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HUGH DINGLE and ROY L. CALDWELL,
University of Iowa.

Aggressive, territorial, and reproductive behavior
of the mantis shrimp Gonodactylus oerstedi
(Stomatopoda).
Extensive laboratory and field observations were

carried out on the stomatopod Gonodactylus
oerstedi in Bermuda. When two individuals of
the same sex encounter each other, they exhibit
marked aggressive interaction with one animal soon
becoming dominant. Dominance is influenced,
although not necessarily determined, by size, stage
in the reproductive cycle (females), and individual
behavioral characteristics. Aggressive behavior in-
volves a variety of fixed motor actions including
an elaborate threat display making extensive use
of color and pattern, antennular flicking, flexing
of the abdomen, and attacking and striking with
the highly modified second maxillipeds. Because
of structural modifications of the cuticle and of
body positions assumed during aggression, the
strikes of attacking animals are seldom severely
injurious. Rather than being destructive, the
strike seems to be a highly vigorous "display."

In nature, Gonodactylus occupies cavities in cor-
alline rocks, and the aggressive behavior is well
adapted for defense of these cavities. The threat
display, for example, usually fills the entrance to
a cavity and effectively blocks encroachment by
an intruder. The occupant may leave briefly to
strike another animal or to seize prey, but quickly
returns to its home. Territory thus seems to in-
clude the occupied rock plus a small area sur-
rounding it. A resident animal undertakes several
"housekeeping" activities including cleaning its
chamber and closing the entrance at night with
small bits of debris and reopening it the fol-
lowing morning. Only a particularly aggressive
animal is capable of dislodging a cavity occupant,
but eviction takes place rapidly when it does
occur.

In the case of interaction between two indi-
viduals of opposite sex, the course of behavior
is primarily determined by the female. If she is
receptive, courtship follows, leading to copulation.
If she is not. mutual aggression results, leading
to the usual dominant-subordinate relationship.

The only times cavities were found containing
more than one adult animal were instances of
shared occupancy by a male and female imme-
diately prior to egg-laying. Courtship and copu-
lation in nature presumably take place in a cham-
ber; a few hours before egg-laying the female
evicts the male. She then remains in the cavity
with the eggs and young, cleaning the egg mass
at intervals and picking it up if distuibed. When
defending against an intruder she usually leaves
the egg mass behind. The larvae remain in the
chamber with the mother until the molt to the
4th stadium; following this molt, all leave the
chamber within about 2 hours to enter the
plankton.

JOHN R. HUNTER, U. S. Bureau of Commercial
Fisheries.

Light and schooling behavior of juvenile jack
mackerel, Trachurus symmetricus (Ayres).
Schools of six jack mackerel each were photo-

graphed with infrared film at eight different levels
of photometric brightness from 8.1 foot-lamberts
to 6 X 10"7 foot-lamberts and also in darkness
(an unknown level below the sensitivity of the
photometer). Three indices were used to measure
the behavior of a school from motion pictures.
Two of the indices, mean distance to nearest
neighbor and mean separation distance, were meas-
ures of the distances among individuals in a school
and the other, mean angular deviation, was a
measure of differences in orientation among indi-
viduals (Hunter, J. R., J. Fish. Res. Bd. Can.
23:547, 1966). A value for each index was calcu-
lated for each motion picture frame analyzed.

From 8.1 foot-lamberts to 6 X lCr"6 foot-lamberts
no differences existed in the angular deviation of
the school or in the distances among fish. At 6 X
lO"7 foot-lamberts the intervals among fish were
much larger than at higher levels of brightness
and groups showed little uniformity in their orien-
tation. Below 6 X 10""7 foot-lamberts (darkness)
schools were dispersed and values of angular devia-
tion for the schools did not differ from a random
distribution. Comparison of these data to measure-
ments of light in the sea indicates that sufficient
light is available at night for the maintenance
of jack mackerel schools.

BRIAN A. HAZLETT, University of Michigan.
Inter- and intra-specific aggressive behavior in

hermit crabs.
Hermit crabs fight one another for gastropod

shells for inhabitation. Exchanges are effected
through species-specific behavior patterns which act
at a signal level. Experiments in Sweden showed
that both Pagurtis bernhardus and P. cuanensis
will fight conspecific individuals more often than
members of the other species.

However, this preference is based on a shell-
inhabitation preference in the case of Pagurtis
ruanensis and a preference for fighting conspecific
individuals in P. bernhardus. The latter may be
due to the differences in the behavioral repertoires
of the two species.

JOHN J. MAGNUSON, Bureau of Commercial
Fisheries Biological Laboratory, Honolulu.

Continuous locomotion in scombrid fishes.
Typical swimming speeds maintained day and

night by various scombrids rangs from one to
two body lengths per second for fish of 35 cm
fork length. Among the functions of locomotion
in scombrids are maintenance of hydrostatic equi-
librium, gill ventilation, search for food, and simplv
moving from one place to another. Only the first
two require continuous activity. At least two
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lines of evidence suggest that maintenance of
hydrostatic equilibrium sets the lower limit on
swimming speed. First, pectoral fins (the hydro-
foils) are almost always extended and the mouth
gap is usually slight (Pacific bonita, Sarda chiiien-
sis, even close the mouth as much as 42 per cent
of the time). Second, a negative relation exists
between typical speed and the size of gas bladder
and pectoral fins. The larger the gas bladder the
less the fish weighs in water; the larger the pec-
torals the less is the speed required to generate
given amounts of lift. Many species have no gas
bladder. It is interesting to speculate how its
absence in a pelagic fish, with the price of
additional expenditures of energy for continuous
locomotion, can be adaptive. Near the sea surface
scombrids without a gas bladder might be more
successful in pursuit of prey fishes, because rapid
ascents would not increase the volume of gas
so rapidly as to harm the fish. Deeper swimming
scombrids would not be so hindered because sud-
den vertical movements at greater depths have
little effect on gas volumes. Species that feed
wholly on plankton or typically pursue their prey
downward would also not be hampered by a gas
bladder.

DAVrD HUGHES, University of Miami.
The tidal movements of Penaetis duorarum Rurk-

enroad (Penaeidae: Crust.). (Introduced by
Arthur J. Myrberg. Jr.)
The movements of postlarval shrimp into their

shallow water "nursery areas," and the subsequent
offshore movements of juveniles and subadults, is
apparently largely effected by their passive dis-
placement by the tide. Whereas postlarvae are
predominantly collected from flood tides, juveniles
are most abundant in ebb tide samples. The
method whereby postlarvae and juveniles discrim-
inate between the tides and the manner in which
they embark and disembark from them is under
investigation.

The perception of very small salinity differences
by postlarvae has been shown to be very acute.
The changes in salinity inclined with change in
tide influences the shrimps' activity levels and
orientation. The interaction of these behavioral
responses with a biological rhythm controlling
activity levels and orientation can largely explain
the method whereby the tidal movements are
carried out.

D. M. ROSS, University of Alberta.
Behavior patterns in sea anemones in relation to

commensal habits. (Motion picture)
Sea anemones in a number of families live as

commensals with other invertebrates, especially
with hermit-crabs and molluscs. Some of these
associations have been studied by Ross (Proc.
Zool. Soc. Lond., 134:43, 1960; Science, 148:527,
1965) and by Ross and Sutton (Proc. Roy. Soc. B.
155:266, 1961). The anemones Calliactis parasitira.
a commensal with pagurids, and Sloin/ihia roc-
c.inea, which lives on the mussel Morliolvs nwili-
ohis, show behavior patterns which depend on
responses to organic components of the shells.

These "shell-factors" act as releasers for complex
sequences of movements showing features which
might be described as "perseverance" or "adapt-
ability" if they occurred in higher animals. Cine-
matographic films and experimental trials with
shells (empty, occupied, treated in various ways,
etc.) have given information about these behavior
patterns. Next steps are to identify the "shell-
factors" and to study other such associations. (Sup-
ported by Operating Grant A-1445 of the National
Research Council of Canada.)

8
ERNST S. REESE, University of Hawaii.
The study of the development of behavior of

marine animals. (Motion picture)
Behavior is studied from a conceptual basis: de-

scriptive and comparative, physiological, develop-
mental, and ecological. Evolutionary implications
must be appreciated in each. Generally, develop-
ment of behavior of marine animals has been
neglected because of the difficulty of working with
marine larvae. However, techniques now avail-
able make the rearing of some species possible,
and the recent studies on development and early
behavior are discussed in reference to the questions
asked below.

Organisms represent incredibly complex and
highly adapted response systems. Highly adapted
behavior need not necessarily be complex, however,
and although the two qualifications often are
inclusive it is well to recognize their independence
when working with larvae. A number of questions
may be asked. How does behavior develop in terms
of time, mutual interactions, and environmental
experience? On what kinds of information is the
development based? To what extent can genetic,
maturational and experimental factors be studied?
What is learned from deprivation experiments
and what other experimental approaches are avail-
able? What is learned from the comparative ap-
proach? When development is delayed, have "sub-
systems" of behavior evolved in response to the
very different needs ecologically and behaviorally
of the larvae? Can such sub-systems be used to
understand the development of the "adult" specific
patterns of behavior? For example, stimuli which
act as specific releasers during one stage may not
be effective during a subsequent stage, and on
the motor side structures used for one function
may serve another one later. (Supported in part
by grant GB-3651 from the NSF, and by the
Eniwetok Marine Biological Laboratory.)

JOHN MARK DEAN, Battelle Memorial Institute,
Pacific Northwest Laboratory.

The metabolism of intermediary metabolites by
tissues of temperature acclimated trout.
One of the interesting aspects of temperature

acclimation in poikilotherms is the metabolism of
intermediary metabolites and the possible shifting
of metabolic pathways with acclimation. This
study was concerned with the utilization of acetate
and palmitate by rainbow trout (Sahno gairdneri)
which were acclimated at 5° and 18°C for 3
weeks. Acetate or palmitate labeled with C" was
added to homogenates prepared from either liver,
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red, or white muscle tissues. They were then
incubated at 5°, 11.5° or 18°C for 3 hours when
acid was injected to kill the reaction and drive
the C"O? out of solution. The respired C"O. was
trapped in ethanolamine and counted by a stand-
ard liquid scintillation method. In addition, the
total lipids in the incubation mixture were ex-
tracted and the Cu incorporated into the total
lipids was counted.

The liver of fish acclimated at 5°C had a higher
yield of labeled C O * when incubated with acetate
at 5°, 11.5° and 18°C than did the liver of warm
fish. There was also a higher incorporation of
labeled acetate into the total lipids of the cold
fish than the warm fish when they were incubated
at the intermediate temperature of 11.5°C. We
have also observed that the red muscle of the
trout has a higher level of oxygen consumption,
total lipids, cytochrome oxidase and lipase than
white muscle at the same temperature. Our pres-
ent results would indicate that red muscle can
oxidize acetate and palmitate at a higher rate
than can white muscle. Temperature acclimation
may be an important factor in the utilization of
acetate and palmitate by msucle tissue. These
results will be discussed as they relate to tempera-
ture acclimation and the ecology of the rainbow
trout. (Work performed under United States
Atomic Energy Commission Contract AT (45-1)-
1830.)

10
HUGH E. VROMAN, JOHN N. KAPLANIS and

W. E. ROBBINS, Insect Physiology Laboratory,
Entomology Research Division, ARS, USDA,
Beltsville, Maryland.

Cholesterol turnover in the house fly.

The cholesterol turnover in an insect having a
short life-span was studied by following the
change in specific activity of free and ester 4-"C-
cholesterol in male house flies, Musca domestica
Linnaeus, for 15 days.

Larval house flies were reared aseptically on a
semidefined diet containing 4-"C-cholesterol. Male
flies were segregated at eclosion and fed a diet
containing unlabelled cholesterol. At 5-day inter-
vals 50 flies were removed and the free and ester
cholesterol was separated by chromatography of
lipid extracts; the specific activity of each fraction
was determined.

The specific activities of the free and ester
cholesterol declined linearly over the 15 days,
and the specific activity of the ester cholesterol
remained very close to that of the free cholesterol.
A rapid equilibrium between the two pools was
indicated. However., the concentration of ester
in tissue decreased rapidly over the first 5 days
and then remained constant; the concentration of
free cholesterol did not decrease until after 5 days.

Apparently the dietary cholesterol is absorbed
by the fly, but an overall loss of cholesterol from
the tissues of the adult male house fly occurs
over 15 days. Additionally, this insect seems to
have a "surplus" of cholesterol ester which de-
creases rapidly to two-thirds the initial concen-
tration.

11
A. E. BARNITT, JR. and C. S. HAMMEN, Uni-

versity of Rhode Island.
Fumarate reductase and coupled phosphorylation

in the American oyster, Crassostrea virginica
(Gmelin). (Introduced by R. W. Harrison)

The American oyster, Crassostrea virginica
(Gmelin) is a facultative anaerobe, surviving pro-
longed anaerobiosis, yet consuming oxygen rapidly
when it is available. During oxygen lack the oyster
accumulates succinate, and probably not lactate.
Fumarate reductase activity was investigated as a
possible mechanism for the accumulation of suc-
cinate and the accomplishment of a coupled phos-
phorylation. Fumarate reductase activity in a 10%
mantle homogenate was determined spectrophoto-
metrically at 25° by the oxidation of reduced ribo-
flavin-5-phosphate. The mean change in absorb-
ance per minute (10 animals) was 0.20 ± 0.07
and the activity was calculated as 34.8 m^ moles/
minute/100 mg tissue. After anaerobic incu-
bation of oyster mantle with 2,3-C" fumarate,
the ratio o£ radioactivity in succinate to that in
fumarate was 2.72:1, and after aerobic incubation
the ratio was 0.46:1. Anaerobic incubation of
mantle homogenate with fumarate, ATP, and NaF
indicated no significant removal of free inorganic
phosphate, nor did use of a glucose-hexokinase
trap demonstrate a coupled phosphorylation.
These negative results are not conclusive, and
may indicate only a need for better methods.
Two experiments in which differential centrifu-
gation was applied to homogenates in 0.20 M TES
buffer showed greater activity of both fumarate
reductase and succinate dehydrogenase in the
soluble than in the paniculate fraction. These
findings indicate a net reversal of part of the
Krebs cycle during anaerobiosis, and explain, in
part, the extraordinary tolerance of the oyster to
anaerobiosis. (Supported by grant GB-2775 from
the NSF.)

12
AURIN M. CHASE, MARTIN CRANE, WIL-

LIAM R. LEAHY, JR., JOHN O. THEOBALD,
JR., and SELMA L. LAPEDES, Princeton
University.

Protection of kidney mutarotase (aldose-1-epim-
erase) by D-glucose, 2-deoxy-D-glucose and D-
mannose against heat denaturation.
Stabilizing, activating and adverse effects of

substrates upon their enzymes are all well known
(Grisolia, Physiol. Revs., 1964), and recently Chase
and Crane (Amer. Zoologist, 1965, vol. 5, p. 239)
reported that the temperature optimum for mutar-
otase activity shifts from 42°C, when 0.8% glucose
is present, to 49°C with 5.0% glucose, indicating
protection by substrate.

These experiments have now been extended by
studying heat denaturation of mutarotase, alone
and also with D-glucose, 2-deoxy-D-glucose or D-
mannose present; the last two being inhibitors
rather than substrates of this enzyme. These
three compounds differ only in Cj and Q,, so
such experiments might be expected to yield
information on enzyme-substrate complex forma-
tion in this system, and might also ultimately aid
in comparing this enzyme with the mutarotases of
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P. notatum (Bentley and Bhate, J. Biol. Chem.,
1960) and of E. coli (Wallenfels and Herrmann,
Biochem. Zeitschr., 1965).

The mutarotase was purified from hog kidney
by Li's method (Arch. Biochem. Biophys., 1965)
and its activity assayed according to Li, Chase, and
Lapedes (J. Cell. Corap. Physiol., 1964). Under our
experimental conditions inactivation of mutarotase,
exposed by itself to a temperature of 50°C, was
half complete in 15 minutes. If 3% D-glucose,
2-deoxy-D-glucose or D-mannose was also present
during the heat exposure the inactivation rate was
significantly less; the deoxy sugar producing the
least effect.

These results might be interpreted as indicating
that Cj and Q. may both be involved in forming
the enzyme-substrate complex in this system.
(Aided by NSF grants GP-579 and GB-4300.)

13
C. S. HAMMEN, University of Rhode Island.
Carbon dioxide production and fixation in the

nematode, Panagrellus redivivus. (Introduced by
John S. Rankin, Jr.)
The free-living nematode Panagrellus redivivus,

which is easily cultured on fermenting oatmeal, has
been reported to give unusually low respiratory
quotients, 0.63 fresh and 0.40 starved, when studied
by the paired-flask or Warburg direct method.
Several species of plant-parasitic nematodes re-
spire at markedly lower rates when carbon dioxide
has been completely removed from the air, and
the results above could be due to this effect. We
have studied gaseous exchange in P. redivivus by
means of the newer method of Warburg and
Krippahl (1959), which employs a flask with an
elevated trough and connecting sidearm, arranged
so that alkali can be formed at the end of an ex-
perimental period, permitting determination of the
oxygen consumption and the carbon dioxide pro-
duction in each flask. During measurement of
net exchange the worms were respiring in an
atmosphere with carbon dioxide content of room
air gradually increasing to no more than 0.7 per
cent. Five experiments with 50 mg of nematodes
in each flask gave a respiratory quotient of 0.734
± 0.028. Carbon dioxide fixation was measured
by incubating worms for 10 minutes at 25° with
NaH"CO3 of high specific activity, and counting
the radioactivity of dried organic material. The
rate was 16.3 micromoles fixed per gram per hour,
which was 11.8 per cent of the rate of oxygen
consumption measured under equivalent condi-
tions. Addition of this fraction to the carbon
dioxide produced gives a respiratory quotient
more representative of the diet of this nematode.
(Supported by grant GB-2775 from the NSF.)

14
C. M. WINGET, Physiology Branch, Ames Re-

search Center, NASA, Moffett Field, California.
Morphological and biochemical changes associated

with a change in photoperiod (Gallus domesti-
cus). (Introduced by J. Oyama)
Certain morphological and biochemical changes

associated with a change in the photoperiod were
observed in 20 female Leghorn chickens. These
animals were divided into two groups. The first

group was maintained for 168 days in 14 hours of
light and 10 hours of darkness (14 L: 10 D);
the second group was maintained for 112 days in
14 L: 10 D and 56 days in 0 L: 24 D. The data
obtained at time of sacrifice included body, ovary,
oviducal, pituitary, diencephalon and pineal gland
weights as well as a sample of whole blood. The
approximate pineal gland cell size was estimated
by counting the number of nuclei per standard
field. Sexual maturity was only evidenced in the
first group (14 L: 10 D). The weight of the body,
ovary, oviduct and pineal gland from the group
maintained on light (14 L: 10 D) was signifi-
cantly greater (P>0.025, 0.001, 0.001, 0.05) than
those of birds receiving no light (0 L: 24 D). The
volume of the pineal gland cells in those birds
which were on a 0 L: 24 D schedule was sig-
nificantly less (P<0.001) than the birds receiving
light. The birds on 14 L: 10 D displayed a greater
enzyme activity in the following enzyme systems
evaluated: plasma and pituitary alkaline phos-
phatase; plasma, pituitary and diencephalon acid
phosphatase; plasma and diencephalon cholin-
esterase.

15
AUSTIN W. PRITCHARD and ROGENE A.

KASPAREK, Oregon State University.
The relationship of oxygen tension and metabolism

in two mud-dwelling shrimp, Callianassa cali-
forniensis and Upogebia pugettensis.
The blue mud shrimp (Upogebia pugettensis)

and ghost shrimp (Callianassa californiensis) both
live in mud flats where the oxygen concentration
in the interstitial water approaches zero when the
tide is out. The relationship of oxygen tension
to metabolic rate was determined for both species,
using a Beckman macroelectrode and Model 160
physiological Gas Analyzer. The results showed
that both species were good regulators. The criti-
cal oxygen tension obtained for Callianassa, how-
ever, (about 10-20 mmHg) was considerably lower
than that for Upogebia (about 45-55 mmHg).
Heart rates were measured and followed roughly
the same pattern as metabolic rate. Water samples
taken from Upogebia burrows at low tide and
analyzed by a Microwinkler procedure, showed an
oxygen concentration range of 0.5-1.0 cc/1. Calli-
anassa in this area does not construct firm bur-
rows and is probably exposed directly to inter-
stitial water. Analysis of interstitial water for
oxygen content showed an almost complete ab-
sence of oxygen when the flats had been uncovered
for a maximum period. These very preliminary
field data suggest that Upogebia has somewhat
more oxygen available to it during tidal exposure
than does Callianassa. (Supported by Grant GM-
13241-01 from the USPHS.)

16
JOHN L. FREHN, Illinois State University.
Effect of temperature of incubation on liver tissue

respiration in cold-exposed rats.

Studies were made of the effect of cold exposure
(3-7 weeks at 5°C) on the respiratory activity of
both liver mitochondria and whole liver homo-
genates in rats. Determinations were made polaro-
graphically at 5°, 15", 25°, and 35°C using the
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YSI oxygen monitor system and included meas-
urements of the efficiency of oxidative phosphoryla-
tion as well as respiration rates in the presence of
excess substrate (succinate and beta-hydroxybu-
tyrate), excess substrate plus ADP, and excess sub-
strate plus ATP (homogenates only). The effi-
ciency of oxidative phosphorylation appears to be
unaffected in mitochondria from cold-exposed rats
at all temperatures using both substrates. The
results also indicate that mitochondrial respira-
tion is unaffected by cold exposure at all tempera-
tures. However, the succinate-ADP respiration rate
is significantly increased in liver homogenates from
cold-exposed rats when measured at 35 °C. The
significance of these findings is discussed in rela-
tion to previous studies which have been carried
out at only one temperature. (Supported in part
by Research Grant CXI 13358-01 from the USPHS.)

17
MUKTI HARIHARAN, Brown University.
Effect of eye-stalk removal on the concentration

of carotenoid pigments in the whole crabs (male
Uca pugilator), digestive glands, hypodermis and
shell and isolation, identification, estimation of
the various carotenoid pigments. (Introduced
by J. P. Green)
Effect of eye-stalk removal on the total concen-

tration of carotenoid pigments in the whole crabs
(male Uca pugilator), digestive glands, hypodermis

and shell was studied and different pigments were
isolated, identified and estimated.

Eye-stalks were removed from crabs and after
0, 4, 8, 16, 32 days pigments were extracted with
acetone and petroleum ether (b.p. 30-58° C) from
the whole crabs, digestive glands, hypodermis and
shell. Concentrations of the total pigments were
measured from their O.D. using a standard curve.

Amount of carotenoid pigments per gram of wet
body weight decreased in the whole crabs after
removal of eye-stalks and it was statistically sig-
nificant after 16 and 32 days post eye-stalk removal.

Eight chromatographically distinct pigments have
been isolated from the whole crabs. Five of these
fractions have been identified as (1) (8-carotene,
(2) hydroxyketocarotenoid, (3) flavoxanthin, (4)

astacin, (5) a hydroxyketocarotenoid having greater
absorptive power than (2). Two of the other new
pigments have \ max at 450 m^ and the third
one has its X max at 452 m^j. Total concentrations
of the pigments listed above are estimated in vari-
ous experimental groups.

Pigment concentrations in the digestive glands
increased after 4 days and that of hypodermis
increased after 16 days post eye-stalk removal.
These data indicate that after eye-stalk removal
carotenoid pigments from different parts of the
body migrate to the digestive gland and are trans-
ported to the hypodermis preceding moult.

The experimental data also suggest that the
total concentrations of carotenoid pigments in
the whole crabs and their distributions in the
digestive gland, shell and hypodermis are con-
trolled by hormonal factor (s) present in the eye-
stalks. (Supported by the Department of Biology,
Brown University.)

18
WILLIAM A. DUNSON and AARON M. TAUB,

The Pennsylvania State University.

Salt glands in sea snakes {Laticauda).
It is well known that marine birds, turtles and

one marine lizard as well as many terrestrial lizards
and birds have salt glands. The presence of a
salt gland in sea snakes (Hydrophidae) and marine
crocodiles (Crocodilia) has not been established.
In this study, the response of sea snakes (Laticauda
semifasciala) to salt-loading has been investigated.
Salt-loaded animals were placed in distilled water
or 1 Molal sucrose. Urine samples were collected
through a glass catheter sewed into the cloacal
opening. Extrarenal ion losses were determined
by sampling the medium. Studies were also made
on salt-loaded snakes kept dry. In these latter
animals, a load of 33 mmoles NaCl/kg body weight
elicited secretion of a fluid from the mouth be-
tween the rostral and mental scales. The Na and
K concentration of this fluid was greater than
that of sea water.

Snakes placed in distilled water did not demon-
strate a capacity for increassd extrarenal excretion
of NaCl when salt-loaded. They did drink large
amounts of water. In 1 Molal sucrose, very little
fluid was swallowed, and extrarenal Na loss in-
creased greatly after salt-loading. Equal amounts
of Na and Cl were excreted extrarenally; R was
lost in much smaller quantities. In 1 Molal sucrose,
the extrarenal Na loss was greater than the renal
Na loss. The maximum extrarenal rate of Na loss
in a salt-loaded snake weighing 290 g was 72
^moles/100 g hr. Before loading, the rate was 4.4
^moles/100 g hr. These data demonstrate that
the major route of excretion of a Na load in these
animals is extrarenal. The salt gland involved in
this excretion appears to differ in position and
perhaps homology with the glands described pre-
viously in reptiles. (Supported in part by NASA
Grant Tr. 5994.)

19
LARRY C. OGLESBY, Reed College.
Responses of Nereis limnicola to osmotic stress.

Fluxes of chloride and water in the fresh-water
nereid polychaete Nereis limnicola were studied
following the imposition of a sudden osmotic
stress of a transfer from one salinity to another.
After such a transfer, the chloride concentration
of the animal adjusts to that appropriate to the
new salinity after about 8 to 12 hours. This ad-
justment takes a longer period of time in animals
initially acclimated to a salinity in which they
are capable of osmoregulation, and is due to move-
ments both of chloride and of water down their
respective concentration gradients. Movement of
chloride, especially, is slowed in animals accli-
mated to low salinity, even when this movement
is in the same direction as the hypothetical active
transport of salts. Rates and magnitudes of chlo-
ride and water fluxes are much lower than in the
less euryhaline N. succinea and N. vexillosa pre-
viously studied (Oglesby, 1965, Comp. Biochem.
Physiol. 16:437). These results reinforce the earlier
suggestions that active transport of salts from
the medium across the body surface is not a major
factor in the maintenance of hyperosmotic Dody
fluids in low salinities, and that N. limnicola is
less permeable to salts when acclimated to low
salinities. (Supported by grant GB-4429 from
the NSF.)
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20
BERTWELL K. WHITTEN and CLARENCE J.

GOODNIGHT, Western Michigan University.
Strontium-89 and calcium-45 accumulation in an

aquatic oligochaete.
The accumulation, retention and tissue distri-

bution of Sr-89 and Ca-45 in tubificid worms of
the genus, Limnodrilus, was studied. A non-linear
regression analysis program was utilized to analyze
the data. The rate of accumulation and loss of
strontium was slightly slower than that of calcium.
A nearly linear reduction in the accumulation of
the radionuclides occurred with an increase in the
stable calcium concentration of the medium.

Radioautograms demonstrated that the radio-
nuclides were heavily concentrated on the surface
of the epidermis; in the epithelial tissue of the
epidermis; and in the ampulla region of the
nephredia. The heavy concentration in the epi-
thelial region of the epidermis is probably due to
surface adsorption and to the formation of calcium
or strontium complexes with the mucoprotein
secretions from the epithelial tissues. (Supported
by Public Health Service Research Grant RH
00215.)

21
DAVID H. EVANS, Stanford University.
Sodium, chloride and water balance of a euryha-

line, intertidal teleost.
The intertidal teleost Xiphister atropurpureus is

able to withstand salinities ranging from 100% sea
water (480 mM Na/kg; 560 mM Cl/kg) to 10%
sea water. Renal losses (measured by open can-
nulation) are .48 mM Na/kg/day, .60 mM Cl/kg/
day and 3.5 ml water/kg/day in 100% sea water
and .62 mM Na/kg/day, .48 mM Cl/kg/day and
9.5 nil water/kg/day in 10% sea water. Inflow
by drinking (measured using C-14 Inulin) is 3.8
mM Na/kg/day, 4.5 mM Cl/kg/day and 8 nil
water/kg/day in sea water and .77 mM Na/kg/day,
.90 mM Cl/kg/day and 1.6 ml water/kg/day in
10% sea water. The parts played by diffusion,
active transport and osmosis in the total balance
were measured by the efflux of Na-22, Cl-36 or
tritiated water from injected fish. In 100% sea
water diffusional influx is 105 mM Na/kg/day
and 70 mM Cl/kg/day; diffusional efflux is 36 mM
Na/kg/day and 21 mM Cl/kg/day; active extrusion
is 72 mM Na/kg/day and 54 mM Cl/kg/day. In
10% sea water cliifusional influx is 3.3 mM
Na/kg/day, and 4.7 mM Cl/kg/day: active uptake
is 6.1 mM Na/kg/day and 6.4 mM Cl/kg/day;
diffusional loss is 9.6 mM Na/kg/day and 12
mM Cl/kg/day. Net water flux in sea water (27
ml/kg/day) is I % of the total flux and approxi-
mates the drinking rate. Net water flux in 10%
sea water (9.4 ml/kg/day) is 0.4% of the total
flux and approximates the urine loss. Thus,
Xipltister appears to be a relatively impermeable
fish that is able to change its permeability to
sodium and chloride when transferred to 10% sea
water. (Supported by a USPHS Predoctoral Fel-
lowship.)

22
WILLIAM E. BRADSHAW and DAVID G. SHAP-

PIRIO, The University of Michigan.

The role of food photoperiod, and temperature in
the termination of larval diapause in Chaoborus
(Diptera, Culicidae).
When Chaoborus larvae are captured from ice-

covered ponds in January and maintained in the
laboratory at 24°C, on short day photoperiod (8
hours light in 24; 8:16) without food, only 1-2%
initiate metamorphosis. This arrested develop-
ment appears to be a larval diapause in which
appropriate combination of temperature, photo-
period, and nutritional stimuli are required for
resumption of development. Analysis of the con-
tol of diapause in Chaoborus has been initiated,
with particular reference to photoperiod and
nutrition. Larvae fed but kept on short daylength
showed much lower and more erratic termination
of diapause than larvae fed and maintained on
long daylength (17:7). Moreover, larvae kept on
long daylength, but starved, failed to show a high
proportion of development. Two days' exposure
to food and long daylength was adequate to in-
duce a maximum rate of pupation in about 50%
of animals treated, but longer exposure was neces-
sary for pupation in 90% of the animals. The
same batch of larvae showed a change in response
during eight months' maintenance at 5°C. on 8:16
photoperiod without added food. This change in-
volved a shift in the dominant stimulus for termi-
nation of diapause from long daylength to food,
when studied at 24°C. This shift to food as the
major stimulus may provide a means of discrimi-
nating between food as primarily a nutritional
requisite for development, and food as a physical,
environmental cue, analogous to the role of ab-
dominal distension in Rhodnius. (Aided by PHS
Grant GM-06101.)

23
SUZANNE GASTON and MICHAEL MENAKER,

Univeisity of Texas.
Photoperiodic response of hamster testes.

Two experiments were carried out to describe
the effect of different photoperiodic regimes on
testis weight in hamsters. In one experiment juve-
nile males were raised to sexual maturity in
8 separate light-tight boxes (6 animals/box) each
on a different 24-hour light cycle (400-500 lux)
varying from continuous darkness to continuous
light. After one month of treatment the right
testis was removed and the animals were returned
to the photoperiod from which they were taken
for another month, at which time the other testis
was removed. After the first month, testis weights
were different only at the extremes—the average
testis weight on 22 hours of light was twice the
average of those on 2 hours. However, after the
second month, the unilaterally castrated animals
showed a more marked response at all photo-
periods; average testes weights increasing 4-fold
from short to long day lengths. These results
suggest that photoperiod had little or no effect
on testes during growth.

The purpose of the second experiment was to
clarify the photoperiodic response of adult testes.
Juveniles were maintained 6 per cage for 6 weeks
on LD 13:11, then placed on different light
regimes in 11 light-tight boxes for 6 weeks. A
photoperiodic response of testicular weight was
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obtained, having a break point between 11 and
12% hours o£ light. Average testes weights on
longer photoperiods showed a 5-fold increase over
those on day lengths of less than 11 hours. The
response was better defined in the second experi-
ment than for either curve in the first. This can
be explained if one assumes compensatory mecha-
nisms are operative during the second month of
the first experiment.

It has previously been suggested that caging 2
or more hamsters together would obscure the
response to low photoperiods. Such an effect was
not observed in these studies. Testicular weight
bears no relationship to body weight under any
conditions tested, and body weight is not related
to photoperiod. (Supported by a grant from the
University of Texas Research Institute, NSF Grant
GB-3806, NIH Training Grant 5-T1-GM-836-03.)

24
ALAN PRIEST BROCKWAY, The Ohio State

University.
The spiracular filters and water loss in pupae of

two species of Hyalophora.
The spiracular filters covering the spiracular

openings impede bulk flow of air. Because of the
pore effect, this resistance to bulk flow does not
necessitate reduced diffusive exchange. Excised
spiracular filters of Hyalophora cecropia and H.
gloveri, mounted on short segments o£ water-filled
polyethylene tubing, were placed over P2OB in
still air for two hours. The tubes plus the filters
were weighed, replaced over P2O5 and weighed two
hours later. The rate of water loss over this second
two-hour period was calculated. The integrity of
the spiracular filters was destroyed by breaking the
"teeth," the water level restored and the rate of
water loss over the second two-hour period de-
termined. For H. cecropia the average rate through
intact filters was 0.36 ± 0.04 mg/hr; through the
broken filters 0.40 ± 0.06 mg/hr (P<0.10). For
H. gloveri the rates were respectively 0.29 ±
0.08 mg/hr and 0.45 ± 0.08 mg/hr. This differ-
ence is significant (P<0.01). This relationship was
confirmed for intact pupae of H. gloveri over
P2O5 in high Pcc,2 (to hold the spiracular valves

open). The average weight loss over a two-hour
period was 0.451 ± 0.127 mg/g/hr when the
spiracular filters were intact and 0.697 ± 0.098
mg/g/hr when broken (P<0.01). Thus the struc-
ture of the spiracular filters can reduce diffusive
gas exchange as well as impede bulk flow.

The differences in the structures of the spira-
cular filters of these two species will be discussed.

25
THOMAS E. MOORE and ROY T. SAWYER,

The University of Michigan.
The mechanism of cicada timbal action (Insecta:

Homoptera: Cicadidae).
Stroboscopic, audiospectrographic, and oscillo-

graphic analyses of disturbance squawks of intact
and mutilated males of three species of 17-year
cicadas (Tibicininae: Magicicada) suggest the fol-
lowing conclusions concerning timbal action in
cicadas: 1) timbals operate alternately, the in-pop
of one of the pair normally overlapping the out-
pop of the other; 2) the greater energy produced

during an in-pop obscures the less intense out-pop
of the opposing timbal, except at the end of songs;
3) when contralateral in- and out-pops are not
synchronized the sound sequence is of short dura-
tion; 4) timbals are essentially composed of a
membrane supporting a posterior plate (connected
dorsally to its muscle by an apodeme) and a series
of anterior smaller ribs (from 3 to 13, depending
on the species) plus a few even smaller plates near
the line of buckling: 5) the plate and ribs have
two positions, timbal-muscle contraction causing
low amplitude movement of the plate and higher
amplitude movement of ribs associated with pop-
ping from rest position to the other position while
buckling along an anterior-posterior line, timbal-
muscle relaxation allowing return to rest position;
6) each buckling rib produces a burst of sound,
the rib nearest the plate buckling inward first and
outward last, and rib structure is associated with
the sort of sound produced; 7) tracheal sacs func-
tion as resonant chambers, condensing the band
of emphasized frequencies and increasing overall
sound-levels by about 5 db at 2 inches. (Supported
by NSF grant GB-3850.)

26
B. W. GEER, Knox College.
Choline activity in the reproduction of Droiophila

melanogaster.
Adult Drosophila melanogaster that have been

grown on a carnitine supplemented diet fail to
reproduce unless choline is included in their diet.
The reproductive capacity attained is dependent
on the concentration and the length of time that
choline is fed. Following the initial feeding of
choline, a lag period ensues before the adults
begin to reproduce. Matings with cholineraised
adults show that carnitine-raised males are sterile,
whereas carnitine-raised females have a restricted
reproductive capacity. Compared with choline-
raised females, carnitine-raised females lay fewer
eggs and a lower percentage of the eggs hatch.

By feeding choline substitutes, the activity of
choline for the fecundity of carnitine-raised adults
has been shown to be very specific. Homocholine
stimulates egg production, whereas p-methylcho-
line, 2-dimethylaminoethanol, sulfocholine, be-
taine, monoethylcholine, and diethylcholine have
no effect on females. None of the choline sub-
stitutes promotes male fertility. Feeding adult
choline-raised flies a carnitine supplemented diet
reduces their reproductive capacity significantly.
(Supported by Grant GB-4838 from the NSF.)

27
RICHARD L. MILLER, Oregon State University.
Chemotaxis during fertili/ation in the hydroids

Tubularia and Gonothyrea. (Motion picture)
Species specific chemotaxis of the sperm of two

species of the hydroid genus Campanularia has
been described (J. Exp. Zool., 162:1-22). This
phenomenon has been observed in three more
species in two widely separate genera: Gonothyrea
and Tubularia.

The sperm of Tubularia crocea and T. marina
are attracted to the tentacular area of their re-
spective female medusoids (sporosacs). Qualitative
cross-reactivity exists between these two species.
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The sperm o£ Gonothyrea clarkii are attracted
to the base of the tentacles of the female medusoid
(meconidium) and possibly to the tentacles as well.
Many sperm strike the tentacles and stick to them,
twisting about until they come to lie close to
the tentacle, parallel to its long axis. They then
begin to migrate along the tentacle either proxi-
mally or distally. In the best preparations, the
sperm that migrate distally turn around by flip-
ping their heads off the tentacles and reversing
direction 180°. Sperm migrating in either direc-
tion may turn in this way but the most common
direction taken up is proximal. The sperm appear
to move more rapidly as they near the basal area.
They do not respond to hydranth tentacles in
any way.

Active alcohol extracts of the gonangia and
colonies of G. clarkii and of the hydranths of
both species of Tubularia have been prepared.
The biological and chemical equivalence of the
two Tubularia extracts has not been determined.
It is significant, however, that the two species
normally occupy different habitats. The extract
prepared from Gonothyrea tissues attracts Gono-
thyrea sperm weakly, Campanularia flexuosa sperm
not at all, and C. calceolifera sperm strongly. C.
calceolifera sperm migrate on the medusoid ten-
tacles of G. clarkii and the sperm of G. clarkii are
attracted to the aperture of the female gonangium
of C. calceolifera. The sperm of C. flexuosa do not
stick to or migrate on the tentacles of the G.
clarkii medusoid. Both Campanularia species are
apparently restricted to the Atlantic while G.
clarkii is a Pacific form.

Migration of G. clarkii and C. calceolifera sperm
along tentacles appears to be a situation where
chemotaxis and contact guidance of a rudimen-
tary type are combined. It also seems likely that
the species specificity during chemotaxis does not
exist between hydroids that have never competed
for each other's sperm. (Supported by an NTH
postdoctoral fellowship.)

28
MARIE A. DIBERARDINO, THOMAS J. KING,

and LINDA BOHL, Institute for Cancer
Research.

Nuclear transplantation of differentiated male germ
cells.
Amphibian nuclear transplantation studies have

demonstrated that most somatic nuclei undergo
progressive developmental restrictions during em-
bryogenesis (see Gurdon, in "Advances in Morpho-
genesis," vol. 4 Abercrombie and Brachet, eds.,
Academic Press, 1964; King, in "Methods in Cell
Physiology," vol. 2, Prescott, ed., Academic Press,
in press). By contrast, primordial germ cell nuclei
have been found to be developmentally totipotent
(Smith, Proc. Natl. Acad. Sci., U. S. 54:101, 1965).
In the present study the developmental capabilities
of nuclei from differentiated germ cells of meta-
morphosed and adult Rana pipiens have been
tested via transplantation into enucleated host
eggs. Donor nuclei were obtained from primary
spermatogonia of the metamorphosed frog and in
the case of the adult from a mixed population of
cells consisting of primary and secondary spermato-
gonia and primary spermatocytes which were not
distinguishable from each other.

Nuclei of metamorphosed and adult testes pro-
moted blastula development in 16% and 10% of
the cases, respectively. Most of the complete blas-
tulae obtained from these two sources arrested
before completing gastrulation; none developed
into normal larvae. By comparison, control trans-
fers of nuclei from undetermined blastula and gas-
trula cells promoted blastula formation in 77%
of the cases and 54% of the complete blastulae
developed into normal larvae.

These studies indicate that genetically totipotent
nuclei of definitive male germ cells undergo during
their differentiative phase a regulatory change
which restricts their capacity to promote the nor-
mal development of test eggs. The basis of this
change will be discussed. (Supported by TJSPHS
grants CA-05755 and CA-06927.)

29
MONA L. RUBIN, DIANE B. AR and GEORGE

W. NACE, The University of Michigan.
The virus inhibiting action of a lysozyme present

in normal frogs but lacking in tumor frogs and

An antigen present in normal but absent from
kidney adenocarcinoma frogs was identified and
subsequently shown to possess bacteriolytic activ-
ity. Seasonal changes in this activity, differences
between populations with different incidents of
this viral tumor, and the suggestion that lysozyme
may have antiviral properties led to a new hypo-
thesis concerning the etiology of this tumor (Nace
et al, Ann. N. Y. Acad. Sci., 126:204, 1965).

On attempting purification this enzyme was
found to exist in three forms. Only L-3 was found
in Rana pipiens eggs. L-3 and L-l were found
in skin. L-2 and L-l were found in normal kidney,
but only traces of L-3 were found in the kidney
tumor.

Antiviral activity of these enzymes was tested
using FV-3 virus isolated from tumor bearing
frogs and obtained from Dr. K. A. Rafferty. This
virus forms well defined plaques in monolayer
cultures of fathead minnow cells grown in modified
Eagle's Basal Medium at 22°C for 5 days. Pre-
incubation of the virus in a mixture of frog lytic
substances L-l and L-2 led to complete inhibition
of plaque formation at enzyme concentrations equal
to or above normal physiological values. Neither
a mixture of frog forms L-l and L-3 nor chicken
egg white lysozyme inhibited plaque formation
until extremely high concentrations were reached.
Susceptibility of tadpoles to this virus and aspects
of the etiology of this tumor become understand-
able in the light of these results. (Supported by
USPHS grants GM 05409 and CA 06929 and Ameri-
can Cancer Society Institutional Grant IN-40.)

30
WILLIAM A. ELMER and LOUIS J. PIERRO,

University of Connecticut.
Analysis of the growth inhibitory factor of Creeper

embryos.
The presence of a growth-inhibitory substance

in embryonic Creeper tissues has been suggested
by two reports. Wolff and Kieny (Develop. Biol.,
7:324, 1963) reported that growth in vitro of tibio-
tarsi from normal embryos is inhibited by the
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presence ot Creeper embryo extract in the culture
medium. We have confirmed this observation, and
found that similar results are obtained when tibio-
tarsal rudiments from Creeper embryos are co-
ciiltmed with rudiments from normal embryos in
the presence oC extract prepared from normal
embryos (Amer. Zool. 4:1404, 1964). Continued
analysis of these effects have been concerned with
(1) obtaining more precise control over the assay
system, (2) investigation of the biochemical na-
ture of the assumed inhibitor and (3) study of
the incorporation ot labeled precursors into macro-
molecules in normal and in Creeper tibiotarsi.
Preliminary data confirm the observation of Kieny
(Arch. D'Anat. Micro, et de Morph. Exp., 51:577-
586, 1962) that the growth-inhibitor is acetone
precipitable. Data obtained from incorporation
studies suggest that in the presence of Creeper
rudiments, synthesis of protein in normal tibio-
tarsi is inhibited by the end of 24 hours in culture.
This inhibition is reflected in a statistically sig-
nificant difference in protein content by the end
of 72 hours. (Supported by grants GB1940 and
GB4714 from the NSF.)

31
LOUIS J. PIERRO and JEAN SPIGGLE, Uni-

versity of Connecticut.
Abnormal separation of the lens vesicle and cor-

neal opacities in C57 Black mice.
Corneal opacities can be detected in a small

number of C57 Black mice following the opening
of the eyelids. Discrete small opacities are found in
eyes of normal size; more generalized opacities are
found in eyes which are reduced in size but are
large enough to protrude through the eyelids. In
eyes with discrete opacities the cornea is charac-
terized by a gap in the stroma and disorganization
of the overlying epithelium. Similar anomalies are
found in eyes with more generalized opacities, and
in addition, the cornea and iris are continuous
along their stromal components. Various stages in
cataract formation are seen in eyes with either
type of corneal defect. Abnormalities observed in
eyes of embryonic and neonatal mice include
connection of the lens vesicle to the surface ecto-
derm beyond the stage that separation normally
occurs, fusion of the lens to the developing cornea,
fusion of the developing iris to the cornea, and
various irregularities in the corneal stroma and
the lens. These observations suggest that the
corneal opacities are related to the delayed and
abnormal separation of the lens vesicle from the
surface ectoderm and the consequent block in the
migration of mesenchymal cells which contribute
to the stroma of the cornea. A role of the altered
corneal-lens spatial relationship in the initiation
of cataract formation also seems likely. (Supported
by grant HD 01061 from the USPHS.)

32
KARL S. WITTMAN, The City College of New

York.
Effect of genetic background on expressivity and

penetrance of the "Brachyury" gene in the
mouse. (Introduced by William Etkin)
The effects of different genetic backgrounds on

the expressivity and penetrance of the mutation
"Brachy" (T/-J-) locus in mice was tested.

Heterozygotes of the Brachyury (T/-f) muta-
tion are characterized by shortened tails.

In the black spot strain where this mutation is
originally maintained, the tail shortening is the
result of 1) vertebral fusion, 2) fragmentation of
tail vertebrae, and 3) reduction in number of tail
vertebrae.

Brachy mutants of the black spot strain were
outcrossed to C57B1 and DBA/2J strains. On the
C57B1 background, the T / + heterozygotes formed
tails whose average length was slightly greater than
that of T / + heterozygotes of the black spot
strain. The number of vertebral fusions was the
same on the two backgrounds, but reduction in
number of tail vertebrae was less severe on the
C57B1 background than on the black spot back-
ground.

On the DBA/2J background, the "Brachy" gene
produced tails with less severe shortening than in
the other two strains examined. Vertebral fusion
was absent in T / + DBA heterozygotes and the
number of tail vertebrae formed was higher than
in heterozygotes of either strain.

Crosses between T/-+- heterozygotes obtained
from the black spot strain when outcrossed to
normal DBA/2J mice led to a ratio of 3 normal
to 1 short tailed, instead of the expected 1:1 ratio.

These experiments indicate that the residual
genetic background modifies both penetrance and
expressivity of the "Brachy" gene. (Supported by
Training Grant 5T01 HD00116 awarded to Max
Hamburgh.)

PATRICIA A. SMITH, Northwestern University.
The origin of tumorous chambers in the ovary

of the fused mutant of Drosophila melanogaster.
The morphology of the normal germarium has

been described by Koch and King (J. Morph., in
press). The germarium is subdivided into three
regions: (1) the mitotically active area where
clusters of 16 interconnected cystocytes originate
from apical cystoblasts which have undergone four
consecutive divisions, (2) the region where the
cystocytes are covered by centripetally migrating
mesodermal cells, and (3) the region where the
germarial cyst is transformed into the first egg
chamber in the vitellarium. Females which are
hornozygous for the sex-linked, recessive, semi-
sterile gene, fused, produce ovarian tumors. The
ovaries of such females are normal in morphology
at eclosion, but tumors form as the fly ages. A
three dimensional reconstruction was made from
electron micrographs taken of thin sections from
different levels in a germarium from a five-day-old
fu/fu female. Region three of the germarium
appeared normal. Region two contained three 16-
cell cysts, each enclosed by follicle cells, and two
cysts sheathed in a common mesodermal envelope.
Thus, in some cases, compound chambers arise in
fu/fu because different adjacent cysts are not sepa-
rately enclosed by follicle cells. Region one was
abnormal both in the number and in the location
of large single cells. In the normal germarium
there are only one or two single cells which are
located apically. In the fu/fu germarium 10 single
cells were found, some of which were subapical.
Also, invasion by mesodermal cells occurred in
region one. The origin of tumorous chambers is
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discussed in relation to these findings. (Supported
by grant 1-F2-GM-24.082-01 from the USPHS.)

34
WILLIAM S. KLUG and ROBERT C. KING,

Northwestern University.
The ovarian pathology of the suppressor" of Hairy-

wing mutant of Drosophila melanogaster.

E. B. Lewis demonstrated that the recessive
gene, su2-Hw (3-54.8), when homozygous sup-
presses various specific alleles of many genes (Bx,
bx, bxd, ci, ct, dm, f, Hw, Iz, sc, and y). Flies
homozygous for this suppressor show only one
striking morphological abnormality—female steril-
ity. To obtain information concerning the ovarian
phenotype, light microscopic studies were made of
Feulgen-stained whole mounts and azure B-stained,
plastic embedded sections of ovaries from mutants
of various ages. Vitellogenesis was found to be
greatly inhibited. As a result, the oocyte grows
very little and becomes enveloped by multiple
layers of follicle cells. Normally, the oocyte re-
ceives a stream of RNA-rich cytopasm from adja-
cent nurse cells. However, the concentration of
nuclear and cytoplasmic RNA within mutant nurse
cells is reduced, and the distribution of DNA is
abnormal. During normal oogenesis, the nurse cell
chromosomes undergo a series of endomitotic repli-
cations resulting in a jumbled mass of Feulgen-
positive threads which fills the nucleus. How-
ever, the mutant nucleus contains four or five
well defined, condensed masses of Feulgen-positive
material which increase in size as the nurse cell
grows. Between these chromosomal masses are
found multiple, small nucleoli. Normally, nucleoli
grow and fuse into ribbon-like chains. This female
sterile mutation therefore resembles the mutants
fs,2,1, mr, and sn's? which show an abnormal nu-
(Clear behavior of nurse cells and a concurrent
retardation of vitellogenesis. (Supported by grant
5TIGN903 from the USPHS.) •

• • 3 5

ROBERT ARKING, and RALPH HILLMAN,
Temple University.

The developmental genetics of the eyeless-Domi-
nant locus in Drosophila melanogaster. '
This study concerns the effects of the mutation

eyeless-Dominant (eyD) upon the development of
Drosophila melanogaster. The mutation, reported
as a let! ' ' ' idition, is associated
with a within the fourth
chromosome.

Two types of reciprocal pair matings have been
analyzed: (a) the P-l cross of the balanced lethal,
svd'//ey", with an inbred Oregon-R strain; and
(b) the F-l cross of eyv//-\- X eyu//+. Both of
these give offspring which fall into one of three
classes: (1) viable flies with normal eyes; (2) viable
flies exhibiting a great decrease in the number of
facets/eye; and (3) flies that die during the early
pupal stages.

Most of the work has involved the lethal pro-
geny. Histological examination of the abnormally
developing pupae has revealed, in both types of
crosses, a characteristic syndrome of diverse de-
velopmental abnormalities which are all related
by a common cessation of development during the

prcpupal period. The survival data in the em-
bryonic, larval and pupal stages of the F-2 pro-
geny have revealed the existence of non-pupating
larvae which do not undergo further molts but
remain in the third instar for periods as long
as 120 hours after their normal sibs have pupated.
At this time they either die or undergo an abortive
pupation. The phenocritical phase in the eyD

therefore occurs in the last few hours of the third
larval instar.

These data suggest that the ecdyson/juvenile
hormone balance is affected by the eyD mutation.
Experiments are now in progress to elucidate the
precise mode of action of this locus. (Supported
in part by a NSF Predoctoral Cooperative Fellow-
ship and in part by Grant GM 10480 from the
USPHS.)

36
HARRY SENECA and PAT PEER, Columbia Uni-

versity, College of Physicians & Surgeons.
Trypanosoma cruzi lipopolysaccharide.

Chagastoxin or the lipopolysaccharide of Try-
panosoma cruzi is extracted with 88% phenol
from virulent T. cruzi. It is a white amorphous
precipitate, insoluble in water, saline, alcohol,
ether, acetone, acids and alkalis, unstable at room
temperature, and phenol saline suspension readily
loses its potency even in the ice box. It maintains
its potency when lyophilized.

In doses of 25 to 200 jiig, it imparts partial pro-
tection to mice, but in 500 ^g dose times 16, it
produces solid immunity.

Massive doses activate latent chronic T. cruzi
infections in mice, resulting in death, but less
than 10 /j.g has no such effect.

Intradermal injections, in infected and immu-
nized rabbits give rise to skin reaction, but normal
animals do not respond.

The lethal dose is 500-1,000 ^g given in four
successive doses. In such animals, there is focal
necrosis in the liver, microscopic hemorrhages and
round cell infiltration. The kidneys show tubular
necrosis and microscopic hemorrhages, the glomer-
uli get involved much later. Heart shows mus-
cular degeneration and round cell infiltration.
Microscopic hemorrhages are also present in adre-
'nals a'nd spleen.

It induces hyperpyrexia and leucocytosis in
rabbits. The sera of immunized sheep and rabbits
contain agglutinins, precipitins, immobilizing and
protective antibodies.

37
RONALD A. BAYNE, CHARLES A. KALAF, and

JOHN F. ROBERTS, North Carolina State
University.

Protein compositions of mitochondrial fractions of
trypanosomes.
The proetin compositions of mitochondrial frac-

tions from the culture form of Trypanosoma cono-
rhini and the kinetoplastic and akinetoplastic forms
of T. equiperdum were compared by gel filtration
elution patterns and disc gel electrophoresis.

Mitochondrial fractions were obtained by differ-
ential centrifugation of trypanosomal homogenates
by the method of Agosin and von Brand (Exptl.
Parasitol., 4:548, 1955). These fractions, containing
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flagellar and lipid materials as well as mitochon-
diia and kinetoplasts, were solubilized with sodium
tlodecyl sulfate (SDS) and chromatographed on a
Sephadex G-100 gel column (1.5 X 80 cm) equili-
brated and eluted with 0.3% SDS. The initial elu-
tions were concentrated by dialysis and further
separated by polyacrylamide column electrophoresis
by the method of Takayama, MacLennan, Tzago-
loff, and Stoner (Arch. Biochem. Biophys., 114:223,
1964).

Elution and electrophoretic patterns for prepa-
rations of the culture form indicated a more com-
plex protein composition than the blood stream
forms (6 vs. 3 elution peaks and 13 vs. 5 electro-
phoretic bands). These findings support the hy-
pothesis that respiratory differences between these
forms are due to changes in enzymatic composi-
tion. There appears to be no difference in the
protein composition of kinetoplastic and akineto-
plastic forms of T. equiperdum. These results are
interpreted in relationship to proposed kinetoplast
function.

39
KENNETH GOLD, Osborn Laboratories of Marine

Sciences.
The role of ciliates in marine ecology. I. Isolation

and cultivation of a member of the Order Tin-
tinnida. (Introduced by R. F. Nigrelli)
A species of Tintinnopsis, abundant in the

plankton off the jetty adjacent to the New York
Aquarium during June, 1966, was micropipetted
in large numbers into cold, sterile sea water. This
is the first record of the continuous cultivation
of a tintinnid in vitro, and the results of the
treatments used and the requirements for main-
tenance of the ciliates are reported here.

Cultures of Tintinnopsis sp. were maintained in
heat sterilized sea water. An antibiotic mixture,
used in the original isolation, was added to the
sea water periodically to prevent the accumulation
of large numbers of bacteria. Additions of the
penicillin-streptomycin mixture resulted in a final
concentration of 50 /ig each per ml.

Cultures can be maintained in the light or dark
at temperatures in the range 11-15°C. If cultures
are kept in the dark, (the usual practice), feeding
must be frequent but sparse. Usually, small num-
bers of food organisms are added at 2-3 day inter-
vals or when food is completely grazed down.
Illuminated cultures are fed less frequently or not
at all, depending upon the rate of grazing by the
ciliates and/or rate of growth of the prey.

Foods used to grow the tintinnids are yeast,
Saccharomyces cerevisiae, and the flagellates Iso-
chrysis galbana, Rhodomonas lens, and Platymonas
sp. No attempt has been made to free the tintin-
nids of bacteria completely. While all of the foods
seem to be ingested (and digested) rapidly, it is
not certain whether they are all required. Tracer
experiments are in progress to clarify food prefer-
ences. (Supported by Contract NYO-3658-2 with
the U. S. Atomic Energy Commission.)

40
EUGENE C. FISCHER, St. John's University and

U.S. Naval Applied Science Laboratory.
Growth of ciliates under high hydrostatic pressure.

(Introduced by D. M. Lilly)

Five species of Tetrahymenid protozoans were
subjected to increased salinity of the medium and
found to be eurhyaline, tolerating full-strength sea
water. Osmosensitivity of ciliates was reduced by
increased incubation temperature. Increased salin-
ity prolonged the lag and stationary phases of
growth, while decreasing population densities.
When ciliates were compressed hydrostatically, the
immediate morphological responses (sphere for-
mation and loss of ciliary activity) were reduced
by the increased osmolarity of the medium. Growth
of all organisms tested was possible under compres-
sions to 3000 psi at 19°C. Hydrostatic compression
was depressive to the log phase of growth, but
this depression was reduced by increased salinity.
Oxygen metabolism of pressurized cultures was
greater than that of unpressurized control cultures
at atmospheric pressure. Distinct levels of oxygen
toxicity were found in pressurized cultures, the
toxicity of environmental oxygen being increased
by hydrostatic compression. Hyperbaric oxygen was
highly stimulatory to Tetrahymenid growth except
when oxygen concentration in the medium was in-
creased by means of gas pressure according to
Henry's Law.

It may be concluded that the methods developed
for the culture of protozoans under high hydro-
static pressure will be of value in the study of
deep ocean pressures on the metabolisms of plank-
tonic and benthic microorganisms.

41
ROGER H. TRUMBORE and STEPHEN J.

KAUFMAN, State University of New York at
Binghamton.

Some effects of 8-azaguanine on Brachiomonas sub-
marina grown in synchronous culture.
The imposing of a light-dark regimen of either

8 dark and 16 light or 12 dark and 12 light causes
a synchrony of cell division in Brachiomonas sub-
marina with the cell division occurring only dur-
ing the dark phase. The high percentage of cells
in approximately the same physiological state pro-
vides an ideal tool for the effect of metabolic
inhibitors on the life cycle of the cell.

Cultures of Brachiomonas submarina were grown
in defined medium in a cycled light-dark sequence
of 12 hours dark-12 hours light at 500 foot-candles
and 24°C. The denned medium was supplemented
with various concentrations of 8-azaguanine. Final
8-azaguanine concentrations of 1 X 10"3 M to
1 X 10""6 M were inhibitory to cell growth with-
out being toxic. At these concentrations, the
characteristics of the cells in the population
changed. Larger cells which appeared sluggish and
swollen were much more common than in the
controls. Cultures were supplemented with 8-aza-
guanine at various periods during the cycled light-
dark regimen to see if there was any time of
maximum inhibition by the metabolic analog.

Indications are that the most critical time period
of the life cycle for the addition of 8-azaguanine
is that stage immediately preceding the normal
division of the cells; i.e., during the first few
hours in the dark period. Possible mechanisms of
action will be discussed.

42
MARVIN H. CANTOR, JOAN BARTHOLOMEW
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and WILLIAM THTEMAN, San Fernando Valley
State College.

Synchronization oE cell division in the flagellate,
Polytomella agilis.

Synchronization of cell division can be induced
in the flagellate, Polytomella agilis, by means of
a repetitive temperature cycle of 22 hours at
9°C followed by 2 hours at 25°C. No division oc-
curs during the cold period. Doubling ot the
population begins within 30 minutes following the
onset of the warm period and is complete within
30 minutes after transfer to 9°C. This rapid
doubling time is to be contrasted with the genera-
tion times of exponentially growing cultures, name-
ly 31 hours at 9°C and 5.6 hours at 25°C. The
fission index increases from 0.003 at 9°C to 0.012
at 25°C.

Changes in the rates of oxygen consumption
were followed over the cell cycle using conven-
tional Warburg manometric techniques. The Qo2
of cells harvested at the end of the cold period is
18.6 microliters/10" cells/hour. During the warm
period the Qo2 drops to 10.1 and remains at this
low rate through the early portion of the subse-
quent cold period. These data suggest a reduced
energy requirement during division and a par-
titioning of the oxidative machinery of the cells
among the progeny at the time of division.

Changes in the patterns of DNA, RNA and
protein synthesis over the cell cycle have been
measured and will be discussed.

43
JOHN E. BYFIELD and OTTO H. SCHERBAUM,

University of California, Los Angeles.
mRNA metabolism during induction of division

synchrony in Tetrahymena.
Protein and RNA metabolism have been further

studied in Tetrahymena. The kinetics of incor-
poration of C" uracil and C14 amino acids were
determined for single temperature shifts and dur-
ing repeated cycles (29°-34°) leading to synchrony
of cytodifferentiation and cell division. Elevation
of the culture temperature to levels capable of
inducing synchrony reduces incorporation of la-
beled precursors into both protein and RNA. The
suppression of protein synthesis can be related to
increased rate of mRNA breakdown. RNA syn-
thesis is similarly reduced when studied by C14

uracil incorporation but indirect assays of RNA
polymerase activity indicate the reverse, i.e., a
slight stimulation during the early heat shocks.
This discrepancy appears to result from a reduc-
tion in the rate of uptake of labeled precursors
into intra-cellular nucleotide pools, presumably ex-
panded by increased mRNA breakdown. By the
end of the synchronizing heat-treatment the net
cellular mRNA pool has been reduced to 25%
of the value present in log cells. When the efficiency
of mRNA translation is studied over the range
of temperatures permitting growth it can be shown
that it is reduced at temperatures above or sig-
nificantly below the optimum values. The mecha-
nisms of this loss of efficiency appear to be differ-
ent, however. Since division synchrony can be
induced by temperature cycles both above or below
the optimum culture temperature, it is concluded
that the mechanism of induction of synchrony is

intimately related to these induced shifts in mes-
senger metabolism. (Supported by USl'HS CM-
06461-07.)

44
ARTHUR L. BACON and HAROLD E. FINLEY,

Howard University.
Cultivation of a loricated peritrich, Cothurnia.

This report describes a method for maintaining
stock cultures of Cothurnia in non-axenic culture
media. Recently, this peritrich was collected from
a pond in Kenilworth Aquatic Gardens, D.C., de-
scribed in previous publications by Finley and
McLaughlin, in Progress in Protozoology, 1961.

In the laboratory, filaments of algae bearing
many cothurmas were vigorously washed in run-
ning tap water to remove unwanted microorga-
nisms. The petitrichs were adapted to laboratory
conditions, in Columbia culture dishes, by placing
5 or 6 washed algal filaments in pea broth. The
broth was prepared by boiling 1 g pulverized
Pisum salivum seeds in 1.8 1 pond water for 10
min and then bringing the concoction to room
temperature. On the 3rd day after inoculation
many cothurnias were attached to the dish, others
were attached to algal filaments. By that time
the broth was heavily bacterized, therefore, it was
necessary to remove the algal filaments, wash them
in tap water, and inoculate them into another dish
of fresh broth; the original dish and its cothurnias
were washed in tap water also, and supplied with
fresh broth.

After 6 to 12 days of the described handling
the peritrichs were cultivated in a dilute pea broth
in order to hold the bacterial population at a
lower rate of growth. The dilute broth was pre-
pared in tap water instead of pond water, 1 g pea
in 3.6 1 tap water. After the adaptation period
the peritrichs were prolific at pH 7.8, 23°C con-
stant temperature. They tolerated fluctuations of
temperature and pH in the range 18°-35°C, and
7.2-8.2°C, respectively. This non-axenic culture
method brings Cothurnia within range of sophisti-
cated experimentation. (Supported by grant
AI 00800-12 from the USPHS.)

53
THEODORE J. WALKER, Scripps Institution of

Oceanography.
Behavioral signs of benthic feeding by the Calif.

Gray Whale in Scammon's Lagoon, Baja, Cali-
fornia. (Introduced by H. E. Winn)
The discovery that the Calif. Gray Whale spends

many hours a day feeding on the bottom of Scam-
mon's Lagoon eliminates the accepted notion that
whale feeds only in the Arctic. Speculation as to
why the gray whale spends its winter in the
coastal lagoons now seems unnecessary in view
of these findings. The feeding behavior is mark-
edly different from that observed in the Arctic.
Feeding animals swim against the tidal current,
head down, with the tail awash or slightly sub-
merged. The whales feed in groups of four to
twenty abreast on a single line of bearing, sepa-
rated from one another by distances in excess of
the visibility (15-20 ft), except for mothers with
calves. Alignment must be achieved by acoustic
means—possibly by the noise generated as the
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whale dredges the bottom. Formation feeding oc-
curs only in the shallower regions of the lagoon,
generally 20-35 ft of water. Aerial observations
establish that the feeding takes place over beds
of eel grass, and that whale contacts the bottom
while over on its side. The bottom sediment is not
swallowed but flushed out through the filters,
as the whale continues to move forward against
the current. The water astern of the formation
is very turbid, and as the whales surface to breathe,
the flushing can be seen clearly, as the mouth is
open exposing the baleen. Every few surfacings
the whales extend their heads out of the water
vertically in an attitude called "spyhopping." The
position taken by the whale places the back against
the current, and judging from the steadiness and
duration of the posture, the whale is believed to
be standing on the bottom. More often than not,
the eyes do not clear the water. Invariably the
mouth is tightly shut, and the floor of the mouth
can be seen swallowing. Spyhopping is associated
with feeding, and provides a conspicuous sign of
feeding. Although there was no opportunity to
examine stomach contents, the eel grass becomes
scarred and potted by the feeding activity. It is
presumed that animal is separating out macro-
scopic animals of the benthic community including
the eel grass and other sea weeds as when uprooted
they float to the surface. Eel grass plants do not
appear at the surface and are presumed ingested.
Baby whales are also believed to be feeding like
the mothers, as they surface flushing sediments
through the baleen which is already several inches
long.

54
BORI L. OLLA, Sandy Hook Marine Laboratory.
Studies on rhythms in a school of adult bluefish,

Pomatomus saltatrix.
In a previous study, rhythms of activity in a

small school of adult bluefish, kept in a large,
indoor, experimental tank, were shown to be
highly correlated with simulated normal diurnal
changes of light, and to keep closely apace with
gradual changes in the light regime. Two further
series of experiments have shown that when the
light regime was shifted abruptly by seven and
twelve hours, there was a lag of several days
before the rhythm of the fishes came to correspond
with that of the shifted light. When the light was
held at a constant low level (between five and
twenty foot candles), the shifted rhythm that had
been established continued for several days. These
results indicate that rhythms of activity in bluefish
have an endogenous component.

While daily rhythmic patterns of activity meas-
ured under simulated normal diurnal changes of
light were generally the same throughout the year,
there appeared to be a significant seasonal variation
in the rate of activity. This was independent of
temperature.

55
J. T. ENRIGHT, Scripps Institution of Oceanogra-

phy, University of California.
Endogenous rhythms in marine organisms.

An endogenous biological rhythm represents a
temporally varying physiological substrate which

determines the nature and intensity of an animal's
behavioral responses to concurrent environmental
stimuli. Such rhythms, which are usually synchro-
nized by cyclic environmental factors, may thus
play a major role among those factors affecting
the spatial distributions of motile marine orga-
nisms.

The most striking examples of this phenomenon
are to be found in time-compensated celestial
orientation, but other sorts of behavioral lesponse
are often also involved. Activity rhythms synchro-
nized by the tides have been shown to underlie
the tidal migrations of a variety of sand-beach
crustaceans. Recent evidence now demonstrates
that the daily vertical migrations of several sorts
of neritic zooplankters also depend upon endoge-
nous rhythms, which can persist under constant
conditions and are synchronized by light-dark
cycles. Longer-period endogenous rhythms (fort-
nightly and monthly) which have previously been
shown to underlie reproductive cycles in certain
species, can apparently also produce long-period
cycles in spontaneous locomotor activity, thus also
affecting long-term spatial distributions.

Environmental adaptation requires not only that
the organism be in the "right place," but that
he be in the "right place" at the "right time."
Orientation in space and in time are therefore
often intimately related.

56
MICHAEL SALMON, De Paul University.
Courtship behavior and distribution of fiddler

crabs in Florida. (Motion picture)
Previous studies (Salmon, M., Zoologica 50:123-

149) on the Sand Fiddler crab (Uca pugilator)
showed that males attracted females during the day
with a species-specific "waving" movement of their
enlarged cheliped. When a female approached the
male, he moved into his burrow and began pro-
ducing sounds by rapping the claw against the
substrate. At night males produced sounds almost
continuously. It was hypothesized that the sounds
attracted females when visual cues were inopera-
tive.

These studies were extended to three species
in Florida, two of which have not been reported
and are at present unidentified. Waving display
of all species was analyzed from films. Males in-
creased their rate of waving when a female ap-
proached, but were aggressive to other approaching
males. At night, males of U. rapax produced
sounds, but not by rapping. The mechanism is
not known, but the ambulatories are moved against
the substrate when sounds are produced. The
sounds resemble a low-pitched "honking." Another
species, similar to U. rapax in size and coloration,
had a different form of wave and produced sounds
with distinct frequency and temporal patterns. A
second unidentified species produced sounds bv
rapping. All three species produced more sounds
during low tides in the middle of the month than
the month's end.

The coast of Florida was surveyed at about
50-mile intervals and the distribution of all species
was determined. Species present, in addition to
U. rapax and the two unidentified forms, were V.
pugilator, U. thayeri, V. pugnax and V. minax.
(Supported by Grant GB-3430 from the N'SF.)
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57
ROBERT A. STEVENSON, JR., and ARTHUR

A. MYRBERG, JR., University of Miami.
Behavior of the bicolor damselfish, Eupomacenlrtts

partitus in the field and in the aquarium.

General patterns of behavior of Eupomaccnlrus
partitus, were observed in the field by the use of
underwater television and by diving and were com-
pared with the behavior of individuals of the same
species in a 280 gallon aquarium. The amount
of time that individual male fish were engaged
in feeding and in reproductive activities was meas-
ured. Physical and biological factors that were
thought to influence this behavior were also meas-
ured. These included time of clay, current speed
and direction, type and location of cover, and the
presence of other species of fish. Under field con-
ditions, fish spent the majority of their time in the
morning feeding. In the afternoon, they did not
feed as much as in the morning, but spent an in-
creased amount of time engaged in activities asso-
ciated with reproduction. Feeding, as seen in the
field, was not observed in the laboratory where
reproductive activities occupied most of the fishes'
time. (Supported by ONR Contract No. NONR
840(13), NR 104-495.)

58
DAVID W. WALLER, Bureau of Commercial

Fisheries Tuna Resources Laboratory and Uni-
versity of Wisconsin.

Phonations of free-ranging spotted porpoises in the
eastern Pacific. (Motion picture)

Sonic activities and concurrent behavior of free-
ranging spotted porpoises {Stenella grafjmani) in
the east-central Pacific were recorded under non-
experimental conditions and during underwater
rebroadcast of their natural phonations. From
sound-spectrographic analyses, three classes of pho-
nations were distinguished: clicks, whistles, and
grunts. These resemble in general features phona-
tions of related delphinids; it is likely that they
also have functional parallels. Thus, most clicks
probably represent echolocation. However, some
click-series exhibited varying patterns of formants,
indicating the possibility of communicatory func-
tion for such clicking. Modulation of whistles was
relatively simple. The rebroadcast experiments and
observations of group activities of this species sug-
gest that certain whistle patterns concern social
interactions and conditions, especially maintenance
of grouping, rather than other environmental
conditions.

59
RONALD J. SCHUSTERMAN, Stanford Research

Institute, Menlo Park. California.
Visual orientation and discrimination in seals and

sea lions.
Several species of seals and sea lions, including

Zalophus californianus, Phoca vitulina and Eume-
topias jubatus, have been tested on an underwater
size-discrimination task by the psychophysical meth-
od of constant stimuli. All species were capable of
discriminating size-difference ratios as small as
1.06:1 with little apparent difference in proficiency

between species. This suggests that most if not
all pinnepeds have good underwater visual acuity.

Investigation of underwater discrimination and
transfer by Zalophus has revealed remarkably effi-
cient discrimination of stimulus patterns differing
only with regard to shape. Most of these discrimi-
nations were maintained near or at a perfect level
of accuracy even when the shapes were re-oriented
45°, 90° or 180°. Moreover, preliminary data sug-
gest that at least one California sea lion is capable
of solving a wide range of visual discrimination
problems after a single information trial. In line
with Hobson's recent observation regarding the
tendency of seals and sea lions to silhouette their
prey against the ambient surface light, all species
thus far tested approached stimulus targets from a
position considerably below the lower edge of the
targets. From results such as these, it is expected
that many species of pinnepeds rely strangely on
visual cues for the detection and discrimination
of objects under water.

Finally, preliminary data will be presented on
the ability of Zalophus to use a vocal signal to
transmit information to an experimenter about its
differential sensitivity to selected aspects of its
environment.

60
W. E. EVANS and B. A. POWELL, Michelson

Laboratories, U. S. Naval Ordnance Test Station,
China Lake, California.

Dolphin sonar discrimination; a motion picture
technical report.
Echolocating delphinids display extraordinary

capabilities in detecting echoes, and determining
the location and nature of the echo source. In
order to accomplish this they must be able to
discriminate subtle differences in intensity, fre-
quency, and combinations of these acoustic
parameters.

In an attempt to quantify the contribution of
one of these parameters (echo intensity) to sonar
discrimination in delphinids, a blindfolded Atlan-
tic bottlenose dolphin (Tursiops truncatus), was
conditioned to always select a 30 cm diameter.
0.22 cm thick copper disc when presented, paired
with other discs identical in all respects except
thickness. Knowing the acoustic impedance of
the seawater, and the thickness and acoustic im-
pedance of copper discs, it was possible by compu-
tation to select a series of targets, which differed
in acoustic reflectivity by a known amount from
the standard target.

At a comparison of 0.22 cm copper versus 0.27
cm copper the animal displayed random behavior,
selecting the standard (0.22 cm thick) target cor-
rectly in 60% of the trials. However, at a com-
parison of 0.22 cm copper versus 0.32 cm copper,
the responses were correct in 75% of the trials.

Using a combination of electro-optical record-
ing equipment and a broad-band magnetic tape
recording system it was possible to measure in
detail some of the relationships between the sonic
emission and scanning behavior associated with the
previously described sonar discrimination.

62
ROBERT R. CARDELL, JR., Harvard University.
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Observations on the fine structure and distribution
of cell type #5 (stellate cell) in the pars distalis
of the salamander (Diemyctylus I'iridescens viri-
descens Rafinesque) pituitary gland.
Salamander pituitary glands were fixed in 3%

glutaraldehyde, post-fixed in osmium tetroxide, de-
hydrated, and embedded in Epon. L'ltrathin sec-
tions were cut on an ultramicrotome and the sec-
tions studied with an electron microscope.

The fine structure of five distinct cell types in
the pars distalis of the salamander pituitary gland
has been described by Cardell (J. of Ultrastruc-
ture Res. 10:317-333, 1964), and apparently four of
these are involved in the synthesis and secretion
of the pituitary hormones. The infrastructure of
the remaining cell type (#5) does not suggest,
however, a secretory function.

This latter cell type occurs throughout the pars
distalis and its long cytoplasmic projections pene-
trate the intercellular spaces between adjacent
secretory cells. Frequently these thin cytoplasmic
processes are located between the secretory cell
and the outer basement membrane of the peri-
capillary space. Cell type #5 occurs at the periph-
ery of the pars distalis and the processes from these
cells interdigitate in such a manner to form a
sheath around the surface of the pars distalis.
Collagen fibers occur between the cytoplasmic
processes of these peripherally-located cells. Des-
mosomes provide regions of attachments between
cell type #5 and the secretory cells. Thus the
form and distribution of cell type #5 is such that
it, in combination with other cells of this type,
extends from the peripheral surface of the pars
distalis to the interior of the gland and it appears
likely that each secretory cell has an intimate asso-
ciation with this cell.

The function of cell type #5 is obscure but
these observations show that cells of this type form
a continuous network throughout the pars distalis.
It is suggested that these cells either provide sup-
port, perform a regulatory role in the pituitary, or
are involved in the release of the hormones from
the secretory cells. (Supported by Grant GM 06637
from the USPHS.)

