;}e
/ proteins s b

Blastoc;., can't use " N,S.;mst have i)
sa——————— amino acids \
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1749
1762
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I 1860

1871 - Conn
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1876
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1876
' 1877

*1881
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Beginnings ‘of Racteriology
(chronology) Topley and Wilson

Needham publishes memoir on spontaneous
generation. (Irezand) -~ .
Buffon supports these views, Sl
Spallanzani opposes Needham; showed paper on tubereulosis bagillus,
Pat flasks containing £luid if heated Ted cholers vibrioc.

e —

t

lo enough remained sterile.

Scﬁgoedergand Dusch used cot.ton w describes leprosy bacillus.
pIugs to kkep flasks steriie. o ke gonococecus.

Pasteur begins his contributions. » isolates bacillus of fowl chole:

Attacks question of spom. gen, finally ObEE£¥$S txggg;g_paCillus.
disproves it by experiment; his greates:descr es staph.

single contrib. to advance of seci L Lo e D s
ng ance of science ten 1solates strep of erysipelas.

2t 110°C. preserved it; particles fil. ibed by Klebsinl883) -
LS e e into |1solates typhold baclllue,
sterile media(Fluid)gave rise to varios’T icolates bacillus of swine-
living microorg. 2las., ; ;
Pasteur-Bastian controversy: alk. upine-SCOvers bacillus of hemorrhagie
after boiling not always sterile.(due ’>mid in cattle.

to growth of sgores). Pasteur introducdaiggasmith discover bacillus of
heating to 120°C. under pressure to ler observes tebamus. bacfilns tn

sterilize, fluidsj also dry heat at
170°C. for glassware,
Pasteur recognized importi of using

suitzble media.
c r " swine plague bacillus,
Researches in fermentation, pebrinejipaum discoverg S%gingococcu:
anthrax, chicken cholerg,rabies. " malta fever bacilly
S

Introduced idea of virulence andg er' s baeillus

attenuation (with anthrax).
Attenuated culture same as vaeceine cescribes EhEepadtHeaGine ngang:
= Sie

Pasteur's concept,

2 t.o
Koch on the scene.(1843-1910% Memoir on3ndc§&%%;?§ege§§;?ggSagggigggs'
Anthrax first publication. 15 now called Clos. welchidi &

Methods for fixing, staining baet
Use of aniline dyeé(Weigert's metggé:' b§a§?§1§§”°in independently fina

in histology) isol b
och introduces s0lid media; malk LLeelanegipnsi s Bl Towl typholy,

isolationn of pure cuIturé'%rom :inggguﬁgg:mkgggcg%bggogléogggziinum as
colonies. bacillus of bovine abdbtioﬁ.

g dysentery bacillus.

Bvo  nuve-l and Roux describe organism of

pleuro-pneumonia in cattle,
1898 Loeffler and Frosch find foot-and-mouty

disease a virus ultramicroscopic and
passing a porcelain filter; ope2§1¥§r
e

1 isolates pneumococcus.
sch " colon bacillus.

on

==
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1824

1895
1896
1397
1828
1898

1828
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""?“tochlgmpaper on tuberculcsis baéiiigs;

§§§;;

Diccovered cholera vibrio.,

. Hansen describes leprosy bacillus.

Neisser = ® gonococeus.

Pasteur isolates bacillus of fowl chole:

Eberth observes typhoid bacillus.

Ogston describes sgaph.

Koch discovers tubercle bacillus,

Fehleisen isolates strep of erysipelas,

Loeffler isolates diphtheria bacillus
(described by KlebsgnISBB)‘

Gaffky isolates typhoid baecillus,

Loeffler Tsolates bacillus of swine-

erysipelas.

Kitt discovers bacillus of hemorrhagie

septicemia in cattle. '

Salmon and Smith discover bacillus of

hog cliolera.

Nicolaier observes tetanus bacillus in
soil,

Fraenkel isolates pneumococcus.

Escherisch " colon bacillus.

Loeffler " swine plague bacillug,
Weiche@lbaum discovers meningococcus,
Bruce "  malta fever baecillus

Gaertner's baecillus.
Scehutz describes strep of equine strang:
~les,
Kitasato cultivates tetanus bacillus?
Weleh and Nuttall deseribe anaerobie
bacillus now called Clos. welehi{i.
Kitasato and Yersin independently fing
plague baeillus.
Moore isolates bacillus of fowl typhoig
vanErmengem describes Cl. botulinum ag
cauge of a kind of food poisaqning,
Bang's bacillus of bovine abottion,
Shiga's dysentery bacillus.
Nocard and Roux describe organism of
pleuro-pneumonia in cattle,
Loeffler and Frosch find fodt-andnmouth
disease a virus ultramicroscopic and
passing a porcelain filter; openigi nl%w
e
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Grow delicious
gourme‘c mush-
rooms at home.

Mushrooms have long been consid-
ered a gourmet delicacy, and now you
can grow one of the rarer and more cost-
ly variety in your kitchen, on your coffee
table or in your garage . . . at a fraction
the cost.

Througha horticul-
tural breakthrough
Shii-take mushroom
spores are impregnat-
ed into an artificial
“log” of compressed
wood chips and grain
starch. In a year the
log will produce from
2-8 pounds of mush-
Tooms.

A superior variety
mushroom with a dis-
tinctive flavor, the
Shii-take is high in es-
sential minerals, yet
low in calories. Sorry,
not available for ship-
ment after May 31.
No. 9296. . .. $17.00

Your first cra;: of mushrooms will appear in
just 4 weeks. Includes log, plastic incubator,
stand and recipes.
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i survey of Fungus groups:

1;;23.&;-. ___ PHYCOMYCETLS: ("algal fungi") tubular coenogytes; fructificatid

\a’}‘;_,mwo,k UM A s nTe small{compared w. other groups); |
B o LTI AR asex. reprod. by 2zo00soores(oomyce
| o— Sex. reprod. Dy oospore,zygospp re
5 W m : R
w*o\ﬂ;l‘ y __(g_o_m;\[g_ej),_es: in sex. reprod. male,femzle gametangia diffe
'p '_"\ il ;\ vl TI1C . ~
LR - "o o T fertilization tubes (excpt Monoblepharis 3y
f N W r
J - I'. A w‘ . {
| 005 PORE — T \:)//HUFW oospheres(female gamete) unite w. zoospomw
7 Pl |5 PV |
IR to produce zygote (oospore w. a wall);
B
——aeme{ ) _asex. reprod; sporangiospores, (more or less
£ s i /] )II - -
/“ permanent structures); & conidia (more
1 / or less evanescent structures ie pro-
J \ rJ — - L3 . . 3
, ' o duced on phialids or directly on hyphae|
Zygomycetes: male, female gametangia alike morphologinl
& ( TereesTRIAL) TR X
: Zygospores the result of sexual reprod, |
elpitan LA bl A ' :
T elraniE o () no fertilization tubes or motile gumeteg
o) e ;'_,_}\44 AN G- ! = S iz _ = :
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. ZYGoSfoRE \ 25 W‘r/
evig
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produce microscopic, multinucleate masses of delicately netted trans-
parent protoplasm (aphanoplasmodia). Individual aphanoplasmodia can
differentiate into clusters of stalked cylindrical fruiting bodies or can
form strands of multiple cysts when unfavorable conditions arise (Fig. 1).

Myxameba

Fusion

@_

Zygote

4

’ Young

plasmodium

Coralloid stage N

Older plasmodium
(aphanoplasmodium)

Fig. 1. Life history diagram of S. flavogenita

Plasmodial types

Until recently it was thought difficult to distinguish between plasmodia
of myxomycetes. Today through the studies of various workers
we recognize three general types of myxomycete plasmodia: the

4




Select from a large variety

of Carolina living bacteria
and fungi cultures

Physarum Life Cycle
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"Taxonomy is the mother and father of all
microbiological research. It is as important
to know what a fungus is as what it does,
ees Taxonom z monotony and ﬁgy;gg;g
to engage in.it. The taxonomist is poorly
paid during his lifetime ang achieves no
glory. His heirs can only-afford for him an
unmarked gravestone after he dies.n

{ C.L.Porter in Developments in industriaj
- microbiology. v.l, p.267. lggg: PLENUM FEEsS,

NY. Bé—
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Photos by Joseph T. Collins and George R. Pisani




The ASC Information Center has
been designed to help solve prob-
lems as rapidly and completely as
possible. You'll find the Center in-
valuable in two ways: as an indirect
access to the information contained
in hundreds of collections through-
out the nation and as a quick refer-
ral to biologists of specific expertise.
Each biologist offers one or more of
a myrid of services, including . . .

Evaluating reports,
plans or environmental
impact statements

Identifying, collecting and
preserving specimens

General information about
plants or animals

Access to collections
or library materials

Arranging a specimen repository

Environmental Surveys

Teaching or training

The ASC Information Center allows
a great degree of flexibility by offer-
ing two different programs of ser-
vice. The Fundamental Program
provides an unabridged roster of
every biologist of facility listed with
us which could be of use in meeting
your specific need. The Fundamen-
tal Program is free.

You may decide, however, that your
situation calls for a list of biologists
or facilities who have already been
informed of your needs, and have
expressed a desire to offer their
services to you. If so, then you will
be interested in the Total Program.
Under this plan, ASC personnel
contact each person included onthe
Fundamental Program list. You will
receive a roster of those biologists
who are ready to perform the ser-
vices you need. If time is of great
value to your organization, the Total
Program is essential.

The Fundamental Program and the
Total Program are money-saving
and time-saving conveniences you
can't afford to ignore. Both pro-
grams are in full operation and
ready to help you. Questions? Call
Rebecca Pyles, Information
Specialist, at . . . (913) 864-4867
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. II. DIFFER EEN HIGHER PLANTS AND ANIMALS, Assigned Reading:

Green plants are entirely independent, making
do not need locomotion but require light, water,

B. Egsential or primary amino acids needed for proteins by plant
and animal are synthesized only by plants.

C. Lack ofing E‘voua szatebresults in correlation of parts by hor-

mones:-vitamins and enzymes as chemical regulators. Reactions
are slow when compared to resulting from a nervous system,
Vitamins function as regulators of respiration and in the cor-
relation of plant parts.

D. As plants need&rculat@of sap but have no heart to act as
pump, they depend—en-h¥gh osmotic pressure for transport of
body flulds in vascular (circulatory) tissues. High 0.P. leads
to a need for cell walls to prevent rupture. Circulation has
no red corpuscles, and hence lacks respiratory function of blood.

XE. Plant cells, in contrast to those of animals, are surrounded
. with inelastic walls of €ellulos®y making cells fairly rigid.
Tmmobility of plants (lack of locomotion) is largely a result

of cell walls which often become woody (1ignified) or corky
when mature,

“-_—“h_h_-
F. Plants lack anw and must re-utilize or detoxis..

_cate.thelr vaste products, Many such products are of economic
use.

\G. Plants possess persistent terminal and lateral‘imériste@ and

potentially unlimited growth. Plants do not mature as an en-
tity, retaining considerable embryonic tissue.

H. Animals and green plants have a reciprocal relationship in na-
ture, largely in oxyg?p___(_ge) and carbon-dioxide (002) exchange.

T

III. SEED PIANTS (SPERMATOPHYTES) compromise two sub-divisions:
A. Gymnosperms: Conifers, needle-leaved, evergreen, cones, all trees.
Name implies "naked seed" due to lack of frult (ovary). No colored
flower parts, no petals or sepals, wind pollinated.

{
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TURTOX KEY CARD
f

Selaginella Life History

hyte " 9. Megasporophyll .
Portion of plant (sporophyte) 10. Megaspore, with developing female gametophyte
IS‘;!-uhnlu;rophyu 11. Female gametophyte, produced by germinating
Crosf ) )
.\'I;crosporal'!gmm IER DL

1 12. Archegonium
X;ﬁ;ﬁiﬁ?&fm (male gametophyte), produced by 13.' Egg

T icrospore 14. Zygote
genminating in 15. Young sporophyte, produced by germinating
Sperm 2ygote

Megasporangium

Copyright 1934 by
Geketal Biologieal, Supply] Howse, Inc,, 761-763 Bast 69th Place, Chicago, I,
| ene \& | Tl 1] |

subject No, 21,1
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THE DIVIS{ON TRACHEOPHYTA\

Plant body is the chief structure of the diplophase (sporophytic
generation). Plants with specialized conducting cells found in the
complex tissues xylem and phloem., Have archegonia --- except in angio-
sperms, in which”ghﬁr o s&ac has developed.

Often called vascular plants.
GRy NARED &
& A. Subdivision PSIIOPSIDA: Leaves usually absent; if present, small
and simple. Roots absent.Sporangla terminal on stems or branches.
Order 1l: Psilophytales - Ancient and simple vascular plants. All
extinct. anmples: Rhynia, Horneophyton, Psilophyton, Asteroxylon.
Order 2: Psilotales - Two liv;ng genera: Pgilotum and Tmesipteris.
-———-——*_____ n. ...uh-P"[ —
h;; Be Subdivision'LXdOPSIDL: Leaves simple, usually small, irregularly or
cv”ﬂa spirally arranged (never whorled). Stems not jointed, as in horsetails.
bﬁgi Sporangia borne singly in the axils of the fertile leaves (sporophylls ).
Sporophylls commonly rsduced and grouped in terminal cones called
strobill. Leaf gaps absent.

;MC’.'..«T”

<

Order l: Lepilodendrales — The glant clubmosses, known only as
fossils. In the genus Lepiodendron, 300 species have been named. In the
enus Sigillaria, LOO species are known.
order 2: Lycopodiales - The big clubmosses. There were several
hundred species; 180 species in the genus Lycopodium are atlll 1ivings
— = Qrder 3: Selaginales - The little clubmosses, There are 700 species

in the genus Selaginella living today. -
Order u:—@?m quillworts. bl specles are known in the

genus Isoetes, These are living spedles.

i én- webe
&> C. Subdivision SPHEQOPSIDA. Leaves small and simple, arranged 1in

whorls. Stems jointed. Several sporangla on modified sporophylls,
arranged in strobill (cones), Leaf gaps absent, Known mostly as fosslls

Order 1: Sphenophylum - All extinct. Over 100 species descrlbed by
galeobotanists.

