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Name. RAY KUEFLER Date. OVE

Tectvre Noteg!

Elimentary circulation:
VENTRAL

AORTIc ~ PORTA Tnbe forms on each side of

ARCHES animal and frses to form the
heart. It hranches to run
over the place where the
shoulders of a human would
be and there it forms the
Aortic Arches. It comes
torether acain on the back
and branches again to form
the Femural Arteries, Sae
i1lustration for scientifiec
names.

The Endothelial tnhes are
viTeELENEformed when tre chick reach-
YVEINS es 32 hour stace dnring
incubation,

FEMURAL
ARTERIES
Oviporous-ova, an animal which rears its young
from the ecg,

Viviporons-live, an animal which rears its young
threnegh direct breeding and the young
. are horn alive,

Rlastoderm-abscrbs food from the yolk.

Placenta-absorbs food from the blood of the mother
by osmosis,

It is qguite easy from thre diviticunlum and the
bud?ineg of the di fferent orsans in the early
orxanirms to see how "Ontogeny Recapitulates
Phylogeny”, 411 tte systems are formed the
same, FEnlarzing of a trbe and tre brnddineg of
that tuhe ocause the formation of each and avery
one of cur internal oreans. The digestive svs-
tem of a dog~fish shark is nothing more ttran a
tvnch of fonnels, one in +he other: this is
explained by the fact that they take up less
space and they have a greater absorhbing surface,

Note:

The University of Dubuque. Course
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Lecture Notas!
Meaning of:

Placenta

Tubal Pregnancy

Tterus

Tmtilical Cord

Amnionie Sac

Amnionic Fluid

mbilieal Arteries
Tmhilical Vein

Chorionic or fetal Villi

I. Human before hirth
IT. Sleep

ITI., Page 406-410 Fegoners
IVe 1st # stem-root words

Part One,
5. Sac which encloses embryo before *irth.

6. Bac inclvdes visco s fluid known as (&),
1, Plate attached to the vterus (very muscilar)

UMBILICAL
VEIN

UTERVS

| (MATERNAL
- PLACENTA) rETAL

PLACENTA) UMBILICAL

Corp UMBILICAL
ARTERIES
l, Vein condvets hlcod to liver.
2. Arteries gzet hlocd from iliacs of child.

S e HORIONIC
A M”/ogs{cc: T vree s

‘

'
T/ 7 AT AT i N 7 i i R B AN A
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Lecture Notes!

Page 406 in Peaners,

Cell Theory~Schliden and Schwan.
2otert Holk also.

Morpholoay -ldeas bhased on basic principles
and Strrectures.

Physioloay ~-f'undementals based on funetions
of Physiolegical theories.

cell Diwision-Pronhase, metaphase, anaphase,
telaphsase,

Origin of l'etazoa-iorms of animals over
Frotozoa.

Symmetry ~Homogenius mixture
Bilaterally symmetrical.

Homology -Directly Corresponding.

Ferm Layers -ecto, endo and mesoderm.
(hair)(blood) (intestines)

The Coelom -Foly cavity of Embrvo.

Organoloey ~Seience of Organs

Spontaneons "Neneration-insects and devel-

The University of Dubuque. Course

ovment in dew, Dead tissue and
Mag~ots,.

Sexvnl Reprodvetion-~
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Name FAY KvEFLER, Date__ "OYR
2
Lecture Notes!
& Part Two.
Is Tvhal Pregnaney a sericvs oconditicn in 1ife
of mother and child,
No. The fertilized ezes are supposed to
be implanted in the Fallopian tubes and
therefore the condition is one of congruvent
preenancy and not a dangerovs one.
. iES
ALLOP/IA NV OVARI
F T 52 O’('D.’SCHAR&E.
O ov & \ FERTIL—
1ZED BY
. SPERMATH
20A o)
CHORIONIC
vieel
UTERUS
IMPLANTATIN m=y occur in one of four places.
1. On the Body Wall _
2« 0On the Ovary Wall
3. In the #allopian Tubes (lower animals)
4, In the Ttervs (human)
"hen Menstruaticn stops is that an indication
3 of Preagnancy? _
& No. Jisesse contribntes the game spmptoms.,
i IDENTICAL AMD COMMON TWINS. )
* (of same ova)(of different ova) 2
B £ 0 o :..w
o 00 00 60
&
i (in same amnionic “¥ac (in different amnionic sac)
- IDENTICAL COMMON -
External cenitals prominent in fthree months. i
- :’Tm LA e '\Ei."‘l"'\llii"'\'\h"i"'\'#)"i"vhvf'b"ﬁﬂ I '\?a"'s'\wi:'i"\wifi\?1‘5‘6#’i"m'_niWi}ﬁw‘ii}i-\iv(i\\iﬁ'i\\b‘:'i’\vfa
The University of Dubuque. Course
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Lecture Notes!
Qarwing thecry of Pangenesis.
Meigssman- Uontinuity of Serm Cell.

Castle (chicken)

—

Ray T

Professor of Riostastics at the University
of Minnesota he plotted the statistics on the
world popunlation, In tre lnast ten years the
"™ited States gained 7% in population and in
thre 10 years prior to that some 207 more.

Each decade popnlation increase has decreased,
Tn 1970 according to his calecvlationsl58 thonge-
and (pepulation) and at thig time the race
senescernce will occur.

Reeners fage 411-416,

Report by Paul Ukena,
“ibtrary laterial- March Tgssues.

American Scholar American Natuvuralist
Rlackwoods Magagzine Hygrea

Jovrnal of Feredity National Geographic
The I'ature Magazine The Outdcorsman
Seientific American Scientific Monthly
Yale Review

Lamprey Rel,

The lamprey eel is a direct covsin to the
Fagfish. It has a svetion menth and on th
end of its tongue it has a row of teeth,

teeth are used to rip and lacerate tre fle
of a host after theattackment has Teen mad

Digestive tract.

Food Passes from the movth to the buceal

covity. ¥t has a Typhlosole digestive tra
1t may be nsed as food althooeh it is
11lmost extinct now, Preserve-dry salt.

Reproduction very primitive.

e
These
gh
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Tectrre Noteg!

Rone Structure.

EPIPHYSIS

DIAPNYSIS

v

MARLOW

OQccification similar to ice freezing.

Haversian system is system of *lord cirenlation
made up of h versian canal ~nd:

cANALICUL |

LACUN]

CANAL
( HAVERST HN)

VEIN ARTERT
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‘the dorsal surface of the notochord.

3
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C. AMPHIOXUS LANCxOLATUS
Phylum, Chordata: Subphylum, (Cephalochorda)

l. Study of the Whole Mount*-Plgce a speclmen in & watch glass and
eéxamine with a hand lens and the low power of a microscope. If
attalnable, also study permanently prepared whole mounts.

The body wall of the amphioxus is divided into V.shaped muscle
segmente called myotomes, which are eparated by thin partitions
of the connective tissue, called mxggogggg » The myotomes on one
81de alternate with those on the othep slde. Count the myotomes.
A cartilaginous, rod-like structure, the notochord (thus the name
c%oy%gtg) alds the myotomes in giving a certain amount of ridity to
the Oiy. .

Note the elongated lance-like shape, (thus the name lapceolatus)
especially of the posterior end. & primitive fin-like fold 1s

‘practically continuous around the entire fish-like animal. Along

the mid-dorsal line, this fold is called the dorsal fin. This
broadens to form a lance in the reglon of the tail, where it is
called the gaudal fin. This same structure on the ventral side is
divided by a gap which marks the atriopore. That part posterior to
the atriopore, and anterior to the caudal fin, is the ventral fin,
while anterior to this opening, the ventral structure 1s divided
into two folds, matepleural folds, along either edge of the body
walle.

The nondifferentiated head 1s marked by the presence of a
comparatively large oral vestibule or hood, which ig surrounded by
oral ri or buccal nt 8, which ald in the collection of food.
1 ince the amphioxue has no distinct stomach, the %aggg 8ac~

lke pharynx which contains 21118 or gill-bars, separate N'g
branchial s, along 1its sides, becomea continuous with the long
tubs. 8 » Which leads directly to the anus on the left
slde of thé Ccaudal fin. The liver is 1ittle more than a ventral
anlage of the intestine. '

Ag in the case of molgula, the pharynx is surrounded by the
atrial chamber through which water passes to the atriopore. The
notochord lies dorsal to the pharyggeal chamber, and extends 1
the entire length of the animal. e dorsal ncrve cord runs a ong

he anterior end of the
nerve cord 1s slightly enlarged and is called the brain, on which
may be located the Qlfactory pit and gye soot.

In certain mature specimens the paired_gggggg may be seen

t ric arranged along the ventral side. ount them, and
note the ygraduation in size. In amphioxus the scxes are separate
The gonads are found Projecting into the atrial cavity. The germ
cells are discharged into this cavity and reaoch the exterior by
means of the atriopore.

EXERCISE I1I, "Make g drawing 4 to 6 inches long, showlng the
entire animal as observed. Locgte and label all parts atudied.