63
JOHN M. MALLETTE and SYLVIA L. EUBANKS,

Tennessee A & I State University.
The cytological effects of mestranol and norethin-

drone on the pituitary gland of fourteen day
chick embryos.
It has been known for quite some time that

progestins and estrogens inhibit pituitary gonado-
tropin secretions; however, in the present investi-
gation an attempt was made to find out if there
might be a difference in the cellular components
of the pituitary gland by 14 day chicks that had
been injected with oral contraceptives containing
mestranol and norethindrone. A total of three
hundred and fifty eggs was used in the experi-
ment. The optimum concentration of both drugs
was found to be .01 mg/500 ml distilled water.
The controls were injected with the solvent only.
The results obtained in this study were: (1) no
apparent dilferences in the number of cells occu-
pied by the pituitary, (2) the percentage of de-
velopment in the experimental groups was very

low as compared to the controls. Excessive hemor-
rhaging was noted in the brain area of the experi-
mentals. (Supported by grant GY-182 from the
NSF.)

64
ROBERT C. THOMMES and CHARLES F.

McCARTER, De Paul University.
Adenohypophyseal control of water balance in the

developing chick embryo.
Embryos were hypophysectomized at 36-40 hours

of incubation by the "partial decapitation" method
of Fugo (1940) and were sacrificed at 24-hour
intervals from day 10.5 through 18.5 of incubation.
Upon sacrifice, all head structures of both normal
and pituoprivic chick embryos were removed by
cutting between the 5th and 6th cervical vertebrae.
Hypophysectomized animals are characterized by
a lack of given head structures. Both wet and dry
weights were conventionally determined.

Although hypophysectomy produced no signifi-
cant change in total body water content from nor-
mal values of 10.5 (11.071 g water/g dry body
weight) and 11.5- (11.331)-day-old embryos, by
day 12.5 a statistically significant increase in water
content of pituoprivic animals had occurred. This
statistically significant increase persisted through
the 18th day of incubation although water content
of both normal and experimental animals declined
from the 12th through 18th day.

Pituitaries from 10-day donor chick embryos
transplanted to the chorioallantois of 9.5-day hypo-
physectomized embryos returned water balance to
normal as evidenced by the water content of
18.5-day hypophysectomized animals plus trans-
plants. (Supported by grant HD 01475 from
USPHS.)

65
MARTIN' P. SCHREIBMAN and KLAUS D.

KALLMAN, Brooklyn College and The New
York Aquarium.

Freshwater survival after hypophysectomy in
teleosts.

In several species of freshwater fishes belonging
to the families Cyprinodontidae and Pocciliidae
(Atheriniformes) the ability to survive in fresh
water is under hormonal control (Gen. Comp.
Endocrinol. 6:144, 1966). Hypophysectomy of these
teleosts leads to death in several days but they can
survive indefinitely in dilute sea water (1.2%).
These investigations have now been extended to
five additional species of this order to determine
the distribution of this freshwater survival mecha-
nism. Essentially similar results have been ob-
tained. Fish were treated as previously described.
AH completely hypophysectomized fish that were
returned to fresh water died or were in severe
shock while those that were retained as controls
in dilute sea water survived. The mean survival
time (in days) for the first investigated are:
Poecilia sphenops, 2.6 ± 0.3: P. vittata, 2.3 rfc
0.4; Aplocheilus sp., 9.0 ± 4.4; Nothobranchiits
guentheri, 8.6 ± 2.7; and Xiphophorns couchiarms
gordoni, 12.3 ± 2.9. Fish that were removed in
severe shock were returned to dilute sea water.
Those that recovered showed similar responses to
fresh water when retested several weeks later. Based
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on the data available it appears that all species of
Atheriniformes require their pituitary gland to
survive in fresh water but significant differences
exist between genera in the length of survival.
The short survival time of P. sphenops and P.
viltala is consistent with reports for two other
Poecilia species. The longer survival time of X. c.
gordoni compares favorably with other species of
Xiphophorus. (Supported by grants GB-3843 from
the NSF and CA-06665 from the USPHS.)

66
DAMODHAR V. NAIK., Dartmouth Medical

School.
Pituitary-adrenal relationships in mice with heredi-

tary nephrogenic diabetes insipidus, with special
emphasis on the pars intermedia. (Introduced
by Hilda W. Sokol)

The hypophysis and supraoptic and paraven-
tricular nuclei of mice with hereditary nephro-
genic diabetes insipidus (DI) have been compared
with those of normal mice of the same strain. The
hypothalamic neurosecretory cells exhibit greater
activity in the DI mice. Neurosecretory material
(NSM) fills the pars nervosa of both DI and
normal mice, the density of NSM being slightly
less in the former.

In addition to the larger size of the hypophysis
in DI mice, the relative proportions of its com-
ponent parts differ from the normal. The en-
largement of the pars intermedia (pi) is espe-
cially conspicuous: whereas the ratio, volume of
pars nervosa/volume of pars intermedia, is 1:1.5
in normal mice, it is 1:3 in DI mice. Closer cyto-
logical examination revealed hypertrophy of many
p.i. cells with nuclei averaging 8.7 micra in di-
ameter in DI mice versus 7.0 micra in normal
mice. There appears to be a greater penetration
of pars nervosa tissue laden with NSM in the
p.i. of mice with diabetes insipidus.

Another distinguishing characteristic of the DI
pituitary gland is the presence of aldehyde fuchsin
positive granules which are dispersed among the
peripheral cells of the pars distalis bordering the
hypophysial cleft. Accumulation of such granules
is greatest in regions directly opposite neurohypo-
physial strands which invade the pars intermedia.

Cytological changes in these specific regions of
the hypophysis were effected by dehydration, for-
malin stress, and adrenalectomy. These results,
coupled with the finding of enlarged adrenal glands
in DI mice, suggest but do not prove a functional
relationship between neurosecretion, pars inter-
media, and adrenal cortex. (Supported by USPHS
grant AM 08469, the United Health Foundations,
the Life Insurance Medical Research Fund, and
Merck Sharp and Dohme.)

67
RONALD J. BARFIELD, Rutgers University.
Stimulation of gonadotropin secretion in the female

ring dove by limited exposure to a mate.
The female ring dove comes into full reproduc-

tive condition and ovulates as a result of 7 days
exposure to a male, even if separated from him by
a glass partition (Erickson and Lehrman, J. comp.
physiol. Psychol., 58:164, 1964). The objective here
was to investigate the relationship between the

quantity of stimulation presented to a female and
the resulting amount of gonadotropin secretion as
reflected by development of her reproductive tract.

Experimental females were caged adjacent to
mates but separated from them by movable opaque
partitions. A limited daily visual exposure to the
male was effected by substituting a glass plate for
the partition. 48 females were divided equalh
among 4 experimental groups and correspondingly
saw courting males for either 15, 30, 60, or 120
minutes per day for 7 days. As controls, 12 females
received no exposure and 12 received continuous
visual exposure to mates. At the end of 7 days
the development of the oviduct and follicles was
ascertained.

Mean oviduct weights in milligrams for the 6
groups were as follows: No male, 983; 15', 1110:
30' 1334; 60', 2069; 120', 2072; continuous, 3617.
The degree of follicular development paralleled
oviduct weight, and the numbers of females ovu-
lating in each group were 0, 1, 0, 3, 5, and 9,
respectively. In terms of the measures employed,
it appears that the day-to-day release of gonado-
tropin by the female ring dove is continuously
graded in accordance with the quantity of external
stimulation received. (Supported by grant GM-1135
from the USPHS to Dr. D. S. Lehrman.)

68
ROBERT ORTMAN, City College of New York.
The Paradise Whydah in the Weaver Finch test.

The abdominal and subtail feathers of the Para-
dise Whydah (Steganura paradisea) have been em-
ployed in the Weaver Finch test for luteinizing hor-
mone (LH) and human chorionic gonadotropin
(HCG) by Witschi (1955, 1959). Segal (1957) re-

ported that the Napoleon Weaver finch (Euplectes
afra) is sensitive to 0.005 mg of LH or 30 IU of
HCG (depending on commercial source). He be-
lieves these birds are about equally sensitive to
LH (personal communication).

We have used (variably) neck, breast, abdominal
and subtail feathers. Birds were fed ad libitum
Hartz Mountain Finch Seed or a mixed seed diet
and maintained at room temperature under natural
lighting conditions (northern exposure). Between
0.005 and 1.0 mg of LH (equine or bovine) or
60 and 150 IU of HCG were administered in two,
daily injections (intramuscular) to 26 birds after
a post-plucking interval of 4 to 10 days. Only
one bird gave a positive response (melanized bar
in the regenerating feather). This was shown in
feathers from all four regions.

To exclude the possibility that a critical period
was missed 15 birds were deplumed and promptly
injected. Animals received 10 daily injections for
a total of either 0.25 or 2.5 mg of LH (equine)
or 1,000.0 IU of HCG. No positive responses were
obtained.

Thirty control birds, which were uninjected.
Ringer's fluid-injected or water-injected, gave nega-
tive responses.

The Paradise Whydah appears unreliable and
unsatisfactory in the Weaver Finch test. The
totality of conditions surrounding their successful
use has not been effectively disclosed by Witschi.
(Supported by USPHS grant No. AM 07204-03.)
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69
ALBERT II. MEIER, KENNETH B. DAVIS, and

RICHARD LEE, Louisiana State University.
The diurnal rhythm of the fattening response to

prolactin in the Golden Topminnow and the
White-throated Sparrow.
Increases in body weight in response to injec-

tions of prolactin have been reported in mammals,
birds and amphibians. Our studies indicate that
the time of prolactin injection with respect to the
photoperiod is of fundamental importance in elicit-
ing a body weight response. Injections during the
middle of a 16-hour photoperiod are stimulatory
to body weight increases in both the Golden Top-
minnow, Fundulus chrysotus, and in the White-
throated Sparrow, Zonotrichia albicollis. However,
injections given at the beginning or at the end
of the photoperiod suppress the body weight. The
changes in the body weights are due primarily to
changes in the lipid component. Carcasses of the
control birds averaged 6% extractable lipid, where-
as those of the prolactin-treated groups were 3%
and 13% for the early and mid-day injections,
respectively. A similar relationship was found in
the Golden Topminnow. In addition, a combina-
tion of follicle-stimulating hormone and luteinizing
hormone promotes fattening responses in the Top-
minnow which are indistinguishable from those
produced by prolactin. In the White-throated Spar-
row, the gonadotropins augment the fattening pro-
duced by prolactin but have no effect, alone. These
studies suggest that there is a diurnal period of
sensitivity in many vertebrates during which re-
sponses to fat-inducing hormones may occur. (Sup-
ported by Grant GE-3679 from the NSF and by
the Endorinology Study Section of the USPHS.)

71
N. S. MILBURN, Tufts University.
Changes in the fine structure of cockroach endo-

symbiotic bacteroids correlated with the develop-
ment of the cockroach.
Endosymbiotic bacteroids have been described in

a wide variety of insects which live on specialized
diets such as blood, tissue fluids, or plant juices.
They also occur in the tissues of a few omnivorous
insects such as the cockroach. There is evidence
that these bacteroids produce nutritional factors
necessary to the cockroach (Brooks, 1963). This
study is concerned with changes in the fine struc-
ture of bacteroids in the fat bodies of the false ovo-
viviparous cockroaches, Byrsotria fumigata and
Nauphoeta cinerea.

Large numbers of rod-shaped bacteroids are
found within the fat bodies of adult reproductive
females. The volume of the fat body decreases
sharply during the period of egg development and
continues to do so after oviposition when the egg
cases are in the female's brood sac. These roaches
eat little or no food during this gestation period.

As the stored glycogen, lipid and protein dis-
appears from the fat body cells, similar changes
occur in the cytoplasm of the mycetocytes in which
the bacteroids are living. Bacteroids in depleted
mycetocytes lose their bacterial cell walls, enlarge
and become spherical protoplasts. Their nuclear
regions are surrounded by regular concentric layers
of fibrous material which form a shell about the

bacteroid. Eventually such metamorphosed bac-
teroids are extruded from the mycetocyte. The
possible control of the bacteroid metamorphosis by
neurohormones and its relation to the amounts of
stored metabolites in the fat body will be discussed.

72
HELEN GHIRADELLA, JAMES CRONSHAW,

and JAMES CASE, University of California,
Santa Barbara.

The fine structure of the aesthetasc hairs of
Pagurus samuelis.
Light microscopic studies on the thin-walled

aesthetasc hairs of decapod crustaceans have re-
vealed that each hair consists of a sheath of cuticle
surrounding the dendrites of many bipolar neurons.
The neuron cell bodies are grouped in a spindle
beneath the base of the hair. Fine structural studies
on the antennules of a small hermit crab, Pagurus
samuelis, have revealed that the dendrites are
ciliary in structure along part of their length; the
basal portion of each shows well developed rootlets
terminating in basal bodies, usually two per cell.
More distally, each dendrite divides into cylindrical
branches, each containing a longitudinally oriented
miciotubule which appears continuous with one
of the tubules of the basal body. The microtubule-
containing branches make up most of the length
of the dendrites within the hair, and apparently
terminate within the lumen of the hair with no
special end-structures or connections to the outside.

Dye penetration studies have revealed that the
aesthetascs are extremely permeable; this fact, to-
gether with the presence of a large number of
dendrites within, suggests a chemosensory function
for these organs. We are now attempting to eluci-
date the means by which chemicals can penetrate
the cuticle and reach the dendrites. Cuticular pores
have been observed near the bases of the hairs,
but at the present time, none has been found in
the more apical regions. We have not yet obtained
views of the extreme tip. Fine fibrils are visible
in the cuticle, and these appear to have a more
dispersed arrangement in the apical region of
the hairs than in the basal region, suggesting that
the cuticular structure itself might be more per-
meable in the distal region of the hairs than in
the proximal. (Supported by University of Cali-
fornia Faculty Grants 289 and 380, and U. S.
Public Health Service grant USPHS-NB04372.)

73
THEODORE J. O'TANYI, JR. and SAUL B.

BARBER, Lehigh University.
Stretch receptors in Limulus limbs.

A proprioceptor organ connected to the apodeme
of the dactyl opener muscle has been found in
Limulus walking legs and chelicerae. Serial sec-
tions show that 40 or more neurons are situated
in a branch of the small leg nerve near the point
where the nerve ends and anchors to the apodeme.
More proximally the nerve is held by connective
tissue to the posterior surface of the tarsal wall
so that the more distal part of the nerve is
stretched, and released from stretch, when the
dactyl is passively closed and opened, respectively.
With the tarsal and dactyl structures intact only
closure of the dactyl stimulates the receptor units.
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When the apodeme receptor nerve is freed from
its cuticular attachment, the adequate stimulus is
the stretch of the nerve trunk. Similar kinds of
units, including both phasic and tonic types, are
excited by either method of stimulation.

The apodeme organ is similar both histologically
and functionally to the femur-patella proprioceptor
organ previously described (Pringle, J. W. S., J.
Exp. Biol., 33:658, 1956; Barber, S. B., J. Ex p.
Zoo!., 143:283). Jn both organs the receptor neu-
rons are located in a ganglion-like swelling of the
nerve and the units are normally excited by stretch.
However, different structures are used in the two
organs to provide a reference length upon which
the stretch stimulus is superimposed. The recep-
tors of both organs should be considered as stretch
receptors. (Supported by Grant NB05953-01, NIH,
USl'HS.)

WILBUR F. HAYES and SAUL B. BARBER, Yale
University and Lehigh University.

Structure and properties of the Limulus tendon
receptor organ.
Each of the walking legs of Limulus polypheinus

(L.) has a tendon receptor organ (Barber and
Hayes, Comp. Biochem. Physiol., 11:193-198, 1964)
that is structurally unlike all the other proprio-
ceplor organs in the leg. The tendon is a cylinder
of dense connective tissue with fixed ends in the
trochanter. Embedded in the anterior end of the
tendon are about 30 large multipolar neurons sup-
plied by a small sensory nerve. Two accessory
muscles originating in the coxa are connected to
the tendon close to the region where the sensory
cells are located. One of these muscles is also
connected indirectly to the femur. Thus, the
structure of the organ is suited for monitoring the
position and movements of both the trochanter
and femur relative to the coxa.

Unidirectional movement units have been re-
corded from the tendon organ nerve when the
trochanter or femur was forcibly extended. Position
units in general display maximal responses at full
extension and minimal responses at full flexion of
these segments. During, and immediately following,
extension the discharge frequency increases and
then drops to a new equilibrium frequency. Seg-
ment flexion, however, causes a temporary cessa-
tion of position unit responses, followed by a rise
to the new equilibrium frequency. These responses
are probably mediated by the effects of the move-
ments on tension changes in the accessory muscles.
In particular the "inhibition" of tonic units by
segment flexion is probably due to the resultant
transient loss of accessory muscle tension. (Sup-
ported by grants from the NINDB, NIH.)

75
ROD SUTHERLAND, Clark University.
Fine structure of the crayfish thoracic cord and leg

nerves. (Introduced by R. F. Nunnemacher)
Ultrathin cross sections of the main nerve going

into each leg and the ventral thoracic cord of
Orconectes virilis were examined with an electron
microscope to determine the number and diameter
of the fibers. The nerves were prepared by stand-
ard methods. Micrographs of cross sections of each

nerve and the ventral cord were made. The
numbers of fibers of varying sizes within each
nerve were determined and compared. Observa-
tions show that the smallest fibers are under
0.15 (i in diameter and are found in all of the
nerves examined. The fine fibers (0.15 to 1.0 ^)
are most numerous in the second walking leg
(14,811). The fiber of largest diameter (27.4 p)
is found in the first walking leg. The fourth
walking leg has the greatest number of fibers
(20,075). The ventral cord at the level of the
third thoracic connective contains 5,293 fibers. Of
these 2,967 are fine fibers. There are four large
fibers in the third connective with an average di-
ameter of 88.8 p, the largest of which is 92.4 p.
A comparison of the third thoracic connective with
the fifth abdominal connective shows the latter
to contain about twice the number of fibers
(9,393), but with fewer large fillers. (Supported
by grant NB03989 from the USPHS, NIH.)

76
ZIEDONIS SKOBE, Clark University.
Nerve fiber distribution of the circumesophageal

nerve connective in Decapod Crustaceans. (Intro-
duced by R. F. Nunnemacher)
Cross sections of circumesophageal nerve con-

nectives of several Decapod Crustaceans were ex-
amined with an electron microscope to determine
the number and diameter of fibers within the
connective. Fixation, dehydration, and embedding
were accomplished using standard techniques.
Overlapping pictures were taken and assembled
into montages. Individual fibers were counted
according to predetermined groupings.

Uca, Carcinus, Libinia, and Cancer have an
average of 2,600 fibers, with a variation of 6%.
The diameters of these vary from 0.12 fi to 30 ^.
The largest number of fibers is in the 1-3 fi range,
and may constitute up to 50% of all fibers. Calli-
nectes sapidus differs by having no fibers smaller
than 1.5 (i, the greatest number is in the 6-9 p
range, and its largest fiber has a diameter of
about 48 ft..

Both Gecarcinus laleralis and Grapsus grapsus
show a larger than average number of fine fibers,
bringing their totals to 3,000 and 4,000 respectively.
Grapsus also has an increase over the average
number of large fibers, fourteen of which were
between 60 y, and 80 ft. The large fibers are
unusual in crabs since they are commonly associ-
ated with Decapods such as Orconectes and
Crangon having the tail flipping reflex.

The crabs Pagurus longicarpus and P. pollicaris
have a bundle of about 5,500 fibers measuring less
than 0.5 fi. This bundle of fine fibers elevates the
total for these crabs to 8,300 and 9,600, respectively.
(Supported by grant NB0S989 from USPHS, NIH.)

77
RUTH R. BENNETT, University of Massachusetts,

Boston.
Spectral sensitivities of locust retinula cells.

Light flashes elicit generator potentials from
visual cells in the eye of the locust (Locusla migra-
loria) similar to those reported for most other
insect visual cells, when conventional intracellular
electrode recording techniques are used. In an
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initial study of twenty locust visual cells, the
leciprocals o£ the relative numbers of quanta re-
quired to evoke a certain generator potential (dy-
namic phase) amplitude were deduced from re-
sponse energy curves; the latter were found by
using various intensities of monochromatic lights
of 350 to 600 niju; and spectral sensitivity curves
for each cell were plotted. All cells showed a
high sensitivity in the blue (maximum 430 m^)
region of the spectrum. In addition, all cells
showed some green sensitivity (maximum approxi-
mately 515 niju) but this varied, in different cells,
from 15% to 100% of the blue maximum for the
cell. The results are consistent with the hypothesis
that two "Dartnall-type" visual pigments are con-
tributing, in various ratios, to the spectral sensi-
tivity of each cell.

Since locust visual cells are sensitive to the plane
of polarization of incident light (Shaw, Nature
211:92, 1966), tests with polarized monochromatic
light were carried out in an attempt to separate
possible interacting blue-sensitive and green-sensi-
live receptors. Although a small amount of inter-
action between cells seems to occur in certain
cases, possibly due to electrode placement, it is
probable that all visual cells studied contain the
two visual pigments hypothesized above. (G. A.
Horridge made the resources of the Gatty Marine
Lab., St. Andrews, Scotland, available for this
study and contributed invaluable advice; initial
phase of project performed in collaboration with
John Tunstall.)

78
ARNOLD ESKIN and MICHAEL MENAKER,

University of Texas.
Sound stimuli as entraining agents of circadian

rhythms in sparrows.
Thus far only light and temperature pulses have

been adequately established as entraining agents
for circadian rhythms although there are several
reports indicative of the existence of other en-
training agents. Daily sound (bird song and white
noise) was tested for its ability to entrain the
circadian locomotor rhythm of the sparrow, Passer
domesliciis. Several birds produced activity records
which satisfy all the criteria for the rigorous dem-
onstration of entrainment. The signal controlled
the phase and period of the rhythm and masking
was excluded by having free runs before and after
application of the signal. Also several birds showed
good initial phase and period control for several
days, but subsequently broke away from the
signal and assumed circadian periods in the pres-
ence of the signal. In a few cases the bird song
had no influence on the phase or period of the
locomotor rhythm. In all cases in which the
signal failed to entrain, the free running period
of the rhythm in constant conditions was outside
the range 23 hr 35 min to 24 hr 45 min. No
sex differences were noted in the ability to be
entrained by the signal.

Mutual interaction of the rhythms of birds was
also studied. Birds were able to entrain one an-
other if their individual free running periods were
not very different. (Supported by a grant from
the University of Texas Research Institute, NSF
Grant GB-3806, NIH Training Grant 5 Tl-GM-

83603, and NIH Fellowship Award 1-F1-GM-
32,240-01.)

79
FRED T. ERSKINE, D. W. HOWE, and B. C.

WEED, Worcester Polytechnic Institute.
The discharge period of the weakly electric fish

Sternarchus albijrons. (Introduced by L. P.
Granath)
The discharge period (reciprocal of frequency)

of the weakly electric (a-c) fish Sternarchus albi-
jrons was studied to establish limits of stability
for the signal from the normal fish, and to find
those factors which may affect the discharge signal
under normal conditions.

For different specimens of healthy fish the dis-
charge period may vary from about 1.5 X 10"3

to 1.0 X 10"3 sec (650 to 1000 Hz) at room tem-
perature (23°C). The discharge period is very
dependent on temperature with a slope of approxi-
mately -0.05 X 10"3 sec/C° (+40 Hz/C°) and
a Q10 of 1.5.

It appears that the "normal" instability of the
fish discharge period is of the order ± 1 part in
104 (±0.01%). Superimposed on this are two
types of variations. First is a slow repetitive devia-
tion from the normal period of ± 1 part in 103

(±0.1%) having a random duration of from 1
to 3 minutes. Second there is a rapid deviation
from the normal period in the direction of de-
creasing period followed by an exponential re-
covery to nearly the original period. These "spikes"
represent a variation o£ approximately 2 parts in
102 (2%) with a duration of from 0.1 to 100 sec
and occur at about 10- to 15-minute intervals.

Other factors which have been found to affect
the discharge period of the healthy fish are exer-
tion (i.e., causing the fish to swim rapidly in
a forced current of water) and "chasing" (i.e.,
stimulation by an external a-c electric field. The
largest observed change in period due to exertion
is about a 0.3% decrease. The "chasing" experi-
ment was carried out using a battery powered
variable frequency oscillator for external a-c stimu-
lation and the largest observed change is a 6%
decrease in period. (Supported by PHS Grant
1 RO1-NB06659-0I.)

80
DONALD W. HOWE, JR., FRED T. ERSKINE,

and L. P. GRANATH, Worcester Polytechnic
Institute and Clark University.

Threshold sensitivity of Sternarchus albifrons to
electric fields.
The fish were trained to go to a feeding trough

following electric stimulation. As training pro-
gressed, the uniform field was reduced progres-
sively to the minimum field which would cause
the fish to exhibit the typical rapid forward and
backward swimming in its hiding tube prepara-
tory to feeding. After conditioning, obvious re-
sponses were obtained using sinusoidal signals from
30 Hz to 3000 Hz, and sensitivity curves were
determined. A minimum threshold (minimum
stimulus) of 0.2 microvolt/cm was obtained for
all individuals (at the fish frequency, 700 Hz),
with a secondary minimum of 0.3 to 0.5 micro-
volt/cm at the second harmonic for some speci-
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mens. No significant difference in the sensitivity
curve was noted when non-uniform fields from
point sources were used, or when the fish was
trained with signals of frequencies other than
his own.

The conditioned response method of determin-
ing sensitivity results in a lower threshold than
the method of observing the change in electrical
output frequency of the fish induced by carefully
selected frequencies of stimulation. This "chasing"
threshold has been found to be 15 microvolts/cm
r.m.s.

The potential distribution about the fish was
measured, and from this the distance at which
the field was reduced to 0.2 microvolt/cm was
calculated. We conclude that one Sternarchus albi-
jrons can detect another at a distance of three
meters. (Supported by NONR contract 3694 (02)
and PHS Grant 1 RO1-NB06659-01.)

81
RICHARD J. TASCA and NINA W. HILLMAN,

Temple University.
Studies on ribonucleic acid synthesis in preimplan-

tation stage mouse embryos.
Two-cell embryos were collected from super-

ovulated, random-bred, albino mice. These em-
bryos were treated in one of two ways. They were
either frozen immediately or they were placed
into culture and allowed to develop until they
reached the desired preimplantation stage (Brin-
ster, J. Exp. Zool., 158:49, 1965). At specific times
these latter embryos were removed from culture
and frozen for biochemical studies.

In addition to measuring the total RNA content
at various cleavage stages, ribonucleotide ratios
were determined. For this, the nucleic acid was
extracted and hydrolyzed by a modified Schmidt-
Thannhauser technique (Gebicki and Freed, Anal.
Biochem., 14:253, 1966). The nucleotides were then
separated on ion-exchange thin-layer chromato-
grams, eluted, and amounts of ribonucleotide-3',
2'-phosphates were measured (Randerath and Ran-
derath, Anal. Biochem., 12:83, 1965). Up to this
point, our results have shown that these preimplan-
tation stages have a high uridylic and guanylic acid
content, and low amounts of adenylic and cytidylic
nucleotides.

RNA synthesis has been studied through the use
of the following techniques: Embryos were incu-
bated and pulse-labelled with radioactive pre-
cursors. The RNA was then extracted and sepa-
rated into nucleotides by the procedure shown
above. The rate of synthesis was calculated by
determining the amount of labelled compound
which was incorporated into the nucleotides in a
defined period of time. Data from these and
related experiments will be presented. (Supported
by NIH Research Grant HD-00827 and NIH Train-
ing Grant 1T1-HD-138-01.)

82
ELERI A. JAMES, University of Washington.
Nucleic acid metabolism in regenerating and divid-

ing Stentor coeruleus: the effects of micro-
injected and externally applied actinomycin D
and puromycin. (Introduced by A. H. Whiteley)

If the oral structures are removed from a stentor.

a regeneration primordium will form. Successive
stages in development of the anlage, which re-
sembles a division primordium, have been defined
by Tartar (1961, The Biology of Stentor, Pergamon
Press), the whole process taking 10-12 hours. Initi-
ation and maintenance of primordia depends on
the nucleus. In the present study the role of DNA
dependent RNA synthesis and polysomal function
during regeneration and division have been ex-
amined by means of actinomycin D and puromycin
inhibition. The drugs were externally applied and
micro-injected, the latter method ensuring an im-
mediate effect and permitting an exploration of
time and duration of action of each drug, pre-
sumably reflecting specific periods of RNA and
protein synthesis.

Primordia were inhibited by a 48-hour pre-
treatment with 50 /jg/ml actinomycin. When
micro-injected at 0 hours to a cytoplasmic concen-
tration of 3-6 (1%/mX regeneration was immedi-
ately blocked. After 5 hours regeneration was
insensitive to this treatment, although a second
primordium could not be induced. External pre-
treatment for 2 hours in 150 /ig/ml puromycin
inhibited regeneration and division. Sensitivity of
regeneration to the injected drug (about 10 /ig/ml
cytoplasmic concentration) was greatest between 2
and 5 hours, after which it was independent of
puromycin inhibition.

These observations indicate that removal of oral
structures initiates DNA templated RNA synthesis,
required during the early stages of regeneration for
primordium development. Puromycin-sensitive pro-
tein synthesis appears to occur during intermediate
stages of regeneration, but not at the start or
termination of the process.

83
M. C. NIU and A. LEIKOLA, Temple University.
Induction of gut formation by liver RNA.

Previous experiments have shown that liver-
RNA treated segment of the posterior primitive
streak is capable of inducing neural formation and
self-differentiating into organized but unidentified
tissue. In order to get the self-differentiating poten-
tiality fully expressed, the liver-RNA treated seg-
ment was implanted into coelomic cavity of the
60-hour chick embryos.

Posterior third of the primitive streak was ex-
cised from the 14-16 hours chick blastoderm and
treated in Locke solution with (experimental) and
without (control) liver-RNA (absorbancy unitSogg

80/ml) in cold room (2-4°C) for 14-18 hours.
Prior to implantation, each segment was washed
once with Locke solution. All implants were al-
lowed to develop 7-11 days. About 15% of the
control, including the serum albumin, ribonudease
and boiled liver-RNA treated series, and 44% of
the experimental were recovered. The remainder
were apparently absorbed.

Growth and differentiation of the control were
generally poorer than the experimental and sel-
dom extended beyond epithelial linings of epi-
dermal or endodermal type. The occurrence of
gut-like structure was rare (2%). In striking con-
trast, approximately half of the recovered experi-
mental had well defined gut.
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Liver-RNA was incubated with crystalline ribo-
nuclease. About 85% became acid soluble. This
loss is accompanied by a significant reduction in
rate of the liver-RNA initiated differentiation. It
is still to be seen, however, that this effect is pro-
duced specifically by liver-RNA. Besides, the active
fraction of this RNA would have to be defined
and physico-chemically characterized. (Supported
by NSF and the Population Council.)

84
ROBERT C. FITZSIMMONS and N. W. KLEIN,

Marquette University.
Utilization of proteins by explanted chick embryos

grown on horse serum.
Previous studies have shown that a mixture of

ovalbumin and horse serum will replace egg yolk
as a nutrient medium for explanted chick embryos
(Klein, in preparation). Ovalbumin specifically
supports the growth and development of the
embryo proper and horse serum specifically sup-
ports the yolk-sac membrane.

To evaluate the components of horse serum
responsible for this stimulation, serum was frac-
tionated with ammonium sulfate at 50% satura-
tion. The precipitate containing primarily o, j3,
and -y-globulin was found to stimulate maximum
protein nitrogen accumulation in the membrane.
In contrast, the supernatant containing mainly
albumins was ineffective. Sub-fractions of horse
serum were then prepared by the salting out meth-
od of Cohn, et al. (J. Biol. Chem., 62:3386, 1940).
Subsequent growth studies indicated the membrane
stimulatory effect was due to the a and/or
/3-globulin fractions of horse serum.

Attempts were then made to determine if the
enhanced protein nitrogen accumulation in the
yolk-sac was due to a stimulation of protein syn-
thesis by the horse serum or increased protein up-
take. Embryos cultured in vitro for 48 hours on
ovalbumin or horse serum plus ovalbumin media,
each in the presence and absence of puromycin
were given a terminal two hour pulse with "C-
leucine. Accumulation of labeled leucine into mem-
brane protein nitrogen was markedly reduced in
the presence of puromycin in both ovalbumin and
horse serum-ovalbumin media. Total membrane
nitrogen accumulation was greater in the presence
of serum and the specific activity was lower. These
results suggest that horse serum stimulated intact
protein uptake by the yolk-sac membrane. (Sup-
ported by Grant 5TI/HD-27 from USPHS and by
NSF Grant No. GB 2388 to N. W. Klein.)

85
GAIRDNER B. MOMENT, Goucher College.
An electrophoretic analysis of proteins from regions

of differing growth potentials in earthworms.
Previous work has shown that the number of

segments regenerated in the posterior direction
declines in a linear manner as the level of ampu-
tation is moved posteriorly in earthworms (Mo-
ment, J. Morph., 86:59, 1950) and that the "infor-
mation" specifying the number of new segments
to be formed is localized within each level (Mo-
ment, }. Exper. Zool., 117:1, 1951 and Crowell,
Biol. Bull., 115:321, 1958).

Proteins were extracted by the usual methods,

i.e., homogenization in distilled water, 0.14 M NaCl,
Weber's solution, etc., from the body wall, gut,
nervous system, and other tissues of the common
barnyard earthworm, Eisenia foetida. Compari-
sons were made between proteins of different tis-
sues and proteins from the same tissue taken from
segments 40-50, 50-60, 60-70, 70-80, and 80-90
which is virtually the terminus of proliferative
growth in this species. Electrophoresis was carried
out at 5°C in acrylamide gel using both the
column disc and the broad slab methods. Amido
black and Ponceau red were the stains.

Each tissue showed a characteristic pattern of
protein bands which in the case of the body wall
was composed of at least 16 lines. The same tissue
from different anatomical levels showed differences
in banding. Histones have not, as yet, shown such
differences. Whether or not any of the differences
so far observed are causally related to growth
potential remains undetermined. (Supported by
Grant GM-04774 from the NIH.)

86
BURTON C. STAUGAARD, University of New

Hampshire.
Arginase activity in developing mouse liver.

Previous investigators have shown that, in the
rat, arginase activity is detectable in the liver of
early embryonic stages and that the enzyme activ-
ity increases markedly at birth, and that further
increases occur coincidentally with weaning.

This investigation determined the arginase ac-
tivity of prenatal and postnatal mice, and fol-
lowed the changes in activity level to the adult
condition. Aqueous homogenates of liver tissue
were made and the supernatant fluid was assayed
for arginase activity by determining the amount of
ornithine produced by the splitting-off of urea from
arginine.

A low level of arginase activity was detectable
in the livers of mice during embryonic develop-
ment. Following birth, the arginase activity was
markedly higher and maintained a relatively con-
stant level for about 10 days. Further increases
in activity can be correlated with dietary change
following eruption of teeth and opening of eyes,
till adult levels are attained. (Supported by grant
CURF-217 of the University of New Hampshire.)

87
JOSEPH W. VANABLE, JR., Purdue University.
Biochemistry of Xenopus laevis skin metamorpho-

sis: Tryptophan hydroxylation.
It has been found previously (Vanable, Develop.

Biol. 10:331, 1964) that during the metamorphosis
of Xenopus larvae, the ability of the skin to de-
carboxylate 5-hydroxytryptophan (5-HTP) in-
creases over that of the pre-climax skin, thus mak-
ing more possible the production of 5-hydroxy-
tryptamine (5-HT), which accumulates in the sub-
epidermal granular glands maturing at this time.
Evidence is now available that pertains to the
ability of the pre- and post-metamorphic climax
skin to carry out the first step in this pathway,
the hydroxvlation of tryptophan. Skin fragments
of pre- and post-climax animals were cultured as
previously described (Vanable, Am. Zool. 5:663,
1965), except that the culture medium also con-
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tained: Eagle's MEM vitamins instead of Trowell's;
Iproniazid (a monoamine oxidase inhibitor), 1
mg/ml; NADPH, 0.1 mg/ml; 6,7-dimethyl, 5,6,7,8-
tetrahydropterine, 0.16 mg/ml; and labeled DL-
tryptophan (indolylalanine-S-^C), 20.5 mc/mmi
0.5 /jc/ml. The radioactivity of 5 mm segments
of thin layer chromatograms of formic acid-acetone
extracts of the cultured skin was assayed by scin-
tillation counting. In the post-climax skin, counts
were found at an Rf corresponding to 5-HT, sug-
gesting strongly that the tryptophan-14C had been
hydroxylated and then decarboxylated by this tis-
sue under these conditions. There were no sig-
nificant counts above background either at the
Rf for 5-HTP or for 5-HT in the pre-climax skin,
indicating that the hydroxylation of tryptophan
by this tissue was somewhat less than that of post-
climax skin under these conditions, if not alto-
gether absent. (Supported by Grant GB-361 from
the NSF.)

HECTOR TIMOURIAN, Bio-Medical Research
Division, Lawrence Radiation Laboratory, Uni-
versity of California, Livermore.

A comparison of subcellular fractions from un-
fertilized and fertilized sea urchin eggs.
The ribosomal fraction obtained from unfer-

tilized eggs was always inactive when tested in
combination with unfertilized or fertilized egg
supernatant or with "total" fertilized egg homo-
genate. The ribosomal fraction from fertilized eggs
was always active when tested with either unfer-
tilized or fertilized egg supernatant or with un-
fertilized egg "total" homogenate. However, the
amount of incorporation by fertilized egg ribo-
somes was always higher in combination with the
fertilized egg supernatant than with the unfer-
tilized egg supernatant. When the fertilized egg
ribosomal fraction was further fractionated by
centrifugation through a sucrose density gradient,
and each fraction tested with unfertilized egg super-
natant, almost all activity was found in the fractions
containing polysomes.

The unavailability of s-RNA in the unfertilized
egg and a lower activity of amino acid-RNA
synthetase may account for the lower activity of
the unfertilized egg supernatant. The amount of
amino acid incorporated into the s-RNA fraction
by fertilized egg ribosomes in the presence of
supernatant from fertilized eggs was higher than
the amount incorporated in the presence of super-
natant from unfertilized eggs. The incorporation
of amino acid into protein by unfertilized egg
total homogenates was enhanced by the addition
of yeast s-RNA; however, the activity never reached
that of the fertilized egg homogenates. Yeast s-RNA
did not enhance protein synthesis by fertilized egg
homogenates. (Supported in part under USPHS
fellowship No. EPD-9044C2 and in part under the
auspices of the Division of Biology and Medicine,
USAEC.)

89
ROBIN I. GOODFELLOW, Western Reserve

University.
Evidence for the functional specialization of mito-

chondria for lipid metabolism. (Introduced by
M. Locke)

In Rhodnius fat body each lipid droplet has
a single, localized "cap" of esterase (Wigglesworth,
Quart. J. Micro. Sci., 99:441, 1958) also containing
the dehydrogenases of isocitrate, a-ketoglutarate,
succinate, malate, glutamate, /3-hydroxybutyrate
and lactate (Wigglesworth, Nature, 210:759, 1966).
Such precise localization suggests the presence of
an equally localized organelle. The problem is
to find methods for esterase demonstration giving
products suitable for electron microscopy.

Fifth instar larvae of Calpodes ethlius were fixed
after ecdysis when lipid droplet size is minimal.
Tissues were treated for esterase by the Tween
method (Gomori, Microscopic Histochemistry, 203-
206, 1953) and by an azo dye procedure (Holt and
Hicks, J. Cell Biol., 29:361, 1966). To demon-
strate free fatty acids, tissues were incubated with
calcium ions followed by lead substitutions, also
a control for the Tween method.

Light microscopy of the Tween material showed
localized deposits in the lipid droplets. Electron
microscopy revealed dense deposits on the mito-
chondria. The calcir.m-lead incubated material
gave similar results, indicating that these deposits
may be lead soaps derived from free fatty acids.
The proximity of mitochondria and small lipid
droplets, both containing lead deposits, suggests
the mitochondria are the source of the lipid.

Electron microscopy of the azo dye preparations
showed the reaction products always associated with
lipid droplets. In material with large droplets, the
product obscured subcellular structure; with small
droplets, the product was found with lipid drop-
lets forming adjacent to mitochondria.

This evidence and the presence of other mito-
chondrial enzymes suggests that the structure asso-
ciated with the esterase cap is the mitochondrion.
The presence of more mitochondria than lipid
droplets indicates that there may be functional
specialization of mitochondria. (Supported by
grant GM 09960 from the United States Public
Health Service and by the NSF.)

90
NORMAN B. RUSHFORTH, Western Reserve

University.
An analysis of spontaneous contraction pulse pat-

terns in Hydra.
Hydra spontaneously produces electrical poten-

tials which are associated with contractions of the
body column (Passano and McCullough, J. Exp.
Biol. 41:643, 1964). These were originally termed
contraction-burst potentials since Passano and
McCullough noted that the potentials usually oc-
curred in bursts. By using methods which allow
long-term recording from essentially unrestrained
animals we have observed that many animals give
such potentials as single, widely spaced events
rather than in bursts. Thus, we term such poten-
tials contraction pulses (CP's).

Records taken for a continuous period of 12
hours from 10 hydra of each of five species have
been analyzed. Inter-pulse intervals (the time in
seconds between consecutive CP's) were computed
for successive pairs of CP's. Each interval was
arbitrarily classified as a long interval, or as a
short interval if it was greater or smaller than
10 seconds, respectively. A burst was defined as
two or more consecutive short intervals comprised
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ot three or more CP's. Statistical techniques were
employed to test the stationarity and species speci-
ficity of several parameters characterizing pulse
patterns.

For all five species it was found that 50 per
cent or more of all intervals were long intervals
and, therefore, not in bursts. The species, how-
ever, differed in their degree of "burst type" activ-
ity as characterized by the inter burst interval.
The mean and (standard error) was found to be:
H. pirardi 166 sec (20), H. viridis 441 (44), H.
jusca 1136 (273), H. littoralis 1552 (554) and H.
pseudoUgactis 1871 (567). However, within a burst
the mean interval was longer for H. pirardi 7.3
(0.3) and H. viridis 7.5 (0.2) than H. pseudo-
ligaclis 4.2 (0.6), H. littoralis 22 (0.4) and H. jiisca
2.4 (0.5). (Supported in part by grants from the
NSF and N1H.)

91
DONALD S. BURKE and NORMAN B. RUSH-

FORTH, Western Reserve University.
Inhibition of pacemaker activity in Hydra. (Intro-

duced by A. L. Burnett)
Hydra possess several pacemaker systems (Pas-

sano and McCullough, Nature 199:1174, 1963).
Spontaneously produced electrical potentials asso-
ciated with contractions of the body column (C.P.'s
see Rushforth Am. Zool. abstract) are inhibited
when Hydra feed on live Artemia salina nauplii.
The clear supernatant of centrifuged diluted arte-
mia homogenates and reduced glutathione (GSH)
also block spontaneous CP's. Endogenous potentials
recorded from excised tentacles associated with
tentacular contractions (TCP's) are also inhibited
by these stimuli.

Hydra pirardi and Hydra pseudoUgactis give dif-
ferent responses to a regime of two minutes of
bright light followed by a control period of two
minutes of ambient light. The frequency of CP's
in H. pirardi is greatly enhanced during exposure
to light and reduced during control periods. Con-
versely CP activity in H. pseudoUgactis is inhibited
in periods ot direct illumination and increased
during control periods. The frequency of TCP's
originating from isolated tentacles of both species
is increased by light.

Feeding Hydra live Artemia salina nauplii in-
hibits light driven (H. pirardi) and "dark driven"
(H. pseudoUgactis) CP activity. Artemia homoge-
nates and GSH (10~8 M) have similar effects. The
duration of inhibition by GSH of light induced
CP's in H. pirardi is approximately linearly pro-
portional to the log of the concentration of GSH
over the range 10"8 to 10"5 M GSH. Inhibition by
10"= M GSH lasts 38 ± 7 minutes.

These results suggest that the contraction pulse
(CP) and tentacle contraction pulse (TCP) pace-
makers are under complex photic and chemical
control. (Supported in part by grants from the
NSF and N1H.)

92
JAMES CASE and JAMES MORIN, University of

California, Santa Barbara and Harvard Uni-
versity.

Glutamate suppression of neuroeffector processes
in coelenterate.

In an investigation of the role of amino acids
in feeding behavior of the pennatulid, Renilla
kollikeri, suppression of luminescence and neuro-
muscular activity by 1-glutamic acid was observed.
The rarity of agents active upon coelenterate neu-
roeffector systems prompted further investigation
of this phenomenon.

While local application of low concentrations
of many amino acids to single anthocodia may
induce typical acceptance or rejection responses,
depending on the nature and concentration of
the stimulant, exposure of the entire colony only
to 1-glutamate or several related compounds rapidly
induces a general suppression of neuroeftector
processes characterized by: probable transmission
failure in the nerve-net, reversal in sign of feeding
responses, extreme extension of anthocodia, along
with continued maintenance of hydrostatic pres-
sure. Luminescence in response to electrical stim-
ulation fails within 1 to 2 minutes of exposure
to 0.025 M 1-glutamate although luminescence may
still be induced by isotonic KC1. All of these effects
are rapidly reversible by washing in sea water.

Homocysteic acid and cysteine were the only
other substances with exactly similar suppressive
effects. Aspartic acid, cysteic acid, glutamine and
even D-glutamate were without effect, as were
glutamate derivatives with substitutions on the
alpha carbon or amino group. However, gamma
benzyl glutamic acid induced a remarkable post-
excitatory intensification of luminescence.

These observations will be discussed in terms
of inhibitory neural processes in the coelenterates.
(Supported by USPHS Grant NB-04372.)

93
WILLIAM H. EVOY, University of Miami, DON-

ALD KENNEDY, Stanford University and BEN-
JAMIN DANE, Tufts University.

Central nervous control of posture in the crayfish
abdomen. (Motion picture)
The angles between segments of the crayfish

abdomen are adjusted by antagonistic tonic flexor
and extensor muscles. Coordinated control of out-
put to these two muscle groups is supplied by
repetitive activity in interneurons which make con-
nections in several ganglia with different degrees
of effectiveness. In some preparations, it has been
possible to isolate more than 6 such central com-
mand elements; each of these exerts its maximal
influence at a different point in the abdomen.
Recording of ganglionic output, combined with
analysis of motion pictures of the corresponding
movements, has shown that a given command
produces repeatable changes in conformation of
the abdomen, and that different commands pro-
duce characteristic final maintained postures. Other
command fibers control sequential movements of
the segments, seen as a wave of excitation which
affects ganglionic outputs in a metachronous
fashion.

In the intermediate segments, output changes
evoked by command fibers in either half of the
abdominal nerve cord are bilaterally symmetrical.
However, many of these command fibers evoke
bilaterally asymmetrical responses in other motor
systems, e.g., lateral movements of the first abdom-
inal segment on the thorax, "steering" movements
of the uropods and tonic movements of the swim-
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inerets. Behavioral observations indicate a rela-
tionship between metachronous beating of the
swimmerets and of the walking legs also under
the control of command fibers. Thus activity in
single central neurons which make appropriate
connections to a wide variety of output channels
throughout the animal can initiate complex move-
ments. (Supported by Grant OSR-334-66 from the
U.S. Air Force and Grant NB-02944-06 from the
U.S. Public Health Service.)

94
JON W. JACKLET and MELV1N J. COHEN,

University of Oregon.
Neuronal regeneration: electrophysiological, histo-

logical and behavioral correlates.
The metathoracic peripheral nerves, 3 through

6, were severed or crushed on one side in the adult
male cockroach Periplaneta americana.

Between 3 and 5 days after the operation, the
miniature end plate potentials of the denervated
coxal muscles disappear. There is a 20% decline
in the resting potential of the affected muscles
and this is correlated with an inability to excite
the muscles by neural stimulation. Theie is a
maximal concentration of RNA in the perinuclear
cytoplasm of the injured neurons and the appear-
ance of axon sprouts from the regenerating proxi-
mal nerve stump. About 2 weeks after injury
the proximal stump axons have crossed the 1-2
mm gap and are well established in the distal
stump. The nuclei of the regenerating neurons
begin to assume an eccentric position in the soma
and the perinuclear RNA ring has disappeared.

Complete functional recovery of the limb move-
ments can occur at 45 days but may take up to
100 days. The other correlates of muscle re-inner-
vation are (1) return of the muscle fiber resting
potential to normal, (2) return of miniature end
plate potentials, (3) return of evoked electrical ac-
tivity in the muscles and (4) shift of the neuronal
nuclei back to a central positon.

Innervation is necessary for the trophic mainte-
nance of the muscle. The perinuclear RNA con-
centration is correlated with initiation of axon
sprouting. The eccentric position of the neuron
nucleus seems associated with increased synthesis
required for the maturation of the regenerating
neuron and the re-establishment of neuromuscular
transmission. (Supported by PHS research grant
NB-01624 to M.J. Cohen and PHS physiology
training grant 667-2T1GM336-06.)

95
DONALD M. MAYNARD and W. BURKE, The

University of Michigan and University of Sydney.
Electrotonic junctions and negative feedback in the

stomatogastric ganglion of the mud crab, Scylla
serrata.
The stomatogastric ganglion of the mud crab

contains 30-35 neurons. One of its characteristic
patterns of activity involves rhythmical discharges
in motor axons traveling to stomach muscles in the
N. venlriculi dorsalis. The rhythm occurs in both
intact and isolated ganglia, and one of its promi-
nant features is the alternating discharge, in bursts,
of two groups of fibers. The first consists of two
large fibers (A]) and at least two small fibers (A2);

the second group consists of at least one large
fiber (B).

Intracellular recordings were obtained from the
neuron somata of the above three groups. Simul-
taneous penetrations of the two Ax neurons indicate
that they are electrotonically coupled and are re-
ciprocally excitatory to one another. Aj neurons
also appear coupled with one another and with the
Ax elements, forming a multiunit positive feedback
system. B neurons are remarkable in that they
receive a continuous barrage of hyperpolarizing
IPSP. During the burst of A neurons a larger slow
wave of hyperpolarization develops. The sub-
sequent repolarization of B cells frequently leads
to spike discharges, presumably by rebound ex-
citation. The B-cell impulses in turn produce
hyperpolarizing IPSP in many of the A neurons.
Accordingly, A and B neurons appear to be linked
in a negative feedback system that insures alter-
nation. (Experiments were performed aboard R/V
ALPHA HELIX and supported in part by
USPHS grant NB-06017-01.)

96
INGRID WALDRON, University of California,

Berkeley.
Mechanisms for the production of impulse bursts in

the nervous system of the flying locust. (Intro-
duced by D. M. Wilson)
In normal flying locusts, bursts of activity in

depressor motoneurons alternate with similar bursts
in elevator motoneurons. However, the production
of periodic bursts in the motoneurons does not de-
pend upon this alternation. When sensory input
depresses elevator activity, periodic bursts of de-
pressor activity continue even after all elevator ac-
tivity has apparently ceased. This observation sug-
gests that, if the flight pattern is generated by
motoneurons, the production of rhythmic bursts
depends upon positive coupling among synergistic
units. When impulse activity starts in a group of
positively coupled neurons, it tends to spread and
to reach high frequency. Accumulated refractoriness
then causes a frequency decrease and diminished
feedback may result in total cessation of activity
until the units are rested and a new burst starts.
Further evidence for this positive feedback mecha-
nism for burst production is that there is a decrease
in successive intervals in flight motoneuron bursts.
Another possible explanation for both observed
phenomena is that the flight rhythm is generated in
a layer of interneurons which drives the moto-
neurons, though we have no evidence for this yet.
Modeling experiments show that a variety of mech-
anisms can generate the flight pattern, and syn-
ergism of several such mechanisms may contribute
to greater stability of pattern production in the
locust as compared to the model systems. (Sup-
ported by NIH Grant NB 03927 to D. M. Wilson
and an NSF Predoctoral Fellowship to the author.)

97

JAMES L. BAIRD, Jr. and ALAN R. MELTON,
Lafayette College.

Neural control of maneuvering in the flight of the
flesh fly Sarcophaga bullata.
Flies are tethered to a movable platform in a

small, variable flow wind tunnel. The platform
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can be maneuvered in the roll, pitch and yaw axes
with respect to the moving airstream. Electro-
lytically tapered silver wire electrodes are inserted
in the left and right dorsoventral indirect
flight muscles by means of a pair of semi-micro
manipulators, the tether serving as a reference
electrode. Flight movements are induced by the
moving airstream and the neuromuscular electrical
activity patterns of each side of the animal are fed
through paired high gain A.C. amplifiers to a stereo
tape recorder.

The tether platform is adjusted to provide a roll,
pitch, or yaw angle with respect to the airstream,
simulating similar free flight maneuvers. Electri-
cal records indicate the neuromuscular activity
patterns which would be necessary to return the
flies to straight and level flight.

Comparisons between "normal" (i.e., straight-and-
level) flight and induced roll or yaw indicate dif-
ferences in the electrical activity occurring in the
indirect flight muscles of the left and right sides.
As has often been reported, there is no synchrony
between neuromuscular activity and wing beat
frequency in the flight of dipterans. However, re-
cords indicate that activity patterns in the indirect
muscles of either side are synchronous during
straight flight. In roll or yaw maneuvers, changes
in amplitude and/or phasing of neuromuscular
activity patterns between sides is noted. A hypo-
thesis to explain these differences and their effect
on the flight performance of the flies will be pro-
posed.

98
JOAN KENDIG, University of California, Berkeley.
Interactions between motoneurons in the locust

Schistocerca gregaria.

In a flying locust bilaterally homologous muscles
contract simultaneously. This synchrony may be
due to a common "driver" neuron or to coupling
between the motoneurons themselves. The moto-
neurons of the wing depressor muscles can be fired
antidromically by electrodes implanted in the
muscles. When a burst of stimuli occurs late
enough in the firing cycle to delay or abolish the
following orthodromic spike in one of the stimu-
lated motoneurons, the spike in the corresponding
heterolateral muscle occurs up to 3 msec earlier
than in the preceding normal cycle. An antidromic
impulse in one motoneuron therefore has an excita-
tory effect on another.

Intracellular recording from flight muscle moto-
neurons in thoracic ganglia shows that a stimulus
to the depressor motoneurons of one side is followed
7 msec later by a 2 mV depolarization in the
impaled heterolateral motoneuron. During ran-
dom stimulation of the anterior nerve cord in a
non-flying preparation, impulses in related muscles
tend to be synchronous; there is also a pronounced
latency dependence at about 7 msec (Wilson, in
prep.). The latter is probably the result of the
intracellularly observed depolarization summing
with the excitatory input from the nerve cord. No
intracellular event which might cause motoneuron
synchrony has as yet been observed. (Supported by
NIH Grant NB 03927 to Donald M. Wilson and
an NSF Postdoctoral Fellowship to the author.)

99
ROGER E. CARPENTER and JEFFREY B.

GRAHAM, San Diego State College.
Thermoregulation in the long-nosed bat, Lep-

tonycteris sanborni.
Daily or seasonal hypothermia is characteristic of

most Microchiroptera which have been studied. An
exception to this general pattern is the long-nosed
bat, Leptonycteris sanborni, which, like Macrotus
californicus (Leitner and Ray, Amer. Zool., 4:295,
1964), maintains a high body temperature. The
uniqueness of homeothermy in this suborder makes
the physiological response to temperature in L.
sanborni of interest.

Adult L. sanborni weigh between 19 and 26
grams, and feed on fruit and nectar. They occur
from southern Arizona to southern Mexico.

This species maintains its body temperature (TB)
at a mean of 36.1 °C at ambient temperatures (TA)
between 5° and 35°C. At low TA, TB is more
variable (30-39°C). Only a few bats are unable to
maintain TB for four hours at TA of 5°-10°C; these
animals survived TB as low as 17°C, but died if
TB dropped much lower.

The basal metabolic rate of L. sa?iborni is 1.66
cc O2/g/hr, in a thermal neutral zone between 36°
and 39° C. The lower critical temperature is
indistinct, but lies between 33° and 36°C. At TA
between 5° and 25°C, thermal conductance is con-
stant, and metabolism increases with decreasing
temperature according to the formula: M = 9.22 —
0.252 TA. This curve extrapolates to normal TB
on the ordinate.

Heart rates have a minimal value of 400 beats/
minute at TA — 41°C. Heart rate is related to
TA as follows:

Beats/minute = 994.1—12.07 TA.
Although the performances of Leptonycteris and

Macrotus are in sharp contrast to the apparent
general pattern of thermoregulation among Micro-
chiroptera, the small diversity of groups studied,
their generally temperate zone distribution, and
insectivorous diet must be considered. Hibernation
and daily torpor may be instead specific adaptations
required by the relatively few bats living in areas
of seasonal lack of food or cold climate. (Supported
by Grant GB 4570 from the NSF.)

100
PHILIP LEITNER and PAUL LIGHT, St. Mary's

College of California and University of California,
Berkeley.

Thermoregulatory behavior at high temperatures
in three species of California bats.
Myotis yumanensis, Anlrozous pallidtts and Ta-

darida brasiliensis mexicana, in the loft of a large
barn, were exposed to frequent heat stress during
the summer. However, while temperatures near
50°C commonly occurred in the roost during the
day, thermal gradients were steep, and the full im-
pact of the heat stress was avoided by slight move-
ments.

Most bats began to move when ambient tempera-
tures approached 40°C. Congregations of bats on
beams or in crevices near the ceiling gradually dis-
persed downward while increasing the spacing be-
tween individuals. On very hot days, bats usually
abandoned positions near the ceiling and sought
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refuge in cooler parts of the loft. However, there
appeared to be a compromise between avoidance of
high temperatures and preference for high or shel-
tered roosts. Consequently, bats were voluntarily ex-
posed to relatively high temperatures (40°C or
above) for many hours during the day, despite the
availability of cooler temperatures in the loft. Ta-
darida and Antrozous tended to face higher tem-
peratures than Myotis because of their greater
reluctance to use the cooler, exposed roosting sites.

Interspecific differences in the avoidance of high
temperatures were also evident in laboratory ther-
mal gradients, Tadarida being most tolerant to
heat and Antrozous the least. (Supported by grant
GB-2885 from the NSF to Paul Light.)

101
STEPHEN I.. KIMZEY, IRMGARD CHAPMAN,

and JOHN S. WILLIS, University of Illinois.
Maintenance of K ion concentration by erythro-

cytes during hibernation.
It has been known since the 1930's that during

cold storage human erythrocytes exhibit a net loss
of K. The red blood cells of such deeply hiber-
nating mammals as hamsters (Mesocricetus auratits)
and ground squirrels (Citellus tridecemlineatus) are
regularly exposed to low temperatures for extended
periods of time. We have therefore investigated
retention of K ion by the red cells of these species
at a temperature of 5-7°C both in vivo during hi-
bernation and in vitro during cold storage.

The mean K concentration of the erythrocytes
of 8 hibernating hamsters (101 ± 3 /ieq/ml cells)
was not significantly lower than that of 14 awake
hamsters (106 ± 3). Preliminary results with a
small sample of hibernating ground squirrels in-
dicate that the erythrocytes of this species also
maintain a high K concentration at low tempera-
tures. These findings differ from those oE Andrus,
el al. (J. Cell. Comp. Physiol. 65:415-418, 1965)
who found that in the red cells of hibernating
pocket mice (Perognathus fallax) with a body tem-
perature of 18°C, potassium concentration declined
markedly.

The red blood cells of hamsters and ground
squirrels also exhibit a cold resistance in vitro.
After ten days of storage at 5°C the K content of
their cells was 85% of the initial concentrations.
By comparison guinea pig erythrocytes under the
same conditions retained 60% of the initial K,
while only 50% remains in stored human blood.
These results are in accord with those of other
studies demonstrating the ability of various tissues
of hibernators to maintain ionic gradients at low
temperature. (Supported by Grant GM 11494
from the USPHS.)

102
DAVID E. DAVIS, Pennsylvania State University.
The induction of torpidity in woodchucks (Mar-

mota monax).
Laboratory experiments, based on knowledge of

the natural environment, have been conducted to
determine the role of various factors in the entrance
into torpidity. Woodchucks. captured in the wild,
were kept in rooms at several tempeiatures or in
coolers at 6 C. They were fed or deprived ac-
cording to the experimental program. Experiments

showed that woodchucks deprived of food and
kept at 6 C became torpid but woodchucks fed at
6 C did not. Some woodchucks deprived of food
at 20 C became lethargic in winter. Minor dis-
turbances in the laboratory do not arouse wood-
chucks. Woodchucks exposed to very low tem-
peratures (—20 C) aroused promptly. Woodchucks
that eat when aroused do not become torpid again
unless again deprived. Thin woodchucks become
torpid as readily as fat ones. The latency of tor-
pidity varies with season, being short (a week) in
December and in March and long (a month) in
summer. The woodchuck has bouts of torpor that
are short (4-5 days) at first but become longer (10-
12 days). The arousal bouts last 2-3 days. Hiber-
nation in nature lasts 3-4 months although presuma-
bly the woodchuck is torpid for only 2 months. In
the laboratory woodchucks may remain in hiber-
nation (alternating bouts of torpor and arousal)
up to 8 months.

103
BRUCE L. WELCH and ANNEMARIE S. WELCH,

University of Tennessee.
Apparent reduction in central sympathetic neuro-

transmitter activity in cold-adapted mice.
Brain noradrenaline and dopamine accumulate

more slowly after inhibition of monoamine oxidase
(an intraneuronal catabolic enzyme) in cold-
adapted mice than in mice maintained at 27°C.
These amines are depleted more slowly after in-
hibition of tyrosine hydroxylase (the rate-limiting
enzyme for their synthesis) in the cold-adapted mice.
These observations suggest that central sympathetic
activity may be lower in cold-adapted mice than in
mice living at temperatures near thermoneutrality.

104
FRED J. BRENNER, Thiel College, Greenville,

Pennsylvania.
The role of fat deposition in hibernation and

reproduction of amphibians.
Field and laboratory studies were undertaken on

the relationship between fat deposition and the
various phases of life histories of different species
of frogs. There was a significant relationship be-
tween the amount of body fat and the percentage
of the total body fat in the fat bodies and the
reproductive condition of the animals. The re-
productive conditions of the animals were deter-
mined by histological and histochemical methods.
A study was also undertaken on the role of the
various factors in the environment on fat deposition
as well as their relationship to the different phases
of the life histories of the different species. (Sup-
ported by Grant #602-Johnson Fund from the
American Philosophical Society.)

105
PETER J. BEN'TLEY, C. F. HERREID, and K.

SCHMIDT-NIELSEN, Duke University.
Respiration of a monotreme, the echidna Tachy-

glossus aculealus.
The respiration of the echidna is of considerable

inteiest since little information is available for
non-placental mammals. Also, the echidna has a
body temperature of 31°C with half the oxygen
consumption expected for a placenta! mammal of

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/6/4/503/150033 by guest on 20 April 2024



ABSTRACTS 529

the same size. Furthermore, the burrowing habit
of the echidna may be associated with respiratory
specializations. End tidal (alveolar) concentra-
tions of COj (5-6%) and oxygen (14-15%) were
similar to those of placental mammals. In labora-
tory pens under crushed corn cobs, echidnas volun-
tarily tolerated concentrations of 5% CO.,. Inha-
lation of various mixtures of CO2 and air showed
that minute volume increased as the per cent CO,
was increased. The increase was due to greater
tidal volume rather than higher respiratory fre-
quency. In contrast, when minute volume in-
creased in echidnas breathing room air, the in-
crease was due to higher respiratory frequency.
The sensitivity of echidnas to CO, seems low, but
definite conclusions cannot be drawn until results
on more species are available. (Supported by NIH
grant HE-02228 and NIH Research Career Award
1-K6-GM-21.522 (KSN).)

106
DONA J. FOWLER and CLARENCE J. GOOD-

NIGHT, Western Michigan University.
Daily rhythms in the arachnid, Leiobumim longipes.

In previous papers (Science, 152:1078, 1966;
Amer. Soc. of Zool., 6:187, 1966; Trans. Amer.
Micro. Soc, 85:378, 1966) the daily rhythm of
locomotion and 5-hydroxytryptamine secretion in
Leiobunum longipes from West Central Indiana
was described. The rhythms of both locomotion
and hormonal secretion were shown to have a
unimodal pattern of peak activity, which appeared
during the same hours at night. This paper is a
report of the locomotor activity of a population of
the same species located in Southwestern Michigan.
The behavior data as well as preliminary work on
secretion of 5-HT suggest that the Indiana popu-
lation and the Michigan population are separate
physiological races.

107
JOHN CARRUTHERS FERGUSON, Florida Pres-

byterian College.
Insensitivity of starfish digestive glands to metabolic

inhibitors and drugs.
Isolated digestive glands from the starfish,

Echinaster spmulosus, are currently being used
for experiments in echinoderm nutrition and nu-
trient transport. Three physiological parameters
have so far been studied in these preparations.
These are their (1) tonic state, (2) uptake of amino
acids and sugars from incubative media, and (3)
consumption of oxygen. While on the basis of
Q10 and other properties these processes all appear
to be energy dependent, each has demonstrated a
remarkable insensitivity to many drugs noted for
their ability to inhibit or modify metabolic processes
in other organisms. Among the drugs that have
been tested are the following: sodium iodoacetate,
potassium cyanide, sodium fluoride, dinitrophenol,
acetylcholine bromide, epinephrine bitartrate, di-
hydroxyphenylalanine (DOPA), serotonin (not on
respiration), and phloridzin and sodium azide
(only on respiration). These have been used at
various concentrations, in some cases as high as
20 inM. Each substance fails to modify the nor-
mal responses except that acetylcholine initiates
prolonged contractions of the organs, and this con-

tracted state may be inhibited by extended exposure
(30 to 75 min) to cyanide. Stronger poisons, such
as trichloroacetic acid, have the more pronounced
effects one would expect. While impermeability
of the tissues to the drugs, or alternative energy
pathways, may be suggested as reasons for the lack
of sensitivity of the organs, no completely satis-
factory explanation for the phenomenon can yet
be ortered. (Supported by NSF grant GB-4994.)

108
S. K. AGGARWAL and R. C. KING, Northwestern

University.
The ultrastructure of the thoracic endocrine system

of female Drosopliila melanogaster.

The morphogenesis of the female ring gland
during the larval and prepupal stages is described.
The mature organ contains tissues of four types: (1)
corpus allatum cells, (2) prothoracic gland cells, (3)
corpus cardiacum cells, and (4) tracheal cells.
Axons bearing spherical neurosecretory granules
pass from the corpus cardiacum to the corpus
allatum. Ecdysone and juvenile hormones are
thought to be manufactured by smooth surfaced
endoplasmic reticulum consisting of filaments and
tubules contained in the prothoracic gland cell and
the corpus allatum cell, respectively. Between the
first instar and pupation the cells of the prothoracic
portion of the ring gland increase in volume by
100 times, while their nuclei increase 10 times. The
increases in nuclear and cytoplasmic volumes are
but 6 times and 9 times for corpus allatum cells.
The prothoracic gland breaks down during meta-
morphosis. The anatomy of the corpus allatum-
corpus cardiacum complex is described for adult
females varying in age between 0 and 24 days. The
corpus allatum is known to produce a hormone in-
fluencing vitellogenesis. The ultrastructure of the
gland suggests that this hormone is also synthesized
within smooth surfaced endoplasmic reticulum. The
corpus cardiacum consists of a central bundle of
axons surrounded by cortical cells. Many of the
axons are thought to originate as projections
from specialized, secretory neurons residing in the
pars intercerebralis. Neurosecretory spheres are
carried posteriorly in these axons by traveling
bulges. The cortical cells contain myriads of
neurosecretory spheres and an extensive rough
endoplasmic reticulum consisting of interconnected
bloated cisternae which arise from the outer mem-
brane of the nucleus. (Supported by Grant GB
4891 from the NSF.)

109
ELIZABETH A. KOCH, Northwestern University.
The division and differentiation of Drosophila

cystocytes.

Light and electron microscopical studies allow a
descriptive account to be given of the morphogenesis
of the egg chamber of Drosophila melanogaster.
The study demonstrates that the mitotic products
of a single cystoblast generate a branching chain of
16 interconnected cystocytes. Two specific cystocytes
enter meiotic prophase, while the rest become
nurse cells. The two pro-oocytes form synaptinemal
complexes in their nuclei. However, one of the
two cells later switches back into the nurse cell
developmental pathway. The elongation of the
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synaptinemal complexes is described, and estimates
are made of the time involved in their formation.
These complexes continue to be synthesized long
after the DNA replication which gives the oocyte its
4C DNA content. This finding implies that at least
some genetic crossing over follows DNA replication.
Suggestions are given as to the mechanisms by
which (1) the future cleavage planes of cystocytes
are programmed, (2) the pro-oocytes are differen-
tiated from nurse cells, and (3) the oocyte is chosen
from the twin pro-oocytes. The contrasting behav-
iors of the oocyte and nurse cell nucleoli are de-
scribed. During oogenesis nucleolar synthesis of ribo-
somal RNAs is suppressed in the oocyte and concur-
rently stimulated in the nurse cells. It follows that
the nurse nuclei are the major sources of the pro-
digious quantities of ribosomes found in the
ooplasm of the mature oocyte. (Supported by grant
GB-4891 from the NSF.)

110
J. LAI-FOOK, Western Reserve University and

University of Toronto.
The ultrastructure of muscle insertions in insects.

(Introduced by M. Goldsmith)
Insect muscles have their insertions in the cu-

ticular exoskeleton. The discontinuous growth im-
posed by this type of skeleton necessitates the
renewal and reestablishment of muscle insertions.
This study describes the fine structure of the myo-
epithelial junction, the epitheliocuticular con-
nexions and the continuity in these relationships
during moulting in larvae of Calpodes ethlius
(Hesperiidae).

The myo-epithelial junctions may be described as
extensive, interdigitating regions of intermediate
desmosomes or 'zonulae adhaerens.' Myofilaments
extend from these desmosomes in the muscle while
microtubules traverse the epidermis from the
desmosome to the plasma membrane adjoining the
cuticle. The epidermis is anchored to the cuticle
by tonofibrilles.

The muscle insertions are continuous from the
4th to the 5th larval instar. The epicuticle and
endocuticle are deposited around the tonofibrilles
which remain attached to the old cuticle. In the
region of the insertion the cuticle appears to be
dissolved at a reduced rate. The almost complete
immobility of the larvae prior to ecdysis may
coincide with the detachment of the tonofibrilles
from the old cuticle. (Supported by Grant GM
09960 from the Uniled States Public Health Service.)

I l l
WILLIAM B. MUCHMORE, University of Roches-

ter.
The so-called somile growth center of salamander

embryos.
In recent years several investigators have con-

sidered that the cells of the dorsomesial section ot
the developing somite in the salamander embryo
constitute a "somite growth center." The somite
growth center has been defined as a group of cells
which remain undifferentiated and by continued
division supply cells to the more ventral areas of
the somite. Contrary to this idea, study of colchi-
cine-treated Ambystoma embryos of various ages
reveals no unusual mitotic activity in the dor-

somesial cells of the somites. Indeed, observation
shows that a majority of these cells are actually
muscle cells which are, however, much smaller than
the usual myotomal cells and possess a smaller com-
plement of myofibrils. They develop in a manner
comparable to that of the main portion of the
myotome, but form separate muscles lying between
the spines of adjacent vertebrae. Cells which may
be added to the myotome after its initial establish-
ment and cells which form vertebral cartilages ap-
pear to be supplied by dividing interestitial and
peripheral cells. The extensive results of Holtzer
and Detwiler (J.E.Z., 123:335-370, 1953) can be ex-
plained more satisfactorily in these terms than on
the basis of a discrete somite growth center. (Sup
ported in part by Grant GB 1006 from NSF.)

112
JEANNE A. POWELL, Bryn Mawr College.
Effects of amputation on denervated and partially

innervated regenerate limbs of Triturus viri-
descens. (Introduced by Jane M. Oppenheimer)
Morphogenesis was studied 10 and 18 days fol-

lowing bilateral hand amputation and concomitant
unilateral denervation of 30, 40 and 50 day re-
generate forelimbs of Triturus. The level of am-
putation was confirmed by histological examination
of the hands. The younger the regenerate, the
more precocious was hand regeneration in the in-
nervated limb, and the further advanced was the
regression of tissue in the denervated limb. The
younger regenerates of both limbs exhibited greater
cartilage matrix breakdown and cell release than
older ones. The released cells of the innervated
limb contributed to the growing blastema, which
may account for the precociousness of differentiation
in the younger regenerates. In nerveless limbs the
cell release was accompanied by cell loss, which
accounted for the observed regression.

Regenerates of the same age which were allowed
to proceed through morphogenesis without nerves
were studied similarly. Denervation was performed
at stages after the regenerate becomes independent
of nerve supply. Muscle differentiation proceeded
in the absence of nerves after primary denervation,
but after hand amputation and redenervation.
regeneration was blocked, muscle degenerated and
cartilage regressed. In some cases no second dener-
vation was performed; reinnervation occurred and
muscle tissue was maintained. In a few such cases
hand regeneration was initiated. Its incidence sug-
gests that the younger the regenerate, the smaller
the nerve supply needed to initiate renewed re-
generation. (Supported by a U.S. Steel Foundation
Fellowship.)

113
JOHN W. SECHRIST and ARTHUR LAVELLE,

University of Illinois.
Neurofilaments and initial neuroblast differentia-

tion.
Classical neurologists based their descriptions of

neurocytogenesis largely on silver impregnation of
neurofibrils. Recent investigators using autoradi-
ography and electron microscopy have suggested
that the neural epithelium consists of a morpho-
logically homogeneous population in which cell
types cannot be differentiated. Our preliminary
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investigations (Anat. Rec, 154:420, 1966) using a
combined silier and autoradiographic technique
indicated that a distinct neurofibrillar network
could be observed in cells adjacent to the lumen
during final mitosis as well as in paired daughter
cells undergoing apolar and bipolar stages before
leaching the mantle zone.

In order to determine what this neurofibrillar
network represented at the ultra-structural level,
the hindbrains, forebrains, and retinas of three-day
chick embryos were prepared for high resolution
electron microscopy. If embryonic neurofibrils rep-
resent clumps of neurofilaments as they presum-
ably do in the adult, one should be able to observe
these filaments in a small percentage of mitotic
and post-mitotic cells in the epithelial zone as
well as in the mantle zone. Lyser (Dev. Biol.,
10:433, 1964) has given an excellent description of
filaments in early motor neuroblasts of the chick,
but she has questioned whether these may be
equated with neurofibrils of light microscopy. Our
investigations with high resolution electron mi-
croscopy indicate that embryonic neurofibrils are
most likely clumps of neurofilaments. The ap-
pearance of filaments or neurofibrils soon after the
final DNA synthesis would suggest that they are
the earliest criteria for recognizing a neuroblast
and that they play an important role in the out-
growth of processes. (Supported by grants B-415
and 1T1-MH-8396 from the USPHS.)

114
DORIS J. BURDA, Stanford University School of

Medicine.
Characteristics of endoneural vascularity in em-

bryonic brains exhibiting overgrowth.
A study has been made of the manner by which

blood vessels penetrate avian neural tissue under
abnormal conditions of overgrowth. Brain defects
were induced experimentally by the removal of
the anterior rhombomere of the chick embryo at
approximately stage 11-12 (Hamburger-Hamilton).
The telencephalic and mesencephalic regions re-
sponded with the formation o£ convoluted, tumor-
like masses resulting from an increase in mitotic
activity along the ventricular border. The embryos
were sacrificed at daily intervals, embedded in
paraffin, sectioned at a thickness of 5 p., and stained
with hematoxylin and eosin. Comparisons were
made between the endoneural vascular pattern of
defective brains and that of normal brains at a
comparable age.

The overgrown portions characteristically show
large hemorrhagic areas which develop from the
surface vessels and from the penetrating capillaries
in regions where there are marked convolutions
in the neural wall. Enlarged sprouts from the
surface vessels create deep indentations along the
border of the marginal layer. As in normal brain
tissue, penetration occurs at right angles to the
surface of the brain, and the penetrating vessels
then send branches cephalad and caudad to form
longitudinal endoneural sinuses. In the defective
brains, these sinuses are tortuous and of greater
diameter than is the case under normal conditions
of development. Although the overgrown tissue
shows an increase in mitotic activity along the
ventricular border, vessels seldom invade this re-

gion of the epend)mal lajer. (Supported by Grant
1 RO1 HD 01679-01A1 from the USPHS.)

115
CHARLES W. GIBLEY, JR. and JEFFREY P.

CHANG, The University of Texas M. D. Ander-
son Hospital and Tumor Institute, Houston.

Electron microscopic observations on the func-
tional mesonephros of the 8-day chick embr)o.
Morphological, histochemical, and physiological

studies from this laboratory and elsewhere sug-
gest the pronephros, mesonephros, and metaneph-
ros of vertebrates should be adjudged not as
separate kidneys but as intergrading regions of
a holonephros. Information on the ultrastructural
level is lacking.