Order 2: Equisetales - The horsetalls., 25 speciles in the genus
Equlsetum are living today, B, .

Order 3: Calamitales - All extinct. 300 Species have been described
by paleobotanists, e el

_&> D. Subdivision PTEHOPSIDA. Leaves usually large and compleX. Sporangia
on sporophylls, callled megasporophylls with megaspores, which grow
intn ﬂgmglg_ggmgﬁgggxﬁpT'Eﬁa'ﬁIﬁgbs orophvlls (with microspores, which
grow into the_male gametophyte] In EEe heterosporous specles. Many
ferns have remained homesporous in evolution. despilte the fact that
the vegetative organs are well developede.

~——=>C1ags 1: FILICINEAE - Present day ferns. Sporangia numerous, on lower
surface of sporophyllse Eg§%;x_%gg%%£2§3%?. Fertilization by swimming

sperms. 9000 species descrlibed 1in e Literature.
555 2: GYMNOSPERMAE - Seeds naked; pollen !young male gametophyte)
deposited on or near the ovules.
Order l: Pteridospermae - The seed ferns. All extinct,
Order 2: Benne%titales ~ Anclent tree ferns, All extinct,
—T0rder 3: Cycadales - The oycads, Many extinct species. There are
90 1living species in several genera. Examples: Xamia, Cycas, Diloon,
§pﬁn@&_éxgﬂmgiilﬁ. Regarded as the most primitive seed~begring plants
living todey. ) 5
Ordsr li: Early conifers. All extinct.Tall slender trees with
siniplet Leavesy | tute for Botanic cumentatio
~—» Order 5: Ginkgoales - One living specles Ginkgo biloba, the
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"maiden-hair tree"., Several extinct species, including some that grew
on the North American continent,

Order 6: Coniferales - 550 species. Leaves mostly needle-like; -
evergreen, except for some cypresses and a few others., Male and female
strobili (cones). Seeds on surface of scales (megasporophylls) of
female cone.Sperms non-motile, conveyed to egg by pollen tube.

Order 7: Gnetaleg - There are 70 living species in the genera
Gnetum, Welwitchia, and Ephedra.

~7Class 3: ANGIOSPERMAE. The flowering plants. Seeds enclosed by modil-
fied sporophylls called aarpelsy .These carpels become the fruit.
Leaves typlcally broad or longe. Pollen deposited on stigma. NQ@yMLe
sperms transferred to the embryo sac (reduced female gametophyte) in
center of ovule by a pollen tube,
<=>3ubclass 1: TYLEDONAE == 200,000 species. The dominant land plants.
—>»3ubclass 2: MONOCOTYLEDONAE,-~- 50,000 species. Contain most important
food producing cultivated plants, the cereals, sugar ozne, and ~J?‘_o_p_d
palms (o1l palms and date palms)e T s
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Table 21-4 ts:Phﬂﬁh‘; TEEEE‘;E;M i )
S s

TN :
?ﬁc;gv;me,l A ik i jJ/ No. of species Leaves Gametophytes er @
Subphylum gﬂp_hy/mlg_ 1,000 Microphylls, Independent Biflagellate Not present
“(Club mosse ll. Ve broon in spirals 7 —_— in modern f;
) € /
Subphylum Sphendphytina 12 Scalelike, Independent Multiflagellate Not present
(HOISEt&liS! y S P} Jet/o FSF}/ " in whorls _ (o
Subphylum Ptergphytina - More than Megaphylls Small, usually | Elagellated Presentin
A — ER20PStDA 260,000 microscopic In some most formg'"
Class Filicinae 11,000 Megaphylls ‘ Independent Flagellated Not present
(Femsl in modern ¢
(Class Coniferinae Megaphylls, often Dependent, Not flagellated, Present, '
; : reduced to needles reduced carried in pollen naked seed:
or scales tubes T
lass Cycadinae \ 100 Megaphylls, large Dependent, Flagellated Present,
Gt and fanlike reduced but carried in naked seed
J pollen tubes
'| sperms
J Class Ginkgoidae 1 Megaphylls, Dependent, Flagellated Present,
A fanlike reduced but carried in naked seed
pollen tubes
/ Class Gnetinae 70 Megaphylls, often Dependent, Not flagellated Present, .
L scalelike reduced carried in pollen naked seed
tubes
Class W About egaphylls Greatly J ‘ Not ﬂage!!atéa Present,
(Flowering plants 250,000 reduced carried in pollen Tenclosed in
r\ ,/'T- St oty tubes lmamre
e !

" ovary (fruit)

W&-p‘f‘
gubglnﬂgg DicolS
e L

Class Filicinae? Ferns

Ferns are vascular plants that are generally distinguishable from most g
plants by their large feathery leaves that, in most species, unroll from base !
during growth. The sporangia are on the undersurface of the leaves or, son
times, on specialized leaves. Such spore-bearin are called sporophyl
As we shall see, the carpels and stamens of flowers are also sporophylls,
According to the fossil record, ferns first appeared almost 400 milliop ¥
ago, and they have remained relatively abundant until the present time, sk
the 11,000 living species in this class are found in tropical regions, byt E-n:
occur in temperate and even arid portions of the globe. Because they hg
flagellated sperm and need free water for fertilization, those 'Species groyy
in arid regions must, like the bryophytes, exploit the seasonal occurreng ¢
water for sexual reproduction. ’lr';l

Ferns have anatomically simple stems compared with those of gm;

sperms and angiosperms, and these stems are often reduced to 3 Ccreepk
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Lily Life History

_ it of plant 1. Anther 11. Polar nuclei
sl % E:r?;itud?nal section of flower 2. Ovary 12. Egg nucleus
' C. Cross section of anther 3. Pollen grain 13. Synergids
D. Germinating pollen grain 4. Generative nucleus 14. Remains of pollen tube
E. Cross section of ayary 5. Tube nucleus 15. Embryo
F. Section of avule—8 nucleate stage 6. Sperm nuclei 16. Endosperm
G. Section of ovule, double-fertilization stage 7. Pollen tube 17. Seed
H. Section showing embryo 8. Ovule 18. Root
1. Seedling (habit) 9. Embryo sac 19. Leaf
] 10. Antipodal cells

Copyright 1937 by
General Biological Supply House, Inc., 761-763 East 69th Place, Chicago, Il .
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ADVANCE, OF BRYOPHYTA OVER AIGAE ..... (

MULT ICEI.LULAR SEX ORGANS

. .w_—-z"ﬂ'" ek =

‘}’h GAMETANGIA EMBEDDED IN THALLUS,
| ACCESSORY ENVELOPES.
\* SURROUNDING "LEAVES",

PARAPHYSES (AGAINST DRYING OUT)

YemearIcs\ ANTHOCEROS
‘i PROTONEMA RUDIMENTARY THALLOID GﬁMETOPHYTE
1% ) wit

SINGLE PYRENOID &
CHLOROPLAST IN EACH
CELL.

f

DORSO*VENTRAL FLATTENING: STOMATA IN SPOROPHYTE.

THALLOID OR LEAFY
LEAF WITHOUT COSTA

[VS. OFTEN LOBED OR
TIPS DIVIDED.

CAPSULE WITHOUT PERISTOME

S

BASAL, MERISTEM.

ARCH. & ANTHERID. SUNK
IN THALLUS.

COLUMELLA.

i e

,//—_ e
/ vs' WATER/ENVTRON, )

L~

( JACKET CELLS FOR PRQEEQTION‘
= L] o 3

i;;SSES ! |
(ie TWO*PHASE GAMETOPH,

GREATER DIFFERENTTA
(STEM & LEAF; alse OV
COSTA IN MARY),

ApsUL

WITH PER
OFTEN BRISTO

CALYPTRA,
am—

STomata
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Spermatophyta

1) Gymnosperm ... '"naked seed"; wind pollinated; cones. Tracheids
M

e i
WE“*_-,:-... .
_ ssels.
2) Angiosperm ... “covered seed'"; insect,water pollinated;\ flowers,
“onocotyledon ... flower characteristieés
a) Y stem, leaf, 3 v-.»‘i
B) Dicotyledon ... it = N 41
) ' \ o e L e it t MUV SPovR RS 4,

STOMINATE © 7] wf FLS. Metagenssis in flowering plan —— f .jﬂ

ffﬂch-r Pollen LRI male
T V5 T . ograin [gaﬂ!etop_hyte
fereecl . - %

stl%ma sperm £ .« tube
__ style nuclei nucleus
Pi itll ovary ;
Qyw,«Mﬂ) CELF VS CRoSS  foliwAdzon |
e RS o—
PLETE an._ther '
oY= Stamen filament 7?:?&‘5}35
iﬂ"" (Mw“#)
% Petals corolla ) wuug Insetrs, '?:ujj mer

Sepals calyx

?

> bl ;| 2897 pose

fravhﬂ- Y @ Al

ssenee OWle Wj.tph 8 nuClei ._,2 ﬁa_‘r‘; L

[ “(.r|\'\
‘fe:male gametophyte ‘-72”'*

RWL( ; gVt !F‘rp./m - t"’DCSan;,\
EE.{-;
Growth of pollen tube down nistil tissues; ios osition of x%xcle:t,

of pollen tube; fertilization (double); zygote, embryo, sporophyte,

endospermm nucleus. SEED Fruit — mARYLE el etlid T Becedsen,
! [ srRVSTUBES < ——/
g -' e pppLE
Reduction in size of gametophytes (m;_croscopic); increase in  cAa
size of sporophyte, —— s -
) /5‘mru—‘ — LIMSLE feS)eL ﬁ%ﬁft
' ) fpu® SRR ENULORG A
NBVEL OAANSE” -
scebles) Feui TSL 9497 P ﬂﬂ‘fif o Rowen
o / ‘?f;-ynﬂﬂ' ‘%) o
FreyyensChnPs  ( puemyaie r__f;{
(NvLi’Eﬂr“‘
(WEW
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MONE Ca™t
_GYMNOSPERMS _ ANGIOSPERMS Dils T
— Og%wgﬂaere 3 O\{Eﬁ«ﬁﬁy Eﬁgﬁm 2] gvéR.,..mY
POLLEN FALLS D IRECTLY ON OVULE POLLEN ON STIGMA (FLOWER)
WIND POLLINATED o OTHER AGENCTIES (AN IMALS
+ ‘DDA WATER)
/ E‘b‘,@, » FLOWERS | FQWT"‘
& ARCHEGONIA /’ %/ A NO ARCHEGONIA V-\
ALL WOODY (TRACHEIBS)' WOODY &, HERBACEOUS (/TRACHEAE)
e e O
RESIN DUCTS (L NONE
n "
WEVERGREEN DECIDUQUS
MANY FREE NUCLEI IN GAMETOPHYTE TYPICALLY 8 NUCLEI
I EN‘DOSPERM HAPLOID j TRIPLOID (DOUBLE FERTILIZ )
MANY COTYLEDONS ONE OR TWO
CLOSED BUNDLES (NO CAMBIUM) CAMBIUM 1IN MOST
NO COMPANION CELLS PRESENT
s LVS- NEEDLE SHAPED OFTEN A LVS. MOSTLY BROAD

[ ]

C INSttute 10 botdNnicCdl 1 JOCUMmMeEINtation

i .




JEnan
Lydy F

Cymro Sh-(CEE ) o

Bepp =T
Ve, fie, Sfevee
Ryedd f—(ﬂ@ LU 2!
| ipecer
75’% T\{:f%' u,:m Heuly en
| L T — E:;»
| &
Amsrofhy € ¢
celoetio?

Digitized by the Hunt

'1] _“é‘“ ? g}(;

MuLD Cteavirz ‘

[EEEGTZ * Ih

EMALIDED +
—

n

T———r '€"4‘|h (v N_,.

— EMBRYoPHMT & —

| PEJ,’V,“L— TRraeHedp sy 4




_SPERMATOPHYTA  (CIRCA 200,000.) ..
N - -
SEED PLANTS .. Sev s
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Tures Clom Room Chiet
LYCOPODIUM LIEE HISTORY
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CR61.1

CR50.05 Blue-Green Algae. Structure and detail
of Oscillatoria, Gloeocapsa, Nostoc and Gleo-
trichia. Nine drawings.

CR50.12 Volvocales. Drawings of principal repre-
sentatives.

CR50.1 Volvox. Nine drawings of stages in life
cycle.

CR51 Spirogyra. Vegetative cell and three stages
in conjugation. Four drawings.

CR51.01 Cladophora and Hydrodictyon, Detailed
drawings in stages in life cycle.

CR52 TUlothrix. Ten drawings of all stages in the
life cycle.

CR63

CR53 Oedogonium. Life cycle. Fourteen drawings

CRS53.2 _D'es'm{du. Drawings of fifteen types.

CR54 Vaucheria. Life cycle. Nine drawings.

CR54.1 Chara. Ten drawings of structure, and life
cycle.

CRS55 Ectocarpus. Eight drawings of structure,
and life cycle.

CR56 Fucus. Ten drawings of structure and life
cyel

CR56.1 Diatoms. Sixteen drawings illustrating
twelve of the most important forms.