2. C -Sege through the P L n_of th 8=w

If the student has a clear conception of the general structurc of
the amphioxus, he should have no difficulty in ldentifying the
Tollowing structures from the cross-gection: Dorgal fin ?note fin
rays); Body wall: myotomes, (muscles); neural tTube, (spinal nerve
cord); notochord; pharynx; gonads; liver; atrial cavity; and the
metapleural folds contalning lymph sacs. ,

Certain eections may show dorsal and ventral roots of the §plnal
nherves, branching off from the 8spinal corde. The noticeable grooves
in the dorsal and ventral angles of the pharynx are the hyper- ‘
pharyngeal (epibranchial), and the hypopharyngeal grooves ?endostyle)
respectively. On either side of the hyperpharyngeal groove may bb
géen a dorsal aortas. The amphioxus has no heart. The single
ventral aorta is located,in the subendostyler coelom, beneath endos.
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Muscle Wall

Endostyle

The Salpa!

Para-Pharyngeal

Ciliated

Bands

Mantle Procpas
Nucleus of
Stanach, Liver
Intestines.

LRB. SPECIMAN
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. THE HUMAN SKULL
CORONA L
SUTURE
SQUAMOUS
SPHENOID |
— LAMBDOID
FFRONTA L B SUTURE
i
»
&
) "ZYSOMA  TEMPORAL
MALAR Foss A
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STEM ROOTS . | |

Acro ~ tip; acrosome - pointed tip of a sperm cell,

‘Actin - ray; actinomorphic - ray-shaped actinopoda,

Albus - white; albinism - lack of plgment.

Anth - flower; brightness: anthozoa - flowerlike animal,
Anthrop - man; anthropology - study of man. .

Arch - primitive, ancient; archaeopteryx - primitive bird,
Area - open space; areolar - having open spaces, :
Arthr - joint; Arthropoda, having jJointed legs. .

Bibo ~ drink; bibatious - accustomed to drinking, ,
Bios - 1life; biota - the living animals and plants of a region,
Blast ~ bud, sprout, primitive germ; osteoblast « bone bhud,
Brachi - arm; Brachiopoda - arm-footed animals,

Brachy -~ short; brachycephalic - short-headed,

Branch -~ gill; Lamellibranch -~ leaf-gilled animals.,

Bryo - moss; Bryozoa - mose-like animals,

Bursa ~ pouch, sac; bursate - shaped like a pouch,

Chaet ~ halr or bristle; Oligochaeta - worms with few bristles,
Chir - hand; Chiroptera - hand~-winged animels,

Chiton .. coat of mail; chitin - found in the integument of animals,
Chlor - green; chlorophyll - green leaf, ‘ :
Chromat - color; chromatin - chromosome, &achromatic,

Cide - to kill; germicide, insecticide, fratricide,

Cilium -~ small hair; ciliata, cillia,

Coel -~ hollow, cavity; coelenterata, coolom,

Coleo - sheath; Coleoptera - ingsects with sheathed wings,

Conch - ghell; conchology - study of shelled animals, .

Cyt - cell or hollow place; cytology, cytoplasm, leucoogte,

Derma - skin; pachyderm - thick skin,

Echin - spiny, hedgehog; Echinodermata - spiny-skinned animals,
Entom - insect; enompnilous - to love inseots,

Eo - dawn; eolith-earlliest stone tool used by man,

Eryth - red; erythrocyte - a red blood corpuscle,

Ethn ~ people, race; ethnology - study of races,

Gam . husband, marriage; gamete, gametophyte, polygemy,

Gastr -~ belly; gastrula - little stomach,

Ge ~ earth; geotroplism - turning to the earth,

Gen -~ to bring to life create; CGenesis, generate, engender, gene,
Genue - (plural generas - kind, race; generic, general, generous,
Gest - to carry; ingest, egest, dlgest, gestation,

Helio ~ Bun; heliotropism ~ turning to the sunm,

Helminth - worm; Helminthology -~ the study of worms,

Heter - other, different; Heteroptera - inseccte with unlike wings,
Higt - web, tissue; hlstogenesis -~ tissue formation,

Holo ~ whole, entire, holoblastic, the entire germ or embryo,

Homo ~ game, several in common; homology, homoptera, homozygous.
Humor - animal fluid; vitreous humor, humid, humerous,

Hymen - membrane; Hymenoptera - membrane-winged insects,

Iso -~ equal; i1somerism - belng divided into equal segments,

Leuc ~ white; leucooyte - a white blood corpuacle, lc,
Lys, 1yt - to unfasten or dlssolve; analyals, autalyais, histolyth
Melan - bleck; melancholy, black blle; melanin - black pigment,
Metr - measure; biometry, diameter, symmetry,

Morph - form, ehepe: dimorphism, metamorphosis, morphology.

Mut - to change; mutation, permutation, mutant,

Necro ~ dead; necrosis - localized death of tissue; necrotic,
Nemat -~ thread; Nemathelminthes o thread-like worns, :

Odent ~ tooth; orthodontia -~ science of tooth stralghtening,

€ec, Ec - house; monoecious - single house; Ecology, economy,



Oes - will bear, carry; oesophagus, carrying what 1s eaten.

0lig -~ few; Olligochaeta - worms with few bristles,

Ornith - bird; ornithology ~ bird atudy,

Parthen - virgin; parthenogenewis - virginal reproduction.

Path -~ suffering; pathogenesis, apathy, sympathy, pathology.
Phag -~ to eat or devour; phagocyte, bacteriophage, phytophagous,
Phil -~ lover; haemophilia, philanthropist, Phillip.

Phobe ~ fear, hatred; bacteriophoblia, claustrophobla, acrophobla,
Phyl - race; phylogeny - race development; phylum,

Phyll - leaf; phyllotaxls -~ leaf arrangement.

Phyt - plant; saccophytic -~ living on dead material,

Platy - flat; Platyhelminthes - flat worms,

Pseud -~ false; pseudopod, pseudonym,

Rheo -~ flow; rheotropism, rheotaxis, diarrhea, resin.

Sohiz -~ split, cleave; schilzogeny, Bchizophyta, schizophrenla,

Senesc - o0ld man; senlle, senescence, senlor, ‘

Septum -~ fence, barrier; septate - state of being divided,

Sessile -~ sedentary but not stalked; sesslle animals - those
solldly attached to thelr substratum,

Style - pillar, post, beam; stylet - little beam.

Tox - polison; toxicology -~ study of polsons,

T»ich - hair; trichinella ~ little halr worm.

Troph - food; atrophy, hypertrophy, trophy.

Ur - tail; Uropoda - animals with tall-like feet, ‘

Vermis - worm; vermiform, vermillion, vermln, _

Xanth - yellow; xanthophyll - yellow material in leaves, etc.

Z0 -~ animal; azioe, zoold, zoome, spermatazoa, z00spore,

Z2yg - yoke; homozygous - having slmilar yokes; zygote.

Zym - ferment; enzyme, zymogen, zymotlc,

Beta - hair or bristle; setaceous - producing hair,

PREFIXES AND SUFFIXES

A or an -~ without; apods - without feet,

Ab - away from; aboral - away from the mouth,

Ad.~ toward, upon; adrenal - upon the renal gland,

-ae- plurel-ending for Latin singular nouns ending in A .~ amebae,

Ambi -~ both; ambidextrous - ability to useé both hands.

Amphi - on both sides; amphibian -~ adaptable to both sides of the
shore-~line, . :

Ana - again or through; anephase -~ & later stage of ocell division,

Ante -~ before, in place or time; antebrachium - placed before arm,

Antl ~ opposed to; antitoxin - opposing or neutrallzing a toxin,

Apo - from, away from; apochromatic - without or away from color,.

~ata - possessling; craneate -~ possessing & cranium,

Auto - self- auto-intoxication - poisoning produced in one's body.

Bl - double; bilateral - same on both sldes,

~ble,-~able,~1ible,-able; flexible -~ can be flexed.

Cata ~ down; catabolism .~ breading down, _

Circum - around; circumoesophageal, - running around oo@aophagus,

Contra - against or oppoalte; contralateral -~ opposlte slde.

De -~ off, away from; dementisa - mind away from, :

Di - two or twice: dichotomy - dividing into two branches or forks,

Dia -~ through; dlasphragm, dlagram, diagnose

Dig - bad or weak; dysgenic - poorly born,

Epl - upon; epinephree ~ lying upon the kldney. X

Ex - wilthout or outside; exoskeleton -~ skeleton on the outside.

Extra - outslde; extracranial .~ outslde the braom case,

Eu - good, well, easy; eugenie -~ well-born. :

~form - shape; vermiform - shaped like a worm,
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Heml ~ half; hemisphere - half a gphere, ‘

Hyper - above or beyond: hypertrophy - an overgrowth,

Hypo - under; hypogloesal - under the tongue,

Infra - below; infra-orbital - beneath the orbit of the eye,

Inter - between; intercellular - between the cells,

Intra ~ within; intracellular - within the cell,

Iso - equal; isopods - insects with equal legs,

Macro ~ large; macrocephalon - a large head, .