Proximal tubule cells: Nuclei are spherical and
basally oriented. Mitochondria are round or elon-
gate with clear cut cristae. Intramitochondrial
granules occur sporadically. The Golgi, lying ad-
jacent to the nucleus in apical cytoplasm, consist
of flattened lamellae and associated secretion drop-
lets. The cytoplasm is filled with ribosomes; occa-
sionally, spiral in arrangement. Lipid droplets are
scattered throughout the cytoplasm. Characteristic
microvilli project from the apical end of cells.
Basal ends of tubules are bounded by a homogene-
ous basement layer. Adjacent epithelial cells are
separated at their base and exhibit interdigitating
processes between cells. At their apices cells are
joined by desmosomes.

Distal tubule cells: Nuclei are round and cen-
trally located. Microvilli are predominantly ab-
sent; when present, they are short and blunt. Cells
are closely allied at their base and joined tightly
at their apices. Interdigitating processes are not
as prevalent as in proximal tubules. Infoldings of
the plasma membrane are prominent and com-
partmentalize mitochondria.

Glomerulus: Endothelial cells are elongate bor-
dering the capillary lumen and their membranes
contain indefinite pores. Epithelial pedicels extend
from the cell body interdigitating with each other
and resting on the basement membrane. The latter
consists of three layers resembling those in adults.

The results of this investigation furnish addi-
tional evidence for the holonephric theory of verte-
brate kidney evolution. (Supported by NSF Insti-
tutional Grant GU-1499 and grant CA-05312 from
USPHS.)

116
BETTINA H. HARRISON and DONALD I.

PATT, Boston University.
Lymphopoiesis in palatine tonsil of the fetal rabbit.

Tonsils of fetal rabbits from 17 days post coitum
to birth have been studied by light and electron
microscopy. The basal cells of the epithelium of
the tonsil anlage are slightly smaller, rounder, and
more basophilic than the more superficial cells.
Light microscopy has revealed the progressive de-
velopment of buds of tonsil epithelium which push
into the underlying mesenchyme. Associated with
the basal cells of these buds are small numbers
of small, round, basophilic cells which appear in
the mesenchyme on the 19th day. They increase
in number progressively with age and can be
identified as lymphocytes by the 27th day.
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By electron microscopy the round basophilic
cells in the mesenchyme show large nuclei, promi-
nent nucleoli, relatively little cytoplasm, little
rough-surfaced endoplasmic reticulum, free ribo-
somes in the cytoplasm, and large oval mitochon-
dria. These cells resemble lymphocytes of the
19-day fetal thymus. Micrographs of the epithelium
show that the basal cells also have large nuclei,
very scanty rough endoplasmic reticulum, and large
oval mitochondria. They also have desmosomes
between cells and half-desmosomes at the base-
ment membrane. Mesenchymal cells, on the other
hand, have copious cytoplasm with rough cndo-
plnsniic rplicnliim, pale-staining oval nuclei, and
no free ribosomes.

An epithelial origin has been proposed for
lymphocytes in the hamster thymus (Weakley,
l'att, & Shcpro: 1964) and the bursa of Fabricius
(Ackermann & Knoufl: 1959). The present study
seems to indicate a similar origin of lymphocytes
in the rabbit tonsil by migration and differentia-
tion of basal cells from epithelial buds of the
tonsil anlage. (Supported in part by grant HE-
06214, USl'HS.)

117
JOSEPH S. BALSANO, PETER ABRAMOFF, and

REZNEAT M. DARNELL, Marquette Univer-
sity.

Serological evidence of hybridization in Mexican
poeciliid fishes.
Serum albumin is evolutionarily conservative,

and the literature supports the view that each
vertebrate species is characterized by a single serum
albumin as determined by electrophoretic mobility.
Presence of two serum albumin bands within a
single individual is taken to be evidence of inter-
specific hybridization.

In the present study of the evolutionary history
of poeciliid fishes of eastern Mexico it has been
found that typically each species possesses a single
serum albumin of distinct and characteristic mobil-
ity. On the other hand, numerous individual fish
have been found to possess more than one albumin
band. Such double albumin electropherograms can
be exactly duplicated by mixing isoaliquots of
serum from the presumed parental species. Fur-
thermore, by mixing isoaliquots of serum from the
hybrid and one of the parental species it is pos-
sible to demonstrate electiophoretic identity of one
of the albumin bands of the hybrid. By the same
procedure the other band may also be identified.

Employing this technique it has been demon-
strated that one of the species (Poecilia formosa)
is of hybrid origin since all of the individuals
tested have two albumin bands. These represent
the combination of single bands of two distinct
species occurring naturally in the area. In addi-
tion, it has been found that among the single-
albumin species of eastern Mexico extensive hy-
bridization has taken place in areas of sympatry.
Mixing techniques have demonstrated the paren-
tal species of the hybrids. Validity of these con-
clusions is being tested by a breeding program.
(Supported by grants GB-3313, GB-4712 and fel-
lowship 05064 from the NSF.)

118
BROTHER LAWRENCE CORY, St. Marys Col-

lege, California.
A moiphologically unique frog population in an

ecologically rigorous environment.
Studies to the present indicate that frogs of

the Rana boylei complex in higher altitudes of
the Sierra Nevada Mountains in California (Rana
tnucosa according to Zweifel, R., Univ. Calif.
Publ. Zool., 54:207-292, 1955) display a unique
pattern of geographic variation (Cory, Am. Zool.,
2(3):401 and 2(4): 515, 1962). This involves a major
assemblage of characteristics distinctive of the ani-
mals from a major drainage system, with a unique
pattern of more trivial variation superimposed on
this general pattern among animals from popula-
tions within this major drainage system, but more
of less isolated from each other. General altitu-
dinal distribution limits from north to south in
the mountains have also been determined. One
population found at the altitudinal limit for its
latitude and at the base of a high north-facing
exposure, thus being in an extremely cold environ-
ment, does not conform to this geographic pattern.
Adults show more intrapopulation variation than
is typical for these frogs and they do not conform
to the morphological pattern characteristic of their
drainage system. In spite of this, the young, newly-
metamorphosed animals mostly do conform, though
the types of variants found as adults do occur
among them. A tentative explanation is offeied,
based on the concept of genetic load of variability.

119
GLADYS S. KING, Trinity College, Washington,

D.C.
Studies of non-tumor kidneys of Vermont Rana

pipiens from three seasons during storage at
hibernation and laboratory temperatures.
A biochemical lesion stage characterized by in-

creasing P32 uptake and distinctive cellular struc-
tures in non-tumor kidneys of second season frogs
stored at 25°C has been pieviously described by
the author (Ann N.Y. Acad. Sci. 126:222-236, 1965).
The study has been extended to include first and
third season frogs maintained at 25°C as well as
in hibernation at 5°C. The paper to be piesentcd
will consider the results of this research with non-
tumor kidneys in relation to later tumor incidence.

The cellular structures which accompany changes
in P3S incorporation were originally designated as:
film blackening inclusions (FBI), and phospholipiil-
containing nuclei (PCN). The former have now
been identified as RNA and additional histo-
chemical tests have verified the lipid character of
the latter. PCN are presently recognized as markers
for cells undergoing necrosis.

120
MARSHALL J. YOUNGBLUTH, University of

Hawaii.
Aspects of the ecology of the cleaning wrasse,

Labroirfes phtliirophagus Randall. (Introduced
by E. S. Reese) (Motion picture)
Cleaning symbiosis consists of cleaning fish ap-

proaching displaying host fish and removing ecto-
parasites from body surfaces and gill chambers.
This relationship is widespread among neritic fish
in tropical seas.

The ecology of the endemic Hawaiian cleaning
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wrasse was studied in the field. Cleaning activity
is diurnal and confined to a particular area called
a "cleaning station." Cleaning stations, charac-
terized by a "shelter" substratum and an abun-
dance of reef fish, appear to be stable habitats but
the resident cleaners at certain stations vary in
number and size. In the evening the wrasse en-
capsulates itself within a mucous envelope.

Labroides phthirophagus, an obligate cleaning
fish, is nospecific in the fish it cleans. The diet
consists primarily of caligoid copepods and larval
grathiid isopods. The number of host fish cleaned
per day appears to be constant. The removal of
L. phthirophagus from selected patch reefs did not
result in a change in the number of host fish
cleaned or in a decrease in the reef's fish population.

Comparative studies were made at Eniwetok
Atoll, Marshall Islands, on L. dimidiatus and L.
bicolor which occupy the same ecological niche.
(Supported in part by Grant GB-3651 from the
NSF and by the Eniwetok Marine Biological
Laboratory.)

121
JOHN A. MORRISON and EMIL W. MENZEL,

JR., Laboratory of Perinatal Physiology, Puerto
Rico, and Delta Regional Primate Research
Center, Covington, La.

Adaptation of a rhesus monkey group to artificial
group fission and transplantation to a new
environment. (Motion picture)
In June, 1966, H group of Cayo Santiago, Puerto

Rico, consisted of 82 semi-wild Macaca mulatto, of
known lineage and stable social organization.
Then, 56 members were trapped, transported to
the uninhabited 350 acre island of Desecheo, and
released. They were studied continuously for the
first week and periodically thereafter.

(a) Even with abundant space and absence of
pressure from other groups, they maintained a
cohesive organization. Only two (both males, one
an ex-solitary) deserted. Two parties that had been
released a day apart shortly reunited.

(b) Only a fraction of the new island was ex-
plored, and within a few days travel was at a low
level. The group was found using the same trails
one month later.

(c) Excitement was low throughout. Flight dis-
tance from observers remained low. A majority of
the time on the new island (where the animals
were no longer provisioned) was spent in foraging
and resting. Except perhaps for grooming, social
interactions decreased. Play disappeared. Colora-
tion of the female sex skin, and the breeding
season, were retarded.

The members of the group who remained on
Cayo Santiago were also studied. Except for one
male, who deserted during the breeding season,
they too remained an intact band. They main-
tained H group's old dominance over 3 other
groups (now numerically superior) for about 6
weeks. In the near future these animals will be
taken to the new island, so that range, travel
patterns, social cohesive factors in the entire group
(or splitting along family lines), and general adap-
tation can be further analyzed.

122
NEAL R. FOSTER, Academy of Natural Sciences

of Philadelphia.
Major biological changes in the evolution of killi-

fishes.
Comparative behavioral and life history studies

on 40 species of 21 genera, together with morpho-
logical studies on these and about 60 other species
and 13 other genera, have led to the following
hypotheses regarding the evolution of killifishes
(Pisces, Cyprinodontidae and Oryziatidae). Prob-
ably derived from some euryhaline Eocene atheri-
noid inhabiting shore areas of the Tethys Sea, the
evolutionary precursor of killifishes was a small,
terete, pelagic, surface-swimming fish which fed
primarily on plankton. (Morphologically, it pos-
sessed metapterygoid and parietal bones, long epi-
otic processes, poorly protractile or nonprotractile
premaxillaries, three ossified basibranchials, a well-
developed hemal funnel receiving the end of the
elongated swim bladder, free pseudobranchiae, two
epurals, and a trifid median hypural.) The proto-
cyprinodont displayed only a slight degree of
sexual dichromatism, a trait correlated with its
strongly developed schooling behavior. After a
brief courtship, the male and female clasped against
one another in open water, not in contact with
any substrate, and 20 to 100 fertilized eggs im-
mediately scattered downward onto the bottom.

As killifishes exploited niches in clearer, more
ephemeral and thickly vegetated shallow water
areas, major evolutionary changes occurred. There
was an increased degree of sexual dichromatism and
a greater utilization of visual displays in the re-
productive behavior. The spawning clasp was now
in direct physical contact with mud, sand, or
fibrous plant substrata, and eggs were released
singly or a few at a time. Territorial behavior of
males became centered less around the females
and more around specific areas associated with
suitable spawning substrata. (Supported by Grant
G-23395 from the NSF.)

123
KLAUS D. KALLMAN, Genetics Laboratory, New

York Aquarium.
Permanent survival of fin transplants among wild-

caught fish of the genus Xiphophorus.
In vertebrates skin transplants survive usually

only among members of inbred strains or between
monozygous twins. An apparent exception was
reported several years ago (Copeia, 3:513-522,
1964) when we discovered that a high percentage
of fin (skin) grafts exchanged among siblings of
wild-caught X. c. couchianus survived permanently.
Similar experiments with X. hellerii (323 grafts, 3
pedigrees), X. milleri (857 grafts, 3 ped.) and
X. maculatus (271 grafts, 8 ped.) that were ob-
tained from large natural populations, were un-
successful. Only one milleri graft survived per-
manently (one year minimum). However, 2.8%
of intra-sib grafts (18 of 622) among the offspring
of 5 matings of X. maculatus that were taken from
a small peripheral population, were successful.
Two natural populations of X. variatus xiphidium
were tested. Seven females and three males were
collected in the Rio Santa Engracia where xiphid-
ium is abundant, and bred in the laboratory. Out
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of a total or 378 intra-sib grafts 29 (7.5%) sur-
vived, but the hosts with "takes" were not uni-
formly distributed among the seven pedigrees. It
ranged from zero in one pedigree to 22% (12 out
of 52) in another. In the San Carlos Mountains
only seven xiphidium (3 $> 2 , 4 $ $) were found
in a small spring that does not run for more
than 150 feet in the dry season. It is separated
from the nearest permanent river by more than
30 miles of dry stream bed. Survival of intra-sib
grafts in the three pedigrees were 50% (36 of
74), 57% (21 of 37) and 96% (67 of 70). These
results demonstrate a relationship between popula-
tion size and percentage of successful intra-sib fin
grafts. Small isolated populations have achieved
a high degree of genetic uniformity and may be
naturally inbred. The seven per cent "takes" in
the fish of the Santa Engracia population may
indicate that the effective population size is smaller
than appears. (Supported by Grant CA 06665 from
the National Cancer Institute.)

123a
N. S. HARRIS and P. J. VAN ALTEN, University

of Illinois.
The role of sensitized donor tissue in allogeneic

transplants.
The allogeneic transplant of mammalian tissue

exhibits two phenomena, rejection or tolerance.
One of the unbending principles of transplanta-
tion immunology is that the fate of the mam-
malian graft depends solely upon the immune re-
sponse elicited by the host.

It was the intent of this study to use skin
allografts in adult mice as the experimental model
in which to investigate the present concept con-
cerning the role of donor tissue in transplantation.

Recent work in our laboratory indicates that
prior sensitization of an adult mouse skin graft
donor, by intraperitoneal injections of a skin cell
suspension, results in an accelerated graft rejection
when later transplanted to an unsensitized allo-
geneic recipient. This was a more rapid rejection
than when either just the host or both host and
donor were sensitized prior to transplant. Fur-
thermore, histological sections of the spleens from
the injected animals indicate a graft versus host
(GVH) reaction. Since a GVH reaction or a
ruining syndrome depends upon the reaction of
iinmunologically competent cells, this may indi-
cate that under certain conditions mammalian skin
is an immunologically competent tissue, and has
the capacity to develop an immune reaction. (Sup-
ported by grant 5T1 HD-16-05 from the USPHS
and NSF grant GB2874.)

132
R. G. B. BROWN, Dalhousie University.
The behaviour of courted female Drosophila

pseudoobscura.

The courted female Drosophila pseudoobscura
has no acceptance response; instead, she merely
desists from displaying one of several rejection
responses. She does so most readily between her
second and twelfth days of life, provided she is
still a virgin; re-matings of fertilised females also
occur, but they are relatively rare.

There are two main rejection responses: a down-

ward curling of the abdomen, shown by 1-day-old,
subadult females; and an upward raising of the
abdomen tip combined with extrusion of the geni-
talia, shown by older females. Both displays effec-
tively prevent the male from making genital con-
tact. The shift from curling to raising/extrusion
is controlled only by age, and occurs whether or
not the female has been fertilised. In fact, rais-
ing/extrusion is so exaggerated in the older virgins
that copulations with females over two weeks old
are very rare, at least within the 5-minute obser-
vation period.

Apart from fertilising the eggs, copulation has
only two effects on the female. For a short time
afterwards she becomes very repellant to males;
this has nothing to do with any overt behaviour
on her part—it is probably an olfactory by-product
of the act of fertilisation. Virgin females start to
lay when they are 7-10 days old, so copulation
does not stimulate egg-laying. However, it ad-
vances the start of laying, and increases the
numbeis of eggs laid. (Supported by a grant from
the National Research Council of Canada.)

133
LOWELL R. FRITTS, University of Wisconsin.
Social facilitation in Drosophila melanogaster.

Courtship behavior in Drosophila melanogaslei
appears to begin sooner and to be carried out more
effectively when large numbers are present. A
possible advantage of this might be that the
fittest members of the population would be in-
duced to mate sooner and thereby produce oil-
spring at a time when the food source is more
abundant.

Observations were made in tape-lined chambers
with a volume ratio of 1:10:30. The numbers of
virgin pairs observed during a given "run" were
kept in this same ratio. Virgin flies were sepa-
rated from their culture jars twice daily and were
aged, males and females separately, in shell vials
with food. After two to six days the flies were
anesthetized and placed in the observation cham-
bers. As a general rule the larger the group the
sooner the beginning of courtship and copulation,
and the higher the percentage of copulations.
(Supported through the University of Wisconsin
Research Participation Program.)

134
VICTOR R. JOHNSON, JR., University of

Hawaii.
Pair formation in the banded shrimp, Stenopus

hispidus. (Introduced by E. S. Reese) (Motion
picture)
Field observations of Stenopus hispidus, an inci-

dental cleaning shrimp, indicate that it is nor-
mally found on the reef in male and female pairs.
Pairs were taken to the laboratory, and individuals
of approximately the same size were repaired both
with the same and opposite sexes. Strange shrimps
of the same sex are highly aggressive and usually
fight to the death. Within aquaria there appears
to be no submissive or appeasement behavior.
Strange shrimps of the opposite sex tend to show
initial fighting, followed by courtship and the
formation of a breeding pair. Experiments were
done to determine the major factors involved in
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pair formation and hence mate recognition. Pairs
of shrimp allowed visual and chemical contact prior
to being placed together show quantitatively less
fighting and more courtship than pairs placed
immediately together. The relative importance of
vision and smell, and of controlled amounts of
tactile contact are presently being studied. Trans-
fer to new surroundings seems to increase the
overall level of aggression. The establishment of
pairs and the behavior to other species of shrimps
indicates that Stenopxis is capable of species as well
as individual recognition. (Supported in part by
Grant GB-3651 from the NSF and by the Eniwe-
tok Marine Biological Laboratory.)

135
MICHAEL H. SMITH, University of Georgia.
Mating behavior in the old-field mouse.

Mating behavior in the old-field mouse, Pero-
myscus polionotus, was studied in the laboratory.
Six phases were evident in the mating pattern:
1) initiation of courtship by the female; 2) female
running back and forth in front of male: 3) postur-
ing by the female; 4) mounting by the male; 5)
thrust-intromission by the male; 6) dismounting
by the male. This sequence was repeated many
times during the early part of the night and was
most frequently observed during the past-partum
heat. The male gradually took the initiative as
the number of copulations increased. Mating
ceased when the female became aggressive and
drove the male out of the nest and into one
corner of the cage.

The six phases of mating behavior were approxi-
mately the same as those described by Tamsitt for
the Peromyscus truei species group (Amer. Midi.
Natur. 65:501-507). However, one major difference
was noted. Female old-field mice tend to vocalize
during the behavior leading up to copulation;
this may be a species specific characteristic. (Sup-
ported by AEC grant AT (38-1)310, a grant in
aid from Sigma Xi, and an NIH predoctoral fel-
lowship.)

136
ROBERT E. KUEHN and IRVING ZUCKER,

Oiegon Regional Primate Research Center.
Mating behavior of Meriones unguiculatus. (Intro-

duced by K. Nelson) (Motion picture)
Six male-female pairs of mongolian gerbils were

each observed in three mating tests at two-week
intervals. Females were spayed and brought into
heat with subcutaneous injections of 6 /ig of
estradiol benzoate and .4 mg of progesterone given
36 hours apart. Testing began 7 hours after pro-
gesterone administration. This treatment produced
uniformly intense receptivity in all females.

Up to three ejaculations were recorded in tests
lasting one hour or less. Typically, the first ejacu-
lation followed 41 intromissions spaced at an aver-
age interval of 24 seconds. The second ejaculation
was preceded by 27 intromissions at 20-second
intervals, and the third, by 22 intromissions 18
seconds apart. The average post-ejaculatory re-
fractory periods following the first three ejacula-
tions lasted 3.6, 4.2, and 4.8 minutes, in that order.
In the first ejaculatory series, the average interval
between intromissions was twice as long during

the first fifth of that series as in the remaining
four-fifths. Intromission interval remained con-
stant over the course of the second and third
ejaculatory series.

Thumping, a staccato pounding of the rear feet
against the substrate in brief, repetitive bursts, was
found to be sexually dimorphic and related to sex-
ual performance. Males thumped nearly 20 times
as often as females. In the male, the rate of
thumping was higher during the first ejaculation
than in either of the later series recorded, and it
approached a common value near the time of
ejaculation in all three series. (Supported by
Grants MH 08634 and FR 00163.)

137
F. H. BRONSON, The Jackson Laboratory.
A sex attractant function for mouse preputial

glands.
Odor preferences for various urines or tissue

homogenates were tested in 40 C57B1/6J females
during 7 successive trials. Trials 1-3 were con-
ducted in small (12X24X8-inch) test chambers
and documented the attractant qualities of either
male urine containing preputial secretion or of
homogenates of the preputial glands themselves
(compared with various other types of male or
female urine). Trials 4-7 tested preputial homoge-
nates against urine from female or preputialecto-
mized males or against a no odor condition in a
much larger test apparatus (4X4 feet) and verified
the above finding. The phenomenon was stable
across all 4 trials. Dependence of the phenomenon
on the stage of the female's estrous cycle and upon
the dominance status of the male is under investi-
gation.

138
KEITH NELSON, University of Maryland.
A short-term periodicity in nest-rebuilding of the

male three-spined stickleback (Gasterosteus acu-
leatus L.).
The male stickleback fashions a nest entrance

by boring into the mat of material he has collected,
which eventually results in creeping through the
nest, forming a tunnel. Boring is often followed
by a short bout of fanning, which during the paren-
tal phase serves to ventilate the eggs.

If the male's nest is removed, he will rebuild;
rebuilding resembles building of the first nest
but is more compressed in time. The latter half
of rebuilding is usually statistically stationary. In
most records, computation of time-series statistics
revealed a clear rhythm in probability of occur-
rence for boring and fanning, but for no other
activities (such as gluing, bringing materials, dig-
ging, etc.). In different individuals and at dif-
ferent times the period of the rhythm ranged from
about 0.8 to 1.8 minutes; it was remarkably stable
over sessions of up to several hours. (Supported
by an NIMH Postdoctoral Fellowship and by NSF
Grant GB-4881.)

139
JOHN C. MERTZ, University of Illinois.
The organization of the parental fanning of the

cichlid fish, Cichlasoma nigrofasciahim (Giin-
ther). (Introduced by Edwin M. Banks)
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Nineteen pairs of C. nigrofasciatum were allowed
to spawn in a standardized environment. After
spawning was completed, the male was separated
from the female by a screen partition. The female
was left to care for her brood. Quantitative records
of fanning and other behavior patterns performed
by the female during the period from completion
of spawning through hatching (3 days at 26° C)
were made with the aid of an Esterline-Angus
event recorder activated by a manual keyboard.
A total of six parameters of fanning was studied.
Their quantitative relationships to intervals of no
fanning and to the frequencies of other behaviors
were explored.

Of the fanning parameters, the total time spent
fanning per observation period (15 minutes)
proved to vary most consistently during the course
of the fanning cycles of all females. The amount
of time spent fanning was highest immediately
after spawning, declined sharply during the first
day of the cycle, and remained fairly constant dur-
ing the remaining two days of the cycle. A very
similar temporal pattern was followed by the
total number of beats of fanning per observation
period. Similar patterns were usually (but not
in all cases) expressed by the average duration of
fanning bouts and the average number of fanning
beats per bout. (Supported by Predoctoral Fellow-
ship 1-F1-GM-20, 430-01 from the USPHS to the
author, and grant G 24016 to George W. Barlow.)

140
JUDITH M. STERN, Rutgers Institute of Animal

Behavior.
The role of the testis in progesterone-induced incu-

bation behavior in ring-doves, Streptopelia risoria.
(Introduced by D. S. Lehrman)
Progesterone induces incubation behavior in in-

tact ring-doves of both sexes (Riddle & Lahr,
Endocrinol. 35:255, 1944). Simultaneously, proges-
terone inhibits the male's androgen-dependent bow-
cooing (Erikson et al., in press). In view of this
progesterone-androgen relationship, the present in-
vestigation was concerned with the possible influ-
ence of testicular hormones in bringing about
readiness to incubate.

The subjects were male ring-doves with pre-
vious breeding experience. Intact and castrated Ss
were suMivided equally into two treatment groups
(four groups of 15 Ss each): experimental Ss re-
ceived seven daily intramuscular injections of pro-
gesterone (0.1 mg/day); controls received an equal
volume of the vehicle alone (0.1 ml of sesame
oil/day). A test for incubation behavior was initi-
ated 24 hours after the last injection.

None of the 30 males in the sesame oil control
groups showed any signs of incubating in the
48-hour test period. Of the 15 progesterone-treated
intact Ss, 13 incubated whereas only 5 out of the
15 similarly treated castrates incubated (p<.01).
Furthermore, of those birds which incubated,
latency was significantly shorter in the intact group.

The presence of the testis provides a suitable
milieu for the elicitation of incubation behavior by
exogenous progesterone. It is suggested that a
gonadal hormone, presumably an androgen, facili-
tates the incubation-inducing action of progesterone
in male ring-doves. (Supported by N1H predoc-
toral fellowship 1-F1-MH-25, 85601 [PS].)

141
GORDON M. BURGHARDT, University of

Chicago.
Chemical cues in feeding behavior of newborn

garter snakes. (Motion picture)
The response of a neonate Thamnophis sirtalis

toward its first food object, an earthworm, will be
seen. The importance of the chemical senses to
the initiation of this behavior (the prey-attack-
response) is seen in the response elicited in naive
snakes by cotton swabs dipped in a water extract of
worm mucus. The extract is prepared by placing
a worm in warm water for one minute and then
removing it. Additional procedural details are out-
lined elsewhere (Psychon. Sci., 4:37, 1966). The
difference between the above responses and de-
fensive behavior which appears at the age of ap-
proximately two weeks will also be seen.

Results of parametric and comparative studies
involving the chemical control of the prey-attack-
response in snakes will also be briefly noted. (Sup-
ported by Grant M-776 from the USPHS awarded
to Eckhard H. Hess.)

142
MAHLON W. WAGNER and J. TIMOTHY

ROWNTREE, Valparaiso University.
Comparative sugar preference in various rodents.

It has been shown that many animals prefer
sugar solutions (Carpenter, J. Comp. Physiol.
Psychol., 49:139, 1956). Wagner and Rowntree (J.
Psychol., 62, in press, 1966) and Wagner, Green and
Manley (Science, 148:1473, 1965) have found dif-
fering results with various methods of presenting
taste stimuli with a paired-comparison method
giving more clear-cut preferences.

Relative sugar preference was examined in the
following rodents: five species of deer mice, Pero-
myscus maniculatus bairdii, Peromyscus leucopus,
floridanus, polionotus and eremicus; two species of
pocket mice, Perognathus baileyi and penicillatus;
Kangaroo rats, Dipodomys spectabilis; Northern
grasshopper mice, Onychomys leucogaster; gerbils.
Meriones unguiculatus; and Wistar albino rats and
Long-Evans hooded rats. Because of different native
habitats and past experiences it would be expected
that these various rodents would exhibit different
preferences for sugars.

All subjects were exposed to three glucose solu-
tions (10%, 25% and 37.5%) presented randomly
in pairs with five replications of each pair. Labora-
tory rats received 30-minute trials and all other
species were exposed for two hours.

Laboratory rats generally showed no strain dif-
ferences, preferring the sweeter of the pair. All
Peromyscus species preferred the sweeter solution.
There were also species differences in intake and
preference with floridanus drinking most and
bairdii drinking least. Grasshopper mice exhibited
similar patterns of sugar intake. Kangaroo rats pre-
ferred the less sweet solutions. Pocket mice and
gerbils generally drank too little to be measured
or preferred the sweeter solution. (Supported by
NSF institutional grant to Valparaiso University.)

143
H. R. BEHRMAN, O. MALLER, and MORLEY

R. KARE, North Carolina State University.
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Appetite for protein and magnesium in the wild
and domesticated rat.
Protein deficient wild and domesticated rats

selected a protein adequate diet in a two-choice
situation where the alternative was a palatable
sucrose low protein diet. During the choice period
the wild rats maintained an uniform intake of
protein whereas the dosestimated rats were more
variable in their intake of the adequate protein
diet and after 5 days consumed more of the low
protein sucrose diet. Explanations for the difference
in corrective behavior between the wild and domes-
ticated rat will be offered. Protein deprivation
resulted in an increase in food curiosity and open
field activity in the domesticated rat. Both wild
and domesticated rats failed to correct for mag-
nesium deficiency in a two choice situation. Pre-
vious experience in correcting a protein deficiency
was of no consequence in correcting a subsequent
magnesium deficiency. (Supported by grant NB
03896 from the NIH.)

144
THOMAS R. SCOTT. )R. and BARTLEY G.

HOEBEL, Princeton University.
Effect of sex hormones on lateral hypothalamic

self-stimulation and feeding.
Feeding and rate of self-stimulation in the lateral

hypothalamus were experimentally manipulated by
estrogen administration. Female rats bearing lateral
hypothalamic stimulating electrodes were tested
daily for rate of self-stimulation and amount of
food ingested. They were also tested with proven
male copulators to determine the degree of sexual
excitement, and vaginal smears were taken to
identfy the phase of their estrous cycle. The ex-
periment consisted of three parts: 1) some subjects
were permitted to proceed through their natural
estrous cvcles. 2) others were artificially put into
heat bv injecting sex hormones subcutaneously. and
3) a third group was placed into chronic estrous
by subcutaneous implantations of estrogen-laden
tubes. Tn each case the results were similar:
estrous and high degrees of sexual excitement were
accompanied by high rates of self-stimulation. Con-
versely feeding was inhibited during natural and
induced estrous and, in the case of chronic estrous,
remained depressed for more than a week. (Sup-
ported by grants MH 08493 from USPHS and GE
6289 from the NSF.)

145
DAVID E. DAVIS, Pennsylvania State University.
An annual rhythm of food consumption by wood-

chucks (Mnrmola monax).

The woodchuck stores internally large quantities
of fat which are used during hibernation. The
present study was designed to determine what ex-
ternal factors control the annual c\cle. The wood-
chucks were obtained in the wild and kept in rooms
or coolers where the temperature and photoperiod
could be controlled. They were fed lab chow.

Tn nature woodchucks emerge from hibernation
with considerable fat, lose weight till April, and
gain lapidlv till September. A variety of ex-
perimental manipulations showed that woodchucks
followed the natural rhuhin of gain in constant
(16 hour) or changing photoperiod and at either

6 or 20 C. The quantity of food eaten increased
from about 35 g per day in December and January
to about 170 g per day in summer and then de-
clined. No experimental manipulation of tempara-
ture, photoperiod or availability of food altered the
rhythm of food consumption.

146
M. ASHTON BARF1ELD, Mount Holyoke College,

FRANCES L. FITZGERALD, and PATRICIA
A. GRUBBS, Verkes Regional Primate Research
Center of Emory University.

Food preferences in lowland gorillas.

Fourteen gorillas were tested in an experiment
designed to investigate specific preferences for fif-
teen different foods commonly available in primate
laboratories. After an adaptation phase, formal
sessions began in which the foods were presented by
pairs. The animal was allowed to select and eat
one member of each pair. Fifteen pairs were
presented per session to each gorilla until every
food had been presented once with every other
food. These sessions were replicated once. Grapes,
bananas, apples, and oranges appeared to be selected
consistently, while white potatoes, laboratory chow,
peas, and raw beef were rarely preferred. In
general, the food preferences of lowland gorillas
are similar to those demonstrated by chimpanzees,
gibbons, and rhesus monkey in other studies. (Sup-
ported in part through National Institutes of
Health Grant FR-00165.)

147
MAHLON E. KRIEBEL, University of Washington.
The role of cell nexuses in the spread of excitation

in the tunicate myocardium. (Introduced by A.
Kohn)
The tunicate heart is composed of a single layer

of cells, circumjacently attached around their apex
border to neighboring cells by nexuses. There are
no other specialized cell contacts. By measuring
the attenuation and time course of rectangular
pulses of current applied across the opened and
flattened myocardium the specific transverse electri-
cal resistance of hearts of Ciona was found to be
230 ficm2 and the capacitance 1.3 ^F per cm2. The
specific transverse resistance is so high that even if
all the current that was passed had flowed between
the cells, the width of the gap surrounding each
cell could not exceed 0.1 A. The nexuses can
therefore be considered impermeable to ion flow
in the direction perpendicular to the surface of the
myocardium. Thus the transverse resistance of
the heart must be equal to the series resistances of
the membrane resistance of the apical and luminal
cell surfaces. The specific membrane resistance of
Ciona heart cells was calculated to be about
190 ficm2 and the membrane capacitance about 1.6
JJF per cm2. When current is passed through a
strip of myocardium in a sucrose gap it can be
demonstrated that the imocardial cells are in
electrical continuity with each other through the
nexuses. A specific nexus resistance of about
0.2 ficm2 was calculated. It is concluded that the
spread of excitation in the tunicate heart is by
local current flow through the low resistance path-
ways provided by cell nexuses. (Supported by PHS
grants numbered 1 T l GM 1194 and 5 T l GM 1194.)

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/6/4/503/150033 by guest on 20 April 2024



538 AMERICAN SOCIETY' OF ZOOLOGISTS

148
ROBERT K. JOSEPHSON, Western Reserve Uni-

versity.
Conduction and contraction in the column of

Hydra.

Electrical potentials from the conducting system
controlling column contraction in Hydra littoralis
were recorded with a pair of suction electrodes, one
attached to the basal disc and the other to the
hypostome. Conduction velocity was determined
by stimulating through the basal electrode while
recording from base and hypostome or by recording
from base and hypostome while the column was
stimulated at different levels with another electrode.
Measured conduction velocities ranged from 3.4 to
8.1 cm/sec (19-23°C). Generally the conduction
velocity is not the same for basal and hypostomal
conduction but the direction of faster conduction
varies from animal to animal. In some experiments
a transducer was attached to one of the electrodes
to measure column contraction. The onset of con-
traction was first detected 0.1-0.15 second after
the onset o£ an electrical potential. A single
column contraction occurs with two distinct phases;
an initial rapid increase in tension reaching a peak
in about one second and a subsequent slow increase
in tension reaching a broad maximum 5-10 seconds
after the onset of contraction. Closely-spaced con-
tractions sum and they smoothly fuse if the elec-
trical potentials from the conducting system are
separated by less than about 0.5 second. (Sup-
ported by Grant NB06054 from the USPHS.)

149
PHILIP RUCK, University o£ Wisconsin.
Receptor classes in the eye of the backswimmer,

Notonecta irrorata.
With optomotor experiments Rokohl (Z. vergl.

Physiol., 29:638, 1942) showed that the dorsal-
posterior region of the eye of N. glauca has color
vision. She found no evidence of color vision
for the anterior-ventral region of the eye. Her
work prompted this study of spectral sensitivities of
the same eye regions in N. irrorata. Local electro-
retinograms were evoked by monochromatic stimuli
(300-600 m^) in the dark-adapted state and in the
presence of: monochromatic fatiguing lights. Spec-
tral sensitivity was calculated as the reciprocal of
the number of quanta required to evoke a con-
stant cornea-negative on-wave whose amplitude fell
in the range, 160-200 pV. In the dark-adapted
state the dorsal-posterior region of the eye has a
major peak of sensitivity in the green and a minor
peak in the ultraviolet. With monochromatic
fatiguing lights the spectral sensitivity function
of the dark-adapted eye has been fractionated into
three components: (1) a (UV) class with maximum
sensitivity at 370 m^ and no peak at longer wave-
lengths: (2) a (blue) class with a major peak at
about 480 m^ and a minor peak at 370 m/i: (3) a
(green) class with a major peak at about 530 m^
and a minor peak at 370 m^. Thus the dorsal-
posterior region has the minimum retinal pre-
requisites for trichromatic color vision. The
allegedly color-blind anterior-ventral region of
the eye appeals to have the same ihiee classes
although the blue class is harder to demonstrate.
The hypothesis that evidence for three receptor

classes includes an artifact attributable to selective
filtering action of shielding pigments was tested
experimentally and rejected. (Supported by NSF
Grants GB-4256 and GB-3390.)

150
T. H. GOLDSMITH and H. R. FERNANDEZ, Yale

University.
Sensitivity of compound eyes to ultraviolet light.

The eyes of many insects have prominent peaks
of sensitivity at about 340 nm. One purpose of
the present work was to extend measurements
of spectral sensitivity further into the ultraviolet
than had heretofore been attempted. In order to
minimize light absorption by accessory pigments, a
white eye mutant of the housefly (Miisca domestica)
was employed. The stimulating system consisted
of a xenon lamp and a double monochromator.
The relative numbers of photons required to
elicit equal retinal action potentials in response to
one-second flashes were recorded to 250 nm. Sensi-
tivity is maximal at 340 nm and declines at
shorter wavelengths.

Measured in glycerine, the cornea of Sarcophaga
has a single sharp absorption band at 280 nm
with a peak absorbance of about 0.7 and negligible
absorption in the near ultraviolet. Correction of
the spectral sensitivity measurements for the filtering
action of the cornea leaves the position of maximum
sensitivity unchanged, but the decline in sensitivity
of the receptor pigment at wavelengths shorter
than 310 nm is less steep than for the intact eye.

Spectral sensitivities of several crustaceans have
been measured from 300-650 nm. Wavelengths of
maximum sensitivity: blue crab (Callinectes sa-
pidus), 507 nm; northern crayfish (Orconectes
sloani, O. punctimanus), 565 nm; an isopod, the
sow bug (Porcellio scaber), 515 nm. In each case,
selective adaptation by red light left the shape of
the spectral sensitivity function unaltered and
provided no evidence for the presence of ultraviolet
receptors. (Supported by Grant NB 03333 from
the USPHS.)

151
LAWRENCE R. MORRIS, HOWARD L. G1L-

LARY and MYRON L. WOLBARSHT, Naval
Medical Research Institute.

The effect of light on electrically evoked spike
activity in the optic nerve of a land snail.
Illumination of the eye of the land snail, Olala

lactea Miiller, evokes a cornea-negative ERG and
concomitant spike activity in the ootic nerve
(Wolbarsht and Gillary, Physiologist 9: *322. 1966).
Electrical stimulation of the isolated eye-nerve
preparation elicited a typical compound action
potential which was conducted along the nerve
with a velocity of approximately 0.1 m/sec. Above
threshold, the amplitude of the action potential in-
creased with the intensity of the electric current
and saturated to a maximum at high intensities.
When the current was near threshold, the ampli-
tude was markedly increased by illuminating the
eye. This effect was greatest when the stimulating
electrodes were nearest the eye. The time course,
spectral sensitivity, dependence on light intensity.
and adaptation of the light facilitation were all
similar to those of the ERG. This effect seems to be
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due to the summation of the effects of electrical
stimulation and light-evoked generator processes in
the eye. One would not expect to see this facilita-
tion during maximal electrical stimulation and, in
fact, at currents where the amplitude of the action
potential was saturated, illumination decreased the
amplitude. This decrease may be from the re-
fractory period following the light-evoked impulses.
(From the Bureau of Medicine and Surgery, Navy
Department, Research Task MR 005.04-0013.)

152
MARK ATWOOD and PHILIP RUCK, University

of Wisconsin.
The effect of CO» and metabolic drugs on the ERG

of the ocellus of the cockroach Blaberus crnmifer.
Several components of the ocellar ERG have been

identified and allocated to sites of origin in the
retinula cells and postsynaptic units of the ocellar
nerve (Ruck, J. Gen. Physiol., 1961). Effects of test
solutions on the components are studied by
building a wax cup around the ocellus, dissecting
away sections of the cornea, adding the solution to
the cup whence it diffuses into the ocellar tissue.
Different concentrations of CO2 were applied using
a flow meter and a chamber built around the
animal. When 100% CO., is applied to the animal
the ERG is abolished within several minutes. At
lower concentrations of CO2 certain components are
abolished selectively. The postsynaptic events are
the most sensitive and the generator potential the
most resistant. Varying concentrations of the drugs
sodium azide and potassium cyanide in a standard
saline have been tested. Sodium azide at a con-
centration of 5 X10~* g/ml abolishes the ERG in
most cases. Some components were gone within a
few minutes but the generator potential was more
resistant. Potassium cyanide (3 mM) abolishes the
entire response within a few minutes. In all these
experiments the retinula cell axon response and the
postsynaptic responses were lost before the gen-
erator potential. It can be seen from these ex-
periments that the ocellus is quite sensitive to high
CO2 or to metabolic drugs and that different com-
ponents have different sensitivities or at least dif-
ferent time courses of reaction to these experi-
mental procedures. (Supported by predoctoral
fellowship 5-F1-GM-24, 402-02 from NIH and NSF
Grant GB-4256.)

153
MARTIN MENDELSON, New York University

Medical School and the Marine Biological Labo-
ratory.

Mechanical and electrical properties of a sound-
producing muscle in the lobster Homarus ameri-
canus.

The lateral adductor muscle of the basal segment
of the second antenna of the lobster is functionally
divided into two distinct parts. The larger part
produces extremely rapid twitches. The smaller
slip functions in the typically slow, graded manner
of most crustacean muscle. The fast part of the
muscle shows twitches of ca. 10 msec duration at
20°C. The twitches do not fuse into a tetanus but
follow stimuli above 100 shocks/sec. The slow slip
produces smoothly fused tetani at low stimulus
frequencies and reaches peak tensions considerably

higher than those achieved by the fast portion.
Intracellular recording combined with splitting of
the motor bundle revealed that the fast portion
is innervated by two motor axons. One produces
small, slow, summating PSPs though mechanical
fusion is absent. The other motor fiber evokes
spike-like potentials (20°C) that often overshoot
and have durations of ca. 3 msec. Both the am-
plitude and duration of these potentials are
markedly temperature dependent. These fast po-
tentials often behave in a graded manner although
clearly arising from PSPs. Intracellular stimulation
sometimes produces what appear to be regenerative
responses. The fast potentials are reduced in am-
plitude by reduction of extracellular concentrations
of both Ca++ and Na+ although the effect of low
Ca++ at the neuromuscular junction complicates the
relationships. Clearly this muscle is highly special-
ized to produce rapid oscillations of the antenna
and is responsible for the faint buzz that lobsteis
make when disturbed.

154
BERTRAM PERETZ, University of Iowa.
The response in a peripheral nerve to electrical

stimulation of varying loci on the optic lobes in
the frog. (Introduced by H. W. Beams)

It is generally agreed that the optic lobes are the
structures integrating sensory inflow with the motor
columns in the brain stem and spinal cord in the
amphibian brain. Electrophysiological studies have
shown that each retinal area has representation on
the surface of the tectum via the nerve fibers from
ganglion cells. This study was attempted to deter-
mine organization in the tectum with respect to
peripheral nerve activity.

Experiments were carried out in which frog
optic lobes were stimulated electrically and the
response to the stimulus was recorded in a contra-
lateral peripheral nerve, (sciatic). The stimulating
electrodes were placed in well over 100 sites on the
tectum and corresponding sciatic activity was always
elicited. Further, the latency of the response
recorded in the peripheral nerve showed a marked
decrease as the stimulating electrodes were moved
in an anterior-posterior direction. Decreases of
latency between the two end positions, greater than
30%, are not accounted for by the decreasing dis-
tance between stimulating and recording electrodes,
less than 2%. When the homolateral tectum was
stimulated (recording from the same peripheral
nerve as above) the same results were observed.

Both tecta have equal capability for eliciting
sciatic activity. In addition, since there is sciatic
activity in response to all tectal sites stimulated,
this may mean that tectal regions do not possess the
degree of specific motor functions suggested b)
Abbie and Adey (J. Comp. Neurol. 92:241, 1950).
Though all tectal loci appear able to give rise
to sciatic activity, the more posterior tectal sites
seem to have facilitated pathways which are
manifested by shorter latencies. (Supported by a
special fellowship, l-F3»GM-32,521-01 from the
USPHS and University of Iowa Graduate College.)

155
MICHAEL MENAKER, The University of Texas.
Entrainment of circadian rhythms by light cycles

in the blinded house sparrow.

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/6/4/503/150033 by guest on 20 April 2024



540 AMERICAN SOCIETY OF ZOOLOGISTS

A technique has been developed for the bilateral
eiiucleation and subsequent long term maintenance
oP Passer domesticus. Enucleated sparrows, living
Iree in activity cages, easily learn the location of
food and water and of perches which activate mi-
croswitches connected to an event recorder. Con-
tinuous, long term records of perch-hopping ac-
tivity can thus be obtained from blinded birds.
When maintained either in constant darkness or
in constant dim light, enucleated sparrows have
activity rhythms with circadian periods which are
indistinguishable from those of normal birds held
under the same conditions. Artificial light cycles
(LD 12:12, approximately 400 lux) will, when im-
posed on blinded birds, entrain their activity
rhythms to a period of 24 hours. As in normal
birds, the phase of the daily onset of activity of
blinded birds is within an hour of the dark to
light transition regardless of the position of the
transition in real time. Under light cycles of longer
or shorter photoperiod both the daily duration of
perchhopping activity and the phase of the ac-
tivity onset relative to the dark to light transition
are affected. The small (1-2°C) temperature rise
associated with the light fraction of the LD cycle
will not entrain the activity rhythms when applied
alone to blinded birds held in constant darkness.
The data give strong support to the hypothesis that
the brain of the sparrow contains an extra-retinal
photoreceptor the output of which is coupled to
the entrainment mechanism of the "clock" con-
trolling the circadian activity rhythm. (Supported
by Grant GB 3806 from the NSF.)

156
ROBERT W. COMPTON, University ot Wisconsin.
The skeletal musculature innervated by the facial

nerve in the coati (Nasua). (Introduced by W. I.
Welker) (Motion picture)
The peripheral facial neuromuscular system of

the coati (Nasua) has been examined in detail in
order to determine: a) the origin and insertion,
size, and shape of each skeletal muscle innervated
by the facial nerve; and b) the course of the facial
nerve and its branches, from the stylomastoid
foramen to these muscles. The specialized rostral
surface of the rhinarium of the coati is densely in-
nervated by sensory leceptors. Rhinarial contact
with stimuli is made more intimate and varied by
the action of the muscles of the proboscis. Anatomic
techniques included gross dissection of embalmed
heads and microscopic examination of stained serial
sections from the proboscis. Physiologic verification
of the innervation of a muscle group by a particular
nerve branch was accomplished by monopolar
electrical nerve stimulation and visualization of the
contracting muscle. Concurrently, the action of
each muscle on the various structures of the head,
e.g., rhinarium, nasal cartilages, vibrissae, etc., was
determined. Photographs of the muscles were taken
at appropriate stages of the dissections, and detailed
line drawings were made of each muscle from sev-
eral standard views. Results of nerve stimulation
were recorded on cinematographic film. This pro-
ject was preliminary to a study of the musculotopic
organization of the facial motor nucleus in the
medulla oblongata. (Supported by grants NB
5326, NB06225 from USPHS.)

157
DAVID B. ROYE, University of Florida.
Primary visual pathways in the frog. (Introduced

by K. E. Chernetski)

The projections of primary visual fibers in Rana
pipiens have been determined using a modified
N'auta-Gygax technique designed for staining de-
generating fibers in serial paraffin sections, as out-
lined by Cuillery, el al. (Stain Tech., 36:9, 1962).
After cutting a window in the floor of the cranium
the leit optic nerve was transected at a distance of
approximately 1.5 mm Irom the chiasma. Specimens
operated on in this manner were then allowed to
survive for periods of 2, 4, 6, 8, 10, 12 and 14 days.
Horizontal transverse and sagittal serial sections
were then prepared from brains representing each
degeneration time. These sections were then com-
pared with sections made from the brains of sham-
operated control animals.

Degenerating fibers of passage were best seen in
four day brains. Four contralateral and two ipsi-
lateral visual pathways were noted, confirming the
results of Knapp, et al. (Acta Neurol. Scan., 41:
325, 1965). The contralateral tracts observed were
the retino-tegmental, retino-thalamic, retino-pre-
tectal and retino-tectal tracts. Ipsilateral pathways
were the retino-thalamic and retino-preoptic tracts.
In addition, a third root not previously described
was traced caudally through the intact optic tract
to the dorsolateral hypothalamus. This pathway
was termed the posterior retino-hypothalamic tract.

158
GEORGE C. DEWEY, LEO L. LEVER1DGE and

HANS ELIAS, Chicago Medical School.
Blood flow in the renal glomerulus of the frog

Rana pipiens. (Motion picture)
The blood channels within the glomerulus are

surrounded by a common basement membrane, all
together. They are not individually wrapped by
their own basement membranes. The foot proces-
ses of the podocytes are evenly distributed over
the entire basement membrane. They cover places
under which blood channels are located and
places where the endenchyma (specialized endothe-
lium) is solid. Assuming that the foot processes
subserve a function in filtration, their presence over
solid endenchyma (i.e., far away from blood chan-
nels) can be explained by the assumption that the
blood channels have no permanent location, but
that they shift their positions.

Transillumination studies (Elias, Hossmann,
Barth and Solmor, J. Urol. 83, 1960) had shown
that, indeed, glomerular blood channels do shift
transversely during water diuresis.

This visual observation is now confirmed by
microscopic motion pictures. Transverse shifting of
blood channels is possible in glomeruli in which
a mesangium is not highly developed (such as in
man and in the frog). Glomeruli with a highly
developed mesangium (e.g., muskrat, desert ter-
rapin) remain to be studied. (Supported by a
Grant from Smith, Kline and French Labora-
tories.)

159
E. W. PFEIFFER, University of Montana.
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Comparative anatomical observations of the mam-
malian renal pelvis and medulla.

Certain anatomical features of the renal pelvis
and medulla in several species of mammals are
described. Two types of pelves are found among
these species. Type I pelvis is an uncomplicated,
slightly expanded ureteral ending, while Type II
pelvis is an extensive chamber whose wall is thrown
into elaborate folds that reach deep into the
medulla. In species with Type I pelvis, the
medulla has no inner zone, and the outer zone
lacks special projections into the pelvis called
secondary pyramids.

Species with Type I pelvis differ in certain renal
functions from those with Type II pelvis, and the
possible relationship of the pelvic anatomy to these
differences is discussed. (Supported by grant AM-
09975-01 to B. Schmidt-Nielsen from the USPHS.)

160
ROBERT F. ACKERMANN and DOUGLAS B.

WEBSTER, New York University.

The central auditory system of the kangaroo rat.

Frozen and paraffin brain sections of eleven adult
Dipodomys merriami were studied with cell and
fiber stains.

There are no apparent subdivisions of the dorsal
cochlear nucleus; however, the ventral cochlear
nucleus is readily divisible into five portions. The
trapezoid body contains thick fibers ventrally with
thin and medium fibers dorsally.

The hypertrophied medial superior olivary nu-
cleus extends ventrally into the medial preolivary
nucleus. Dorsally, it impinges upon the medial
concavity of the lateral superior olivary nucleus,
reducing the usual "s" shape of that nucleus to a
"u" which has a small "hook" medially. The medial
superior olivary nucleus is characterized by
triangular cells having three processes, two long
dendrites directed laterally in opposite directions
and an axon projecting anteriorly. The lateral
lemniscus, also hypertrophied, contains a prominent
dorsal nucleus. Furthermore, a group of large,
multipolar cells lies between the dorsal nucleus of
the lateral lemniscus and the inferior colliculus.

The inferior colliculus is composed primarily of
small spherical cells containing little cytoplasm.
Occasional larger cells are more numerous laterally.
Large, multipolar cells are found among fibers of
the peripheral capsule of the inlerior colliculus.
A prominent commissure connects the inferior
colliculi.

The pars principalis of the medial geniculate
body is characterized by the uniform distribution
of its small, spherical cells. Larger cells of the
pars magnocellularis lie medial and slightly ventral
to the pars principalis. (Supported by Grant
NB 05800 from NINDB.)

161

PO-CHUEN CHAN, L. IONE JOHNSON, FRAN-
CIS C. MONETTE, JOSEPH LOBUE and AL-
BERT S. GORDON, New York University.

Deoxyribonucleic acid synthesizing cells in the
peripheral blood of normal and splenectomized
rats.

Male rats (Long-Evans strain; 250 g) were either

splenectomized or sham-operated under ether an-
aesthesia. Three animals from each group were
sacrificed on day 0, 1, 2, 3, 4, 7, and 10 post-oper-
ation. Total and differential leukocyte counts were
performed on tail blood prior to sacrifice. The
blood of each animal was collected by aortic punc-
ture with a heparinized-siliconized syringe and
transferred to siliconized test tubes to which tri-
tiated thymidine (2 /ic per ml of blood) was added
and then incubated for 1 hour at 37°C with con-
stant agitation. After incubation, the blood was
centrifuged at 400 lpm for 5 minutes and following
this the supernatant recentrifuged at 1,200 rpm
for 5 minutes. The leukocyte button thus obtained
was resuspended in a small volume of rat serum
and smears were made and processed for auto-
radiography. Labeling indices were estimated by
scoring 5,000 mononucleated cells from each ani-
mal and the number of labeled mononuclear cells
per ml of blood was calculated. It was lound that
the labeling indices as well as the absolute number
of labeled cells per ml of blood were significantly
higher in the splenectomized rats than in the
sham-operated rats from the second post-operative
day on. In addition, mitotic figures were observed
in some of the leukocytes cultured from sple-
nectomized rats. (Supported by research Grant
HEO3357-1O and training Grant HE5645-02 from
the National Heart Institute of the U.S. Public
Health Service.)

162
WILLIAM R. GOODGE, University of Missouri.
Histology and histochemistry of woodpecker salivai y

glands.

Salivary glands from four species of woodpeckers
were fixed in phosphate-buffered formalin or
Zenker-formalin, sectioned and stained by a variety
of methods to study general morphology and
demonstrate secretion products.

The large mandibular gland (glandula picorum)
of the Yellow-shafted Flicker (Colaptes aiiratus) and
Downy Woodpecker (Dendrocopos pubescens), like
that of previously described species is divisible
into whitish posterior and darker anterior portions.
Mucopolysaccharides were demonstrated in the
secretory cells ot the posterior, and peripheral
cells of the anterior portion. In addition, the
secretory cells o£ the posterior portion contain
secretion granules which were stained by acid
fuchsin, iron hematoxylin, neutral gentian and
phosphotungstic acid hematoxylin. Large droplets
with similar staining properties occur within the
lumen of many gland ducts. Although Antony
(Zool. Jahrb. Abt. Anat. u. Ontog. Tiere, 41:547-660,
1920) noted similar granules, they were then be-
lieved to be precursers to the mucous secretion.
These granules have the staining properties of
typical zymogen granules and, although there is
yet no supporting experimental evidence, they may
contain digestive enzymes or possibly substances
toxic to insect prey. The mandibular glands of
the Red-bellied Woodpecker {Centurus carolinus)
and Red-headed Woodpecker (Melanerpes eryth-
rocephalus) are not divisible into two portions, and
the entire gland is similar to the anterior portion
of that of the other two species. Secretory granules
occur, but are much less numerous.

The well developed maxillary gland, opening
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near the anterior end of the palate, has an ex-
panded posterior portion which extends into the
orbit lateral to the sphenoid rostrum.

163
LEWIS B. GOODLEY and ROBERT L. BOORD,

University of Delaware.
Quantitative analysis of the hair cells of the audi-

tory papilla of the pigeon.
The auditory papilla was isolated by dissection

from 5 membranous labyrinths and mounted in
toto for direct analysis and measurement. Hair cells
were systematically counted by the ocular grid
method at a magnification of 43 X. By this tech-
nique errors inherent in making cell counts from
tissue sections are avoided; therefore, correction
factors are unnecessary.

The auditory papilla is 0.40 mm wide at its
broadest point and has an average length of 3.74
mm. Average surface area is 0.889 sq mm with
a range of 0.789 to 1.021 sq mm. The number of
hair cells of the auditory papilla ranges from
8,732 to 11,330 with an average of 10,400.

This study of the normal population of audi-
tory hair cells is intended to serve as a basis for
investigating the relations among hair cell popula-
tion, innervation pattern and auditory function in
the pigeon. (Supported by Grant NB 05056-02 from
the USPHS.)

168
V. S. HODGSON and E. S. HODGSON, Columbia

Univeisity and Lerner Maiine Laboratory.
Habituation and discrimination in sea anemones.

(Motion picture)
The classic observations on elementary "learning"

in sea anemones have been extended by two types
of observations on a species especially favorable for
study, Condylactis gigantea. Populations of this
species, living in diverse habitats, exhibit selective
types of habituation to stimuli, depending upon
those normally present in the environment. Acqui-
sition, loss, and "spread" of these modified be-
havioral patterns within the nerve net can be
demonstrated in the laboratory. Whole animals or
isolated tentacles respond differently to a variety of
pure chemical stimuli, especially amino acids.
Pairing particular foods with electric shocks can
result in modifications of behavior which re-
semble conditioning. Such effects apparently are
not the results of sensitization, fatigue, or other
general, non-specific mechanisms. The results are
discussed in terms of theoiies of simple learning.

169
GEORGE A. P1NCKNEY, State Univeisity of New

York College at Brockport.
An analysis of free operant avoidance behavior in

Carassius auratus.
The free operant avoidance behavior of Carassius

auratus was observed in an aquatic shuttlebox.
Seventy-two Ss were given a single six hour session
with a constant response to shock (R-S) interval of
20 seconds, with one-sixth of the Ss studied with a
shock to shock (SS) interval of 2.5, 5, 7.5, 10 and
20 seconds, respectively. To switch the program
from the S-S cycle to the R-S cycle, S was required

to swim, through a small tunnel, from one com-
partment of the shuttlebox to the other. Ss' re-
sponses were monitored by a pair of photocells,
and the data collected included the number of
responses emitted, as well as the number of shocks
received, from each 20 minute block of the six hour
session.

Analysis of the data revealed that the number of
avoidance responses made by S was a U-shaped
function of the length of the S-S interval, with the
highest performance occuring in the 5 to 7.5 second
range. With S-S intervals longer than 7.5 seconds,
peiformance dropped sharply, while Ss trained with
a 2.5 second S-S interval developed escape behavior,
and tended not to improve beyond that stage. This
relationship between S-S intervals was borne out by
both the total number of avoidance responses made
by S over the six hour session, and the terminal
peiformance of S, as reflected by the number of
avoidances made during the final hour o£ the ses-
sion. (Supported by Grant 22-H-A from the Re-
search Foundation of State University of New
York.)

170
R. E. DAVIS, University of Michigan.
Environmental trigger in the formation of memory

in goldfish.
Previous investigations in our laboratory have

indicated that long-term memory of shock-avoid-
ance responding in goldfish can be blocked by an
intracranial injection of puromycin. When fish are
trained immediately following an injection of puro-
mycin they exhibit normal acquisition and memory
of avoidance responding during the session but
within several hours they show a memory loss.
Memory is also obliterated when puromycin is
injected immediately following the training session.
When the injection is delayed several hours or
more after training, however, the fish exhibit nor-
mal long-term memory. These results indicate that
during the training session a short-term memory
is formed which is resistant to puromycin, and that
following training memory becomes fixed, or con-
solidated into a long-term form. The resistance of
short-term memory to puromycin suggests that
puromycin interferes specifically with the per-
severative fixation of long-term memory. The re-
sult that puromycin injected immediately following
training obliterates long-term memory indicates
that the stage of memory fixation which is blocked
by the drug begins after the last trial. We have
reported evidence that the onset of memory fix-
ation is suppressed by stimuli in the training en-
vironment (Davis and Agranoff, Proc. Natl. Acad.
Sci., US, 55:555, 1956). Further experiments are to
be discussed in which fish were kept in the training
environment for hours to days following training.
The results confirm that memory fixation is trig-
gered by the changes in the external environment
which the fish experience when they are removed
from the training tank. Also, extended post-train-
ing periods in the training environment appear to
extinguish the avoidance response. It is possible
that the onset of memory fixation is coupled to
levels of arousal or of neural activity which could
be manipulated by conditions in the external en-
vironment. (Supported by grants GB5I25X from
the NSF and NIMH 12506-01 from the NIH.)
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171
LINDA E. ANDERSON, State University of Neu

York College at Brockport.
Some species differences in the avoidance learning

of fish. (Sponsored by George A. Pinckney)
Five species of fish were compared in a shuttle-

box avoidance learning situation. The species stud-
ied were Carassius auratiis, Xiphophorus helleri,
Trichogaster trichopterus, Lebistes reticulatus, and
Mollienesia sphenops.

Each fish was given twenty conditioning trials
per day for five days. The avoidance response con-
sisted of swimming through a plexiglass doorway
which divided the shuttlebox into two compart-
ments. The conditioned stimulus (CS) was the
onset of a light in the end of the compartment
occupied by the fish and the unconditioned stimu-
lus (US) was an electric shock passed through the
water. A 10-second CS-US interval, a 5-second
shock, and a 2-minute intertrial interval were used
throughout the study. The number of avoidances
made on each day as well as latencies to the nearest
hundiedth of a second were recorded.

An analysis of the response data revealed that
Carassius was by far the best performer averaging
nearly 18 responses out of 20 trials on the last three
days of conditioning. The performance level of
Trichogaster and Mollienesia, which averaged 8-10
responses on the last day, was lower than Carassius
but higher than Lebistes and Xiphophorus, which
averaged only 4 responses on the same day.

The results seem consistent with previous studies
in which one of two species were studied, primarily
in respect to the rapid learning of Carassius. It
was suggested that differences in performance may
be attributable to differences in emotionality and
natural responses to fear provoking stimuli. (Sup-
ported by grant 22-11-A from the Research Founda-
tion of State University of New York to G. A.
Pinckney.)

172
VELMA J. VANCE and ANN M. RICHARDSON,

California State College at Los Angeles.
Reversal learning in Desert Iguanas, Dipsosaurus

dorsalis.
Current interest in ages of experimental animals

prompted a study of reversal learning in large
(M = 44.6 g) and small (M = 9.9 g) Desert Iguanas.
Differences in learning are apparent between the
two groups which may be of significance both in
the design of experiments and in our unclerslanding
of the processes of learning. Brightness and posi-
tion clues were provided for the original discrimi-
nation and 5 successive reversals. Experiments were
conducted at body temperatures of 34 ± 2°C. Posi-
tive reinforcement consisted of 3 minutes on the
heated goal (42 ± 2°C) and a meal worm. Trials
required to reach the criterion of 4/5 correct re-
sponses for 3 consecutive days averaged 35 for

•small and 57 for large lizards on the original dis-
crimination. Usually more trials were required
on the first reversal than the original discrimination
but the reversal index (Rajalakshmi and Jeeves,
Animal Behavior 13:203, 1965) varied from 0.41
to 10.0.

173
K. E. CHERNETSKI, University of Florida.
Modification of responsiveness by passive limb

movement in curarized rats. (Motion picture)

White rats were curarized (0.3 mg/kg tubo-
curarine chloride, Lilly, IM) and maintained under
artificial respiration via a tracheal cannula, with
0.5% procain HCI liberally infused into the in-
cision. A 70 msec, 20-30 V shock was applied to
the left front paw, followed by a forced movement,
a 200 msec, 1 cm adduction, of the right hind foot
via an attached lever. 60 such pairings applied
every 105 sec lead to the rat's initiating this move-
ment in response to a shock upon emerging from
curarization. Consistently positive results have been
obtained with a group of 5 rats when the forced
adduction is begun during the shock. An interval
of 10 sec between the shock and movement gives
uniformly negative results after 200 such pairings.
A 1.5 sec sounding of a buzzer immediately pre-
ceding the shock does not become an effective
stimulus in initiating the movement, even after
200 sound-shock-movement stimulus combinations
applied to curarized rats; although they do be-
come conditioned to the buzz, as indicated by
quivering and galvanic skin responses recorded
from the feet. The sound alone occasionally elicits
the movement if sound-shock stimuli are presented
in rapid succession (e.g., every 2 sec) 10-15 times,
followed immediately by the sound alone, as these
rats emerge from curarization. These results sug-
gest that proprioceptive input plays a role in estab-
lishing the form of response a rat will typically
make following a noxious stimulus, such as an
electric shock.

174
MICHAEL F. HALASZ, The University of Mani-

toba.
Stability of conditioned delay behavior computed

from transient response to perturbation of
reward contingency.

Homeoslatic mechanisms that buttress condi-
tioned behavior against disturbance remain in-
accessible under maintained stimulus conditions.
Formal stability properties underlying conditioning
may, however, be inferred from transient response
to shocklike perturbation of contingency according
to systems theory concepts (Macmillan, R. H.,
Theory of Control. Cambridge: University Press,
1951). We employed transient analysis to charac-
terize stability of a labile conditioned state, inhibi-
tion of delay (Pavlov), in rats lever responding to
auditory CS for water reinforcement. Delay be-
havior was obtained as prolongation of response
latency by temporal displacement of reward avail-
ability relative to CS. After latency stabilization
on an initial value of this parameter, behavior was
perturbed by stepwise incrementation (input) of
time between CS onset and reward availability
onset. Resultant adjustment of response latency
(output) was formulated as a "dimensionless"
output/ input ratio, P = (New delay of reward —
Response latency)/(New delay of reward — Former
delay of reward). Positive P's indicate incomplete
adjustment to new contingency, negatives show
overcompensation. P plotted against a "pure num-
ber" time scale (time/scaling factor) constitutes
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transient response. Observed transients in our
rats approximated damped (or overdamped) oscil-
lations predicted by second-degree governing equa-
tions. Stability (damping) coefficients were com-
puted from maximum "overshoot" by P. Steady
Mate errors were estimated. (.Hiantitaled formal
terms (damping, steady error, etc.) ivcie identified
with behavioral components, e.g., response chain-
ing, perseveration, that serve as homeostats in this
delay paradigm. (Supported by National Research
Council of Canada Grant APA-189 and University
of Manitoba Graduate School grant.)

175
ROBERT L. GOSSETTE, Hofstra University.
Comparison of successive discrimination reversal

performances across 14 different avian ami
mammalian species.
While a variety of experimental procedures has

been employed in the comparison of learning across
wide ranges of vertebrates, only successive dis-
crimination reversal (SDR) had been moderately
successful in revealing consistent and meaningful
inter-species differences. To explore more fully
the sensitivity of this method a preliminary study
of SDR performances of 14 different avian and
mammalian species was undertaken.

Nine species of birds, representing 7 families
across 2 orders, and 5 species of mammals, repre-
senting 3 families across 2 orders, were selected
for study. S's were trained in a formboard box to
dislodge stimulus blocks to reveal foodwells for
a food reward. A spatial habit was established
and then successively reversed tor a minimum of
20 reversal problems. Training was continued with
each problem until a minimum of 2 or fewer errors
was achieved on each problem. Daily sessions of
20 non-correction trials were administered. The
principal response measure obtained for analysis
was the number of errors per problem.

Measures of errors significantly separated remotely
and closely related species in a way consistent with
their taxonomic position, with Passeriforme species
displaying the fewest errors, Galliforme species
producing the greatest number of errors, and in-
termediate perfomance shown by a Psittacine and
2 Columbiforme species. While 2 species of New
World monkeys displayed performance differences
consistent with their taxonomic ranking, 3 species
of Procyonidae and 1 species of the Mustelidac
showed performance that overlapped that of the
primates. However, it appears that SDR shows
considerable sensitivity to inter-species perform-
ance differences. (Supported by NIMH grants MH-
08389-01 and MH-11138-01.)

176
LEONARD FRIEDMAN, System Development

Corporation.
A theory of instinctive behavioral mechanisms and

its use in the interpretation of neurophysiological
experiments. (Motion picture)
A new theory of the functional organization of

instinctive behavioral mechanisms in animals is
proposed. The theory assumes a hierarchical drive
structure consisting of Releasing Mechanisms and
Selection of Releaser Mechanisms; this drive struc-
ture operates on, or calls forth, a repertoire of

Behavior Units outside the hierarchy. A complex
internal structure for each of these mechanisms has
been defined.

Important differences exist between this scheme
and the hierarchical scheme postulated by Tin-
bergen. Neurophysiological evidence has been
found for the existence and localization of the
postulated mechanisms in the CNS of mammals
and birds. Evidence also exists for the specific kind
of selective perception that the theory implies, i.e.,
an unstimulated superordinate RM blocks aflerents
to its subordinate RM's.

A computer simulation of an artificial animal
in an environment is being synthesized to test
these ideas. Behavior of the artificial animal is
shown on film.

177
WILLIAM G. HAND and D. DAVENPORT, Uni-

versity of California, Santa Barbara.
Dark adaptation in the phototactic behavior of the

dinofiagellate Gyrodinium sp. (Motion picture)
Cultures of the dinofiagellate are raised under a

16-8 light-dark cycle, with the light phase being
provided by a battery of 20-watt fluorescent tubes
giving 340 ft candles of illumination at the culture.
The cells are raised on a sea water enriched me-
dium at 20°C. At the same time every day, samples
are taken from a 5-day-old culture and placed on
a lucite plastic well slide. This slide is made of
black lucite and has a 3-inm square well. The bot-
tom of the slide is clear lucite, as is one wall of
the well. Through this clear wall the light stimu-
lus is introduced. Through the clear slide bottom,
the cells are scanned by a flying spot scanning
device (Hand et al., Biol. Bull., 128:90-101, 1965).

The samples taken from the cultures are imme-
diately tested for the 'stop' response or shock re-
action using a maximum intensity (50 It candles),
470 millimicron, stimulus of a 2-second duration.
The response is recorded by a 35-mm oscilloscope
camera. The sample is then placed on a light
adapting apparatus consisting of a high intensity
light source (tungsten) filtered through a copper
sulfate solution, this apparatus giving 1000 It can-
dles illumination on the sample. The cells remain
here for five minutes, and then they are removed
and 10 seconds later given the first stimulus at
the prescribed intensity. This intensity is con-
trolled by a neutral density filter. Stimuli are
then given every 15 seconds until a response plateau
is achieved.

This process is repeated, using a new sample
each time, at continuously lower stimulus levels
until no response can be observed over 10 minutes
of stimulation.

The results indicate that a dark adaptation does
appear to occur in the shock reaction phase of the
phototactic response. Although the intensity range
and time course of the dark adaptation is much
smaller than that observed in other organisms,
the characteristics of the response curve are identi-
cal. (Supported by grant 4222-03 from the Office
of Naval Research.)

178
RALPH G. JANES,* G. E. FOLK, JR., G. O.

FRAZIER, L. ALLEN, and M. C. BREWER,
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University of Iowa and Arctic Research Labora-
tory.

Funduscopic studies of eye pigment and retinal
blood vessels of Arctic mammals in continuous
light and continuous darkness.

Color photographs of the back of the eye were
taken of fifteen species of Arctic mammals with
a funduscopic camera. The animals were main-
tained outdoors and the eyes of the same speci-
mens were compared in summer and winter at
Point Barrow or at Fairbanks, Alaska. The shape
of the optic disc (blind spot), the numbers and
sizes of major vessels leaving the disc, and the color
and density of the pigment in the back of the eye,
were all characteristics of the individual species;
there was no systematic relationship with size of
eye, weight, or taxonomic family. For example, if
the funduscopic camera functions with different-
sized eyes of lower mammals in the same way as
in human babies and adults, then the disc diame-
ters were approximately: black bears, 2.55 mm;
grizzly bear, 2.3 mm; wolves, 2.4 mm; husky dogs,
2.6 mm; dog-wolf hybrid, 2.36 mm; coyotes, 1.9
mm; lynx, 1.2 mm; wolverines, 2.8 mm; porcupines,
1.9 mm; red fox, 2.55 mm; and Arctic fox, 2.4 mm.
The possibility that eye pigments may change
when the animal is in continuous light or continu-
ous darkness is being investigated. (Sponsored by
the National Science Foundation and the Iowa
College of Medicine Fund.) * Deceased.

179
RAYMOND G. STROSS, University of Maryland.
Photoperiodism and seasonal polymorphisms in

Daphnia.

The readily recognized polymorphisms in Daph-
nia are the reproductive and the cyclomorphic.
Both are associated with season; the former occurs
in both short- and long-day, and the latter, in
long-day photoperiods only. Both may be two-
stimulus controlled, viz., photoperiods of permis-
sive duration and a second stimulus which is asso-
ciated with conditions of culture.

T h e control of reproductive polymorphism is
known for a population of D. pulex which exhibits
the phenomenon in autumn only. Short-day photo-
periods in conjunction with a second stimulus are
necessary (Stross and Hill, Science, 150:1462, 1965).
The second stimulus determines the degree of
shift from parthenogenetic to sexual reproduction,
and it is associated with the density of the culture.
The stimulus may be removed, at least in part,
when the culture medium is aerated.

That cyclomorphosis may be conversely con-
trolled by two stimuli is demonstrated in the work
of other investigators. Turbulent culture (Brooks,
P.N.A.S., 33:141, 1947) and exposure to constant
light (Jacobs, Int. Rev. ges. Hydrobiol., 47:146,
1962) are essential for evocation of cyclomorphosis
in D. galeata. Turbulence is here suspected to aid
the loss of a volatile repressor which is produced
in the culture. In that event the stimuli which
promote the reproductive and repress the cyclo-
morphic polymorphism share a feature in common
in that both may be volatile, at least in part.
(Supported by Grant GB-339 from the NSF.)

180
JAMES A. BROWX, JR., WILLIAM L. WEST,

and WILLIAM M. BANKS, Howard University.
Studies on the mode of action of the toxin of

Pasteurella pseiidotuberculosis.
Experiments were designed to study acute and

chronic effects of the toxin on the cardiovascular
system and to determine whether the observed
effects were modified by pharmacological agents
of known mechanism.

Toxin was produced by the method of Schar and
Thai (Proc. Soc. Exp. Biol. and Med., 88:39, 1955)
and each batch standardized. Blood pressure re-
sponses were recorded from the carotid artery of
white albino rabbits (ca. 2 kg) which had been
anesthetized with sodium pentobarbital (60 mg/kg,
i.p.). Blood pressure and EKG recordings were
made on a Sanborn multichamber recorder. Toxin
injections were made via cannulated jugular and
washed in with saline. Direct effects on myocar-
dium were studied using isolated heart and iso-
lated atria preparations, perfused with oxygenated
Tyrode's solution at 37°C. Changes in strength
of isometric contractions and rate were recorded by
use of a force displacement transducer attached to
a Grass polygraph.

Following the administration of various doses of
toxin (50-6000 /ig/kg) a transient drop in blood
pressure was followed by a return to normal.
There was no dose size-response relationship to
toxin administered. Repeated administration (15
minute intervals) of the same dose did not result
in tachyphylaxis. Previously noted drop in blood
pressure was not blocked by administration of
atropine sulfate (I mg/kg). Likewise, pyribenza-
mine (25 mg/kg) did not modify blood pressure
response.

No major alterations were observed in EKG
patterns acutely. Similarly, in in vitro prepara-
tions, no direct effects on the myocardium were
noted. Chronically, the EKG appeared normal
until just prior to death, at which time the animals
passed into irreversible shock. In separate experi-
ments in mice, the course of toxicity was not modi-
fied by either atropine or pyribenzamine.

181
F. BLAKE GRANT and GRACE E. PICKFORD,

Yale University.
Ionic composition, urea, and serum osmolality in

the blood of the coelacanth, Latimeria cha-
lumnae.
Through the courtesy of Dr. Keith S. Thomson

and the Peabody Museum of Natural History, we
recently obtained samples of blood from the hepatic
portal and renal veins, and the heart of Latimeria.
The frozen specimen was just thawed and seem-
ingly in good condition, but the blood was hemo-
lyzed. Despite this circumstance, we believe that
our data show, beyond reasonable doubt, that
Latimeria employs urea to maintain serum osmo-
lality at sea water levels. Total serum osmolality
varied in the three samples, but was of the order
of 1181 mOsm/liter. Inorganic ions were in the
normal range for marine teleosts and elasmo-
branchs, or were affected by hemolysis (potassium).
Mean values were as follows: Na, 178; K, 51; Ca,
3.5; Cl, 199; HCO,, 4.6 mM/liter, respectively. The

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/6/4/503/150033 by guest on 20 April 2024



546 AMERICAN SOCIETY Of ZOOLOGISTS

sum, about 440 mOsm/liter, could only account for
a part of the total serum osmolality. Serum urea
contributed a major addition: 345 (246-384) mM/
liter by the diacetyl monoxime method, confirmed
by urease hydrolysis with direct nesslerization.
Electrophoresis (^ = 0.075, pH = 8.6) revealed
some breakdown of serum proteins, and small
molecular weight products presumably contributed
to the total apparent serum osmolality. (Supported
by Grant GB-132 from the National Science
Foundation.)

182
ROBERT E. HENSHAW and ROBERT BIG-

GERS, Carnegie Institute of Technology.
Water balance in the wolverine.