Prices for Turtox Class-Room Charts are shown on page 314.
342
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T T e — s L . ‘

ist ®ter Lectures: T.Th.S. 8-9 AN First Semester: Dec.2 -
10-11""" Jan. 24,
BIOLOGICAL SCIENCES Znd A
#2
ol Ene£RY
LLd or study of BOTANY: "
1. SOURCE OF FOQOR _JIDPLY FOR A._J_. ANTMALS. (CLOT HING9EOUSING, NIED_ItCZﬂ
e c)
> 2. ONLY AUTOTROQPHIC (RGANISMS: ( SQML BACTERIA ).
R T = R
AN
o0 3. Cultirgl. gconsiderations.
4 PROFESSTONAL TRAINING. (AGRIC.3 TEACHING,-FORESTRY , ANTIBIOTICS
e U T 5 - - ete )
Ce. Loqpss DisSCovist
A K GP**“Q} dlorso? s (T
* BOTANY . 3 '3 T ¥
W—‘ A.%NOIJIY Q’“' W Mﬁﬁ{w, VLA M%'L,b.]:l:
MORPMOLOGY &%~ ‘ﬁs, =
CYTOLOGY G‘ _
G m& PATHOLOGY v PHYS|TOLOGY /
ER S Iy PALEC{NTOLOGY GENETICS
] oA AGRONOMY
3 & E*"‘T‘L POMOLOGY
BRIEF SURVEY OF PHYLA:
. NUMERICALLY .... THALLOPHYTA (ALGAE) .. i0,000 ~
( FUNGI ... 100,000,
compare with ANIWALS:
5 bz = = BACTERTA ... 5,000.
about 1 MILLION), 3
850 ' ' BRYPPHYIA ... 28¥x¥x 25,000, (MOSSES
! (H80,000. insects.) LIVERWORTS)
5 PTERIDOPHYTA .... 5,000.  (FERNS, CLUB*MObb’
doLeofTerA ¢ 27, 000 €
oo ) i IERA M, o5 R o i o Wi s o Kge
) TOTAL . B855,000%
HYmENSP TERS [t e e -—-4“.99.. ki
ORTHOFTER% ! 2% 000
i ; = : NG I
CHABASTRRAShESS, OF THE PHYLA: (ARRANGED PHYLOGENETICALLY) ?
I BALLOPHY TAsemy, (Negative characters:)
nubuk MH:. LE.AVE&J, STEMS, ROOTS.
Tl
PAESES LACK EMBRYOS. (MM kT, i)
Funt)
(positive characters)

SEX ORGANS UNICELLULAR lope
(no protecting envelopes)
CHIEFLY AQUATIC ( some in soil, bark of trees ete)

20
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Tt Choee-Rowes Charr
STERI'E FRONDS OF COMMON FERNS

+ IBEEE |ESSY

[5] o Q,

Torten Clam- B Chart
FRUITING FRONDS OF COMMON !'ERNS

CR63.1

[+] 5] o

Torten Clas- Koows Chart

FERN LIFE HISTORY

CRS57 Polysiphonia. Eight drawings of structure
and life cycle.

CR58 Rhizopus (Bread Mold). Nine drawings of
structure and life cycle.

CR58.01 Slime Molds or Myxomycetes. Enlarged
habit sketches of six species.

CR58.02 Yeast. A series of 16 drawings of various
types of yeast,

CR58.1 Saprolegnia. Habit and reproduction. Four
drawings.

CR58.2 Lichens. Details of Physica and habit
sketches of four types.

CR58.3 Peziza. Habit sketch and details of spore
formation.

Chart

CR64.1

CR58.4 Powdery Mildews. Seven of the most gen-
erally studied forms.

CR58.5 Penicillum and Aspergillus. Details of
structure and development. Eight dnwmgs
CRS58.6 Dutch Elm Disease. Details of organism,

carrier and damage. Eleven drawings.

CR59 Puccinia (Wheat Rust). All details of the
life cycle. Eight drawings.

CR59.1 Mushroom. Life cycle of Coprinus and de-
tails of structure and spore formation. Four
drawings.

CR59.2 Common Fleshy Fungi. Drawings of nine
types, including Amanita, earthstar, puffball,
ete.

CR59.3 Morchella. Life cycle and details of struc-
ture and spore formation.

R59.4 Common Woody Fungi. Sixteen drawings.

Set CR-971 Algae. A survey and identification set of 13 Turtox Class-Room Charts of
more than 18 fresh-water and marine algae........... SO i i et S 1 2,00

Set of CR-976 Fungi. Set of 14 Turtox Class-Room Charls of more than 20 fungi. 13.60
343
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50-586 b Syringa leaf x.8. (100X)
48

50-402 Nerium (Oleander) leaf x.s. g}l;c;wing a group of sunken stomated.

41
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PLOSL 15.

TRANSPIRATION
g e (cont'd.)

LOSS OF WATER IN VAPOR FORM FROM PLAV TS. (HAZARD)

( zb. SINGLE CORN PLNT MAY? LOSE % GAL. WATER/ DAY DURING

m“mmwv - Celad B

GROVING, SEASON.)

LOSS IS5 MOSTLY THRU STOI-;I&E'I‘.'&P’ ﬁﬁ%)

AT PR D R A0

FACTORS INVSLYED: ¥
bt ity e R BRI | 3 IR TR/ 3 1088
{ TEMP. ( HIGHER THE GREATER LQSS)

[

LIGHT (GREATER IN BRIGHT LIGHT .. STOMATA OPEN)
WIND (HIGH VELOCITY GREATER)
HUMIDITY ( HIGH HUM. SMALLER LOSS)

R T I B

s
; i S(Z;I;L (VARTOUS 1 ACTORS)
!

e ting, : ;
{‘_Bi]:_l'j_; !RISE OF SAP PARTLY DUE TO "TRANSPIRATION STREAM'.
e o WG A% TR

A
Wit L

COOLING EFFECT ON LEAVES (HIGH TEMP. MAY DAMAGE LVS.)

EXCESSIVE WATER LOSS wossulk 1 S NOD
% ATER LOSS #%% WILTING DL{-LTH
ABOUT 10% W TAKEN UP BY ROOTS USED IN PHOTOSYNTHESIS.

WATER LOSS THRU GUTTATION (LIQUIS WATER THRU HYDATHODES)

A s N EXCRRSTR.FORS
A oy OF PLANT TO PREVENT EXC JOSS: CULIN

==
SU
EUNKEN STOMATA

DECREASE LF. SURF,

1) Rﬂ'-r C‘-’Vthﬁ
1) T« Lar }-MJI:_,. S

1 Ho Gle L
4) ¢ f:.,.d w':’i}
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MORPHOLOGY

STEM
V/Grow upward from soil

vﬁé;es, internodes.

Branches arise externally

from buds on surface.

Bud scales protect growing
wfp— tips.

Appendages are lvs, flrs.

G \J// From hypocotyl of embryo.
-7 0 C’ELTT }/{“U‘*"

i !

Dl Thatlarb/G

eeeo OTEMS ,, ROOTS

Len £y

‘_L:'_,,ﬁ!—"—-

ROOT

V/ﬁownward orientatlon, pos.
geotropism. /

not present, {

Branches arise from pezlcycle. fo-
"',1_—"-’ ‘

oot cap.

Véoot hairs.

From radicle of embryo.
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VIII Lg}m;ya OF ECONOMIC IMPORTANCE AND THEIR
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Bamboo (Bambusa). . . . Structural

: uses, young shoots used as food
Benzoin (Styrax benzoin) . . . s

.Expectorant from gum benzoin

Camphor (Cinnamomum C hora). .. « » « « » JGum camphor from wood
Chicle (Achras sapota) ! S AL DD“’“ . . . Dried latex for chewi um
Cinnamon (CIinnamomum zelyla.nicum). S R S R e S D ol P oMb AT Ic
Cork Oak (Quercus suber) . ) o i T et el S M Gl or kB om b Sl

Drug Cascara Sagrada (Rhamnus Purahiana) Bark used as cathartic
Drug Quassia (Picrasma excelsa) ot Bitter vermifuge (worm remedy)
Ephedrine (Ephedra sinica) . Ephedrine alkalold used as astringent
Flax (Linum usitattissimum), . . . . ... ... ... Fiber for linen

AN Spice from rhizome

Ginger (Zingiber officinale) . . . . . .
. Resin used for rheumatism

Guaiac (Guaiacum),

. - . . e [} .

Hemp (Cannabis Bativa) LB Hemp fibers for rope and twine
Logwood (Haematoxylon) . 2 <+ .+ . . Higptological stain & dye
May Apple (Podophyllum paltatum) . . . Purgative from resin in rhizome

. Oak bark, tannins, lumber
Myrrh & frankincense

: . Starch for face powder, cosmetics
."Bulrush" of antiquity, earliest known
source of paper fiber, whence name "paper"

Pine (Pinus palustris and other species). , Pine tar from bark, timber

ﬂ,‘38 ﬁ',u»bl —> ‘)’M

Oak (Quercus species). A S
Olibanum (Commiphora Myrrha)
Orris "Root" or rhizome. . . .

Papyrus (Cyperus Papyrus). .

Potato (Solapum tubﬂ'.f_mm) : / Tuber for food
Quinine (Cinchona)Ca[is®¥3,- | . | | Alkeloid from [bark,for malaria
Rattan (Calamus species) . . . . . . Split stems for Wicker furniture
Red Cedar (Juniperus virginiana) ., . . . ., , . . . Pencils, fenceposts
Rubber tree (Hevea brasiliensis) . . . ., Rubber latex

Sago Palm (Metroxylon Sagu). . . . . . . . . . . Stem for food starch
Slippery Elm (Ulmus fulva) . . . . . . . Mucilage from bark

Sugar Can (Saccharum officinalis). . . , , . ., . . . Mollasses & suger
Taro, Dasheen (Caulocasia species) . . . Edible corns, rich in starch

Walnut (Juglans nigra) . . Cabinet wood, tannins from bark

White Pine (Pinus Strobus.Naval Stores (Tar, resin, turpentine), wood
Willow (BRILE) © & ot s e e . Wicker ware, crates cheap lumber
Willow (Salix alba). . Glucoside salicin a drug
Wood Fern (Dryopteris Filix-Mas) i & . . Worm remedy or varmifuge
Cellulose Plagtics: Celluloid (nitrates) Rayon & Photofilm (acetatec),
Lacquers (ethyl cellulose), Cellophane (viacoae or regnerated cellu-
losse).

o e O . - . 3

USES. (H1ll: Economic Botany, 1937).
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74-180 ao Zea (Corn) stem x.s., a solid Monocot stem. (25X)
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49-284 a Helianthus stem X.s. showing an enlarged view of a vascular
bundle. (230X)

39

49.508 ¢4 Ranunculus older root x.s. at low magnification. (40X) 5 " '
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82-104 g Lilium embryo sac, showing a somewhat later migration stage
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82-104 g Lilium embryo sac, showing stage just before fusion of the three
chalazal megaspores.
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CHEMICAL ELEMENTS NECESSARY TO PLANTS

l. Carbon 4 6 6
2. Hydrogen C0p o= OHR0 =—cooocoeoooomoaoe 7C6H) 506 == 00
3« Oxygen . Energy from light il =

THE ROLE OF THE MINERAL IONS

li. Nitrogen (NH),, NO,, NO3)== needed for synthesis of amino acids,
the building blocks o pro%eins.
5. Phosphorus (PO}, ) -- Affects rate of cell division and rate of
cellulose formation in cell wall; incorporated in certain plant
proteins and involved in the action of certain enzymese

+4
6. Calcium (Ca ) -- important constituent of middle lamella;
permeabllity of membrane is affected by presence and absence of
calecium lon; unites with certain organic acids, such as oxalic acid,
to prevent harmful accumulationse

‘ :
7o Potassium (K ) -- helps regulate certain physiological processess
may function in sugar formation; affects permeability of plasma
membrane-- (not found in any organic substance ),
8. Sulfur (S, SO); ) == part of two amino acids;ia thought to play a
role in resplration as part of an enzyme.
Lol
9. Magnesium (Mg ) -- is a part of the chlorophyll molecules
e
10, Iron (Fe ) == necessary for chlorophyll formation, even though
it does not become a part of the molecule-- seems to act as a
catalyst; also, 1t seems to play a part in some respiratory processes
( Elements L through 10 are
needed in large amounts

11, Boron (Bhd7’ BO3)

12, Copper (Cu ) Roles are not very clear; deficiencies
S cause disease, so may be associated
13, Manganese (Mn ) with enzyme systems. They are needed
g only in small quantities, and are
1. Zine (Zn ) called "trace elements".

15. Molybdenum '

16, Sodium Elements found in plants about which practically
17. Silicon nothing is known,

18, Chlorine



Prepared Microscope Slides of
Commercially Valuable Woods
for Wood Technology and
Wood Anatomy

We prepare two series of wood preparations. These are slides showing
wood sections cut in three planes and slides of macerated wood tissue.

Each of our 3-section wood slides bears the customary cross, radial and
tangential sections necessary for the eritical study of the wood represented.
The sections are stained with iron-alum haematoxylin and safranin. Where
celloidin embedding results in an improved slide, this technique is used;
otherwise sections are cut without a matrix.

Slides of macerated wood are of value in the study of wood anatomy
since the wood elements are shown as complete units and can be studied as
such. Thus, these slides have a unique function and serve as a valuable
adjunct to our 3-section wood preparations.

CONIFERS NATIVE TO NORTH AMERICA
W-1  Abies balsamea (Eastern Balsam Fir)

w 3-section wood slides. ........... 1.25

m_ Whole mount of macerated wood = . .60
W-4  Abies lasiocarpa (Western Balsam Fir).

w 3-section wood slides. 1.25

m Whole mount of macerated wood. .60
W-7 Chamaecyparis Lawsoniana (Port Orford Cedar).

w  3-section wood slides. 1.25

m Whole mount of macerated wood. ..............ocooiiiiiiiii.. .60
W-8 Chamaecyparis nootkatensis (Alaskan Cedar).

w 3-section wood slides. 1.25

m Whole mount of macerated wood. .60
W-9 Chamaecyparis thyoides (White Cedar).

W 3ogection Wood BHAeE, i e e s rerants e asane s b e e e 1.25

m Whole mount of macerated wood. ... .60
W-15 Juniperus virginiana (Red Cedar).

w 3-section wood slides. ....... o S e i e P ekl i 5]

m Whole mount of macerated wood. e e e e 1)
W-17 Larix laricina (Larch).