MajJor - greater; pectoralis major -~ the greater of pectoral muscles,
Mega - great; megaspore- the larger of the spores, i
Mes - middle; mesoderm - the middle germ-layer,

Meta -~ after; metaphsse -~ a later phase of mitosls,

Micro - small; micro-organism ~ organisms not seen by naked eye,
Mono - alone; monogamy - marrylng but one spouse,

-Multl - many; mblticolored - many~colored,

Meo - new, recent; neoplasm - a new growth or tumory

O or ob - out, inverted, against: omission, oblique,

~0ld - to be added to make an adjective; odentoid - 1like a tooth,

Ortho - straight; orthoptera - stralght-winged insects (grasshopper)

Para -~ beside; parachordal - lying beside the notochord,

Per -~ through; permeate - to pass through,

Ferl - around; pericardium - sround the heart.

Poly - many; polymorphic - many-formed,

Pogt - after; postbranchial - behind the gills,

Pre - before; prenatal - before birth, sion,

Pro-~ before or early: prophase - the earliest stage of cell divid

Proto - first, preceding, primery; prototype -~ the primitive form,

Re - back, again; regenerate - to produce again,

Retro - backward; retrolingual - backward from the tongue,

Seml -~ half; semiflexion - bent half WAy .

SBub - under; submandibular - under the mandible,

Supra - above or upon: supratemporal . above the temporal bone,

Sym - together; symbiosis - living together., ,

Syn -~ together; syncytium ~ cells without dividing walls,

Sur - above or over; surangular -~ above the angular bone,

Trans -~ across; transfusion - a pouring across.

-ule ~ (ula, ulus, ulum, ular), diminutive suffix; cellular,
molecule, nodule,

Ultra -~ beyond ultramicroscoplc - beyond the power of mieroscope.
DIRECTIONAL TERMINOLOGY
Cephalad ~ toward the head, Ecto ~ outside.

Caudad - toward the tall, En, endo, ento -~ toward the inside,
Ventral - front. Meslad .~ toward the middle,

Dorsal - back. Proximal - near a given part.
Lateral . silde. Distal - away from a glven part,

Saglttal plane - one that divides an animal into right and lefs
‘ parts, _

Transverase plane - one -that divides an animal into cephalic and
' caudal parts,

Coronal or horizontal plane divides an animal into ventral and
dorsal parts.
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(Chick 1) °’
- XVIII, THE KIDNEY
A. Phylogenetic Relationships and Ontogenetic Development,
ghe student has probably observed that among Gthe vertebrate
animals, there may be found three typea of kidneys, spoken of as
the pro, meso, and metanephros, '
l. The Pronephros. _
€ pronephros being the most primitive type is found 1n the
edult amphloxus and certain lampreys. However, an even more pri-
mitive conditlion may be found in the earthworm, The chlef eXw
ecretory organ of the earth worm consista of pairs of colled tubes
called nephridla which are secgmentally arrgnged in the coelom on
either sige of the alimentary canal, By dissecting an earthworm

-1t will be noted that each nephridium begins in the coelom of one

segment and after pessing 1nto the next segment colls through a
number of loops and empties to the exterior on the. ventral surface,
These amall apertures, called nephridia pores, open on every somite
except the first three and las¥, Evcen though these excretory or-
gans were studled 1n connsctliommwith the general anatomy of the _
earthworm whey should again be observed, Dissect an earthworm 8
previougly directed and note the funnel-ghaped, ciliated opening,
the nephrostome, which collects the waste from each segment, The
remalnder of each nephridium is divided into three partg; the
elender distal portion, the thick and glandular-walled middle por-
tion, and fﬁe dllate roximal portion which probably acts as &
urinary bladder. Carefully remove & nephridium, Mount it on &
slide, and study under low power,

EXERCISE I, Draw and label & nephridum of an earthworm.

II. The Mesonephros, : ,
"II%HougE Emmature fishes and amphiblans possess & pronephros,

1t 1s supplanted by the mesonephros before the animal reaches
adult condition, Dissect & fish or frog, loocating the mesonephros,
urinary ducts and bladder, Note that the mesonephros extends the
entire longth of the body-ocavity between the alr bladder (fish)
and backbone, The urimry duet is called Leydig's duct in the
male frog, or Wallerian Auot in the female. EEesIEes these notice
the adrenal glands and fatty bodies (frog) in close proximity with
the mesonephros which afe large reddish-brown bodles on oither
side of the mid-line of the back,
. EXERCISE II, Draw and label a typical mesonephros from a
fish or frog, (Lower half,)
3. The Metanephros,
he third type of kidney, the metanephros, may be found in

the adult condition of the amniote (reptiles, birds, and mammals-
enimals which possess an amnion 1n the embryonic condition), These
higher vertebratss develop the first and second types of kléneys
only to lose them as the third type appears, Study in detall the
anatomical structure of the kidneys of any amniote whioch is avail-
able. A typiocal kidney is somewhat bean~shaped with a deep con-
cavity on one side,  This allows an entrance for the renal artery,
and an exit for the veins and ureter, The funnel-llke attachment
0of the ureter to the kldney is oealled the pelvis while the inden-
tation 1s called the hilus, ‘ :

Split the kidney longltudinally and study the cut surface.
It 1s made up of a light-colored peripheral layer, which is called.
the gortical substance, and the darker central @&ss which 1s called
the medullary substance. The tubules will be seen as fine lines
which converge to & large sp&ace near the concave slde, the ginuw,
Note the connection with the pelvis, T

Goldsmith
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| THE CHICK

.~ A. Ontogenetic Development es A Guide To Phylogeny

| Each student should place in the incubator or under a hen, not

| less than three suppodcdly fertile eggs. After they have incubsted

| (87 degrees C.) from 32 to 48 hours remove one and study the embryo

\1n aeccordance with the following dircecctions: With the handle of the

- sclissors carefully crack the blunt end of the egg and rapidly remove

- the shell fragments--at firgt with the forceps then later with the

' thumb and finger. Rapildly but cautiously break down the wall of the

' shell permitting the white to run out into a waste Jasr. If the white

'hangs and seeme to be endangering the yolk, c¢lip it with the scissors

'being careful not to injure the yolk which might be pulled in that

'direction. After about & third of the shell, and all of the "white"

' possible have been thus removed, carefully submerge the remaining

' shell, vwhich contains the yolk, in warm (about 37 degrees C.) physio-

' logleal salt solution (.7 to .9 grams of snlt to 100 c.c. of water)

‘and float the yBlk from the ghell. With blunt instruments, like the

'handle of n scalpel turn the yolk over and locate ~ small circular area

| the vassulnr arca., Note 1te position on the yolk. The tiny beating

'henrt w11l now attract your attention. Count and record the heart

'Peat at intervels so long asg 1t continues. Does the beant gradually

. elow Qown or does "denth" toke plece suddenly? Watch your specimen

' for about 10 minutes as the heart might begin beating agnin.

‘ With small gharp scissors make A circular cut through the ¢
membrane a ghort distance from the sinug terminalig--the encircling

;i blood vessel which marks the limit of the bilmstoderm or vescular ares,

With fine foreeps take hold of the edge of the detsached bastoderm and
carefully float it into & syracuse watch dish. Gently raise the
watch dish containing the embryo from the vessel of water.,  With a
pipette Araw off the surplus water leaving the blostoderm spread out
emoothly over the damp bottom of the wetch dish., In case the edge

of the membrane is turned under, return some of the water to the
watch dish and repeat the Arawing off procesg-~carefully pumping here
end there where the membrane is not straight. The thin transparent

- vitelline membrane which normally covers the embrys may or may not be
. present ss yet, It may have slipped away during the progress of the
- work. Now fit a ring of filter paper, which hms been previously

. prépared, over the blastoderm in such a way that the embryo, which

. appears in the open center of the ring, is entirely free from the

. paper which adheres to the circular margin of the blastoderm. Fix

. the embryo by adding sufficient amount of Bouin fixative to cover it.
After examining the embryo in detamil with a micrnscope exchange with
an asslstant for a similar one permanently stained and prepared on
the slide for study. :

- External Study of a 32 to 48 Hour Chick Embryo.

1 If the entire blastoderm is preserved on the slide, the transpare-
. nt but granular area outside of the sinus terminelis will be seen.

. This is the ares vitellina. A similarly appearing asrea, srea pg%lucida
- may be noted along either silde of the embryn. The deeply staine -
- lrregulsar shaped blood 1slands mark the ares vasculosa--between the
area pellucida and the ginus terminalis. Count the mesndermal seg-
ments or somites which constitute the larger part of the median region
of the chick, The two rows of somites are separsated by the neural

tube and notochord (see crose section study). Since the somites form
progressively from the anterior end posteriorly, they gradually blend
into a non-differentlated reginn--the gegmental zone, which terminates
with an expansion ¢nlled the priiitive knot., Posterior to this 1s the
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EXERCISE III, Draw an exterior vicw of a true kidney,(Wpper)
EXERCISE IV, Draw a lorgltudinal section through the medium
region of the same kidney., (Lower half.)
. gﬁiS§ory of the Kidneys in Three Acts, 28 Seen in the Developing
CK,
| ART ONE#-Pronephros (The Primitive Kidney).
| Time-=2nd. day of Incubation, Place--somites 1 to 15,
: & Scene I, At dawn of the second day the nephrotomes appear out
of the intermediate cell masgg which separates each mesodermal sege
ment from the latera¥ ¥esoderm (somatic and gglanchnic mesoderﬁT%
Scene II, MIddle of second day cellular sprouts’ grow upward
from the mid-dorsal surface of the nephrotomes of segments 5-15.
Scene III, Buds elongate-~terminal portions bend posteriorslly
and fuse with adjacent ones, forming a rod on elther side of, and
parallel to the neural tube,

- Bcene 1V, At the close of the second dsy the rods becoms hole
low forming the rudimentary kidney tubules of the pronephros which
opens into the cloaca about the 80th, hour.