In a captive colony of wolverines (Gulo luscus)
maintained in large outdoor cages at Pt. Barrow,
Alaska, water intake and output were quantified.
Preliminary analysis indicates the following values
for an animal of mean body weight of 13 kg. In-
take: drinking, 50 g/kg; food, 20 g/kg. Output:
fecal, 10 g/kg; urinary, 40 g/kg; respiratory, 20 to
100 g/kg. Cutaneous evaporative water loss was
not measured directly. The biological half-life of
injected T2O was short indicating large water turn-
over. Urine concentrating capacity was not great:
mean high concentration, 2360 raosra; concentra-
tion maximum, 2980 mosm (more than 3X plasma
concentration). This carnivore might survive with-
out sources of water other than in its food, how-
ever behavioral patterns cause excessive urination
and defecation which would need to be supported
by drinking. (Supported by Grant No. ONR 380
from the Arctic Institute of North America under
lontractual arrangements with ONR.)

183
KORIN GUSTAFSON and JOSEPH C. CURTIS,

Clark University.
The effects of water deprivation on the Mongolian

gerbil, Meriones unguiculatits.
Studies were undertaken to determine the tol-

erance of the Mongolian gerbil, a rodent which
inhabits semi-arid regions in eastern Asia, to
dried diets at 40% and 70% relative humidities.
Total body water of young mature gerbils on dried
Purina chow at 70% R.H. for 11-20 days was 73.3
± 0.6% compared to 75.6 ± 0.3% for gerbils on
the same diet receiving water ad libitum. Total
body lipid of the animals on dried chow was
6.3 ± 0.5% whereas that of the controls was 17.4
± 2.4%. Gerbils on the dried diet consumed 2.1
g/day compared to 4.9 g/day for the controls.

Gerbils fed dried oats initially lost weight at
40% and 70% R.H., but subsequently began to
gain weight after 14 and 7 days, respectively.

In an attempt to determine the effects of initial
weight on survival time and tolerance to body
weight loss, three groups of gerbils with mean
weights of 63.5 g, 86.7 g and 101.0 g, respectively,
were maintained on dried chow at 40% R.H. and
25°C. Percent weight loss for the first group was
50.8 ± 1.9% while that of the third group was
more than 60%. Survival time appears directly
related to initial body weight, the mean survival
time for the first group being 29 days while that
of the third group was more than 48 days. In

comparison lu other rodents, the Mongolian gerbil
appears to have a relatively high tolerance to
weight loss. (Supported by Grant GY-877 from
the NSF.)

184
PAUL W. WINSTON, Cambridge University and

University of Colorado.
Water activity and a water pump in insect cuticle.

All arachnids and some insects are able to reduce
their water loss below the loss that takes place
when they are dead. It has been postulated that a
pump mechanism reduces the water activity in the
cuticle below that of the blood, thereby reducing
the rate of evaporation from the surface. Last-
instar nymphs of Periplaneta americana and Lo-
custa migratoria of known age were anesthetized
and a sample of blood taken for osmotic pressure
determination. They were then decapitated and
the prothoracic shield removed and cleaned of
cellular debris and surface moisture. A 3.5 mm
disc was punched out of the cuticle, weighed, and
then exposed at 25 ± 0.05°C to the very high hu-
midity over 0.175 Molal NaCl. Equilibrium with
the water vapor over this solution, approximating
to the osmotic pressure of the blood, was consid-
ered to be equivalent to equilibrium with the
blood across the epidermal cell layer. Discs were
weighed again after 24 hours. Discs of cuticle from
cockioaches gained an average of 5% of the initial
weight and those from locusts about 20%. There
was no gain in specimens killed by electrocution.
Gain in weight was proportionately less over 0.3 M
NaCl and discs lost weight over all solutions below
0.5 M. The average point of equilibrium for both
species lay between 0.45 and 0.5 M, much higher
than any blood O.P. These data substantiate the
hypothesis that water activity in the cuticle is re-
duced. It is clear that this reduction can be due
only to a water pump of some sort operating in the
cuticle of both these species. Further, the epi-
dermal cell layer is the only possible site of the
expenditure of energy for this phenomenon.

185
CHARLOTTE P. MANGUM and CHARLES D.

COX, College of William and Mary and System-
atics-Ecology Program, Marine Biological Labora-
tory, Woods Hole, Mass.

A feeding response to chemical stimuli in the
onuphid polychaete Diopatra cuprea. (Motion
picture)
A feeding response to chemical stimuli has been

detected by 1) visual observation, permitting quali-
tative characterization of components of the re-
sponse, and 2) recordings of water currents created
by one component, permitting quantitative coin
parisons of different stimuli.

The response is elicited by fluid expressed fiom
many marine organisms, suggesting that the active
substances are widely distributed. This absence of
species specificity is correlated with the omnivorous
habit of the worm in nature.

Investigation of the chemical nature of the stimu-
lus has proceeded along two lines: 1) activity of
synthetic substances, and 2) analysis of a repre-
sentative extract derived from the lamellibranch
Mya arenaria. 1% (w/v) solutions of several carbo-
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hydrates, lipids and large proteins cause no re-
sponse. 10~a M solutions of each of 13 amino acids
cause at least one component of the response. 10"4

M solutions of methionine, phenylalanine or valine
cause a response which we believe to be identical
with that elicited by clam juice—tentacle rotation,
peristaltic movements creating water currents, para-
podial clasping and mouth opening. Analysis of
natural clam juice, however, indicates that othei
active substances are present.

Preliminary evidence suggests a seasonal change
in sensitivity to chemical stimuli, possibly cor-
related with temperature. (Supported by grants
from the Whitehall and National Science Founda-
tions.)

186
GEORGE W. NACE, CHRISTINA M. RICHARDS

and HAJIME SAMBUICHI, University of Michi-
gan and University of Hiroshima.

Establishment of an amphibian facility.

The need for anurans and urodeles with bio-
logical and genetic definition for studies of develop-
ment, genetics, and physiology is critical. Thus,
the University of Michigan in cooperation with
the University of Hiroshima has established a
facility to maintain amphibian strains established
in Hiroshima for some years, and to develop new
strains for American species.

The colony now includes four American Ranidae
and several urodele species. Twelve foreign species,
including six Ranidae, plus hybrid and derived
strains will be maintained. Axolotl (Siredon)
strains developed by Dr. R. R. Humphrey of Indi-
ana University plus other anurans and urodeles
will be added. The development of strains derived
from tumor bearing Rana pipiens and from Wis-
consin and Vermont populations (Nace el al., Ann.
N. Y. Acad. Sci., 126:204, 1965) is receiving greatest
attention.

Facilities for large scale maintenance under labo-
ratory conditions include inverted truncated jugs
provided with drain and overflow pipes for high
density culture of tadpoles and aquatic urodeles
in flowing water. Fish troughs divided into pens
containing shelves provide aquatic and terrestrial
areas for adults. Feeding regimes utilize lettuce,
liver, mosquitoes, flies, crickets, and earthworms.
Tattooing is used for identification. Health is
monitored by the Animal Care Unit of the Uni-
versity of Michigan. Data on growth rates and
ovulation cycles will be presented. The inade-
quacy of liver and the value of chilling will be
indicated, and optimal conditions will be sug-
gested. An offer of boarding services for valuable
animals and a request for mutant forms will be
made. (Supported by NSF CB 4677 and NSF GF
242.)

187
CHRISTINA M. RICHARDS and GEORGE W.

NACE, The University of Michigan.
Homograft reactions among unrelated, sibling and

parthenogenetic sibling frogs.
Homografts between recently metamorphosed

Rana pipiens which were genetically unrelated were
rejected in all cases. T h e median survival time
(MST) for these grafts was 16 days.

Other frogs received simultaneous grafts from
as many as eight of their normal siblings. Among
these the grafts on an individual were not lost
simultaneously, but 75-80% of the grafts were
rejected as rapidly as homografts between un-
related animals (MST 17 days). However, the
remaining 20-25% survived almost twice as long
(MST 33 days).

Twelve parthenogenetic frogs received grafts
from six of their parthenogenetic siblings. Of
these, three remained alive and retained their
grafts at 123 days, a fourth died with healthy
grafts at 111 days. Among the remaining eight,
two lost their grafts about the 24th day, three lost
them about the 60th day and three lost them be-
tween the 85 th and 113th day. The process of
graft rejection took approximately 10 days and
all grafts were rejected simultaneously.

The utility of this test system in developing ge-
netically defined strains of frogs in our amphibian
facility will be indicated. (Supported by NSF
GB 4677.)

188
BRYAN M. GEBHARDT, Tulane University.
Immunity and tolerance of embryonic tail homo-

grafts in the leopard frog. (Introduced by E.
Teter Volpe)

Portions of embryonic tail transplanted before
the functional maturation of the immune system
do not necessarily survive indefinitely. T h e rejec-
tion or persistence of the tail homograft is gov-
erned principally by the size of the transplant.
Small homografts of tail tissue eventually evoke an
immune response, whereas large tail transplants
induce a state of tolerance.

Tail grafting was performed on Shumway stage
24 embryos. Some host embryos received trans-
plants of whole tails (from cloacal pore to tip);
others received a smaller amount, comprising only
the posterior one-fourth of the tail. Small tail
homografts were reacted upon by the hosts as early
as Taylor and Kollros larval stage V and typically
were completely destroyed by Taylor and Kollros
stage XV. Large grafts (whole tails) persisted
throughout larval development. Occasionally a
partial host response to the large tail graft, charac-
terized by mild vasodilation and hemostasis, was
observed. Only rarely was a large tail homograft
rejected.

Host larvae were challenged with second or test
(dorsal skin) homografts from the original donors.
In host larvae that had earlier rejected the small
tail transplants, the test skin grafts were vigorously
destroyed in typical second-set fashion. On the
other hand, hosts bearing large viable tail homo-
grafts tolerated the subsequent skin grafts from
the original donors. This study clearly indicates
that the tolerance is a dosage-dependent phenome-
non. (Supported by Grant GM-11782 from the
USPHS.)

189
NORMA DOMBROCK, Lake Forest College, and

D. H. BUCKLIN, University of Wisconsin.
In vitro culture of early embryos and embryonic

cells of the grasshopper, Melanoplus difjerentialis.
An attempt has been made to develop reliable
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in vilro culture techniques which will support nor-
mal growth and development and also permit ex-
perimental study of early embryos and embryonic
cells of the grasshopper, M. differentialis.

Early embryos from stage 5'/2 through 61,4 de-
veloped to stage 10 after 7 days of culture in hang-
ing drops of Belar-Ringer with yolk. In hanging
drops of HB medium (Horikawa and Fox, Science,
145:1437, 1964) the early embryos developed to
stage 8 without yolk after 5 days of culture. These
embryos were morphologically abnormal due to
curling. Therefore, stage 5y£ to 6i/2 embryos were
then explanted in H5 medium to millipore niters
in organ culLuie dishes as developed by Grobstein
(Exp. Cell Res., 10:424, 1956); Ball and Auerbach
(Exp. Cell Res., 20:245, 1960). Embryos in the filter
wells exhibited protoconn elongation and ad-
vanced one and one-half developmental stages after
between 2 and 7 days of culture.

Culture of dissociated embryos was attempted
to permit study of embryo formation from cleav-
age nuclei. Dissociation was achieved with a trypsin
mixture followed by mechanical dispersion. Cells
and tissue fragments from embryos at stage 10, 18,
20 and 23 survived for up to 58 days in culture
in hanging and standing drops of Belar-Ringer
solution with glucose, horse serum and peptone
added. No significant cellular aggregation was ob-
served in the cultures. However, cell groups organ-
ized themselves into thick and thin walled vesicles:
carotenoid pigmentation developed in cultures
from embryos dissociated at stage 10.

190
ROBERT L. SEARLS, University of Virginia.
Development of the embryonic chick limb bud in

vitro.
One of the first procedures for the organ culture

of embryonic rudiments was developed for the
culture of the embryonic chick limb bud (Strange-
ways and Fell, Proc. Roy. Soc. B 99:340, 1926). It
was reported that this procedure gave compara-
tively little cell degeneration and normal differ-
entiation of cartilage, but that it gave very poor
development of limb structures. This result sug-
gested that some influence from a host embryo is
required for limb patterning.

Terminal cartilagenous structures can be formed
from precartilagenous limb buds when they are
cultured by a simplification of the system of Bell
and Merrill (Trans. Bull. 29:108, 1962). A Gelman
filter of 0.45 p. porosity is placed on the chorio-
allantoic membrane of an 8- to 10-day chick em-
bryo and a limb bud is placed on the filter. Ap-
proximately 30% of stage 19 limb buds develop
digits under these conditions. Older limb buds
develop digits with about the same frequency
when the most distal 0.3 mm of the limb is cul-
tured. When the most distal 0.06 to 0.1 mm of a
stage 19 limb bud is cultured, digits form in
about 40% of the cases.

One may conclude that the limb bud is capable
of differentiation of terminal structures without a
pattern of vascularization or any other directing
influence from the host and that the proximal
portions of the limb bud are not required in order
that the distal portion form digits. (Supported in
part by XSF GB 4846.)

191
JOAN ABBOTT and HOWARD HOLTZER, Co-

lumbia University and University of Pennsyl-
vania.

Differences in phenotypic expression of chondro-
cytes grown in monolayers or in clones.
Isolated chondrocytes in vitro may exhibit either

a fibroblastic or epithelioid phenotype depending
on culture conditions.

Cultured as monolayers (105 cells/90 mm plastic
petri dish) they multiply and after 20 days form
a multilayered mat with modest patches of meta-
chromatic matrix. Many cells are morphologically
indistinguishable from fibroblasts. Chondrocytes
when cloned (103 cells/90 mm plastic petri dish)
may organize into an epithelioid sheet which
morphologically and functionally serves as a peri-
chondrium. Cloned cells divide and because daugh-
ter cells do not migrate establish compact epitheli-
oid colonies. The crowded polygonal cells are not
amoeboid. By mitosis new cells are added to these
tight colonies both in the plane of the substrate
as well as displaced upward from the substrate.
Though anchored to the epithelioid sheet, the
displaced cells round up and synthesize much
metachromatic matrix which, if tagged with C-14
glucose, can be isolated as chondroitin sulfate.
After trypsinizing and re-cloning many of these
round chondrocytes form new epithelioid-perichon-
drial systems, others give rise to fibroblastic cells.

Chondrocytes cloned on a clot do not form epi-
thelioid-perichondrial colonies but spread, migrate
and transform into fibroblastic cells. After several
generations on clots, such transformed cells when
challenged by cloning on plastic do not reconsti-
tute epithelioid-perichondrial colonies nor secrete
detectable metachromatic matrix. The progeny of
such transformed or dedifferentiated chondrocytes
reproduce fibroblastic colonies. (Supported by
grants from the NSF and USPHS.)

192
THOMAS C. MAYER, Rider College.
Migratory behavior of melanoblasts from piebald

White-spotting patterns in mice have been attrib-
uted alternatively to a selective migration of melan-
oblasts into certain regions of the skin, or to a fail-
ure of the melanoblasts to differentiate in the areas
which remain pigment-fiee. These two alternatives
were tested experimentally in a series of grafting
experiments in which embryonic 11-day mouse skin
and 9-day neural tubes were grafted in combina-
tion to White Leghorn chick embryos. In one
grafting series pigment production following 15
days of incubation was examined, and in the second
series the migration of neural tube cells was fol-
lowed using tritiated thymidine and autoradio-
graphic techniques.

Grafts of normal skin and normal neural tubes
produced pigmented hair, and the tissues of the
host were colonized by melanocytes in the operated
region. The combination of piebald skin-piebald
tube did not produce pigment in the host tissues,
and a large majority of the grafted skin cases
produced pigment-free hair. The fate of the melan-
oblasts in both grafting combinations was followed
by labeling the neural tube cells prior to grafting.
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The pattern of migration of the labeled cells in the
normal and in the piebald combination grafts was
identical following incubation of 4 days. Labeled
cells from normal neural tubes were identified in
the same tissue environments where pigment was
observed following 15 days of incubation. Piebald
labeled cells were present in these same tissue loca-
tions, but the correlation with pigment develop-
ment as in the normal series did not exist.

These results favor the conclusion that pigment-
free areas under the conditions of these experi-
ments develop due to a failure of melanoblasts to
differentiate in certain tissue environments, and
not due to a defect in migration. The hypothesis
that white-spotting patterns of piebald mice develop
due to a similar mechanism of preventing melano-
blast differentiation in the prospective white-spotted
regions is therefore supported. (Supported by
grant GB4002 of the NSF.)

193
JOHN P. WOURMS, Stanford University.
Reaggregation of completely dispersed amoeboid

blastomeres during the normal development of
annual fishes. (Introduced by N. K. Wessells)
The normal development of annual fish eggs is

characterized by a phase of complete dispersion and
subsequent reaggregation of amoeboid blastomeres
which is interposed between cleavage and embryo-
genesis. This report extends previous observations
(Wourms, Amer. Zool. 5:662, 1965) on the dispersal
of amoeboid blastomeres, to include an analysis of
reaggregation in eggs of Austrofundulus myersi
Dahl.

Two populations of blastomeres form during
cleavage and segregate at the flat, hollow blastula.
One population, composed of deep blastomeres,
eventually disperses as amoeboid cells, while the
other, an hemispherical shell of outer blastomeres,
flattens to form the enveloping layer. As epiboly
commences, the amoeboid blastomeres initially con-
solidate into a mass, then migrate away from that
mass as individual cells and move into the space
formed when the enveloping layer and periblast
advance over the yolk.

The distribution of amoeboid blastomeres was
studied quantitatively using the coefficient of dis-
persion (Salt and Hollick, J. Exp. Biol. 23:1, 1946).
When epiboly is completed (Day 2) the amoeboid
blastomeres are uniformly distributed. The blasto-
meres of the three-day egg are randomly dis-
tributed. In the four-day egg, aggregation of
cells is found in a single region. Five- and six-
day eggs manifest a progressive increase in the
degree of aggregation. By day ten, a solid neural
keel has formed in the aggregate. An embryo with
characteristic teleostean morphology is formed al-
most exclusively from the reaggregated amoeboid
cells.

The reaggregation mass can be considered to be
developmentally identical to the embryonic shield
of non-annual teleosts. Comparative studies on five
other genera of annual fishes have yielded similar
results. (Supported by USPHS Predoctoral Fellow-
ship Fl-GM-15,631.)

194
GERALD N. SMITH, JR. and MICHAEL J.

GREENBERG, Florida State University.

Regeneration in a holothuroid Leptosynapta crassi-
patina.
Regeneration of the holothuroids is under in-

vestigation with Leptosynapta crassipalina (Apoda)
from the mouth of the St. Marks River, Florida, as
the chosen test system. H. L. Clark (Bull. U.S.
Fisheries Comm., 19:21-31, 1901) had observed that,
if the mouth and part of the adjacent digestive
tract were intact, then anterior portions of L.
inhaerens survived and regenerated a new jx>s-
terior end. Tentacles also regenerated. In these
experiments the nerve ring of the regenerating
animal was always present.

We have confirmed and extended these observa-
tions in L. crassipalina. In most experiments the
posterior portion died within three days following
transversely into three equal segments. Both the
middle and posterior ends died at about the same
time; no gradient of survival time along the length
of the animal was found. Longitudinal sectioning
resulted in death in all cases. Animals with broken
intestines regenerated the torn organ posteriorly
along the edges of the mesentery.

Although untreated posterior segments soon die,
we have recently been able to maintain posterior
portions by adding nutrients and antibiotics to
frequent changes of sea water. Preliminary studies
suggest that nutrition is the vital factor in survival
of the posterior ends. In this case nutrients must
be taken up by the tissues directly from the me-
dium since the gut is inoperative. (Supported by
a contract with the USAEC and Grant HE-09283
from the NIH.)

207
H. BERNARD HARTMAN and LOUIS M.

ROTH, U. S. Army Natick Labs., Natick, Mass.
Stridulation by a cockroach during courtship be-

havior.
During courtship, the male of Nauphoela cinerea

(Olivier) raises his wings and tegmina exposing the
tergum. The female responds to a pheromone
(seducin), produced in the male's abdomen, by
mounting and "feeding" on the tergum. The male
grasps her genitalia and mating occurs. If the fe-
male is unreceptive, the male lowers his tegmina
and wings, and stridulates. This is the first report
of sound production by a cockroach during court-
ship behavior.

The stridulatory apparatus consists of parallel
striae on the latero-posterior margins of the prono-
tum and on the proximal region of the costal
veins of the tegmina. These structures are brought
together for stridulation. The sound is produced
by posterior, anterior, and side to side displace-
ment of the pronotum rubbing against the costal
veins.

The phrases comprising the sentence emitted
by courting males begin with two to six complex
pulse trains each having a 500-750 msec duration,
followed by a series of disyllabic chirps, each of
40-80 msec duration. The phrases last 5-10 sec
and are linked to form sentences lasting up to 3
minutes. The sound level at 1 cm above the cock-
roach ranges from 60-65 db for the complex pulse
trains peaks and from 55-60 db for the chirp peaks.
Audiospectral analysis indicates that no carrier
frequency is present, but only a broad band of

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/6/4/503/150033 by guest on 20 April 2024



550 AMERICAN SOCIETY OF ZOOLOGISTS

frequencies extends to about 15 kHz. The court-
ship sound is probably detected via the substrate.

208
JAMES MULLIGAN, Saint Louis University.
The program in a long sequence o£ bird song.

In order to study sequential behavior and the
programming of a small number of equivalent be-
havioral items an extended and continuous tape
recording was made of the singing of a male Song
Sparrow, Melospiza melodia. This individual, lo-
cated in the interior of British Columbia, had a
repertoire of nine distinct song types. The re-
cording was made without playback or other stimu-
lation, but the bird nevertheless sang an almost
uninterrupted series of about 1,300 songs during
five hours. Each song type was repeated in groups
called bouts, of which there were 104. The latter
were evenly distributed among the nine song types,
and each song type recurred after an average of
eight to ten others in the series. There was suffi-
cient variability in this recurrence number, how-
ever, and in the linkage between particular song
types, to make prediction of the sequence rather
difficult. It is clear that these behavioral items
are neither randomly nor rigidly ordered; they
are arranged in such a way that each item nor-
mally recurs after most of the other members of
the series have been interspersed. Some song types
regularly follow certain others, but in general
there is no consistent dependence in the occurrence
of a particular song type on what has immediately
preceded. (Supported by Grant GB-3433 from the
NSF.)

209
WILLIAM L. THOMPSON, Wayne State Univer-

sity.
Song variation in a population of Indigo Buntings.

During the summer of 1965 1210 songs of 47
male Indigo Buntings were recorded on a study
area slightly over 1300 acres in size near Pinckney,
Michigan.

Sonograms of the songs showed that the birds
produced a total of 93 distinct song elements. The
maximum number of elements in the normal ad-
vertising songs of individual birds ranged from 6
to 24. There was very extensive sharing of element!
in the songs of different individuals throughout the
population and there were several instances of
different birds sharing identical songs. One pat-
tern was shared by six birds, two of them holding
adjacent territories. One pattern was shared by
three birds, and two patterns by two birds each,
one of them by neighbors. All songs of any indi-
vidual were of one basic pattern, although the full
pattern was not always given.

The relative infrequence of neighbors sharing
the same song pattern or even several elements
suggests that the birds learn their song pattern
before they settle on a territory during their first
year probably from their father or males singing
near the territory in which they are reared. It is
possible, however, that birds hatching late in the
summer may not develop their own song patterns
until the following spring. The few instances
found in this study of neighbors sharing a song
pattern may be a result of this, or of birds return-

ing to the immediate vicinity of the territory in
which they grew up. (Supported by NSF grant
6B-3882.)

210
NANCY MUCKENHIRN, University of Maryland.
Vocalizations of the marmosets, Saguimis oedipus

oedipiis and S. o. geoffroyi. (Introduced by J. F.
Eisenberg)
Vocalizations of two subspecies of Saguimis oed-

ipus were divided into five morphological groups
on the basis of sonograms: note bursts, chevrons,
whines, slides and noisy vocalizations. Individual
differences among the vocalizations of nine animals
were identified but parameters of subspecific differ-
ences are not clear. Behavioral contexts of the calls
were similar. Long calls or whine series produced
by visually isolated animals were compared.

Two stereotyped vocalizations were elicited con-
sistently from eight adult S. o. geoffroyi when
presented with a snake or overhead objects. The
number of slicing chirps (chevrons) and the num-
ber of looks at the box when a snake was present
and absent were highly significant (p = .01 Wil-
coxon). Marmosets reacted to overhead movement
by trilling (a rapid note burst series) and flipping
under a branch or jumping downwards.

Location and alarm functions of these calls were
supported by observations on wild groups of S. o.
geoffroyi.

211
STUART A. ALTMANN, Yerkes Regional Primate

Research Center, Atlanta, Ga.
The basic communication network in a rhesus

monkey society.
A society of animals is a communication network.

Social communication in rhesus monkeys, studied
for two years on Cayo Santiago, deviated strongly
from what would be expected in a society of
randomly intercommunicating individuals, in which
the network of paired interactions among mem-
bers of the age-sex classes could be predicted
from the population structure. Deviations resulted
from age and sex differences in the social reactivity
of the monkeys, from differences in likelihood of
being the recipients or targets of social signals, and
from attractions and repulsions between monkevs
of certain age-sex categories. Taking these de-
viations into account lead to a new model of in-
teraction frequencies among members of the age-
sex groups, but it, too. was inadequate to account
for the distribution of particular behavior patterns:
the likelihood of an interaction between two mon-
keys depended not only upon the age and sex of
the individuals, but also upon the nature of the
social behavior involved. (Supported by Grant
MH 0733fi-0I from the NIH.)

212
DONALD J. MULCARE, University of Notre

Dame.
Induction of renal tumors in hybrids between Rana

pipiem and Rana palxtstris. (Introduced by K.
S. Tweedell)
The large mitochondrial fraction, derived by

high speed centrifugation, from R. pipiens in-
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elusion body tumors, was oncogenically active
when inoculated into R. pipieus embryos (Tweeded,
Amer. Zool. 5:171-172, 1965). Such studies have
been extended to challenge R. palustris and re-
ciprocal, interspecific hybrids between R. pipiens
and R. palustris with a similar inoculum derived
from a R. pipiens (Wisconsin) inclusion body,
renal tumor.

The methodology employed involves suspension
of the large mitochondrial pellet in five drops of
Gomori 0.02 M phosphate buffer. Either this stock
solution or its buffered ten-fold dilution was in-
jected. A microliter syringe was used to place
1-4 ^1 o£ either inoculum into the region of the
left pronephric swelling. The embryos were stage
S18 to S21. R. pipiens (Wisconsin), R. palustris
(Tennessee) and reciprocal hybrids between the
two species.

Of 53 mid- to postmetamorphic experimentals,
11 possessed renal tumors. Two of 16 hybrids (R.
palustris $ X R- pipiens $) and three of 10 of
its reciprocal (R. pipiens $ X R- palustris $) were
afflicted. Six of 20 R. pipiens, inoculated with the
more dilute preparation, also developed renal
tumors. The presence of tumors in seven surviving
R. palustris was not demonstrated. Tumors were
not observed in any of the controls.

Larvae of both species and both hybrid groups,
receiving either dilution as embryos, developed a
lethal syndrome characterized by subcutaneous,
hemorrhagic lesions. Exactly 49% of each hybrid
group receiving the concentrated inoculum, devel-
oped hemorrhagia, in comparison with approxi-
mately 23% of the dilute inoculated hybrids. The
syndrome related death rates among the two species
were: JR. pipiens, 18% (concentrated) and 3 % (di-
lute), R. palustris, 34% and 31%. The response
to the inoculum was dosage dependent and became
lethal in higher percents as a function of the host's
taxonomic variance from R. pipietis (Wisconsin).
Either species could provide the egg for the hy-
brid zygote without significant effect on the rate
of hemorrhagia. By comparison with the controls,
there were nine times as many syndrome deaths
among the animals given the dilute dose and 15
times as many among the concentrated dosage
group. (Supported by Grant IN 84A from the Am.
Can. Soc. and Grant CA-07849-02 from the USPHS
made to K. S. Tweedell.)

213
C. LAWRENCE VANKIN and HENRY J. GRASS,

Williams College.
Colceniid-induced teratogenesis in hybrid mouse

embryos.
Primiparous C57BR/cdJ mice each were given a

single intraperitoneal injection of colcemid (N-
desacetyl-N-methylcolchicin; Ciba) 8i/J days after
mating to BALB/Ci males. Dosage was 1.8 milli-
grams per kilogram of maternal body weight. Con-
trols were injected with the vehicle. Females were
sacrificed and fetuses dissected at 16j/£ days of
pregnancy. Forty-one experimental litters produced
361 implantation sites, consisting of 195 resorptions
(54.0% of implantations) and 166 survivors (46.0%

of implantations). Among survivors, 128 (77.1%)
were normal and 38 (22.9%) were grossly mal-
formed. Distribution of major malformations was:

exencephaly, 22 cases (57.9%); anophthalmia or
microphthalmia, 10 cases (26.3%); gaslroschisis with
eventration, 4 cases (10.5%); tailless, 1 case (2.6%);
kinky tail, 1 case (2.6%). Multiple malformations
per fetus were fairly common, e.g., 8 exencephalic
fetuses also exhibited anophthalmia or micro-
phthalmia, and 2 of these had posterior-trunk spina
bifida. Twenty-eight control litters yielded 233
implantations, which included 20 resorptions (8.6%
of implanations) and 213 survivors (91.4% of im-
planations). Among surviving controls, 208 (97.7%)
were normal and 5 (2.3%) were malformed, 1 with
scoliosis and 4 with kinky tail, but none with
multiple malformations. Although Thiersch (Proc.
Soc. Exp. Biol. Med., 98:479, 1958) reported aborti-
facient action of colcemid without teratogenesis in
rats, the data above and work of DeMyer (Neurol-
ogy, 14:806, 1964) and Ferm (Anat. Rec., 148:129,
1964) demonstrate teratogenesis by metaphase in-
hibitors in laboratory rodents. Development of
these malformations and mitotic blockage as a pos-
sible mechanism of teratogenesis will be discussed.
(Supported by NSF Grant GY-114.)

214
JOHN B. W1NF1ELD, Cornell University Medical

College.
Actinomycin D teratogenesis in the young mouse

embryo. (Introduced by Dorothea Bennett)
The intraperitoneal injection of 100 /tg/kg fe-

male weight of Actinomycin D, a specific inhibitor
of DNA-dependent RNA synthesis, into pregnant
Black Spot mice 614 days after mating produced
mesodermal and ectodermal abnormalities in 100%
of the embryos examined one, two, or three clays
after the injection. In young embryos (7i / days),
these included absent, small, or overgrown primitive
streak; disorganized embryonic ectoderm; extra-
embryonic membrane deficiencies, and growth
retardation. In older embryos (814 and 914 days),
absent or irregular somites, neural tube disorgani-
sation or degeneration, non-closure of the neural
plate, hydrocephalus, enlarged pericardial sac, and
decreased cephalic mesenchyme were observed.

Because the abnormalities were similar to those
found in embryos homozygous for certain early
acting lethal alleles at the T-locus on the ninth
chromosome (Bennett, D., Science 144:263, 1964),
an investigation was undertaken to study possible
synergism between the teratogen and Brachyury
(T), a homozygous lethal.

Female + / + mice, mated to - f - /+ males and
treated at 614 days after mating with 70 jug/kg
Actinomycin D yielded no abnormal embryos at
7i/J, 81 / , or 9i / days. 37% of the embryos similarly
exposed to Actinomycin D, but obtained from
T/-f- X + / - ( - matings were abnormal. The
abnormal embryos did not differ from normal lit-
ter-mates in cytoplasmic RNA content as deter-
mined qualitatively by histochemical staining for
RNA with Azure B.

The results have been interpreted as showing
that Actinomycin D summates with T in converting
T / + hetero/.ygotes into phenocopies of early
acting t lethals. (Supported by a Grant from the
Ford Foundation).
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215
M. KERRIGAN', R. MEYER, and H. MA1SEL,

Wayne State University.
The effect of actinomycin-D on kidney development

in the chick.
Mesonephric degeneration in the chick is charac-

terized by a decrease in soluble protein concen-
tration and enzyme activity after day 15 of in-
cubation. In order to determine if this degenera-
tion of the mesonephros is under nuclear control,
0.5 ml of actinomycin-D (30 mg/ml) was injected
into fertile eggs at days 13, 15 and 17 of incubation.

After injection of actinomycin-D at day 15 of
incubation, mesonephric degeneration was delayed
for 108 hours as revealed by biochemical and
histological studies. The soluble protein and en-
zyme concentrations of the mesonephroi from the
treated animals remained at higher levels than in
control animals. The wet weights of the meso-
nephroi from the treated embryos were higher than
the wet weights of the mesonephioi from control
animals.

Actinomycin-D had no comparable effect on the
metanephros except for a retardation of increase in
weight, a phenomenon also observed for the wet
weights of the liver and whole embryo.

When actinomycin-D was injected on day 13 of
incubation, a greater than normal increase in
soluble protein and enzyme concentration was
observed 12 hours later. When actinomycin-D was
injected at day 17 of incubation the normal drop
in soluble protein and enzyme concentrations failed
to occur 12 hours after injection. The higher the
dose of actinomycin-D injected at day 13, the
greater the increase in soluble protein and enzyme
concentration. At day 17 all doses of actinomycin-
D prevented the normal drop in protein and en-
zyme concentration.

It would appear that the growth of the meso-
nephros occurs in the presence of a gradually in-
creasing concentration of a mRNA dependent in-
hibitor substance which normally reaches a critical
concentration at about day 15 of incubation. There-
after, degeneration of the mesonephros ensues.
(Supported by a Grant from the Michigan Kidney
Foundation.)

216
LOUIS T. STABLEFORD, Lafayette College.
The effect of 5-fluorouracil on the early develop-

ment of Rana sylvatica.
Continuing a study of the effect of 5-fluorouracil

on early amphibian development (Stableford, Amer.
Zoo]., 4:397, 1964), embryos of R. sylvatica were
raised for varying periods of development in 1/10
Holtfreter's soln. containing 100 /ig 5-fluorouracil
and 200 jig thymidine per ml. Embryo exposed
starting at blastula, gastrula, or neurula stage
developed normally until tail-bud stage, Pollister &
Moore's (1937) stage 19. From this point until
hatching (stage 20-22) the forebrain and optic
cups showed progressive dedifferentiation and re-
tardation; neural and optic cup cells migrated into
the neurocoel and surrounding mesenchyme, some-
what resembling neural crest cells. Formation of
the lens, olfactory organs, and ear vesicles, however,
was unaffected.

Embryos were also exposed to the 5-fluorouracil

medium for limited periods o£ development then
cultured in 1/10 Holtlreter's soln. until stage 20-22.
Regardless of how early the stage when exposure
started, the effect of 5-fluorouracil depended on ex-
posure during stages 15-17, middle to late neuru-
la tion.

These results tend to support the view of Saxen
& Toivonen (1962) that after primary induction
there must be subsequent inductors that stabilize
structures and control further differentiation, if
certain assumptions are accepted: that 5-fluorouracil
interferes with RNA synthesis, probably that of
messenger RNA; that RNA is intimately involved
in induction. They further suggest that inducing
agents are laid down well in advance of the time
that they become effective. (Supported by a Grant
from the Lafayette College Research Fund.)

217
EILEEN D. HICKEY and NORMAN W. KLEIN,

Marquette University.
Sequence of changes in DNA and piotein content of

regions of the explanted chicken embryo fol-
lowing insulin treatment.
Attempts were made to determine if biochemical

tissue specificity could be demonstrated corres-
ponding to the known morphological specificity of
insulin's teratogenic action.

Chicken embryos of 11-13 somites were explanted
onto whole-egg agar media containing insulin.
After 48 hours of culture, insulin treated embryos
showed morphological defects, which, at low con-
centrations, were localized in the posterior trunk,
and at 4 u/ml, involved the whole posterior
somitic region and the brain. In embryos on 4
u/ml, protein nitrogen was 29% of the controls,
and DNA, 23%. At lower insulin concentrations
this reduction was less marked. In embryos exposed
to 4 u/ml of insulin for 2-3 hours, and transferred
to control medium for 46 hours, the morphological
response was comparable to the above, although the
reduction in protein nitrogen and DNA was only
about 40%.

Insulin treated and control embryos cultured in
the latter manner were collected every 6 hours for
the first 24 hours of explantation, and dissected into
5 regions: the head up to the otic vesicles, the
anterior trunk through the eleventh somite, the
posterior trunk, the heart, and the membrane.
DNA and protein were measured, and in all tissues
responding to insulin treatment, the DNA was
reduced first. Significant differences from the con-
trol appeared in the head and posterior trunk at 12
hours, and in the anterior trunk at 18 hours, fol-
lowed after several hours by reduction in protein.
The response of heart and membrane were not
consistent. (Supported by NSF Grant GB-2388 to
N. W. Klein.)

218
JOSEPH G. KUNKEL, Western Reserve University.
Developmental sequences in synchronous cultures

of cockroaches. (Introduced by M. Locke)
Large cultures of the German cockroach, Blat-

lella germanica are maintained in synchronous
development by controlling food availability (Kun-
kel, J. Insect Physiol., 12:227, 1966). Samples of
animals are taken from the synchronous culture
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and assayed for various developmental events.
Plotting the proportion of each sample past a
given event against the time of assay determines
a probit regression line, which defines the distri-
bution of the event in time. A t-test is used to
infer the sequcncy of two e\ents in the developing
culture.

A number of developmental!)' critical periods
were assayed for. The brain critical period is
defined as the time after which the brain is no
longer needed to support a molt. The prothoracic
critical period is defined similarly as the time after
which the prothoracic gland is no longer needed
for a molt. The critical period for regeneration as
described by O'Farrell and Stock (J. Biol. Sci., 6:485,
1953) is defined as the time after which leg
regeneration is postponed to the next molt.

It was inferred that the critical period for re-
generation is not significantly different from the
brain critical period. Also the critical period for
the prothoracic gland was determined to be closely
associated with the end of epidermal mitosis and
the detachment of the epidermis from the cuticle.

This type of approach will lead to a develop-
mental map of the synchronous culture. Subsequent
experiments may be designed to determine the
causal relationships of the events whose sequence
has been determined. (Supported by Grants GM
09960 and l-FI-GM-33, 259-01 from the USPHS.)

219
JERRY J. KOLLROS, University of Iowa.
Influence of thyroxine treatment upon limb re-

generation and onset of the corneal reflex in
liana pipiens.

Three groups of tadpoles, initially in stages V-X,
were used to study the influence of thyroxine on
limb regeneration, with transection at the thigh.
One group was untreated, serving as a control;
another was placed in thyroxine solution (30 /ig/1)
immediately after amputation, while the third
group was placed in hormone first, and amputated
at the end of thyroxine treatment. In both treated
groups exposure to hormone was for 6 or 7 days,
during which time metamorphic progress was
advanced about 3 stages (e.g., VI to IX, IX to XII,
etc.). Those animals treated with hormone im-
mediately after amputation showed regeneration
capacity almost identical to that of the controls,
although hormone treatment resulted in limbs of
more advanced stage. Those animals in thyroxine
prior to amputation showed distinctly reduced
regenerative capacity, essentially that characteristic
of control animals of the same stages as those at-
tained by the experimental group at the time of
amputation, and perhaps less. Animals were ob-
served over a 15-22 day period, this being sufficient
for the attainment of forelimb emergence in the
most highly stimulated. This interval was also suf-
ficient in most hormone treated animals to permit
maturation of the corneal reflex center. Since a
substantial number of animals displaying the reflex
were not yet close to experiencing forelimb emer-
gence, these results contrast with those reported
earlier (Kollros, '42), in which reflex onset followed
forelimb emergence in animals stimulated by
continuous immersion in thyroxine solutions. (Sup-
ported by Grant AM02202 from the USPHS.)

220
WILLIE M. REAMS, JR., l'ni\eisit) of Richmond

and the Medical College of Virginia, and BARRY
E. SCHAEFFER, University of Richmond.

X-ray effects on intramuscular pigment cells in
the mouse.
It is well established that X-ra)S pro\oke hyper-

pigmentation in the skin of mammals and much
has been speculated on the relative roles of ra-
diation, pigment cells and the epidermis in bringing
about this hyperpigmentation. The present study
was initiated to investigate the response of pigment
cells to X-rays in an extraepidermal tissue environ-
ment. To this end, the legs of newborn mice of
the PET (Pigmented Extraepidermal Tissues)
strain were irradiated with from 200 to 7000 r from
a GE 1000 K.VP Maxitron machine. Ten days
after irradiation the mice were killed and the legs
amputated. Non-irradiated legs served as controls.
The gastrocnemius of each leg was dissected free
and studied either as a cleared whole mount or in
histological section. DOPA was employed to aug-
ment the pigment cell examination.

For the sake of comparison, the leg skin was
examined also. As expected, the skin showed a
progressive hypertrophy and hyperplasia of the
melanocytes with increasing doses of radiation. In
contrast, there was a progressive decrease in the
intramuscular pigment cell population with in-
creasing irradiation. There was no pigment cell
stimulation in muscle at any dosage level. At higher
levels of radiation, melanocytes damage and loose
melanin granules were evident.

Hence, additional evidence is tendered in sup-
port of the epidermis as the mediating agent for
positive pigment cell responses to X-radiation.
The interrelationship between X-ray and -SH in-
hibition of pigment cell melanogenesis in muscle
is currently under study. (Assisted by NIH Grant
ITI AM 5508-01 at MCV.)

221
GEORGE SZAB6, Harvard Medical School and

Marine Biological Laboratory, Woods Hole.
Electron microscopical studies of the ink gland of

the squid (Loligo pealii Les).
The ink gland is located in the "caudal" end of

the ink sac. It is a cavernous, heart shaped organ
with an opening on its apical end. The inside of
the organ consists of folds and septa of connective
tissue lined by secretory epithelium. This epithe-
lium is simple, columnar secretory epithelium, the
ink-epithelium. The ink cells are typical secretory
cells, with a large nucleus, tubular mitochondria,
a very extensive granular endoplasmic reticulum
and several Golgi areas. The ink cells show a well
developed basal interdigitaion. At the apical end
of these cells there are numerous vacuoles of
varying diameter which may be full of small,
spherical particles, the ink (melanin) granules.
There may be a dense matrix present in between
these melanin granules. The melanin granules are
excreted into the lumen of the gland, where they
are suspended freely. There are cilia and microvilli
at the free margin of the ink cells. Septate des-
mosomes are also present in between the epithelial
cells. The connective tissue of the gland consists of
several cell types and extracellular material. There
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are myoepithelial cells attached to the base of the
secretory epithelial cells keeping the whole organ
in a gentle pulsatory movement. There are also
general connective tissue cells and perineural cells
present. The blood vessels are lined by endothelial
cells with relatively large gaps in between these
cells. There are collagen fibers in the extracellular
spaces.

Histochemical and biochemical studies indicate
that tyrosine and DOPA are incorporated into the
ink vacuoles and there is also free tyrosinase in the
lumen of the ink gland and also in the large re-
servoir of the ink sac itself.

The ink gland can be maintained in organ cul-
tures (S/ab6 and J. Arnold, Biol. Bull. 125:393-394,
1963) for at least 10 months. (Supported by Grant
CA-05401 Natl. Cancer Inst., USPHS and Cancer
Development Award USPHS Ke-CM-14,987.)

222
ELIZABETH L. BROWN, W. THRELFALL and

F. A. ALDRICH, Marine Sciences Research
Laboratory, Memorial University of Newfound-
land.

Cestode fauna of the squid Illcx illecebrostis il-
lecebrosus (LeSueur) in Newfoundland waters.
Squid were obtained during the months July

through October, 1966, from Holyrood Arm, Con-
ception Bay, and Freshwater Bay, Newfoundland.
The specimens were obtained by jigging and im-
mediately upon capture they were placed in a
container of crushed ice and so transported to
the laboratory for examination. The squid were
later examined for their cestode burden according
to a definite plan. An incision was made in the
median ventral mantle wall, and the internal or-
gans were then examined for parasites. Any hel-
minths found were preserved in 10% formalin
prior to staining with borax carmine. As well as
being investigated for parasites, measurements of
squid total length, standard length, and mantle
length were made. The sex and maturity of each
squid was also noted.

The cestodes found weie of two genera, Phyl-
lobothrium and Dinobothrium. The incidence of
these was tested for correlation with standard
length, total length, mantle length, sex and size of
the host squid as well as relative numbers of squid
in the bays at the time o£ their capture. Also
found in the caecum and mantle walls were several
ncmatodes. (Supported by NRC Grant A-1368.)

223
JOHN C. BOYKIN, University of Washington.
Somatic musculature of Trachydemus ilyocryptus

(Kinorhyncha). (Introduced by R. P. Higgins)

The somatic muscles of T. ilyocryptus Higgins,
1961, are cross-striated as reported for several other
kinorhynch species. The number of cells per
muscle could not be determined.

Longitudinal muscles: Each trunk segment except
the last contains a dorsal and a ventral pair of
longitudinals. Six pairs of anterior retractors (of
the head) originate on the pachycyclus of the exo-
skeleton of segment iv, inserting posteriorly in the
head. Segments iii and iv each contain a pair of
oblique muscles laterally. A third pair of obliques
runs from sternite v to tergite iii. Pairs of outer

retractois originate on the exoskeleton dorsally in
segments iii and v-viii, and venirally in iii and
vi-viii; all insert in the forebrain.

Inner longitudinals: Pairs of inner retractors
originate, dorsally and ventrally, in segments vi-
viii. They insert in a symmetrical circle in the
hindbrain. Ten protractors of the pharynx origi-
nate in the mouth cone, while 4-6 others originate
in the hindbrain; all the protractors insert on the
posterior end of the pharynx. Ten head longitu-
dinal muscles run just beneath the external cuticle
of the head from the level of scalid circle six to
the first scalid circle.

Other muscles: In each trunk segment is a
pair of dorsoventral muscles. Two cutaneovisceral
muscles originate on tergite xii, inserting on the
endgut. A circular muscle of the neck forms a
transverse circle, incomplete ventrally, just beneath
the cuticle of the neck or posterior portion of the
head.

224
JULIAN F. HAYNES, University of Notre Dame.
The ultrastructure of the muscles of Hydra viridis.

Relaxed Hydra viridis were flooded with a cold
two per cent glutaraldehyde solution in a phosphate
buffer. After glutaraldehyde fixation they were
post-fixed in two per cent osmic acid and imbedded
in araldite. The sections were stained with lead
citrate and examined with an RCA-EMU 3C
election microscope.

The muscular system of Hydra is formed from
myonemes in the bases of both epidermal and
gastrodermal cells. The myonemes of the epidermis
are formed from masses of long fibers running
parallel to the axis of the polyp. There are two
distinct fiber sizes within the myoneme. The thick
filaments are approximately 200 A in diameter and
the thin filaments are 60 A in diameter. The two
types of filaments are randomly interspersed within
the myonemes. The only attachments of the
myonemes to the membranes of the epithelial cells
are found at the ends of the filaments. They are
never attached to the bases of the epithelial cells,
and contraction of the myonemes results in ex-
tensive foldings of the basal cell membranes. In
regions where the myonemes of adjacent cells con-
tact each other the cell membranes are modified
lo form a junctional complex similar to the inter-
calated discs of cardiac muscle. The gastrodermal
myonemes are of essentially the same structure but
are less well developed. (Supported by USPHS
Training Grant 5T1-HD21-04 and NSF Grant GB
3262.)

225
JANE A. WESTFALL, University of California.
Electron miscroscopy of the basitrich and its as-

sociated structures in Obelia.
In the hydranth of Obelia longissima only one

type of nematocyst is found: the basitrich. The
undischarged thread of this nematocyst is dif-
ferentiated into a relatively straight, wide, shallowly
folded, heavily spined proximal tube and a nar-
row, slightly coiled, lightly spined distal tube with
deep folds in its wall. The discharged thread of
I he nematocyst appears isodiametric, but bears
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numerous spines proximally and, contrary to its
name, a few spines distally.

The basitrich is closed by an operculuni; nearby
lies a cnidocil ringed basally by nine long finger-
like processes. Additionally, nine short processes
surround the opercular region of the nematocyst.
A delicate lattice-like fringe of material lies on the
outer surface of the processes. The dense cores
of all 18 processes continue as rods beneath the
surface of the cell where they are interconnected by
a ladder-like arrangement of cross-connecting fibrils.
The rods fray into longitudinal fibrils, probably
microtubules, which surround the nematocyst and
join basally in a fibrous band. The latter structure
connects with half-desmosomes that attach the cell
to the mesoglea.

The cnidocil and interconnected rods are be-
lieved to function in the discharge of the nema-
tocyst. If stimulation of the cnidocil by a pre)
caused a mechanical stimulus to pass via the fibrous
arms of the kinetosome to the fibrills intercon-
necting the dense rods causing them to contract,
this might constrict the nematocyst sufficiently to
spring open the operculum. Simultaneously chemi-
cal stimulation might be effected by way of the
fringe and membrane covering the processes. (Sup-
ported by a USPHS Grant to Richard M. Eakin.)

226
JERRY M. NEFF, Duke University.
Infrastructure of the calcium-secreting glands of

Pomatoceros caendeus (Schmarda), (Annelida:
Polychaeta: Serpulidae). (Introduced by K. M.
Wilbur)

Pomatoceros caeruleus produces a tube of calcite
by means of two epithelial calcium-secreting glands
located in the ventro-Iateral peristomium under the
collar. These glands are tubulo-racemose. The
cells of the secretory acini are elongate with basal
nuclei. They have a well developed rough endo-
plasmic reticulum concentrated in the perinuclear
region and extending into the middle and apical
regions. A well developed Golgi zone with many
secretory vacuoles fills much of the region between
the nucleus and apex of the cells. Mitochondria
are most abundant in the perinuclear region. Most
of the secretory cells have a well defined intracel-
lular channel free of cell organelles and filled with
a fine granular material extending from the nuclear
region to the apex. These channels are bordered
on one side by the cell membrane and on the other
by the rough endoplasmic reticulum. The apices
of the secretory cells have long microvilli extending
into the gland lumen.

The lumina of the acini are filled with small
dense spheres, 0.3 micron or less in diameter,
composed of minute calcite crystals embedded in a
fine granular matrix, probably a mucopolysacchar-
ide. Also present in the lumina are large mem-
brane bound vacuoles filled with a granular mate-
rial of variable electron density.

No calcite crystals were detected intracellularly
in the glands, indicating that crystallization takes
place in the gland lumen. (Supported by Grant
5TI DF, 92-05 from NIDR-NIH.)

227
GRETA E. TYSON, University of California,

Berkeley.

Gross morphology and fine structure of the maxil-
lary gland of the brine shrimp, Artemia salma.
(Introduced by Richard M. Eakin)

Using the procedure described by Boyer (Anat.
Rec, 100:191, 1948), a plastic reconstruction was
prepared from serial sections of the adult maxillary
gland of Artemia salina (L.). Each gland consists
of two parts, an end-sac and an efferent tubule.
The end-sac is centrally located and around it the
efferent tubule coils, making three loops before
leading to the outside via a slender terminal duct.

Whole glands were fixed in cacodylate-buffered
glutaraldehyde, postfixed in osmium, embedded in
epon, and sectioned for electron microscopical ex-
amination. The end-sac of Artemia is very similar
in infrastructure to the coelomic sac of the crayfish
antennal gland (Kummel, Zool. Beitriige, 10:227,
1964). The most striking feature of the end-sac
epithelium is the presence of numerous cytoplasmic
projections at the bases of the cells. The arrange-
ment of these basal "feet" is highly reminiscent
of the podocyte processes in Bowman's capsule of
a vertebrate nephron. The wall of the efferent
tubule is made up of large, flattened, epithelial cells,
which posses an apical microvillous border and
deep, basal foldings of the plasma membrane.
Numerous mitochondria are associated with the
basal configurations which are, in part, due to com-
plex interdigitations of neighboring cells. An
abrupt change in cell type occurs at the beginning
of the terminal duct. The duct is lined by a thin
layer of cuticle, and the epithelial cells here are
smaller and more regular in shape, lacking both
microvilli and basal foldings. (Supported by US-
PHS Grant RG-6025 and a USPHS "predoctoral fel-
lowship.)

228
VICTOR SPRAGUE and SANFORD H. VERNICK,

Chesapeake Biological Laboratory and George-
town University.

Light and electron microscope study of developing
stages of Glugea sp. (Microsporida) in the stick-
leback Apeltes quadracus.

Glugea sp. is common in sticklebacks in the
Patuxent River near Solomons, Maryland. It pro-
duces white cysts approximately 3 mm in diameter,
usually retroperitoneal or subcutaneous. Each cyst
is a greatly hypertrophied and multinucleate host
cell as shown by Weissenberg (9th Congress Intern,
de Zool. Monaco, 380-389, 1914), which contains
the parasites and is encapsulated by connective
tissue fibers. Schizogony and sporogony occur in
the periphery, and vacuoles containing mature
spores coalesce in the central portion of the c\st.
In this study which may be the first to deal with
the fine structure of microsporidean development,
the sporogonic stages are identified and studied
with the lectron microscope. Vacuoles containing
these stages are limited by two double membranes,
and are devoid of host cell ground substance. The
parasites themselves are limited by a double mem-
brane. The cytoplasm of these stages is character-
ized by smooth surfaced endoplasmic reticulum in
the form of vesicles, tubules, and flattened sacs.
Mitochondria, Golgi material, and ribonucleo-
protein particles appear to be lacking. The nuclear
envelope is interrupted by pores, and centrosomes
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and spindle fibers related to karyokinesis are
present. The cytoplasm of the hypertrophied host
cell contains the normal complement of cellular
fine structure. In addition structures possibly
representing abortive reduplication of the host cell
nuclear envelope are visible. These are sometimes
seen in malignant or virus infected cells, and may
be a result of the stimulation of the cell by the
parasites.

229
STEPHEN A. ROTH and JAMES A. WESTON,

Western Reserve University.
Relative measurement of intercellular adhesion be-

tween labeled cells and unlabeled aggregates
in shaker cultures.
Current theories concerning sorting out of cells

in mixed aggregates all involve some assumptions
about differential cellular adhesions. There is,
however, no unambiguous measure of adhesions
which could be used to test these assumptions.

A method has now been devised to measure
relative intercellular adhesive stabilities by circu-
lating unlabeled tissue aggregates in H3TDR-
labeled cell suspensions. The number of labeled
cells collected by aggregates of equal size while in
shaker culture is taken as a comparative measure-
ment ot their adhesive stability with the cells of
the suspension. Specifically, liver and neural retina
aggregates from 7-day chick embryos are introduced
into aliquots of labeled liver or neural retina sus-
pensions in iso- and heterotypic combinations.
Counts of labeled nuclei in radioautographs of
sectioned aggregates reveal that liver aggregates col-
lect up to 100 times more labeled liver cells than
neural retina aggregates in the same suspension
within six hours after the labeled tissue was dis-
sociated. Conversely, neural retina aggregates col-
lect up to 100 times more neural retina cells than
liver aggregates in the same suspension within the
same time period.

These results are interpreted to mean that, at
least for liver and neural retina cells, adhesive
specificity does exist, that it exists among cells in
suspension before they become assimilated into
aggregates, and that isotypic associations are more
stable than heterotypic associations. (Supported
by Grant GM-13072 from the USPHS and Develop-
mental Biology Training Grant 2T1HD20 from the
USPHS.)

230
JOSEPH T. BAGNARA, University of Arizona.
Changes in pigments of amphibian xanthophores

during larval development.
Recent work has revealed that pteridines are a

dominant pigment of amphibian xanthophores and
erythrophores. Pteridines appear with the onset
of differentiation of these bright-colored chroma-
tophores and their pattern is more or less species
specific. Generally, sepiapterin is prevalent in
xanthophores and considerable amounts of the
drosopterins are found in erythrophores. For a
time, it was thought that pteridines were the ex-
clusive pigments of these chromatophores during
larval development and that carotenoids, long con-
sidered their major pigment type, were utilized in
post-metamorphic stages. By the use of differentia!

solubilities and with the aid of the sulfuric acid
test it was revealed that carotenoids are already
present in larval stages. In the newts, Pleurodeles
walllii, Taricha lorosa, and Diemictyius viridescens,
carotenoids first appear in xanthophores when the
larvae are about two-thirds grown (Pleurodeles
stages 52-54). In Rana pipiens they appear much
earlier and are already present at Taylor-Kollros
stage II. In Xenopus laevis, xanthophores first be-
come numerous at mid-larval life and are marked
by the presence of both pteridines and carotenoids.
In the toads liufo alvarius and Scaphiopus couchi,
carotenoids are present by mid-larval life. Riho-
flavin is another xanthophore constituent. In
adult newts it is a major yellow pigment making its
first appearance just before the onset of metamor-
phosis. Within the xanthophore, carotenoids are
present in small droplets which seem to be evenly
distributed between the smaller pteridine con-
taining granules. Occasionally they coalesce into
large droplets. In some xanthophores, notably
those of Bufo and Xenopus, carotenoids are also
present in small spindle shaped bodies. The cyto-
logical distribution of riboflavin has not been ob-
served. (Supported by Grant GB-4923 from NSF.)

231

FRED A. DIEHL, Western Reserve University.
Morphogenesis in irradiated Cordylophora.

Coenosarc from Cordylophora caspia stolons was
mechanically separated fronr the perisarc and
isolated as epidermal and gastrodermal masses.
These masses were left in isolation or recombined
with tissues of the complementary layer. Both
normal and irradiated (4,500 R) animals were
employed in the study. Normal epidermis alone
produced complete animals, as reported originally
by Zwilling (Biol. Bull., 124:368-378, 1963). Ir-
radiated epidermis rounded-up and secreted peri-
sarc around the periphery of the masses but never
exhibited hydranth production or other morpho-
genetic activity. Normal gastrodermis also formed
rounded balls but the cells began to slough off
after a short interval. The cells apparently lost
cohesiveness and the masses had completely dis-
integrated 24-36 hours after preparation. Irradiated
gastrodermis behaved in a similar manner.

Normal epidermis combined with irradiated
gastrodermis yielded complete, viable animals in
all cases. Moreover, normal gastrodermis combined
with irradiated epidermis produced normal animals
in some cases. Presumably the irradiated epidermis
acted as a protective layer which allowed certain
gastrodermal cells to differentiate into epidermal
cell types. In the absence of such a protective
layer the cells did not remain in contact for a
sufficient period to allow for expression of their
differentiative capacity. Irradiated epidermal masses
placed with irradiated gastrodermis formed hy-
dranths and stolons, in some cases 10-12 days alter
irradiation. Although capable of feeding for an ad-
ditional period of 15-20 days these animals eventu-
ally died. Thus, in order for hydranths and stolons
to form, normal or irradiated gastrodermis must be
present. Isolated normal epidermis did not develop
these structures until after the gastrodermal la\er
was produced. Also, irradiated epidermis, which
never developed a gastrodermal layer, did irot form
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hydranths or stolons. (Research conducted while
author was X1H Postdoctoral Fellow at the I'ni-
versity of Virginia.)

232
ARTHUR LAVELLE and P1ERSOX J. VAX

ALTEN', University oE Illinois College oE Medi-
cine.

Antigenic differences in isolated regions oE brain.
We have been studying the reactions of anti-

gens obtained trom different regions of young
and adult hamster brains. The antiserum used
was prepared by subcutaneously injecting saline
homogenates (combined with Freund's adjuvant)
of perfused, whole, five-day postnatal hamster brain
into Polish rabbits. The following regions of five-
day brain were used as sources of test antigens:
the olfactory bulb, forebrain, cerebellum and me-
dulla. The test antigens from the adult were
obtained from brain sections which had been
previously cut in a cryostat and dried in vacuo.
The areas isolated from these sections were the
pyramidal motor tract, ascending sensory tracts
and the motor nuclear areas of the 7th and 5th
cranial nerves. Each isolated region or area was
separately pooled, weighed, homogenized in physio-
logical saline and then run against the antiserum
on micro-gel-diffusion plates.

In general, for either the young or adult ma-
terial, different areas of the brain differ in the
number and pattern of precipitin lines resulting
when reacted against the same antiserum. Thus
far our evidence seems to indicate that the difEer-
ences in precipitin reactions among the various
areas tested are due to differences in cell types
constituting the areas. Therefore, the total num-
ber of precipitin lines that result when whole brain
is reacted with the antiserum reflects the accumu-
lative reactions of separate cell populations con-
stituting brain tissue. (Aided by a grant from the
United Cerebral Palsy Research and Educational
Foundation.)

233
WESLEY J. BIRCE and PAUL F. DOOLIX, Uni-

versity of Minnesota, Morris; Veterans Adminis-
tration Hospital, Hines, Illinois, and Stritch
School of Medicine, Loyola University, Hines,
Illinois.

Ultrastructural differentiation of the endoplasniic
reticulum in the epithelial cells of the avian
choroid plexus.
Toward the end of the first week of embryonic

development, the epithelial cells of the avian chor-
oid plexus begin to show incipient changes in their
chemical composition. Basic dye-binding methods
indicate an increase in c)toplasmic ribonucleic acid
(RXA). This build-up is, progressive, and fiom
the tenth day RXA basophilia is intense, especially
in the basal (subnuclear) cytoplasm where much
of the RXA is sharply localized. During early
stages (6-8 dajs) of differentiation, this build-up
of RXA closely correlates with a heavy concentra-
tion of free ribosomes. Subsequent to the eighth
da) of development, however, this build-up of RXA
closely parallels the differentiation of an elaborate
endoplasmic reticulum which by later embryonic
stages takes the form of a tight "whorl arrange-

ment" of ribosome-laden membranes and cisternae
localized largely in the basal cuoplasm.

In the differentiation of the endoplasmic re-
ticulum (ER), smooth vesicles appear to form in
close association with the nuclear membrane. These
vesicles apparently fuse progressively to form a
typical pattern of ER cisternae. Ribosomes become
associated with the developing cisternae, giving the
endoplasmic reticulum the classical "rough" ap-
pearance. Though the principal concentration of
ER elements is localized in the basal cytoplasm,
a looser network of ER tubules extends into the
apical cytoplasm. The tubules of this network
appear to become continuous with elements of a
profuse Golgi complex.

234
JOHX R. COLEMAX, AXXETTE W. COLEMAX,

and HARRY ROY, Brown University.
Myosin-containing mononuelear cells in myogenic

cell cultures from chicken embryo leg muscle.
Stockdale and Holtzer (Exp. Cell Res. 24:508,

1961) have described myosin-containing mononu-
elear cells in chicken embryo somites, but did not
report them in myogenic cell cultures. Using histo-
chemical procedures, Roy (Am. Zool. 5.213, 1965)
found rare mononuelear cells exhibiting myosin-
like ATPase activity in monolayer cultures (Konigs-
berg, Circulation 24:447, 1961) grown on cover-
slips. We have employed immunofluorescence to
determine (a) if mononuelear myosin-containing
cells are indeed present in our cultures as sug-
gested by the histochemical analysis, (b) whether
they can synthesize DNA and divide, and (c)
whether they are contributed by the inoculum or
are produced from cells proliferating in vitro.
The indirect staining technique was used as fol-
lows: cultures grown on collagen-coated coverslips
or slides were fixed in ice-cold acetone, rinsed with
buffered saline, exposed to rabbit antiserum against
chick skeletal muscle myosin (Baril et al., J. Biol.
Chem. 241:822, 1966) or to control serum, rinsed
again with saline and exposed to fluorescent goat
anti-rabbit gamma globulin. Specificity of the
antisera was shown by intense staining of A-bands
in contractile muscle fibers from 7-day cultures,
very light staining of most mononuelear cells, and
very light staining when control rabbit serum or
saline was used instead of antiserum.

Rare mononuelear cells are piesent which are
brightly fluorescent after antimyosin treatment.
After a 30-minute incubation with "H-lhymidinc,
followed by fluorescent staining and autorailiogra-
l>h\, 30% of the non-fluorescent mononuelear cells
in a 3-day culture exhibit nuclear giains, but no
grains are found over brightly fluorescent cells or
over nuclei in s^ncytia. Exposuie to labeled thvmi-
dine for 24 hours or more results in grains over
the nuclei both of fluorescent mononuelear cells
and of s)nc)tia. Thus, mononuelear cells which
react with antimjosin sera do not make DNA, but
are produced from cells which have made DXA
in vitro. Their role in mvogenesis is currently being
studied both in monolayer and clonal culture.
(Supported by Grant Xo. HD-00047 from XIH.)

235
WILLIAM H. TELEER, University of Pennsvl-

vania.
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Trypan blue uptake and post-pinocytotic growth
in the Cecropia moth oocyte.
The validity oE trypan blue uptake as an indi-

cator of pinocytotic yolk formation by insect oocytes
(Ramamurty, Exp. Cell Res., 33, 1964) was con-
firmed in the Cecropia moth. After injection into
the blood, the dye was concentrated in two cell
types, oocytes and pericardial cells, both of which
are known to be pinocytotic. In the oocyte, the
dye was concentrated only in the yolk spheics
being produced in the cortex.

An unexpected finding was that the largest
oocytes incorporating trypan blue were only two-
thirds the volume of mature eggs. This suggested
an extensive terminal phase of oocyte growth not
entailing pinocytosis. The suggestion was con-
firmed by the finding that the amount of blood-
derived yolk proteins in extracts of the largest
trypan blue stained oocytes nearly equaled that
exuactable from mature eggs. While the timing
of the cessation of other components of yolk depo-
sition is not yet certain, present indications are
that the post-pinocytotic volume increase is due
primarily to fluid uptake, while synthesis, along
with pinocytosis, is greatly suppressed.

The cessation of pinocytosis is the first of a series
of steps in converting the oocyte cortex from vitel-
logenic to embryogenic functions. At a later time
basophilic cytoplasm emerges from the yolk mass
to form a ten to twenty micron thick stratum
underlying the remnants o£ the pinocytotic cortex.
This forms the bulk of the "periplasm" that will
ultimately be invaded by cleavage nuclei. (Sup-
ported by Phi Beta Psi Sorority and NSF Grant
GB 4463.)

236
ERWIN GOLDBERT, JOAN M. WHITTEN, and

LAWRENCE I. GILBERT, Northwestern Uni-
versity.

Changes in soluble protein during development of
Sarcophaga bullata foot pads.
Giant cells, two in each foot pad, were discovered

by Whitten (1964) in the developing feet ol
Diptera Cyclorrhapha. These epidermal cells con-
tain polytene chromosomes which clearly show
sequential puffing activity associated with develop-
ment and appear to be ideally suited for studies on
the biochemistry of differentiation. The present
report is concerned with the qualitative analysis
of soluble proteins appearing in these foot pad
cells during the 12 days of development from the
cryptocephalic pupal stage to the day of emergence.

Soluble proteins, extracted by homogenization of
pupal foot pad cells in 0.05 M phosphate buffer
(pH 7.0), were resolved by disc electrophoresis on
polyacrylamide gels. There was a qualitative in-
crease in protein components up to six days of
development followed by a decrease. On day 6,
the most complex protein pattern was observed
with at least 15 protein species detectable. At this
stage the chromosomes show a changing and strik-
ing pattern of puffing activity, and dramatic
changes occur in the ultrastructure of the cells.

The most dramatic molecular change in this
system concerned a single protein component.
This protein, representing 30-40% of the total
soluble protein in the cell, with a relative mobility

on disc gels of 0.4-0.5 (cf. origin to front = 1.0)
was first detectable at 6 hrs of pupal development.
It then increased in amount through day 5 and
abruptly disappeared at about 6>/2 days of de-
velopment. These changes are associated with the
onset of functional activity in this cell type; i.e.,
initiation and continued sequential secretion of
the cuticular layers. The possible physiological
significance of these data will be discussed. (Sup-
ported by grants from NSF and NIH.)

237
ROBERT GILMORE McKINNELL, Newcomb

College of Tulane University.
Renal tumors obtained from pre-breeding Minne-

sota lake frogs.
Spontaneous renal tumors of Rana pipiens are

of considerable interest because of their possible
viral etiology, high incidence, and wide geographic-
distribution. Little is known about the natural
history of tumorous frogs because most laboratories
purchase their animals from commercial dealers.
The investigator is thus deprived of precise knowl-
edge concerning the geographic origin, habitat,
and biological condition of the animal at capture.

Studies made of collected and purchased frogs
over a period of three years suggest a seasonal fluc-
tuation in the incidence of renal tumors. Few
tumors are found in summer populations of frogs
in contrast to the abundance of afflicted animals
during the cold months. Minnesota was selected as
a collecting area because of a renal tumor inci-
dence of about 8.5% reported by McKinnell (Ann.
N. Y. Acad. Sci., 126:85, 1965).

It was the purpose of the present study to
examine renal tumors fixed immediately after frogs
were captured from their natural habitat. Tumor
microscopic anatomy might thus be related to con-
ditions of season, temperature, and other ecological
factors.

Frogs were collected in Minnesota prior to their
departure from the lakes for Spring breeding dur-
ing the first half of April 1966. The collected ani-
mals were autopsied within a few hours of theii
capture. Tumors varied in size and histology.
They were composed of multi-layered epithelium
which formed tubules containing much cellular
detritus. Many nuclei were characterized by
clumped chromatin. The tumors resemble those
obtained from cold-maintained laboratory R.
pipiens. (Supported by Grant E-369 from the
American Cancer Society, Inc.)

243
DAVID W. DUNHAM, K. KORTMULDER, and

J. J. A. VAN IERSEL, University of Leiden.
Agonistic displays in the two spot barb.

Study of agonistic encounters between male Bar-
bus ticto in aquaria shows that both threat and
appeasement displays lower the probability of
the displaying fish being attacked. Reaction to
the displays indicates that this common function
is achieved by different means: threat appears to
inhibit attack by the reactor, whereas appeasement
evokes a "loss of interest" in the displaying ani-
mal. (Supported by USPHS fellowship 5FZMH-
17,487-02.)
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244
BENJAMIN D. SACHS, University of California,

Berkeley.
Sexual-aggressive interactions among pairs of quail

(Coturnix coturnix japonica).

Eight male quail, known to copulate vigorously
and with short latency when presented with re-
ceptive females, were paired in 49 two-minute
encounters in an incomplete round-robin. Both
males generally approached and attempted to grab
each other with their beaks at the back of the
head or neck. Usually within 15 seconds, one of
the pair (B) broke off contact and ran from the
other male (A) for the duration of the test. In
only two of twelve retests was there a reversal of
the original outcome. The results of the 49 en-
counters yielded a straight-line "peck order."

The behavior in these "aggressive" encounters
is very close to that observed at the beginning of
male-female pairings. Indeed, in some of the
male-male pairings the B male actually was
mounted by the A male, who then treaded and
depressed his tail as if mounted on a female; this
behavior occurred only if the B male stopped and
crouched. Apparently the approach-peck-grab be-
havior pattern, which is known to be androgen-
dependent (Beach, F. A., & Inman, N., Proc. Nat.
Acad. Sci., 54:1426, 1965; Selinger, H., & Bermant,
C, Behaviour, In press), can serve both aggressive
and sexual functions, depending on the behavioral
response of the partner. The behavior may be
related to quail's territoriality, mating system and
minimal sexual dimorphism. (Supported by NIMH
Predoctoral Fellowship MH-21,586 and by NIMH
Grant MH-04000 to Frank A. Beach.)

245
JAMES A. LLOYD, Albert Einstein Medical Center,

Philadelphia.
Relationship of social structure to physiological

response in a freely-growing population ot house
mice (Mils miisculus).
A population of house mice (Mus mtisciihis)

was established by placing two sibling females with
a sibling male into a 19 cubic-foot cage. Food,
water and nesting materials were provided ad libi-
tum. The population was censused every two
weeks and daily records of births and deaths were
made. The population was maintained on alter-
nating white and red light with the red light on
between 6 a.m. and 6 p.m. daily. Observations
of the behavior of individually marked mice were
made during 20-minute intervals between 9 a.m.
and 6 p.m. Data recorded included distances
moved, areas where individuals were observed, ag-
giessive encounters and sexual activity. From these
data, individuals were assigned positions in the
social structure. Individuals maintained definite
positions in the social structure, with some of the
individuals' positions changing markedly as popu-
lation density increased. Position in the social
structure was reflected in some instances in physio-
logical parameters such as weights of adrenals and
testes and in the reproductive performances of
indi\ idn.'il females. (Supported by grants HD-
00096 and GM-10530 from the NIR)

246
CHARLES H. SOUTHWICK and LINDA H.

CLARK, Johns Hopkins University.
Aggressive behavior and exploratory activity in

fourteen mouse strains.
Male mice of 14 strains were weaned at 21-23

days of age, isolated individually for 3 weeks, and
placed together in groups of 4 at 42-44 days of
age. All groupings were of the same strain. During
and after one week of grouping, data were obtained
on agonistic, grooming, defecation, and exploratory
behavior, operant activity, social organization, and
physical condition. Data were tested by Duncan's
Multiple Range Analysis. Significant interstrain.dif-
ferences were found in all parameters studied. Group
aggression scores (chases, attacks, and fights/hour)
were: C57Br (82.2), AKR (69.6), CFVV (66.4),
Balb/c (62.7), C57B1/6 (49.7). DBA/1 (47.7),
C57L (41.5), DBA/2 (40.8), RF (40.2), C3H/He
(27.1), SWR (25.9). A/J (14.5), CBA (12.1), and
A/He (11.3). Individual openfield exploratory
scores (6 in. squares/10 min.) were: C57Br (245.0),
RD (237.8), C57L (198.0), C57B1/6 (182.6), CFW
(141.2), AKR (136.8), SWR (122.4), DBA/2 (105.9),
DBA/1 (100.5), C3H/He (94.2), CBA (90.0),
Balb/c (82.5), A/J (47.1), and A/He (17.2). Indi-
vidual spontaneous operant scores (bar presses/
hour after 24 hours of water deprivation) were:
RF (154.2), C57Br (122.4), C57L (116.0), CeH/He
(66.5), CFW (62.2), A/He (56.6), DBA/2 (56.1),
DBA/1 (42.9), AKR (40.6), Balb/c (38.5), C57B1/6
(38.4), A/J (32.6), CBA (26.7), and SWR (17.6).
Aggressivity and activity were not consistently cor-
related throughout all strains, but some strains
stood out in the tests as aggressive and active (e.g.,
C57Br, CFW), whereas others were passive and in-
active (e.g., A/J, CBA). Balb/c's were aggressive
but relatively inactive in exploratory and operant
behavior. RF's were nonaggressive, but very active
in exploratory and operant responses. (Supported
by USPHS Grant HD 00365-03.)"

247
SUSAN L. DONALDSON. W. C. BLACK, and J. L.

ALBRIGHT, Purdue University.
The effects of early feeding and rearing experiences

on dominance, aggressive, and submissive be-
havior in young heifer calves.
Seventeen Holstein and 17 Holstein-Red Danish

Crossbred calves were assigned upon birth to one
of four feeding-rearing conditions: (1) fed sepa-
rately-reared together, (2) fed separately-reared
separately, (3) fed together-reared together or (4)
fed together-reared separately. Three testing situ-
ations were conducted with each calf. In test #1,
three calves of a similar feeding-rearing condition
that had never been together were placed to-
gether; in the #2 phase one calf from each feeding-
rearing group were placed together, and the #3
trial all 34 subjects were placed together. Domi-
nance, aggressiveness, and submissiveness scores
were calculated for each test. An analysis of vari-
ance was computed for each score.

The results revealed that the dominance order
was significantly (P<.05) changed as a function
of feeding, rearing, and test conditions. On test
#1 calves fed together and reared separately were
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most dominant; on tests #2 and #3 those calves
fed separately and reared together were most dom-
inant; on test #3 the calves fed together and
reared together were most dominant.

There was only one significant (P<.05) dif-
ference in aggressiveness—Holsteins fed separately
were more aggressive than Crossbreds fed separately.

Submissiveness changed significantly (P<.05) as
a function of feeding, rearing, and test conditions.
On test #1 calves both fed and reared separately
were least submissive; on tests #2 and #3, those
calves fed separately and reared together were least
submissive.

Dominance and submissive hierarchies were not
complementary. With two exceptions of 12 cases,
position in the dominance hierarchy did not pre-
dict position in the submission hierarchy. (This
research was financed in part from a trust agree-
ment between Purdue University and Normandy
Farm, New Augusta, Indiana.)

248
JEANNE ALTMANN, STUART A. ALTMANN,

and PENELOPE J. BANNISTER. Yerkes Re-
gional Primate Research Center, Atlanta, Ga.

Models of aggression: the bison hierarchy.
Agonistic interactions within groups can be tal-

lied in matrix form, with each individual repre-
sented in the rows as "winner," and in the columns
as "loser." Cell entries give the frequency of the
agonistic encounters among every possible pair of
individuals. Such matrices differ from usual con-
tingency tables in that the main diagonal is unde-
fined, thus entailing the use of special mathematical
techniques for analysis. Underlying assumptions
in such analysis will be made explicit and the
analysis will then be applied to data obtained
during a study of bison in Waterton National
Park, Canada. It will be shown that paired agonis-
tic encounters in these animals cannot be predicted
solely on the basis of their relative aggressiveness
and submissiveness. The bison interacted most fre-
quently with those closest to them in the hierarchy;
the relation between frequency of agonistic inter-
action and proximity in the hierarchy was linear.
(Supported by grants GB 2879, 3903, and 4415 from
the NSF.)