W 3igection o wood i BHAeT: o e 125

m Whole mount of macerated wood. .....oocoeoeeeeeeeieeceee. B0
W-19 Larix occidentalis (Tamarack).

w 3-section wood slides. ....c.ccccceeeee.. 1.25

m Whole mount of macerated wood. .......cooiieieeeeee. B0
W-22 Libocedrus decurrens (Incense Cedar).

w  3-section wood sldes. ... == 1.25

m Whole mount of macerated wood. ... .60
W-25 Picea Engelmannii (Engelmann Spruce).

w  3-section wood slides. ................... w125

m Whole mount of macerated Wood. ... iiiiaaeees .60
W-27 Picea mariana (Black Spruce).

w  3-section wood slides. .... 5 3

m Whole mount of macerated Wood. ... i reeane e aaaaans .60
W-31 Picea sitchensis (Sitka Spruce).

w  3-section wood slides. ..... £ = 1025

m Whole mount of macerated wood. .60
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PREFACE

Genetics, the study of heredity, is of great antiquity. It dates back to the
work of the primitive agriculturalists who thousands of years ago in the
ancient centers of civilization domesticated the various plants and animals
we use to this day. Paradoxically, modern genetics is one of the most youth-
ful of the major biological sciences. It originated with the rediscovery in
1900 of a scientific article originally published in 1866 by a young Augus-
tinian monk named Gregor Mendel. This paper described a hypothesis
which originated from a bold piece of abstract thinking combined with
elegant experimentation. Mendel’s experimental analysis (which will be
outlined further on in this text) constitutes one of the very greatest achieve-
ments in pure science, and a vast array of theoretical and practical conse-
quences followed.

We now know that the genetic machinery of living things generally con-
sists of units called genes. Genes are immense when compared to most bio-
logically important molecules, but even so they are too small to be seen
with the light microscope. It appears that many genes exert their influence
in living systems by controlling steps in chains of biochemical reactions
through the production of organic catalysts called enzymes. Genes have
the ability to reproduce themselves; that is they can gather from their im-
mediate environment many smaller molecules and can combine these to
form replicas of themselves. Furthermore, a gene molecule can undergo a
physical or chemical change termed a mutation, and the mutated gene often
will reproduce its new pattern just as faithfully as it previously copied the
original pattern.

Only living things are able to reproduce and to evolve. These abilities
are in the final analysis bound to the ability of their genes to replicate their
original and their mutated patterns. Since the science of genetics boils down
to the study of genes and their operations, genetics becomes the most basic
of all biological sciences, and its study often can give insight into the most
fundamental biological problems: the origin of life, the origin of cellular
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Chapter 4

Some Favorite Organisms
of Geneticists

In Chapters 1 and 2 some of the tools currently available for study of cells
were described and mention was made of what cytological studies tell
us about the components of cells. You now know what the various nuclear
and cytoplasmic organelles look like, what they are made of, and how they
behave in the resting cell. In Chapter 3 the dynamic changes that somatic
and sexual cells undergo in order to reproduce themselves were outlined.
In this chapter a description will be given of seven organisms which have
provided vast amounts of useful information concerning the operation of
the genetic machinery. These species are themselves some of the favorite
biological tools manipulated by geneticists.

Drosophila melanogaster

From the standpoint of genetics Drosophila melanogaster is the best known
of all organisms and the one most commonly used in an elementary genetics
laboratory. Because of this latter fact a more detailed description of this
species will be given than for the others. A catalogue of the advantages of
the fruit fly follows: (1) The fly is small, anatomically complex, readily
handled, and breeds prolifically in the laboratory. (2) Conditions for
culturing Drosophila are simEle‘ cheaE? and readily controlled (see Appendix
D). Flies can be raised by the hundreds in half-pint milk bottles or by the
tens of thousands in population cages. (3) The life cycle is short. (4) Many

Wn described, and this information is readily available.
(5) The number of chromosomes is small. (6) The chromosomes of the

salivary Eland cells of the mature larva are gigantic and show a character-
e 44 S



SOME FAVORITE ORGANISMS OF GENETICISTS 45

istic banding. The homologous chromosomes pair in most somatic tissues,
including the salivary gland. As will be elucidated later this behavior makes
possible the identification of chromosomal rearrangements and the mapping
of deficiencies and, as a result, the cytological localization of genes. (7)
Homologous chromosomes do not undergo crossing over in the germ cells
of the male. This greatly simplifies the genetic procedures employed.
(8) A satisfactory, but complex synthetic medium has been developed for
the aseptic growth of Drosophila by J. H. Sang and others. (9) An encyclo-
pedic body of information is readily available for this species, from which
the worker can proceed to still unexplored areas of research. (10) Collec-
tions of hereditary variations exist, and stocks of various mutants are
readily available to all workers in the field. (11) A yearly bulletin (Dro-
sophila Information Service) is published which lists all publications concerning
Drosophila that year, the stock lists of the major laboratories, the addresses
of all Drosophila workers, descriptions of new mutants and genetic tech-
niques, research and teaching notes. As a result Drosophila workers can
keep abreast of the work going on throughout the world.

Life cycle of Drosophila melanogaster

The fruit fly undergoes complete metamorphosis. The stages of its life
cycle are: the egg, larva, pupa, and adult. At 25°C development may be
subdivided as follows: embryonic stage, one day; first instar? larva, one day;
second instar, one day; third instar, two days; pupa, four days; total, nine
days. At room temperature the total developmental time is about two weeks.

Pre-ADULT sTAGES. The egg is about 0.19 % 0.50 mm. (weight 1 X 1072
gm.). Immediately following entrance of the sperm the meiotic divisions are
completed, and the egg nucleus is formed. The other nuclei form polar
nuclei which degenerate. The sperm nucleus and egg nucleus fuse to form
a zygote nucleus which proceeds to undergo mitotic divisions.

Embryonic development results in the formation of a white, segmented,
wormlike creature, the larva or maggot. The larvae feed constantly and
burrow through the food, leaving numerous channels and furrows. The
larval organs are shown in Figure 4-1. The salivary glands of larval
Drosophila produce digestive juice and also a secretion which is used to glue
the insect to the substratum when it undergoes puparium formation. The
polytene chromosomes in nuclei of cells of these glands in the third instar
larva have been previously described.

Linstars: the periods between molts (i.e. a first instar larva undergoes molt 1 and is transformed
into a larger, second instar larva).
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Figure 4-1 A diagrammatic illustration of some of the organ systems of the third instar laryq of
Drosophila melanogaster. The ventral ganglion is not shown in the female and the fat body and ali-
mentary canal of the male are not shown.
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When the larvae are preparing to pupate, they creep from the culture
medium and glue themselves to some relatively dry surface. Drosophila
pupate within the last larval skin, which is at first soft and white but
slowly hardens and darkens in color. Immediately following pupation most
larval tissues undergo histolysis and are destroyed by phagocytes. More or
less simultaneously embryonic structures called imaginal discs grow to
produce sections of the adult organism (which is fitted together like a
mosaic).

THE Apurt. Adult flies are 2-3 mm. long. Females weigh about 1.5 mg.
when mature; males 0.8 mg. (see Fig. 4-2 and front endpaper). The com-
pound eyes are each composed of about 740 ommatidia (facets) in the male
and about 780 in the female. Three single eyes (the ocellt) are arranged in

Figure 4-2 (A) Adult female and'(B) adult male of Drosophila melanogaster. (Redrawn after

H. J. Muller, The Harvey Lectures 43: 169.)
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the nuclei of the two synergids and the egg. The latter is fertilized by the
remaining sperm nucleus to form the diploid embryo (N). The synergids
later degenerate.

The development of the kernel takes about 50 days from double fertili-
zation to maturity. During this period a 1400-fold increase in volume takes
place. The ear (B) may have as many as 1000 kernels, each of which
represents an independent fertilization. The kernel (C) consists of the
relatively small diploid embryo, the triploid endosperm, and a tough diploid
outer covering of maternal origin, the pericarp. At the apical end of the kernel
one can often observe the scar marking the original point of attachment of
the silk. The surface cells of the endosperm contain aleurone grains and
oil. The remaining cells contain starch. The embryo has a central axis
terminated by a primary root on the basal end and a stem at the apical
end. The scutellum or first leaf serves to digest and absorb the endosperm
during the growth of the embryo and seedling.

The adult corn plant which grows from the seedling is rather large,
generally averaging 7 feet in height. The plant takes about four months
to mature.

Zea mays is the plant for which the most genetic information is available.
It is a species of great economic importance, for the world crop is worth
hundreds of millions of dollars annually. The species is completely depend-
ent upon man for its propagation, since under natural conditions its seeds
would not be dispersed.

Neurospora crassa
—— )

This fungus grows as a ground pad composed of filaments or kyphae
which are tangled together to form a mass called the mycelium. The hyphae
branch and fuse. Since there are perforations in the hyphal cross walls, the
mycelial cytoplasm is continuous. Hyphal cells are multinucleate and each
nucleus is haploid. Under certain conditions hyphal fusions may occur
between different strains of Neurospora. This process (heterocaryon formation)
results in a hyphal cell which contains nuclei of different genetic constitu-
tions in the same cytoplasm.

The organism can be propagated through transfers of fragments of the
mycelium. Aerial hyphae constrict to produce asexual haploid spores which
are of two types: oval macroconidia, which are multinucleate, and smaller,
spherical uninucleate microconidia. When asexual spores are incubated
upon fresh medium they will germinate and form a new mycelium. The
organism will grow upon a minimal medium containing sucrose, ammonium
tartrate, ammonium nitrate, potassium dihydrogen phosphate, magnesium
sulfate, sodium and calcium chloride, biotin, and small quantities of trace

L il
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Zea mays

Corn is 2 member of the grass family (the Gramineae) and is monoecious,
that is, it bears male and female flowers on the same plant. The staminate
(male) flowers are borne in the tassels which terminate the stems; whereas
the pistillate (female) flowers are borne in the ears which are formed at the
base of the upper branches. In plants it is conventional to refer to the
haploid stage as the gametophyte and the diploid phase as the sporophyte. The
maize plant is the sporophyte, and each cell nucleus contains 20 chromo-
somes.

The life cycle of maize is shown in the back endpaper. Meiosis occurs
in the microsporocytes (microspore mother cell, D of back endpaper) in the
tassels; and occurs in the megasporocyte (megaspore mother cell, I) in each
of the ovules in the ear. During microsporogenesis, meiosis (E-F) results in
four haploid microspores. Within each microspore a mitotic duplication
yields two nuclei one of which duplicates mitotically in its turn. Since
cytokinesis does not occur, each microspore is transformed into a pollen
grain containing three haploid nuclei (G). The average tassel produces
about 25,000,000 such pollen grains.

The corn ear can be thought of as a fused group of inflorescences each
bearing a double row of flowers. Since each flower will eventually produce
a kernel, the kernels will be arranged in double rows extending the length
of the ear. The style of each flower develops into a silk while within the
pistil a single ovule is differentiated. It is within the ovule that a megaspore
mother cell is formed. The nuclear events occuring within the megaspore
mother cell are shown in J through L of back endpaper. During megasporo-
genesis, meiosis results in four haploid nuclei of which three degenerate.
Then follow three consecutive, synchronous, mitotic divisions with the result
that the female gametophyte (or embryo sac) so formed contains eight
haploid nuclei (M).

When a pollen grain (or male gametophyte) lands on a silk it germi-
nates (H) and sends out a pollen tube which grows down the silk to the
embryo sac. The tube contains the three haploid nuclei, one of which
functions as the tube or vegetative nucleus, while the other two sickle-
shaped, sperm nuclei participate in the double fertilization which follows.
In the embryo sac two of the eight nuclei move toward the center of the
embryo sac and remain in contact. These identical polar nuclei are later
fertilized by one of the sperm nuclei and a triploid fusion nucleus is produced
which gives rise to the endosperm of the kernel. The cluster of three apically
arranged nuclei divide until a group of 20 to 40 antipodal cells are formed.
These later degenerate. The remaining cluster of three basal nuclei forms



48 GENETICS

a triangular pattern on top of the head. The thorax is composed of three
fused segments: the prothorax (bearing the first pair of legs), the mesothorax
(bearing the second pair of legs and the wings), and the metathorax
(bearing the third pair of legs and the trisegmented halteres). The wing has
a characteristic pattern of five longitudinal veins and two crossveins. Large
bristles and small hairs grow in a definite pattern over the body. The
external genitalia of the two sexes are strikingly different. Males have (on
the foreleg only) a sex comb consisting of a row of bristles arranged like the
teeth of a comb, whereas females lack this organ.

The internal reproductive system of the female is shown in Figure 4-3.
Each of the two ovaries is comprised of a group of egg tubes (ovarioles). In
the distal portion of the ovariole is located the germarium, which contains
follicular cells, oogonia, and nests containing compact groups of 16 cells
which arise as the result of four consecutive, synchronous divisions of an
oogonium. Proximal to the germarium are four to eight egg chambers
(depending on the age of the adult fly), each larger than the preceding one.

GERMARIUM

IMMATURE
MATURE EGG EGG
CHAMBERS
LATERAL
COMMON OVIDUCT
ovIpucT
SEMINAL
RECEPTACLE

SPERMATHECA
ACCESSORY GLAND

UTERUS

VAGINA

Figure 4-3 The reproductive system of a female Drosophila melanogaster. Two ovarioles have been
pulled loose from the right ovary. The uterus contains a mature egg (shown as a dashed outline).
Sperm stored in the seminal receptacle and spermathecae enter the egg before it leaves the uterus.

(After A, Miller)
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Figure 4-4 The reproductive system of a male Drosophila melanogaster. (After A. Miller)

Each consists of 15 nurse cells, the oocyte, and an envelope of follicle cells.
The nurse cells nourish the oocyte, which grows until it increases in volume
by over 100,000 times. Eventually the nurse cells degenerate, leaving the
fully grown primary oocyte (the “mature” egg). Crossing over presumably
occurs in the germarium in the 16-cell nests which are not as yet surrounded
by follicle cells.

In the male (see Fig. 4-4) each of the two testes is a tube with the basal
half helically coiled. The mature testis contains germ cells in various stages
of maturation, but spermatozoa and spermatids are most common. Sperma-
togonia are limited to the extreme tip of the testis.