Scene V, Tubules separated from somites by mesenchyme,
Beene VI, Anterior tubules degenerate by the time the l4th,
is formed. {Note progressive growth and degeneration).

. ACT TWO--Mesonephros (Middle Kidney).
| Time-=3rd. 4th, and 5th., days of incubation, Place--gomites 13-30.

‘ Scene I, The so-~-celled "middle kidney" begine to Aevelop at
v the close of the second day--posterior to and as a continuatidon
| of the pronephros, : '
; Scene II, Tubules elongate and convolute to form primary,
| secondary, tertiary, etec., (six or seven) Mesonephrie tubules,
i ghis plling up continues until a large body 1s %ormed,ﬁﬁe Wolf-
ian body.
cene III, Tubule of each segment empties lnto & common dla-
lation, the Wolffian Duct which eventually becomes the vas deferens,
Scene IV, Binuses of posterior cardinals cause the Wolffian
bodies to become very vascular,
Scene V, Sub-oardinals collect the blood from the Wolffian
bodies, deliver 1t to the inferilor vena ocave-~thence back to heart,
Scene VI, Act II proper closes the fifth day, However degone
eration of the mesonephros begina the tonth day and is completed
before the chick is hatched. ‘
ACT THREE-sMetanephros {Adult Kidney)
" Time--ACT begine rourth day (befors stage is cleared of setting
from Act II) anpd closes at death of individual, Place-~At the
bage of the Wolffian Duct in the region of Somite 30.
| Scene I, Evegination of mesonephric (Wolffisn) duct as it
turns to enter the cloaca,
Secne II, Formation of mgtangphric tubules forming an irro-
! gular shaped body,
! Scene III, Piling up of the tubules forming & compact bean- °
- shaped body, the adult kidney. :
Scene IV, Diabetes and Bright's Disease, —=—-- CURTAIN

C. Bubjects for Discussion, - '

» verify the facts connected with the three act drama by
reviewing your notes and various texts on the embryology of chick,
_ o II, To what extent 18 it incorrect to speak of dlabetes as &

- dlseage of the kidneys?
I1I, To what extent is the phylogenetic and ontogenetic.
story of the kidney a proof of evolution? :
IV, In what rospects do the kidneys of various mammals Alffer?
V., Name and discues Yarious functions and diseases of xidney,
VI, What relation exists between structure and methof of ecx-
ocretion, Arl1 Aamd ¢+l

i
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primitve streak., If the chick is slightly older than 48 honurs these
structures are supplanted by a condensed aggregation of cells, the
tail bud which markes the terminal 1limit of the embryo.
the extra-embryonic blood vessels hove begun to form the
- large vessels, the viheclline veins and arteries may be seen connec-
ting the vascular area with the median region of the embrys. The
large heart which wns studied in the living embryo may now be traced
in detail, 1In the regien of the hecart note the three slits in the
. 8ide of the embryo. These are the branchial grooves ("zills"). Near
.~ then may be seen a more or less clreular organ, the otlic vesicle or
. embryonic ear which 1& in the region nf the hind-braim. Owing tn
& characterigtic turn, the mid-brain is, at lemst In one stage of
development (about 48 hours) at the anterinr curve of the embryo.
The fore-brain is merkod by the presence of the conspicuous eye, which
is made up of the optic vesicle containing the spherical lens.

' 2, Crosg Bectinns of 48 Hour Chick

| In order to understand the relative pnsitinns of the organs as

. they appear in croes section, the student shnuld continually hold -

. in mind the relatinn between the whole mount and the sections. A
general knowvledge of embryological technique 1s a arest asset in

. such a study,

| (1) A section through the somite reginn may be identified by the

. presence of the large megndermal segments nn either side of the neural

| tube. The solid circular body, ventral tn the neural tube is the ,

% notochord. lateral to, but connected with each somite, there can

el

- usually be 1dentified an aggregation nf cells conteining an opening,

~ These are the pronephric tubules or embrynnie kidneys (the pronephros).

' The circular openings ventral and slightly lateral tn each somite

| are the paired dorsal sortae. The somltes, nephrotomes, and blood

. vessels are differentiatecd from the middle germ layersa, the mesoderm.

. Note that the upper alyer or sometic mesnderm unites with the

. ectoderm, outer layer, of the blastoderm to form the gomatopleure, _

 while the lower layer, or splanchfiic mesoderm unites with the
entoderm, the inner layer hext to the yol , to form the splanghnopleure.
The space between the somatopleure and the splanchnnpleure is the ‘
coelom., The concavity (invagination of the entoderm) ventral to the

|
. Notochrd marks the position of the developing forg-gut or primitive
| Antestine, The yolk serves as food for the dévoIoping embryn,

s . (2) Examine a cross section through the prigitive stresk regions
. &nd detérmine which nf the abnve structures are present.

| (8) In a sectinn through the hesrt reginn, the foresgut which
} may now be called the pharynx, is entirely enclosed, It may be regog-
. nlzed by 1ts thick walls and flattened condition, The aortae, wvhich
. may be approaching a fused conditinn, are doresal tn the pharynx and
. ventral to the neural tube and notocherd., Is the notochnrd as

. brominent.as 1t 1s in the somite reginn? The anterior cardinal veins
| may be seen lateral to the aortae. The heart appears as & single
double-~alyered sac ventral and slightly lateral to the pharynx.

Study of a Well-formed Chick Embryo, .
IT you were successful In removing the first embryo, you should
. etll)l have two eggs incubating., At the end nf fnur nr flve days,
remove the embryo from sne nf these eggs and preserve 1t in 709
alcohnl, The third may be removed at your convenlence., You will see
. in the four dey embryo some resemblance of a chick, Comprre i1t with
the various mammalian embryns which might be in the department's
| collection. The otoeyst now nearly resembles a fully developed ear.
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The "face" ia as yet not well formed. Note the irregular shape of
the fore-mid-and hind-brain, - The enlargement which is snuzly tucked
under the "chin' is the heart, while the ridge just under the hesrt
marks the location of the liver. The elongated swelling below the
liver and along the Aorsal body wall is the megonephros, the second
stage in the development of the kidneys. Thls region may alsn show
small paired lateral buds, the wing-bud., 1In this stage of develop-
ment the wings of the chick, anfer%or Iimbs of the pig, =nd arms
of the child can not be dletinguiehed from one another. The lower
limb bude, vhich make their appearance snnn after the anterior buds,
may not be present. Note the comparatively long tall which is
present in the embryo of all higher animels at this stage.

4. EXERCISE. Draw and Label:

I, The 48 hour whole mount., (Center lengthwige, )

II, Cross section through somite region. (Upper half.)
II1, Cross section through primitive streak reginn, (lLower half),
"IV, Oroes section through heart region. (Center crnsswise.)

V. Sketch a four or five day chick, (Center lengthwise.)

h1B. SBubjects for Discussion.

I. Bince the human embryn has only a rudimentary yolk sac, what
l1s the source of its fond suonply?

II. Explain how the chick and human embryns are supplied with
oxXygen,

IIT. Show through various lines of argument that the theory of

orgenic relatinnships (evolution) is further substantiated by
the study of embryological develnpment,

IV, From ysur observationg on the develooment nf the small embryo,
vhen would you say that the 1ife nf s chiek begins?

V. Can ynu surmise what initistes the nriginsl heart beat?

VI. ng dnes the development of the chick dAiffer from that of the
frog?

VII. 8how how the develnpment nf the pro, mesn, end meta-nephros
further substantiates the recapitulation theory.

VIII, Study all the human embryos avallable, What is the nopmal POBw-
ltion before birth? Are the feot "elubbedh?