249
BRUCE K. ALEXANDER, ROBERT O. DODS-

WORTH. and HARRY F. HARLOW, Wisconsin
Regional Primate Center.

The effects of peer deprivation on mother-reared
rhesus monkeys.
The hypothesis that social contact with peers

is necessary for normal behavioral development in
the rhesus monkey (see Harlow & Harlow, Sci.
Amer., 1962) was tested. Three groups of mother-
reared rhesus monkeys, differing in the amount of
peer contact which occurred during the first eight
months of life did not differ in most aspects of
social behavior. However some affective differences
were detected. The peer-depiived monkeys engaged
in more aggressive behavior and less affiliative be-
havior than the controls. The hypothesis must be
modified. The more tenable position is that most
aspects of social behavior develop normally in
young monkeys provided either maternal contact

or peer contact. Affective traits are, however,
modified by peer privation.

250
WILLIAM A. MASON and K. MUROFUSHI.

Tulane University.
Interspecific contrasts in temperament: a compari-

son of three species of macaque monkeys.
Previous reports have described differences in

docility or emotional responsiveness among Macaca
mulatto, M. speciosa and M. irus, but conclusions
have been based on nonsystematic observations or
a few measures obtained in a limited number of
situations. The present research employed a vari-
ety of measures and a wide range of situations in
order to achieve a broader base for the characteri-
zation of interspecies contrasts. Thirty adolescent
animals balanced as to sex and species served as
subjects. Measures were obtained on social be-
havior in the living cage, on responses to novel
stimuli, both social and inanimate, and on ad-
justment to new situations. High, but not perfect,
consistency of interspecies differences was obtained
across tests, with M. irus and M. speciosa occupy-
ing extreme positions on most measures. Results
suggest that species differences can best be ac-
counted for in terms of three major descriptive
dimensions—response output, response variability
and temporal change.

251
ARISTIDE H. ESSER and THOMAS L. ETTER,

Rockland State Hospital.
Automated location recording on a psychiatric

ward.
We are developing a relatively simple and in-

expensive device for continuously determining and
recording the spatial location and body orienta-
tion of all persons on our psychiatric research ward
(about 30 patients, staff and visitors). Data pro-
vided by this device will be used in studies of
territoriality and social interaction.

Each person carries a 40 knz oscillator which
periodically "broadcasts" a brief signal through
an induction coil. His location is automatically
computed by an on-line computer from the respec-
tive strengths of his signal as received by several
fixed induction coils. As such a "fix" depends only
on the ratio of several received amplitudes, it is
neither affected by variations in transmitting power
from one patient to another, nor by the ageing
of transmitter components. We find that the low-
frequency induction coils provide a signal path
which is almost completely unaffected by the
presence of large metal objects, other persons, etc.

The various persons transmit in a fixed periodic
sequence; a person is identified by his place in
the cycle. Each person's transmitter is turned on
at its characteristic time by a delay mechanism
triggered by a pulse broadcast at the beginning
of the cycle from a fixed transmitter: the timing
of this pulse is governed by the computer. Thus
the fixed receiving and data handling equipment
handles the various signals in exactly the same
way, except for the assignment of code names
on the basis of cycle position. This makes it eas>
to accommodate changes in the ward population.
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(Supported by General Research Support Grant
FR 05561-03.)

252
J. R. CORTELYOU, D. J. McWHINNIE, and L.

LEHRER, De Paul University.
The effect of temperature on parathormone-influ-

enced phosphorus metabolism in amphibians.
Previous studies (Cortelyou, J. R., and Quipse,

P., Amer. Zool., 6 (3):344) showed that parathor-
mone (PTH) elicits hypophosphatemia in R.
pipiens. However, urine phosphorus (Pi) did not
increase, but showed a tendency to hypophospha-
turia. In this study, it was found that PTH-
mobilized P| accumulated in liver, eye, skin, and
muscle. On a protein basis, liver mitochondria
incorporated twice as much P32 as controls. It is
evident that the hypophosphatemia and tendency
to hypophosphaturia are accompanied by acceler-
ated rates of Pi accumulation in these organelles.
Parallel experiments with cold-acclimated frogs
(6-8°C, 3 days) showed that PTH-treatment caused
a significant hyperphosphaturia; simultaneously,
liVer mitochondria incorporated half the P32 of
those from normal cold-acclimated animals. Thus,
the increased urine P, of cold-stressed, hormone-
influenced frogs is reflected by loss of Pi from
soft-tissue mitochondria.

Normal cold-acclimated frogs differed from those
maintained at 18-22°C by P! conservation by way
of a decrease in renal release and doubled mito-
chondrial incorporation. These changes are associ-
ated with variations in carbohydrate metabolism
during cold stress; muscle and liver glycogen in-
creased significantly. Increased P32 incorporation
may represent an elevation of base triphosphates
(Rossiter, R. J., and Nicholls, D., Rev. Can. Biol.,
16:249), which could contribute via UDP-glucose
to the increased glycogen levels. Since PTH-treat-
ment of cold-acclimated frogs induced hyperphos-
phaturia and decreased intracellular P,, it is clear
that hormone reverses the phosphate-sparing re-
sponse to cold stress. These results may provide
a rationale for the degeneration of amphibian
parathyroid glands in winter, and the apparent
discrepancy between heterotherms and homoio-
therms with respect to PTH-induced changes in
phosphorus distribution. (Supported by Grants
G-13403 and GB-1485 from the NSF.)

253
IRWrN PESETSKY, Albert Einstein College of

Medicine.
Developmental arrest in the central nervous sys-

tem of thyroidectomized Rana pipiens larvae.
Brain development is generally retarded in verte-

brates rendered hypothyroid early in life. In addi-
tion to histological and chemical deficits demon-
strable in adults, gross deficiencies in brain size
are evident, and relative proportions of the organ
tend to resemble those of the newborn. Such
sequelae of the hypothyroid state are frequently
designated as indirect effects on brain. It was
recently suggested (Eayrs, Proc. 2nd Intern'l. Con-
gress Endocrinol., 1965) that in the absence of
thyroid hormone, cranial cavity size fails to keep
pace with brain growth and that consequent in-
creases in intracranial pressure inhibit neural
development.

Current investigations into endocrine influences
on neurogenesis in Rana pipiens include experi-
ments with head-grafts and with tadpoles thyroid-
ectomized in embryonic stages. In grafts which
become hydrocephalic, neural tissues are obviously
compressed. Thyroidless larvae, however, display
no evidence of unusual intracranial pressure, and
their cranial cavities are essentially similar in size
to those of controls (£>.2). Nevertheless, repre-
sentative cross-sections through brains of thyroid-
less animals are consistently smaller in size than
those of controls (p<^.00\). The administration
of thyroxin (333 /*g/l water) permits the brain
to attain normal size. Such recovery occurs in
larvae as old as 7 months and is unlike the situa-
tion in mammals where replacement therapy must
be instituted during temporally restricted "critical"
developmental periods. Observations indicating
that brain growth is directly influenced by thyroid
hormone will be discussed. It is suggested that
hypothyroid retardation of brain development is
attributable to thyroid-hormone-dependence of de-
veloping neural and neuroglial elements. (Sup-
ported by Grant NB 04555 from the USPHS.)

254
DAVID B. KING and JAMES G. SNEDECOR.

Franklin and Marshall College and the Uni-
versity of Massachusetts.

Effect of TSH on the liver glycogen level of the
hypophysectomized chick.
Hypertrophy and enhanced glycogen content are

characteristic of the liver of the chick following
radiothyroidectomy or goitrogen administration.
Evidence is presented that suggests the liver changes
result not from the lack of thyroid hormone alone,
but from the concomitant extrathyroidal effect
of TSH. Three- to four-week-old hypophysecto-
mized cockerels injected with propylthiouracil to
block thyroid hormone formation did not have
enlarged livers although the glycogen values were
intermediate between non-operated controls and
similar controls injected with PTU. The adminis-
tration of 2 USP units of thyrotropin per day for
5 to 7 days to PTU-treated hypophysectomized
chicks resulted in liver parameters similar to the
PTU-injected non-operated controls. If approxi-
mately i/A the normal daily secretion rate of thy-
roxin were administered to PTU-treated hypophy-
sectomized chicks in addition to TSH, liver weight
and glycogen content were normal; thus the TSH
effect on the liver occurred only when thyroid
hormone was very low or absent. Significant comb
growth occurred in TSH-treated hypophysectomized
chicks indicating some contamination of the TSH
with gonadotropin. To investigate the possibility
that endogenous androgen might be involved in the
liver response to TSH, hypophysectomized, cas-
trated cockerels were treated with PTU and TSH.
The liver responses were similar to non-operated
PTU-treated control chicks, which produce very
little androgen. The data support the conclusion
that TSH in the absence of thyroid hormone is
responsible, at least in part, for the liver hyper-
trophy and liver glycogen increase in the h\po-
thyroid chick. (Supported by Grant AM OI2fifi from
the USPHS.)
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255
RICHARD L. SWALLOW and WARREN R.
FLEMING, University of Missouri.

Effect of starvation, ACTH, and glucose injections
on liver glycogen levels of Tilapia mossambica.

The effect of ACTH on liver glycogen, muscle
glycogen, glucose-6-phosphate phosphatase activity,
and liver weight/body weight ratios has been
studied. Well-fed animals, animals starved for a
minimum of 12 days at 33°C, and animals starved
for intermittent periods were used. ACTH did
not affect the liver wgt/body wgt ratios of well-fed
animals or of animals starved for 12 or more days.
Between these two periods, ACTH (0.4 IU/day)
injected fish had significantly higher liver wgt/body
wgt ratios than did their controls. ACTH did not,
however, cause a net synthesis of glycogen for no
changes in glycogen, expressed as per cent of liver
weight, were observed.

Neither ACTH nor starvation affected gIucose-6-
phosphate phosphatase activity.

A marked net synthesis of liver glycogen may
be observed following a single injection of glucose
(15 mg) into a starved control animal. Starved
animals given chronic injections of ACTH showed
little or no net glycogen synthesis after treatment
with glucose. Preliminary experiments using Cu

labelled glucose show that ACTH does not block
the metabolism of glycogen, for C" glucose is
incorporated into liver glycogen rapidly. The rela-
tive rates of glycogen formation and utilization
are being studied.

To date, we have not observed any effect of
ACTH on muscle glycogen. (Supported by NSF
Grant GB 2264 and by a NASA fellowship to the
senior author.)

256
JACK E. YOUNG and WALTER CHAVIN, Wayne

State University.
Histopathology of the islets of Langerhans, adre-

nals, liver and kidney of control and alloxan
diabetic goldfish, Carassius auratus L.
The sequential histopathology of organs related

to carbohydrate regulation were studied in alloxan
diabetic goldfish and compared with control and
normal fish. 240 goldfish (1.5-4 g) maintained
under constant conditions (25°C, 12-hour photo-
period, diet) were untreated, or injected IP with
0.58% saline or alloxan (600 mg/k) and sacrificed
1 minute to 12 days post-injection. Histological
examination of liver glycogen (PAS) and serially
sectioned fish (AF-trichrome-hematoxylin) was
made.

Pancreatic beta cells degranulated maximally 15
minutes post-saline, returning to normal at 2 hours.
Alloxan produced beta cell degranulation (1 min-
ute) followed by hydropic degeneration and ne-
crosis (2-4 hours). Islet recuperation began at 8-12
hours.

Adrenal cortical hypertrophy occurred 1 minute
to 2 hours post-saline. Chromaffin cells were
initially shrunken, then hypertrophied (15 min-
utes) but normal thereafter (30 minutes). Follow-
ing alloxan, cortical cell hypertrophy and vacuo-
lation appeared (1-5 minutes). Shrunken chromaffin
cells (1 minute) preceded hypertrophy (5 min-

utes). Both cell types gradually returned toward
normal.

Maximal liver glycogen depletion occurred 15
minutes post-saline or alloxan. Alloxan produced
degenerative foci (4 hours) and massive liver ne-
crosis (12 hours). Necrotic areas were restricted by
12 days.

Cellular edema of kidney tubules (90 minutes)
led to progressive tubular necrosis (2-12 hours)
only after alloxan. Recuperation beginning at 8
hours continued to 12 days.

Thus, alloxan produces transient beta cell necro-
sis and both accelerates and intensifies the re-
sponses found in control fish. This extra-islet
cytotoxic action of alloxan may affect serum glu-
cose levels. (Supported by Grant AM-04876-05 from
the USPHS.)

257
MELVIN WEISBART and JAMES C. FENWICK,

University of British Columbia, Vancouver.
Effect of pinealectomy on osmotic and ionic regu-

lation in the goldfish, Carassius auratus. (Intro-
duced by W. S. Hoar)
In view of the current controversy concerning

the role of the pineal 'organ' in osmotic and ionic
regulation, a study was made to determine the
effect of pinealectomy on the osmoregulatory ability
of the goldfish. From the literature, it was hypothe-
sized that extirpation of the pineal would result
in the loss of an aldosteronotropic factor or the
removal of a pituitary antagonist, or both, with
the result of a net increase in plasma concentration.
From Pflugfelder's work (Wilkelm Roux' Arch.
Entwicklungsmech. Organ. 146:115-136, 1953) a
change in the concentration of plasma calcium
was also expected.

Pinealectomized, sham operated and unoperated
goldfish were held in brackish water (14%0) for a
period of 23 days at room temperature (20-23°C)
and under normal summer photoperiod (16 hr
light-8 hr darkness). Measurements of Na, Cl, Ca
and total osmotic concentration revealed no sig-
nificant differences among the 3 groups of animals.
However females showed a consistently higher
value of plasma Ca than males (P<\10). No
differences were observed in the hematocrits nor
in the amount of melanization at the end of the
experiment, although there was a suggestion of
greater melanization earlier in the normal and
sham operated animals. (Supported by NRC
grants-in-aid of research to Dr. W. S. Hoar.)

258
DONALD M. MEISMER and WENDELL W.

LEAVITT, University of Cincinnati.
Further studies on the action of steroids and tri-

phenylethylene derivatives on the neonatal rat.
Earlier work had shown that neonatal adminis-

tration of a triphenylethylene derivative, clomi-
phene citrate (MRL-41), altered the pituitary-
gonadal relationship in the female rat (Leavitt and
Kanerva, Am. Zool. 6:345, 1966). A continuation
of these studies has revealed a similarity in the
mechanism of action of estrogen and clomiphene
on the 5-day-old rat.

Female, 5-day-old, CD rats were injected in
groups of 10 or more with clomiphene (100 or
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1000 Mg), MRL-37 (1000 ^g) or estradiol (1000
^g). Controls were given eiiher the vehicle or no
injection. Vaginal smears were taken daily after
introitus, and the animals weie sacrificed at 100
days of age.

A significant reduction in ovarian weight oc-
curred in animals treated with estradiol and both
levels of clomiphene. Ovaries were entirely fol-
licular, estrous cycles were absent and vaginal
smears were predominantly of the proestrous type.
Ovaries were normal in size and appearance in
the MRL-37 group, but vaginal smeais revealed
abnormal estrous cycles in these animals. Uterine
weight was significantly lower aftei clomiphene,
MRL-37 or estradiol.

It is well-known that a peisistent anovulatory
"estrous" condition develops when appropriate
doses of various steroids are given during the neo-
natal period. It is now evident that the non-
steroidal compound, clomiphene, has a similar
activity. Of interest is a close structural analog,
MRL-37, which did not produce the anovulatory
condition but did alter the pituitary ovaiian axis
when injected at day 5. Work is in progress on
clomiphene isomers and other non-steroidal estro-
gens. (Supported by grant HD01568 from the
USPHS.)

259
LARY V. DAVIS, University of Hawaii.
Inhibition of growth in Hydra by methylglyoxal.

Studies by Freedlander and French (Cancer Res.,
18:1286, 1958) have demonstrated that several low-
molecular-weight a-ketoaldehydes possess a marked
carcinostatic activity. More recently, it has been
shown that these compounds inhibit mitotic activ-
ity, and it has been suggested that one (or more)
of these ketoaldehydes may be an important growth
regulator (Szent-Gyorgyi, Science, 149:34, 1965).

The present investigation shows that the a-keto-
aldehyde, methylglyoxal, when added to culture
media at concentrations of 10"3 to 10"* M, will
inhibit both distal regeneration and asexual bud-
ding in Hydra littoralis, H. pirardi, and Chloro-
hydra viridisshnn.

In addition, the presence of methylglyoxal in
the tissues of these organisms was established in-
directly, by manometrically determining the total
glyoxalase activity of tissue extracts in the presence
of added methylglyoxal, according to the methods
of Platt and Schroeder (I. Biol. Chem., 104:281,
1934).

It is suggested that this compound, or perhaps
some derivative of it, also may regulate mitotic
activity and hence contribute to the over-all control
of morphogenesis in hydroid polyps. (Supported
by an institutional grant from the American Cancer
Society.)

260
R. BLANQUET, Duke University and the Uni-

versity of Miami.
Properties of the acontia nematocysts and toxin

of the sea anemone Aiptasia pallida. (Introduced
by H. Lenhoff)

Large quantities of undischarged nematocysts
were rapidly obtained by placing acontia threads
in 1.0 molar sodium citrate. This solution caused

massive extrusion of nematocjsts from the acontia
and the suspended nematocysts were collected by
centrifugation. Using isolated, pure nematocyst
suspensions, it was possible to observe discharge
in response to various stimuli and compare these
results to discharge in situ.

Isloated nematocysts were comparatively insensi-
tive to stimuli which normally caused their dis-
charge when situated in the acontia. This was
true for alcohols such as butanol or isopentatol
solutions of low pH or high potassium ion con-
centration. Discharge in situ could be largely or
completely abolished by pretreatment of the acon-
tia with magnesium chloride. This inhibition was
reversible. Isolated nematocysts placed in sea water
or approximately isosmotic salt solutions showed
little discharge. However, increasing dilution of
these solutions with distilled water caused a pro-
gressive increase in discharge. Divalent cations,
particularly calcium, caused a marked inhibition
of this effect. Calcium was also effective in reduc-
ing discharge due to increasing temperatuie.

The toxicity of the nematocyst contents was
determined by bioassay using the fiddler crab
Uca pugilator. A protein, possessing a paralytic
activity was isolated using electrophoresis and Seph-
adex thin layer chromatography. This protein had
a molecular weight of about 130,000 and was stable
to drying. Activity was destroyed by boiling, or-
ganic solvents such as ether, chloroform or acetone,
and enzymatic digestion by trypsin. Compounds
such as quaternary amines or hydroxy-indoles were
not detected in the toxin. (Supported through a
Physiology Traineeship at Duke University.)

261
ROSEVELT L. PARDY, University of Arizona.
The use of disc acrylamide electrophoresis in the

study of enzymes of sea anemones. (Introduced
by P. E. Pickens)

By the technique of disc electrophoresis ester-
ases and acid phosphatases have been demonstrated
in sea anemone muscles.

Retractor and columnar muscles were lcmoved
from the sea anemones and homogenized in cold
sucrose. Samples of the homogenate were incor-
porated into a polyacrylamide sample gel. The
samples were run for 70 minutes in a linear elec-
trophoresis apparatus at pH 8.3.

Esterases were detected in the sample gels by
the azo dye technique using alpha-napthol ace-
tate as a substrate and fast blue B salt as an
indicator. Acid phosphatases were likewise de-
tected using alpha-napthyl phosphate for the
substrate.

The esterase and acid phosphatase patterns of
two populations of Phyllactis concinnala, a bur-
rowing sea anemone, were compared as were the
patterns of three other species. Preliminary re-
sults indicate that the enzyme patterns elucidated
by disc electrophoresis may be used to distinguish
between different populations of the same species
and may also show relationships between different
species. (Supported by Grant GB-3745.)

262
W1LLARD D. HARTMAX and THOMAS F.

GOREAU, Yale University, New York Zoological
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Society and University of the West Indies, King-
ston, Jamaica.

Ceratoporella, a living sponge with stromatoporoid
affinities.
The rediscovery in Jamaica of Ceratoporella

nicholsonii (Hickson), first described as a coeno-
thecalian octocoral but now shown to be a sponge,
has reopened the question of the relationships of
an enigmatic group of fossils, the stromatoporoids.
Ceratoporella has a skeleton composed of siliceous
spicules, a network of fibrous protein and a solid
basal mass or aragonite intrinsic to the sponge and
enclosing the first two skeletal elements. The living
tissue, supported by siliceous spicules joined by a
network of fibers, forms a veneer, 1 mm thick,
over the surface of the aragonitic mass. Among
the cells present may be recognized choanocytes
arranged in chambers. Water enters the animal by
way of surface pores and leaves by oscules fed by
stellate patterns of raised exhalant channels as in
many encrusting sponges of the class Demospongiae.

The skeleton of Ceratoporella bears a striking
resemblance to that of stromatoporoids. The ex-
halant channels of Ceratoporella sometimes leave
imprints of their form in the calcareous basal skele-
ton; these patterns are reminiscent of the astro-
rhizae of stromatoporoids. Spicules have been de-
scribed in at least two species of Paleozoic stromato-
poroids. The siliceous spicules of Ceratoporella,
after becoming enclosed in aragonite, slowly dis-
solve away in the deeper parts of the matrix. A
comparable process may explain the absence of
spicules from most fossil stromatoporoids. The
microstructure of the calcareous skeleton of Cerato-
porella shows a fasciculated fibrous pattern similar
to that of certain Mesozoic stromatoporoids.

These facts suggest to us that the fossil stromato-
poroids (or at least some species of what may be
a polyphyletic assemblage) constitute a new class
of the phylum Porifera with an ancestry that at
one time in the history of the phylum had com-
mon ties with the class Demospongiae. Cerato-
porella is a surviving representative of this ancient
class. (Aided by ONR contract NR 104-854 and
by NSF grant GB-516 and GB-3542.)

263
DAVID A. EGLOFF, Hopkins Marine Station,

Stanford University.
Gommensalism and parasitism in the Thyca-Linckia

association. (Introduced by D. P. Abbott)
One to five Thyca crystallina Gould (Mollusca:

Gastropoda) were found attached to 14% of the
Linckia laevigata Linnaeus (Echinodermata'
Asteroidea) collected in Fiji. The snails are located
proximately on the ventrolateral side of a sea
star's arm and to the right of the ambulacral
groove when viewed from the sea star's oral side.
The female Thyca is endoparasitic on its host; its
proboscis penetrates into the region of the ambu-
lacral ridge and into the perivisceral coelom in
some specimens. These findings will be discussed
in relation to the possible sources of nutrients in
the ambulacral ridge of the sea star.

The commensal Thyca males are located on the
right dorsal side of the female's head and concealed
beneath her shell. The male's proboscis leads
venfially to the anterior dorsal side of the female's

attachment disc. Although the proboscis is attached
to the anterior margin of the disc, it is open at
the distal end. As a consequence, the male may
remove food from the female's respiratory currents,
which are strong in this region.

The sexual dimorphism and the absence of
males on the smaller females suggests protandric
hermaphroditism. However, the absence of inter-
mediate forms in transition from male to female
and the dissimilarity of the larval shells is evi-
dence that this species is dioecious. (Supported by
Grant G-17465 from the NSF.)

264
C. W. HART, JR. and DABNEY G. HART,

Academy of Natural Sciences of Philadelphia.
New Australian entocytherid ostracods and their

relation to North American species.
A new subfamily of the commensal ostracod

family Entocytheridae has been proposed to in-
clude twenty-four new species, representing six
new genera, found living on some seven crayfish spe-
cies and an isopod in Australia. Details of their
known distribution in Australia, and their relation
to North American species will be discussed. This
study is based on approximately 400 specimens
collected by and made available to us by Dr. E.
F. Riek (C.S.I.R.O.). (Supported by Grant GB-4197
from the NSF to the senior author.)

264a
EDWARD TILLINGHAST, Duke University.
Studies on the transition from ammonotelism to

ureotelism in the earthworm Lumbricus. (Intro-
duced by K. M. Wilbur)
Feeding Lumbricus is ammonotelic but becomes

ureotelic with fasting. The quantity of ammonia
and urea excreted, as well as the time of transi-
tion to ureotelism while fasting was shown to be
strongly dependent upon the temperature and
water volume in which worms were immersed.
A rapid elevation in urea output and decline in
ammonia production while fasting at 23°C led
to a transition to ureotelism in 2 to 3 days. This
transition did not occur until a week or more
at 8"C, nor was the maximal urea output as high
as that at 23°C. Significantly larger quantities of
ammonia were excreted initially by worms in 5.0
ml of water compared to those in 1.0 ml of water,
but the urea output was not affected. Worms com-
pletely immersed in water excreted significantly
less urea than those in 1.0 to 5.0 ml at 23°C.

The posterior halves of bisected worms, feeding
prior to amputation, increased their urea output,
contrary to the existing view that the anterior half
controls the urea output. Nevertheless, a signifi-
cant difference in the ratio of urea to ammonia
excreted was observed, with anterior halves ex-
creting more urea and less ammonia than posterior
halves.

It was demonstrated that while urea is voided
by the nephridia, ammonia is voided via the gut.
The distribution of ammonia in the gut in turn
was shown to account in part for the foregoing
observation that the posterior halves of bisected
worms void larger quantities of this waste than
isolated anterior halves. (Supported by Grant
81-1184 from NIH.)
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265
AARON M. TAUB and WILLIAM A. DUNSOX,

Pennsylvania State University.
A new gland in sea snakes, (Squamata, Reptilia).

A salt secreting gland has not previously been
found in the marine sea snakes (H)diophiidae).
In the course of physiological studies on the sodium
metabolism of Laticauda semifasriata, significant
extrarenal sodium excretion was demonstrated.

After salt-loading, an attempt was made to col-
lect fluid from the nasal vestibule. This was un-
successful. Concentrated salt solutions were col-
lected from the anterior portion of the mouth,
between the mental and rostral scales. Upon dis-
section, a median tubuolo-acinous gland was found
in the inter-palatine groove. The gland lies in
the soft tissues underlying the premaxilla and is
anterior and medial to |acobsons organ. It lies
anterior lo the internal choanae. The gland ap-
pears to empty into the inter-palatine space via
paired ducts. The secretions are then pushed out
of the mouth by the movement of the tongue.

No gland in this region has been previously de-
scribed for any ophidian (Taub, J. Morph. 118:
529-542. 1966). The gland may be a homologue
of the glandnla votneris which Farhenholz (1937,
In Bolk, et al., eds. Handbuch der Vergleichenden
Anatomie der Werbeltiere, Vol. Ill, pp. 147-152)
reports as being absent in snakes. Tn view of the
uncertainty of homology and the apparent demon-
stration of extrarenal salt secretion (Dunson and
Taub, Ainer. Zool., 1966, and in preparation), this
gland is named the natrial gland [natrium Latin,
sodium). Dissections of Pelamis plalurus also re-
vealed a well developed gland in this position.

266
CHARLES A. REED, University of Illinois, Chi-

cago, and WILLIAM SCHAFFER, Yale Uni-
versity.

Evolutionary implications of cranial morphology in
the sheep and goats (Caprini, Simpson 1945).
Within the Tribe Caprini evolution appears to

have taken two major directions: first, there has
been selection for greater climbing ability; and
second, the horns and related parts of the skulls
of the males have become particularly specialized.
The Caprini are thus distinguished from their
more primitive allies by the following characters'
increased massiveness of the horns; hypertrophy
of the frontal bones posterior to the supraorbital
foramina; reduction of the parietals; heightening
of the skull as measured from the plane of the
vertex to the foramen magnum; a sharp down-
bending of the frontals between the bases of the
horn cores; and the bending of the basicranial axis
in several places with resultant ventrad rotation of
the posterior parts o£ the braincase. Additionally,
the air sinuses within the frontal bones and horn
cores are enlarged and complicated by numerous
bony struts.

The structural details in different caprine groups
appear to be correlated with the intensity of the
contests between males, which form an important
part of the rutting behavior. Aside from the ob-
vious enlargement of the weapons employed (the
horns), downbending o£ the braincase prevents

violent rotation of the head and hence of brain
injuries of the whip-lash variety at the lime of
impact. Furthermore, the expanded frontal sinuses,
with their crenulated bony cross-struts, probably
attenuate compression of the brain case and con-
comitant damage to the medulla. Experiments are
planned lo clarify not only the nature of these
adaptations basic to the group, but also that of
the dilferences among the \arious genera, which
are quite consistent and no doubt also of func-
tional significance. (Supported by XSF grant
GE6141 for Undergraduates, to the Depamnent
of Biology, Vale University.)

267
HERBERT I. ROSENBERG, State University of

New York at Buffalo.
Hemipenial anatomy of some amphisbaenids

(Amphisbaenia, Reptilia). (Introduced by Carl
Gans)
The amphisbaenids, a group of specialized

squamates provisionally placed with the Sauria,
generally have cylindrical, bifurcate hemipenes.

In section, the hemipenis is composed of several,
more or less, concentric structures. A peripheral
sinus forms part of the outer wall. Enclosed by
this composite system are the fibers of the retractor
muscle which are arranged around a central
sinus. A third sinus system fills the lips of the
iiilcus spermaticus.

It is interesting to note that South American and
Antillean amphisbaenids have smooth unorna-
mented hemipenes, while the African genus Chinn-
dia has hemipenes covered with minute epidermal
papillae. All sinuses comprising the hydrostatic sys-
tem of the hemipenes are filled with erythroc>tes
and no separate lymph spaces are seen. The com-
plex hemipenis of the African species Chirindia
rondoemis is unique in that only half of it contains
fibers of the retractor muscle.

Analysis of thirteen species indicates four dis-
tinct patterns: 1) Antillean forms exhibit relatively
simple, bilobed hemipenes; 2) South American
forms, classically assigned to different subfamilies,
have bilobed hemipenes with tips that are sub-
divided into distinct lamellae; 3) The specialized
South American genus Anops shows two elongate
processes projecting from the bases of the terminal
lobes of the hemipenes; 4) A fourth, drastically
distinct, pattern is seen in two species of Chirindia.
Here the hemipenes are morphologically complex
being either tri- or quadrifurcate.

Some of the patterns seen in this inadequate
paradigm remind of lizards, some of snakes, sup-
porting the concept of an independent status of
the amphisbaenids, but until more material be-
comes available it is impossible to characteri/.e an
"amphisbaenid" pattern. (Supported by Grant GB-
2460 from the NSF to C. Gans.)

268
KEITH STEWART THOMSON, Yale University.
Mobility of the skull and fins in the coelacanth

(Latimeria chalumnae Smith). (Motion picture)
A specimen of the coelacanth fish that had been

preserved by freezing immediately after capture
(rather than formalin fixation) has provided an
opportunity to study the range of mobility of
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the intracranial mechanism o£ the skull and the
range of possible movements of the fins. Move-
ments produced by manual operation of the various
structures were analyzed through the use of still
and motion picture records. It was ascertained that
the anterior division of the skull could be moved
through an angle of approximately 15 degrees rela-
tive to the posterior division (see also Thomson,
K. S., Science, 153:999, 1966). The pectoral fins
could be rotated through a total of almost 300
degrees (approx. 200 degrees forwards and 100
degrees backwards). The pelvic fins could be
brought up vertically so that the dorsal surface
lay against the flank of the fish and could also
be rotated through 90 degrees in either direction.
The first dorsal fin could not be moved laterally to
any great extent, but the tip of the second dorsal
could be brought forward on either side through
an arc of more than 90 degrees. The anal fin could
be rotated through about 90 degrees. The mobility
of the intracranial joint and the fins provides a
useful insight into the mode of action of homolo-
gous structuies in the rhipidistian crossopterygian
ancestors of the tetrapods. (Supported in part by
Grant 15-4814 from the NSF.)

269
HERBERT R. BARGHUSEN and THOMAS S.

PARSONS, Loyola University and University ol
Toronto.

Variation in the skull of Trionyx.
This report presents the initial results of a

study of intra- and interspecific variation in linear
skull measurements within the turtles of the genus
Trionyx from both a taxonomic and a functional
point of view. The most striking variation is in
the width of the maxillary alveolar surfaces. Al-
though historically this has been used to distinguish
taxa even at the generic level, it is now considered
unreliable because within many species, as defined
by other criteria, this character varies greatly.
Since such variation indicates possible differences
in diet and feeding methods within the species
concerned, we are attempting to rigorously define
the variation and to see it correlations exist with
other skull variables involved in the feeding ap-
paratus. Further, there are differences between
certain species in the relative width of the maxil-
lary alveolar surface which may also be of func-
tional significance. For example, although both
Trionyx cartilagincus and T. ferox sometimes have
greatly expanded alveolar surfaces in large speci-
mens, other T. ferox, including all small specimens,
have narrower surfaces lelative to basicranial length
than those of any T. cartilagineus.

270
WALTER J. BOCK, Columbia University.
Mechanics of one- and two-joint muscles.

The mechanics of one-joint and two-joint verte-
brate muscle-bone systems under static and dy-
namic conditions were analyzed with free-body dia-
grams, using the assumptions that the bones are
rigid elements, that the articulations are ideal,
frictionless, non-energy storing joints, and that no
force is lost ihrough friction at the points of
application.

For both one-joint and two-joint muscles under

all conditions, the muscle force and the articula-
tion force do not constitute a force couple. Earlier
statements in the literature to the contrary appear
to have resulted from an incomplete analysis of all
forces, real and fictitious, acting on the bone.

No simple relationship exists between the direc-
tion of rotation of the central bone and the inter-
sect angle of the force vector of a two-joint muscle
and of the longitudinal axis of the central bone.
The movement of the central bone in a two-joint
muscle-bone system cannot be ascertained by in-
spection of the morphology, but can be determined
only after analyzing all forces acting upon the
distal bone. A two-joint muscle-bone system is
not stable under static conditions; an additional
one-joint muscle between the proximal and cen-
tral bones is required to maintain static conditions.

The misleading notion of "shunt" and "spurt"
muscles is incorrect and should be discarded.

In general, the consequences of a muscle within
a bone-lever system is not inherent to the muscle,
but depends upon all of the forces acting upon
the bones. Free-body diagrams provide a simple,
direct approach to the analysis of vertebrate
muscle-bone systems. (Supported by Grant GB-3802
from NSF.)

271
JAMES M. MOULTON, Bowdoin College.
Further studies on the teleost ear: Mid-water and

demersal fishes.
The inner ear of a variety of teleost fishes has

been studied, the fishes being mid-water and
pelagic ones from the deep Carribean and Gulf of
Mexico and demersal ones from the west coast
of South America. Inner ear morphology lends
itself in several ways to an estimate of behavioral
possibilities, and in addition can be of taxonomic
value in teleost systematics. There is considerably
greater variation than commonly recognized.

272
GEORGE M. HUGHES, University of Biistol,

England and CARL GANS, State University of
New York at Buffalo.

Electromyographic analysis of respiratory move-
ments in Testudo graeca.
Intrapulmonary pressure and the mechanical

movements of the limbs were recorded simultane-
ously with the electrical activity in a variety of
muscles of unrestrained Greek tortoises. The rec-
ords show Lhat all phases of ventilation are active
in this genus, even though it lacks the M. dia-
pliragmaticus. It is powered both by the "respira-
tory" abdominal muscles that attach to the con-
nective tissues closing olf the posterior apertures
of the shell and by muscles that rotate the pec-
toral girdle in and out of the anterior aperture.

The shell of Testudo is domed and rigid. It
lacks hinges. The lungs lie within the carapace
above the other viscera. The M. transversus ab-
dominus and M. pectoralis act to reduce the vol-
ume available for the viscera; their contraction
raises the pulmonary pressure and induces expira-
tion when the glottis is open. The M. obliquus
abdomints and M. serratus major (— M. testo-
coracoideus) respectively act as direct antagonists
to these (as indicated by reciprocal inhibition).
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Tortoise respiration consists of periods of apnea
of varying lengths (observed range 4 sec to 23
min) interrupted by biphasic (expiration-inspira-
tion) ventilating cycles. The pressure records of
the cycles are triphasic (pressure rise, pressure fall
to below atmospheric, recompression), but records
taken from the muscles that open and close the
glottis indicate that the terminal recompression is
not a flow event since the glottis closes before the
pressure rise.

Differential pressure recordings (front to rear of
one lung) gave no evidence for recirculation. The
pulmonary pressure also provides an excellent re-
flection of the cardiac pulse. (Supported bv NSF
CB2460 and N.E.R.C. grant for equipment.)

273
DOUGLAS B. WEBSTER, New York University.
Morphology of the vibrissae of the kangaroo rat.

T h e most prominent tactile sense organs of
Dipodoinys merriami are the facial vibrissae. These
large hairs on the upper lip attain a length of six
cm and number between 14 and 18 on each side.
There is a continuous gradation in size between
large vibrissae and normal pelage hairs on the
upper lip. As with pelage hairs there are some-
times two vibrissae sharing a single follicle.

The vibrissae roots are characterized not only by
their large size but also by large superior and
inferior venous sinuses within the hypertrophied
dermal sheath. These sinuses are separated by a
prominent ring of connective tissue, the ringwulst.
Arterial supply to these sinuses is from the infra-
orbital and external maxillary arteries with drain-
age from the corresponding veins.

The external and internal root sheaths contain
the same concentric layers of cells found in most
mammalian hair. Each follicle is innervated by a
substantial branch of the infraorbital nerve. Upon
piercing the outer part of the dermal sheath the
nerve bifurcates and courses up opposite sides of
the hair root. During its course it travels through
the connective tissue trabeculae of the inferior
venous sinus just outside the glassy layer of the
outer root sheath. Individual fibers leave the nerve,
pierce the glassy layer and terminate among exter-
nal root sheath cells. Some fibers continue past
the ringwulst and form a group of fibers that
encircle the hair between the ringwulst and the
sebaceous elands. (Supported by grant #NB 05800
from NINDB.)

284
DF.NZEL E. FERGUSON. HOBART F. I.A.V-

DRETH. and JAMES P. MCKEOWN, Mississippi
State University.

Sun compass orientation of the northern cricket
frog, Acris crepilans.
Acris crepilans uses celestial cues to maintain

a compass course (Y-axis) that is perpendicular
to the home shore. To successfully use this mecha-
nism the frog must possess information concern-
ing a familiar shore position, a view of a useful
celestial cue, and a clocking mechanism phased
to local time.

Cricket froirs kept in extended darkness are
dephased to local time and do not score on a
Y-axis measured from the home shore. If a light

cue is presented in phase with the local sunrise
and sunset, after such a period in darkness, the
animals again orient to the original Y-axis. The
association of time can be rephased by daily fluctu-
ations of temperature and/or humidity, by a
rhythmic daily exposure to 10 minutes of light,
or by a 12-hr photoperiod from a reduced, indirect
light source. A light-dark regime 6 h r out of
phase with local time produces a predictable 90°
shift in directional responses.

The time required to evolve the degree of
adaptive refinement exhibited by Acris crepilans
and the increasing probability that the Y-axis
phenomenon is common to most anurans, suggests
a basic mechanism rather than a specialization
derived by recent taxa.

285
LESTER TALKINGTON, University of Wisconsin,

and LOUIS GRAUE, Bowling Green State
Univeisity.

Helicopter observation of pigeon homing.
Experiments indicate that the small helicopter

is both suitable and efficient for the observation
of pigeon navigating behavior. Maps of homing
flight paths will be shown and the techniques for
obtaining them described. Some general observa-
tions on the navigating behavior of the birds will
be given. (Supported by grant GB5239 from the
NSF.)

286
LOUIS GRAUE, Bowling Green State University,

and LESTER TALKINGTON, University of
Wisconsin.

Initial orientation and homing paths.
What is the relationship between the vanishing

direction of homing pigeons, observed from ground
at release point, and the actual flight paths home,
observed from aircraft? Examples will be given.
(Supported by Grant 4331 from the ONR and
Grant GB5239 from the NSF.)

287
KENNETH S. RAWSON, Swarthmore College.
Goal directed orientation in the homing behavior

of mice (Genus Peromyscus).

Deermice (Peromyscus maniculahis rufimts) were
released at distances up to 3000 feet from borders
of their known home ranges. Individual mice were
released several times so that new pathways were
traversed in returning to their home ranges. 650
homing releases were made. Selection for homing
performance occurred with 66°£ returning from the
first release and 82% and 84% from the second
and third releases. Contrary to expectations for
random search homing, the percentage of successful
returns did not decrease with distance of the re-
lease point. Mice released in the center of a
uniform array of traps and caught en route showed
a statistically significant homeward orientation (1%,
level by Rayleigh test for uniform distribution)
with 78% of the captures in the homeward semi-
circle. Records of rapid homing and subsequent
exploration support trie conclusion that these mice
exhibit goal directed orientation. (Supported by
grants RG-18106 and GB-2635 from the NSF.)
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288
JACK P. HAILMAN, Department of Zoology,

University of Maryland.
Four color preferences of the Laughing Gull (Larus

atricilia)

The way in which the visual system encodes
chromatic information may be studied not only
by physiological means and by behavioral com-
parisons among species, but also by comparisons
among several different color preferences in the
same species. The newly-hatched gull chick pecks
most frequently at red and blue stimulus objects.
When the stimulus object is achromatic, it receives
highest pecking rates against green and yellow
backgrounds, such that chromatic preferences for
stimulus and background are spectral mirror-
images of one another.

The adult gull during the nesting season re-
moves from its nest objects such as egg shells.
Utilizing metal models painted the same colors as
the pecking stimuli, it was found that the red
response mode occurred at higher frequencies
(shorter wavelengths) than the pecking preference.
Using colored wooden egg models set at the edge
of the nest, it was found that guils roll models into
the nest according to a color preference shifted still
further to higher frequencies.

The spectral preference curves resulting from
these studies resemble somewhat the family of spec-
tral response curves recorded by others from single
units in the monkey's visual system. (Supported
by a USPHS postdoctoral fellowship.)

289
A. H. SCHULMAN and E. B. HALE, Pennsylvania

State University.
Characteristics of visual stimuli for initial approach

response in neonatal chicks.
This study evaluated two theories proposed to

account for the stimulus conditions resulting in
initial approach in precocial neonates: (1) the
stimulus intensity theory, proposed by Schneirla
(Nebr. Symp., 1959) and interpreted by Moltz
(1'sychol. Rev., 70, 1963) to mean that retreating,
rather than approaching, objects yield approach
and following behavior and (2) the stimulus con-
spicuousness theory (Bateson, Biol. Rev., 41, 1966;
Matthews & Hemmings, Nature, 198, 1963), which
maintains that the effectiveness of the initial ap-
proach stimulus is correlated with its ability to
channel visual attention.

Newly-hatched chicks, kept in dark isolation prior
to testing, responded to a red sitmulus disc in
an open field. The following results were obtained:
(1) initially, newly-hatched chicks moved toward
approaching objects rather than followed retreat-
ing ones; (2) the effectiveness of an approaching
stimulus was positively correlated with its size; (3)
newly-hatched chicks approached an oscillating
stimulus significantly more often than the same
stimulus when stationary; and (4) size and distance
modified the effectiveness of an oscillating stimu-
lus. Large oscillating objects were more effective
than small ones, and small oscillating objects be-
came more effective at close distances.

The results tend to disprove the assumptions
derived from the stimulus intensity theory and
lend support to the stimulus conspicuousness

theory as it applies to moving objects. Attempts
to increase the conspicuousness of stationary ob-
jects failed to increase stimulus effectiveness. It
was concluded that stimulus motion is the most
consistent determinant of stimulus effectiveness and
may mask the effects of other qualitative stimulus
dimensions.

290
PHILIP H. CRAY, ALLEN T. YATES, GEORGE

T. DAVIS, and CHARLES J. MODE, Montana
State University, Bozeman.

Some aspects of the genetics of imprinting.
A hierarchical experimental design was used to

test for genetic aspects of imprinting in the domes-
tic chick. Eight sires were mated to four dams
each. Four full-sibs were used from each mating,
of which two were given a 20-minute exposure
session (E) on the first day of life (1) to a moving
green box (GB) and (2) to a moving red cylinder
(RC). Discrimination tests (T) between strange
and familiar models occurred within 24 hours
after the imprinting, or exposure session. This de-
sign was repeated on another set of chicks on the
fifth day of life (5). Behavior was measured in
terms of number of minutes spent within a certain
distance of a model minus minutes spent within
a certain distance of an empty but corresponding
area (E), or minutes within a certain distance of
the familiar model minus minutes within an equal
distance of the strange model (T).

Using the above symbols, a hierarchical ANOVA
yielded significances for Sires ERC1, TGB1, and
ERC5, and for Dams within Sires ERC1, TRC5,
and TGB5. A complete mixed model ANOVA for
exposure to a single model (E) showed that sires,
dams within sires, models, and days were all sig-
nificant. The same analysis of variance for dis-
crimination of familiar from strange model (T)
indicated that sires, dams within sires, models and
both interactions dealing with days were significant.
Estimates of genetic variance components, and
factor analysis of the 32 matings, further the con-
clusion that imprinting is differentially inherited.
(Supported by NIMH Grant HD00877.)

291
H. B. GRAVES and P. B. SIEGEL, Virginia Poly-

technic Institute.
Quantitative inheritance of the approach response

of chicks.
Response and approach tendencies toward a

distant audio-visual imprinting apparatus were
compared in several closely related lines of chick-
ens from the American class. At 24 ± 1 hours post-
hatching there were significant differences among
lines for times to respond and for time to approach.
The mean of reciprocal crosses of lines differing
in their responsiveness toward the stimulus was
intermediate to the means of contemporary pro-
geny from the parental lines. Bidirectional selec-
tion for time to respond toward the stimulus has
been practiced for three generations. A realized
heritability of .18 ± .03 was obtained for the
divergence of the selected lines demonstrating a
significant amount of additive genetic variation for
this trait.
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292
P. B. S1EGEL and F. C. WILEY, Virginia Poly-

technic Institute.
Behavior of game chickens to 24 weeks of age.

The development of a social hierarchy and sub-
sequent development of social inertia within sexes
is typical of flocks of immature game chickens and
adult females. In flocks of adult males, however,
the peck-order suddenly disintegrates because of
an apparent loss of submissiveness. Such agonistic
behavior appears to have been developed through
artificial selection and makes game cocks desirable
for studies of aggression. This report involves the
ontogeny of behavior in male and female flocks
prior to the age when submissiveness disappears
in the former. Data were obtained for stretching,
running, frolicking, sparring, threat-avoidances,
peck-avoidances, and fighting. Although these pat-
terns appeared in the same sequence observed in
other breeds of domestic chickens, their appearance
and frequency varied in time. For example peck-
rights in flocks of game chickens were established
about two weeks earlier than in flocks composed
of other breeds of domestic fowl.

293
HENRY C. BROWNING and M. PERLEY, The

University of Texas, Dental Branch.
Effect of single prenatal dosage of androgen on

female mice.
CBA mice received 10 mg of testosterone pro-

pionate on the 17th, 18th, or 19th days of gestation.
Offspring were transferred to untreated mothers
at birth (17, 18, or 19 day treated). Offspring of
the latter were fostered by treated mothers (17,
18, or 19 day, untreated). Some other untreated
untransferred offspring received 2.5 mg of andro-
gen when 5 days old (injected): others did not
(controls). All female offspring were ovariectomized
at puberty and received subcutaneous ovarian iso-
grafts. Vaginal smears were followed through the
5th month of life.

Controls and approximately half of the 18 and
19 day treated and of 17 and 19 day untreated
showed vaginal cyclicity and grafts with vesicular
and luteinized follicles. (No 18 day untreated mice
survived.) The injected mice and the other 18
and 19 day treated and 17 and 19 day untreated
showed continuous metestrus and grafts with vesic-
ular follicles only. On the other hand, 17 day
treated mice had distended upper, and absent lower,
vaginas; half of their grafts had vesicular, and half
vesicular and luteinized follicles.

Apparently, hypothalamic-pituitary cyclicity is
being established on the 17th day of fetal life
and. as in the newborn, is labile to androgen. (Sup-
ported by USPHS Research Grant CA-02880.)

294
R. H. NAQVI and M. X. ZARROW, Purdue

University.
Induction of sexual precocit) in the female rat

with testosterone propionate.
The current investigation is concerned wilh the

action of testosterone propionate fT.l'.) on the
development of precocioHis puberty in the female
rat. Vaginal opening and 1st estrus occurred on

days 42 and 45 respectively in the control rats
whereas treatment with 1.25 mg T.P. on day 21
of age caused premature vaginal opening (day 27)
and no effect on time of onset of 1st estrus (day
45). Treatment with 0.1 mg T.P. on day 21 or
day 28 as a single injection was without effect.
Treatment with 0.1 mg T.P. on days 21 and 23
caused both precocious vaginal opening (day 34)
and precocious 1st estrus (day 37). However, if
daily treatment with 0.1 mg T.P. was carried out
day 21 through day 30, precocious vaginal opening
was obtained (day 28) but the 1st estrus appeared
somewhat delayed (day 51).

The possibility of the action of T.P. being medi-
ated by the ovary was explored in two separate ex-
periments. In the 1st experiment premature vagi-
nal opening (day 33) was obtained following treat-
ment of ovariectomized rats with 0.1 mg T.P. on
days 21 and 23. In a 2nd experiment, 0.01 mg
T.P. was injected into the perivaginal region on
days 21 and 23. Premature vaginal opening (day
30) was obtained but the time for the 1st estrus
(day 42) was not greatly affected. Perivaginal treat-
ment with 0.01 mg T.P. on day 21 only was with-
out effect. It would appear that the peripheral
action of testosterone is independent of the ovary.
(Aided in part by a grant, HD-02068, from the
NIH.)

295
NANCY B. CLARK, University of Connecticut.
Influence of endogenous or administered estrogens

upon serum calcium, phosphate and protein con-
centrations of fresh-water turtles.
Single doses of estradiol benzoate as low as 20

iug induced significantly higher concentrations of
total calcium, inorganic phosphate and total pro-
tein in serum of both sexes of fresh-water turtles
Pseudemys scripta and Chrysemys picta. At this
low dose, statistically significant hypercalcemia oc-
curred by 2 weeks post-injection, hyperproteinemia
3 weeks post-injection and hyperphosphatemia by
6 weeks post-injection. When higher doses of estro-
gen were administered (100-750 _«g) the latent
periods were shorter: 1 week for significant hyper-
calcemia and 3 weeks for hyperphosphatemia.
These higher levels generally persisted at least 8
weeks after the time of injection. Protein levels
were tested only in response to a 20 fig hormone
dose and its effect lasted only 3-4 weeks.

A study of these fractions of calcium, phosphate
and protein in serum of C. picta picta caught in
local Connecticut ponds from early April until mid-
July (sampled within a day of capture) revealed
that hvpercalcemia occurred in normal females
from about mid-May until mid-June, hyperphos-
phatemia occurred from approximately mid-May
until early June and hyperproteinemia from about
mid-May until early July. The levels to which
these substances rose in normal females during this
period of yolk production and egg-laying (A. Carr,
Handbook of Turtles, Cornell University Press,
1952), presumably in response to endogenous estro-
gens, were greater than those induced by a 20 ^g
dose of estradiol ben/oate. The concentrations of
these substances in serum of normal males gen-
eially remained low at this time of the year.
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296
R. A. MEYER, JR. and H. J. BRINKLEY, Uni-

versity of Maryland.
Reduced serum calcium during proestrus in the

mouse.
In all classes of vertebrates, excluding mammals,

an elevated serum calcium is associated with re-
productive activity and/or estrogen administration.
In cattle the serum calcium is slightly elevated at
estrus; whereas, in rats there is no fluctuation dur-
ing the estrous cycle. In male mice injections of
large quantities of estrogen cause endosteal bone
proliferation and a reduced serum calcium. It was
of interest to deteimine whether the fluctuation
of estrogen during the estrous cycle would affect
the serum calcium of mice.

Albino mice (MBR/ICR: 16 and 22 weeks
old at sacrifice) were given Rockland Mouse/Rat
Diet and water ad lib. Stages of the estrous cycle
were determined each evening for at least three
weeks by the vaginal smear technique (lavage).
The two groups were decapitated (unanesthetized)
on different evenings after a ten-hour fast. The
entire blood drainage from the trunk was collected
and the serum samples were stored in flame sealed
ampules at —25°C. The calcium analyses were per-
formed by the Kingsley and Robnett technique.
For statistical comparisons, the Mann-Whitney
(rank sum or U) test was used throughout. Since
significant differences were not observed between
the age groups, the results from the two groups
were combined.

Although not significantly different from those
showing estrus smears (x = 5.62 miV; n = 7), the
serum calcium of those showing proestrus smears
on the evening of sacrifice (x =r 5.57 miV; n = 11)
was significantly lower than those showing metes-
trus smears (JC = 5.89 miV; n = 17; p<-01) or
diestrus smears (x = 5.91 miV; n — 12; p<\05).

297
F. HUNTER, L. C. KREY, and G. ROBBIN,

Brown University.
Glucose-6-phosphate dehydrogenase (G6PD) in

constant estrus rats.
G6PD provides reduced NADP, which is essen-

tial in several steroid reactions, including A-ring
reduction. Changes in the concentration of this
enzyme may, therefore, play a role in gonadal
feedback mechanisms. G6PD concentrations were
measured in liver, kidney and neural tissues from
CFE rats. Liver G6PD concentrations vary signifi-
cantly with the stage of the estrous cycle. The
highest concentrations of liver enzyme are found
in proestrus and metestrus.

To determine the effect of altered hormonal
status on this enzyme, G6PD concentrations were
measured in Constant estrus animals. Constant
estrus was induced by electric coagulation in the
preoptic area of the hypothalamus. In constant
estrus animals, liver G6PD concentrations sta-
bilize at relatively low levels. These enzyme levels
approximate those found in the livers of non-
lesioned animals in estrus. However, the charac-
teristic cyclic changes of liver G6PD concentrations
are not evident in constant estrus animals. Kidney
and hypothalamic G6PD also respond to the induc-

tion of constant estrus. Increased concentrations ol
G6PD are observed in these tissues, and the con-
centrations exceed those seen in any stage of the
estrous cycle. Comparable changes in G6PD con-
centrations are not found in sham operated
animals.

It appears that the hormonal status of the female
rat does affect tissue G6PD concentrations. Fur-
thermore, it appears that the response depends
upon the tissue examined. (Supported by ACS
Institutional Research Grant IN-45F.)

298
NATHAN LAVENDA and GINO DI VIRGILIO,

North Adams State College, Massachusetts.
Microbial interactions in the estrous cycle of the

guinea pig.
It has recently been reported by Di Virgilio and

Lavenda (Am. J. Obst. & Gynec, 93:491, 1965)
that in the normal human vagina the relative
concentrations of the microbial elements (bacteria
and viruses) are altered in the chronic inflammatory
states of unknown etiology, pre-cancerous states
and incipient carcinoma. Microbial interrelation-
ships have also been studied in ten cases of pri-
mary human syphilis (Di Virgilio and Lavenda,
submitted for publication). In the present study
35 guinea pigs were used (a total of 80 estrous
cycles) to determine the feasibility of experimenting
with this species to investigate gynecological prob-
lems of current interest, e.g., the effects of anti-
biotics and oral contraceptives in altering the mi-
crobial concentrations of the vagina. Using aseptic
procedures, daily smears were prepared consisting
o£ the following stains: Papanicolaou, Gram and
an original cytovirological technique for the identi-
fication of viral elementary bodies. The observa-
tions with respect to the microbial interrelation-
ships occuring in the vagina in the normal estrous
cycle will be presented. The implications derived
from these data with regard to evaluating the long-
range effects of antibiotics and oral contraceptives
on the female reproductive tract will be discussed.

299
G. C. KENT, JR., D. R. DICKERSON, and G. W.

TATE, JR., Louisiana State University.
Luteolysis and the pseudopregnant uterus in the

golden hamster.
Complete hysterectomy at any time prior to

about noon of Day 8 of pseudopregnancy results
in prolonged hyperemia of the corpora lutea and
delay in ovulation until aproximately the term of
normal pregnancy. Total uterine resection followed
by immediate rejunction in situ of the pseudo-
pregnant uterus on Day 1 of pseudopregnancy had
the same effect. However, complete resection and
immediate rejunction at the end of Day 4. or on
Days 5, 6, 7, or on the morning of Day 8 resulted
in luteolysis earlier than in hysterectomized con-
trols. Circulation had been reestablished by the
18th hour after resection and rejunction. It is
assumed that uterine innervation had not been
reestablished by the time luteolysis occurred. It is
tentatively concluded that, in order for the pseudo-
pregnant hamster uterus to participate in evoking
the luteolysis essential for terminating pseudopreg-
nancy at the normal time (Day 9), uterine innerva-
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tion must be intact during some specific interval
prior to the end of Day 4, and uterine vascular
connections must be present, except for short inter-
ruptions, throughout the entire period encompass-
ing Days 5, 6, 7, and the morning of Day 8 o£
pseudopregnnacy. (Supported in part by Grant
GY-767 from the NSF.)

300
BARRY R. KOMISARUK, PETER G. McDOX-

ALD, and CHARLES H. SAWYER, University
of California, Los Angeles.

Non-specific effects of progesterone and sensory
stimuli on brain activity.
The effects of intravenous injections of pro-

gesterone (100-200 fig) and sensory stimuli such
as vaginal probing, pain, and cold on neural activ-
ity in the hypothalamus, cortex, and thalamus were
investigated in urethane-anesthetized rats. Changes
in neural activity were assessed by simultaneously
recording cortical EEG, single-unit firing and inte-
grated multiple-unit activity in these brain regions.
Changes in single- and multi-unit activity from
regions studied in cortex and thalamus were closely
synchronized with alterations in cortical EEG, while
hypothalamic activity was relatively independent of
the cortical EEG. Intravenous progesterone quickly
induced a sleep-like EEG which lasted about 20
minutes, and single- and multi-unit activity
changed to the patterns which they characteristi-
cally showed in deep spontaneous sleep. During
this period all types of sensory stimuli were par-
tially or completely blocked in their arousing effect
throughout the brain. Progesterone is thus con-
sidered a non-specific anesthetic in its effect on
altering neural activity in this preparation. (Sup-
ported by grants from NIH and the Ford Founda-

301
WILLIAM B. LANGAN and THOMAS V.

GETCHELL, Villanova University.
Effects of steroids on oxygen consumption of Rana

pipiens ovarian follicles during ovulation.
Although in vitro ovulation is readily induced

with homoplastic pituitary preparations and sev-
eral steroids, observations indicate differences in
response. Pituitary induced ovulation has been
shown to be oxygen dependent (P. Rontlell and
P. Wright, Science 125:644-45). A significant dif-
ference in oxygen consumption between pituitary
and steroid induced ovulation would support the
hypothesis of different underlying mechanisms.

Rana pipieris (40-60 grams) were obtained dur-
ing February from Vermont. Ovarian fragments
consisting of 20 follicles were excised, placed in the
outer well of the Bronwill Warburg apparatus
with the appropriate test solution, shaken at 80
cycles per minute while maintaining a temperature
of 22°C. Test solutions were: homoplastic anterior
pituitary homogenate, progesterone, deoxycorticos-
terone acetate, estradiol benzoate and controls-
Ringers solution. All test systems were closed for
the duration of the experiments, up to 24 hours.
Average microliters of oxygen per hour were de-
termined for each substance, along with standard
deviation, standard error of the mean, coefficient
of variability and the 95% confidence interval.

Grafts prepared showed linear correlations with oxy-
gen consumption and straight lines were fitted
using the least square method, checking goodness
of fit by chi square.

The final plots showed no significant difference
between controls and estradiol and no ovulation
was observed. The anterior pituitary preparation
induced 25% ovulation and the greatest increase
in oxygen consumption. Both deoxycorticosterone
and progesterone induced 50-56% ovulation and
showed oxygen consumptions intermediate to the
pituitary and control experiments. A t-test indi-
cates a closer affiliation with the controls.

302
W. ST. AMAND, University of Mississippi.
Radiation-induced changes in Ehrlich ascites tumor

cell populations.
Following in vivo X-irradiation of Ehrlich ascites

tumor cell populations there is an increase in
average cell size. For doses of 250 to 7500 r the
increase is linearly related to time for 24-36 hours
after treatment. Larger doses result in greater
inceases, but the dose-effect curve is not linear.
Ten cell size classes, comprising three series, have
been followed, and each shows a characteristic
pattern of change after treatment. Maximum
effects occur at different times for the various size
classes. The radiosensitivity differences are not
ascribable to differences in original cell surface
areas or cell volumes. (Aided by Grant No. IN-60E
from the American Cancer Society.)

303
GLENN GENTRY, Donelson, Tennessee.
Twenty-five years of collecting amphibian eggs and

adults for research.
In 1939, 500 Ambystoma eggs were supplied to

Washington University, St. Louis, beginning a
service of supplying amphibians and embryos for
research which has continued to date. The advent
of commercial airlines made it possible for eggs
to be delivered within 20-36 hours, and the use
of plastic bags sealed in heavy cardboard boxes
maintained temperatures around 40 degrees Fahren-
heit, thus greatly increasing the availability of
early-stage eggs.

The increase in demand for amphibian material
necessitated the location of many ponds and the
study of the factors that stimulated egg laying. It
was found that fluctuations in temperature, rain-
fall, and altitude in Tennessee extended the egg
laying period, which usually occurs when the tem-
perature rises above 50 degrees for about two days
with about one-half inch of rainfall. Dry and
cold periods interrupt migrations to the ponds.

The Ambystoma opacutn egg laying period is
short, beginning the last week in September and
ending in mid-October. Ambystoma tigrinum be-
gins laying about December 1 and continues to
mid-February. Ambystoma texanum eggs also occur
during this period. Ambystoma maculatum usually
lays during February and March.

Newts are usually available year round but may
become scarce in an extended drought. They usu-
ally occur in large numbers evidently because they
have few predators. Red efts and adults begin to
migrate to the ponds in early fall. One observed
migration was estimated at 5000.
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304
DAVID T. RAY and CHOI'I'ALA D. JOHNSON,

Howard University.
Oogenesis of Mormoniella vitripennis.

Architectural and cytochemical descriptions of
the gonial follicles of the ovaries in Mormoniella
compare very favorably with those in Drosophila as
described by R. C. King and his colleagues; the
egg tubes, however, are longer and taper more
gradually revealing movements of nurse cells, fol-
licle cells and developing oocyles. The ovaries of
Mormoniella consist of 2 clusters of four parallel
tapering egg tubes, each of which is differentiated
into an anterior germarium followed by a series
of successively more developmentally advanced egg
chambers. Each egg chamber contains 16 cytoblasts
produced by four divisions of a single oogonium.
The most posterior cell of the 16 differentiates into
the oocyte; the next four or five cells migrate
around the oocyte and divide several times to form
the enveloping follicle cells. The remaining cells
serve as nurse cells which nourish the developing
egg. Intercommunication among the nurse cells is
conducted by a system of canals. During the first
stages all 16 cells grow at identical rates after
which vitellogenesis occurs. The oocyte now grows
much faster than previously at the expense of the
nurse cells which shrink and degenerate. Mutations
resulting in sterility and semisterility assume vari-
ous structural and physiological variations. In some
egg chambers tumorous cells fail to nourish the
oocyte. Individual tumorous egg chambers have
been observed in eye-color mutants not considered
sterile indicating a type of deleterious effect prob-
ably associated with the mutant eye pigment. In
other sterile types the chorion of the egg fails to
develop. Normal contour is maintained until the
rupture of the follicle envelopment. A third type
of mutant reveals the abortion of development in
the germarium. (Supported by grant GM 12193
from the USPHS.)

305
SARA H. FRYE, Irvine, Kentucky.
Cytogenetic analysis ol an X-ray induced, double-

marker mutant in Drosophila melanogaster.

Young P1-males (Y/y+ ac+ In49 BM1) were ex-
posed to 2000 r (delivered at 400 r/min, 210 kvp,
15 ma) then mated to virgin-females containing
attached-X-chromosomes. One mutant Fj male,
phenotypically yellow (y) and achaete (ac) was
recovered from an irradiated series. Genetic analy-
sis of the exceptional male consisted of tests (among
others) for fertility and transmissibility, allelism,
X-Ys exchanges, response to st̂ .Y and/ or scute-
191 insertion, and X-ray induced reverse pheno-
types. The deduced genotype was Y/y ac In49 BM1.

A cytological examination was made by E. S.
Gersh. The tip of the y ac In49 BM1 chromosome

is extended beyond that of the Oregon-R normal
X-chromosome and the banding distal to 1A5.6 is
very unclear. Band 1A4 may be missing. Part of
band 1A5.6 may also be missing, as this band often
appears thinner in the Oregon-R normal X-chromo-
some. A photograph of the double-marker mu-
tant's salivary gland chromosomes will circulate

during the presentation of the paper, and piedic-
tions concerning the implications of this double-
marker mutant for radiation genetics will be risked.
Experiments in X-ray and spontaneous mutagene-
sis, functional and recombinational analysis of the
X-chromosomal genetic regions responsible for the
two mutant phenotypes, yellow (body color,
bristles, wings) and achaete (absent posterior dorso-
central thoracic bristles) indicate that they can
mutate independently, are of two different func-
tional cistrons, and are very closely linked yet
structurally unrelated.

A continuing multiple perspective analysis of this
doiihle-niarkei" mutant would require a determina-
tion of DXA content as compared to DN'A content
in normal X-chromosomes perhaps by the method
employed by D. Wolstenholme (Genetics 53: 357-
360, 1966), and a cytological analysis of the y ac

In<19 BM1 chromosome via electron microscopy.
(Supported by USPHS and the estate of the
author's deceased father.)

306
F. G. BIDDLE and M. L. PETRAS, University of

Windsor, Ontario.
The inheritance of an erythrocytic esterase in

Mus musculus.
A variant erythrocytic esterase has been detected

in feral populations of the house mouse, Mus
musculus, using a modification of the starch gel
electrophoretic technique described by Pelzer
(Genetics, 52:819, 1965) and a-naphthyl acetate as
substrate. Sixty-three animals from several natural
populations in the Windsor, Ontario, area all
exhibit this band of esterase activity, whereas three
inbred strains, C57B1/10, C3H and CBA/J, do
not. An examination of 298 offspring from all pos-
sible ma tings involving wild and C57BI/10 mice
has revealed that the inheritance of this zone of
esterase activity is consistent wtih a two-allele,
single autosomal locus hypothesis. The presence
of the band is controlled by what appears to be
a completely dominant allele and the absence by
the recessive allele. This esterase locus, which has
been tentatively designated Ee-3, is not closely
linked with the agouti locus nor with two serum
esterase loci: Es-1 described by Popp and Popp
(|. Heredity, 53:111, 1962; J. Heredity. 56:107,
1965) and Es-5 described by Petras and Biddle
(Am. Zool. this issue). Also, the effect of the Ee-3
locus on esterases of other tissues will be discussed.
(Supported in part by grants from the National
Research Council of Canada and the Ontario
Research Foundation.)

307
HORTON A. JOHNSON and EDWARD M.

EISENSTEIN, Brookhaven National Laboratory,
and State University of New York, Stony Brook.

Dense particles in axons and presynaptic boutons
of the prothoiacic ganglion of the cockroach.
Dense particles about 150 A in diameter have

been found within certain axons and presynaptic
boutons within the neuropile of the prothoracic
ganglion of the cockroach, P. nmericana. These
occur in addition to the profiles of neurotubules,
neurosecretory droplets, and synaptic vesicles usu-
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ally found in these locations. The most striking
feature of these particles is their discrete distribu-
tion. In a given section the axons and synapses
in which they are seen make up only a few per
cent of the total. The few axons and synapses in
which they are found, however, contain them in
large numbers. Typically they occur in clusters
of about 5-10 scattered along the length of an
axon or among secretory vesicles.

These particles are electron dense in unstained
sections and their density is enhanced by uranyl
ions, tending to rule out the possibility of their
being glycogen granules and indicating that they
are either ribosomes or some uncharacterized
granule.

The presence of aggregates of these particles
in just a few axons and synapses suggests that they
may be related to specific neural functions rather
than to the metabolic activity of the tissues as
a whole. (Supported by USAEC and NIH 1-R01-
NB05827-02 and M. H. 11012-01.)

308
RAMON S. GRILLO and ROSEMARY POLSKY,

Adelphi University.
Interference with normal cell division following

kinetin treatment in Triturus viridescens.
Adult newts, Triturus viridescens, were placed

singly in glass bowls containing 200 cc of aged
tap water and 20 mg kinetin. The kinetin solu-
tions were changed every three days and newts
were treated in this manner for approximately 14
days. Animals were killed by decapitation at vari-
ous intervals, several pieces of liver and small
intestine were processed according to the standard
paraffin technique, and iron alum hematoxylin
sections and Feulgen stained autoradiograms were
prepared. Two hours prior to decapitation each
newt received a 1 /tc/g intrapentoneal injection
of tritiated thymidine (1.9 C/mM).

The mitotic indices of the perihepatic cells and
intestinal nest cells of the kinetin treated animals
were significantly higher than control values ac-
cording to t-tests. However, determination of per
cent labeled cells (number of cells within a popu-
lation undergoing DNA synthesis prior to mitosis)
revealed no significant differences according to
t-tests between the kinetin treated and control
animals. Moreover, the chromosome abnormalities
of the kinetin treated newts were strikingly similar
to the effect of colchicine, and were as follows:
(1) no observable spindle, (2) supercontraction of
chromosomes, (3) precocious separation of chroma-
tids, (4) polyploidy.

These data indicate that kinetin does not stim-
ulate mitosis in the newt but interferes with the
normal cell division process.

Attempts to increase the amount of kinetin in
solution by using a .01 N NaOH solution revealed
no significant differences in mitotic indices or per
cent labeled cells between newts so treated and
their controls. These results may be due to an
interaction between NaOH and kinetin. Experi-
ments are in progress to determine the manner by
which kinetin affects the cell. (Supported by Grant
GE 6267 from NSF and GM 12880-01 from USPHS.)

309
RODERICK A. SUTHERS and JULIA CHASE,

Indiana University.
Visual pattern discrimination by an echolocating

bat.
A tropical nectivorous, echolocating bat, Anoura

geoffwyi Gray (Phyllostomidae) was trained by
operant conditioning to obtain food by visually dis-
tinguishing between two stationary patterns con-
sisting of a 15 X 280 mm vertical rectangle and
a disc (73 mm in diameter) of approximately equal
area. These patterns were presented simultane-
ously at one end of the test apparatus as silhou-
ettes spaced 30 cm apart against a diffusely illumi-
nated background. Positive and negative reinforce-
ment was provided by sucrose and quinine solu-
tions associated with the disc and rectangle, re-
spectively. Each solution was presented in a glass
feeder projecting about 2 cm through a small hole
at the center of the pattern. Pattern positions were
interchanged semi-randomly, A sheet of clear
acrylic plastic containing an identical small hole
for each feeder, was placed between the bat and
the patterns to prevent possible discrimination by
echolocation. Control trials ruled out possible olfac-
tory discrimination. On each trial the bat was
required to fly toward the pair of patterns from
a distance of about 1.5 m and to taste one of
the solutions while hovering at the feeder. The
experiments were performed with one bat which,
after a two-day learning period totaling 52 trials,
selected the sugar solution in 72.5, 92.6, and 93.3%
of 40, 27, and 30 trials, respectively, during the
next three successive days (p^O.01 for each of
these days). (Supported by grant GB 4885 from
NSF.)

310
LLEWELLYN T. EVANS, Troy, New Hampshire.
Morphology and kinetics of courtship in certain

Testudinidae.
In T. elephantopus, T. denticulata and Gopherus

the male plastron is deeply grooved antero-posteri-
orly, to fit closely upon the female carapace. The
gular "horns" protrude anteriorly and are used
to prod mates and rivals. In their courtship, the
male: a) slides forward and back upon the shell
of the female with each thrust of rear feet: )b nods
his head: c) vocalizes during courtship. These
genera diverged from a common stem testudine,
Hadrianus corsoni, in Upper Cretaceous (Williams
•50).

In the aquatic Clemmys inscutpta, the male
plastron is similarly grooved. The male clasps the
marginals of the female in his claws and slides
forward, back, and sidewise on her carapace. He
also pulls the latter in loud percussion against
his plastron, while striking her nuchals noisily with
his jaws. He also pumps water into the face of
the female (Evans, A. Zool. 1, '61; 3, '63).

In Terrapene, the male plastron is concave in
the center of the abdominal and femoral scutes.
His rear claws are larger, more abruptly curved
than the female's and are held by the female's
plastron in early courtship as his plastron rests
upon her posterior vertebral scutes. The males of
the above mentioned species are larger than the
females.
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In Chrysemys, Pseudemys and Graplemys, the
males are smaller, have flat plastrons, and have
greatly elongated foreclaws which are used by most
males to titillate the neck of females in very subtle
courtship. The Terrapene male's concave plastron,
powerful claws (and red eyes of T. c. Carolina)
and the foreclaws of male Pseudemys are hor-
monically controlled, secondary sex characters
(Vertebrate Speciation, Texas U. 148-178, '61).

311
WILMA H. LEHMANN, Michigan State University.
The nasal airway in platyrrhine primates.

The purpose of this study is to (1) qualitatively
ascertain the extent of inter-generic variation of
the structural components of the nasal fossa and
(2) examine the extent of angulation of the epiglot-
tis with respect to the floor o£ the nasal cavity
in the cebid genera Alouatta, Aotns, Ateles, Cacajab,
Cebus, Lagothrix, and Saimiri and in the marmoset
genera Callithrix, Cebuella, and Saguinus.

Within the nasal fossa the most conspicuous
structural variation involves the turbinate bones,
particularly the modification of the characteristic
triangular form of the ethmoturbinate. The naso-
turbinate, usually reduced in size and form in
primates, is extremely well developed in Alouatta
and Aotus. The maxilloturbinate is the most con-
stant in form.

The medioventral elevation of the epiglottis usu-
ally lies in or nearly in a direct line with the dorsal
end of the hard palate (i.e., the floor of the nasal
cavity and the roof of the buccal cavity) and the
dorsocaudal end of the laryngeal cricoid cartilage.
In such instances the ligamenta hyoepiglatticus and
glossoepiglotticus are well developed. Exceptions
to the epiglottal angulation and ligamental devel-
opment occur in Alouatta, Ateles, and Lagothrix.
Negus (Mechanism of the Larynx, 1930) reported
that in Alouatta the epiglottis is independently
immovable. In the absence of effective ligamentary
function, the present study suggests that a me-
chanically advantageous straight-line epiglottal re-
lationship with the buccal cavity is achieved via
elevation and protrusion of the tongue in vocali-
zation.

312
W. P. LUCKETT, University of Wisconsin Medi-

cal School.
The ovarian cycle of the tree shrews (family

Tupaiidae), with reference to the phylogenetic
relationships of the tupaiids. (Introduced by H.
W. Mossman)
Recent neuroanatomical, serological and osteo-

logical examinations suggest that tree shrews may
not be as closely related to Primates as previously
believed and that their similarities may be due to
convergence and parallelism. Due to the absence
of unquestioned fossil tupaiids and the lack of
agreement concerning the relative merits of various
neontological characteristics in assessing the phylo-
genetic affinities of higher taxa, it is imperative
that the greatest number of characters possible to
be examined to determine the relationships of the
Tupaiidae to Insectivora and Primates.

Ovaries were examined histologically from sev-
eral species of four genera of tree shrews: Tupaia,

Urogale, Lyonogale and Dendrogale. Stages ranged
from fetal to immature to pregnant specimens.
The general nature of the ovarian cycle will be
described, and quantitative data will be presented
on the occurrence of accessory corpora lutea, corti-
cal epithelial cords and "testis tubules."

This study indicates that the tree shrew ovary
shows certain similarities to that of the soricid
Insectivora, Primates and Carnivora. Other than
these general affinities, the tupaiid ovary does not
appear to be a good characteristic for determining
the more explicit phylogenetic relationships of this
group. This is in agreement with Mossman (J.
Mamtn., 34:289, 1953) who concluded that ovarian
morphology is a useful characteristic in studying
interrelationships of genera and families, but that
they are less conservative than the fetal membranes
in showing affinities between higher taxa, such as
orders and suborders. (Supported by NIH Fellow-
ship 5-F1-GM-19, 136.)

313
VIRGINIA A. WEBER, GEORGE L. WEBER, and

HULDA MAGALHAES, Bucknell University.
Use of computer for development of programmed

instruction in vertebrate morphology.
An IBM 1620 Digital Computer has been used

for automated measurement of learning. Approxi-
mately two thousand questions have been stored
in a computer memory for retrieval according to
their level of difficulty, or 99 subject categories,
including ten traditional anatomical systems. 50
different organs, five bodv regions, and 20 basic
morphological concepts, such as evolution, regener-
ation, differentiation. Questions pertaining to spe-
cific animals, classes, or larger groups may be re-
trieved in the category desired.

In addition to storage and retrieval of questions.
the computer prints out copies of individual ques-
tions and tests. It prepares the original from
which duplicates can be made for large classes.
The computer grades student answer sheets at a
rate 50 times faster than a human instructor.
Simultaneously, for each question it provides a
statistical analysis of the responses of each student.