Mating generally occurs during the first day of adult life, and females
start ovipositing during the second day. During its ten-week lifetime a
fertilized female can produce 3000 eggs (about 30 times her own weight).
Generally 95 per cent of the eggs laid hatch. Under optimal conditions a
geneticist can breed a maximum of 30 generations yearly.
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MITOSIS
. _ Events of Metaphase
I. Split chromsomgs occupy position at equatorial plane
A, Achromatic figure apparent

B, "Traetile" fibers forming (from chromosomes)j kinetochore
face the poles

II. Bach chromatid contains paired coiled chromonemata.

Events of Anaphase

I, Chromatids separate begilnning at point of fiber attachment;
chromosomes move toward poles assuming U and J-shaped als they
move - chromosome shape depends upon the point of "tractile"
fiber attachment '

II, Chromonemata uncoiling.

III, Chromosomes oceupy position at opposite poles of cell

IV. Spindle apparent between chromosome groupss "tiactileﬁ fibers
. disappearing ' .

V. Chromosomes clump at poles; coils of chromonemata contract.

I
1

I, Beginning of cell plate in central qgg;_gi_gglnﬁlﬁ.

A, Thickenings appear on spindle fibers and apparently fuse,
forming the beginning of a cell plate .

Events of Telophase

B, Phragmoplast becomes progressively wider at equatorial
plafie - cell plate extends to periphery of cell *

C. Spindle disappears, persisting longest at periphery of
cell plate

D. Cell plate forms primary cell wall,

II. Chromosome clumps become less compact

A, Chromonemata first uncoil and then become ¢losely assoclated

forming a "spirecme" )

B, Matrix losing stdainability - eventually dréappearing

. III, Simultancous appéa ance of membrane, nuecleolus (i), and
karyolymph -« nueleus enlargings chromonemata rearranging
into reticulum and chromatin

IV. Cell wall completdly developed to form two daughter cells
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i @ ‘As The Hucleusf‘-, a hirhly speeclalized ‘organ con;.\.‘r.ating of's

1. Huclear. a lying against the cytoplasm

2, Reticulum, composed chiefly of chromonemata of chromosomes;
3, Karyolymph, or nuclear sapj | Yol .
4, Nucleolus or nucleolij .and
5« Occasional ergastic matter,

Be The Cﬂolsgge, the extra-nuclear region comprising:
64 ) y With differentiatikd |
7 - at its outer surface (plasma membrang) and bounding

e sap vacuole ) $
8, P characteristic of plants, with a special role
n the elaboration and storage of carbohydrates (chiefly)s
9. m;, or "Golgi zone", characteristlc of
nimals, and concerned in the eiaboration of secraetions}
re?--a:rde& by some workers as ergastics

10, Centrosomes, present in animals and some lower plantsj and
: substances, no'-protoplasmic constituents comprising
_ somes, small magses of a subgtance reacting
as phospholi plde and albumin, produced and used by
the protoplastj regarded by many as eytoplasmie organsj

be. s in particular the cell sap of
' P 83 - : '
c, %ﬂlﬂ: g;gggmg substances, chiefly reserves and
® y=-products,
@s 2 Cell Wall of plants, mainly ergastic in nature, but
possibly Incor afEE!protoplam or
The Intercell Substance of 185

& % % x % = W

Because of their prominence in the literature, the partial
classifications employed by P.A. and P, Dangeard, Guilllermond,
and Meyer for plant cells are presented here,

Dangeard (1923,192931931):
1. The pucleome, the nucleus or nuclei,
2. gaguome , comprising all vacuoles,
3+ The plagtidome, comprising all the plastids,
4, The gykome, or assemblage of cytosomes (plant chondriosomes).

5. The ﬁ%‘gi?’ ineluding the olly or osmiophiliec bodies
calle po;cmes by Feure-Fremiet,
Guilliermond (1919 et seq.)! ,
1, The comparable to that of animal cells and
compris chondriosomes of two dsst

a, Ordinary ones common (o plants and animals
b, Active ones forming IIJ.%IMI in green plants

. 2s The s Or vacuole system,
o 3. The ﬂm, which are ergastie.

Meyer (1896’1920)‘
1. The -
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The Newton of the World of Living Things

CHARLES DARWIN: Evolution by
Natural Selection. By Gavin de
Beer. 290 pp. lllustrated. New
York: Doubleday & Co. $4.95.

By LEONARD ENGEL

ITHOUT reservation or
qualification, I salute the

new biography of Charles Dar-
win by the eminent British bi-
ologist Sir Gavin de Beer. In
fewer than 300 pages of well-
written prose, Sir Gavin not
_only sets out a fitting personal
portrait of the gentle English-
man who was the Newton of
the world of living things. He
tells us clearly what Darwin
did that was so important and
that has made Darwin one of
the giants of human history.
And he explains with care how
Darwin did it. In the biography
of a scientist, whatever else the
author may wish to supply,
what is most wanted is a
proper explanation and assess-
ment of the scientist’s work.
For Darwin and his work, the
de Beer book does an exem-
plary job. :
Darwin’s name is, of course,
inseparably connected with the
theory of evolation. As archi-
tect of the theory, Darwin car-
ried through two great tasks.
The first was providing the
factual evidence for evolution:
gathering the mass of data
showing that species are mot
immutable and that one species
does indeed evolve into another.
The second was the establish-
ment of natural selection as the
driving force behind evolution:
species change because nature
favors the surviyal and multi-

Mr. Engel

A
T b

plication of individuals with
superior adaption to their en-
vironment.

In the century since publica-

tion of “The Origin of Species,”
an immense literature has
grown up - around Darwin and
his work. Unfortunately, much
of this literature (and especial-
ly some of the most recent)
manages to muddy the water
and belittle both Darwin and
his achievement. For example,
there are many volumes de-
voted to Darwin's predecessors
and contemporaries who also
advanced evolutionary ideas
but who generally did nothing
beyond stating them in very
crude form. The collective ef-
fect of these books is to imply
that Darwin really did little
that was new or significant. In
other recent volumes, the fa-
mous chronic illness that
plagued Darwin from the time
of his return from the voyage
of the Beagle to the end of
his life is treated as psychoso-
matic, with the inevitable—and
unplensant—implication that he
was merely a self-indulgent

hypochondriac.

ALL this is badly in need of
just such a corrective as the
Beer book now supplies. The
author begins with an account
of biology in the years before
the celebrated voyage that was
start Darwin on the road
wThe Origin of Species.”
This was the round-the-world
cruise of H.M.S. Beagle, one of
a number of vessels assigned
the British Navy in the

- g
ngmz gr;(gmy part of the 18th century
 of Darwiw's “Voy- 10

sufvey the far corners of

+ma oclohe

Young Darwin (he was not
yet 23 when the Beagle sailed
from Plymouth in 1831) was
the ship’s maturalist, and never
was there a harder working or
sharper-eyed naturalist. Wher-
ever he went—in South Amer-
ica, across the Pacifie, through
the Indian Ocean—he puzzled
out the geology, observed the
fossils, studied the plants and
animals, noted similarities and
differences in the living forms
of different places and differ-
ent geological ages—and grad-
ually came to the realization
that life must change, must
evolve.

Darwin was finally convinced
of the mutability of life by
1837, the year after his return
from the Beagle. Another 22
years passed, though, before the
appearance of the “Origin.”
The delay (which nearly cost
Darwin his priority as Alfred
Russel Wallace meanwhile also
hit upon evolution by natural
selection, though Wallace did
not gather the evidence for it
that Darwin did) can be at-
tributed to two circumstances.
One was the sheer volume of
work Darwin had to do, not
only upon the problem of evo-
lution, but upon other biologi-
cal researches he had under-
taken. The other was his ill-
ness. :

. As de Beer points out, re-
cent research in tropical medi-
cine makes it likely that Dar-
win suffered not from a psy-
chosomatic illness, but from
Chagas’s disease, a singularly
unpleasant. chronic dilment once

‘widespread- in- ‘South' America../

Chagas’s disease was not iden-

Charles Darwin, c.1880.

tified until well after Darwin’s
death. However, his symptoms
matched those of Chagas's dis-
ease, detail for detail; and he
was repeatedly bitten by the
principal insect carrier of the
disease during a trip through
the Andes. | |

| What lis. certain is ‘that Dar-
win had to overcome a painful,

debilitating illness as well as
other obstacles to make his
contribution to biology. And
what a contribution de Beer

"shows Darwin to have made!

Today, a century later, evolu-
tion by natural selection re-
mains our key to understand-
drama of life.
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David M. Phillips, The Population Council

GENETICS AND EVOLUTION

Modes of Speciation
Michael White, Australian National University

The well-known evolutionary biclogist Michael White
presents a unique synthesis of the processes that
enable new species to originate. Unlike previous
books on speciation, which deal exclusively with
plants or concentrate on phyletic evolution, this book
is the first general treatment of genetic and geo-
graphic models of speciation in both animals and
plants. White assesses the mounting evidence for the
critical role of chromosomal rearrangements and
attacks the orthodox view that all speciation is
allopatric.

A comprehensive bibliography, drawn from the
literature in a variety of languages, will be of interest
to both advanced students and research workers.
Publication date: Spring 1978

#

CONTENTS:

Species and Speciation

The Genetic Structure of Species and Species Differences
Chromosomal Differences Between Species
Allopatric Speciation

Clinal and Area Effect Speciation
Chromosomal Models of Speciation
Sympatric Models of Speciation

Speciation by Polypoidy

Asexual Speciation

Conclusion
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3. MECHANTSM OF EVOLUTION. The lfac;&_ or organic evolution is unquestioned,
but there is not complete agreement as to how it comes about .

ETr———
e ———

/

a. Neo—darwinism is the most generally accepted explanation fér
' evolutionary change,

| Mutations provide inheritable random variations in the individuals

of a species,

4., Querproduction gives more individuals than can survive to maturity,
[

5 oS
% ¢+ Each individual competes with others in a continual struggle for( M4/ ./ |
existence against the forces of the environment, T T '7-(.‘,57 |

2( S T re isYsurvival of the fi—rat:‘\gt individuals who are best adapted

to the environment., ™ T of MpTVAne SYLETTGN  Tuong

%« The fitness is transmitted by genetic ipheritance to the next
,’ generation, ——

b, This co% natural seleciioa of fit variations by the elimina-
J tion of unfit indivi S, glVes rise to new speciess
/l f I - . . .
solation, whether physical or physiological, accelerates the
formation of new species by reducing ngil:ﬁl:on and permitting more variations

to survive
o ———

b, History of Evolution Theories. The ancient Greek philosophers
formulated concepts of organic evolution, Emnedocles (495-435 B.C.) founded the

idea of gradual development of kinds of organisms and Aristotle emphasized that
the order was from simple to complex.

St. Augustine (353-430 A.D.) interpreted Genesis as the imparting
to matt,%r oc;“ H}ﬁ prgfﬂ F—?;%f?{]f?’n ?)- [, 753 - S¢ PLaniav m_‘]

Buffon (1707-1788),.a great naturalist, believed in the modification ‘
of species, cwwen (171684-i2332) — c*.;‘:ﬁf'h?l:l?mm

X Lamarck (;7&&-1829 developed the first modern theory of evolution,

He thought that organi sms" “the need for new structures to meet The demands
of the environment and gradually developed them. Those parts used regularly
developed more, and parts not used degenerated, Such[Bequir aracteristics

were supposed to be inherited by SUC ing ions, While logical, this
theory is invalid because gemetic mutations are random and for the most part

not useful, Furthermore, environmentally acquired characteristics are not trans-

mitted through the germplasm. Lamarck's important service was in dislodging the |
idea of fixity of species and replacin g""!f'?pvith theweoticept of organic evolution, |

*/ Charles Darwin: (1809-1882) made the greatest contribution to the

present concept of evolution, ng inj on a five-year world exploring

trip with the British ship, the Beagle, he"collec evidence which he |
organized and published twenty-two years later in! 18597 in the book, "The Origin |
of Species by Means of Natural Selection,! — |
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GEOLOGIC TIMETABIE

Eras Millions of

Periods . iears «go Forms of Iife

Cenozoic . Mammals predominate; rise of birds modern

ﬁernary\ D 1a NS 65 kinds of plants and animals; spread of
Tertiary KT/ 0 grasses; appearance of primates; dominance

of man.
Mesozoic Late Mesozoic: Extinction of dinosaurs;
retaceous . | 200 toothed birds; fipst flowering plants.
Jurassic Early lesozoic: Dinosaurs dominant; first
Triassic mammals; modern insects; cycads and
p— -._____.-HP

Permizn
Carbnaifero
Devonian ( 500
Silueis
ovician
Cambrian

Palegzoie ‘hs

Proterozoic 1000
————

Archeozoic 2000

Azoic

fossilse

conifers,

Late Paleozoic: Amphibians dominant; first
reptiles; winged i:sects; coal -forming
forests of seed ferns, horsetails, club
mosses; rise of conifers,

Middle Paleozoic: E%ggiliasa:zﬁziﬁa; rise
of fishes and amphibians; air-breathing

insects,
Early Paleozoic: trilobites; brachiopods;

first fishes; marine plants.
-_--—_‘..——“-—-—-\

Algae; protozoa; sponges; WoIms,

Indications of beginnings of life; no

Origin of earth; formation of earth's
crust; no life,

L
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50 SCIENGE TEXTBOOK WATCHERS :

curriculum fosters “rampant illiteracy.” “Students are getting diplo-
mas for warming their seats and not striking the teacher.”