IX. What 18 & human anomalie? Do you find any anomalies in the human
embryes you have studied?

X. Sketxh one or more human embryos~-shqwing the "sac" and attache
ment to mother, ' |

XI., What changes take blace at birth which make it posslible for the
child to breathe air? | B ‘

| Goldsmith
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XV. THE FISHES
A. Natural Habitat, -
‘ _ AND THEIR BIOLOGICAL SIGNIFICANCE
. At least one laboratory period should be devoted to the study
of the various ponds, lakes, and etreams in the vicinity of the
campue. In c,8e there 18 no such body of wagter near, arrangements
3 should be made for a more extended trip, transportation being
furnished by the members of the class. It is usually advisable to
divide the class into various sections, thus furnishing an opportunity
.~ for a comparative study of the life from various localities. &Lach _
. -8eetion should bé equipped with ncts, palls, glass Jars, bottles, etc.
 Notes should be taken on the general habitat of the animals collected.
| This should include a statement relative to the condition of the
- water,.-stagnant, running, muddy, etc., kind of bottom, the source
! of water supply, etc., as well as reference to the related animal
| and plant 1ife, In order to ascertain facts relative to the food
~ of the fishee, extensive collections should be made of the water
along theshore. This may be kept in the laboratory several days
 and in the mean time the student should deotermine as far as possible
. the kind of small animals, mollusocs, crustacea, etc., which inhabit
- 1t. In case it is impossible to equip the laboratory with a large
.  aquarium, the products of the days collection, fishes, frogs, turtles,
~ ete., as well as smaller forms, may be kept 1in improvided containers
such as large battery jars, pails, tubs, etc. : :
_ Study the behavior of the fishes while in their new habltat.
Bxamine the aquarium and detormine the changes which take place in
. the smaller animals as a result of the feeding of the fishes. If
- possible determine the preference of food of the fishes by placing
' in the aquarium prepared fish food, living active crustaceans, bread
crumbg, rolled oats, cram-of-wheat, eto.
For means of locomotion, especlally for change in direction
' while swimning, the body of the animal must be flexible, at least
at one point. ©Since the head and trunk of the fish are qieite firmly
attached, the tall is used for this purpose. Note the method of
locomotion of the living specimcns and ¢epeclally how they change
direction while swimming. Make various tests to determine the types
of stimull which are most effeoctive--tap the aquarium, pass your
hand over the surface of the water, flash a bright 1light toward the
fish, etc. From your observation determine the aavantages of the
wedge-shaped head, and terminal mouth. Could you sugsest a better
arrangement of the fins? If possible determine how the fish used
the sharp spines as weapons of offenge and defense. Compare the
habits of the various fishes with which you ere famlliar. If no
. other specimens are avallable, the common gold fieh will suffice
for many of these observations.

L0

B. External Features :
Place a specimen in your diesecting pan and examine in detaill.

Note the arrangement of the mouth, teeth, lipg, and nostrils. Probe
the nostrils and determine their internal relation to the mouth.
Eﬁamlne the 3411; by carefully raising the large bony g%ll coversi 4
the operoulum, To the gill arch 1s attached two rows of thine.walle
thread-1ike aﬁpgndages called gill filaments. These filamente are
provided with capillaries so that the Dlood is brouwht in cloge
% contact with the water over a vepy large surface. The 811l arches

- have flnger-like projections called gill rakers, which prevent food
or dirt from getting into the filaments and aleo keep the arches
separate to allow free circulation of water. The water is taken in
at the mouth, whigh 18 then closed, foreing 1t through the g%l;_gl;ﬁa
over the filaments and thonce out beneath the operculum. Observe

this in the aguarium specimens .
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| The large eyes are witnout 1ids but are protected by trans-
- parent membranes,'the,gggjgggﬁ%xg, which 1s continuous with the
- epldermal layer of the skin. he head of the common fishes (the
' Teleostei) contains the heart and organs of respiration.
| Fhe number and arrangement of the fins of fishes vary with the
. specles. They arisc, however, from the fold of the integument of
* . the embryo. &s in the case of amphloxus, this fold is practically
- continuous around the entire animal, being single along the dorsal
- and caudal regions, and bifurcatin% near the anal opening. (Sec
- metapleural folds of amphioxus.) Parts of the fold aisappear, leaving
. isolated sections which develop into the various fins. The pair of
 fins attached to the pectoral girdle and located on the side of the g
fish just back of the operculum are known as the pectoral fins, and
- «re homologous to the anterior appendages of the higher vertebrates;
while the palr posterlor and ventral to these, the pelvic fins, are
homologous to the posterlor appendag:s of the higher vertebrates.
Through evolutionary changes the pelvic fins have migrated from the
belvic remiong, wherc they are found in primitive fishes. The median
fins, which arc merely flattened portions of the body stiffened by
bony rays, are the most primitive type~-the only one present in the
lower fishes. The ventral f£in is sometincs spoken of as the gnal
E £in. Does your specimen have one or two dorsel fins? The wore
common flshes have a homocercal type (swzllow type) of tail fins.
- Compare with the heteroceral tall of the aog fish.
: mxamine the aeprangement of the scales on the various parts of
- the body of the fish. 4&are they propoerly arranged for the best ad-
- vantage to the fish? Remove some of the scales, examine with the
' mleroscope, and note the radial and concentric lines. Thls comwmon _
. type of gcales which overlap one apother posteriorly are known as the
 ctenoid (pronounced tenold) scales. Compare these with the placoid
' scales of the dogfish. The latter are rhombic bony platce with a
- central spine. hey are the most primitive type of dermal essiSica-
~tion, a nmodification of which form the prinitive tecth of the shark,
- which migrate into position as necded.
N Note the color bands, and gpots. 4&re they bilaterally symetrical?
. Note particularly the "latersa) line" along either side of the fish. .
. kxamine gcales frow various parts of the fish and determine whether ;
' the pimuent is located in them or on the gerimls of the fish. Remove
- groups of the plguent cells and study them under low and high power.
| EXERCISL)(. Sketch the entire fish, and label all parts. (Center .
* ' lengthwise.) _
| EXuRCISN E{. Draw the following: ¥7 a ctenoid scale of n comuon
. ' figh, (quadrant one); B4 a placold scale from a dogfish (quadrant
' two); %< the homoceral caudal fin (qugdrant three); and, %. the
. heteroceral caudal fin (quadraent four).
| LAsRCISE IZI, Sketch a group of pigment cells from (1) a fish
- (2) some other animal. (Lower centerg. .
' C. Subje for Discussion _ :
i I+ Fron your reading or lecturers nmake a chart illustrating the
| chemical carbon-ocyyen-nitrogen) cycle in a "Balanced aquarium," or
| in nature in ganeral. What happens if the cyele 1s not "balanced?”
| (See Blology for Beginnera Moon, Chapter LIII; Foundation of Biology
- Woodruff, Chapters V v
' Chapters I and II.)
| Il. What isthe function of the lateral line? Which of the various
- senses 1B of noet service to the fishes? :
- II1. Is the shape, slze and arrangeuent of external parts of fiahes
. a8 nearly as poseible adapted to their habitat, method of food
| collection, etc? Suggest modifications that would be nore advantage
. eoud. Discuss the 1life and hablts of other animals which apre

L L

I and VIII; Civic and kconomic Biology, Atwood,
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XIX. THE SKIN AND IT'S DERIVATIVE
OR ANIMAL INTEGUMENTS
The more consplouous epldermal derivatives are: the skin,
halrs, feathers, scales, hoofs, nails, claws, and teeth,

A, THE BKIN AND HAIR
1. Structure of Human Skin,

n ordér to meet Thé demands of nature, the skin is modifiled
into various parts each being highly specialized for its own func-
tions, The two main divisions are the épidermis or outer skin,
and the dermig or underneath layer,

The rough, horny outer layer of epidermls serves for pro-.
tection for the more delicate inner layers., Since this layer is
made wp largely of dead tissue, the outer surface of game 1s con-
tinually peeling off, This accounts for the presence of dendruff
and the scaly condltion of the skin at times, A portion of the
ecgoderm forms & layer of cells covering the body 1in the embryo,
In the adult this becomes tho outer layer of the skin or eplder-
ms, and from it develops the hair, nails, memmillary glands, the
sabaceous or oil glands, and the sweat glands. The deeper por-

lon of the epildermis may be noted &8 & more delicate layer into
the lower surface of which project the nervous papillae and blood

vesgels, This 1s known as the Malphigian layer, 8 this layer
whidi gives rise to various epldermal derivatives,

The inner thick vagcular layer of glkin, the dermls, ocontains
the various blood vessels, nerves and glands., The gweat glands
proper are seated in the dermis and in close proximity to the blo-
od vessels and nerves, They appear as spherical bundles of tub=
ules., The ducts of the sweat glands lead directly to the surface
through the dermis, the Malpighian layer, and the epidermis, and
open on small papillae, Both the nerves and blood vesasels of the
dermis end in papillaée set in invaginations of the inner wall of
the Malpighian layer. Bince there are no blood vessels or nervee
in the epldermis i1t functions as the protective layer. The sweat
and oll glands and the hairs aid in keeping this outer skin pliable
and endurant in order that it may funetion properly,

2, Structure of the Hair,

All"the hairs of tHe body arise as local thickenings of the
epidermis, and are consequently appendages of the skin, It is thus
not surpriding to note that each hair is composed of minute horn
scaleg, The tube-like sac in which each halr is situated ig Oal-

Ted the follicle, This sac is mede by the dipping down of the

epidermis 1nfo the lower tissues., On the end of each hair ghafbt-
théed 1s a knob-like enlargement, the root, the basal end of which
belng more cellular in structure becomes continuous with the &d-
Jacent tissue, A small cup-like cavity at the end of the hair
flts over a papilla which grows up from the base of the hair fol-
licile. It {s by this means that the hair recelves nourishment
from the blood, If the basal papilla 1s not injured a new hair
willl be regenerated as often @s an old one is removed,

The hair is made more plliable by the oily semiliquid secre-
tlon from the tiny oil or sebaceous gland which opens by a single
duet into the follicle near its top, A muscle which is attached
near the base of the fellicle sometimes causes the hair to stand
erect, Make & microscopic study of & hair from four membars of

t?e class, Make & comparative study of the hairs of varlous anim- .’
als,

EXERCISE I, Draw a section of the skin showing the above AR
structure, (Center), )

Goldsmith i
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, B, FEATHERS AND SCALES

Feathers arise in birds as do scales in reptiles, &nd halrs _
in mammals, As was the case with the halr, the feather is anchored
in a sac, the feather folllcle, and arlses from the dermal paplllee,
When a feather or halr 1s young the besal papllla of the folllcle, .
together with its contained blood vesscls, exvends far up into
the shaft, Verlfy by cutting the feathers whlch are in various
stages of development on & young chick or bird, Note that blirds
are not uniformally feathered, Locate these varlous feather tracts
on & young specimen, Comparc with the halry condltion in mammalis.