Routine computer testing of learning of basic
information provides released faculty time for in-
struction at more sophisticated levels. (Supported
by Carnegie Foundation Grant coordinated by Dr.
J. William Moore.)

327
PAUL C. SCHROEDER, Hopkins Marine Station

of Stanford University.
Morphogenesis of epitokous setae during normal

and induced metamorphosis in Nereis grubei
(Polychaeta) (Introduced by A. C. Giese)
The "pelagic" setae of the mature, swarming

heteronereid arise from a new proliferation of the
parapodial epidermis at a time when the major
oocyte component has reached a diameter of
about 95 p.. Serial sections of segments 44-46 of
normal and decapitated animals stained with
Mayer's haemalum and celestine blue were exam-
ined. Setal morphogenesis was found to be di-
visible into four distinct stages based upon the
successive appearance within the parapodium of
the paddle ends and shafts of the setae, Each
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setal region bears a characteristic sculpturing easily
detected with phase contrast optics. The period
between the first appearance of the epidermal pro-
liferation and the appearance of the paddle-shaped
tips of the heteronereid setae is designated Stage I
(average oocyte diameter about 95 /x-130 fi)- The
period during which only this portion of the new
setae is present is designated Stage II (about 130 fi-
165 p.). The interval between the appearance of
the setal shafts and the eruption of the setae to
the exterior is designated Stage III (165 /t-180 /*),
and the period after eruption to the exterior Stage
IV (over 180 fi).

Examination of a series of young, gameteless
animals 15 days or more after decapitation (which
removes the source of the metamorphosis-inhibiting
hormone) revealed that even the youngest re-
sponded by production of a few small heteronereid
setae. Six young females with oocytes under 95 p
responded similarly. The parapodial epidermis is
thus competent to differentiate long before the
stimulus to do so is given in normal metamorpho-
sis. Decapitation of animals with oocytes up to
140 fi in diameter has produced accelerated seto-
genesis, but no acceleration was noted in older
animals. The natural hormone withdrawal which
regulates metamorphosis has by this time probably
progressed to a point where decapitation has little
effect on the hormone level. (Supported by PHS
Fellowship 5F1-GM-17.007.)

328
VICTOR J. BROOKES, DERRELL S. CHAMBERS,

and ROGER DEJMAL, Oregon State University.
Oocyte development in isolated abdomens of Leuco-

phaea maderae.
Implantation of corpora allata (CA) or treat-

ment with synthetic hormone (J. Law, C. Yuan,
and C. M. Williams, Proc. Nat'l. Acad. Sci. 55:575,
1966) stimulated development of the oocytes in
isolated abdomens of L. maderae. Development
began 10 days after implantation. In a small per-
centage of abdomens treated, oocyte development
was virtually complete but for the most part de-
velopment ceased when the oocyte was approxi-
mately one-half the mature size. The yolk pro-
teins of normal oocytes and oocytes developing in
isolated abdomens have been characterized by poly-
acrylamide electrophoresis. No obvious differences
in the qualitative characteristics have been found.
Developing oocytes showed a band which appeared
very soon after development began and intensi-
fied during growth. This band may correspond to
a protein which appears in the hemolymph only
during deposition of yolk (F. Engelmann, Amer.
Zool. 5:673, 1965).

The fat body has been implicated in the syn-
thesis of yolk proteins and suggested as a target
organ for the hormones of the CA. When uridine-
H3 was injected into isolated abdomens the incor-
poration into RNA was 2-fold greater in those
implanted with CA than in controls. This differ-
ence was evident 2 hours after treatment but after
48 hours the difference was much less. NTo signifi-
cant difference in protein synthesis was observed
until 5 days after the operation.

The evidence so far accumulated suggests that
the failure of isolated abdomens to produce fully
developed eggs is due to deficiencies in the amounts

of stored material available for complete synthesis
of yolk. (Supported by grant GB 3818 from the
XSF.)

329
NED A. SMITH and C. L. RALPH, University of

Pittsburgh.
Fractionation by centrifugation of heart accelerat-

ing substance from the corpora cardiaca of a
cockroach.

Dissected corpora cardiaca from adult male Peri-
planeta americana L. were washed and placed in
cold Pringle's insect saline solution (Pringle, J.
Exp. Biol. 15:101, 1938) and homogenized in glass
tissue grinders. In various experiments such ex-
tracts were centrifuged at 2°C at speeds of 1000 g,
11,000 g, and 25,000 g. The fractions were subse-
quently tested for their heart accelerating activity
on the isolated heart preparations as described by
Ralph (J. Ins. Physiol. 8:431, 1962). In all cases,
most activity was associated with the soluble frac-
tion, which initiated marked heart acceleration in
the first 30 seconds of the assay. Activity of sedi-
ment fractions was much lower and slower acting.
Changing the extraction medium to .4 M sucrose
had no significant qualitative or quantitative effects
on activity localization. Ultracentrifugation of the
1000 g supernatant on a 4 to 40% sucrose gradient
revealed two active peaks. Most acceleration is
associated with a peak which indicates that the
active material is a relatively small molecule. This
peak is characterized by rapid acceleration after
application to an assay heart. A second less active
peak is associated with a much heavier material,
which is slower acting in biological assays. The
results suggest that water-soluble accelerating fac-
tors from these glands may occur in two funda-
mentally different forms, having qualitatively dif-
ferent actions.

330
AVERETT S. TOMBES, Clemson University and

DAVID S. SMITH, Univ. of Miami.
Ultrastructural studies on the corpora cardiaca-

allata complex of the adult alfalfa weevil, Hypera
postica.
The organization of the corpora cardiaca and

corpora allata of the female alfalfa weevil has been
examined in the electron microscope. The struc-
ture of both glands generally parallels that reported
for other insects with extrinsic neurosecretory
axons, intrinsic secretory cells and interstitial or
glial cells appearing in both glands.

Within the main nerve trunk connecting the
brain with the cardiacum are the extrinsic neuro-
secretory axons with the diameter of the contained
granules ranging between 600 and 2200 A. Similar
granules are found in the intrinsic cardiaca cells
with their maximum diameters reaching 4000 A.

From the distal region of the lobed corpus
cardiacum pass axons and glia along the short
nerve trunk into the ovoid corpus allatum. A
striking characteristic of this gland which has not
appeared in previous ultrastructural studies in
insects is the presence of a layer of axons, en-
sheathing most of the allatum beneath an external
basement membrane. These axons are believed to
have their origin in the protocerebral neurosecre-
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tory cells, since they contain granules similar in
sue and appearance to those observed in the main
nerve trunk proximal to the cardiacum. Although
the allatum is known to be engaged in the release
of hormonally active material, the c)toplasmic or-
ganization docs not strongly reflect such activity.
(Supported by NIH Postdoctoral Fellowship 7-1-3-
GM-28, 152-01A1 and NSF grant GB-5445.)

331
RONALD R. NOVALES and BARBARA JEAN

NOVALES, Northwestern University.
Electron microscopic studies o[ pigment movements

in melanophores.
The precise mechanism by which pigment

movements occur in melanophores is still largely
unknown. It was hoped that electron microscopic
studies might shed light on the ultrastructural
basis for melanin movements. Skin from liana
pipiens frogs was either darkened in vitro by
MSH or lightened with adrenalin. After glutaral-
dehyde fixation, osmium post-fixation and embed-
ding in Araldite, stained sections were examined
with an Hitachi HS 7 electron microscope. The
area immediately about the nucleus is relatively
devoid of melanin granules in the MSH-treated
cell, but granules are thickly present in peripheral
regions. The cytoplasm is largely free of organelles
and no structures obviously associated with melanin
movements were found. Jn adrenalin-treated melan-
ophores, processes with melanin-free cytoplasm
could be found. Dense aggregations of mitochon-
dria were olten present peripheral to the mass
of melanin.

Melanophores of the killifish, Fundulus heterocli-
tus, were also studied. Scales were treated With
NaCl to produce dispersion or KC1 to produce
aggregation of pigment. Other methods were as
above. Microtubules were observed in the processes
of the Fundulus melanophores. Melanin-free cyto-
plasm was also seen in melanophores with aggre-
gated melanin. The microtubules probably serve
largely as "cytoskeletal" elements in the processes.
However, they could be associated in some man-
ner with the movements of melanin granules. In
any case, it is likely that melanin movements re-
sult from biochemical or biophysical changes below
the limit of resolution of the methods used in
the present study. (Supported by Grant G-24017
from the NSF.)

332
JEFFREY NICHOLS, CHARLES SCHNEEBECK,

and MAC E. HADLEY, Brown University.
Comparative in vivo response o£ embryonic, larval,

and adult melanophores of Fundulus heteroclitus
to melatonin.
In vitro (Fain and Hadley, this volume), melano-

phores of adult Fundulus heteroclitus are unre-
sponsive to melatonin, but their melanin granules
rapidly become aggregated in the presence of
noradrenaline. Experiments reported here were
directed toward determining whether, in vivo, these
melanophores are similarly unresponsive to mela-
tonin.

Fish (8-10 cm) were adapted to a black back-
ground for several hours and then injected with
a saline solution or saline containing either 1

mg of melatonin or 1 nig of noradrenaline. Other
fish were placed on a white background at the
time of injection. Melanophores of fish adapted
to a white background or injected with noradrena-
line became punctate (melanin granules aggre-
gated) within a matter of minutes. The inclaiio-
phores of control-injected and nicl.iloniii-injccted
fish remained completely dendritic as assessed
microscopically at sacrifice. This experiment was
repeated, but this time fish were first adapted to
a white background for several hours and then
transferred to a black background alter being in-
jected with the test solutions. All fish became
black within a few minutes except those injected
with noradrenaline. Thus, the failure of mela-
tonin to bring about melanin granule aggregation
cannot be ascribed to a possible inability to over-
ride a high circulating level of "MSH." Small fish
(3-4 cm) gave similar results.

In contrast, the body and yolk sac melanophores
of Fundulus embryos and larvae rapidly became
punctate when placed in solutions of melatonin
(100 /jg/ml and higher). These results are similar
to those obtained by W'yman (1923, 1924) using
pineal extracts. (Supported by Grants No. CA-
06097-06 and GM-00582-06 from the USPHS.)

332a
JOHN ZAVODNI and R. T. HOULIHAN, Penn-

sylvania State University.
Adrenocortical response to increased oxygen

tensions.
This investigation was initiated to determine the

extent of adrenocortical adaptation in rats sub-
jected to increased oxygen tensions. Adult male
rats were maintained in a 100% oxygen environ-
ment, and in a 66% oxygen, 34% nitrogen environ-
ment at 750 mm Hg absolute pressure. The corti-
costerone content of the serum and 3-hour adrenal
gland incubates was determined at 1, 2, and 3
days for the animals in the 100% oxygen environ-
ment and at 2, 7, and 14 days in the 66% oxygen
environment.

The steroid was identified by chromatography
and fluorescent spectral analysis; and quantitated
with sulfuric acid-ethanol induced fluorescence.
The results of this study show that in a 100%
oxygen environment, serum corticosterone levels
had increased significantly at days 2 and 3. The
corticosterone produced by excised adrenal glands
on a fig per mg wet weight basis also increased
significantly, with very high levels just prior to
death. In the 66% oxygen environment, there were
no detectable changes in either the serum corti-
costerone levels, or in the ^g per mg corticosterone
produced by the excised glands until day 14, at
which time a decreased serum corticosterone was
evident, suggesting that these rats could success-
fully adapt to this particular oxygen tension. (Sup-
ported by NONR contract NR102-654.)

332b
GOTTFRIED FRAENKEL and CATHERINE

HSIAO, University of Illinois.
Pupal diapause in Sarcophaga falculaia (Diptera).

Robaud (Bull. Biol. 56:455, 1922) recognized a
pupal diapause in a few specimens of a blowfly,
Sarcophaga falculata. We have experimentally pro-
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duced this diapause under two different circum-
stances. 1. When flies are raised at 14°C, some
emerge as adults after about seven weeks, but the
majority enters diapause. Diapausing pupae resume
development at temperatures of 20° and over. Some
pupae have remained in diapause for over a year
at 14°, and successfully resumed development at a
raised temperature. However, even at 14° develop-
ment usually resumes spontaneously after 6 to 12
months. 2. Larvae raised at 20° and 8 hours light-
16 hours dark often enter diapause which persists
for several months at 20 and 25°. In diapause,
development stops shortly after evagination of
the pupal head, 36 to 40 hours after puparium
formation, as judged by the development of the
ganglia and the antennae. This is apparently also
the stage in which pupal development stops in
the hind part of a fly which was ligatured after
the prepupal "critical period." Diapause is probably
initiated, as is pupal diapause in the Lepidoptera,
by a lack of ecdyson production. It occurs at the
age when (Shaya and Karlson, J. Ins. Physiol. 11:
65, 1965) ecdyson is virtually absent from the blood
between two peaks of secretion. The same condi-
tion of diapause at 14° was also, apparently for
the first time, observed in Sarcophaga bullata.
(Supported by USPHS grant AI00533-15.)

333
ALBERT C. SMITH, University of California,

Irvine.
Electrophoretic studies of soluble protein from

lens-nuclei of bluefin tuna, Thunnus thynnus,
from California and Australia.
Extiacts of lens-nuclei from sixty California-

caught and forty southern Australia-caught blue-
fin tuna produced a total of seven patterns on
cellulose acetate electrophoresis. California fish
produced two patterns and Australian fish pro-
duced six (one pattern was produced in common).
Fifty-eight of the sixty California bluefin produced
one pattern. The uniform appearance of this
pattern was impressive since the California fish
were collected in samples one year apart. This
homogeneity also supports the validity of the
heterogeneity of patterns produced by the Austra-
lian fish. Morphologic differences between bluefin
of these two regions are also reported in the litera-
ture, consistent with the electrophoretic findings.

Tagging and serology are the most widely used
methods of identifying separate populations of the
same fish species. The reliability of the electro-
phoretic method and the stability of nuclear lens
protein suggest that electrophoretic analysis of this
protein is a potentially valuable procedure for this
purpose. (Supported by the California Department
of Fish and Game.)

333a
CARV FREEMAN, University of Illinois and

Bermuda Biological Station.
Studies on regeneration in the Ctenophore Coelo-

plana.

Coeloplana is a biradially symmetrical animal
which has a statocyst and two tentacular pouches.
A part of the animal containing a statocyst, one
tentacular pouch, or a statocyst and one tentacular
pouch will regenerate the whole animal. If the

statocyst is removed from an animal it is re-
generated.

By cutting animals through the statocyst it is
possible to produce a half animal containing a
statocyst and one set of tentacles in about 10%
of the cases. A part of a half animal that contains
a statocyst will regenerate a half animal. A part
of a half animal that does not contain a statocyst
will regenerate a whole animal. If one removes
a statocyst from a half animal it will regenerate
a statocyst. A part of this animal containing the
regenerated statocyst will regenerate only a half
animal. If one removes the statocyst from a half
animal and replaces it with a statocyst from a whole
animal the part containing the statocyst will re-
generate a whole animal. If one does the recipro-
cal experiment in which one removes the statocyst
from a whole animal and grafts in the statocyst
from a half animal the statocyst piece will re-
generate a whole animal. (Supported by Grant BG
3588 from NSF.)

334

G. W. BROWN, JR. and SUSAN G. BROWN,
University of Texas Medical Branch, Galveston.

Intermediary nitrogen metabolism of the coela-
canth, Latimeria chalumnae.

Studies on coelacanth liver (frozen 6 months)
suggest a metabolism resembling that of Elasmo-
branchii. High concentrations (1-2%) of plasma
and tissue urea in elasmobranchs aid in mainte-
nance of plasma tonicity vis-a-vis sea water. Liver
homogenates of the coelacanth contained a large
quantity of water-soluble material giving a strongly
positive ureido color reaction (to about the same
extent as sharks) with l-phenyl-l,2propanedione-
2-oxime (Emsx 540 millimicrons). Chromogenicity
was abolished almost completely by treatment of
the homogenate with Sigma Type V urease. Cal-
culated as urea, the material represented 1.8% of
liver by weight. Rat liver stored frozen for 16
months had less than 0.1% urea.

Ornithine carbamoyltransferase (E.C. 2.1.3.3) was
assayed in water homogenates of coelacanth liver:
found, 25 micromoles citrulline per min per gram
liver (25°). This corresponds to production of
citrulline at a rate comparable to that of liver
homogenates of the lungfish, Protoptcrus acthio-
picus, but is lower than in sharks. The reaction
was absolutely dependent upon added L-ornithine,
carbamoylphosphate, and unboiled enzyme. This
enzyme of the ornithine-urea cycle was chosen for
initial studies because of its ability to retain
activity for a number of months in frozen prepa-
rations. (Specimen No. 1482 of the Fish Collection,
Peabody Museum of Natural History, Yale Uni-
versity.) (Supported by the University of Texas
Medical Branch and the Tiburon Co., Biomarine
Preparations, Galveston.)

334a
ABNER B. LALL and ROBERT M. CHAPMAN,

Institute for Behavioral Research, Silver Spring,
Maryland and Walter Reed Army Institute of
Research, Washington, D. C.

Spectral sensitivity comparisons of the lateral eye
and the median ocellus in Limulus.
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The spectral sensitivities of the lateral eye and
the median ocellus of Limulus were determined
in the dark and chromatic adapted preparation by
recording ERG's elicited by monochromatic stimuli
ranging from 320 m^ to 675 m^. The responses
were analyzed for (a) the presence of steady-state
as well as transient components, (b) the slopes of
amplitude-energy functions at various wavelengths,
and (c) the wavelength specific waveform charac-
teristics, i.e., response area, rise time, and fall time.
The spectral sensitivity functions were obtained by
applying a criterion amplitude to the amplitude-
energy curves obtained at the various wavelengths.
The sensitivity peak for the lateral eye lies near
520 m/x. The median ocellus has two maxima, one
in the UV (360 nifi) and the other in the green
(530-535 ni/i). The UV peak is about 200-300 times
more sensitive than the green. In the median ocel-
lus, violet light adaptation selectively suppressed
the near ultra-violet peak, while orange light adap-
tation selectively suppressed the green peak. No
such differential effects were observed in the lateral
eye. The data are interpreted as a single spectral
mechanism in the lateral eye and two spectral
mechanisms in the median ocellus.

335
GEORGE H. FRIED, MARTIN P. SCHREIBMAN,

and KLAUS KALLMAN, Brooklyn College, New
York Zoological Society.

Alpha-glycerophosphate dehydrogenase and glucose-
6-phosphate dehydrogenase activities in teleosts.
Determinations of activities of alpha-glycerophos-

phate dehydrogenase (AGPD) and glucose-6-
phosphate dehydrogenase • (G-6D) were carried out
in homogenates of liver and muscle of Xiphophorus
maculatus, X. milleri, X. helleri and Poecilia For-
mosa to demonstrate a possible significance of
glycerophosphate shuttle and pentose shunt mecha-
nisms in metabolic synthesis in teleosts. A modified
tetrazolium method was utilized and enzyme activi-
ties expressed as micrograms formazan per micro-
gram tissue nitrogen. In all species, G-6D activity
in liver was almost five-fold greater than corres-
ponding levels of AGPD. This is the reverse of
the situation obtaining in mice. In muscle, AGPD
activity was less than that of liver in all cases,
while G-6D activity was barely measurable. In
selected instances, lactic dehydrogenase activity was
determined and found to be many times higher
in muscle than AGPD activity, which is generally
characteristic of other vertebrate muscle types.
Incubation of homogenates at 27°C rather than
the usual 37°C resulted in appreciable lowering
of activity, suggesting that enzyme temperature
optima for these poikilotherms are not markedly
different from those for mammalian forms. Ef-
fects of removal of cofactors on enzyme activity
were similar to previous findings with mice. High
levels of G-6D activity in teleost liver, coexistent
with the absence of an appreciable adipose tissue
mass, suggest that the liver may be the major
source of lipid synthesis in teleost fish. (Supported
by Grants A-5905 and CA-06665 from the USPHS
and GB-3843 from the NSF.)

335a
TRACY L. SIMPSON, Tufts University, and RADO-

VAN BOROJEVIC, University of Strasbourg.

The origin of basal epithelial cells during the
attachment of explants of microcionid sponges.
Basal epithelial cells in the outgrowth region

of explants of microcionid sponges are morpho-
logically and cytochemically identical to nucleolate
cells (Simpson, 1963 and in press). These data
indicate that these new cells originate from mesen-
chymal nucleolate cells (= acheocytes of other
authors). Considering all of the other cell types
present in these sponges, the only other logical cell
type which could give rise to new basal cells are
the preexisting pinacocytes—exopinacocytes which
cover the outer surface, and endopinacocytes which
line the canals. The remaining cell types—choano-
cytes, gray cells, rhabdiferous cells, and globoferous
cells—differ morphologically and cytochemically
from basal cells to such an extent that it is most
improbable that they give rise to a new basal
epithelial cell.

Three types of explants of Microciona atrasan-
guinea were made in order to investigate the pos-
sible origin of new basal cells from preexisting
pinacocytes: (1) normal explants with the original
basal area in contact with the slide, (2) upside
down explants with the outer surface in contact
with the slide, and (3) explants which lacked both
the basal region and the surface region. In all
three cases, new basal cells attach to glass slides
after 18 hours and are morphologically identical
to nucleolate cells. This happens even in (3) above
in the absence of exopinacocytes. If endopinaco-
cytes in (3) gave rise to new basal epithelial cells
these basal cells would differ morphologically from
those in (1) and (2)—they do not differ. This
evidence supports our contention that mesenchymal
nucleolate cells (= archeocytes) give rise to new
basal epithelial cells when explants of microcionid
sponges attach and grow. (Supported by Grant
GB-4094 from NSF and the French National Re-
search Council.)

336
M. A. McWHINNIE and R. J. KIRCHENBERG,

De Paul University and Concordia College.
Phosphatase activity in the hepatopancreas of the

crayfish, Orconectes virilis.
Previous hepatopancreas phosphatase studies in

decapod crustaceans (Kugler and Berkner, 1948;
Travis, 1955 and 1957) employed histochemical
techniques measuring the enzymatic activity at a
single pH value. A change of metabolic pathways
in the hepatopancreas of O. virilis has been re-
ported by McWhinnie and Kirchenberg, 1962;
McWhinnie and Corkill, 1964; and McWhinnie
and Chua, 1964.

In vitro studies of homogenized hepatopancreas
tissue using disodiumphenyl phosphate as substrate,
measured at 20°C across the pH range of 5.50-
10.00, suggest the presence of two enzymes (or
two isozymes) with activity peaks at 6.80-7.30 and
8.00-8.50. Activity associated with the latter range
appears to be cyclic, being low in winter and cold-
adapted animals as well as in the D4 and A stages
of the intermolt cycle. Prior to the spring pre-
molt stages activity in the 8.00-8.50 range increases
progressively to a degree surpassing that of the
lower range. Subsequent reduction of this activity
is pronounced at the D4 stage. There appears to
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be little, if any change in the specific activity in
the lower pH range throughout the growth cycle.

Changes in relative concentrations of these two
groups of phosphatase enzymes correlate with the
intermolt hexosemonophosphate shunt to a pre-
molt glycolytic shift in metabolic pathways. In-
creased levels of total enzyme activity may also
reflect the storage and synthesis roles played by
this organ. (Supported under Grant GB-1474 from
the NSF.)

336a
STUART J. COWARD and BYRON GALLIS,

University of Georgia.
Dissociation and reaggregation of the turbellarians

Dugesia and Bdelloura.
Entire planaria, Dugesia dorotocephala, were

minced and then dissociated by trypsin in calcium-
magnesium-free saline (0.1 dilution of Niu-Twitty
saline). The suspension of washed single cells was
adjusted to a concentration of 2-3 X 10° cells/ml
and incubated on a rotary shaker at 25°C. Visible
aggregates formed within the first hour of incuba-
tion. Little growth and no visible differentiation
occurred within a week of observation. Supple-
mentation of the basic glucose-saline medium with
calf serum, chick embryo extract and amino acids,
either singly or in combination, did not improve
significantly the growth and had no grossly observ-
able effects on differentiation. The maximum size
attained by these aggregates was about 7 mm.

The marine triclad, Bdelloura Candida, was dis-
sociated more readily than Dugesia, using trypsin
in calcium-magnesium-free artificial sea water.
Within 24 hours, aggregates of 1 mm or larger
had formed. These aggregates continued to in-
crease in size through both further aggregation
and by cell proliferation. The minimal require-
ment for this growth activity appears to be arti-
ficial sea water supplemented with glucose and a
complete array of the amino acids. It has been
possible to subculture Bdelloura aggregates and
obtain continued good growth; however no gross
signs of differentiation were noted.

The patterns of aggregation are distinctively dif-
ferent for the two species. The entire pattern of
aggregation in Bdelloura can be altered by pro-
viding an artificial "condensation center," which
in our experiments was simply a sterile cotton fiber.

Further studies are currently in progress, includ-
ing the histological comparison of aggregates and
intact animals.

337
JOHN B. BUCK and ELISABETH M. BUCK,

National Institutes of Health.
Mechanism of synchronous flashing of fireflies.

Photometric and cinematographic records of the
synchronous flashing of huge aggregations of fire-
flies in riverbank trees in Thailand showed that
the interflash period averaged 560 ± 2.5 (s.d.)
msec and that the range of variation in popula-
tion flash coincidence was ± 16 msec. Darkroom
observations showed that the synchrony is main-
tained by visual feedback operating over less
than 6 feet and requiring continual reinforcement.
Possible mechanisms of entrainment or coupling
of the individual flashing rhythms to achieve syn-

chrony will be discussed and evidence will be
presented suggesting that the control depends on
performance in the preceding mass flash rather
than in the current episode.

337a
MALCOLM S. STEINBERG and R. EUGENE

GRANGER, The Johns Hopkins University.
The re-acquisition of adhesiveness by trypsinizecl

chick embryonic cells in vitro.
We have devised a sensitive method for follow-

ing the kinetics of cell aggregation in suspension
cultures. It involves deposition of samples of aggre-
gating cell populations onto membrane filters which
are then fixed, stained and mounted beneath cover
slips. The mean number of cells per aggregate can
then be directly counted with considerable ac-
curacy. In studying thus the aggregation kinetics
of trypsin-dissociated neural retinal cells from 6-day
chick embryos, we found no detectable aggregation
during the first 30 minutes of agitation at 37°C
in Eagle's MEM with 10% horse serum. (A 10%
increase in the mean number of cells per aggre-
gate would have been detectable.) Aggregation
became demonstrable by 40 minutes and progressed
thereafter. Because this lag occurred both in the
absence of serum and in medium reclaimed from
an aggregated preparation, the possibilities were
excluded that it was due to either an inhibitor
of aggregation in the serum or a requiiement,
in the external medium, for materials emanating
from the cells themselves. Cells dissociated by diva-
lent cation withdrawal aggregated with no lag. as
did trypsinized cells mechanically redispersed after
aggregation had begun. Initial aggregation rate
progressed from barely detectable after half an
hour to maximal when redispersal was carried out
after li/2 hours at 37°C. Warmth was shown to be
essential for abolition of the lag: it was also
essential at every moment for the continued aggre-
gation of even a fully adhesive cell population.
Possible interpretations of these and related obser-
vations will be discussed. (Supported by Grant
CB-2315 from the NSF.)

338
H. C. PITOT and SISTER M. ROSKLLEN

THEINE, University of Wisconsin.
An automated assay of catalase employing com-

puter techniques.
An assay was developed for the enzyme, rat liver

catalase, using automation and computer tech-
niques. The assay was based on the catalytic de-
composition of hydrogen peroxide by catalase. The
automated assay was achieved in three stages: meas-
urement of the absorption of ultraviolet light by
hydrogen peroxide with a Beckman DU spectro-
photometer and Gilford recording instrument: addi-
tional use of a digital voltmeter and IBM kev-
punch which simultaneously and automatically
recorded optical density values on computer cards:
and finally, incorporation of an autoanalyzer pump
and flow-through quartz cuvettes.

To use the data on the computer cards, a pro-
gram was developed employing Fortran 63 language
for the CDC 1604 computer. The program finds the
slope of a line (k), relating the value, log fS,/S2).
to the reaction time. According to the program,
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the computer calculates this slope for small time
intervals. The activity of the enzyme, expressed in
units per gram liver, is determined according to
the equation: units = (2.303U/0.01155) X D.F.
D.F. is the dilution factor converting the sample
size to a gram of liver. The unit of. activity is
defined as the amount of enzyme required to
convert one-half of the hydrogen peroxide present
to its products at 0°C in sixty seconds.

The advantages of the automated assay include
speed, reproducibility of sample uptake with the
autoanalyzer, and reproducibility o£ results ob-
tained.

Finally, the method was applied to a study of
catalase activity in tissue subjected to the com-
pound, AAF, for varying lengths of time. (Sup-
ported by the NSF through the University of Wis-
consin Research Participation Program for High
School Teachers and McArdle Laboratory for Can-
cer Research.)

338a
LOUIS E. DeLANNEY and K. V. PRAHLAD,

Wabash College.
Influence of thymectomy and splenectomy on allo-

grafts of skin and tumor in histocompatible
strains of the Mexican axololl.
Thymectomy, splenectomy and allografting of

integument or o£ a strain-specific lymphosarcoma
in the Mexican axolotl was performed to explore
temporal and/or obligatory involvement of thymus
and spleen at constant 20°C. Vasodilation, epi-
dermal slough and host replacement on allografts
between black and white strains scored onset of
rejection. One group was thymectomized at 58 da>s
of age. Splenectomy was performed on groups 25
days and 47 days of age. At 318 days all—thymec-
tomized, sham-thymectomized, splenectomized and
unoperated controls—received allografts of skin
from histoincompatible axolotls. All but thymec-
tomized animals rejected allografts commencing at
26 days post-planting. Completely thymectomi/.ed
animals showed delayed survival of allografts; re-
jection first appealed at 67 days and one remained
normal to 167 days. Thymectomized animals dif-
fered from others by replacing graft tissue without
vasodilation. None of the thymectomized animals
showed runting.

Adult axolotls between 365-379 days of age were
thymectomized, splenectomi/.ed or both thymecto-
mized and splenectomized. Twenty-one days later
they received skin allografts which were rejected.
Splenectomized animals differed in showing vaso-
dilation 4-5 days earlier than other hosts. Delay
of rejection in thymectomized animals was noted
but of uncertain significance.

A strain-specific lymphosarcoma could be passed
to histoincompatible strains when thymectomy was
performed at 58 days of age and the hosts raised
past the normal tolerant period before planting
tumor. Passage rather than host-cell transforma-
tion occurred as shown by subsequent tumor pas-
sage to non-thymectomized siblings (negative) and
to tumor-strain-specific animals (positive). (Sup-
ported by grant CM 05619 from the USPHS.)

339
T. JOHN LEPPI, The University of New Mexico.

Histochemical studies of carbohydrate-rich sub-
stances in the Pacific hagfish (Polistotrema
stouti). (Introduced by A. J. Ladman)

Sections of hagfish skin were stained by single
or combined basic dyes, by basic dyes in combina-
tion with the PAS method, or by certain of the
diamine methods (Spicer, J. Histochem. Cytochem.,
13:211, 1965). In addition, the effects of selective
enzymatic digestions and certain chemical modifi-
cations on staining reactions were evaluated to
distinguish between acid mucosubstances contain-
ing sulfate and/or sialic acid and neutral carbo-
hydrates.

Of the five morphologically distinct cells in the
highly specialized epidermis of hagfish skin, only
two contain mucinous secretory products. They
are (1) the small mucous cells which occupy the
outer half of epidermis, and (2) the less numerous,
larger mucous cells which are found in the basal
half. The PAS reactivity of the mucins in both
types of cells was diminished but not eliminated
following diastase digestion for one hour at room
temperature. There was also a reddish-purple wet
metachromasia in the large and small mucous cells
following exposure of sections to 0.02% azure A
buffered to pH 1.5 with this metachromasia being
reduced in dehydrated and mounted sections. Both
types of mucous cells were strongly reactive toward
the aldehyde fuchsin, high iron diamine and alcian
blue (pH 1.0) reagents. On the basis of the elimi-
nation of all three different types of staining in
both cell types by active methylation (4 hours at
60°C with acidified methanol), the carbohydrates
in these mucosubstances are thought to contain
sulfate. This type of prolonged methylation is
necessary in the biochemical system to effect the
hydrolytic removal of sulfate esters. Additional
evidence for the presence of sulfate in the mucous
cells of hagfish skin comes from the inability of
demethylation of saponification with 1% KOH to
restore staining in these cells. Digestion of sections
with either purified sialidase or testicular hyalu-
ronidase prior to staining did not affect any of
the reactions. Similar histochemical studies are in
progress on the slime glands of hagfish to elucidate
further the chemical nature of mucus in lower
forms.

339a
JOHN' D. DECKER and VIKTOR HAMBURGER.

Washington University.
Influence of the brain on the periodic motility of

the chick embryo.
Motility of the chick embryo is spontaneous and

periodic (Hamburger, Quart. Rev. Biol., 38, 1963:
Hamburger and Balaban, Devel. Biol., 7, 1963).
Total activity increases from 40% of the observa-
tion period at 9 days to over 80% on day 15. In
embryos with cervical spinal gaps total activity is
reduced by 10 to 20% (Hamburger, el al., JEZ,
159, 1965).

The following experiments were designed to
analyze the contribution of different brain parts
for activity. Operations done on 1 l/i day old em-
bryos consisted of: (a.) Extirpation of the mesen-
cephalon. (b.) Extirpation of the metencephalon.
The durations of the activity and inactivity phases
were recorded at 9, 11, 13, 15, 17 days and the total
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activity (in per cent of observation time) was
calculated. The extent of the ablation was deter-
mined histologically. The data were analyzed statis-
tically and compared with those for cervical spinal
embryos.

Until 13 days, activity of the experimental em-
bryos was as low as that of embryos with cervical
spinal gaps. Hence fore- and/or midbrain add to
activity during this period. Cerebellar contribu-
tions to activity were noted after 13 days and
contributions of the medulla after 15 days. How-
ever, the cerebellum increased the activity to nor-
mal levels; the medulla alone raised the activity
only slightly but significantly above that of cervical
spinal embryos. (Supported by grant 52817 of the
USPHS.)

340
CAROLINE X. HEBARD, University of Pennsyl-

vania.
Infrastructure of the cortical cytoplasm of un-

fertili/.ed and first cleavage eggs of Xenopus
laevis. (Introduced by R. C. Herold)

Unfertilized and fust cleavage Xenopus laevis
eggs were fixed for electron microscopy in 1.75%
glutaraklehyde in collidine buffer (200-220 milli-
osmols), post-fixed in 2% osmium in collidine
buffer (180 milliosmols), and embedded in Epon
(Luft, J. Biophys. Biochem. Cytol., 9:409, 1961).
Some eggs were centrifuged in a Misco angle-head
cenlriluge at forces from 500-5,000 X g, and were
fixed as above. All eggs were oriented in agar
blocks prior to post-fixation with osmium.

A yolk-free cortical layer was observed below
the plasmalemma in first cleavage eggs, ft con-
sists of a yolk-fiee cytoplasmic band 0.5-5.0 microns
in width, and a more peripheral dense layer 0.3-0.5
micron in width. The combined layer corresponds
in width and position to that transplanted by
Curtis (J. Kmb." and Exptl. Morph., 8:163, 1960).
The more peripheral dense layer is homogeneous
in fine structure but varies in thickness and con-
tinuity over the surface of the egg, being more
continuous and thinner on the dorsal and vegetal
surfaces than on the ventral and animal surfaces.
The dense layer is resistant to centrifugal forces
of up to 5,000 X g and prevents cell inclusions
from packing against the plasmalemma.

In unfertilized eggs, cortical granules lie beneath
the plasmalemma but are not attached to it. There
is no prominent dense layer, and after centrifu-
gation, cell inclusions can penetrate to the plasma-
lemma. The cortical granules do not stratify under
forces of 500-5,000 X g-

Possible functions of the dense layer in mem-
brane contraction and permeability control are
discussed.

340a
JOSEPH M. BRAXHAM, Institute of Animal

Genetics, Edinburgh.
Variation in velocity and swimming pattern of

rabbit sperm.
Rabbit semen was diluted to about 10° sperm/ml

in pH 7.6 phosphate buffered glucose-saline and
observed hori/ontally in a chamber 4.8 mm2 X
16 mm deep. About 60% of the progressing sperm
were moving downwards. The maximum velocity

of straight-down swimming sperm was two or three
times greater than the velocity of slower ones.
In a typical sample 3 % of the sperm were still,
4% were twitching but not progressing, 35% swam
in closed circles, 46% progressed helically and
12% swam straight with "normal" rotation. At
pH 9.5 all swimming sperm moved in circles and
at pH 6.0 all followed relatively straight paths.
Circling sperm changed to straight progiession
when the pH was lowered to 6.0. Sperm floccula-
tion was pronounced at low pH and reduced at
higher pH.

The swimming behavior of sperm could reflect
physiological or genetic characteristics significant
to fertilization and development. When semen was
layered over a 4 to 6% gelatin gradient which
gelled while being centrifuged at 2000 RPM,
more than 80% of the sedimenting sperm were
trapped in a head-down position. The influence
ol active progression on sperm sedimentation is
being investigated in hope of finding a method
of separating sperm according to swimming ability.
(Supported by grant HD-11,972-02 from the NIH.)

341
RICHARD MARSHALL, C. THOMAS CASKEY,

and M. W. NIREXBERC, National Heart Insti-
tute, X1H.

Xucleotide sequences of RNA codons recognized
by aminoacyl-sRXA from embryonic and adult
Xenopus laevis tissues. (Introduced by Robert
De Haan)

Xucleotide sequences and relative template ac-
tivities of RXA codons were determined by stimu-
lating the binding of aminoacyl-sRXA (AA-sRXA)
fiom Xenopus laevis (South African clawed toad)
and guinea pig liver to E. coli ribosomes. Nucleo-
tide sequences :ecognized by Xenopus and guinea
pig liver AA-sRNA were identical to those recog-
nized by E. colt AA-sRXA. Thus the genetic code
is clearly universal.

Although trinucleotides for the same aniino acid
usually differ in template activity, relative template
activities found with amphibian and mammalian
AA-sRXA were similar. However, metazoan sRXA
differed markedly from E. coli sRNA in response
to ten trinucleotides. Comparative studies then
were undertaken with AA-sRXA from embryonic
and adult tissues. Xenopus neurula Aig-, Asp-,
Glu-, Gly-, lie-, Lys-, Met-, Phe-, Ser-, Thr-, Tyr-,
and Val-sRNA, and adult Xenopus skeletal muscle
Arg-, Lys-, Met-, and Ser-sRXA preparations were
tested in binding studies with trinucleotides and
E. coli ribosomes. Xo differences were observed
between Xenopm neurula, adult muscle, anil liver
AA-sRXA in nucleotide sequences recognized or
in relative lcsponses to degenerate trinucleotides.
The results, however, do not exclude the possi-
bility that alteiations in codon recognition may
influence cellular growth and differentiation.

341a
MAX HAMBURGH, LASLO NEBEL and GER-

ALD GREENHOUSE, Albert Einstein College of
Medicine and City College of Xew York.

Penetration and uptake of trypan blue in the
yolk sac placenta of the mouse. (Introduced by
j . Hagedoorn)
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The possibility that the teratogenic action of the
dye trypan blue in rodents is related to damage
of the yolk sac placenta was investigated.

Pregnant female Swiss albino mice were injected
with 0.4 ml of 1% solution of trypan blue on day
7i/4, 81/0, 10i/£ and II1/2 of gestation. Animals
were sacrificed 1-6, 24, 48, 72 and 120 hours after
injection and the localization of trypan blue gran-
ules was determined in histological sections.

Five hours after injection, the dye began to
accumulate in the proximal yolk sac epithelium,
and within 24 and 48 hours this cell layer was
heavily loaded with dye. The dye never became
detectable in any other membranes or the embryo
proper. This pattern of dye distribution was the
same whether injection was initiated at the 71/2-81/0
day stage of gestation or was delayed until the
1Ol/4-H!/2 day stage.

Histochemical tests for acid phosphatase revealed
in the cells of the vitelline membrane from em-
bryos of trypan blue-injected mothers very much
lower activity than in the vitelline membrane from
saline-injected controls.

The suggestion that loading with trypan blue
affects other lysosomal enzymes of the yolk sac
epithelium is being investigated. (Supported by
Grants NB01716, NIH 5T1-GM-102, and 5 TO1
HD00116 from NIH.)

342
HYMAN GUTHWIN and DANIEL FRIEDMAN,

Hunter College of the City University of New
York.

Mutual predatory behavior: Amoeba and Pelomyxa
versus Hydra.
Amoeba proteus and Pelomyxa carolinensis ex-

hibit aggressive behavior towards Hydra. The re-
verse was also observed. Amoeba commonly at-
tacked Hydra tentacles. Pelomyxa occasionally at-
tacked broadside but commonly attacked Hydra
from the basal or oral ends. When Pelomyxa en-
gulfed Hydra from the basal end, Hydra success-
fully paralyzed and ingested Artemia salina even
when all but mouth and tentacles were within
Pelomyxa. Pelomyxa was capable of severely con-
stricting Hydra within the rim of Pelomyxa's food
cup. Cutting of Hydra was not observed.

When Pelomyxa engulfed Hydra tentacles, re-
maining free tentacles did not paralyze or retain
Artemia. Engulfment involved mouth, hypostome
and distal body. Generally, Hydra was released in
time. Complete ingestion o£ Hydra by Pelomyxa
was observed but Hydra's subsequent fate was not
determined.

One instance of Hydra engulfing Pelomyxa was
observed. The mouth did not gape prominently
but the tentacular enfolding reaction occurred.
Following total ingestion of Pelomyxa with charac-
teristic Hydra body reactions, Pelomyxa was pre-
cipitously expelled. Mucilaginous participate
threads stretched from the mouth of Hydra to the
body of Pelomyxa. Pelomyxa appeared unaffected.
Within Pelomyxa was a partially digested brine
shrimp.

Digestion of amoebae by Hydra and of Hydra
by Pelomyxa remains to be ascertained, as does
the possible adverse effect of the engagement of
Hydra tentacles by Amoeba or Pelomyxa on the

ability of Hydra to feed. Hydra eventually dis-
appeared from the mixed culture whereas the
initially fewer Amoebae and Pelotnyxae thrived.

343
WILLIAM McENROE, Waltham Field Station.
Control of the "green -}-" and the "green —"

behavioral type in the Two-Spotted Spider Mite
(Tetrynachus urticae K.).
Two behavioral groups in the summer form of

the adult female spider mite population are charac-
terized by their differential spectral response at
X max. 380 and 530 m^ and their shift in gravi-
tational response. These states are not two geneti-
cally distinct subgroups. The two stages are com-
mon to the adult population. The shift in be-
havioral response is correlated with the feeding
activity and water stress of the animals. The above
change in responses helps explain the behavior
of these animals on fresh plants and on old blasted
plants.

344
C. S. LIN, Huston-Tillotson College.
Nesting behavior of digger wasp Cerceris morala.

Cerceris morata Viereck and Cockerell is one of
the largest species of the genus in North America,
the average body length of the females is 20 mm.
The field observations of the nesting behavior of
this wasp were first made in late July, 1965 and
July, 1966 on a wind-blown sand dune adjacent
to Red River arm of Lake Texoma about 8 miles
west of the University of Oklahoma Biological
Station. Although over 30 nests were located by
mid July, only 4-5 females were seen engaged in
hunting and provisioning activities on any given
day, presumably most of them spend very lengthy
periods digging incredibly deep vertical burrows
(2-3 meters) undeiground. The biology and prey
selection of some Cerceris so far studied in this
country including 12 species on hunt weevils and
billbugs (Curculionidae), 5 species on leaf bcalles
(Chrysomelidae) and 2 species on metallic beetles
(Buprestidae). C. morata hunts on a single species
of darkling beetle, Eleodes opaca Say (Tenebrion-
idae) as larval food. (Supported by Grant-in-Aid
from UOBS.)

345
NORMAN LIN, Ohio State University.
The establishment of a territory about the human

observer by the cicada killer wasp Sphecius
speciosus (hymenoptera sphecidae).
Sphecius was studied for nine generations (1956-

1963, 1965) in the Parade Grounds in New York.
On 10 (4.27%) of 234 days on which territoriality
was observed, one or more males perched on the
observer, chased passing males and returned usually
to the same perch such as a hand or shoe. When
the observer walked away, he was followed as far
as 45 feet by the wasp which flew only inches
from him. Each time the observer came to rest,
perching and defense were resumed.

A perching day was usually followed by another
perching day. Perching occurred in the same
location, and on the same portion of the observer's
anatomy, indicating the same wasps were involved.
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Confirmation was made with two marked males.
While copulation was observed on only 19% of

territorial days, it was observed on 70% of "human
territorial days." Copulating pairs were observed
within 27 feet of the "human territory holders"
in 90% of the cases. One male pouncing on a
copulating female, commenced perching on the
observer when the pair left. Three males began
perching on the observer located inches from a
copulating pair.

Highly sexually motivated males seem to lose
their ordinary fear response, and under these
condftions may respond positively to the observer
as a territorial perch. Successful perching presum-
ably is rewarding, and trial and error learning
probably occurs, accounting for repetition in the
behavior one or more days later. One male showed
evidence of one-trial learning following a delay
of 24 hours.

346
MARY JANE WEST, University of Michigan.
The nature and determination of castes in Polistine

wasps.

Adult Polistes females are of three functional
categories: egglayers (queens), non-egglaying fora-
gers (workers) and idle females. Polistes fuscatus
queens observed in Michigan initiated the majority
of new cells. Natural and experimental removal
of queens resulted in a sharp decline of new cell
addition and eventual colony disruption. Females
which emerged when the queen was present became
workers; females which emerged after queen re-
moval did not forage. All marked females which
mated and overwintered were of the latter (idle)
category. Size and color differences between queens
and workers are due to gradual seasonal change in
brood characteristics; no discrete morphological dif-
ference between castes has been found. Marked
overwintered siblings cooperated in nest founding.
Sibling group formation results from orientation to
the former nest site rather than recognition of
former nest mates and depends on dominance-
subordinance relationships between newcomers and
resident females. Queen determination in P. fus-
catus involves differential egg-eating, and coopera-
tive nest enlargement continues during the period
of competition among foundresses. However, in
colonies of P. canadensis observed in Colombia
(4°N. latitude) there was much aggression among
foundresses and no new cell addition during this
period. Only the established queen adds new cells.
The mode of queen determination and conse-
quently accelerated colony growth in P. ftiscatus
may be an adaptation to the shorter growing sea-
son of the temperate zone. Morphological caste
differences in social wasps may also have originated
as seasonal phenomena. The findings support the
ideas of Hamilton (1964) regarding degree of
relationship and the evolution of social behavior
in insects. (Supported by NIH grants 5 TI GM
989-03 and 989-04 to the University of Michigan
Department of Zoology, NSF GB-336 to the Uni-
versity of Michigan Museum of Zoology and the
F.dward C. Walker Scholarship.)

347
I1XAR MUUI., Walter Reed Army Institute of

Research.

Photoperiodic influence on seasonal breeding cycles
of Glaucomys volans.

The flying squirrel, Glaucomys volans has a bi-
modal breeding season in northern climates. In
Michigan the largest numbers of litters were ob-
served in April and May and again in August and
September both in the wild and in the laboratory;
none was observed in the winter. Experimental
manipulations of photoperiod resulted in the delay
of sexual activity (testicular descent) in males
under a long photoperiod (15 hours) regime and
a delay or absence of litters in females. Reversal
of seasons through changes in photoperiod induced
reproduction in winter (January) instead of sum-
mer. (Partially supported by grant GB-482 from
XSF to Win. Burt.)

348
G. EDGAR FOLK, JR., MARY A. FOLK, RICH

ARD C. SIMMONDS, and MAX C. BREWER,
University of Iowa, Arctic Aeromedical Labora-
tory, and Arctic Research Laboratory.

A two-year study of winter lethargy in subarctic
bears.

During the winter of 1964-1965, two grizzly and
two black bears were studied in winter dens using
the Iowa physiological radio-capsules (EKG and
body temperature, long life, short range, implant-
able). The animals were maintained in isolated
unprotected enclosures where they constructed dens
of hay. Their wintering conditions closely simu-
lated natural conditions. A condition of winter
lethargy or dormancy was demonstrated; summer
sleeping heart rates (40-50 b/m) were replaced by the
winter resting heart rates of lethargy (8-12 b/m).
During the winter of 1965-1966, the experiment
was repeated on two grizzly bears. Again, winter
resting heart rates were greatly reduced, down to
8 b/m. These results were compared with the data
obtained by the same technique from wolves,
wolverines, and Arctic foxes. Their sleeping heart
rates go up in winter instead of down. (Supported
by the NSF and by the Office of Naval Research.)

349
HERMAN KLEEREKOPER, McMaster University,

Hamilton, Ontario.
A monitor of locomotion patterns of fish for direct

computer analysis of orientation mechanisms.
Monitoring equipment was designed and built

to obtain continuous data required for the con-
struction of mathematical models of orientation of
fish in a controlled environment, with and without
sensory, particularly olfactory, stimulation.

Below the transparent bottom of a tank, measur-
ing 15 ft X 15 ft X 3 ft deep, built of perspex
supported on a steel frame, a square grid matrix
of 2,500 photocells at 4 inch (10 cm) centers was
mounted. The photosensitive surfaces of the cells,
directed upward, received collimated light from a
bank of low voltage bulbs. Each bulb is placed
in the center of a fresnel lens below which a jet-
black, aluminum honeycomb, 2 inches (5 cm)
thick, is suspended. This lighting s\stem avoids
isolated vertical beams in the water and produces
a uniformly lighted, collimated field.

The water supply is through perforated plates,
placed in front of the four internal sides of the
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tank. These plates were designed to produce lami-
nar flow in any one of tour transverse directions
in the lank. Turbulent flow can be produced.

The 50 rows o£ 50 cells of the matrix form the
X and V axes of an electronic logics system and
are continuously scanned. Thus, a cell, darkened
by the presence of the fish in the optical field,
is located and its address lecorded on tape together
with the time of the event. Direction, angular
deflections, speed and diurnal rhythms form the
basic data for computer analyses of locomotor pat-
terns orientation mechanisms of the fish under
imestigation.

350
WILLIAM J. L. SLADEN, Johns Hopkins Uni-

versity.
Social behavior of adult and juvenile Adelie Pen-

guins. (Motion picture)
The film presents a preliminary report on a

long-term population and behavior study of Adelie
Penguins, Pygoscelis adeliae, in a rookery of 300,000
birds, and of the predator-prey relations with the
South Polar Skua, Catharacta maccormicki.

During the past five years a total of over 24,500
Adelie chicks have been flipper-banded (Sladen
and Penney, Bird Banding, 31:79, 1960) and/or

web-punched at Cape Crozier, Ross Island, Antarc-
tica, thus creating each )ear an increasing popu-
lation of marked, known-age birds. The young
depart to sea, returning to land in later seasons,
first as juveniles, then as inexperienced breeders
and finally as established breeders (Sladen, Bio-
Science, 15:264, 1965). An estimated 7% of each of
thiee age-groups (so far in our study in their
second, third and fourth years) aie returning to
the rookery of their birth. A few three- and four-
year-olds have laid eggs, but almost all were un-
successful in rearing lull-grown chicks.

The film compares juvenile non-breeding' and
first-time breeding behavior with that of the ex-
perienced breeders. The non-bieeders wander
around the rookery individually or in small groups.
Their social interactions, which may at times be
detrimental to the stability of the community, are
illustrated in one example where a chick gets
separated from the creche and is subsequently
killed by skuas.

Also illustrated are hunting methods of the
Leopard Seal, Hydrurga leplonyx; dramatic scenes
on the beaches where Adelies negotiate ice-floes or
heavy seas; and corralling and marking techniques.
(Supported by grant GA-151 from Office of Antarc-
tic Programs, NSF.)

PAPERS PRESENTED BY TITLE AND ABSTRACT ONLY
ANIMAL BEHAVIOR

351
DOUGLAS K. CANDLAND and T. JAMES

MATTHEWS, Bucknell University.
Prediction of dominance rank from heart rate

of the domestic fowl. (By title only)
Reports of physiological factors occurring in the

establishment and maintenance of dominance
orders in domestic fowl have not included direct
recording of autonomic changes during social com-
petition. In the present study, heart rate was
recorded from adult white Leghorn roosters dur-
ing pair comparison competition which matched
each possible pair of birds from a six-bird flock
against one another in competition for food. Each
match consisted of a one-minute period in which
the amount of time each bird controlled the
food cup was recorded. This period was sur-
rounded by two-minute, non-competitive exposure
periods in which the birds could see, but not
touch, one another. A three-minute period of
visual isolation from one another occurred before
and after each match. Heart rate was detected
by subcutaneously implanted electrodes and con-
ducted through direct leads to an oscilloscope rate
monitoring device. To prevent electrode lead foul-
ing during matches, birds were placed in indi-
vidual compartments separated by a removable
opaque wall for visual isolation and a screen par-
tition which allowed visual exposure and food com-
petition but maintained physical separation of ihe
birds.

Birds high or low on the dominance order
showed higher heart rates than birds in the middle
dominance ranks. Heart rate was higher during
exposure periods than isolation periods. Among
birds which both won and lost contests, heart
rate was higher when the match resulted in a
win than a loss. (Supported by MH 06988-03
USPHS.)

352
DOUGLAS K. CANDLAND and DEREK B.

TAYLOR, Bucknell University.
The aggression ratio: A measure of aggiessiveness

in domestic fowl. (By title only)
Indices of aggressiveness in domestic fowl are

often based on the number of fights won; how-
ever, factors other than aggression contribute to
the outcome (A. M. Guhl, in Behavior of domes-
tic animals, E. S. E. Hafez, Ed., Wilkins & Wil-
liams, Baltimore, 1962). Presented here is the
aggression ratio (A.R.), an index which includes
information other than number of wins.

Six separately housed White Leghorn cockerels
met in an initial paired encounter procedure daily
lor six days. Aggressive interactions were recorded
by the method described by Guhl (Tech. Bull.
Kansas Agric. exp. Sta., 1953, No. 73). On Day 7
the birds were moved to communal housing to
form a flock and paired encounteis were continued
five days.

An A.R. was computed for each bird each test
day with the formula

a
A.R. =

d+ 1.
where a is the number of pecks and threats
delivered by a bird, and (/ is the number of birds
he dominates. The A.R. is the number of aggres-
sive acts per bird that a bird directs against those
he dominates.

Dominance relations were stable on Day 2 and
remained unchanged after flock formation. Elim-
inating Day 1, the mean reliability of the A.R.
before flock formation was -f- .917 (p = < 0 I ,
df = 4), and after flock formation -|- .558 (p =.
>.05, df = 4). Before flock formation a roughly
linear relationship obtained between mean A.R.s
and dominance rank; after flock formation an
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inverted U-function appeared. Accordingly, the
A.R. may be a useful technique lor the descrip-
tion of aggressiveness and its correlation with other
behaviors. (Supported by MH 06988-03 USPHS.)

353
Sl.'SAX L. DONALDSON, A. J. J1ORVATH,

MARY ANN ROSS and J. L. ALBRIGHT,
Purdue University.

Dominance in young heifer calves as a function of
breed difference over time and situation. (I5\
title only)
Seventeen Holstein and 17 Holstein Red Danish

Ciossbred calves were raised from birth to the
age of 10 weeks according to one of four feeding-
rearing conditions: (1) Fed separately-reared sepa-
rately; (2) fed separately-reared together; (3) ted
together-reared separately; or (4) fed together-
re.uecl together. Two testing situations were con-
ducted with each calf. In test #1, three calves
from similar feeding-rearing conditions that had
never been together were placed together. In test
#2, one calf from each feeding-rearing condition
was placed together. Dominance scores were calcu-
lated for each calf by scoring each subject in rela-
tion to each other subject. Student's t tests were
computed to determine breed differences within
groups and within tests. Data were further probed
to determine reversals in position across time.

On test #1, purebred Holsteins that were fed
together and reared together dominated Crossbreds
from that same feeding-rearing condition. There
were no other breed differences in any group or
on any test. From all test situations and all groups,
Holsteins dominated Crossbreds 91 times and Cross-
breds dominated Holsteins 80 times. A total of 56
reversals of position of dominance between pairs
of calves was observed.

These data suggest that breed differences in
dominance can be significantly changed (P<.05)
by appropriate feeding, rearing, and testing situa-
tions. It further confirms the observation of Hook
et al. (Amer. Zool., 5:714, 1965) in that the domi-
nance hierarchy among young calves is not so stable
as among older cows. (Supported in part from a
trust agreement between Purdue University and
Normandy Farm, New Augusta, Indiana.)

354
WILLIAM C. GRANT, JR., Oxford University

and Williams College.
Endocrine induced courtship in three species of

European newts. (By title only)
Prolactin, the active principle which induces

water drive in the spotted newt Diemiclylus viri-
descens, was administered at various dose levels
to three species of European newts (Trilurus cris-
talus, vulgaris and lielveticus) during their non-
breeding, terrestrial phase in the fall. Assumption
of aquatic environments and partial development
of secondary sexual characteristics was produced
in all species. In water both sexes showed typical
courtship patterns involving an alternating se-
quence of female advances with male, body spasms
and tail fanning oriented toward the female. Pro-
lactin is implicated as an important factor in elicit-
ing sexual behavior independent of most gonadal
influence as the gonads of both sexes continued

in regression and males terminated courtship by
simulated deposition of spermatophores. T. hel-
veticus, the most aquatic species, responded to the
lowest dose levels of prolactin (0.20 mg).

Quantitative analysis of behavioral sequences in-
dicated that speed and intensity of male response
was corrclaled with the timing of female advance.
The total length of courtship was shortened rela-
tive to the per cent of total courtship time females
spent in advancing although a too rapid advance
not broken by periods of holding tended to dis-
organize male response. Previous work (Gauss
stimuli to newt courtship. However, as complete
1961 etc.) has suggested the importance of olfactory
stimuli to newt courtship. However, as complete
sexual display was induced in males with the
crudest type of female models during the present
investigations it is concluded that at least in pro-
lactin-treated animals visual stimuli are of equal
importance. (Supported by Fellowship HD-29,500-0l
and Grant HD 01164-09 from the USPHS.)

355
NORMAN LIN, Ohio State University.
Standard and emergency courtship in the cicada

killer wasp Sphecixis speciosiis (hymenoptera
sphecidae). (By title only)
In standard courtship the male (mounted upon

the female) may lash the female's antennae with
his antennae or rub her eyes in up and down
strokes with his forelegs. The above may occur
in combination and in various sequences. Copu-
lation usually follows 3-15 seconds after mounting,
and in many cases, no courtship seems to occur.

Another courtship pattern occurred rarely. The
male lashes the female's antennae—one at a time
for about 15 seconds each—and alternates back and
forth about 3 or 4 times. His left antenna lashes
her left and his right lashes her right. Then he
inserts his antennae between the female's, and
spreads his antennae in a broad V. He then moves
down the back of the female, his antennae pulling
the female's antennae back over her head while
he extrudes his genitalia and attempts copulation.
In one case the male attempted standard courtship
for 14 minutes, switched to "emergency" and on
the second try, the female exposed her genitalia
and copulation followed. Success was immediate
on the other occasion of its use when a male
switched to "emergency" after 10 seconds of stan-
dard courtship.

Courtship in Spheciiis seems to increase sexual
receptivity in the female. The existence of both
courtship patterns may be explained as follows:
"Standard" usually succeeds and can be performed
more rapidly. Emergency courtship is perhaps a
more potent releaser, but being of longer duration
is called into play when "standard" fails. If this
hypothesis is correct, subsidiary courtship patterns
may be more widespread.

356
Z. MICHAEL NAGY and JAMES R. MISANIN,

Susquehanna University and Rutgers University.
Social preference in the guinea pig as a function

of social rearing conditions and weaning age.
(By title only)

To determine the effects of social rearing condi-
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tions (being reared alone or with littermates) and
age of separation from the mother upon later
social preference, 120 Hartley guinea pigs were
divided at birth into 10 groups of 6 males and
6 females. Five groups were separated from their
littermates at birth (isolates); the other 5 remained
with like-sex littermates throughout the experi-
ment (communals). Within the isolate and com-
munal groups, the mother was removed at 0, 4, 8,
16, and 30 days of age respectively for the 5 groups.
At 135 ± 10 days of age, social preference was
tested in a tilt-cage apparatus for 6 consecutive
days, 15 minutes per day. One end of the tilt-
cage contained another guinea pig behind a clear
plexiglas barrier, while there was nothing at the
other end. Time spent at either end and numbei
of crossings were recorded on all days.

Social preference for another guinea pig was
significantly greater (p<.001) for the communally
reared animals than for those reared in isolation.
Age of separation from the mother did not aflecl
social preference for either group. Activity scores
revealed that isolates were more active and dis-
played less "freezing" (no crossings) than coni-
munals, suggesting that the test situation was not
as fear-provoking as for communally reared ani-
mals. (Supported by Grant M-1562, USPHS, to
B. A. Campbell.)

BIOCHEMISTRY, CYTOLOGY and HISTOLOGY

357
JOYCE A. BARRETT and MARGARET A. KEL-

SALL, Cleveland Psychiatric Institute.
Effects of aging on mast cells and arterial plaques

in the hamster heart. (By title only)
Deposition of mucopolysaccharides in the coro-

nary arteries and the aorta is considered an
early stage of the atheromatous lesion (Moon and
Rinehart, Circulation, 6:481, 1952). Mast cells, a
source of the acid mucopolysaccharide heparin,
which has lipemic and anticoagulant properties,
are also implicated in atherosclerosis. The hearts
of 15 male and 7 female Syrian hamsters, age 182
to 844 days, were fixed in Orth's fluid, serially
sectioned at 16 or 30 micra, and stained with
aqueous toluidine blue.

Heavy deposits of metachromatic substance and
breakdown of the intimal elastic membrane oc-
curred in the left coronary arteries and to a lesser
extent in the right coronary arteries of all 6 ani-
mals, 534 to 844 days old. Scattered metachromatic
granules, which may be precursors of these plaques,
and increased metachromasia were noted in the
coronary arteries of 14 of the 16 animals, 182 to
405 days old.

Mast cells are present in the adventitia of the
left and right coronary arteries and along capil-
laries in the myocardium in both atria and ven-
tricles of hamsters in all age groups. Mast cells
did not occur in the intima, media, or in the ad-
ventitia of coronary arteries in areas of meta-
chromatic plaques. This observation indicates that
metachromatic granules of mast cells are probably
not the direct source of mucopolysaccharide deposits
in coronary arteries of old hamsters. (Supported by
grants from The Heart Association of Northeastern
Ohio and GRS 05563-03 USPHS.)

358
WILLIAM H. BECKERT and BROTHER WAL-

TER DOYLE, St. Johns University.
Leukocyte culture and karyotype of Bufo marinus.

(By title only)
The tropical toad, Bufo marinus, was chosen

as the first in a series of investigations to eluci-
date the karyotypes of various Amphibia. Short
term cultures of whole blood, leukocyte suspensions
and bone marrow were utilized in the study. The
culture medium was composed of fetal calf serum,
tissue culture medium 199, and triple distilled
water (22, 51 and 27 parts respectively). Penicillin
(100 units/ml) and streptomycin (100 units/ml)
were added to the medium which was distributed
into one-half ounce glass prescription bottles in
the amount of 4 ml per bottle. Most of the cul-
tures received the mitotic stimulant, phytohemag-
glutinin (Difco, 0.015 ml/ml medium), and all
were incubated at 25°C ±1°C for seven days.
Colcemide was added to all cultures prior to hypo-
tonic treatment, and slides were prepared by the
air drying method.

Many good metaphase plates were obtained from
nil cultures, including those without phytohemag-
glutinin. These, we believe, are the first success-
lul cultures of amphibian whole blood and plasma
suspensions of leukocytes obtained without a mito-
tic stimulant.

The chromosome number of this species was
found to be twenty-two. There are five large, four
intermediate, and two small chromosome pairs, of
which five are metacentric and six submetacentric.
On one pair of the intermediate size chromosomes,
which have been designated as numbers thirteen
and fourteen, a satellite was detected on the shorter
arm. In neither the male nor the female could
a pair of sex chromosomes be distinguished. (Sup-
ported by Project Bl from St. John's University.)

359
MARVIN HILL, The Creighton University.
Histotochemistry of phosphatase and dehydro-

genase enzymes in the rat submandibular gland.
(By title only)
Enzyme studies on the submandibular gland

subserve the study of glandular function. Our re-
sults regarding the localization of alkaline phos-
phatase differ from previous reports in that activity-
was not found in both the nucleus and cytoplasm
of acinar cells. Using sodium alpha naphthyl phos-
phate and Fast Blue RR, we find no nuclear
localization and no activity in the acinar cells. We
find this enzyme in capillary walls, the basement
membrane of acini, in the basal cytoplasm of
tubular cells and in the myoepithelial cells. This
reaction may be used effectively in the demonstra-
tion of the myoepithelial cells of Boll which are
prominent in the submandibular gland.

Using Burstone's procedure for acid phosphatase
involving naphthol AS phosphate and Red-violet
LB, the cytoplasm of the cells of the acini and the
ducts show a positive reaction for this enzyme. The
activity in the serous cells is greater than in the
mucous cells. Cells of the ducts are more strongly
positive than are the acinar cells, with the coloring
being intense and uniform. The secretory tubules
are non-reactive.
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Using sodium succinate and nitro BT in the
Nachlas method for succinic dehydrogenase, a
slight diformazan deposition in the parenchyma-
tous tissue is revealed. This is more evident in
the serous than in the mucous components of the
gland. By far the most intense reaction is in the
intercalated and interlobular ducts. The reaction
takes place in the mitochondria. This is the area
of high transport activity. (Supported by Grant
HD00180 National Institute of Child Health and
Human Development.)

360
ROY M. NUZZO, HELEN R. STRAUSSER and

ROSE A. BUCSI, Rutgers—The State University.
Simultaneous disc electrophoresis of anionic and

cationic substances. (By title only)
The polyacrylamide gel electrophoresis technique

of Ornstein and Davis (Disc Electrophoresis, Dist.
Prod. Ind., Rochester, N. Y., 1962) has been suc-
cessfully used for separation of the many proteins
found in serum and other biological fluids. The
advantages of this method are partly offset by the
necessity of performing dual trials of reversed polar-
ity when the isoelectric points of some of the
protein components of a mixture are unknown and
when deviations from specific sample concentrations
are desirable.

The following technique was devised and success-
fully employed to partially eliminate some of the
above difficulties: A Shandon electrophoresis tank
of the horizontal type was converted for tube use
by means of a wooden support which was placed
on the center bar of the electrophoresis apparatus.
Polyacrylamide gels were prepared in tubes de-
scribed by Ornstein and Davis, except that the
stacking gel which usually contains the specimen
was omitted. Two tubes were used for each speci-
men; these were connected to each other bv means
of a Y tube, cut to convenient length and fitted at
two ends with short plastic couples into which
the tubes containing the gels were connected. A
buffer of desired pH and ionic strength was added
to the open end of the Y tube. Tracer dye and
desired amount of sample were then added. Then
each set of two tubes was placed on the wooden
support, the Y tube straddled the divider bar so
that one tube served as the cathode the other
the anode. We have used a constant current of
3 ma for each tube pair.

361
JOHN D. TAYLOR, University of Arizona.
Electron microscopy of iridophores in hypophysec-

tomized Rana pipiens larvae. (Introduced by
Joseph T. Bagnara) (By title only)
Electron microscope studies of dorsal integument

of hypophysectomized Rana pipiens larvae demon-
strate that iridophores are of two types and are
usually located in two areas of the dermis. The
first type is small with thin arms and is usually
found in contact with xanthophores which them-
selves are attached to the collagenous lamellae of
the basement membrane by thin cytoplasmic fila-
ments. In some cases these iridophores are at-
tached directly to the collagenous lamellae by
cytoplasmic filaments. The second type is larger
with wide arms and is found above dermal melano-

phores. In both types empty spaces are found
which are believed to represent sites of reflecting
plates. It is also believed that these reflecting plates
are lost during sectioning since silvery iridophores
can be seen before sectioning. Reflecting plates
are packed together in high concentrations in the
first type of iridophore: while the second type of
iridophore seems to have less packing with more
cytoplasmic organelles. Crystalline structures of the
reflecting places can be isolated by cytolization
of iridophores and viewed by suspension on speci-
men grids. These studies reveal that they have a
variety of shapes ranging from squares to octagons.
Sections of iridophores indicate that sites of reflect-
ing plates are approximately 0.18 /i thick; while
isolation methods indicate that the majority of
crystalline structures are approximately 1.9 p.
wide and long. The largest crystalline structure
observed was 5 ji long and 1 ^ wide. Chemical
analysis of these isolated crystalline structures
indicate that they are composed of guanine, ade-
nine and hypoxanthine. (Supported by NSF Grant
GB-3681; Joseph T. Bagnara, Director.)

COMPARATIVE ENDOCRINOLOGY
362

IAN P. CALLARD, Rutgers—The State University.
Testicular steroid synthesis in the snake, Natrix

sipedo7i pictiventris. (By title only)

Natrix testicular tissue was incubated in 18-50
ml flasks (800 mg/flask) as described previously
(Callard and Leathern, Proc. Soc. Expt. Riol. Med.,
115:567, 1964). Each flask was treated separately.
I6-3H pregnenolone was added as precursor, and
4-"C progesterone and testosterone were added
prior to extraction for estimation of losses. On
paper chromatography, three major peaks of activ-
ity corresponding to testosterone, pogesterone and
pregnenolone were observed. Progesterone was
identified by derivative formation and chromatogra-
phy in one typical and one atypical system. After
reduction, three major peaks were seen, correspond-
ing to progesterone, 20 alpha and 20 beta hydroxy
prcgn-4-en-3-one. Aliquots of these three areas
were found to have the same 3H"C ratio. Per cent
conversion to progesterone was ].85±.16. The tes-
tosterone area was also subjected to derivative
formation. After oxidation, followed by reduction
of the oxidation product (androstenedione), the
3H14C ratio remained constant in only 4/18 samples.
In the remaining samples the radioactivity was too
low to be measured with accuracy. Per cent con-
version to testosterone in these four samples ranged
from .005-.02. Histochemical localization of 3-beta
hydroxy steroid dehydrogenase and comparison
with histologic sections indicated the presence of
the enzvine in the interstitial elements. ('Supported
by NSF Grant 1734 and USPH GM-835.)

363
IAN P. CALLARD, Rutgers, the State University.
Conversion of acetate-1-C11 to progesterone by

ovarian tissue of Natrix sipedon pictiventris. (By
title only)
Ovarian tissue from Natrix sipedon picliventris

was incubated in 4-50 ml flasks as described pre-
viously (Callard and Leathern, Proc. Soc. F.xp. Biol.
Med., 115:567, 1964). 10 ^c of acetate-1-C" was
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added to each flask as a precursor. Prior to extrac-
tion of the tissues and the incubate, H3-pregneno-
lone was added to estimate procedure losses. The
tissue was homogenized in the incubate and the
resultant homogenate extracted. Steroid extracts
were chromatographed on thin layer plates in sys-
tems' 1) 5% ethanol in methylene dichloride satu-
rated with water and 2) 95% benzene/5% ethanol.
Radioactive spots on the plates were located by
exposure of the developed chromatoplate to Kodak
"Royal Blue" X-ray film. The radioactive zone
corresponding to standard progesterone was eluted
from the silica gel and acetylated. On rechroma-
tography of the aretate in system (2) a single
radioactive spot was present migrating with pro-
gesterone. This material was eluted, reduced, and
rechromatographed. Radioactive spots correspond-
ing to progesterone. 20 alpha and 20 beta hydroxy
pregn-4-en-3-one were located on autoradiography.
On oxidation of the original progesterone material,
no change was noted in the Rf of the compound.
Quantitation of the progesterone zone in a Packard
Liquid scintillation counter revealed 0.32% con-
version of C14 acetate to progesterone by Natrix
ovarian tissue. (Supported by NSF Grant 1734
and USPH GM835.)

EVOLUTION AND GENETICS

364
MORRIS H. BASLOW and JAMES F. LENNEY,

School of Medicine, University of Hawaii.
N-acetyl-L-histidine amidohydrolase activity from

fish brain. (By title only)
The amino acid N-acetyl-L-histidine which is

found in high concentration in teleost brain, but
absent from mammalian brain (Zoologica 50:63-66,
1965) has been found to be deacetylated by a highly
specific enzyme obtained from the brain of the
skipjack tuna Katsuwonns pelamis.

The enzyme has been isolated from fresh tuna
brain after homogenization in 0.05 M sodium phos-
phate buffer, dialysis, precipitation with 45% satu-
rated ammonium sulfate and finally passage
through a Sephadex G-100 column. An enzyme
preparation 13.8 times more active than the crude
homogenate has been isolated by these procedures.
The pH optimum for the reaction was found to
be 7.0 with the production of both acid and L-his-
tidine. Maximum activity was obtained at sub-
strate levels of 0.03 M and the enzyme preparation
is stable to temperatures up to 35°C. A tentative
molecular weight of 83,000 has been derived by gel
filtration techniques.

The acylase has been found to be active against
N-acetylhistidine and slightly active against N-ace-
tylmethionine. N-acetylated derivatives of hista-
mine, tryptophan, tyrosine, alanine, valine, glu-
tamic acid, aspartic acid, cysteine, glycine and orni-
thine are not attacked.

Extracts from mouse and rat brain which arc
capable of deacetylating N-acetyl-L-aspartic acid
were found to be inactive against N-acetyl-L-histi-
dine which correlates with the absence of this
amino acid from tissues of homeotherms and indi-
cates that the enzyme activity may also be distrib-
uted along phylogenetic lines. (Supported by NSF
grant GB-3607.)

365
NEAL R. FOSTER, Academy of Natural Sciences

of Philadelphia.
Structural defenses of aquatic animals against being

swallowed whole by fishes. (By title only)
The majority of fishes (one of the largest and

most significant groups of macroscopic predators
in the aquatic ecosystem) swallow their prey whole,
with a minimum of masticatory preliminaries. Tele-
onomically speaking, prey species such as various
actively moving fishes, arthropods, and other ani-
mals rely upon specific structural or behavioral
defenses to discourage predacious fishes from in-
gesting them. Those animals which are armed
with sharp spines, serrae, ctenii, scutes, prickles, or
tubercles usually have these structures pointing in
a direction opposite from the direction in which
the animal normally swims when it is fleeing a
predator, for purely hydrodynamic reasons.

Since a predacious fish can seldom anticipate
and "head off" the escape of its prey, the fish
must instead pursue it, and the first portion of
the prey which will be grasped in the predator's
mouth will be that part which is nearest while
the prey is fleeing. For this reason, the base of
the tail of a fish such as a carangid (which swims
"forward") may be the most heavily armored
part of its body, while the head or chelae of a
decapod crustacean such as a prawn or a crayfish
(which flee "backward") is apt to be heavily armed
with anteriorly pointing spines or serrae. Another
evolutionary strategem is to increase greatly the
width of some portion of the body such as the
head (fishes) or the cephalothorax (many arthro-
pods) and to arm the most exposed edge of this
part with serrae or spines.

366
W. F. HOLLANDER, Iowa State University (Ames).
Hydrocephalic-polydactyl, a recessive pleiotropic

mutant in the mouse. (By title only)
Normal mice in a partially inbred stock derived

from an X-rayed male in the Genetics Department's
colony produced in 1964 some progeny of both
sexes showing hydrocephaly and double hallux.
Outcrosses of the normal parents to various other
stocks gave only normal young. Linebreeding with
progeny testing yielded a large number of abnor-
mal offspring, with considerable variation in degree
of hydrocephaly and of polydactyly. Sometimes one
feature has occurred without the other, but they
most commonly are associated. Also, most of the
abnormal mice show a rabbit-like gait, both hind-
legs tending to move in unison. With even mod-
erate hydrocephaly, the mice have grown poorly
and become emaciated, dying usually by two
months. By contrast, young snowing only double
hallux usually have matured well. The males are
consistently sterile, but most polydactyl females
have given large litters and nursed them. In out-
crosses only normal progeny have appeared.

It seems much less plausible to hypothesize two
mutants with close linkage here than a single
mutant syndrome with variable expressivity. Class-
ing the progeny of segregating matings simply as
normal : abnormal gives totals of 594 : 134. The de-
viation from 3:1 suggests incomplete penetrance,
since little mortality occurs before classification.
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The S)mbol hpy is proposed for the syndrome.
Recombination with seven other marker loci has
appeared free: a, b, bt, Re, Fu, mi, and II'. (Sup-
ported by AEC Contract No. AT (11-1)-1382.)