Political Tactics

The textbook watchers use a variety of political tactics to translate
their concerns into administrative decisions; they adjust these tactics
according to the educational policy-making structure in different
states and to their own access to power within that structure. Where
policy decisions concerning textbooks are made by centralized
school boards and statewide textbook commissions, these adminis-
trative organizations become the target for political pressure.
Elsewhere, efforts are directed toward local school boards, and if
administrative action seems unlikely to yield change, textbook
watchers go to the courts and sometimes to the streets.
4 S"’—'bPé-"j ;C‘CMENE.?' D #flno
In State Legislatures wwn Y, 21y sy
The repeal of Tennessee’s “monkey Ia“_{f," in 1967 reﬂectec! more a
change in the alignment of voting districts than a change in atti-
tudes. Antieyolution sentiments persisted; in some areas teachfers at-
fghlpting to teach evolution have been reprimanded or dismissed.
According to a public opinion poll in September 1972, three quar-
ters of the high school students in Dayton, Tennessee, still believed
in creation: “Darwinian evolution breeds corruption, lust, immoral-
ity, greed and such acts of criminal depra}vity as drug addictipn, war,
and atrocious acts of genocide.”° And in 1973, less than six years
after repealing its antievolution legi§la_1tion, the Tennessee General
Assembly passed a new statute requiring that

~ pecowst

Any biology textbook used for teaching in the public schools which
expresses an opinion of, or relates to a t_ht?ory about origins or cre-
ation of man and his world shall be prohibited from being used as a
textbook in such system L_mless it specnﬁtally states that itis a theory
as to the origin and creation of man and his wor']d and is not repre-
sented to be scientific fact. Any textbook so used in the public educa-
tion system which expresses an opinion or relates to a theory or
theories shall give in the same textbook and under the same subject
commensurate attention to, and an equal amount of emphasis on,
the origins and creation of man and his world as the same is record-

p | Y Q]
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ed in other theories including, but not limitedito, the Genésis
account in the Bible.?! A :

This law, essentially declaring the Bible a reference book for biol-

ogy, passed the Tennessee House of Representatives by a vote of 69

to 15, and the Senate by 28 to 1.

The National Association of Biology Teachers (NABT) challenged
the constitutionality of the legislation, contending in a federal
district court that it interfered with free speech, free exercise of
religion, and freedom of the press as guaranteed by the First and
Fourteenth Amendments.?? One month later, unknown to the

'NABT, an organization called America United for the Separation of

Church and State, Inc., filed a similar suit in a state chancery court
in Nashville. As a result, the district court abstained from consider-
ing NABT’s suit until the constitutional issues were resolved by the
state court. NABT attorney Frederic LeClercq then appealed to the
United States Supreme Court, both on the jurisdictional issues and
on whether the Tennessee act violated constitutional amendments.
The Sugreme Court refused to accept the case, but finally on April
a court of appeals in Tennessee overruled the equal time

10, 1975,
legislation, claiming that it showed
P —

a clearly defined preferential position for the Biblical version of cre-
ation as OEposed to any account of the development of man based
on scientific research and reasoning. For a state to seek to enforce
such preference by law is to seek to accomplish the very establish-
ment of religion which the First Amendment to the Constitution of
the United gtates squarely forbids.??

This decision was an important precedent, for similar bills had
been introduced in the state legislatures of Georgia, Kentucky, Ari-
zona, Michigan, and Washington.?* Most of these efforts failed, for
state legislatures, even if sympathetic in substance, were reluctant to
intervene in educational policy making, and textbook critics turned
to schoolboards and textbook commissions in their attempts to influ-
ence the selection of course materials.

In School Boards and Commissions
In twenty-two states, including Texas and California, there are cen-

or Botanical Documentatios:
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Plant Science Bulletin

Wales. He described, among other things, a simple vas-
cular plant of the Rhynia type. Both vascular tissue and
cutinized, trilete spores found in situ demonstrated con-
clusively that Cooksonia was a vascular plant. At that
time the Downtonian was considered to be a boundary
deposit of either Late Silurian or Early Devonian age.
It seemed to me to have the oldest vascular plant flora.

In 1962 Obrhel found a similar plant in Czechoslovakia
in beds (Pridoli) that were, and still are, held to be upper-
most Silurian in age. So Obrhel’s plant appeared to be
somewhat older. Ishchenko (1969) has reported Cook-
sonia in the Skala beds in Podolia, and I have a note in
press on a Cooksonia from the Bertie formation (Cayugan
Series) in New York. As a result of a series of inter-
national conferences on the Silurian-Devonian boundary,

the appearance of certain invertebrates (especially grapto-
lites, conodonts, and ostracodes) has been designated as
the end of Silurian and start of Devonian deposition. This
decision makes the four deposits equivalent in age—
all Upper Silurian. I mean the Downtonian in Wales,
the Pridoli in Czechoslovakia, the Skala in Podolia, and
the Cayugan Series (Bertie limestone) in New York. Thus -
the oldest currently acceptable vascular plant, Cooksonia,
is found at three or four widely spaced geographic locali-
ties. The time of appearance of this fossil is speculative,
but I'll say in round numbers 400 million years ago, five
million before the start of Devonian deposition.

Further, there is a report by Petrosian, which I've not
seen, of the discovery of a Zosterophyllum in the Skala beds
of Podolia. If this proves acceptable, then the two groups

TABLE 1. Times of first appearance of dispersed spores that may have come from vascular plants and of groups of plants proven to be

vascular. (Spores from Richardson and Lister, 1969; dates from Harland et ., 1964.)
BEGAN MILLIONS
PERIOD OF YEARS AGO STAGE VASCULAR PLANTS
MISSISSIPPIAN 345 Tournaisian
353 Famennian
359 Frasnian
Givetian
370 Eifelian
DEVONIAN Rbynia-type progymnosperms
Zoueropgyﬂym type i i
- trimerophyte-type sphenophytes
374 Emsian lycopod-type cladoxylaleans
lfan leaved type
barinophytes sciadophytes
Rhynia-type fan-leaved types
;i s Zosterophyllum-type barinophytes
390 Siegenian tnrne:ophy:e—type (Psilophyton)
lycopod-type sciadophytes
T Rhynia-type
395 Gedinnian { Zosterophyllum-type
405 Downtonian Rbynia-type
§g§:}:§' ) Zosterophyllum-type
(Cayugan) and 8 genera, 24 spp. of spores
SILURIAN 415 Ludlovian 6 genera, 15 spp. of same
425 Wenlockian .. 4 genera, 8 spp. of same
435 Llandoverian 1 genus of dispersed, supposed vascular, plant spores

Rhynia-type and Zosterophyllum-type appeared almost sim-
ultaneously in the fossil record, that is in the youngest
stage of Silurian time.

One hopes that palynologists working with isolated
spores in the same strata might lend support to this mac-
rofossil evidence. I am happy to report that in general
they do. There is abundant documentation of the appear-
ance of a few spores in Early Silurian time and a steady
increase in number of species and in their morphological
variation through Devonian time. Homospory comes first,
heterospory follows, and, in La;gg_m,@n as Pettitt and
Beck have now demonsrrated the first seed appears. There
is only one flaw in this story. That is ignorance whether
the appearance of an apparent vascular plant spore in late
Early Silurian means we must seek actively for macrofossils
older than the present Cooksonia, or it means that cutinized
spores produced in quartets evolved earlier than other char-

»

-

acteristics of vascular plants. Right now this ignorance
only emphasizes the tentative nature of our conclusions
and that our students will surely depart from our con-
clusions as new data accumulate. 1

The second question concerns attempts to put these
new data, into a phylogenetic series. So I offer you a
tentative chart which makes only a few major points.
First, there were some groups that started and ended with
no obvious descendants (sciadophytes, barinophytes, fan-
shaped leaves). Then there seem to have been two pro-
ductive groups, the Rhynia-

ynia-type and the Zosterophyllum-
type. This latter I speculate gave rise to both ycopods and

; glant lepidodendrids. Lycopods have persisted. The Rby

nia-type gave rise to trimerophytes represented by Psi
phyton, and from these most vascular plangs aye_spme-
Eow arisen. ere 1s no time for further detail but this

is something at which subsequent workers can shoot.
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on the low-lying, terrestrial portion of the Devonian delta
that was forming in eastern New York, and that parts of
the plants fell into small ponds where they were com-
pressed into the lenses which are now exposed occasion-
ally by major earth-moving projects.

Somewhat later than Vanuxem and Hall, and in Lower
rather than Upper Devonian strata, Sir James W. Dawson,
then Principal of McGill University, embarked in summer
1858 on a momentous trip to the tip of the Gaspé Pen-
insula. Dawson had learned about Gaspé plants from
Sir William E. Logan, founder and first Director of Geo-
logical Survey of Canada. Logan had observed fossil plants
during mapping expeditions in 1843 and had told Daw-
son about them. Dawson's first trip, 15 years later, was
successful, and within a year a paper appeared in the
Quarterly Journal of the Geological Society of London
describing a new plant, Psilophyton princeps. Either ships
were faster in those days or editors were!

As an aside, perhaps 1 should point out that Dawson
was a good example of the versatility of palecbotanists.
As Principal of McGill he was a successful money-raiser
and innovator. In the latter direction he not only built
science at McGill into a position of leadership, he taught
botany, zoology, geology, and chemistry, founded an engi-
neering college, and a college for women.

So in 1859, the same year Darwin’s Origin of Species
appeared, Dawson published Psilophyton princeps, a slen-
der, dichotomizing, spiny plant with supposed lateral fructi-
fications and rhizome. He considered it a possible rela-
tive of living Psilotwm. In 1871 Dawson established a
variety, P. princeps var. ornatum, for another Gaspé plant
supposed to bear paired terminal sporangia, stout spines,
and scalariform tracheids.

The vicissitudes of these two taxa constitute a long
and intriguing story, too long for presentation here. Suf-
fice it to say that the various organs of Psilophyton were
not found in organic attachment, and as Hueber and I
reported in 1967 there were two different genera involved.
First is the true P. princeps for which we selected a type
specimen. Second was the variety ornatum which has yet
to be placed in a new genus. The first had paired terminal
sporangia that split longitudinally during dehiscence and
had centrarch primary xylem. Hueber described this plant

in greater detail in 1968. The second organism boré lateral *

sporangia whose dehiscence was distal and was supplied
by an exarch xylem srtand.

For the first group I proposed in 1968 the name
Trimerophytina, a group I consider advanced in many
characters over the simpler Rhynia-type.

For the second type I have suggested the group name
Zosterophyllophytina, and my slides illustrative of this
type are a selection taken from several members of the
group including the ornatum type of Psilophyton and the
Crenaticanlis described recently by Davis and me.

And now to dispell the myth thar paleobotanists are
interested only in anatomy, a statement I've read in Science
within the year, let’s change the subject to another group
of people and set of data.

While the more recent of the above events were go-
ing on, stratigraphic paleontologists and geochronologists
were actively building a more precise chronology and coz-

relation of Devonian strata (Table 1). I illustrate seven
subdivisions of the Devonian Period which spanned some
50 million years, and four subdivisions of Silurian. Both
time of commencement and the duration of each are given.
Were the time available we could examine as well the
numerous lesser units into which each of these has been
subdivided. All of this subdividing is easier to do in
marine deposits containing an abundance of invertebrates
but remarkable strides have been made in correlating with
them the contemporaneous fresh-water, or continental, strata
in which accumulations of plants are much denser. The
point is that we are beginning to get the kind of chrono-
logical data Wieland regarded as essential to a good phylo-
geny. An important ingredient for this project is close
cooperation among paleobotanists, stratigraphers, paleon-
tologists, and palynologists. This, in fact, is beginning
to take place through the medium of international con-
ferences on boundary problems, e.g.,, the boundary between
Silurian and Devonian Periods. But it demands that all
learn to speak one another’s jargon!

The increased precision in geochronology has produced
many changes, some of which make the paleobotanical data
far more sensible than they were before. Two examples
are the Baragwanathia flora in Australia and the Rhynie
chert flora in Scotland. The former is now regarded as
late Lower Devonian rather than Silurian, the latter as late
Lower Devonian rather than Middle Devonian. Addition-
ally, widespread interest in biogeochemistry, especially of
Precambrian strata, led to the discovery of algae in these
ancient rocks and of apparent eucaryotic green algae in
rocks deposited nearly one billion years ago. I refer, of
course, to such compounds as amino acids, fatty acids, al-
kanes, and pristanes isolated from rocks and presumed
to be degradation products of organisms and to the studies
of such men as Barghoorn and Schopf.

It was this kind of new knowledge that led me to start
arranging early vascular plants chronologically.

Two groups, the Rhymia- and Zosterophyllum-types,
seem to occur in Late Silurian.

Two groups, the Rhynia- and Zosterophyllum-types,
lived in earliest Devonian (Gedinnian) time. By Siegeni-
an there were four major groups, the first two plus lyco-
pods and trimerophytes (Psilophyton), and three lesser
groups, the barinophytes, sciadophytes, and fan-leaved
types.

In Emsian time three more groups appeatred, cladoxyla-
leans, sphenophytes, and the first of the progymnosperms
(Protopteridium-like forms).

Thus ten groups of vascular plants evolved during
late Silurian and early Devonian time. The time span
involved was under 35 million years. There is no need
to continue into Middle and Upper Devonian because
the number of kinds of vascular plants continues to in-
crease in progressively younger strata, a continuation of
the trend started earlier.

Next you may ask what is the present status of the
earliest demonstrable vascular plant and has any effort
been made to summarize the current status of the phylo-
geny of vascular plants?

Lang in 1937 wrote an outstandingly good and ana-
lytical paper on the flora of the Downtonian deposits in
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The futwre: 1 think I've already demonstrated how
easily current hypotheses can be shown erroneous or, some-
times, supported but here are a few ideal examples.

1. Protopteridium is shown in many textbooks as the
first plant to bear a fern frond. Bonamo, working with
Tetraxylopteris, demonstrated that this is probably a fertile
branch system.

2. I was taught not to waste time on Devonian strata
in western North America because they were all marine.
Dorf first demonstrated the fallacy of this by finding and
describing a flora at Beartooth Butte in Wyoming. Now
several good deposits are known.

3. Intensive collecting and improved technical ability
can add greatly to the precision of our knowledge. Ex-
amples:

a. Matten and I described Triloboxylon as a new
taxon perhaps related to progymnosperms but lacking
secondary wood. Scheckler has now demonstrated its
affinity to progymnosperms.

b. For some years we have worried about strange
variations in the anatomy and morphology of Tetraxyl-

opteris. Scheckler can now resolve these problems if he
erects a new taxon which will permit him to segregate
out the various characteristics.

c. Pyrite is difficult to prepare well for anatomical
study. In fact one used to throw it away as worthless.
Here are a few samples of good technique—parenchyma
in primary xylem in transverse and longitudinal views,
alternating bands of sclerenchyma and parenchyma in
outer cortex, a variety of protoxylem and metaxylem
cells in longitudinal section. All the illustrations are
from Scheckler's preparations.