The origin and development of scales, spines and quills 1is
highly comparable to that of hairs end feathers. Present a chart
showing the various anlmals grouped according to the type of ecto-
dermal coverlng. .

1., Structure of the Feather. '

There are three principal kinds of feathers: (1) The contour
which conslsts of the following perts: a stiff axall rod called the.
acalpug or stem: the proximal portion called the quill or calamus
wHIc% Ts hollow and transparent; the dlstal portion called the
vane, and the shaft passing through 1% called the rachis., The
Véne is composed of a series of parallel barbs, and each barb :
bears & fringe of small processes, the barbules, along &lther silde..
The barbules on one side of the barb bear hooklets which hold to~
gether the adjacent barbs, The whole structure 1s thus a pliable,
but nevertheless resistant organ wonderfully adapted for flight,

(2) The down or plumulae feathers possess a soft shaft with berbs
and barbules without hooklets. They lie beneath the heavy contour
feathers and form & covering for the retentlion of heat, In some
of the down feathers the barbs arise directly from the gquill and
no shaft 1s present. (3) The long slender feathers with a hair-
like shaft and very few or no barbs are called filoplumes,

EXERCISE I. Draw a single barb showlng varbules &nd hooklets
of & large contour feather, (Top third.)

EXERCISE II; Draew and label a plumulas feather, (Middle third).

" E?ERGISE TII. Draw and label e filoplume feather. (Lower
t 1I‘d. '

C. NAILS, HOOFS AND CLAWS

Although these spructuoturcs are developed differently accord-
ing to the specles they are all derived from the Melpighlan layer
of the ekin., Nevertheless, even in adult forms they are quite
gimilar, Msoke & comparative study of these threc epidermal de-
rivatives by beginning with & study of your own finger nalls,
The last of the phalanges extends under the nail, By pressing
on the endcof your finger estimate the distance from the end of

‘that bone to the epldermis, The cnd of each finger 1s called the

torus, and the nail proper ls called the nail glate. Note that the
Torus 1s not continuous with the nall plate, he epldermis 1s
folded inwardly to form the nail fold so that the nail plate ls
deeply set into the finger. "he horny material of the nall is
developed in the lower layer of the proximal nall fold as far
dlstad as the outer edge of the lunula, crescentic whlte area at
the base of the nall, The nail bed 1s that portlion of the finger
upon which the nall moves in 1ts growth. The torus and nall plate
are separated by a scaley ridge known as the sole-horn. Thig may
be readily seen by trimming the nalls very closely, 4in dlseased
or injured condition the sole-horn efttlimes developy quito &b
normally. In the ocase of hoofed animals. the sgle-horn is highly

" Goldsmitlh
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developed beeomirng the sols of the hoof, the animal stands on the
gip of the nall plate, but is partially supported by the sole-
orn,

of your fingers and label parts lndlcated,

EXERCISE I. Sketeh the side view of the last segment of one

Outline the posslble

position of the phalanges. (Quadrant 1.) _
EXERCISE II, Make three other drawings (from specimens) shew-

ing the co

2,3, and 4.

the milk teeth, and the adult or permanent teeth,
not uncommon for & part of a third set To appear in exireme old

age,

1.

hood., They develop in th& followlng order;
, LOWER JAW , _

L, First inclsor, 6-9 mo, 1,

2., Second inclsor, 12-15 mo. 2.

3, Canine or "stomach" 18-24 mo. 3,

4, Pirst molar, 12-15 mb, 4,

5. Second molar, 24-30 mo, B

2. The Adult Teeth,

neath the milk &eeth,

erative anatomy of nallg, claws and hoofs,

(Quadzants

D, THE TEETH ‘
There are normelly developed in the human two gets of teeth-~

However, 1t 1s

The Decidual (Milk) Teeth.

ThTs set, twenty 1in number, 1s

for temporary use during child-

UPPER JAW _
First inclsor, 8~12 mo,
Second inclsor, 8-12 mo,
Canine or "eye", 18-24 mo,
First molar, 15 mo,
Second molar, 24-30 mo.

Zbout the seventh year the permanent teeth begin to grow be-

By exerting a pressure on the nerves and

blood vessels of the milk teeth, the nourishment is cut off thus
causing the roote to be absorbed,

by the mucous membrane of the
some cases the members of t
way as to cut off the nourlshme
appear in abnormal posltions.

gums they my be eeslly pulled.

he seccond set do not press in such a
nt and thus the permanent teeth
In the permancnt sect there are 32

Since they are thus held only

In

teeth divided so that each half of each jow contalns 2 1lnclsors,

i canine, 2 premolars, and 3 molars,

asfollowa! .
1. Firat molars, 7 yrs. 5,
2. Medlan incigors, 8 yrs, 6
3., Lateral inclsors, 9 yrs,. 7o
4, First premolars, 10 yrs,. 8,
3. The Btructure of the Tooth,

into the Jaw; the orown, which projects above the

region between the root and crown to which
The crown ls covered with a very hard sube

The corresponding outer layer of the

ne

The gums are attached,
stance known as the enamel,

The permanent teeth appesar

Second premolars, 1l yrsa,
Canlme, 13-14 yra,

Becond molars, 13-1l4 yrs.
Third molars, (wisdom teeth)17-4D

yrs,

The tooth 1s divided into three parts; the root, which 1a set

ck, the constricted

gums, and the

roots is the cement. Immediately beneath the enamcl and cement is

a

1a filled wlith

and ocurs of\ dandruffy
skin present arguments for and

thicker layer

hown &as dentine, The inner cavity of this dentine
ulp, blood vessels, and nerves,

EXERCISE I, EEetch one each of the inclsors, canines, pre-
molars and molars, (Quadrants 1, 2, 3, and 4,) ‘

ear,

EXERCISE II, Break & tooth end sketch the layers as they app™
E. Sublects for Discusslon,

1, Conslder someg O

II, Discuse (1) Malpighi;

misshapen teeth) (5) hare-lip.

III, Formulate hygenic rules for care of skin,

e current conceptions as to the cauges
From your knowledge of the structure of the
agaims t the use of cosmetles.
(2) third dentition; (3) crooked;(4).

nails, and halr,
Goldsmith
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Fishes (3) !/
- Frogs (1)
"naturally adapted" to their environment. (Snakes, moles, etc.)
What has caused this adaptation?

IV, From your reaaing or lgctures present brief conments upon
the method by which many fishes, as well as other aninals, change
their color to conform to their background. Is this a voluntary or
reflex action? Discuss the habits of various animule in relation to
thelr sotive coloration.

. Propare a discussion on the subject, "Strange Hablts of
Strange Fishes." _
' VI. Couwment upon the work of the United States Bureau of
Fisheries. How do the fishes of today difter frow those of the Pale-
ozolc A%e? .
Vi¥. Fron your readings and lectures, compare the cumbryological
developuent of the fish with that of the Lfrog.

XVI. THE FROG

l-w% 8 Froy mgi8. f

- 7 If practical the students should organizec in 8mall groups and

" moke thelr own collection of frows and frog egegs, thus glving an
oportunity to study the natural habitat of the aninals. The frogs
nay be ocollected at almost any time during the year except in the
winter while they are hibernating. The tiume for collectlng the egygs,
however, 1& very brief. As soon as the warner weather beglns care-
ful observation should be made in order that the laying season uay
not be wissed, The egus should be collected as soon after laylng as
possible. The frogs which have been colleoted for class work should
be kept in & covered box containing molst sand and a pan of water,
the pan being buried to the rim in the sand. They may be Kept until
they are needed for laboratory usc. However, wore gatisfactory ree-
ults will be obtained if the observations indicated in IV are nade
while speoimens arc fresh. The eggs ghould be placed 1n the lab=-
oratory aquarium (or large glass Jars), and each student permitted

to takc all he needs for experimental purposes. fxperimentations
and gbservations on the developuent of the gy nLust of gcoursy vegln

as soon gs they are gollsoted, rexardless of what may have been
previougly planpeds

2. sobryoloxical Devglopment

Ploce a number of frog oxge in dishes, Jelly glasses, or fruit
Jars on the laboratory table Before you. Study the eggs with a hand
lens and the microscope frou day to day throughout the entire
embryolomioal developuent--until netanorphosis is completes Change
the water in the veasels every few days in order that developnent
may not be hindered. Food for the tadpoles, may be prepared by
mixing to a pasty constituency, raw egys, dried and powdered alfalfa
‘leaves, and flour. Spread out thin on glass plates, and let dry.
Keep the food in dry containers, and feed the sape a8 gold-fish food.