367
M. L. PETRAS and F. G. BIDDLE, University ol

Windsor, Ontario.
A new locus controlling the serum esterases in

Mus musculits. (By title only)
The effects of this new locus, which controls the

presence and absence of serum esterase band VII
in the house mouse, Mus musculus, were studied
using the techniques described by Petras (I'roc.
Natl. Acad. Sci. 50:112, 1963). Three inbred strains
examined, C57B1/1O, C3H and CBA/J, possess
band VII but numerous wild animals lack it. Re-
sults of five types of matings are consistent with
a two-allele (with dominance), single autosomal
locus mode of inheritance. That is: 1) offspring ol
the above inbred strains always possess band Vll:
2) all 25 Fx offspring, from matings of mice lacking
band VII and C57B1/10 animals, had VII: 3) mat-
ings of Ft mice revealed 78 animals with VII pres-
ent and 30 with VII absent; 4) backcrosses of F1
mice on C57B1/1O produced 43 offspring all ol
which had VII, and 5) backcrosses of F2 mice on
wild animals lacking VII produced 16 mice with
band VII and 25-without.

This locus, which has been tentatively designated
Es-5, is closely linked with Es-1 on linkage group
XV11I. An examination of several natural popula-
tions of mice in the Windsor area suggests the
existence of a widespread polymorphism with both
alleles being found in almost equal frequencies.
(Supported in part by giants from the National
Research Council of Canada and the Department
of University Affairs, Ontario.)

368

T. M. SONNEBORN, Indiana University.
A non-conformist genetic system in Paramecium

aurelia. (By title only)

Until now, all examined syngens (i.e., 13 of the
14 known syngens) of P. aurelia have shown one
or the other of two genetic systems for the deter-
mination and inheritance of mating types. One
system (the A system) is characterized by inde-
pendent caryonidal determination, the four caryo-
nides of a synclone showing no correlation in their
mating types. The other system (the B system)
is characterized by a nucleus-dependent cytoplas-
mic factor which determines the caryonides: sister
caryonides show high positive correlation of mating
types, but co-conjugant clones show high negative
correlation. The remaining syngen, syngen 13 (de-
fined by Rafalko and Sonneborn, J. Protozool. 6,
suppl., 30, 1959), is a non-conformist exhibiting
neither the A nor the B genetic system. In it, mat-
ing types are determined and inherited as a simple
pair of alternative Mendelian traits, all four carvo-
nides of a synclone agreeing in mating type. Mating
type XXV is recessive, mating type XXVI is domi-
nant. Heteroz.)gotes are predominantly type XXVI,
but in at least some heterozygotes some cells go
through brief transient phases as type XXV and this
results in selfing. Thus far, selfing has never been

observed in either homozygote. Without cell divi-
sion, the type XXV member of selfing pairs can
proceed quickly (within an hour or so) to a t)pe
XXVI phase. Both members of split pairs, if
cultured, again produce predominantly type XXVI
cultures that self. Whether the decisive "mating
tvpe locus" code;, lor mating tvpe substances or
opeiates indirectly, perhaps as a rcgulatoi locus,
is under investigation. (Supported by Contract
COO-235-32 of the AEC and by Grant E81-H of
the American Cancer Society.)

369
DOROTHEA J. WIDMAYER, Wellesley College.
Seaich for metagon activity for kappa's mainte-

nance in stock 51m43 of Paramecium aurelia.
(By title only).
Metagons, products of gene M of Paramecium

which maintain symbiont mu, were described by
Gibson and Beale (Genet. Res. 3:24, 1962). Meta-
gon activity is characterized by a pattern of sym-
biont maintenance in which each descendant of
animals becoming homozygous recessive maintains
svmbionts for seven generations and late genera-
tion cells containing symbionts produce piogenv,
at least one of which maintains symbionts. The
theoretical importance of persisting gene products
which confer phenotypes varying from genotypic
expectation, prompted this search for evidence for
metagons maintaining kappa, another cytoplasmic
symbiont (See Sonnebom's review on kappa, Adv.
in Virus Res. 6:229, 1959).

First fission products of homozygotes obtained
by autogamy induced in heterozygotes (K/k) with
mutant kappa 51m43 (Widmayer, Genetics 51:613,
1965) were separated. One half-clone served to
identify sensitive lines; the other (reproducing
three times daily) was studied for kappa's main-
tenance by either of two methods: (1) Fission
products were exposed to killing kappa: if resis-
tant (kappa indicated), cells divided and their
progeny were tested. (2) After known fissions, half-
clones were stained (Azur A) and examined micro-
scopically for kappa.

Nineteen (19/36) sensitive lines (k/k) were
studied for resistance. In seven, all animals were
sensitive before fission six, and in all 19, every
animal was sensitive before fission nine. Every ani-
mal of 22 of the 33 half-clones of genotype k/k
stained before fission four lacked kappa. Thus in
many lines mutant kappa is completely lost soon
after gene replacement. If metagons are produced
by gene K, they either are not stable in animals
growing at three fissions per day or are incapable
of maintaining mutant kappa. (Supported in part
by Contract COO-235-31 of the AEC and grant
E-81H of the American Cancer Society to T. M.
Sonneborn, Indiana University, and by a Wellesley
College Shell Faculty Research Award to the
author.)

EXPERIMENTAL BIOLOGY

370
IDEL1SA BONNELLY de CALVENTI, Instiuiio

de Biologia Marina, Universidad Autonoma de
Santo Domingo, Santo Domingo, Dominican
Republic.

Molybdenum-copper interaction in the newt,
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Notophlhalmiis viridescens: toxicity and pseudo-
erythroplastic anemia. (By title only)
Pseudoerythroplastic anemia specific for this newt

was experimentally induced with intraperitoneal
injection of 60 micrograms of copper (Calventi
et al., Anat. Rec. 137 (3):345, 1960) without affect-
ing survival. In view oE the undisclosed etiology
of this dyscrasia, molybdenum was selected because
of its known effect on copper absorption and re-
tention by blood and internal organs in higher
vertebiates.

Male newts (2.5 g) kept unfed for 3 weeks at
room temperature, were injected intraperitoneally
with 20, 40, 60, 80, 120, and 160 micrograms of
molybdenum from a solution of ammonia molyb-
date (pH 4.7). During the first week all animals
maintained their weight and activity without ex-
hibiting skin and blood alterations that charac-
terized newts injected with comparable amounts of
copper. No microscopical changes were noted in
the liver, kidney and spleen of newts sacrificed 48
hours after injecting 160 micrograms of molyb-
denum. When molybdenum treatment was repeated
6 days after the first injection, newts died in 2
days without exhibiting pseudoerythroplastic ane-
mia. However, all newts developed anemia, and
died in 48 hours, when molybdenum (40 micro-
grams) was given 1 hour after a non-lethal dose of
copper (60 micrograms) that alone stimulated pseu-
doerythroplastid production.

The study suggested that in the newt molyb-
denum is less toxic than copper and it does not
affect hemopoiesis. However, the combined effect
of copper and molybdenum is more toxic, and
pseudoerythroplastid formation is not suppressed.

371
PO-CHUEN CHAN, L. IONE JOHNSON, FRAN-

CIS C. MONETTE, JOSEPH LO15UE and
ALBERT S. GORDON, New York University.

Early response of leukocytes from splenectomized
rats to Phytohemagglutinin (PHA) stimulation.
(By title only)
Pooled heparinized blood from 6-day post-splcn-

ectomized rats was incubated in PHA-P (Difco, 33
^g per 10 ml whole blood) for 30 minutes in an
ice bath. Peripheral cultures from the same rats
but without PHA-P served as controls. The blood
samples were then cenlrifuged at 400 rpm for 10
minutes to obtain leukocyte-rich supernatants.
These were then recentrifuged at 800 rpm for 10
minutes and the leukocyte buttons were resus-
pended with Medium 199 to a final concentration
of 5 X 10° cells per ml. The cells were incubated
in diffusion chambers as described by Johnson
et al. (Brit. J. Haemat., in press) in the peritoneal
cavities of rats splenectomized 6 days previously.
Each host received four chambers. Similarly, leu-
kocytes from normal rats were treated with PHA-P,
or not exposed to this agent, and incubated in
normal rats. The hosts were killed 18, 24, 48, 72,
and 96 hours after receiving 2 injections of tritiated
thymidine (20 ^c intraperitoneally) at 60 and 30
minutes before sacrifice. Smears made of cultured
cells were processed autoradiographically. Two
thousand cells were enumerated per culture. By
18 hours of incubation, the PHA-stimulated leuko-
cyte cultures from splenectomized rats exhibited an

early blastogenesis and mitotic activity not ob-
served in the PHA-treated leukocytes from normal
rats. The labeling indices in the former group
were also consistently higher during the first 48
hours of culture. Control cultures of non-PHA-
stimulated leukocytes trom normal and splenecto-
mized rats showed the degenerative changes pre-
viously described by Johnson et al. (Supported by
grant HEO3357-1O and HE5645-02 from the Na-
tional Heart Institute of the USPHS.)

372
NICHOLAS D. DE PROSPO, Seton Hall University.
The role of the gonads and thyroid gland in

quinoline-dye hepatocarcinogenesis. (By title
only)
Having previously established that adrenalec-

tomy and hypophysectomy alter the hepatocarcino-
genicity of the dye quinoline-6-azo-p-dimethylani-
line (Q6) (DeProspo, Bull. N. J. Acad. Sci. 9:38-39,
1964), an attempt was made to see if similar elfects
could be achieved by gonadectomy, thyroidectomy,
the use of anti-thyroid agents, or the administration
ol sex steroids and thyroxine. Sprague-Dawley rats,
averaging 125 grams in weight, were divided into
nine experimental groups of ten animals each, with
an additional ten males and ten females serving
as "tumor controls." Tumors were induced in all
rats by feeding them, ad libitum, a basic low pro-
tein, low riboflavin diet to which was added 0.03%
Q6. There were three thyroid groups: thyroidec-
tomized, thiouracil treated, and rats receiving daily
ip injections of thyroxine. A group of gonadec-
tomized males was injected with estradiol and a
group of gonadectomized females was given testoste-
rone. The two remaining groups of gonadectomized
rats received no injections. Part of an intact male
group received testosterone and the remainder were
given diethylstilbesterol. An intact female group was
similarly treated. After four months, all the rats
were sacrificed and the liver tumor incidence was
almost identical in all groups. This study indicates
that liver tumors will develop when gonadectomized
male and female rats are given Q6 and that sex
steroids do not alter the carcinogenicity of the dye.
Neither is there any difference in the susceptibility
of both sexes. From the data obtained, there is
no really convincing evidence that thyroid function
is involved in the quinoline-dye initiation of liver
tumors.

373
IRA FOWLER, University of Kentucky, CHARLES

£. MORRIS and ROYCE MONTGOMERY, Uni-
versity of North Carolina.

Rabbit lymphocyte transformation in vitro in ex-
perimental allergic encephalomyelitis. (By title
only)
Human peripheral blood lymphocytes obtained

from patients with multiple sclerosis and cultured
three days in the presence of human cerebrospinal
fluid (CSF) undergo increased per cent (10-15)
transformation to a blastic cell (Fowler, et al., New
Eng. J. Med., in press). To investigate species spe-
cificity of antigens involved, experimental allergic
encephalomyelitis was produced in six rabbits by
multiple injections of rabbit spinal cord and
Freund's adjuvant. One rabbit immunized with
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CSF and four normal rabbits served as controls.
Duplicate tubes containing peripheral lympho-

cytes obtained from each were cultured in a series
designed to contain its own controls. Each tube
contained 3 ml of medium (T. C. 199 with 20 per
cent chick embryonic extract and antibiotics) and
approximately 1,500,000 lymphocytes to which was
added either (1) CSF, (2) rabbit brain, or (3) no
additional agents. Percentage transformation after
three days was determined by counting 2,000 cells
of each culture.

A transformation of approximately 10 per cent
occurred in all cultures of lymphocytes from nor-
mal rabbits and in cultures without additives from
immunized rabbits. With CSF added, lymphocytes
from rabbits immunized with brain or CSF showed
increased transformation (21 per cent). With brain
added, transformation of lymphocytes from rabbits
with encephalomyelitis was significantly greater (26
per cent) than that of the rabbit immunized with
CSF (11 per cent).

Results suggest human CSF contains non-species-
specific antigens to which rabbit lymphocytes are
sensitized in experimental allergic encephalomye-
litis. (Supported by GRSG-A3200 and NB06320-01
from USPHS.)

374
SOPHIE JAKOWSKA and P. PAUL FAG UNDO, 27

West 96 St., New York.
Hepatotoxicity and fatty changes in the newt,

Notophthalmus viridescens. (By title only)
Adult males collected in Connecticut in early

summer (1.4-2.1 g B.wt.), kept unfed for 1 month
at 15°C with 12-hr artificial daylight cycle, were
given a single intragastric dose of 7.5 ml/kg of a
miticide, 2- (p-tert-butylphenoxy) isopropyl 2-chlo-
roethyl sulfite. The study was designed to deter-
mine the onset of hepatomegaly and increased liver
fat. The latter was visualized directly with oil red
O in sections prepared by a modified method utiliz-
ing propylene glycol and Carbowax, a polyethylene
glycol polymer (Jakowska and Fagundo, unpub-
lished).

Deaths occurred from 5 to 12 days. In sacri-
ficed newts, liver weight increased after 1 day
to 6.33% B.wt. (vs 3.5% B.wt. in controls), and to
7, 8-8.67, and 10% B.wt. after 5, 7, and 12 days,
respectively. Only occasional hepatocytes with a
few fat globules were seen 24 hrs after dosing:
after 48 hrs larger numbers of globules appeared,
especially in hepatocytes below the granulocyto-
poietic layer. Starting with 6 days practically all
the hepatocytes contained increasing amounts of
fat. In three pairs united in coelomic parabiosis
the partners dosed once intragastrically with 5
ml/kg showed in 19 days numerous hepatocytes
with confluent fat globules. The opposite para-
bionts, untreated, showed a lesser increase in liver
fat. In selected livers from chronic dermal toxicity
studies (Amer. Zool. 5:730, 1965) the amount and
distribution of fat varied in proportion to liver
weight, as it was the case in early changes follow-
ing a single gastric dose. The pattern of fat distri-
bution in all these treated newts differed, however,
from that in fed and fasted untreated animals.

375
SOPHIE )AKOWSKA and P. PAUL FAGUNDO,

27 West 96 St., New York.
Nutritional studies in newts, Notophthalmus viri-

descens. I. Dehydrated beef liver suspension.
(By title only)
Captive newts are usually fed raw beef liver

and individual consumption left to chance. Sup-
portive intragastric feeding with known amounts
of specific nutrients is desirable in long term toxi-
cological and surgical experiments, especially after
prolonged fasting and hibernation.

Adult males, collected in autumn in North Caro-
lina, kept unfed for 3 months at 15°C with 12-hr
artificial daylight cycle, averaged 2.7 g body weight.
Under these conditions, dehydrated liver in aque-
ous suspension (25 mg/0.1 ml, equivalent to 95
mg fresh liver) was given intragastrically once a
week for 11 successive weeks to 10 animals, 10
others constituting unfed controls. At one and 2
weeks after the last dose there was no difference
in body weight of fed and fasted newts (average
2.33 g), but at the latter period fed newts showed
a slight increase in the weight of the liver (3.54
vs. 3.02% B.wt.) and of the empty gastrointes-
tinal tract (3.86 vs. 3.63% B.wt.), and a signifi-
cant increase in spleen weight (1.17 vs. 0.65%
B.wt.). Fat bodies were absent in both groups.

Peripheral blood of fed newts showed active
regeneration, consistent with actively hemopoietic
spleen and perihepatic layer; this was associated
with thickening of duodenal submucosa. Tn fasted
newts older erythrocytes predominated, the spleen
was inactive, the perihepatic layer deduced and
disorganized.

Although gradual weight loss was not prevented
in these newts fed dehydrated liver suspension,
the findings suggested metabolic improvement.

376
RAOUL MICHEL MAY and JACQUES BOU-

CHARD, University of Paris.
Effect of tobacco tars on five-day-old chick embryos.

(By title only)
Five-day-old chick embryos were treated with

tobacco tars dissolved in carbowax (|x>lydiethylene
glycol, both lipo- and hydrosoluble), and with pine
carbowax.

Histological studies on the 10th day of develop-
ment show that the tobacco tars biing about an
important mortality, frequent coelosomies and nu-
merous haemorrhages, while pure carbowax has a
similar action, but much less marked.

Besides, with tobacco tars abnormal mitoses are
very numerous and accompanied bv dystrophy of
mesenchymatous elements: 34.9% abnormal meta-
phases against 15.5% with carbowax alone. We ob-
served lesions of mitotic spindles, with partial
migration of chromosomes four times (17.7%)
more often in embryos treated with tobacco tars
dissolved in carbowax than in those treated with
pure carbowax (4.1%). In such cases chromosomes
are often expulsed, and more often still migrate
independently of each other in the spindle. Tobac-
co tars thus have a deleterious effect on the
spindles of dividing cells in chick embryos.
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377
E. A. MIRAND, R. MILANOVICH, E. DYWIN-

SKI, and A. BULBA, Roswell Park Memorial
Institute and State University of New York at
Buffalo.

Depressant effect of hypertransfusion and trans-
fusion on murine and human erythropoietin
levels. (By title only)

Hyperoxia, acute starvation, and hypertransfu-
sion of washed red blood cells to a mouse are
an effective depressant of erythropoietin and eryth-
ropoiesis. Administration of 2.5 ml of isologous
washed red blood cells intraperitoneally in a period
of 3 days increases the hematocrit to 70-75%. At
this time, reticulocytes are at 0.0% and bone mar-
row and spleen erythropoiesis ceases. This state
can be maintained indefinitely by red cell trans-
fusions. Thus, the hypertransfused mouse is a
sensitive assay for erythropoietin. In a patient with
myeloblastic leukemia, 24-hour urine samples were
collected on 3 consecutive days. The patient had
hematocrits and hemoglobins in the range of 28-
32% and 9-10 grams. The urine sample from
day 1, concentrated by carbowax 1:10, showed high
levels of erythropoietin as judged by 16-17% Fe59

uptake in hypertransfused mice. After transfusion
with a pint of whole blood on day 1, the erythro-
poietin level in the urine on day 2 decreased to 5.9%
Fe58 uptake. An additional pint of blood given on
day 3 further reduced the erythropoietin level to
0.78% in the day 3 24-hour urine sample. Evidence
is provided that like hypertransfusion of red blood
cells to a mouse, transfusion of whole blood to
patients can drastically reduce the output of eryth-
ropoietin. Moreover, although the patient was still
anemic (hematocrit 33%) after transfusion, the
erythropoietin level had been reduced. This re-
sponse suggests that factors other than red cell
volume alone are involved in the production and
release of erythropoietin. (Supported by USPHS
grants AI-04506-06, CA-07745 and FROO262-01, the
American Cancer Society, and the John A. Hart-
foid Foundation, Inc.)

378
E. A. MIRAND, C. REILLY, and R. MILANO-

VFCH, Roswell Park Memorial Institute, Uni-
versity o£ Arizona, and State University of
New York at Buffalo.

A murine virus producing polycythemic hyper-
volemia. (By title only)
An attempt was made to detect the presence or

absence of erythropoietin in HaM/ICR Swiss mice
infected with a polycythemic strain of Friend virus
which produces a syndrome similar to polycythemia
vera of humans. Repeated bleeding of polycy-
themic (hematocrit level ^70) mice was done
to create normal or anemic levels. Bleeding was
performed via jugular vein at 24 hour intervals.
Some animals required as many as 5 bleedings,
and in this group an average of 4.2 cc of blood
per mouse was withdrawn. Similar test animals
bled only 4 times had an average of 4.0 cc of
blood removed. Although the values were not
accurate estimates of the total blood volume, the
amount of blood removed fai exceeded normal
levels for a mouse. Using I131 labelled albumin
(R1SA) it was noted that a progressive increase

in plasma volume accompanied the increase in
erythroid elements. Plasma volume had increased
2.5% at 7 days post-infection; at 21 days 28.3%
and at 45 days 48%. Total red cell volume (de-
termined by Cr61 labelling of erythrocytes) increased
2 times normal at 21 days and 3 to 4 times normal
at 45 days post-infection. These data suggest that
the Mirand strain of Friend virus (1961-66) pro-
duces a polycythemic hypervolemia along with
other characteristics of Friend Disease. Moreover,
significant levels of erythropoietin were not de-
tected in this viral induced polycythemia. The
question remains as to whether erythropoietin is
involved in this type of polycythemia as well as in
polycythemia vera in humans. (Supported by
USPHS grants AI-04506-055, CA-07745 and FR00262-
01, the American Cancer Society, and the John A.
Hartford Foundation, Inc.)

379
E. A. MIRAND, L. WEISS, and J. JIVIDEN, Ros-

well Park Memorial Institute and State Uni-
verstiy of New York at Buffalo.

An immunological study on Friend Virus Disease.
(By title only)
Friend Virus Disease (FVD) is associated with

malignant reticulum cell proliferation, hypervo-
lemic polycythemia, and a pronounced erythro-
blastosis in some strains of adult mice, as well
as progressive hepatosplenomegaly. A study with
formalinized vaccine was carried out to determine
i£ this vaccine would prevent infection, increase
the latent period or delay death of the infected
animals receiving the vaccine. Ha/ICR Swiss male
weanlings were injected i.p. with a 0.2 ml 10%
cell-free splenic filtrate from FV infected animals.
The formalinized vaccine was made by diluting the
filtrate with formalin 1:100 and aged for 21 days.
0.25 ml was injected i.p. into the same mice at
intervals ranging from 72 hrs pre-virus to 72 hrs
post-virus injection. Protection occurred in the
pre-virus groups and up to 6 hours post-virus.
Plasma from those animals free from FV infection
for over one year was used for in vivo neutraliza-
tion test. The plasma was mixed (1:1) with a 10%
FV cell-free splenic filtrate in dilutions of 10~\
10-=, 10"3, and 10"'. 0.2 ml of this mixture was
injected i.p. into Ha/ICR Swiss female weanlings.
The IDs,, titers (Karber Method) arc as follows:
virus and normal plasma (control group) lO-'/ml;
vaccine only plasma, 10-*-B/ml, 24 hr pre-virus
plasma, 10-"-T/ml; 0 hr plasma, 10-35/inl; 2 hr
post-virus plasma, 10-41/ml and 6 hr post-virus
plasma, 10-31/ml. One can conclude that delayed
death was observed in the low dilution groups
and complete protection was achieved in the 10~4

group as compared with 100% infection in the
controls. (Supported by NSF GW-564, AT-04506-05,
and CA-07745.)

380
GEORGE D. RUGG1ERT, S.J., and ROSS F.

NICRELLI, New York Aquarium.
Effects of extracts of the sea star, Acanthaster

planci, on the developing sea urchin.
A saponin-like substance was extracted from the

whole sea star, Acanthaster planci, using the pro-
cedure described by Yasumoto, et al. (Bull. Jap.
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Soc. Scientific Fisheries, 30:357, 1964). This extract
was tested on sperm motility and pre-fertilized and
2-cell stages of the sea urchin Arbacia puuctulata.

Sperms were immediately immobilized by con-
centrations of 50 ppro. Concentrations of 10 ppm
caused a noticeable decrease in sperm motility.

Unfertilized eggs exposed to concentrations of
50 ppm for 2 hours, washed and transferred to
sea water and fertilized, underwent early cleavage
stages: these were abnormal and did not develop
fuither. Unfertilized eggs exposed to concentra-
tions of 10 ppm and fertilized after 2 hours did
not raise fertilization membranes and underwent
nuclear division without cytoplasmic division. Ani-
malized larvae were obtained when eggs were
treated prior to fertilization with concentrations
of 50 ppm for ]A hour and 10 ppm for 1 hour.

Two-cell stages exposed to concentrations of 50
ppm for 5 minutes resulted in animalized larvae.
Treatment for i/s hour at this concentration caused
an arrest in development at late cleavage stage.
Exposure of 2-cell stages to concentrations of 10
ppm for 1-2 hours produced animalized larvae.
Continuous exposure of 2-cell stages to concentra-
tions of 5 ppm arrested development at late cleav-
age. Treatment with this concentration for 2 hours
resulted in 95% normal plutei and 5% animalized
larvae. (Supported by a grant from the John A.
Hartford Foundation, Inc. to the New York Zoo-
logical Society.)

381
GEORGE D. RUGGIERI, S.J., and ROSS F.

NIGRELLT, Osborn Laboratories of Marine
Sciences, New York Aquarium.

Animalization o£ Arbacia punctulata larvae by ex-
tracts of the sea cucumber, Holothuria edulis.
(By title only)
Animalization of sea urchin larvae has been ob-

tained with toxins extracted from a wide variety
of echinoderms (Ruggieri, G. D., Toxicon 3:157-162.
1965). The balance maintained by a double gradi-
ent in the sea urchin egg is shifted resulting in
a hyper-development of the ectoderm at the ex-
pense of the entomesoderm.

A saponin-like toxin has also been extracted from
the Hawaiian sea cucumber, Holothuria edulis.
This extract is a powerful cytotoxic agent. Un-
fertilized eggs and various cleavage stages were
arrested in development and severely cytolyzed by
relatively weak concentrations (continuous exposure
to concentrations of 1 ppm). Fragmentation of the
developing embryo was obtained when 2-cell stages
were exposed to concentrations of 1 ppm for 1
hour.

Sea urchin sperms were immediately immobilized
by concentrations of 1 ppm and motility was
markedly decreased at concentrations of 0.5 ppm.

Unfertilized eggs, exposed to concentrations of
1 ppm for 1 hour and 0.5 ppm for 2 hours and
then transferred to sea water and fertilized, resulted
in animali/cd lavae.

Animalized larvae weie obtained when 2-cell
stages were exposed to concentrations of 5 ppm
for 5 minutes, 1 ppm for \/i hour and 0.5 ppm
for over 3 hours. Continuous exposure of 2-cell
stages to concentrations of 0.1 ppm resulted in
75% normal plutei and 25^ animalized larvae.
(Supported by a grant om the John A. Hartford

Foundation, Inc. to the New York Zoological
Society.)

PROTOZOOLOGY

382
E. FAURE-FREMIET and J. AXDRfi, College de

France, Paris, and Faculty des Sciences d'Orsay.
Ultrastructural study of the ciliate Pseudomicro-

thorax dubius Maupas and its systematic and
evolutionary implications. (Introduced by |. O.
Corliss) (By title only)
The electron microscope has revealed interesting

structural aspects in the morphology of Pseudo-
microlhorax dubius Maupas which are of signifi-
cance in the comparative morphology, evolution,
and systematics of a sizeable group of rather enig-
matic holotrich ciliates. Such a study has allowed
acquisition of data beyond those obtainable in the
light microscopic work carried out several years
ago by Corliss, using silver impregnated material,
who emphasized possible hymenostome affinities for
Pseudomicrothorax. Three characteristics studied
in some detail definitely appear to relate this curi-
ous organism to Leptopharynx in the family Micro-
thoracidae; but the exact taxonomic position of
that entire family must remain uncertain until
further ultrastructural investigations can be carried
out on members of the probably related cyrtopho-
rine gymnostome family Nassulidae. Certain hy-
menostome species may also be implicated.

The principal structures examined were the
following:

(1) The "nasse" in the oral area, a structure
equipped with simple, asymmetric nematodesmas.
Such "trichites" are also known for certain Nassuli-
dae and for the Leptopharynx species studied by
Prelle.

(2) The non-toxic trichocysts, which are of the
fusiform type and possess apical caps deployed into
four arms opening like an umbrella on their dis-
charge. Kahl long ago described similar structures
for the Microthoracidae.

(3) The sub-pellicular membrane, which lends
rigidity to the ribbed body surface of the ciliate.
This lamina corticali* is ca. 120-150 m^ in thick-
ness in Pseudomicrothorax; a similar membrane is
thicker in several Nassulidae, but slightly thinner
(50-100 mn) in Leptopharynx.

383

DAVID MCLAUGHLIN, ALICE PLATTE, and
HAROLD E. FINLEY, Howard University,
Washington, D.C.

Induced division synchrony in Telotrochidium hen-
neguyi. (By title only)
Standard temperature cycling was applied to our

laboratory stock of T. henneguyi to induce syn-
chronous cell division. The peritrichs were culti-
vated in tela broth as described by Finley and
McLaughlin, / . Protozool., 12:41, 1965. The stock
normally attained maximum log growth 48 hr after
initial inoculation; it was further characterised by
a doubling of the population in 4.19 hr at a rate
of 0.24 generation/hr.

Cells were allowed to grow 18 to 24 hi (lag
phase) and then subjected to different heal shocks
in the range 23°-60°, with the result that 38°
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was chosen for synchronization. At the end of the
fourth synchronizing 30/10 cycle the division maxi-
mum of experimental cells was 23.2%, in contrast
to no division in comparable control cells main-
tained at 28° constant temperature for the same
duration as experimental cells. (Supported by
grant 6/7410-3427 from the NSF.)

384
OTTO H. SCHERBAUM, JEAN HENZE, and

JOHN E. BYFIELD, University of California, Los
Angeles.

Effect of temperature shifts on lipid metabolism
in synchronized Tetrahymcna. (By title only)
The effects of single and multiple temperature

shifts on the incorporation of C11 glycerol into TCA
insoluble, chloroform/methanol soluble material
(including the bulk of structural lipids) have been
studied in a heat-synchronized ciliate (Tetrahy-
mena). Single shifts to temperatures 5-7°C above
the optimum value result in increased rates of
incorporation in the strains studied. The tempera-
lure shifts paralleled those needed for the induction
of synchronous cell division in the respective strains.
When returned to the optimum temperature after
thirty minutes, a reduction in rate is seen suggest-
ing a possible temperature-related feedback con-
trol. Since protein synthesis is known to be re-
duced during similar shifts these cells experience
a dissocation of growth parameters (protein and
lipid) during such shifts. When studied throughout
the cycle leading to the induction of synchronous
division a net increase in accumulation of lipid
occurs resulting in a significant excess (per cell)
at the end of the heat treatment. Actinomycin D
can prevent the subsequent synchronous division
but has no effect on glycerol incorporation which
occurs linearly during the recovery period and
synchronous division. Presumably, therefore, the
vital mRNA fractions depleted during the heat
treatment and synthesized and translated during
the recovery period do not appear to be tightly
linked to the controls of lipid biosynthesis operative
in these cells. (Supported by NONR-233-71.)

RADIATION BTOLOGY

385
DON J. KARR, Oregon Technical Institute, and

A. L. SODERWALL, University of Oregon.
The effects of X-irradiation on the seventh and

eighth day placenta! tissue of the golden hamster.
Mesocriccttis auratus Watcrhouse. (By title only)
Pregnant hamsters were exposed to lOOr whole

body X-irradiation at 72 hours developmental age
(post ovulation). The embryo at this time of de-
velopment is in the morula stage (9-16 cells) and
has just entered the upper uterine cavity. One
could postulate any damage would be to the em-
bryos and not to the decidua as no implantation
sites have been as yet indicated. Animals weie
sacrificed at days seven and eight developmental
age. Macroscopic examination gave no evidence
that reabsorption had begun at sites where fetal
mortality might be occurring. About 50% re-
sorption evidence can normally be seen at day nine.
Noimal histological techniques were applied. Prop-
er controls were prepared. The decidua, fetal pla-

centae, and embryos were examined to see if some
criterion could be established in the tissue that
would predict forthcoming fetal mortality and
consequent resorption.

At day seven, two of fourteen embryos were in
advanced stages of degeneration with leukocytes
packed into the area around the site of resorption.
There were no other evidences of damage in the
remaining embryos.

At day eight, one of sixteen embryos was nearly
resorbed, while eight other sites with no evidence
of resorption had extremely high concentrations of
leukoc)tes (mostly neutrophils) packed in capil-
laries and vessels mesometrial to the embryo. No
noticeable damage was visible in these embiyu.s
nor in the fetal placental tissues. The remaining
seven embryos and tissues appeared normal
throughout.

The sites of extreme leukocyte concentrations are
being investigated to see if they could be used as
evidence that fetal mortality is occurring. (Sup-
ported by Grant 50-4600 with the USAEC.)

385a
ROSAMOND KILLEBREW, Louisiana State Uni-

versity.
Morphological changes in Dugesia tigrina regene-

rated parts due to Cobalt 60 irradiation. (By
title only)
Cobalt 60 irradiation of posterior parts of

Dugesia tigrina produced greater diversity of foinis
in groups exposed to the largest doses. Irradiation
in low doses accelerated regeneration of heads by
one day over controls. Planarians undergoing ac-
celerated regeneration lived as long as the controls,
5 months.

The doses ranged from low level at 1600 R to
9600 R, lethal. Previous investigators in this area
used much larger doses on the whole animal. In
this study the heads were removed before irradia-
tion of the parts.

The classical descriptive method for head forms
devised by C. M. Child (Head forms and head fre-
quencies in planarian reconstitution. In W. C.
Child, Patterns and problems of development, Uni-
versity of Chicago Press, Chicago) was used in this
investigation.

From 84 posterior portions of D. ligrina given
1600 R there were regenerated 78 normal heads,
2 tetratophthalmic and an X, or unclassified form.

At 3200 R, 43 normal heads were regenerated,
18 tetratophthalmic, 16 acephalic, and 7 X forms.

At 6400 R only 17 normal heads were produced,
22 tetratophthalamic, 12 tetratomorphic, 10 anoph-
thalmic, 14 acephalic and 9 X forms.

The 9600 R dose was lethal to the total popula-
tion.

In the control group 72 normal heads were re-
generated, 2 acephalic, 10 deteriorated. Since the
irradiated portions were free of parasites, it is
expected that the control group suffered from para-
sitic deterioration.

386
EVELYN KIVY-ROSENBERG and BENJAMIN W.

ZWEIFACH, New York University Medical
Center.

Vascular reactivity of the microcirculation of young

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/6/4/503/150033 by guest on 20 April 2024



ABSTRACTS 595

rats following X-irradiation in utero. (By title
only)

A good parameter oC microcirculatory sufficiency
is the reactivity or responsiveness ot the muscular
vessels. This was tested by direct microscopic ob-
servations of the circulation in the exteriorized
mesocecum of rats (under anaesthesia) as described
by Zweifach (Ergeb. Anat. Entwicklungsgeschichte
35:175, 1956). The reactivity or constrictor response
was measured by determining the lowest quantity
ot topically applied epinephrine (i.e., epinephrine
threshold concentration or E.T.C.) which stopped
the flow through capillary side branches.

Studies were done on 328 young rats of both
sexes between ages 15-42 days. These included off-
spring of 78 pregnants which had received 100 R
at 10 ± .5 days of gestation, 9 which had received
200 R at 15 + .5 days of gestation and 71 un-
irradiated pregnants. At ages 15-21 days, controls
were less responsive to epinephrine than the off-
spring of pregnants which had received either 100
R or 200 R: i.e., the E.T.C. for over 67% of the
controls was 0.5 ^g or more, whereas over 60%
of those which had received 100 R in utero and
over 75% of those which had received 200 R in
utero had an E.T.C. which was below 0.5 ^g
(some as low as 0.2 /tg). With increasing age (from
22 to 42 days) there was a gradual shilt toward
the control E.T.C. range. It appears that pre-
natally irradiated individuals that continued to
live and grow, approached levels of vascular re-
activity of controls of parallel age. (Supported by
Grant H-4298 (G.) from USPHS and Contract AT
(30-1) 1680 from USAEC.)

387

M. L. MANDELL and E. L. COOPER, University
of California, Los Angeles.

Allograft survival and irradiation in Rana pipiens.
(By title only)
The effects of Co-60 upon the median survival

time (MST) of skin allografts were studied in the
leopard frog, Rana pipiens. Twenty-four frogs re-
ceived 1000 r of whole-body radiation and were
grafted five days later. The MST of their allo-
giafts was 22 ± 4.5 days. There was a significant
difference between the MST of this group and
normal controls (MST: 13.5 ± 0.6 days). The re-
action rate curves of these two groups were also
found to deviate significantly. A third group of
twenty frogs received 3000 r of sub-total radiation;
the left tibio-fibula being shielded in order to pro-
vide undamaged bone marrow. These animals also
received allografts five days after exposure. The
MST for their grafts was 17.5 ± 0.8 days. This
group of marrow protected frogs rejected its grafts
significantly faster than the previous experimental
group (MST: 22 ± 4.5 days) even though the mar-
row protected animals were exposed to three times
the gamma radiation. Though able to reject their
grafts faster than the unshielded groups, these frogs
were unable to survive the lethal effects of the radi-
ation as long as the whole body irradiated group.
A final experimental group of twenty-five frogs
received 1000 r of whole-body radiation, but was
grafted ten days after exposure. The results from
this group are not yet conclusive; however, these
animals appear to be rejecting their grafts more

rapidly than their companion group, which was
grafted five days after exposure. (Supported by
Grant AM 09030 from the USPHS.)

COMPARATIVE ENDOCRINOLOGY

388
J. N. BALL, M. R. GIDDINGS, and M. P. HAN-

COCK., University of Sheffield, England.
Pituitary influence on hepatic glycogen stores in

the teleost Poecilia latipinna. (By title only)
Liver glycogen (as % liver wet weight) was de-

termined in adult female P. latipinna lay Mont-
gomery's (1957) method. Fish were routinely fed
Aronson's mixture and kept in 1/3 sea water at
25 ± 1°C, with 9 h illumination per day. In experi-
ment A, intact fish (8) had 2.57 ± 0.61% glycogen,
while 23-day hypophysectomized fish (7) had 9.02
± 1-49%. Intact fish starved for 9 days (8) had
1.38 ± 0.28%, and starved hypophysectomized fish
(7) had 7.39 ± 1.68%. Thus hypophysectomy ele-
vates glycogen stores (p<0.01), even in starved fish
(p<[0.01). In experiment B, pituitary hormones
were injected into hypophysectomized fish on alter-
nate clays for 2 weeks, starting 14 days after hypo-
physectomy. Glycogen figures were: intact controls
(11), 3.23 ± 0.82%; hypophysectomized fish with
saline (9), 8.73 ± 0.58%; with growth hormone
(0.01 IU/g, 9 fish) 9.58 ± 1.18%; with prolactin
(0.01 1U, 11 fish), 8.99 ± 0.89%; with TSH (0.006
IU, 10 fish), 7.45 ± 0.77%; and with ACTH (0.75
IU, 8 fish), 6.70 ± 0.57%. Only ACTH reduced
glycogen (p<0.05).

In experiment C, in which the fish were inten-
sively fed, intact fish (12) had 2.92 ± 0.51% gly-
cogen; 21-day hypophysectomized fish (15) had
13.62 ± L72%; and fish in which the pituitary
gland had been autotransplanted to the axial mus-
culature 21 days previously had 7.92 ± 0.82%,
significantly less than the hypophysectomized group
(p<0.01). Thus the autotransplanted pituitary con-
tinues to secrete the factor, perhaps mainly ACTH,
that opposes excessive storage of glycogen, though
unable to reduce this storage to normal levels.
(Supported by a grant from the SRC.)

389
INA C. BRADEN and C. DOXNELL TURNER,

Duquesne University.
Elfects of early administration of steroid hormones

on later size and behavior of male and female
rats. (By title only)
Testosterone propionate (1.75 or 2.00 mg) was

administered to 14 female pups and estradiol di-
propionate (100 /ig) to 13 males, subcutaneously
in sesame oil on the third and sixth days after
birth. Controls received sesame oil (9 females, 7
males) or nothing (5 females, 9 males). After
weaning the animals were given Purina lab chow
ad lib with supplemental fruit or vegetables and
vitamins. At ages 4 to 14 weeks the estrogenized
males were markedly smaller than male controls
in live measures of body weight, head width and
length, tail length and body length. The group
of androgenized females was slightly larger than
the group of control females on all but the lateral
head measure. Behavioral tests at maturity indi-
cated that control females were most active of all
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groups in a revolving drum and were least hesi-
tant to leave their home cage to explore an un-
familiar open arena. Normal males were less timid
than estrogenized males in the same situation.
Further behavioral tests are in progress.

These results agree generally with those of Swan-
son (J. Endocrin., 34:vi, 1965) who found that
androgcn treatment of neonatal female hamsters
was followed by reduced activity and increased
emergence latencies. The data are also in accord
with those of Swanson and Ten Bosch (J. Endo-
crin., 26:197, 1963) concerning effects of neonatal
androgen treatment on growth of rats. Thus the
present experiment confirms and elaborates present
knowledge that treatment with hormones, nco-
natally, aflects both growth and behavior of rats.
(.Supported by grant HD 99597-04 from USPHS.)

390
ROBERT R. CARDELL, JR., Harvard University.
Alternations in the endoplasmic reticulum of rat

liver cells following hypophysectomy and pro-
longed growth hoimone administration. (By title
only)

Hypophysectomy impairs the ability of the rat
hepatoc)te to synthesize proteins and to maintain
its glycogen stores. When, however, growth hor-
mone is administered after pituitary ablation the
capacity of the liver cell to incorporate amino acids
into proteins is enhanced and its ability to store
glycogen is restored. In the present experiments,
liver samples from hypophysectomized rats (4-120
days after the operation) and hypophysectomized
animals injected intraperitoneally daily with 2 mg
of crystalline growth hormone (NIH-GH-S6) for 10
days were fixed in glutaraldehyde-osmium and ex-
amined by electron microscopy.

The rough endoplasmic reticulum in liver cells
from hypophysectomized animals shows dilated cis-
ternae which contain a finely fibrous material and
moderately electron-opaque granules approximately
500A in diameter. The pattern of the rough ER
is more disorganized than in control liver cells
and the stacks of parallel cisternae characteristic
of control liver cells are encountered rarely in hcpat-
ocytes from hypophysectomized rats. Growth hoi-
mone administration restores the normal appeal-
a nee of the rough ER.

The smooth endoplasmic reticulum normally is
present in the glycogen rich areas of the cytoplasm
of hepatocytes from control animals, and the tubu-
lar or vesicular elements of this system have an
intimate relationship with the glycogen particles.
After hypophysectomy the glycogen particles are
absent in most liver cells and greatly reduced in
quantity in others. The smooth ER is absent from
those cells devoid of glycogen and appears in those
containing glycogen particles. Growth hormone ad-
ministration restores the glycogen and smooth ER
to the hepatocyte.

The results of this study show that the hormonal
inbalance of hypophysectomy alters the form and
undoubtedly the function of both the smooth and
rough endoplasmic reticulum. Growth hormone ad-
ministration restores these subcellular systems to
their normal appearances. (Supported by Grant
GM 06637 from the USPHS.)

391
WALTER CHAVIX and VU MIX CHEX, Wayne

State University.
Evolution of integumental tyrosinase activity in

vertebrates and vertebrate melanomas. (By title
only)
The comparative biochemical aspects of tyrosin-

ase activity in vertebrate skin and melanomas were
studied in an evolutionary series. The animals used
were Eptatretus stoulii, Petromyzon mariiius, Gin-
glymostoina cirralum, Urolophus halleri, Rhino-
batus produclus, Platyrhinoidis triseviatus, Acipen-
set julvesccns, Polypterus senegalus, Calamoiclithys
ralbaricits, Amia calva, Lepidosteus osseus, Carassius
nurutus, Anguilla rostrata, Protoplcrus aethiopicus,
iVecturus maculosus, Rana pipiens, Rana cateshiana,
Anolis carolinensis, Columba livia, Rattus -norvegi-
rin and Homo sapiens. The abnormal pigment cells
studied included the hybrid swordtail melanoma
(Sd) and amelanotic melanoma, the B-16 and
Harding-Passey mouse melanomas. The tyrosinase
ladiometiic assay was utilized (Chen and Chavin,
Anal. Biochem., 13:234, 1965). The study included
the anatomic and subcellular enzyme distribution,
substrate carboxyl incorporation, D- and L-tyrosine
utilization, etc.

The dorsal integument generally contained higher
tyrosinase levels than the ventral integument. The
amniote enzyme was confined to the particiilate
fraction whereas that of the anamniotes was limited
to the paniculate fraction only or to both fractions.
Substrate carboxyl incorporation occurred from 4
to 39% and was species specific. Six species used
D-tyrosine at levels of 5 to 16% of the L-tyrosine
converted. An increase in tyrosinase activity dur-
ing storage at 0-4°C occurred in the garpike en-
zyme preparations.

Extremely high tyrosinase activity occurred in
all vertebrate melanomas or amelanotic melanomas.
The substrate carboxyl incorporation into melanin
in these abnormal pigment cells varied from 3 to
34%. (Supported by USPHS Grant Ca 07273-03
from the National Cancer Institute.)

392
WEXDY B. FAIN and MAC E. HADLEY, Brown

University.
In vitro response of melanophorcs of Fundulus

heteroclitiis to melatonin, adrenaline, and nor-
adrenaline.
Melatonin is considered the most potent light-

ening agent of amphibian deimal melanophores,
reported to be 10° times as effective as noradrena-
line. Whether melatonin exerts a similar action
on dermal melanophores of other poikilothermic
vertebrates has not been determined.

The in vitro response of Fundulus melanophores
to melatonin was investigated and compared to
other melanin granule aggregating agents. Melanin
granules within melanophores of isolated scales
become dispersed when placed in amphibian Ring-
er's solution. Owing to this response of Fundulus
melanophores, it has been possible to test the
effects of aggregating agents in a medium un-
complicated by the presence of dispersing agents.
Scales from each fish tested were removed and
placed in Ringer's solution and in Ringer's solu-
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tion containing either adrenaline, noradrenaline,
or melatonin. Adrenaline and noradrenaline in
concentrations as low as 1 /ig/ml brought about
rapid melanin granule aggregation within melano-
phores. The effective concentrations of these cate-
cholamines are comparable to published data from
studies on frog skin. Melatonin (100 /ig/ml, and
higher), in contrast, was totally ineffective in
bringing about melanin granule aggregation. This
result contrasts strikingly with the amply docu-
mented action of melatonin on amphibian melano-
phores.

Embryonic and larval melanophores of Fundulus
become aggregated, in vivo, when treated with beef
pineal extracts; the melanophores of adults do not
(Wyman, 1924; McCord and Allen, 1917). De-
velopmental changes in melanophore control ap-
pear to be reflected in these differential responses
of larval and adult melanophores to melatonin.
Loss of sensitivity to melatonin may relate to the
developmental acquisition of nervous innervation
mediated by a catecholamine. (Supported by Grants
No. CA-06097-05 and GM-00582-05 from the
USPHS.)

393
HARVEY H. FEDER, JOHN A. RESKO and ROB-

ERT W. GOY, Oregon Regional Primate Re-
search Center.

Progestin levels in peripheral plasma of guinea
pigs during the estrous cycle. (By title only)
Progesterone and its 20-hydroxy epimers were

estimated in peripheral plasma of virgin adult
female guinea pigs by utilizing gas-chromatography
(J. Clin. Endocr. 25:1625). Estrus was defined
as the period during which the lordosis response
could be elicited.

The following progesterone levels were found
(^g/100 ml plasma): 0.003 (1 clay post-estrus),
0.030 (2 days), 0.131 (3 days), 0.223 (5 days), 0.222
(7 days), 0.248 (9 days), 0.220 (11 days), 0.042 (13
days). Additionally, progesterone was detected dur-
ing estrus, but not at its termination. The first six
figures each represent means of three determina-
tions. Remaining data are based on two samples
for each group. When no chromatographic peak
appeared a value of 0 was used to calculate the
mean. 20 a-hydroxy-A4-pregnen-3-one was found
in one of two plasma samples collected 11 days
following estrus. None of 10 samples collected one
to nine days post-estrus contained either of the
20-hydroxy epimers.

We conclude that: a) progesterone is the chief
progestin in guinea pig peripheral plasma; this con-
trasts with ovarian vein data from rats in which
20 a-hydroxy-A4-pregnen-3-one predominates (Ste-
roids 2:119); b) high progesterone levels during
days 5-11 may interfere with estrogen conditioning
of neural tissues mediating sexual behavior (Gen.
Comp. Endocr. 6:267); and c) in addition to this
possible inhibitory effect the presence of proges-
terone during estrus suggests a facilitatory action
for sexual behavior. (Supported by NICHD Fel-
lowship 1 F2 HD-29, 006 and Grants FR-00163
and MH-08634.)

394
ANTHONY J. GALLO and NICHOLAS D. DE

PROSPO, Seton Hall University.

Isoquinoline Azo-dye carcinogenesis and the
hypophysis. (By title only)
The present study was initiated to determine

whether hypophysectomy would alter the carcino-
genicity of the isoquinoline azo-dye, isoquinoline-
N-oxide-5-azo-p-dimethylaniline, and to ascertain
whether these effects are related to possible pitui-
tary-adrenal function. Forty male Sprague-Dawley
rats were hypophysectomized. Following the opera-
tion they were fed regular Purina Rat Chow for
two weeks. Eight rats died during this period,
failing to survive the trauma of the hypophysec-
tomy. The remaining thirty-two rats were equallv
divided into two experimental groups, with half
of them receiving ACTHAR gel every 48 hours
and the others given no hormone therapy. Ten
rats were selected as tumor controls. A basic low
protein, low riboflavin diet containing 0.03% dye
was used and was fed ad libitum. Body weights
were recorded at weekly intervals and laparotomies
were performed periodically to study tumor prog-
ress. Six experimental animals died within the
initial five weeks of the experiment. At the end
of four months all surviving rats were sacrificed
and their livers examined. All controls exhibited
hepatomas, whereas the hypophysectomized group
receiving no hormones were characterized by nor-
mal livers. The group receiving the ACTHAR gel
exhibited mildly cirrhotic livers without the forma-
tion of distinct tumors. The results obtained in
this experiment indicate that hypophysectomy ef-
fectively inhibited the formation of hepatomas in
rats fed a basic diet containing the isoquinoline
azo-dye. Since the ACTHAR gel partially restored
the hepatocarcinogenicity of the dye in the hypo-
physectomized rats, adrenal function may also be
implied to be involved.

395
JULIUS S. GREENSTEIN, Duquesne University.
Some effects of long-term daily administration of

cortisone acetate to adult rats. (By title only)
Adult albino rats of both sexes were subjected

to daily subcutaneous injections of 2.5 mg cortisone
acetate for a period of one month. The animals
appeared to enjoy a brief period of exhilaration
and hyperactivity soon after each injection. Blood
samples were taken by heart puncture at the time
of sacrifice and routine histopathologic studies were
made with special emphasis on the liver, thyroid,
and adrenals.

Treated animals experienced a weight loss of
approximately 10 per cent as compared to their
normal litter mates. Sections of liver revealed evi-
dence of mild fatty changes, focal areas of moderate
sinusoidal dilation, glycogen infiltration, and the
parenchymatous cells bordering the dilated sinus-
oids gave evidence of pyknosis and karyolysis. The
thyroid gland reflected altered metabolic activity
with enlarged follicles composed of columnar cells,
basal nuclei, and were largely devoid of luminal
colloid. Adrenal tissue sections were characterized
by reduction in the overall size of the cortex
associated with obvious hypoplastic changes, espe-
cially in the zona fasciculata. A mean blood sugar
value of 172 mg per cent was obtained prior to
necropsy suggesting a mild, persistent hypergly-
cemia, a result which is consistent with an abnor-
mal rate of gluconeogenesis from protein.
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396

CHARLES S. NICOLL, University of California,
Berkeley.

Prolactin secretion by tetrapod adenohypophyses
(AP) in vitro. (By title only)
AP of young female guinea pigs, and of male

and female pigeons, Mallard ducks and Diamond-
back terrapin (Malaclemys terrestres) were incu-
bated in organ culture for 10 days in synthetic
medium 199. AP of homiotherms were incubated
at 36°C and those of turtle at 26°C. Medium was
changed at 2-day intervals and assayed for prolactin
in pigeons. Guinea pig AP secreted prolactin
in vitro at a constantly high rate and total pro-
lactin production was 175 mU/mg tissue. Duck
and pigeon AP secreted very little prolactin and
levels in medium decreased with time. Total pro-
lactin secreted by pigeon and duck AP were 17
and 10 mU/mg, respectively. Turtle glands se-
creted prolactin at a low but constant level and
total amount secreted was 27 mil per mg AP. Sur-
vival of the cultured AP was uniformly excellent.

These results indicate that guinea pig AP can
actively secrete prolactin autonomously, but avian
glands cannot. Accordingly, prolactin secretion by
guinea pig AP is probably controlled by hypo-
thalamic inhibition while that of the avian species
is dependent upon a hypothalamic stimulatory
factor. Results with turtle AP are less readily in-
terpretable because they were incubated at a lower
temperature. However, they did secrete more pro-
lactin than either of the avian species and showed
no reduction in prolactin output with time. This
may indicate that turtle AP secretes prolactin au-
tonomously; therefore, the hormone is probably
controlled by hypothalamic inhibition.

397
TETSUO NOUMURA, University of Tokyo.
Steroid biosynthesis by the gonads of chick em-

bryos. (By title only)
The sex organs of chick embryos are asymmetrical

in structures and in functions. The left gonads
have more cortical nature, while the right ones
more medullary. It was of interest, therefore, to
examine whether or not there were any differences
in gonadal steroid biosynthesis between the left
and the right gonads.

Gonads were removed from 8- to 21-day chick
embryos. Fifty mg of the left and the right testes
and ovaries were minced, respectively, and placed
separately in incubation flasks which contained:
1.5 ml Hanks' medium, 12.5 fie tritiated precursor
steroids, and co-factors. The incubations were car-
ried out at 40°C for 3 hours in an atmosphere of
95% O2-5% COj in a Dubnoff metabolic incu-
bator. After incubation, tracer amounts of "C-
labeled steroids were added to the flasks to permit
correction for losses during the purification pro-
cedures, and the steroids were extracted and puri-
fied by different paper and thin-layer chromato-
graphic systems.

The left and right ovaries of 8-day embryos
may convert progesterone into estrogens in areas
of estrone and estradiol, and dehydroepiandroste-
rone into estrogens in areas of estrone, estradiol>
16-oxoestradiol, 16-epiestriol, and estriol. Testes
and ovaries of 12-day embryos can convert pro-

gesterone into phenolic steroids, especially polar
ones in estriol and 16-epiestriol areas. In 15-day
embryos, more phenolic steroids are produced from
progesterone and 4-androstene-3,17-dione by the
left gonads than by the right ones, and in the
females than in the males. Testicular tissues from
18-day embryos metabolize progesterone to much
testosterone, and the right ovaries of 21-day em-
bryos, just before hatching, may not produce estro-
genic steroids from progesterone and pregnenolone.

398
MADELEINE OLIVEREAU, Institut Oceanogra-

phique de Paris.
Modifications of the "prolactin cells" in sea water

eels. (By title only)
It has been shown that hypophysectomized eels

can withstand changes of salinity (Fontaine et al.,
1949); however, ovine prolactin administration in-
duces modifications of plasma electrolytes in the
eel (Chartier and Olivereau, 1965). The secretion
of a "prolactin-like hormone" by the erythrosino-
phils (eta cells) of the rostral pars distalis has
been suggested in some teleosts (Ball and Olivereau.
1964). What changes may occur in these cells after
transference from freshwater to seawater? Eels
were kept for 15 minutes to 6 months in seawater.
In freshwater, eta cells are grouped in elongate
or spherical follicles; these tall cells (18-32 /i)
look active, with a well developed ergastoplasmic
reticulum at the cell periphery, a round nucleus,
a prominent nucleolus; basal granules are abun-
dant. After transfer into seawater, these cells gradu-
ally became flat and less active, the ergastoplasmic
reticulum was no longer visible, nuclei were smaller
and darker, nucleoli were indistinct, granulations
disappeared. After 6 months, follicles were less
numerous, with empty cavities and all cells were
chromophobic. In contrast TSH cells appeared well
granulated. These results suggest that the produc-
tion of a "prolactin-like hormone" is not needed
in seawater eels. The inactivity of eta cells in sea-
water is in agreement with their stimulation in
the in situ or grafted pituitary of Fimdulns and
Poecilia transferred into freshwater (Pickford, Ball,
and Olivereau . . .) and their overactivity in Salmo
salar penetrating into freshwater at the beginning
of the spawning migration (Olivereau, 1954). (Sup-
ported by the CNRS.)

399
ROBERT ORTMAN and DAINA BOTYRIUS,

City College of New York.
Bioassay of segments of the pars distalis of male

Rana pipiens for ovulation-inducing hormone.
(By title only)
The gamma cells of Rana temporaria (van Oordt,

1963) are homologous to the purple cells of Rana
pipiens (Ortman, 1961). Both cells are virtually
restricted to the rostral region of the pars distalis
and lie next to the portal vessels. Accordingly, a
transection of the pars distalis at the midpoint will
provide a segment of anterior lobe tissue almost
free of these cells and a second segment containing
the bulk of them. Van Oordt has suggested, on
the basis of correlative studies, that the gamma
cells produce luteinizing hormone.

Male Rana pipiens served as donors. Half-lobes
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were isolated under acetone and acetone-treated
for 24 hours. Winter Rana pipiens were given a
mean total dose of 1.52 mg o£ half-lobes suspended
in Ringer's fluid by 2 daily intraperitoneal injec-
tions. The wet weight of the eggs stripped was the
measured response. Control (uninjected or Ringer-
injected) frogs did not ovulate.

The weight (grams) of the eggs obtained from
individual females receiving rostral half-lobes taken
from males sacrificed at different seasons were as
follows: March (14.6, 2.3), June (5.5, 0.0, 4.6),
July (12.2, 9.5), August (14.5, 6.7, 18.0). The mean
weight was 8.79 grams. The weight of the eggs
from recipients receiving the caudal half-lobes
were: March (1.0, 10.0), June (0.0, 0.0, 0.0), July
(10.1, 11.6), August (6.4, 13.4, 16.5). The mean
weight was 6.9 grams.

The data are not regarded as offering any strong
support for van Oordt's hypothesis. (Supported
by USPHS grant No. AM 720"4-O3.)

400
RUSSEL J. REITER, RALPH J. HESTER, and

MARY A. MULLER, U.S. Army Edgewood
Arsenal, Md.

Action of FSH and LH on the reproductive organs
of blinded female hamsters. (By title only)
Pinealectomy prevents gonadal atrophy in dark-

exposed or blinded hamsters. Theoretically, pineal
substances interfere with the normal functioning of
the pituitary-gonadal axis, i.e., by limiting the se-
cretion of follicle stimulating hormone (FSH) and
luteinizing hormone (LH) from the adenohypo-
physis, by inhibiting the action of these hormones
at the target organ level, or both. In an attempt
to partially resolve this problem the following
experiment was conducted.

Thirty adult female hamsters were divided into
4 groups: 1) untreated: 2) blinded; 3) blinded and
pinealectomized; 4) blinded and given FSH (0.5
mg/day) and LH (0.5 mg/day) for 10 consecutive
days prior to necropsy. All animals were killed
after 9 weeks of treatment. The endocrine and
reproductive organs were weighed and expressed
as mg/100 g body weight (mg%).

Ovarian weights of groups 1-3 were similar
(18.9-20.4 mg%); however, ovaries of blinded ham-
sters lacked antral follicles and contained only
occasional corpora lutea. Gonads of the blinded
animals treated with FSH-LH were markedly en-
larged (46.1 mg%) and contained numerous cor-
pora lutea. Uteri of the blinded animals were
atrophic weighing 63 mg% compared with a mean
uterine weight 272 mg% for untreated animals.
Uteri of blinded-pinealectomized animals averaged
283 mg%. Uteri of blinded animals given FSH-LH
weighed 123 mg% (significantly heavier than those
of blinded animals). The findings show that the
ovaries and uteri of blinded animals are responsive
to gonadotrophic hormone stimulation even in the
presence of antigonadotrophic factors of pineal
origin. The data indicate that pineal substances
may act at the hypothalamo-pituitary level to
modify reproductive functions.

401
J. A. RESKO, H. H. FEDER, and R. W. GOY,

Oregon Regional Primate Research Center.

Androgen concentrations in rat plasma and testis
as a function of age. (By title only)
Testosterone and androstenedione from pools of

peripheral plasma and testis of male rats were
estimated using gas-liquid chromatography. Andro-
stenedione was reduced to testosterone with sodium
borohydride before quantification. Plasma concen-
trations of testosterone (jug/100 ml plasma) found
at various postnatal time periods were: day 1
(0.027), 5 (not detectable), 10 (not detectable), 30
(0.018), 90 (0.202), 120 (0.118). Androstenedione
was found only at 90 days (0.011 fig) and at 120
days (0.053 Mg).

Testosterone was extracted from testis (jig/g
tissue) in the following concentrations: on day 1
(0.463), 5 (0.134), 10 (0.122), 30 (0.005), 60 (0.014),
9 (0.111). Androstenedione levels for the same
time periods were: 0.131, 0.043, not detectable, not
detectable, 0.005, not measured and 0.015 /ig.

The presence of small quantities of testosterone
in the plasma of the day-old rat is consistent with
current views on the role of testosterone in the
establishment of a male-type nervous system (Endo-
crinology 65:369; 75:627). This hormone appears
to decline with age and is again detectable at 30
days, perhaps indicating the onset of puberty.
More androgen was extractable from testis (days
1-5) than from plasma. The opposite was found
on days 30-120. The reversal of this relationship
with age suggests trophic release at the latter time
periods but not during the pubertal period. (Sup-
ported by Grants MH-08634 and FR-00163 and
NICHD Fellowship 1 F2 HD-29, 006.)

402
GILBERT A. RINARD and SAMUEL L. LEON-

ARD, Cornell University.
Protection of phosphorylase a activity in rat uterine

homogenates by estrogen, in vivo and EDTA,
in vitro. (By title only)
Previous reports indicated that estradiol-17/3, in

vivo, and the chelating agent, EDTA (ethylenedi-
aminetetraacetic acid) in vivo or in vitro, (i.e., in
the homogenate), increased rat uterine phosphor-
ylase a activity (Endocrinology 63:853, 1958; ibid.
76:491, 1965). In those studies, uteri were excised,
trimmed, frozen with solid CO2, homogenized in
0.1 M NaF and assayed. Subsequent experiments
indicate: 1) Tissue manipulation before freezing
converts inactive phosphorylase b (which requires
AMP for activity) to the active, a form. 2)
Following homogenization, phosphorylase a activity
decreases in vitro, following first order kinetics (in
respect to phosphorylase a activity) under assay con-
ditions (0.05 M NaF, 0.014 M glucose-1-phosphate,
0.5% glycogen). Addition of AMP, 8.3 X 10"* M
final concentration, elicits full phosphorylase t
(total) activity when phosphorylase a activity has
become negligible. The apparent activation effects
of estrogen and EDTA now appear to be protec-
tive effects against in vitro loss of activity. Estrogen,
in vivo, increases the in vitro half-life of uterine
phosphorylase a activity four-fold. EDTA, in vitro,
completely prevents loss of activity, making the
assay linear with time. Initial phosphorylase o
activities in uterine homogenates from estrogen-
primed or spayed rats are similar, calculated from
kinetic data or assayed with EDTA present. When
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rat uteri, frozen before manipulation, are homo-
genized in EDTA-NaF, EDTA has two effects on
phosphorylase: 1) prevention o£ phosphorylase b
to a conversion, the classical effect, 2) prevention
oE loss o£ phosphorylase a activity, a new effect
compared to other known phosphorylase systems.
(Supported by NTH Grant AM 04965-05.)

403
ROBERT C. THOMMES and JOHN A. LAMP-

ING, De Paul University.
Endocrine control of electrolyte distribution in the

chick embryo. I. Blood sodium and potassium.
(By title only)
The effect of hypophysectomy upon the blood

levels o£ sodium and potassium has been studied
in the developing chick embryo.

Animals were hypophysectomized at 36 to 40
hours' incubation by the "partial decapitation"
method of Fugo (1940). Blood samples were col-
lected at 24-hour intervals from day 10.5 through
16.5. Sodium and potassium levels in plasma of
normal and hypophysectomized White Leghorn
chick embryos were determined by means of a
Beckman DU spectrophotometer with flame attach-
ment.

Normal plasma sodium levels range from 183.2
mEq/1 on day 10.5 to 171.0 on day 16.5 of incu-
bation. Potassium levels ranged from 4.59 mEq/1
on day 10.5 to 4.68 on day 16.5. Hypophysectomy
by means o£ surgical decapitation had no statisti-
cally significant effect upon sodium or potassium
in the blood of developing chick embryos. The
blood of pituoprivic chick embryos showed no
change in sodium and potassium ratios when com-
pared to normals at any of the stages studied.
(Supported by grant HD 01475 from the USPHS.)

404
C. DONNELL TURNER and RICHARD E.

FALVO, Duquesne University.
In vivo production of androgen by the polyvesicular

ovaries of androgen-sterilized rats. (By title only)
Weisz and Lloyd (Endocrinology, 77:735, 1965)

reported that the ovaries of androgen-sterilized rats
(ASR) can convert labeled progesterone to andro-
gens and estrogens. We made extensive histological
studies of these ovaries and, through the use of
transplanted seminal vesicles and ventral prostates,
determined their ability to secrete androgen in vivo.
These male accessories were transplanted within the
periovarian sacs or beneath the kidney capsules of
ASR and compared with comparable grafts per-
sisting in ovariectomized hosts.

The epithelial cells of prepuberal seminal vesi-
cles became tall columnar and contained charac-
teristic secretory granules after persisting for 15-20
days within androgen-sterilized hosts, but grafts
within castrated hosts gave no evidence of andro-
gen stimulation. After 15 days, some of the grafts
in ASR contained localized areas of epithelial meta-
plasia, and this suggested an estrogen effect. Most
uniform results were observed in the grafts which
grew to the surface o£ the ovary. Essentially simi-
lar results were obtained with transplanted frag-
ments of ventral prostates. Accessory tissues main-
tained in Millipore filter chambers provided con-
firmatory evidence, but the epithelia survived less

well than in well-vascularized grafts. It is con-
cluded that the ovaries of adult ASR release enough
androgen in vivo to support secretion in trans-
planted male accessories, and probably enough
estrogen to affect them.

The ovaries of ASR are characterized by a high
rate of follicular atresia. The granulosal remnants
of atretic follicles persist in the interfollicular areas
as cords and irregular masses of intertsitial-cell-like
deposits. It is likely that this histopathology cor-
relates with the abnormal pattern of steroidogenesis.
(Supported by Grant HD 00597-04 from the
USPHS.)

405
JOSEPH THOMAS VELARDO, BARBARA A.

KASPROW and WAYNE A. KRUEGER, Institute
for the Study of Human Reproduction, John
Carroll University, and Saint Ann Hospital,
Cleveland, Ohio.

Comparative analysis of the growth phase of intact
and ovariectomized rats receiving estrogen. (By
title only)

Previously, it was reported that estradiol-17/9
programming in ovariectomized, adult albino rats
did not induce significant body weight changes as
compared with non-estrogen i zed, ovariectomized
controls (Velardo et al., Amer. Zool. 4(4):419,
1964). The method of estradiol-programming was
consonant with physiological amounts of estradiol,
i.e., dosages and timing in regard to its uterotropic
effect. These investigations were extended with
two modifications: (a) adult, intact albino rats were
used, and (b) pellets containing estradiol-17/3-ben-
zoate were implanted.

Experimentally, 130 adult albino, female rats,
52 days of age, and weighing approximately 170
grams were subcutaneously implanted with pellets
containing 10.0 mg estradiol benzoate. An addi-
tional 130 animals of same age and approximately
similar body weight not implanted with estrogen
pellets served as concomitant controls. Body weights
of animals in both groups were determined daily.
Necropsies were performed weekly from 1-10 weeks
and 12 and 16 weeks after pellets were implanted,
each group containing 8-10 rats. Parallel controls
not implanted with estradiol benzoate pellets were
similarly necropsied.

Comparatively, the estrogenized animals obtained
weight increases that were much less than those
of the non-implanted controls. Body weight deter-
minations revealed that the non-estrogenized rats
gained (a) 16.2 g more than the estrogenized series
at the end of the first week; (b) 28 g per week
from second through fourth week; (c) 40 g per
week from fifth through tenth week; and (d) there-
after, 53 and 65 g after 12 and 16 weeks, respec-
tively. (Supported by USPHS Grant No. 00147-05.)

406
JOSEPH THOMAS VELARDO, BARBARA A.

KASPROW, and WAYNE A. KRUEGER, Insti-
tute for the Study of Human Reproduction,
John Carroll University and Saint Ann Hospital,
University Heights, Cleveland, Ohio.

Response of endocrine organs of adult rats to
. estradiol benzoate pellet implants for different

periods of time. (By title only)
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Currently, numerous hormone, time-exposure
studies are in process with a view toward eluci-
dating effects of sex steroid hormones and related
metabolites at cellular and subcellular levels o£
endocrine glands and associated structures.

Experimentally, intact, adult albino rats, 52 days
old, weighing approximately 170 g, were utilized
for these experiments; one group of 120 rats was
subcutaneously implanted with pellets containing
10.0 mg estradiol benzoate; an additional 120 rats,
of similar history, but not implanted, served as
concomitant controls. The two major groups were
sub-divided, 12 sub-groups each, with 8-10 rats
per sub-group; body weights were determined daily;
necropsies of experimentals and controls were per-
formed weekly, 1-10, and at end of 12 and 16
weeks.

Gravimetric and statistical comparisons revealed
that animals containing estrogen pellets had (a)
body weight increases that were less than controls,
commencing one week after estrogenization (at 16
weeks: estrogenized animals weighed 266 + 5 g,
controls 320 ± 6 g); (b) ovaries indicating initial
impeded growth during 1st through 3rd week,
thereafter showing inhibition (at 16 weeks: ovaries
of estrogenized rats weighed 61.8 rfc 4.1 mg, controls
115.8 ± 6.5 mg); (c) uteri that were heavier than
controls (1st week, estrogenized = 393.1 ± 15.4
mg, controls 292.8 ± 31.6 mg; 16th week, estro-
genized = 596.8 ± 20.3, controls 481.9 ± 35.3
mg); (d) pituitaries that were 2-3 times heavier
than controls from weeks four through sixteen; and
(e) thyroids and adrenals that were not markedly
different from those of controls. (Supported by
USPHS Grant No. HD 00147-05.)

407
ALLYN J. WATERMAN and BRENT BUTCHER,

Williams College.
Correlation between locomotor and thyroid daily

activity in mice. (By title only)
Following acclimatization to their cages and to

a 12-hour photoperiod, male BeDjFj mice (Jackson
Laboratory) were tested for running activity in
tilting-type activity cages, during fall and early
winter. Movements were recorded electrically as
blips on an Esterline-Angus Channeler, and data
transposed into graphic form by plotting traverses
per hour. Thyroid activity was measured by 12-
hour uptakes of 1-131, expressed as a percentage
of the injected tracer dose (2 microcuries) at the
end of tests of the running activity, and by histo-
logical technique. This preliminary study was re-
peated on mice exposed to continuous diffused light
(50-55 foot candles) for six days preceding the test.

With onset of darkness at 8 p.m. there occurred
increased locomotor activity (12-hour photoperiod),
with a peak around 10-11 p.m., followed by a
decline until 8 a.m.; also a sharp increase of 1-131
uptake at 8 p.m. (ave., 8.99 ± 4.0% of injected
dose.) Uptake values: 8 a.m., 2.88 ± 1.3%; 2 p.m.,
2.32 ± 0.%%; 2 a.m., 3.49 ± 0.96%. With onset
of increased locomotor activity at 8 p.m. there was
a corresponding elevation of 1-131 uptake (activity)
of the thyroid. This was also reflected in height
of follicular cells.

Exposure to continuous diffused light shifted
activity rhythm 180 degrees from the 12-hour
photoperiod. Activity peaked at 9-10 a.m. High

level of thyroid activity appeared at 8 a.m. (8.57
± 2.4%) in contrast to 2.70 ± 0.81% to 3.80 ± 1.2%
at the other three periods of the day. The histo-
logical picture reflected the shift. (Supported by
Grant GB1591 from the NSF.)

408
DANIEL C. WILHOFT, Rutgers University.
The effect of thyroidectomy on the preferred bod)

temperature of a lizard. (By title only)
Previous work with the lizard, Scelopoms cyano-

genys, has shown that animals maintained in a
thermal gradient wherein thermoregulatory be-
havior took place responded to thyroxine injections
with an increase and to thiourea injections with a
decrease in oxygen consumption. Further experi-
ments were carried out to ascertain whether a
change in lizard preferred body temperature would
accompany the decease in oxygen consumption
caused by thyroidectomy.

Male Sceloporus cyanogenys received raily injec-
tions of 0.9% saline containing 0.3 nig of thiourea
per gram of body weight. Body temperature o£
lizards maintained within a thermal gradient, range
12°-60°C, were recorded from appropriate Yellow
Springs Instrument thermistors inserted deep in
the intestine before and after thyroidectomy. Mean
recorded preferred body temperature of this species
before thyroidectomy was found to be 32.8 -±
0.47 °C.

After 7 days of thiourea injections mean re-
corded body temperature of 8 lizards was 29.1
± 0.68°C; after 21 days 28.5 ± 1.06-C. After 7
day of thiourea injections 11 lizards received daily
saline injections containing 0.2 gamma of L-thy-
roxine per gram of body weight in addition to the
thiourea. After 7 days of administering thyroxine
to thyroidectomized lizards mean recorded body
temperature was 32.3 ± 0.81 °C; after 14 days 31.9
± 0.40°C. Four of the 11 lizards were continued
on thiourea without thyroxine, after 7 days mean
recorded body temperature was 30.6 -± O.95°C sug-
gesting a gradual return to the pretreatment mean
recorded temperatue of 32.8°C.

These data suggest that thyroidectomy in this
lizard causes not only a decrease in oxygen con-
sumption but a concomitant adjustment in themo-
regulatory behavior and physiology resulting in
a lower body temperature. Such an adjustment
might be of survival value in preventing lizards
from attaining the preferred body temperature
when thyroxine is not available to sustain the
higher level of physiological activity usually associ-
ated with the preferred body temperature. Fur-
ther experiments will investigate this hypothesis.
(Supported by Grant AM-08710 from the USPHS.)

409
IRVING ZUCKER, Oregon Regional Primate Re-

search Center.
Progesterone in the experimental control of be-

havioral sex cycles in the female rat. (Introduced
by Charles H. Phoenix) (By title only)
Sexually mature female Sprague-Dawley rats were

maintained on an artificial light cycle that pro-
vided 12 hours of illumination/24-hour period
(midnight to noon). A manual stimulation tech-
nique was used to ascertain the existence of be-
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havioral estrus; this permitted classification of
females as having' 4-day or 5-day cycles.

Injections of 2 mg of progesterone to 4-day rats
at noon on days 1, 2 or 3 of the cycle delayed
the next occurrence of behavioral estrus by 1-2
days in 20/20 rats. Treatment on day 4 of the
cycle was without effect iri 7/8 animals.

Injections of 2 mg of progesterone on days 1
or 2 of the 5-day cycle delayed behavioral estrus
in only 3/16 rats. However, injections on day 3
were effective in delaying behavioral heat by 1-3
days in 17/17 animals. Treatment with proges-
terone at 2 I'M on day 4 of the cycle advanced
heat by one. day in 8/8 rats; injections on day 5
did not affect the interval to the next occunence
of behavioral heat in 8/8 females.

Fourteen 4-day rats were treated with proges-
terone on day 1 of the cycle (this transforms the
4-day cycle into an artificial 5-day cycle). These
animals were then given a second injection of
progesLerone on day 4; 9/14 rats displayed heat
on day 4. Thus the second injection of proges-
terone transformed the artificial 5-day cycle back
into a 4-day cycle, and thereby cancelled the
delaying action of the initial progesterone treat-
ment in the majority of the animals.

The experiments suggest a biphasic effect of
progesterone on the induction of behavioral re-
ceptivity. (Supported by Grants MH 08634 and
FR 00163.)

COMPARATIVE PHYSIOLOGY

410
THOMAS K. AKERS and DONALD A. MONDA,

University of North Dakota.
Phosphorus levels in working smooth muscle of

Ciona intestinalis. (By title only)
Longitudinal smooth muscle strips from the body

wall of Ciona intestinalis isolated and suspended
in a cooled (10°C) perfusion chamber were washed
10 seconds out of every minute for 20 minutes
with fresh sea water. The muscle was electrically
stimulated and contractions measured by a linear
transducer coupled to a galvanometer recorder.
Lever mass and after-load for each preparation
was the same. The total muscle work could be
calculated. Following this procedure, the muscles
were treated by the method of Fiske and Sub-
arrow (J. Biol. Chem. 66:375, 1925) for total and
inorganic phosphate levels.

It was found that the inorganic phosphate levels
increased with increasing work while the total
phosphate decreased with increasing work. The
results of 10 experiments show that inorganic phos-
phate is related to muscle shortening as follows:
Y = 5.73 -f 0.237X, r 0.8454, where Y is inorganic
phosphate (mg%) and X is % shortening. The
total phosphate varied inversely to muscle shorten-
ing according to the equation: Y = 88.36 —
0.719X, r 0.4409, where Y is total phosphorous in
mg/g wet weight; and X is % shortening.

These preliminary experiments indicate that high
energy phosphate bonds of arginine phosphagen or
perhaps ATP are being broken to yield energy
for the muscle work. Further biochemical data
will be required to elucidate this. (Supported in
part by Summer Medical Fellowship from Lederle
Laboratories.)