4. Yes, I visualize the day when we'll know many
Devonian plants as plants rather than as isolated organs,
when welll be able to speak intelligently about habitats
and associations, when we'll know the length of time that
was required to evolve new species, and the algae from
which vascular plants did evolve. I think welll learn
whether the origin of vascular tissue was related to the
origin of metabolic pathways for the manufacture of lignin
(perhaps in the Silurian). I think we’ll know much more
about the possible role of Oz concentration in the atmos-

AL “LINES® OF EARLY LAND PLANTS

v___ CYCADOPHYTES
S-—
v v
i
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TABLE 2, Hypothetical relationships among early vascular plants. Time of origin of groups is indicated by horizontal lines originating
at the geologic stages in column on left. Nematophytales were thought to be land plants, perhaps at a cryptogamic level
of evolution but without vascular tissue. They appeared first in mid-Silurian time,
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phere, its role in the formation of ozone, and their role
in shielding Earth’s surface from lethal ultra-violet radia-
tion, thus permitting the occupation of dry land. And of
course I'll be watching for confirmation of my wildest
statement, actually a primitive attempt at precision, that
all the phylogenetically important innovations among vas-
cular plants are found during the 50-million-year adaptive
radiation of land plants that occurred in the Devonian
Period. Ted Delevoryas has picked me up on this one
and allowed as how all the evolution after Devonian time
was just “frosting on the cake.”

In lieu of the illustrations that accompanied this talk,
a few citations in which they may be found are given
below. In the same list are sources of some of the remarks
made in the text.
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Botany in the Academic Jungle

Sydney S. Greenfield
Rutgers University at Newark, New Jersey

The changing status of botany in American education and
the tendency to de-emphasize plant science in certain insti-
tutions have been of long-standing concern to botanists.
In 1952, a special committee of the Botanical Society
of America reported the results of a comprehensive survey
of the status of botany in 745 colleges and universities (1).
This study showed that although there were many botany
departments with well-developed botanical curricula, there
were a great many more biology departments in which
botany was de-emphasized or completely neglected. The
principal causes of botany being de-emphasized, i.e., biology
departments dominated by, or exclusively staffed by zoolo-
gists with little or no understanding or interest in botany,
unbalanced and misleading biology courses, and adminis-
trative lack of understanding of the importance of botany,
were clearly indicated by this study.



Captain Jacques Cousteau

The Cousteau Society, Inc.
Box 2002, New York, New York 10017

Dear Citizen of the Water Planet,

A shipwrecked sailor was struggling in the water. The shore was
near, but his strength was almost spent.

Then suddenly there was a friendly presence in the water, a strong,
sleek body that buoyed him up, escorted him to shallow water,
saved his Tife... : T 6l 7 D 171 Pl A

This story, or something akin to it, has been told countless times
about dolphins and porpoises. When I take it together with what
we have learned about these marvelous creatures in the past twenty
years, I have to give credence to at least some of these tales.

In fact, dolphins, porpoises and their larger cousins, the great
toothed whales, do have a formidable intelligence. We hope some
day to understand the subtleties of their brains, which rely
heavily on an acoustical perception of the world around them. But
the stories of rescued swimmers may find their explanation in a
simpler trait, a trait that dolphins share with a majority of us
animals, a trait which may be more important than any amount of
brain power.

When a dolphin mother gives birth, her baby is expelled underwater.
The first act following birth is critical: to lift the freshly-
born youngster up to the surface for its first breath. Sc power-
ful is this motherly instinct, that other struggling animals have
been pushed to the surface instinctively by female dolphins.

How marvelous and beautifull The instinét to protect the next
generation drives some automatic motor response in the dolphin and
in many other species. To me this is marvelous because the suc-
cessful replication of life is what makes our Oasis in Space such
a rich biomass, fecund and prolific, forever generating and nurs-
ing new organisms.

Surely this blessed miracle of life is the greatest treasure on
earth. Yet do we earthlings cherish and guard it? On the con-
trary. Each month we now pour millions of tons of poisonous waste
into the living sea. Many of our lakes, rivers and coastal waters
have received their mortal wound. The water is undrinkable. The
fish and shell fish, if they exist at all, are inedible.

(over)



I do not say this lightly. During the past thirty years my team
and I have spent thousands of hours diving in Aqua-Lungs and other
underwater devices.

During that time I have observed and studied closely, and with my
own eyes I have seen our waters sicken. Certain reefs that teemed
with fish only ten years ago are now almost lifeless. The ocean
bottom has been raped by trawlers. Priceless wetlands have been
destroyed by land fill.

And everywhere are sticky globs of oil, plastic refuse and unseen
clouds of poisonous effluents.

Is all now lost? I do not believe it. If I did, I would not be
writing to you today.

I passionately believe that the perceptive few who have the oppor-
tunity to see the ultimate disaster ahead must band together now
to warn the slumbering many. (Is it not always thus?) Such
corrective measures as exist must be put into effect immediately.
Pioneering research and exploration to help us better understand
the sea and its creatures must be undertaken without delay.

To this new crusade I solemnly pledge what years remain to me. I
now write to you because your name has been suggested as one who
might also wish to join in this supremely important undertaking.

The group to which you are invited is called The Cousteau Society.
Its membership will be worldwide, and one of its most important
functions will be to give strength and substance to my words when
I take our case before governments and other great institutions.

1f, instead of speaking simply as Jacques Cousteau I can speak for
hundreds or thousands of comrades, how much more closely the world
will listen, how much more quickly the world will act!

A second function of The Cousteau Society will be to raise funds
through its membership to support the vital exploration and re-
search projects we are even now embarking on. That is why we are
seeking annual dues in the amount of $15.00. Any additional sum
you may wish to contribute we leave to your own judgment and
generosity. Your dues and additional contributions are deductible
for Federal Income Tax purposes. Let us return now to the oceans -
to our endangered Earth --—

Often, when I describe the symptoms of our environmental illness I
hear remarks like "they're only fish' or "they're only whales'" or
"they're only birds."

(more)
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I assure you that our destinies are linked with theirs in the most
profound and fundamental manner. All life is interconnected and
the great life-giving bank is the sea.

If the oceans should die —- by which I mean that all life in the
sea would finally cease —- then this would signal the end not only
for all marine life, but for all other animals and plants of this
earth, including man. .

Billions of decaying bodies, large and small, would spread their
stench over all the coasts. The expiring sea, scummed with sludge,
would have become, in effect, one enormous cesspool. It would cease
taking up the COp -- waste product of all animal life -- and would
no longer replenish our air with oxygen. The phytoplankton, the
vital sea factory for our atmosphere, would be gone.

One cannot predict the exact nature of the catastrophe anymore than
one can describe being tossed about in an on-coming cyclone. Beyond
a certain early point of disaster almost any scenario would read like
a chapter out of Dante:

- enormous climatic changes bringing dramatic
alterations in global temperatures,

- melting of the polar ice caps with the water
levels of the oceans raising 100 feet or more,

- one third of the world's billions being driven
inland only to meet with famine, chaos and
disease on an immense scale impossible to imagine.

Would there be a final act with the wretched remnants of the human
race packed cheek by jowl on the remaining highlands, bewildered,
starving, struggling to survive, trapped and, finally, with CO2
rising, strangling helplessly in an atmosphere that will no longer
support life? One cannot say exactly, but this can be said:

the death of the oceans means the death of man --
who would gasp out his life on barren hills with
what remained of other land animals.

I beg you not to dismiss this possibility as science fiction. The
ocean can die, these horrors could happen. And there would be no

place to hide.

Earth is the only planet we know of where life can exist. That is
because it is that rarest of phenomena, a 'water planet." Water
is a peculiar and precious substance, with many oddities in its
physical and chemical composition. This unique nature of water,
operating in a dynamic world water machine powered by the sun and
the moon, provided the cradle in which life originated.

(over)




The ocean is life.

Yet again I ask, do we earthlings cherish and guard it? Consider
these deadly skirmishes in the enormous assault we have unwitting-—
ly mounted against our water planet —-

The Poisoned Rivers

A researcher asked a marine biologist if he could supply a
map showing which rivers pollute the ocean. The biologist
had a simpler way. He said, '"Nowadays, any river that flows

through a farm, a city or an industrial area is loaded with
pollutants." ' =

The Exiled Sea Otters

An ecosystem of classic significance is that of the sea otter,
the kelp and the sea urchin. Years ago the charming sea otter
was abundant all along the California coast, but now it has
been almost wiped out. Reintroduced at great expense in the
northern half of California, it is still chased by poachers
and hardly survives. So the urchins it used to feed upon gnaw
at the roots of the kelp, and what were once fecund marine
jungles are now turning into scrubby deserts.

Goodbye Whales, Goodbye Dolphins

The only creatures on earth that have bigger -- and maybe
better —- brains than humans are the Cetacea, the toothed
whales and the dolphins. Perhaps they could one day tell us
something important, but it is unlikely that we will hear it.
Because we are coldly, efficiently and economically killing
them off. Recently my boat Calypso visited the Antarctic,

and in every bay we saw piles of whale bones from the enor-
mous kills of the forties and fifties when whales were all

but wiped out. Not all of us wept, but we were all extreme-
ly upset.

The Coming Abundance of Pesticides

Every chemical waste of effluent, whether in air, on land, or
in water, will eventually end up in the sea. Of all the DDT
compounds so far produced over 30% are already in the oceans.
We know that eventually all will end up there! (Production

of DDT has been stopped in the States. But overall production
of untested new pesticides has increased considerably. As
always, the producers of pollutants subsidize another research,
a counter research, and then, if unsuccessful, a new untested
pollutant.)

(more)




"Daddy, What's A Coral Reef?"

All over the world, coral reefs are in bad shape; in Florida,
in most Caribbean islands and in Madagascar, we have witnessed
a decrease in the vitality of the reefs that has dramatically
accelerated during the past ten years - knowing how vulnerable
the coral polyps are, the most probable cause is man-made pol-
lution, overfishing and systematic destruction of the reefs by
teams of professional divers armed with crowbars to supply
souvenir seekers with shells and bleached branches of coral!
In its wake came the famous starfish, doing its immemorial job
of removing sick and imperfect coral. To save the reefs,
divers worked around the clock injecting formaldehyde into the
unfortunate echlinoderms. But, alas, they were treating symp-=
tons, not causes. It is our own vandalism, not the starfish,
that may doom the reefs.

A New Look at "The Endless Bounty of The Sea"

Remember when the inexhaustible sea, so-called, was going to
feed all the world's new billions? Four years ago I knew
that the amount of life in the oceans was dwindling at a
terrifying rate. Yet I predicted that the fishing tonnage
would continue to rise for a few years because of better
equipment methods —-— and I was wrong. The tonnage of fish
started down in 1971 and has kept going down ever since, in
spite of more fishing vessels and better equipment.

I could add thousands more to these examples, and fill a dozen vol-
umes. But I hope these few will convey my distress and concern at
what is happening to our oceans, our planet and ourselves.

To do effective battle against such powerful forces of destruction,
our Society must be totally independent. No one must say that The

Cousteau Society was responsive to pressure of any description. So
our strength will not comé from government grants, institutional or
selfish interests, but from individuals like you and me.

Governments, foundations and corporations, after all, do not have
to breathe. We do.

How shall we accomplish our heavy task? We must present the case
for our water planet to hundreds of great ones in government and
industry. We must continue and dramatically augment unconventional
research into the nature and function of the intricate elements of
our fragile "water dependent" ecosystem,

(over)
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All these things are going to cost money, so I now most earnestly
and urgently implore your support.

Because the money you give now may
literally help to save the world.
Save it, not only for ourselves,
but for our children and for their
children.

I am confident that most members of The Society will welcome this
unique opportunity to help, and that some will make real sacrifices
in order to contribute. To disburse such monies is a solemn re-
sponsibility, and we think it is important that Society members
know exactly how their money is being spent. Accordingly, finan-
cial statements will be sent annually to all contributing members.

The Enrollment Card enclosed invites you to become a Member in The
Cousteau Society. The annual dues of The Society are $15.00.

There are benefits, of course: for example, the Log of the Calypso,
including beautiful posters and a newsletter which will report
Society activities to you throughout the year; polls to obtain your
ideas on environmental matters; paperback books, published by The
Society, which will be made available to members; and an attractive
Society decal which we hope you will display prominently and proudly.

And one thing more...a little wallet card with your name on it...
testifying to the world that you were one of the first to stand
up for life, for the future, for our water planet.

Faithfully,

(/] o

Jacques-=Yves Cousteau
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Pine Life History

. R
1. Branch with staminatc cones_ 13. Ovuliferous s_cale 24. Male nucleus
2. Portion of stamimate cone in 14. Megasporangium (nucellus) 25, Eg
longitudinal section 15. ;;cgaslmry mother cell 26. Tygmc
3. Microspore 16. Micropyle 27. Two free nuclei, f ivisi
. 4. Microsporangium 17. Integument B8 T s llm_(:l-‘nbl;nr;nidn:sloln‘af Zygote
. 5. Microsporophyll 18. Growing megaspore 2 SR y ‘c nuclei
6. Prothallial cells TR * A s of embryos
7 (three degencrate) 2 Sisnee _
i pe e i - suspensor cells of embryos, Of the
8. Tube cell 19, Female };amclnphylc, fflur (:I‘I‘I]lr)l'nﬁ, unly one dQVEIO]!S_
9. Male gametophyte (pollen grain) free-nuclear stage 31. Seed
10. Wing 20. Megaspore coat 32. (;n;ﬁlcdt)l!}i
11. PBranch with ovulate cone AL 21. Pollen ml_)cs 33. Seed coats
12. Portion of ovulate conc in longitudinal 22, %&hﬁw-ﬂu-# 3. Hypocotyl
section 23. Female gamctophyte 35, Scedling
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™ to indicate that mycwrhzae predomﬁnate over root )t _hairs in
;
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' the majority of case" i,p, Kelley p. 53, Mycotrophy in Plani

~reage
surface area for absorptlon of nutrients,

By 1880, oot hajir considered as exclusive mechanism
in root nutrition,

BUT vardous excegt ons were recorded:

1) Monotropa .. no root hal rs; fungal assoc. found bﬁ
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gl 5 2) Orchids .._many.eplphyt;p; no roots.
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]
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5)/Trees/. . Theophrastus 300Bc fungi & tree roots
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ffle mycelium,
6) Ericaceae .. Rayner 1927, claimes obligate myCcotrophy -
) Ericaces phy;

assoc,

esp. Calluna SPP.
\ '"No major group from Thallophytes to Spermatophytes ig €xcepted"
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132 OUTLINE OF MYCOLOGY

From all these somewhat contradictory data, it can be concluded that
the presence of mosaic fungi is not sufficient for diagnosis of dermato-
mycosis, but that in addition there must be evidence of true mycelial
hyphae.