The eggs at first appear as single spherical cells, black on
the upper surface and light below. The lower part is niostly yolk,
sald to be the vexetal pole, the upper, the aninal. The nuclgus
and most of the cytoplasm is crowded to the animal pole. The first
division is longitudinel. The second division is perpendicular
and at right angles to the first, thus producing four equal cellse
Since the third division is unequally equatorial, probably due to the
large yolk supply in the lower ocells, the upper cells, nleroneres,
are nuch smaller than the lower, the macrongres.

Continued cleavage produced & hollow sphere, the blast
(11ttle Ball). The rapidly growing nicromeres fold over the large
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| yolk laden macromeres, thus forming the gastrula, (little stomach)
~ abage. Although this stage 1s marked by the beginning of the
| alimentary canal, it is difficult to describe in detail owing to the
.~ fact that development is complicated by the presence of the large
. ' yolk cells, However, it is highly comperable to the gastrula of
| amphioxus which is little more than a hollow sphere with a deep

~ invaginated pouch is now the entoderm while the outer layer is the
.  ectoderm, the former of course being derived from the latter.
i e space between the ectoderm and entoderm is now spoken of as the
cavity of the gestrula. later cells will migrate into this cavity and
Torm the mespderm., The gastrula cavity is the archenteron or primi-
. tive digestive cavity, while the opening into this cavity is the
 blastopore. 8Study these embryonic stages from the developing eggs
- and from prepared embryonic steges from the developing eggs and from
prepared slides. Follow thie development from day to day through the
various stages.
; The early stage of the tadpole 1s marked by the prominent exteri-
- or gills on elther side of the head, and sucker-like mouth. Nofe the
. pecullar feeding habits of this fish~like arvae, From your observ-
~ation compare the food of the animal, in this stage, with that of the
. older tadpole and later with the adult frog. Place a tadpole on a
- 8llde and observe with low power the circulation in the tail.

' 3. An Accelerator and Retarder of Growth

| Place 100 frog eges in each of three Jars containing 500 c.c. of
water. In the first Jar feed the tadpoles small bits of commerdtal
thyrold each day. In the second Jar, esch time the regular change

' 1s made, add 100cc of water in which the smoke of 2-5 of a cigarette

. has been dissolved. This 1s prepared by means of the mechanical

. smoker constructed as follows: Insert in a bottle filled with water

. & two hole rubber stopper fitted with glass tubes, one of which 1is

. long enough to reach the bottom, the other barely passing through

. the stopper., To the long glass tube attach a long rubber tube to

| be used as a siphon. The short glass tube is attached by a rubber

tube to a similar glass tube in one of the holes of a two hole

. rubber stopper of a smaller bottle containing warm water. Through

the other hole in the rubber stopper of a small bottle pass a8 glass

tube long enough to reach the bottom. By attaching a cigarette

holder, or pipe, to this tube and gilphoning the water from the large

bottle, smoke may be passed through the smeller bottle and thus ‘

dissolved in the warm water., By using two cigarettes or the equiva-

" - lent amount of tobacco to 500 c.c. of water the ratio called for may

~ be obtalned. More smoke will be dissolved if the small bottle is

- only about half full of water and ie shaken st intepvals. Gradually

 increase the strength of the nicotine water from day to day. If the

. death rate 1s higher in that Jar than others the nicotine per cent

' is too high, Nothing buf clear water and clean food is to be admit-—

 ted to the third or "eontrol" Jar. Note the difference in growth

. of the tadpoles in the three Jars. Tabulate your results.

i EXERCISE I. Present a series of drswings showing the follow-

. ing stages: 1,2,4, and 8 cell stages (1lst, 2nd, 3rd, and 4th sixth, ;

. blastula (5th sixth); gastrula (6th sixth): large embryo stage

. {upper third); tadpole stage showing ¢ 1. Large external gills

|

o+

- (middle third), 2. Protrusion of hind legs (lower third), 3. Protrus-
. lon of fore legs (upper half), 4., Young frog which etill retains
- rudiments of the taill (lower half), 5. At the conclusion of the ex-
periments on growth, make a sketch (twice normal size) of a typlcal
| tadpole from each of the three jars (upper, middle and lower third).

4. Subjects for Discuasgion.




- Frog (3)/5

1, What is Endocrinology? | '
2. Make a chart showing; (1) name, (2) location, (3) funotion, (4)
inhibition symptoms and'%s) acceleration symptome of the various en-

doerine organs, --thymus, thyroid, super-~renals (adrenals), pineal,
. parathyroids, gonads, pituitary, pancreas, etc,

3. Discuss some of the noted sclentific experiments which show the

effect of various poisons on the body of different animals,
« Will these polsons affect the offapring?

9. Make a list of all the poisons which are being admitted to the
. human body and discuss whether or not they are injurious to the
- individual or to the offspring.
; 6. From your study and observation on the development of the frog,
. show addltlonal proofs for the Recapitulation Law. ,
; 7. From your readings and lectures determine whether or not this
- law is as universally accepted as 1t was 20 years ago.

5. Habits and Externsl Study.
| ~Observe from day to day the habits of the frogs in captivity.
Do they keep their skin moist? How and why? Loosely attach a small
plece of meat to the end of a string and suspend it near fthe frog's
mouth. Move 1t to and fro and observe the ferdinz hablts., Place a
number of toads in the box with the froge and study difference in
R habita, Place various kinds of insects in the box and keep record
" of individual gastronomic feats. Do they exercise a preference? If
the insect's color hermonizes with his background, 1is it "protectively
colored?" Place the frog on the table before you and note the pos-
ition while at rest, and also just before it moves. How does the
frog Jump, walk and swim? Note the movement of the throat of the
frog. Count the pulsations and compare with the breathing of some of
the highér forms, 8light pulsation at the right and left of the
posterior end of the vertebral column may sometimes be observed, this
being caused by lymph "hearts." These together with two others loca-
ted near the third vertebra, assist in the movement of the lymph
through the body.
Note carefully the general structure of the eye, especlally a

third 1id4, nictitating membrane, which pasces over the eye-~ball,
From your observation, readings, and lecture notes compare the estruc-
ture of the frog's eye with that of the fish and mammal, including
the human eye, The frog has no external ears. The tympanic membrane
is located on the outside just back of the eye., Devige experiments
to show that the frog can hear. Note the spots and markings on the
frog's skin. Will these change when the frog 1s placed on the various
colored backgrounds, as black or white or green? Try this. From
your study of the animal in its natural habitat would you conclude
) that 1t is protected by its color? Place a living frog on the stage

- 0of the microscope in such a way that the circulation in the web between
'the toes may be etudied.
| Kill the frog with ether or chloroform and continue your detailed
study o{ the external structure. Open the mouth and observe; the
internal nares near the angle of the upper jJaw; the group of xamerine
Teeth on the dorsal roof of the mouth between the internal nares:
Besophagus; glotus and the pharvnx in the central part of the throat;
the eustachian tube on either side of the oesophagus near the angde
of the mouth; the tongue attached to the front of the lower jJjaw,
Note the mrrangement of the tongue and compare it with that of the
”~ higher animals, Place = glass tube in the pharynx and inflate the
lungs with air. Devise methods by which a sufficient amount of air
- can be retained in the lungs of the Aead frog to cause it to float
. partly out of the water. CGConclude from your experiment the method
by whieh the frog can remain motionless at various depths, Place a

s
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living frog in the aquarium and observe this behavior. Show by den-
slty charts how it is possible for the various animals (fish, turtle,
dog, man, etec.,) to float, Make a detailed study of the anterior and
posterior limbs of the frog and compare these with those of higher
animals, Compare the various bones of these appendages with those

of prepared skeletons of other forms, including the human, The
prominent hump in the middle of the frog's back marks the poeition of
the sacrum., Examine this in prepared skeletons.

EXERCISE II. Make an outline drawing (upper half) of the fore arm
of the frog and a miniature drawing of your own arm and hand. Sketoh
in the bones as seen from skeletons or pictures. Place a single set
of labelings in the center which will serve for both drawings.

EXERCISE III. Make a sketch (lowsr half) showing the arrangement
of the bones of the posterior lim¥s of a frog in comparison with
those of man, Label

B. Internal Anatom

Expand the Limbs of a freshly anaesthetized frog ond pin securely
to the wax in the Adissecting pan. With forcepes 1ift the loose skin
near the posterior end of the abdomen and with sharp scissors make an
incision along the median line to the chin., In a similar manner
meke e transverse incision across the pelvic region, and another Just
posterior to the anterior liibe. Pin The Tlap %o The wnx on elther

. 8lde. Hurriedly note the large I{mph gpaces under the skin. In what

woy are these rclated to the vital processes of the animal? How and

~ where is the skin attached to the muscles? Note the large cutaneous
veins and arterles on the inner surface of the skin. These vessels

are of unusual importance. Why?
Rote the muscles of the abdominal walls and chest region, 1In
case you are diesecting a dead specimen before opening the body

- cavity, study in detail the principal muscles. However, if your
- specimen is only anesesthetized, omit this paragraph for the present.