However, the problem of the origin of mosaic fungi does not seem to us
to be definitely resolved, for it is possible that the cholesterol deposit
oceurs in the altered mycelial hyphae. The question needs to be looked
into once more.

5. MYCORRHIZAS!

Mycorrhizas (uskns, fungus, and pilx, root) are mycelial hyphae living
in association with roots, either on their periphery (ectotrophic mycorrhiza)
or in the cells of certain layers of the cortex (endotrophic mycorrhiza).

1. EcTOTROPHIC MYCORRHIZAS

These are found mainly 117 fores sine och, oak, hornbeam),
ete.) but also in some herbaceous plants, e.g. M onotropa hypopitys, a plant

without chlorophyll, like Neottia or broom-rape, but belonging to a
neighbouring group, the Ericaceae or heaths.

The absorbing tips of Toots of plants with ectotrophic mycorrhizas are
covered by a sheath of mycelial hyphae forming a false fissue and giving
greater thickness to these rootlets. This sheath bears externally absorbing
hyphae which lgok like hairs, and internally branches which pmg
Fﬁv_&;ﬁ the outermost cells of the cortical parenchyma.

The fungi of ectotrophic mycorrhizas appear to belong to the three
main groups Phycomycetes, Ascomycetes and Basidiomycetes: . they

therefore have septate or non-septate hyphae. The difficulty of isolating
and studying them has meant that they are still little known.

The role of Basidiomyec eems to be the best established. The
relationship betweenNrees and fungi if this group has been known for a
long time, e.g. betwemta d d _Boletus eleqans{ B. viscidus, Hygrophorus

lucorum, DBoletinus cavipes, Lactarius porninsis; between cedar and
. . q I3 - —_—
Sepultaria sumneriana; lhetween nd Amanita muscari

La
plumbeus, L. glycyosmus, Trick ] newm; between h and
W, betweeniglm and ash and Morchella? between poplar an

icholoma__pessundatuwm, ctarvus controversus! Boletus duriuscu us,

Mitrophora hybrida. Finally, there is a whole flora peculiar to forests of
resinous trees? (e.g. Cenococcum graniforme in Pinus s lvestris).

W(l%l] showed, with numerous examples, that the connexion
is unequivocal and can be traced between the fructifications of these
fungi and trees with mycorrhizas through more or less voluminous, always
perceptible, strands (except in the Lactario-Russula spp.).

1 Mycorrhizas are here cansadert?d only as a particular type of mycelium. Very interesting
details on the question of mycorrhizas can, however, be found in Lutz, L., Traité de Crapis
qamie, pp. 637-67 (Paris, Masson, 1948), and also In the Précis de Biologie végétale by
Guillermond and Mangenot, 2nd ed., pp. 503-18 (Paris, Masson, 1946).

2 Romell, L. G., The ecological problem of mycotropy, Ecology, 20, 1939, (II), 163-7.
Maublane, A., Ch. comestibles, p. 20 (1939).
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‘ Trichomyecetes *

L. Enterobryus. % 200. After Lichwardt, 1954,
a. E. elegans Leidy. Young, s

hort vegetative hypha.
b. B. euryuri. Sporangiospores,
¢. H. euryuri. Endoconidia,
d. B. euryuri. Uninucleate spores.
‘ Dermatophytes ’
2. T'richophyton mentagrophytes (Robin) Blanch, Racquette hypha.
X 500.

3. Microsporum canis Bodin. Macrocondium. x 500.
4. Trichophyton mentagrophytes. Macroconidium, x 500.
5. Bpidermophyton Sloccosum (Harz) Langer. Macroconidium. x 500,
terosporum canis Bodin, Microconidia (aleuriospores). x 500..
a. Part of Microsporum-infected human hair.  Hyphae growing
downwards to form ‘ Adamson’s fringe * in region of keratin-
.ization. Arthrospores forming a mosaic on the surface.
b. Part of Trichophyton-infected hair, Ectothrix infection. Exter-
nal spore sheath ; arthrospores in chains. Ed . d
¢. Part of Trichophyton-infected hair. Endothrix infection. No
external spore sheath.
8. zyaﬂopbmsnza c
. X 500.
9. Histoplasmea
X 500.
10. A"ffzrobozrys dactyloides Drechs, X 5600. After Muller, 1958.

@ Young ring trap; b. Trap with cells expanded ; ¢. Trapped
nematode penetrated by absorptive hyphae.

apsulatum Darling. Mycelial phase. Chlamydospore.

capsulatum  Darling. Yeast phase. Budding cells.

Mycorrhiza

ursinum. % 500. Drawing by Ha.wk?r, 195_8.I
g ; m, mature) of Pythium ultimum str. in cortica
ton  non-scripta. % 500, Drawing by Hawker,

L. Peloton in Alliy
2. Arbuseules (¥, yo
cell of &y
1958,

LICHENES :

13. Stictq damaecornis Ach. Thallus in seetion. X 200. After ka'l
@, Dermis ; p, upper cortex ; ¢, algal layer ; d, gonidia ; e, medul-
lary layer ; f, lower cortex ; g, rhizoids ; A, half a cypbella.
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MORPHOLOGY

Characteristic for various Spe

TYPESEfai) Coralloid; freely-branching, like c&ral; Spp. of Birch,
“JHJ/ ‘ Oak
{; 2) Racemose: lateral rootlets branch monopodially on
main axis; Spruce other forest trees,
v 3) Rhizothamned@n: thicK clusters, like withh's brooms;

Casuarina, some Oaks, Pine,

4) Pearl -necklace : begin as racemose; growth intermittent

constrictions between. éggggm

Pseudomycorrhizae: thin, lack basal © nstrictions, darker in color

T T——

: ) ECTOTROPHIC:

_ ENDOTROPHIC:

2
’,Ayorchidg,
R!:i-t.fvg:! ? | Ericaceae
l (Heaths)

~ 5 -..-- i |
121t1Zed

than root.

Color of mycorr. influenced by: age & fungal symbiont;

shades of yell, red,violet. white,blapk o
1914 MacDougall offered classification ba%ed on oo lor,

root covered w, many layered mantel of fu&ﬁs mycelium;

penetrate between but not into cortical cells,
T T R Al - - C “1“4
L _E__...-—-—-

Root irs absent or scant., 7 = y
' - oy 3TE"" i
. f ~phT t
- @gel CanTE o] D t;e"‘u.r Je
. i &, ’.\ ?31,!!
— Mr&‘uv i Y \ Cﬂ“'&

‘ BN, o g
- — mycsunt ® > _\Maﬂhe

Mycelium penetratgﬁmggrygggl_gg;la; mantel not formeg,

Ll 5

HaRTHGHQEEQ,cortical c%%ls become embedded in hyphal
network; not-<intracellular. €Sp. Pineg,

Stele generally not invaded,
.



TREE M¥CORRHIZA

Melin,Eliag 1948 T,.B,M.S. 30:92-99. Recent Advances in the study
e of tree mycorrhiza, (Uppsala,Sweden. )

ECTO & ENDOTROPIC for ms common in trees.

Roots attacked become shorter, thicker & branching.,

Mycorrhiza of diff. colors depends on symbionts involved;

Hyphae penetrate betwmen cortical root cells; produce

mid. lamella broken down; 1i )
mantle around outside of root.( & eellulose not utilcizeé) smio

—

Most of short roots converted into mycorrhiza,

3 Frank's idea of mutual symHd osis._
Others considered asociation harmful f(.o;host.

Recent work shows-":

 Mycorrhiza beneficial & somrtimes
essential to normal growth of trees, -
_ 1917, Melin showed experimentally that Pine & Spruce
seedlings (Sweden) reguired fnycorrhiza for normal growth,
1921, “elin analyzed roots to isolate fungi of mycorrhiza.

Basidigs mostly isolated: Boletus, Amanita, Lactarius, Cortinarius,
lBuT: BLL Grovfs OF Fuwei Hwve geew

FileeidTE) . MyLpmanL nebil. Rusailldy, Tricholoma,: Hysnth Ao thery,
38 Fullfwm  epwamonby wiTW orewins.a1s0; the Gasteros: Scleroderma, Rhizopo on
_:_-—_’-‘/ — . G ey » -+t p g .wf}E'rb&
Mycorr. produced experimentally by A.B.Hatch; in a1 lture,

|
vitamins sometimes required for production of mycorr, (b — |

Adn-pine; ‘Boletus variegatus)

Furbher investigation pending study of vitamin needs,

Conditions under which tree mycorr. are formedx :

1937. A,B.Hatch found that soils deficient in N,P,K,Ca ,

'

[ (one or more of these) favored dev. of mycorr.

1942, E.Bjorkman reported foll factors affecting myco. formations




a) Light ie P;ne seedlings grown in dark or weak light, no.

greater than 10% of daylight, produced no mxcorr

e —

when light increased to 25% or more of daylight

intensity, positive results obtained.

b) N ¢

B either a deficiency(OR abundance of these inhibited mycor\\
c

moderate amounts favored mycorr.production.

Experimental evidence in culture & under natural conditions gaye
similar result s:
i'e {é%ﬁ(A) Ny Py are?aefibient, then PRDTEIN_§X§E§ESIS
INHIBITED; (2 SURPLUS of CHO then available to

-....-r--v:} roots whicl'y favor dev. of mycorr. ;

g{; {B) N, P, areJabundant, then PROTEIN SYNTHESIS

STIMULATED,'gorrelated with a deficiency of cno>
which inhibit mycorr. formation.
u//ie CHO the key in this idea;
BUT: © 1944. MacDougall showed that excised Pine Mycorrhiza

survived in forest soil .

(§;;;£ FACTORS which may affect mycorr. production:
' e
1) Antib otic substances in natural soils may be
antagonisfic to dev. of mycorr.
2) Toxic substances may be produced.
2zb Needles shed in Autumn in Swedish forests produced a substance
which inhibited prod. of tree mycorr.

ie leaf extracts used experimentally:

o

low coneentration
STIMULATED mycorr;

higy COn. iNHIBITED;
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g t phi s : / ]?‘A}f\‘ [ N0
otrophic types:

l) Peloton mycorrhizae- OPChldS & Psilotum .

intracellalar hyphal coils formint structure of

- Y wa

characteristic morphology, called geloton .

) V951?ulaP-Arbuscular---

f?%ﬂ,BuTZ&ﬂ"dy*S nterconmunicatlng anastomoses form a closed
f system, |
Vesicles are spherical swellings at hyphal tips; Vitis,Gossypium .

Arbuscles: tree-like branching of intracellular hyphal tips.

_THEORTES : MYCORRHIZAL RELATTONSHIPS

M A T —

2_general yiews:

1) Fungus is parasitic op_host.
|q§b 2) a mutualism bet. host & fungus.

104 favored mutwal ism

Kelley reviewed 118 papers:
M cep s ‘ 14 ¥ parasitism

Hartig - first important promolgator of parasitic doctrine; ,but

——

he did no experimental work; however he influenced

many other workers.
Fuchs 1911 .. first to experiment w, SYNTHETIC MYORRHIZAE,

T as cEEATT

found a "limited parasitism!, host rendering
fungus harmless,
Margou 1921 .. Fungi’indifferent parasites: neither harmful

nor useful.

t

“Majority opinion takes non-parasitic view: but no unanimity on

mechanism,

e ML
£ \“ \..tfd

TNt
o Ftyt




4.

Some of these ideas:
1) Mycorrhizae replace root hairs.
1877 pfeffer .. Roots of Neottia (orchid)
have mycelium acting 1like root hairs,

1902 Marcuse .. Hyphae act as root hairs in most

endo trophic forms,

2) Ix@gg_g:ha,g Fungus captured by roots & digested, so
obtaining proteins. (N)

A e ey e

3). Nit.rogen theory Se Prank 1894. ~'Mel jn

Fungus supplies organic N to host
43) Stahl's theory 1900,

In soils pdor in minerals, trees cmpete w, bacteria,

fungi; tree benefited by hyphal assoe.

Other ideas center around utilization of C ratggg_ﬁﬁgg_y .
1926 McLennan . Fungus supplies fats & oils to host; N a
negligible factor,

Di_fi_‘}culties W. all theories

No satisfactory expl, how fungus absorbs & tz:gnsp.orxa.mtriem,a

to_host.

Reports that root hairs present alo;ag W. mycorr. should be

' | regarded skeptically; histological evidence needed to distingu-v
| hyphae (in form of setae) from root hairs,

Lownd
b N4z epeben P WS &
M'floﬁ?&»'?- ; ¢
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THE FUNGI AND THE KINGDOMS

Margulis, Lynn. Department of Biology, Boston University, Boston Massachu-
setts 02215, U.S.A. and Division of Geological and Planetary Sciences,
California Institute of Technology, Pasadena, California 91125, U.S.A.

The possible phylogenetic relationships between the fungal-like organ-—

isms and the ascobasidiomycotes will be discussed in the context of the five
kingdom scheme of Whittaker (1969).
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