The broesd submandibular muscle stretches acrosa from one side of the
lower jaw To the other with only a small median tendon vhich separates
the right and left helves. The pectoral proup of muscles, four in
number, redinte from the base of the fore cg on elther silde, and
extend fan-like over the delicate bresst bone. The three palrs of
abdominal muscles form the ventral nand lateral walls off the abdomen.
e two Iongitudinal muscles, the rectus abdominis, whieh lie in
the midventral area, »re separated Dy a narrow tendinous band, the
linea alba. Note the four or five tendinous bends vhich cause seg~

mentation in these two muscles. This metemeric condition which was
undoubtedly inherited from the forms (studied in the Amphioxus)

can be traced through the higher vertebrates up to and including man.
Hre this any evolutionsry significance? The external oblique muscle
are the brord thin muscles which form the latersl walls of the abdomen,
Beneath these may be found the third pnair--the transversus.

Meke a longitudinal and transverse incisions through the muscles
of the body as you did the skin. Cut through the shoulder girdle on
elther side of the median breast bone, the sternum. After you make
these incisions, pin the flap of the body wall back over the skin,
éxerclsing great csre not to injure the underlying organs. There
should be no delay as it is desirous to reach the internal cavity
before the heart ceases beating. '

In the anterior region of your incision you will note the pear-
shaped heart pulsating in the sack-like pericardium, Cerefully lift
the three Tobes of the reddish brown 1liver from over the heart and
count the pulsations per minute, elther continuously or at intervals
until the beating ceases. Reasrd any possible unusual fluectustions.




_ I T I I D BRI T B T s e e e e e e
S SELPAT R VAT FECHICA I WA Y U I O AL O U R R T RS, R B X L L S I I A o Y T B D

| FLOG /L6 £
. 2. FOOE LOOL-40Mm B
. 3 HMIN L L€ +
L HUMIN LOOL- 200

MET9CH0Ls|
7 DHALANEES
] ﬂ‘ )

L0 AV B AV B RV A Ay A BB RN AN RIERY B R R RN e e TR BN RN T RN R
e ———— e —————— e AR A N W NI IR AV WYY

The University of Dubuque. Course




L.

Frog (8) Y/

Does the heart cease beating suddenly or gradually? When would you
say the frog 1s dead? 1Is death marked by the cesgation of the heart
beat, respiratory movements, or cell division? Do these three vital
procesgses cense instantaneously? Define "death". You have seen
"1ife" end, nowv when does it begin? Define "life." '

| The two delicate lungs, containing a small amount of air, may be
found in the anterior end of the abdominal cavity. Pase a tube into
‘the frog's trachea and inflate the lungs. Note the delicate membrane
‘the peritoneum, which i1s continuous over each organ in the body. What
1s 1ts function? Inflammation of the corresponding lining in man's
'body is called peritonitus. Locate the curved stomach with ite ex-
panded cardisc end and its tepering pyloric end, and also the coiled
intentine suspended by the megenteriesg. the frog be a mature
Teémnle, the overies and oviduet Will probebly fill the larger psrt of
!the body cavity. These may be removed without injuring the other
orgens, The two testes of the male are small yellow ovoid organs sus-
pended by membranes from either side of the dorsal body wall, usually
Against the ventral surface off the large flattened kidneys. The
8pleen 1s a dark red spherical body located at one side of the forward
portloh of the rectum. . The pancreas, an elongated whitish gland, lies
in the bend made by the stomach and the adjoining part of the small
intestines, the duodenum, What can you say as to the function of the
large finger-shaped fat bodies which are so conspicuous?

| EXERCISE IV, Tketch the internal orgeans =s they lie in the body
cavity. (Center.) |

|
|
1. Bhe Heart and Principal Blood Vessels of the Frog.
‘ The heart is composed of the following five divisions: 1. A
iconical, muscular ventricle; 2 and 3. Two thin-walled asurlcles; 4. A
|thick-walled tube, the truncue arteriosus which cnrries blood from
'the base of the ventricle; 5. The sinus venosus, a thin-walled tri-
langular sa¢ which returns the blood to the right auricle. (Note
exception.) 8ince this sinus is on the dorsal side of the heart, 1t
cannot be seen without pushing the heart to one side. As the truncus
prteriosus leaves the ventricle it divides into a left and right arch.
The arteries. The basal portion of the truncus is called the
ﬁulbus cordig. The anterior portion divides 1nto Two large veesels
Fach.of which inturn divides into the three "Aortic Arches" which
send blood to all parts of the body. The most anterior pair is the
left and right carotid arches which carry blood to the head, while
he posterior peir, the pulmocutrneous carry blood to the lungs and
skin. The middle or systemic mrches after paseging right and left a-
ound the hesrt unite to form the single dorsal aorta. Branches from
the norta supply the posterior limbs and tThe vnrious organs of the
bdominal cavity with blood. Before uniting to form the sorta each
yetemic arch sends off a branchiail artery vhich sends off other
mall branches that carry blood to the fore limbs snd others to the
ertebral column, the vertebral artery, and to the Jaws and noge, the
coipital artery.
e veins, Withe the exception of the blood from the lungs which
s carred tTo the left suricle through the pulmonary veing, all blood
nters the ginus venosus, the tvo anterisr vense cavae, the precavals,
gﬁe two

xternal jugulars and from the fore limbs by means of the branchial

nd the single median posterior vena cava, the post-caval,
gnterior velns receive blood from the head through the internal and
*

vein. The single post~caval receives blood from the liver by menans
T 8ix renal veins, The ranal portal vein which supplies the kidneye
geedvas bloodxfrom the posterior liibs through the sciatic and
emoral veins, and from the body wall through the dorso-lumbsr vein.




F-)QOG (AMPHIBI/MD
Mo/ H

£Y.

-

& A
£\ \®) N
DIEITS /“m ‘

FoRE BRAN
UPPER XM

'
7 AV a7 AN RN Ry WL WY Wi B Ry o B R AN TN R N
e e R e————

The University of Dubugque. Course



Name ' Date

o

- v ‘ o

b culirr

! AT
W 7rsTICLLS
KIDNEY

——LLFT
ovibuCT

T N O T

The University of Dubuque. Course

. OI The TTrog/ were selected ITom Kanehs Btate ARriculturAl COIIGge
Laboratory Manual, The author tnkes pleasure in expressing apprecila&ion

tion to the staff of the Zoological Department of that Institution for
| the privilege of using same in this connection
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‘house of reserve food and do not belong to either reproductive or
excretory system,
| The Adrenal bodies are a pair of yellowish streaks upon the
ventral surface of sach kidney, are not related to the excretory syst~
‘em but are glands of internal secretion (also called Barmone or End-
‘ocrine glands). _

3 EXERCISE I. Make a drawing of the female urino-genital organs,
the cloaca and the bladder as seen from the ventral view, It may be
'well to show one of the oviduets in dotted line only, so as to show
‘the ureter on that side. 1In case the ovaries have been removed indi-
cate the size and position of one by a dotted outline,

|8, The Male Urino-Genital Organs
| The Ei&nexﬁ ares a pair o ark colored elongated organs attached
to the dorsal body wall, ,

B The testes are a pair of emall light colored elongated bodies
‘auspended from the anterior end of the kidneys.

‘ The thin megentary-like fold which supports each kldney is called
a mesochium. - .

| ¢ fat bodies sre a pair of yellowish structures with finger-

- 111ke lobes near the anterior end of the kidneys. They are not a part
of either the reproductive or excretory system but a storehouse of
reserve nutriment, -
| Running along the outer margin of each kidney is s slender colled
atructuee, the rudimentrry oviduct, corresponding to the oviduct of
‘the female, but non-functional in the male, These connect with the
cloaca in the same position as the oviducte of the female.

The ureter. Seme es in female.

The adrenal bodies. Samc ss in female.
‘ The testes discharge the seminal fluid containing the spermatoza
‘through the vasn efferentia (singulsr vés efferens) several very
8lender ducts which can perhaps be seen, along the blood vessels, run~
ning through the Mesochium to the kidneys. These connect inside of

'the kidney, with the ureter through which the seminal fluld reaches

the cloaea. A

| EXERCISE II. Mnke a drawing, ventral view, of the mele urino-

genital organs, the cloaca and the bladder.

L E, THE NERVOUS SYSTEM

1 ~The nervous system is often divided, for convenience, into the

central nervous system, the pert encssed in the bones of the oramigm

and the epinal cord, and the peripheral nerwvous s¥stem, including the

‘nerve branches which traversc the body. T 18, of course, understood

ithat these two are united and comprise e single systém.

1. The Periphersl Nerves.

. Remove the kidneys and reproductive organs. @n the dorsal wall of

the body cavity the spinal nerves are now exposed as whitish cords

running out from the sides of the spinal column. They nrise from the
spinal cord nnd emerge in pairs behween the vertebrae.

! SBurrounding the base of esch nerve where it emerges 1s a light

mass, the periganglionic gland. ‘
K There are ten panirs of spinal nervees designated by numbers begin-
ing anteriorly: the large nerves, already seen in exsmination of the

Bubclavion Artery, ere the II palr., Trace one of them ag far as you
can, laying open the musecles of the arm as necesgary. :

D The I nerve ie » small one just in front of II. It sends a
branch to II, ' .

| The III nerve is a small one which comes close to II sending off
a communicating branch. These unions between the first three nerves
eomprise what 1s called the brachial plexus.

h The IV, V, and VI are very slender nervee and run obliquely out-
werd, over the muscles of the back.

The VII, VIII, and IX are large and run almoet directly backward.

|
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