411
THOMAS H. CLEWE and WILLIAM M. DuVALL,

Vanderbik University.
Observations on frequency of ejaculation of squir-

rel monkeys, Saimiri sciureus. (By title only)
Adult male squirrel monkeys were allowed access

to adult "test" females for a limited observed time
daily from January 4 to July 31 of their second
year in captivity. Between observation periods the
males were immediately adjacent to the females in
wire cages. Two males were caged together and
tested with the same six females; each of two other
males was caged with two adult females and tested
with two additional females. Each male was allowed
access to his test females daily in the early after-
noon for 20 to 30 minutes. Tests were also done
5 mornings each week from March 23 to June 1:
the interval between morning and afternoon tests
was varied to determine the duration of the post-
ejaculatory interval.

The shortest interval between ejaculations for
any male was 183 minutes. Each of the four
males proved capable of a second ejaculation in
less than 3i/o hours. Individual males ejaculated
as often as four times in two days and series of
daily ejaculations up to six days long occurred.
The two males caged with females were less sexu-
ally active on the whole during the test periods
than the males with more limited access to females.
Many observation periods contained much mount-
ing and thrusting which did not culminate in
ejaculation.

The post-ejaculatory intervals observed in these
squirrel monkeys were considerably longer than
those reported for the rhesus monkeys observed
by Kuehn and Young (Am. Zool. 5:687, 1965).
(Supported by Grant HD-00673 from USPHS.)

411a
MILTON FINGERMAN, ERNEST F. COUCH,

and EDWARD W. STOOL, Tulane University
and Marine Biological Laboratory.

Circadian rhythm of red pigment dispersion in
intact and eyestalkless fiddler crabs, Uca pugi-
lator. (By title only)
Intact fiddler crabs, Uca pugilator, collected in

the region of Woods Hole, Massachusetts, during
June 1966 exhibited the usual rhythm of pigment
dispersion whereby the chromatophoric pigments
were more dispersed by day than by night. The
rhythm of red pigment dispersion was circadian as
has been shown previously for the black pigment.
Furthermore, eyestalkless crabs showed a circadian
rhythm of red pigment dispersion, but the melanin
in eyestalkless crabs remained fully concentrated
at all times. The circadian nature of the rhythm
was revealed by observation of isolated individuals
maintained under a constant illumination of 4.9
meter-candles. The red pigment of eyestalkless
crabs was at all hours less dispersed than that of
intact crabs under this intensity of illumination.
The time of maximal dispersion of the black pig-
ment in the intact crabs was usually different from
that of the,red pigment, thereby suggesting that
each pigment was under the control of a different
rhythmical center. The amplitude of the rhythm
of red pigment dispersion in the eyestalkless' crabs
averaged one-third of that in the intact individu-
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als. Furthermore, the amplitude of the rhythm
in the eyestalkless crabs was greatest the first day
after the eyestalks had been removed and then de-
creased progressively until finally the red pigment
showed no significant fluctuation between day ond
night. (Supported by Grant GB-5236 from the
NSF.)

412
DAVID L. HAMMERMAN, Long Island University.
Lingual premetamorphic papillae in larval anu-

rans: a neurological study. (By title only)
The existence of a larval taste perceiving appa-
ratus has been postulated in ranid tadpoles (Helff
and Mellicker, 1941; Hammerman, 1964). Premeta-
morphic papillae have been suggested as such
sensory receptor structures because of their loca-
tion and relationship to the developing lingual
organ's dorsal surface. The degeneration or re-
incorporation of premetamorphic papillae into the
surface of the developing tongue at a time when
lingual taste buds are differentiating (Hammerman,
1959 and 1960) provides some support for this
hypothesis.

The lingual premetamorphic papillae of Rana
catesbeiana and R. clamitans tadpoles were exam-
ined microscopically. Ehrlich's thionin stain, urea
utilized because of their preferential neurological
silver nitrate stain and methylene blue stain were
staining. Serial sections cut at 7 microns were used
in these studies.

A fine network of fibers was observed by the
techniques employed. These fibers and their
branches were observed to leave the central core
of the premetamorphic papillae, penetrate the base-
ment membrane and travel through the surround-
ing epithelial layers. Some free nerve endings were
seen between adjacent epithelial cells. Some of
the fibrils extend to columnar cells in the papil-
lary epithelium. These latter cells were generally
located at the bluntly-pointed distal portions of
the papillae.

The presence of such a network with each of
the staining methods utilized supports the original
hypothesis. Additional physiological and behavioral
studies are in progress to confirm the hypothesis
that premetamorphic papillae are the taste recep-
tors in frog larvae. (Supported by a grant from
The Committee on Research of LIU.)

412a
DAVID L. HAMMERMAN and ALICE GOLD-

FELD, Long Island University.
Taste cell proliferation in Rana pipiens. (By title

only)
A study has been made to extend the informa-

tion accumulated regarding the dynamic flux of
cells in the taste sense organ in Rana pipiens.
The effects of varying dosages of colchicine on adult
frog tongue tissue were evaluated. At a dosage of
0.5 ml of a 1.0% colchicine solution, c-mitoses first
appear 4i/£ days after administration of the drug.
The mitotic index (0.0151 ± 0.0027) and the turn-
over time (308.7 ± 57 days) of the taste cells were
determined.

Frequently metaphase arrest brought about by
colchicine causes changes in metabolism and the
degeneration of the cell. At first c-mitoses accu-

mulate and then decline, accompanied by a rise
in degenerated cells.

Tritiated thymidine (0.5 me/ml, Schwarz Bio-
Research) was injected intraperitoneally (0.05 ml
per organism) into another group of animals.
Slides were prepared for autoradiographic studies.
Slides made from the taste bud tissue exposed to
tritiated thymidine for 4]/2 days showed grains
above cells at the center of the taste bud's end
disc. Labeled cells from material exposed for 5>/2
and 61,4 days were seen midway between the cen-
ter and the periphery of the taste bud. After iy2
days of exposure to tritiated thymidine, the iso-
topically labeled nuclei were observed in the pe-
ripheral cells ot the taste bud.

The results are in agreement with work done
on mammalian taste cells (Beidler et at., 1960).
Differences in timing can be attributed to dif-
ferences in the metabolic rates when comparing
a poikilothermic with a homeothermic organism.

413
O. W. HENSON, JR., Yale University.
Comparative physiology of middle ear muscle activ-

ity during echolocation in bats. (By title only)
Brief (1-5 msec) FM sonar signals are emitted

by many species of bats during echolocation. In
Tadarida it has been shown that the tympanic
muscles contract prior to the emission of these
pulses, a maximum state of contraction is reached
just as pulse emission begins, and relaxation occurs
over the duration of the signal (Henson, J. Physiol.
180:871-887, 1965).

Rhinolophidae, Hipposideridae and Chilonycteris
parnelli (Phyllostomidae) employ sonar signals
characterized by pure tones of relatively long dura-
tions (6-50 msec); each pulse, however, is termi-
nated by a brief FM sweep. Measurements of middle
ear muscle activity in Chilonycteris by the same
techniques previously used for Tadarida have
shown that muscle contractions begin almost simul-
taneously with the onset of pulse emission; a maxi-
mum state of contraction is attained prior to the
FM sweep and muscle relaxation occurs during the
FM sweep. Thus, in both Tadarida and Chilonyc-
teris muscle contractions protect the ear from the
intense outgoing signal and, by relaxing during
the FM sweep, permit FM echo energy to be trans-
ferred to the cochlea more efficiently than the
preceding pulse energy. In Chilonycteris pure tone
pulse-echo overlap normally occurs; pulse-echo
masking and the contracting middle ear muscles
reduce sensitivity during periods of overlap. This,
and other evidence (Henson, Anat. Rec. 154:356,
1966) suggest that the FM sweep is an important
part of the pulse. (Supported by Grant MH 5430-05
from the USPHS.)

414
F. R. HUNTER, Centro Experimental de Estudios

Superiores, Barquisimeto, Venezuela.
Evidence for facilitated diffusion of anions in eryth-

rocytes. (By title only)
Using a densimeter technique the effect of tannic

acid and n-butyl alcohol on the rate of anion ex-
change with human and rabbit erythrocytes was
studied. Cells were equilibrated in NH4C1 and the
rate of shrinking was measured when these cells
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were placed in a NaCl solution containing different
concentrations of bicarbonate and of tannic acid or
butanol. At all bicarbonate concentrations the
other two substances markedly decreased the rate
of shrinking as N'H, left the cells and chloride
inside was exchanged for bicarbonate outside. Since
it has previously been postulated that marked in-
hibition by tannic acid and butanol indicates
facilitated diffusion (J.C.C.P., 65:299, 1965) it is
suggested that the present data indicate that facili-
tated diffusion is involved in this exchange of
bicarbonate for chloride ions.

415
F. R. HUNTER, Centra Experimental de Estudios

Superiores, Barquisimeto, Venezuela.
An analysis of the "catalytic" effect of bicarbonate

on the permeability of erythrocytes to ammo-
nium chloride. (By title only)
Using a densimeter technique, the effect of

increasing concentrations of NaHCO3 on the rate
at which NH,C1 leaves human and rabbit erythro-
cytes was measured. When half-times for shrinking
were plotted against reciprocals of bicarbonate con-
centration the data could best be fitted by two
straight lines. The x-intercept for the high bi-
carbonate concentrations gave a value of the same
order of magnitude as the K.ra for carbonic an-
hydrase. The x-intercept for the low bicarbonate
concentrations was smaller by at least two orders
of magnitude. The break occurred at approxi-
mately 4 X 10"* M NaHCO3. Measurements were
made at 31°, 35° and 40°C. Arrhenius plots gave
a /i value at higher bicarbonate concentrations
very similar to that of carbonic anhydrase. The
value for lower concentrations of bicarbonate was
low between 40-35° but was much higher for the
interval 35-31°. These data might suggest that
carbonic anhydrase has more importance in this
anion exchange at higher than at lower bicarbo-
nate concentrations (cf. Jacobs el al., J. Gen.
Physiol. 25:539, 1942).

416
JOSEPH C. C. HWANG, Chinese University of

Honk Kong.
Effect of pH on oxygen equilibrium curves in

Asiatic horse-shoe crabs Tachypleus tridentatus.
(By title only)

The experimental animals were obtained from
mudbanks of Tolu Harbour in Hong Kong. Blood
samples were collected from the gill books. After
clotting the blood was centrifuged at 3500 rpm for
ten minutes. The supernatant fluid was stored
with chloroform overnite in refrigerators. The
pH determined under this condition was 7.2. The
absorption spectrum for the hemocyanin was de-
termined. Two absorption peaks were seen, one
at 385 m^ and the other at 580 m^. Oxygen equili-
brium curves at pH 7.2 were determined by calori-
metric method at 580 m./t. The hemocyanin was
considered to be saturated with oxygen after bub-
bling air through the serum for five minutes, the
equivalent oxygen tension being 158 mm Hg. Com-
plete deoxygenation was obtained by addition of
sodium hydrosulphite. Intermediate range of oxy-
genation was effected through a high vacuum
pump. A sigmoid curve was obtained. When the

hemocyanin was 90% saturated with oxygen, the
oxygen tension was at 30 ± 1.2 mm Hg; and 10%
saturation at 5 + 0.4 mm Hg. 80% saturation
was obtained at 17 ± 0.5 mm Hg, and 20% satu-
ration at 6.5 ± 0.3 mm. 50% saturation was ob-
tained at 11 ± 0.8 mm Hg. The effect of pH on
this displacement of the oxygen equilibrium curves
was studied by using buffers.

In the range from pH 5 to 9.5 the affinity of
hemocyanin for oxygen was lowest around pH 8.5,
at 50% saturation, the oxygen tension being around
18 mm. Al>ove pH 8.5 the affinity increases, and
at pH 9.5 the 50% saturation tension was around
II mm. At pH 5.2 the affinity was high, 50%
saturation tension being around 7 mm. The overall
working range of the oxygen tension was low (5
mm to 20 mm Hg) as compared with terrestrial
and active marine animals. This was correlated
with the animal's habitat where the oxygen ten-
sion was also low. (Supported by a grant from the
Research Institute of Science & Technology, Chinese
University of Hong Kong.)

417
THEODORE L. JAHN, University of California,

Los Angeles.
Anodal vs cathodal contraction of protoplasm.

(By title only)
When the protoplasm of protozoan cells responds

to electrical stimulation by contraction, contraction
always starts at the anodal end, and the cell mem-
branes of protozoa do not have self-propagating
depolarizing action potentials.

If we assume that contraction of the cytoplasmic
protein is caused by an increased association of
calcium with the protein, as in muscle, these facts
can easily be explained. Another necessary assump-
tion is that all of the anionic sites on the protein
have associated counterions, in accordance with the
theories of Debye-Hiickel, Ling, and Eisenman.

On the basis of ionic electrical mobilities it can
be predicted for cells with non-excitable mem-
branes that calcium 1) is removed from both the
inside and the outside of the membrane at the
cathodal end and is added to both sides of the
anodal end, 2) is added to cytoplasmic protein
throughout the cell, but more rapidly at the anodal
end, and 3) is made available for addition to cyto-
plasmic protein at the cathodal end, as it is re-
leased from the membrane. In a cell with an
excitable membrane the above will be true, and
furthermore 4) the action current will release
larger quantities of calcium than those resulting
directly from the stimulus. For these reasons it
is predictable that in cells with a non-excitable
membrane, contraction should start at the anodal
end, whereas in cells with excitable membranes, it
should start at the cathodal end, and that is
exactly what occurs.

418
V. F. LINDEMAN, Syracuse University.
5' Nucleotidase activity in brown and white fat

of the white rat. (By title only)
Studies were made upon mature white rats main-

tained at a constant temperature of 78 degrees
within the animal quarters. Brown fat was ob-
tained from the region between the scapula at
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the nape of the neck and epididymal fat pads were
used for white fat. Adenosine 5' phosphoric acid
was employed as the basic substrate and crude
homogenates containing 100 nig tissue in 0.25 m
sucrose provided the enzyme source.

The pH optimum was determined for each
enzyme preparation and was found to be 7.5 for
white and 8.4 for brown fat. The substrate speci-
ficity for white and brown fat respectively, when
compared to adenosine 5' monophosphoric acid
of optimal concentrations were as follows: 5' CMP
97 and 89 per cent, 5' CMP 89 and 90 per cent,
5' GMP 42 and 56 per cent, deoxy 5' AMP 18
and 38 per cent, 2' AMP 0 and 33 per cent, sodium
beta glycerophosphate 0 and 0 per cent.

The specific activity of 5' nucleotidase (sub-
strate 5' AMP) was 116.5 for white and 10.25 for
brown fat (per microgram P hydrolyzed/mg/pro-
tein/hour).

The enzyme in the white fat was found to have
a greater thermostability than that of the brown.
After 30 minutes of continuous exposure of the
homogenates to 60 degrees C the white fat retained
44 per cent of its activity and brown 13 per cent.
After 1 hour exposure the brown fat was com-
pletely inactivated but the white retained 24 per
cent of original activity.

419
JOSEPH E. MCCARTHY and F. P. COXTE,

Oregon State University.
Determination of the volume of vascular and

extravascular fluids in the Pacific hagfish, Epta-
tretus stoutii (Lockington). (By title only)
The partitioning of body fluids in the Pacific

hagfish was investigated using several experimental
techniques. Direct measurement of the blood vol-
ume was obtained through the simultaneous use
of tagged red blood cells and plasma proteins
labeled with either Evans Blue Dye or H3-poly-
glycyl amino acid residues. Red cells obtained from
donor animals were incubated with L-methionine-
methyl-C" in a physiological saline for two hours.
The labeled cells were washed three times and
injected either into the anterior or posterior sub-
cutaneous sinus of experimental animals. Blood
samples were collected over a period of 104 hours
through an indwelling catheter in the posterior
subcutaneous sinus. Dilution curves were obtained.
Fluid volume calculations were based upon values
extrapolated to "zero" time. The packed red cell
volume for five animals was 5.5 ± 0.8 per cent
of B.W.

Another group of animals (5) was used to esti-
mate the extracellular fluid volume, as measured
by inulin-carboxyl-C". The average value of 26.7
± 4.3 per cent of B.W. was obtained. The inter-
stitial fluid, being the difference between the extra-
cellular fluid volume and the total blood volume,
was 6.1 ± 4.9 per cent of B.W.

Total body water was determined following the
dehydration of individual animals to a constant
weight at 104 ± 1°C. The value for five animals
was 74.6 ± 0.9 per cent B.W.

420
WILLIAM W. MILLER III, Stanford University.
Experimental epilepsy in the rat. (By title only)

A chronic epileptic state was induced in rats
weighing approximately 60 g, individually housed,
and maintained on a choline deficient diet supple-
mented with ethylaminoethanol (EAE). Controls
were fed a similar diet supplemented with choline.
Rats receiving the choline deficient diet plus EAE
ceased to gain weight after approximately 60 days.
The fust neurological disturbances, hypersensitivity
to light and sound, were noted soon after the cessa-
tion of weight gain. The hypersensitive condition
was accompanied by tremors that were accentuated
by volitional movements. Routine handling of the
rats precipitated some convulsive seizures.

To determine the degree of hypersensitivity in
EAE fed rats, six animals were injected with
Metrazol (pentamethylenetetrazole) and compared
with controls receiving similar injections. All rats
fed the diet supplemented with EAE showed a
highly significant lower threshold to Metrazol than
the controls. Electroencephalographic records re-
vealed wave patterns commonly associated with epi-
lepsy in the rats with neurological symptoms.

Clinical examination of the blood and urine
revealed no abnormalities except for a minor nega-
tive nitrogen balance in animals that had been on
the diet for long periods. Histological studies of
the heart, liver, intestines, pancreas, spleen, and
brain showed no detectable abnormalities. How-
ever, slides of testes demonstrated spermatogenesis
had ceased and no spermatozoa were present.

Use of a choline deficient diet supplemented with
EAE to produce a chronic epileptic condition in
the rat should be of value in neurophysiologic, bio-
chemical, and pharmacological investigations.

421
LARRY C. OGLESBY, FREDERICK F. HART-

LINE, and K.ERMIT EDWARDS, Reed College.
Some osmotic responses of the sipunculid Themiste

dyscritum. (By title only)
Themiste (formerly Dendrostomum) dyscritum, a

common sipunculid worm on the open coast of
Oregon, was used in an investigation of several
aspects of osmotic regulation. There was complete-
survival in the laboratory (T — 12°C) in salinities
from 120% to 50% of sea water (100% = 560 mM
Cl/1). Survival was limited to several weeks in-
40% sea water. Osmotic pressure (measured with
a Mechrolab vapor pressure osmometer) of centri-
fuged coelomic fluid of fully acclimated animals
was within 2% of that of the medium over this,
entire salinity range. In high salinities, the chloride
concentration (measured by direct titration with
a Gotlove chloridometer) of centrifuged coelomic
fluid was also within about 2% of the chloride
concentration of the external medium. However,
in 70% and 50% sea water, the coelomic fluid
chloride concentration dropped to 80% and 73%
of the external value. This suggests the addition-
to the coelomic fluid of osmotically active particles
during the sojourn in low salinity. Worms were
capable of a limited amount of volume regulation,
but only after imposition of a moderate osmotic
stress. There was much individual variation in
ability to regulate body volume. (Supported by
grant GB-4429 from the NSF.)

422
HOWARD ROTHSTEIN, JOSEPH F0RT1N and1

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/6/4/503/150033 by guest on 20 April 2024



606 AMERICAN SOCIETY OF ZOOLOGISTS

MIHIR BAGCHI, University of Vermont.
Anomalous stimulation of thymidine incorporation

by actinomycin D. (By title only)
In past studies (Rothstein, Reddan and Wein-

sieder, Exp. Cell Res. 37:2, 440, 1965; Rothstein,
Lauder and Weinsieder, Nature 206:1267, 1965) it
has been shown that either injury to or isolation
of the bullfrog lens gives rise to pronounced hyper-
plasia in the epithelial cell population. Antecedent
to this hyperplasia, in both explanted and wounded
tissues, are found periods characterized by cellular
incorporation of H3 uridine (RNA synthesis) and
H3 thymidine (DNA synthesis) (Rothstein, Fortin
and Youngerman, Exp. Cell Res. In press). When
uridine uptake is partially suppressed by adminis-
tration of the antibiotic actinomycin D the im-
pending rounds of DNA synthesis and mitosis are
both obliterated. This is only true however when
the drug is supplied to the system prior to 36
hours after isolation or in vivo injury. Generally,
•when given after 36 hours the level of thymidine
uptake at the usual peak time (48-52 hours) is not
drastically affected. We wish to report now, how-
ever, that there is a period after wounding during
which actinomycin actually stimulates the uptake
of thymidine at 52 hours. This occurs at 36 hours
post-injury. The reasons for such an effect are
certainly not apparent. Papaconstantinou has shown
that actinomycin can stimulate protein synthesis in
,calf lens fibers (Biochim. et Biophys. Acta 114:428,
1966). Whether this bears any relation to the pres-
ent finding is not certain A careful study of the
problem is now underway and a fuller discussion
will be published shortly. (Supported by grant
NB-05425-02 from the USPHS.)

423
RANDALL M. SNEIDER, GEORGE R. SIGGINS,

and HERBERT J. BERMAN, Boston University.
•Comparison of electroanesthesia and MS-222 on

vasomotor activity in the retrolingual membrane
of the frog (Rana pipiens). (By title only)
Since chemical anesthetics may suppress periph-

eral vasomotor activity, the effects of electronar-
*osis and the relatively innocuous MS-222 on vaso-
motion in the same retrolingual membrane were
compared. Observations were made first during
light chemical anesthesia and later during electro-
anesthesia induced by passage of a complex sine
•wave of 100 and. 10,000 cps at 2.5 to 12 ma be-
tween cloaco-nasal electrodes. The per cent of
•spontaneously motile arterioles was the same under
both types of anesthesia but vasomotion was more
rapid during electronarcosis. A cycle there averaged
13 seconds with the constrictor phase lasting 9

•seconds, compared to 25 and 10 seconds, respec-
tively, under MS-222 anesthesia. The heart rate
at onset of electroanesthesia averaged 81 bpm
.(range 51-104) and at termination 52 bpm (34-64),
in contrast to the steadier rate of 72 (60-82) bpm
under chemical anesthesia. Stasis was 3 times more
prevalent during electronarcosis. The minimum
stimulus delivered to a retrolingual nerve that
would induce local vasodilation under electronar-
cosis and MS-222 anesthesia averaged, respectively,
.103 ( ± .024 S.D.) and .045 ( ± .031) ma applied
for .01 msec; the corresponding thresholds for vaso-
fconstriction were .37 (± -04) and .31 (± .09) ma

applied for 1 msec. Electroanesthesia as applied
here offered no definite advantage over MS-222 in
the study of the frog's microcirculation. (Supported
by Grant HE-902 and Contract DA-49-193-MD-
2696.)

424
P. B. VAN WEEL and L. H. CORREA, University

of Hawaii.
Electrophysiological responses in the antennula of

Thalamita and Procambarus to changes in the
environment. (By title only)
In a previous communication van Weel and

Christofferson (1965) reported on electrophysio-
logical responses in the antennula of poorly osmo-
regulating crabs to diluted sea water, the first
response being obtained with 95% and 90% sea
water. It was suggested (van Weel and Christoffer-
son, in print) that osmo-perception was located in
these appendages. Experiments were carried out
to determine reactions to different sea water con-
centrations in a good osmo-regulator, Thalamita
crenata, and in the crayfish, Procambarus clarkii.
In Thalamita 125% sea water did not evoke a
response. The first weak increase in activity oc-
curred with 65-70% sea water. A better reaction
was obtained with 50% sea water, and fresh water
caused a very strong response. The crayfish anten-
nula showed a marked activity with fresh water.
5-15% sea water caused as a rule a definite sup-
pression of activity, but the latter was increased
upon application of 50% and 100% sea water,
although this remained as a rule lower than in
fresh water.

Lowering the pH of sea water (HC1) to ±
pH 6.0 caused but a slight increase in activity of
rather short duration in Thalamita. At pH < 6.0
the activity became definitely higher. COS as an
acidifying agent, did not produce different results.
At the high pH 9.0 a rather weak increase in
activity was noted. The crayfish antennula showed
stronger activities, both at high and low pH's.
Again CO3 had no effect different from that
by HCI.

Feedback into the antennula was again noted in
both species. That of the crayfish was so strong
that it often completely masked the responses to
different salt concentrations and pH. Amputated
antennulae had therefore to be used to cut out this
feedback.

425
DANIEL C. WILHOFT and EDWARD O. REI-

TER, Rutgers University.
The effect of photoperiod on the oxygen consump-

tion of a lizard. (By .title only)
Although daily photoperiod has been shown to

affect feeding, growth and tHe reproductive physi-
ology of reptiles, little has been reported of its
influence on metabolism. Between September 9 and
December 21, 1965, adult Anolis carolinensis col-
lected near New Orleans, were acclimated for 21
days to one of three photoperiod conditions: 28°C-
16 L. (hours daily- photoperiod), 28°C-8 L. and
a control group at 28°C in continuous dark. Oxy-
gen consumption was measured at 28°C by the
Warburg-Barcroft method .of constant volume res-
pirometry utilizing,special 250 ml vessels. • ,
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Lizards acclimated to 28°C-16 L. averaged .197
± .014 ml Oo/g body wt/hr while animals accli-
mated to 28°C-8 L. averaged .237 ± .007 ml O:/g
body wt/hr. Control animals averaged .198 ± .017
ml Oo/g body wt/hr. Each group contained at
least 20 animals.

The 8 L. photoperiod resulted in a significantly
(P<.05) higher oxygen consumption whereas simi-
lar values for the 16 L. and control animals were
evident. These results suggest that illumination
significantly influences the oxygen consumption of
this species of lizard maintained at a constant tem-
perature of 28°C. It is possible that the premature
exposure of the 8 L. group to near winter light
conditions caused a compensatory adjustment which
may have adaptive significance in preparing the
animals for the light conditions of winter. Future
studies will compare spring animals with fall ani-
mals under similar temperature and light condi-
tions in an effort to understand the effect of light
on the metabolism of reptiles. (Supported by grant
AM-08710 from the USPHS.)

DEVELOPMENTAL BIOLOGY

426
M. JEAN ALLEN, Wilson College, and Kristine-

berg Zoological Station, Sweden.
Nucleic acid synthesis in the developing oocytes

of the budding form of the syllid, Autolytus
edwarsi (Class Polychaeta). (By title only)
The stocks or budding form of Autolytus edwarsi

with their linear chains of successively differentiat-
ing stolons were immersed for periods varying from
two minutes to twenty hours in 2.5 ^c/ml of uri-
dine-H8 (specific activity 0.90 C/raM). Autoradio-
graphs of serial sections were stained with azure B
at pH 4. Incorporation of uridine-H3 (as evidenced
by overlying silver grains) was in structures shown
cytochemically to contain RNA (control sections
extracted with RNase did not stain for RNA and
had very few silver grains). Developing oocytes of
stolons which had been treated with uridine-Ha for
two to fifteen minutes show incorporation of the
radioisotope primarily over nucleoli. Autoradio-
graphs of eggs exposed to uridine-Ha for thirty
minutes show grains over the nucleolus and over
the rest of the nucleus. Oocytes exposed to the
radioisotope for two hours show grains over the
cytoplasm as well as over the nucleolus and the
rest of the nucleus. Further increase in length of
exposure to uridine-H3 resulted in an increased
number of silver grains over the cytoplasm, espe-
cially in the case of younger eggs. Results indicate
that RNA is synthesized (or accumulated) mainly
in the nucleolus of the developing oocytes of A.
edwarsi from which it migrates to the rest of the
nucleus and then to the cytoplasm. Results thus
far suggest that RNA synthesis is greater in younger
eggs; i.e., in oocytes that have not completed their
growth period.

Results to date indicate that oocytes studied
(mainly older ones) do not incorporate thymidine-
H* indicating that no significant DNA synthesis
was occurring. (Supported by Grants G-19958 and
GB-2853 from the NSF.)

427
M. JEAN ALLEN, Wilson College, and Institute

of Marine Biology, University of Puerto Rico.
Observations on nucleic acid and protein synthesis

following actinomycin D and radioisotope treat-
ment of developing stages of the syllid, Autolytus
fasciatus (Class Polychaeta). (By title only)

After treatment of early cleavage stages of Auto-
lytus fasciatus with uridine-H3, autoradiographs
show silver grains (absent in controls pretreated
with RNase) over the mitotic apparatus of blasto-
meres, indicating synthesis of RNA. Autoradio-
graphs demonstrate that RNA is being synthe-
sized during gastrulation, particularly in interphase
nuclei, and in the differentiating germ layers of
trochophores and post-trochophores.

Protein synthesis, evidenced by incorporation of
phenylalanine-H3, is occurring during gastrulation
and in trochophore and later larval stages, par-
ticularly in nuclei and cytoplasmic areas rich in
RNA (autoradiographs stained with azure B were
compared with those predigested with RNase).

DNA synthesis is occurring during cleavage and
gastrulation and in trochophore larval stages as
evidenced by incorporation of thymidine-H3 into
nuclei (silver grains are absent in sections pre-
treated with DNase).

Treatment with actinomycin D (100 ^g/ml) for
12 to 18 hours inhibits cleavage and gastrulation
and prevents further differentiation. At the trocho-
phore stage, actinomycin D (100 ^g/ml) for 18
hours results in dedifferentiation of the pharynx
and inhibits further differentiation. Autoradio-
graphs of these actinomycin-D-treated stages as
compared with controls show that RNA synthesis
was inhibited during gastrulation and in post-
trochophore stages. However, some autoradiographs
also demonstrate inhibition of protein synthesis
following a 13-hour treatment of gastrula stages,
and inhibition of DNA synthesis following an
18-hour treatment begun at cleavage. Experiments
are in progress using actinomycin for shorter peri-
ods and at other concentrations in an attempt to
demonstrate the effects of specific inhibition of
DNA-primed RNA synthesis on the development
of Autolytus fasciatus. (Supported by Grant GB-
2853 from the NSF.)

428
LUCENA J. BARTH and LESTER G. BARTH,

Marine Biological Laboratory, Woods Hole,
Massachusetts.

Evidence for a diffusible inhibitor of cellular
differentiation in hybrid embryos. (By title only)
Cells from the lethal hybrid cross Rana pip-

iens 2 X Rana sylvattca $ survive and differen-
tiate into nerve, melanocytes, cardiac and striated
muscle, ciliated epithelium, etc. (Develop. Biol., 13:
95-111, 1966). Since the same cells left within the
hybrid embryo die without differentiating, it was
prop sed that diffusible inhibitory products are
made by the genetically incompatible nucleus and
cytoplasm. The present experiments provide evi-
dence for the inhibitor hypothesis.

Media collected at several intervals from dishes
containing bisected hybrid gastrulae retard healing
of diploid Rana pipiens cells. Media collected so

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/6/4/503/150033 by guest on 20 April 2024



608 AMERICAN SOCIETY OF ZOOLOGISTS

as to conserve perivitelline and blastocoele fluids
as well as diffusible cell products, reduce the pro-
portion of cells that differentiate and in some
experiments kill the cells.

Using appearance of heartbeat as the criterion
for differentiation, the critical mass of hybrid cells
below which differentiation occurs was found to
lie somewhere between half the gastrula and the
entire gastrula. Differentiation of functional car-
diac muscle as well as other cell types invariably
occurs in aggregates of approximately 100 cells
prepared from the dorsolateral marginal zone.
Now it can be added that fragments approximately
1/12, 1/6, 1/8, 1/4 and even 1/2 the gastrula will
form a heart if the dorsal region is included. Pre-
sumably above this critical mass inhibitory gene
products accumulate that result in the block to
development.

Hybrid cell surfaces differ from normal so that
dissociated cells do not cross aggregate but sort
out according to nuclear type. (Supported by grant
HD 00701-02 from the USPHS.)

429
W. E. BERG and K. M. KILGORE, University of

California, Berkeley.
Effects of nucleic acid extracts on development of

half embryos of the sea urchin. (By title only)
Nucleic acids were extracted from developmental

stages of the sea urchin, Lytechinus anamesus, by
the cold phenol procedure. Embryos were homoge-
nized in 2.5% dodecyl sodium sulfate in 0.05 M
Tris buffer and mixed with an equal volume of
cold phenol. After centrifugation the nucleic acids
in the aqueous phase were purified by repeated
precipitation with ethanol. The final precipitate
was dissolved in buffered saline and diluted with
sea water. Extracts were prepared from early and
late stages of embryos strongly vegetalized by 0.03
M LiCl. Varying amounts of these extracts were
injected by means of a micropipette into the
blastocoel of animal half embryos previously iso-
lated at the 8-cell stage. In another series of ex-
periments animal half embryos were reared in
different concentrations of the above extracts. De-
velopment of the animal half embryos was arrested,
retarded, or abnormal in degrees dependent upon
the amount injected or the external concentrations
of the extract. Vegetalization of animal half em-
bryos occurred occasionally in the experimental
cultures; however, in no instance could it be con-
sidered a specific effect of the extracts.

430
ALEXANDER CENSOR and V. F. LINDEMAN,

Syracuse University.
Collagen turnover under age delaying levels of

food intake restriction in mice. (By title only)
In an attempt to account for the retarded aging

of animals and collagen fibrils, both of which
occur during restricted feeding, a study of the turn-
over and synthesis of soluble and insoluble col-
lagen in the tail tendons of female A/HeJ mice
was carried out. Mice injected with L-glycine-O"
or L-proline-C" were subjected to ad libitum feed-
ing, constant intake restriction (20 to 43 per cent
below ad libitum; 2.3 g/day), and 20 days of 2-day
intermittent feeding and fasting cycle.

No statistically significant differences in turnover
rate were found under either constantly restricted
food intake or intermittent intake. In ad libitum
mice, from 42 to 66 days of age, the ratio of sol-
uble/insoluble collagen increased from .553 to 1.12.
The ratio of total tail tendon collagen/body weight
decreased (2.18 to 1.91 mg/g) in this period while
the total collagen/tail tendons of one tail increased
slightly (32.2 to 35.9 mg). Constant restriction
inhibited net synthesis of both soluble and insol-
uble collagen, resulted in 18 per cent higher ratio
of soluble/insoluble collagen, and caused a 6 per
cent increase in ratio of total tail tendon collagen/
body weight. The intermittent fasting and feed-
ing caused a 5 per cent reduction in tail tendon
soluble collagen but did not affect the soluble
collagen/body weight ratio.

431
NICHOLAS COHEN, University of California, Los

Angeles.
The role of the thymus in the development of

transplantation immunity in the salamander,
Ambystoma tigrinum. (By title only)
A comprehensive study of the development of

immunologic responsiveness in the Urodela is in
progress. This preliminary report deals with the
role of the salamander thymus in the maturation
of transplantation immunity.

Fifteen Ambystoma tigrinum larvae (9.1 to 11.7
cm long) were totally thymectomized 36 days post-
hatching. Eighteen control larvae (same age and
size) were sham-thymectomized. All hosts were
maintained at 23-24°C.

Controls: Complete melanophore destruction
(zero end point) was observed in 67% of the control
allografts with a Median Survival Time of 24.5
± 2.9 (S.D.) days. A zero end point for the re-
maining six allografts could not be determined
accurately since the migration of host melanophores
over a partially destroyed graft eventually made
it impossible to distinguish between viable donor
and host melanophores. A 50% end point deter-
mination for all control grafts was 21 ± 6.3
(S.D.) days.

Experimenlals: Thymectomized larvae metamor-
phosed normally and were not runted. Of the
fifteen allografts examined, 52% are presently fully
viable 100 days after transplantation. A ninth graft
was fully viable when its host died 30 days post-
grafting. None of the remaining six allografts
exhibited a zero end point. Rather, they were
characterized by approximately 10-50% destruc-
tion before host replacement of graft melanophores
or host death occurred. In all but one graft,
comparable destruction occurred significantly ear-
lier in the controls.

Therefore, thymectomy of Ambystoma larvae 36
days post-hatching greatly prolonged allograft sur-
vival. Moreover, no concomitant "runting" syn-
drome (associated with thymectomy of neonatal
mammals) occurred. (Supported by USPHS Grants
1 F2 CA-30,748 and HD-01252.)

432
BRUCE B. CRILEY, University of Illinois.
Development of the chick embryo in ovo following

complete removal of the vitelline membrane over
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the blastodisc. (Introduced by Ra\ L. Watter-
son) (By title only)
Experimental embryologists have apparently pre-

sumed that chick embryos would die or develop
abnormally following complete removal of the
vitelline membrane over the blastodisc in ovo.
The presence of this membrane is a great ob-
stacle in experimenting in ovo on earlv stages
(up to 48 hours of incubation). This membrane

readily takes up vital dyes thereby obscuring the
embryo and making accurate staging and major
operational procedures difficult. Large slits in this
membrane result in high post-operative abnormali-
ties and mortality, presumably due to desiccation
•(loss of sub-vitelline fluid). Careful observations
by the author, however, indicated that the vitelline
membrane itself is responsible for these effects,
in that slits in this membrane (particularly those
one-fourth the length of the developing embryo or
larger) subsequently enlarge and the vitelline mem-
"brane adheres to and tears the embryo as its loose
edges recede peripherally. After the entire embryo
and overlying vitelline membrane are stained with
neutral red dye contained in an agar disc, com-
plete removal of the membrane over the entire
Tjlastodisc is easily accomplished by poking a hole
in the membrane, adding a few drops of warm
0.7% saline solution in order to elevate it, and
tearing away the elevated, stained membrane with
a watchmaker forceps. The entire stained embryo
Is thus completely accessible for operational pro-
cedures and very accurate staging. This technique
lias been used successfully for various operational
procedures on hundreds of chick embryos incubated
18-48 hours, and survival has never been less
than 80% to day 6, when experiments were
terminated.

433
JOSEPH C. DANIEL, JR., University of Colorado.
Tusion of blastomeres when rabbit ova are cul-

tured in an alkaline medium. (By title only)
At first observation, most rabbit ova retained in

alkaline medium do not appear to cleave in vitro.
Time-lapse cinematographs of these cultured ova
•show that in some cases cleavage does occur but
the resultant blastomeres fuse immediately back
together again, consequently giving the impression
that no change has occurred. The fusion of blasto-
meres has been observed in different specimens at
the first, second, and third cleavages when the
pH of the culture medium was about 8.3. A
second cleavage of the fusion-blastomere after its
first abortive attempt has not been observed, when
retained at the same pH, although the cytoplasmic
movements of the cell, observable in the time-lapse
pictures, and presumably an indication of viability,
may continue for 12 hours or more. (Supported
"by Grant GB-4401 from the NSF.)

434
TUCHARD A. FENNELL and LYMAX B. CRIT-

TENDEX1, Michigan State University and Re-
gional Poultry Research Laboratory.

:Some histochemical observations on lymphatic tis-
sues of inbred Rous sarcoma virus resistant and
susceptible 20-day embryos. (By title only)

Embryos of White Leghorn chickens (inbreeding
coefficient exceeds 95%) with various degrees of
resistance to Rous sarcoma virus were used for
experimentation, e.g., line 6 susceptible, line 7
resistant and line 151 variable in response to the
virus (Waters and Burmester, J. Xatl. Cancer Inst.,
27:665, 1961). Localization of dehydrogenases, re-
ductases and hvdrolases was made by the procedures
of Pearse (Histochemistry, Theoretical and Ap-
plied, 1961). From 0.05 to 0.3 ml of 1-50 dilution
(W/V) of tissue homogenates were used for colori-
metric tests. Tetrazolium salts uere used as accep-
tors for electrons. Purple formazan (reduced tetra-
zolium) was extracted with ethyl acetate. Tetra-
zolium-cobalt mixtures plus DPXH and phenazine
methosulfate were used for the calibration curve.

Lactate dehydrogenase reactions were highest in
151 and lower in bursae of lines 6 and 7. e.g.,
homogenates (0.3 ml) reduced 0.064, 0.049 and
0.045 rag of tetrazolium, respectively, in 30 minutes.
Likewise DPN diaphorase, malate (DPN), isocitrate
and succinic dehydrogenase reactions were more in-
tense in line 151 bursae. Reactions were essentially
the same in the spleen and thymus of all lines.
Alcohol, /3-hydroxybutyrate and glucose-6-phosphate
were weak or absent in all lymphatic tissues. Acid
phosphatase activity was highest in line 151 and
lower in 6 and 7 bursae.

Similar patterns o£ distribution of oxidative en-
zymes existed in sections of tissue. Intensity of en-
zyme reactions paralleled that observed colori-
metrically. Enzyme activity in 151 bursae was in-
tense in the epithelium and outlines of follicles
were distinctly shown by deposits of formazan. In
many instances, 4 rows of follicles were identified
in each bursal fold whereas in lines 6 and 7 the
number was usually 2. Leucine aminopeptidase
activity was intense in the spleen of all embryos.
The lamina propria mucosae of all bursae reacted
intensely for leucocyte alkaline phosphatase.

Two lactate isozymes were identified in all tissues.
The largest number of protein bands identified by
disc electrophoresis was found in lymphatic tissue
of line 7 embryos. (Supported by grants from
USDA, Poultry Research Branch, Animal Hus-
bandry Division and the All College Research
Fund, MSU.)

435
BEATRICE B. GARBER, E. J. KOLLAR, and

A. A. MOSCONA, University of Chicago.
Age-dependent differences n the development of

chimeric aggregates of embryonic mouse and
chick skin cells. (By title only)
Cell suspensions were prepared by trypsini/ation

of skin from 13- to 16-day mouse embryos (MS)
and 8-day chick embryos (CS). Cells from the
following tissues were commingled, co-aggregated
by rotation, and the development of their aggre-
gates was studied in CAM grafts: (1) MS with CS,
(2) M epidermis with CS, (3) M dermis with CS.
Contro' aggregates of embryonic CS cells con-
sistently formed skin and feathers: aggregates of
MS cells formed skin and hair. In all bispecific
co-aggregated with mouse epidermis or dermis cells
formed; however, they differed strikingly with the
age of cells at the time of co-aggregation. CS cells
co-aggregated with mouse epidermis or dermis cells
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from embryos earlier than 14 days formed skin and
feathers which included mouse cells in their
structure; in these combinations no hair developed.
In aggregates of CS cells with MS cells from em-
bryos later than 14 days, hair follicles developed
abundantly; however, feather development was
completely suppressed; bispecific skin sheets were
common but hair follicles did not include chick
cells.

Reconstruction of tissues in heterotypic aggre-
gates involves sorting-out and histogenetic grouping
of cells. Our findings suggest that the sorting-out
properties and morphogenetic "recognition" of em-
bryonic cells dissociated from the same tissue
change with age or state of differentiation, hence,
that contact behavior of cells is related to other
aspects of cellular differentiation. Thus, in these
bispecific co-aggregates, early embryonic MS cells
tended to be included in the developing chick
integumental structures, and hair formation was
suppressed; on the other hand, older MS cells
pursued their characteristic course of development
ana suppressed feather formation. (Supported by
Grants HD-01253-06 from the USPHS and G-23852
from the NSF.)

436
CHARLES W. GIBLEY, JR. and JEFFREY P.

CHANG, The University of Texas M. D. Ander-
son Hospital and Tumor Institute, Houston.

Fine structure of tubule cells in the functional
pronephros of Rana pipiens. (By title only)
Proximal tubule: The tubule consists of a single

layer of high cuboidal or columnar epithelial cells
resting on a thin, undulating basement layer. The
luminal surface is covered with a characteristic
brush border observed as a series o£ evaginations
of the apical cell surface. Pinocytotic vesicles and
vacuoles are beneath the microvilli. The nucleus
is located near the basement layer. The plasma
membrane at the base of the cell invaginates and
follows an irregular couise into the apical cyto-
plasm. These basal infoldings compartmentalize
the mitochondria which vary in shape and contain
abundant cristae. The endoplasmic reticulum is
sparse and studded with ribosomes. The boundaries
of adjacent epithelial cells are characterized at their
apices by a junctional complex—the desmosome.

Distal tubule: The distal tubule cell is easily dis-
tinguishable by its shorter microvilli, central nu-
cleus, and lack of pinocytotic vesicles and vacuoles.
The infoldings of the plasma membrane are more
complex than in the proximal cell. The endo-
plasmic reticulum is better organized and contains
attached ribosomes. Mitochondria are present in
greater abundance. The desmosomes and arrange-
ment of the Golgi resemble that observed on the
proximal tubule cells.

These observations suggest a similarity in fine
structure between the functional embryonic kid-
neys in frog and chick (Gibley and Chang, '66,
this meeting), and adult kidneys. (Supported by
a grant from the Pennsylvania Heart Association
and by NSF Institutional Grant Number GU-1499.)

437
RICHARD W. GLADE, DAVID W. SONNEBORN,

and HOWARD ROTHSTEIN, University of
Vermont.

Effect of actinomycin D injected at various periods
after forelimb amputation in Triturus viridescens.
Actinomycin D, an antibiotic which strongly in-

hibits DNA-primed RNA synthesis, has been in-
jected intraperitoneally at various times after am-
putation into newts, Triturus viridescens, at a con-
centration of 5 /ig/g wt. This level was found
to inhibit limb regeneration when administered
one day prior to amputation. A very high mor-
tality occurred in all groups receiving the anti-
biotic. However, of the survivors, those receiving
actinomycin one day after amputation failed to re-
generate, whereas those receiving the drug 2, 4,
8, 16, or 21 days after amputation did regenerate
(16 of 70 cases).

Regeneration was retarded in experimental ani-
mals and was typically preceded by a phase charac-
terized by hemorrhage under the epithelial cap.

It seems reasonable to postulate that stable mes-
senger RNA, normally produced within the first
48 hours (as a result of the stimulus of ampu-
tation), was inhibited by the actinomycin. These
results, however, are not inconsistent with a more
indirect action of the drug.

The actinomycin D used in these studies was
kindly furnished by the Merck Sharp and Dohme
Laboratories, Rahway, New Jersey. (Supported by
NSF Institutional Grant GU-1505.)

438
LOUIS A. HANSBOROUGH, E. AWATEFE, and

DOLORES BUTLER, Howard University.
Innervation of grafted mouse limb buds by the

chick embryo. (By title only)
Fore- and hind-limb buds of 9-day albino mouse

embryos were grafted to the right wing bud of
3-day White Leghorn embryos. Wings with grafted
mouse limb buds were removed from the host
daily from 1 to 9 days after transplantation. Some
were fixed in Bouin's fluid, prepared for sectioning,
and the sections cut at 10 microns and stained in
Delafield's hematoxylin and eosin. The rest were
fixed, sectioned and stained according to Morse's
modification of Bodian's technique.

Examination o£ the prepared slides showed that
in the early stages of development of host wing
and graft there is extensive migration of the graft
cells into the wing. They differentiate into epi-
dermis, cartilage and myoblasts. Later stages show
further differentiation into mouse skin, bone and
muscle bundles. All grafts examined during the
first four days after grafting show no nerve fibers.
Nerve fibers appear in the graft on the fifth day
after tansplantation and can be traced to their
origin in the brachial nerve of the host. Innerva-
tion is more extensive on succeeding days up to-
the ninth day.

These results give evidence of the presence of a
nerve growth-promoting substance which "attracts"
growing nerve fibers into the end organ which
produces it. Such a substance may be produced
by the grafted mouse limb bud and its non-
specificity is evident.

439
LOUIS A. HANSBOROUGH and ISAAC J_

POWELL, Howard University.
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Initial function of the transplanted mouse thyroid
in the chick embryo. (By title only)
Thyroid glands of the 15-day albino mouse fetus

were transplanted to the chorioallantoic membrane
of the 9-day White Leghorn embryo. At daily
intervals from 1 to 10 days after transplantation
some of the glands were removed from the host
membrane and fixed in Bouin's fluid and prepared
for sectioning according to the usual paraffin meth-
od. Sections were cut at 7 microns and stained
in Harris' hematoxylin and eosin. On the seventh
through the tenth days after transplantation the
remainder of the hosts were injected through a
large allantoic vein with 1 ml of radioactive iodine
(I131) with an activity of 50 microcuries. After 24
hours the grafted glands were removed and from
these autoradiographs were prepared.

The results show that the mouse thyroids were
vascularized within 2 days after transplantation
and contained a few empty follicles in the cortex.
The thyroids of from 18 to 21 days (3 to 6 days
after transplantation) showed an increase in num-
ber and in size of definitive follicles, the majority
of which were still located in the cortex. Those
in the medulla were less numerous and less well
developed. Colloid began to accumulate in the larger
follicles of the 22-day-old glands (7 days after
transplantation) and increased in amount along
with an increase in the number of definitive fol-
licles during the succeeding days. Autoradiographs
were also obtained from 22-day-old and older
glands. The initial functioning hereby indicated,
showed a delay of about 3 to 4 days when it is
compared to that of the intact gland, which has
been demonstrated elsewhere.

440
ROLF E. HUFF and SAMUEL A. RAMIREZ,

Texas Technological College.
Cytological changes in artificially activated eggs of

Rana pipiens. (By title only)
This report is a sequel to a recent study (Huff

and Preston, Texas J. Sci. Vol. 17, 1965) which
demonstrated that artificially activated eggs of
Rana pipiens produce a mitogenic agent, the second
factor, capable of initiating cleavage in other un-
fertilized frog eggs. The aim of the present study
was to examine artificially activated eggs for cyto-
logical changes that might accompany second factor
production. Eggs of Rana pipiens were subjected
to electrical shock or cortical puncture. At various
periods of time after activation eggs were fixed,
sectioned, and stained.

Although the eggs remain uncleaved, nuclear
replication occurs as early as 10 hours after activa-
tion, and nuclei are gradually distributed through-
out the eggs. Progressive vesiculation begins after
18 hours and eventually fills the animal hemis-
phere with vacuoles. The eggs contain many cytas-
ters during the period in which they also produce
the second factor.

Numerous studies have shown that successful
parthenogenetic treatment of sea urchin eggs leads
to cytaster formation. The present study raises
the possibility that the main difference between
parthenogenesis in sea urchins and frogs is the time
required for activated eggs of these two animals
to produce cytasters capable of forming cleavage-

spindles. In sea urchin eggs cytaster formation oc-
curs shortly after activation and leads to normal
cleavage. In frog eggs cytaster formation is delayed
until after the eggs have lost their capacity to
cleave. Extracts of such eggs induce cytaster forma-
tion and cleavage in other unfertilized frog eggs.
The same basic mechanism probably initiates par-
thenogenesis in both types of eggs.

441
A. A. HUMPHRIES, JR. and WILTON M.

WORKMAN, Emory University.
Sialic acid in the oviducts of the newt, Triturus

viridescens. (By title only)
Cytochemical evidence from previous work

(Humphries, Develop. Biol., 13:214, 1966) sug-
gested that parts of the jelly capsule of the egg
of Triturus viridescens contain sialic acid. Pre-
liminary assays of the sialic acid content of ovi-
ducal segments, eggs and jelly of Triturus virides-
cens have been made, using the thiobarbituric acid
method of Warren (J. Biol. Chem., 234:1971, 1959).
Most, if not all, of the sialic acid of the mature
egg with capsule, taken from the posterior part of
the oviduct, is derived from the oviducts and is
in the capsule itself. Regions B and D of the
oviduct, which secrete jelly layers J2 and J4, re-
spectively, are rich in sialic acid, while the re-
maining three secreting regions (A, C, and E)
have little or none. Regions B and D differ in
that there is a sizeable amount of free sialic acid
in D, whereas in region B the sialic acid is almost
all bound. We have not yet established clearly
the situation with regard to the jelly layers them-
selves, but these findings, plus cytochemical ob-
servations, suggest that jelly layers J2 and J4 con-
tain sialic acid. Cytochemical findings suggest that
some sialic acid from layer J4 may ultimately
accumulate in layer J5. (Supported by grant
GM-09878 from the USPHS.)

442
JOHN M. MALLETTE and BEATRICE CHAN

YUEN MAN, Tennessee A & I State University.
Some effects of maternal intake of nicotine on

fetal mice. (By title only)
Nicotine, in .05 mg/ml concentrations was given

to pregnant CF1 mice: controls were given dis-
tilled water. All animals were fed mouse Breeder
chow and daily food and water intake were re-
corded. Chronic exposure to nicotine is associ-
ated with a decrease of water and food intake and
consequently decrease in increment of weight
gained during pregnancy. From the results obtained
the following effects were noted: (1) absence of
orbital structures in over 90% of the embryos
born, (2) absence of the gall bladder in approxi-
mately 60% of the animals born, (3) decrease in
the number of animals per litter in all of the ex-
perimental groups. (Supported by Grant GY-182
from the NSF.)

443
RICHARD L. MILLER, Oregon State University.
Gel filtration of the chemotactants of the hydroids

Campanularia, Tubularia and Gonothyrea. (By
title only)
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Alcohol extracts of the female gonangia o£
Campanularia calceohfera, of the male and female
hydranths of Tubularia crocea, and of male and
female colonies of Gonothyrea clarkii have, in each
instance, yielded active solutions that attract the
sperm of the homotypic species. There is no cross-
reactivity between the extract of the athecate
Tubularia and the sperm of C. calceolifera or C.
clarkii; however, cross-reactivity exists between the
two thecates.

A Bio-gel P2 column 0.9 X 54.2 cm (void vol-
ume, 25 ml; total volume, 55 ml) was prepared
and distilled water samples of the active extracts
of C. calceolifera and T. crocea passed through the
column. Both samples appeared in the second void
volume, the Campanularia peak at the 35th ml
and the Tubularia peak at the 48th ml. If both
chemotactants were mixed prior to chromatogra-
phy, almost complete separation was obtained.

Compounds of known molecular weight were
used to bracket the peaks of chemotactic activity
and on this basis rough estimates of 600 MW for
the Campanularia chemotactant and 240 MW for
the Tubularia chemotactant have been made.

Extracts of female colonies of G. clarkii were
run on a similar column (0.9 cm X 55 cm; void
volume, 23 ml; total volume, 49 nil) and these
yielded two rounded peaks of activity, one at 30
ml and the second at 39 or 40 ml. The trough
was at the 35th ml. A comparative run of the
C. calceolifera extract gave the usual single sharp
peak. Assay of both runs was done with C. calceo-
lifera sperm. The fractions of the first Gonothyrea
peak were combined, evaporated to 1 ml. and re-
chromatographed on the same column. This gave
a single low peak at 31 ml with some loss of
activity. The second peak was treated in the same
way and yielded a single active peak at the 39th ml
with a similar loss of activity. This indicates that
ther are two sperm attracting substances produced
by Gonothyrea colonies, though whether one or
both is involved in the actual attraction of sperm
to the female medusoid is as yet unknown. It is
of interest, however, that a contact guidance phe-
nomenon is coupled with chemotaxis during fertil-
ization in Gonothyrea clarkii. (Supported by an
NIH postdoctoral fellowship.)

444
OLIN E. NELSEN, University of Pennsylvania.
Some features relative to the behavior of the

cortical layer during blastulation and gastrula-
tion in Rana pipiens. (By title only)

The cortical layer is established quickly follow-
ing the 28-32 cell stage as the convex blascula
supersedes the simple blastula. It maintains its
integrity throughout later blastulation and gastru-
lation, and also contributes cells inwardly. The
inner cells organize themselves in relation to this
layer thereby creating architectural design in blasto-
coelic development. As the pregastrulative changes
transform the late complex blastula into a gastru-
lating mechanism the cortical layer above the floor
level of the blastocoel, i.e., the animal-pole cortical
layer, may be regarded as the superficial epiblast
and the vegetal-pole cortical layer as the superficial
hypoblast.

During gastrulation the chorda-mesoderm moves
inwardly through the involution passageway pro-

vided by the area between the gastrular cleavage
or groove and the olastoporal lip composed of
superficial hypoblast. It thus passes below the
lip and not over the lip. The invaginating super-
ficial hypoblast ultimately comes to line the primi-
tive enteron other than stomodaeal and procto-
daeal portions which are composed of superficial
epiblast. Later, also, the latter will surface inter-
nally the primitive neural tube as well as give
origin to the precocious periderm.

The cortical layer of cells at the time of its
origin apparently inherits substance from the vari-
ous areas of the cortical region of the fertilized
egg. Hence, it probably is a bearer of guidance
information to various parts of the developing
blastula; and, altered by pregastrular change, it
may aid, informatively, the processes of gastrula-
tion where cellular groups organize in relation
to it.

445
OLIX E. NELSEX, University of Pennsylvania.
Effects of increased partial pressures of O™ upon

activities relating to organization in the early
embryo of Rana pipiens. (By title only)
Fertilized eggs were exposed in chambers to an

air-oxygen mixture containing increased partial
pressures of O. approximating 2.2 and 3.2 atmos-
pheres at a temperature of 4°C-5°C. Controls
similarly exposed in air under comparable pres-
sures. Exposed eggs removed to room temperature.
Unless controls presented 90% development or
better experiment discarded. Exposure to 2.2 atmos-
pheres of O2 results similar to controls, but 3.2
atmospheres produced adverse effects. Exposure to
3.2 atmospheres for 14 hours from 20 minutes after
insemination to near 1st cleavage premitted b3%
to escape late blastular block but same exposure
during 1st and 2nd cleavages allowed 12% escapees.
Exposure for 24 hours to 3.2 atmospheres of O«
from insemination to 1st and 2nd cleavages pro-
duced arrest in 89%; during 1st to 4th cleavages
96%; during middle to late blastula arrest in rare
instances only. Arrested blastulae sectioned demon-
strated great majority to be late blastulae, few in
pregastrular condition. Escapees developed degrees
oi gastrular block, abnormal and few normal larvae.

Theoretical: Cortico-endoplasmic change follow-
ing insemination establishes developmental direc-
tion and blastular morphogenetic potential suffi-
cient to organize to late blastula. Pregastrular
morphogenetic potential is added, particularly to
crescentic area, during early cleavages under aegis
of competent genes from both pronuclei. Genes
induced to act by species-specific, animal-pole
ooplasm. Pregastrular morphogenetic potential
changes during blastulation and effects pregastrular
transformation of late blastula into gastrulating
mechanism. Theory applicable to hybrid crosses,
haploid syndrome, nuclear transplantation.

446
C. EDWARD QUIXX and ROBERT L. CRISTO-

FARO, Manhattan College.
A loss of antigenicity during pupation of Tenebrio

molitor. (By title only)
Tissue homogenates (1.0%) were prepared from

1, 3, 6, 9, 11, and 14 day old Tenebrio molitor
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pupae. Each homogenate was used to evoke anti-
body formation in a different pair of adult male
rabbits. Antisera from the rabbits were collected
and Ouchterlony agar gel diffusions were used to
indicate the specific antigenicity of each homoge-
nate. . All possible antigen vs. antiserum diffusions
were carried out.

The test results indicated a striking lack of
antigenicity on the ninth day of the 14-day pupal
period, although antiserum to the 9-day homoge-
nate crossreacted normally with all other homoge-
nates. This is interpreted as indicating extensive
degradation of proteins during the ninth day of
pupal development. (Supported by Grant GE-8149
from the NSF.)

447
WILLIE M. REAMS, JR., University of Richmond

and the Medical College of Virginia.
Pigment cell densities and the emigration of

melanoblasts from the skin in the chick embryo.
(By title only)
Since various spotting patterns have been at-

tributed to the available number of pigment cells,
an attempt was made to ascertain the effects of
pigment cell densities on the colonization of the
leg musculature in the chick embryo. Various
dosages of melanoblasts from Silver Campine em-
bryos were inoculated into various sites in the ecto-
derm of the hind limb bud of White Leghorn
host embryos. Three hundred hosts were recov-
ered at 13 to 18 days of incubation and examined.
The extent of pigmentation of the inoculated limb
skin was proportional to the size of the inoculum.

When an inoculum was sufficient to establish a
pigment cell density of 400/mm2 in the skin of
the leg prior to day 13 of incubation, the sub-
jacent muscle possessed melanocytes. In cases where
a small inoculum was received, the critical densit)
was not attained until after day 13 and the muscle
remained free of melanocytes. A thorough study
of the operants indicates that in normal embryo-
genesis, the emigration of melanoblasts from the
skin is dependent upon an adequate number of
initial precursor pigment cells from the neural crest
to establish a critical population density in the
skinjyior to the structural restriction of pigment
cell migration by the advancing differentiation of
the tissue substrate. (Assisted by grants from the
Virginia Academy of Science and the University
of Richmond.)

448
FRANK SETO, University of Oklahoma.
Variations in embryonic splenomegaly in chick

embryos as the function of donor age. (By title
only)
The capacity of immunologically competent tis-

sues to initiate splenomegaly in chick embryo recipi-
ents by the graft-versus-host reaction increases with
the age of donor birds (Solomon, J. Embryol. exp.
Morph., 9:355, 1961). A systematic reinvestigation
was made to quantitate the growth of this capacity
in chickens. Chick embryos of 13-14 days of incu-
bation, which exhibit the greatest splenomegaly,
(Isacson. Vale J. Biol. Med. 32.209, 1959), were used
to assay the capacity of blood, spleen and thymus

cell suspensions from various aged homologous
donors.

Each of 7 game and 6 white leghorn chicken
donors was bled by cardiac puncture at weekly
intervals for 8 weeks and at 2-4 week intervals
for the next 12 weeks. An equivalent of 0.1 ml
of whole blood was injected intravenously into
each host embryo, which was sacrificed 5-6 days
later to obtain organ weights. The donors differed
in the degree of splenomegaly elicited in host
embryos, but in most donors the relative change
with age in this capacity followed a similar pat-
tern for the first 10 weeks. Rather than a progres
sive increase with age, blood from white leghorn
donors at the 3rd and 6th week produced sig-
nificantly greater enlargement than at the 4th
and 8th week. Thereafter the capacity increased
progressively in older birds. The splenomegaly
capacity of game bird blood was consistently greater,
also showed decreased effectiveness at the 4th and
8th weeks, but in general increased progressively
with donor age. Preliminary tests of spleen and
thymus cell suspensions showed a similar trend.
(Supported by Grant E-409, from the American
Cancer Society.)

449
GARY E. WISE, University of California, Berkeley.
An ultrastructural comparison of expanded and

punctate melanophores in the Pacific Coast Tree-
frog, Hyla regilla. (Introduced by Jane A. West-
fall) (By title only)

Expanded melanophores of normal tadpoles and
punctate melanophores of tadpoles rendered albino
by previous hypophysectomy were examined with
the electron microscope. An expanded melanophore
usually possesses several long branching processes
radiating from the perikaryon. Each process or arm
contains membrane-bound pigment granules which
appear to lie predominantly just under the cell
membrane. The bases of the arms are character-
ized by a concentration of mitochondria, micro-
tubules, and rough endoplasmic reticulum. Fur-
thermore, this is the only site of the Golgi appa-
ratus, indicating that the base of each process
may b the synthetic center for pigment granules.
Microtubules are present in the distal parts of the
processes as well as basally but it is not clear
whether they facilitate the migration of pigment
granules.

In the punctate melanophore, all of the pigment
granules and organelles are concentrated centrally
adjacent to the nucleus and only remnants of the
long processes remain, namely, evacuated processes
devoid of organelles and containing little, if any,
cytoplasm between the apposed cell membranes.

It is postulated that melanin granule migration
in melanophores involves the movement of pigment
and other organelles within the cell processes.
The processes are not withdrawn like pseudopodia.
However, since in the punctate state the process
consists only of apposed cell membranes, pressure
of some type (water uptake perhaps) appears
necessary to separate these membranes to accom-
modate the pigment granules during melanin dis-
persion. (Supported by a grant from the USPHS
to Richard M. Eakin.)
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450
MARIA de ISSEKUTZ WOLSKY, JACQUES

MONTEIL and ALEXANDER WOLSKY, Man-
hattanville College and Fordham University.

Tail regeneration in the newt Triturus (Diemic-
tylus) viridescens under the influence of RNA
preparations from adult tissues of the same
species. (By title only)
Gross RNA preparations were made with the

method of Kirby (J. Biochem. 64:405, 1956) from
two organs, liver and tail. The former is com-
posed mostly of a type of cells, which is not found
in the tail, the latter containing mostly elements
of the skin, muscles and connective tissue includ-
ing blood vessels, spinal cord, nerves and skeletal
tissue. The preparations were dried, dissolved in
amphibian Ringer (0.1 mg per cent) and injected
(in 3 to 5 day intervals in 0.5 ml doses) into speci-
mens, the tail of which was amputated half way
between tip and base on the day of the first injec-
tion. Fifteen days after amputation the regenerates
were removed, fixed in Bouin's and compared with
controls, which were injected simultaneously with
Ringer. Specimens receiving liver RNA produced
poorer regenerations than the controls, those re-
ceiving tail RNA exceeded the controls in regenera-
tion (average length of regenerates: control 0.73
mm; liver RNA 0.58 mm; tail RNA 0.95 mm).
These preliminary results seem to agiee with find-
ings of Wolsky and Fogarty (Nature, 195:621,
1962) and Skowron, Rzehak and Maron (Folia Biol.
11:259, 1963) who found increased regeneration
after autografting to regenerating newts blastema
tissue from a previous regeneration. It seems now
possible that the active factor in these grafts was
tissue-specific RNA but further tests will be made
with further purified preparations for a definitive
answer. (Supported by a grant from the McNaugh-
ton Foundation.)

450a
RALPH HOLT CHENEY and CARL CASKEY

SPIEDEL, Brooklyn College of the City Uni-
versity of New York and University of Virginia.

Trichloroacetic acid effects on gametes and zygotes
of Arbacia punctulata. (By title only)

Gametes and zygotes of Arbacia were subjected to
various concentrations of trichloroacetic acid, a
general protein inhibitor. A concentration of 0.0003
M trichloroacetic acid was suitable for significant
comparisons of abnormalities induced in the resul-
tant progeny following treatments of (1) eggs alone,
(2) sperm alone, and (3) zygotes. Progeny that
developed from treated eggs fertilized by normal
sperm (#1 above) were still zuithout skeleton after
two days and remained so. In sharp contrast pro-
geny that developed from normal eggs fertilized by
treated sperm (#2 above) formed skeletal material.
Such skeletal material was usually disordered, re-
sulting in the differentiation of many abnormal
plutei after 2 or 3 days that were either armless,
short-armed, or one-armed. Progeny that developed
from treated preblastular 6-hour-old zygotes in #3
also formed skeletal material which was arranged
in more orderly fashion than in #2.

Thus, in #1 the abnormal individuals were in-
duced by trichloroacetic acid injury to both
nucleus and cytoplasm of eggs. In #2 they were

induced by injury to only sperm nucleus. There-
fore, in #1 genetic and cytoplasmic constituents
were affected; in #2 only genetic constituents.
Accordingly, we conclude that these treatments
at the molecular level probably differentially modi-
fied underlying biochemical mechanisms respon-
sible for normal development of skeleton.

Other significant abnormal features included sur-
face roughening, noted in #1 but not in #2, and
various irregularities of motion, autotomy, and
pigment distribution. Abnormalities induced by
trichloroacetic acid were recorded by cinephoto-
micrography. (Supported by Grant RH 00325-02
to CCS. from USPHS.)

INVERTEBRATE ZOOLOGY

451
RICHARD M. EAK.IN and JEAN L. BRANDEN-

BURGER, University of California, Berkeley.
Fine structure of antennal receptors in peripatus

(Onychophora). (By title only)
Electron microscopy of the tips of the antennae

of two Panamanian species of peripatus (Macro-
peripatus geayi and Epiperipatus braziliensis) re-
vealed at least two kinds of sensory organs: bulbs
and pegs. The former are ovoid bodies situated
on the sides of grooves on the surface of the an-
tennal tip. Each body consists of an outer layer
of lightly pigmented epithelial cells and a core
of sensory cells. The distal ends of the sensory
cells possess many long microvilli (0.1 /i in diame-
ter) and remarkable cilia, the shafts of which divide
and subdivide several times. The terminal branches
have about the same diameter as that of the micro-
villi. Basally each cilium possesses the typical 9
plus 0 pattern of doublets of microtubules. The
microtubules arise from a kinetosome (centriole)
proximally and pass distally into the subdivisions
of the cilium. Numerous mitochondria lie close
to the kinetosome from the lower pole of which
extend several slender striated rootlets. Microvilli
and ciliary branches project into a space at the
outer end of the organ which is capped by a thin
loose membrane. The sensory elements (presum-
ably ciliary branches and perhaps microvilli) of
the bulbs are thought to be chemoreceptors.

The pegs, of several types perhaps, are conical
projections from the surface of the antennae. Each
peg is covered with a thick cuticle, is slightly con-
stricted at its base, and contains ciliary shafts and
microvilli. The presence of pores through the
cuticle of some pegs suggests that they are chemo-
receptors; others may function as mechanoreceptors.
(Supported by a grant-in-aid of research from the
USPHS.)

452
JULIUS FELDMESSER and KENNETH J. MAY,

U. S. Department of Agriculture, Beltsville,
Maryland.

An in vitro method for increasing saprophagous
nematode populations. (By title only)
Quart containers, 18 cm high and 9 cm wide,

containing 875-900 ml of aerated tapuater, are in-
oculated with approximately 100 larval or adult
nematodes. These mixtures are enriched at the
time of inoculation, and weekly thereafter, bv 15
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ml per container of a 5% commercial dehydrated
potato suspension in water. Excess liquid is drawn
off at regular intervals.

Each container is fitted with a short exhaust
tube and an aeration tube that extends to the
bottom of the vessel: both pass through a rubber
stopper. The aeration tube connects to a manifold
leading from a 1/50 hp air-pump with a 1510 cm
per minute capacity. The manifold accommodates
from 10-15 aeration tubes. Aeration is continuous
and provides the low oxygen tensions, judged
necessary by Santmyer (Proc. Helminthol. Soc.
Wash. 23:30, 1956), that enable nematodes to live
at all levels in the mixture.

Population increases in vitro follow general pat-
terns described for other organisms, with initial
stationary and lag phases, followed by periods of
logarithmic growth and decline. Highest popu-
lations occur after three months. Aliquot samples
from the mixtures showed that top, middle, and
bottom areas of the vessels may support from 675
to 1000 nematodes per ml of fluid. Populations
may, therefore, exceed 800,000 per container.

We grew the following genera successfully. Alai-
mus, Panagrellus, Acrobeles, Acrobeloides, Rhab-
ditis, Pelodera, Panagrolaimus, and Dorylaimus.
An attempt to grow Wilsonema was unsuccessful.

453
A. GEORGE NACE III, Cornell University.
Histology of anterior digestive tract of Thy one

briareus. (Introduced by John M. Anderson)
(By title only)
Detailed histological study of the anterior part

of the digestive tract of Thyone briareus reveals
previously undescribed features, including the
presence of two differentiated segments between
stomach and intestine. Cuticle lines the digestive
lumen from upper pharynx through the first of
the differentiated segments. The tissue layers of
the anterior gut wall (epithelium, muscle, and
nerve layer) are supported in a spongy connective-
tissue framework. Groups of cells of the lining
epithelium of pharynx and stomach occupy con-
nective-tissue compartments of specific design.
Mucous glands are localized in the lining of
pharynx and esophagus only. Morula cells (Endean,
1958, QJMS 99) occur in varying concentrations in
all layers. From the variously thickened inner
connective tissue layer extend partitions which form
compartments containing clumps of epithelial cells.
The inner connective tissue layer is also threaded
by weakly-developed bands constituting an inner
longitudinal muscle layer. Next to this lies the
well-developed circular muscle layer, with fibers
organized in slot-like compartments. A second
longitudinal muscle layer, outside the circular
muscles, occurs only in the stomach. A nerve
layer, partially supported by connective tissue,
surrounds the outer muscle coat and is covered
by flagellated peritoneum. The second of the dif-
ferentiated post-stomach segments is peculiar in
that it lacks both cuticle and inner longitudinal
muscle layer; its epithelial lining, without con-
nective-tissue compartments, covers two connective-
tissue sheets bounding a hemal space, occasionally
distended by large cellular clumps. Weakly de-
veloped circular and longitudinal muscle fibers
form a network outside the hemal space. The

nerve layer and peritoneum are continuous with
those of adjoining regions.

454
HERBERT C. PERKINS and BERNARD E.

SKUD, U.S. Bureau of Commercial Fisheries
Biological Laboratory, Boothbay Harbor, Maine.

Body proportions and maturity of female lobsters.
(By title only)
Six hundred female lobsters from the North

Atlantic continental slope were measured to de-
termine whether changes in body proportions could
be used to indicate maturity. The width of the
second abdominal segment was compared with the
length of the carapace. The carapaces ranged from
48-197 mm; the shortest carapace of an egg-bearing
female was 88 mm. The width of the abdominal
segments ranged from 27-139 mm: in the smallest
egg-bearing female it was 58 mm. All lobsters
with a carapace length less than 88 mm had
abdominal widths less than 58 mm and only 2.1%
of the lobsters with a carapace measure longer
than 88 mm had abdominal widths less than 59
mm. When plotted on probability paper, the
measurements of the abdominal segments formed
a sigmoid curve, indicating a bimodal distribution.
The inflection of this curve was between 55 mm
and 60 mm, closely corresponding to the size of
this segment in the smallest egg-bearing female.
Thus, the inflection represents the increased width
of the abdominal segment as females approach and
attain maturity. A similar analysis of inshore lob-
sters showed that the abdominal width was usually
less than that of offshore individuals for a given
carapace length, and that maturity occuned at
somewhat larger carapace sizes in the coastal popu-
lation. This difference, along with other morpho-
metric craracters, may serve as a means of differen-
tiating the two stocks.

455
ANNE MARIE STEWART, Tufts University.
Ultrastructure of the eyes in three freshwater tri-

clad flatworms. (Introduced by Chester Roys)
(Bv title only)
The eye structure of three freshwater triclad flat-

worms was investigated with the electron micro-
scope. The eyes of Procolyla fluviatilis, Phagocata
gracilis, and Dugesia tigrina consist of aligned
photoreceptor cells shielded by a cup formed of
pigment cells. Light can enter the eyes only
through a rather narrow cone whole long axis
is parallel to that of the photoreceptor cells. The
photoreceptor cells are divided into three regions:
an outer segment, consisting of microvilli; a middle
segment packed with mitochondria and smooth
endoplasmic retkulum and an inner segment
which contains the nucleus and neurofibrils and
is prolonged as an axon leading toward the brain.
The membranes of the endoplasmic reticulum of
the middle segment and the bases of the microvilli
are continuous at some points. Unlike the structure
of the photoreceptor cells in Dendrocoelum lac-
teum as reported by Rohlich and Torok (Quart.
J. Micr. Sci., 104:543, 1962), there are no vast
differences between the ultrastructure of dark-
adapted and light-adapted photoreceptor cells in
these three species. Each pigment cell contains
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many membrane bound pigment granules, some
vesicles forming pigment, mitochondria, a sparse
endoplasmic reticulum and a nucleus. A sheath
covers the outer surface of the pigment cells. It is
formed by a layer of extremely attenuated cells.
Despite the complex nature of the eyes, eyeless
worms seem to orient away from the direction of
sunlight as readily as worms with well developed
eyes. An investigation of the possible usefulness
of the eyes is now underway. (Supported by grants
from the NSF and USPHS.)

456
RONALD FAYER and DATUS M. HAMMOND,

Utah State University.
In vitro cultivation of first-generation schizonts of

Eimeria bovis. (By title only)
Monolayers of secondary cultures of embryonic

bovine spleen and kidney cells were used to sup-
port development of certain asexual stages of
Eimeria bovis.

Oocysts were sterilized in undiluted chlorox for
1 to several hours. They were rinsed twice, resus-
pended in phosphate-buffered saline and then rup-
tured in a motor-driven Teflon-coated tissue grind-
er. The liberated sporocysts were suspended in
saline A containing trypsin and bovine bile, and
incubated for 2 to 3 hours at 37°C. The free
sporozoites were rinsed twice with phosphate-
buffered saline, suspended in tissue culture medium
(lactalbumin enzymatic hydrolysate, Earle's bal-
anced salt solution, and lamb serum), and inocu-
lated into Leighton tubes containing nearly com-
plete cell monolayers. After incubation at 39°C
for 3 hours, the cultures were rinsed with fresh
tissue culture medium. Subsequent medium changes
were made as necessary. Coverslips were fixed and
stained at 24-hour intervals.

The best results were obtained in spleen or
kidney cells that had been maintained and trans-
ferred over a period of several months. Tropho-
zoites were seen in spleen and kidney cells as
early as 4 hours after inoculation of sporozoites.
No binucleate forms appeared until 8 days later.
In spleen cells, nearly mature first-generation
schizonts with some merozoites were seen after 18
days of incubation. Similar development, but with-
out merozoites, occurred in kidney cells. The
schizonts were smaller and required a longer time
to reach maturity than those in natural infections.
(Supported by NSF Grant GB-785 and by an NSF

Summer Teaching Fellowship.)

ERRATA

Two abstracts of papers listed and presented at
the meeting of the American Society of Zoologists
with the American Institute of Biological Sciences
at College Park, Maryland, were inadvertently
omitted from proper publication in American
Zoologist, Volume 6, Number 3, August, 1966.
These abstracts are printed below and their num-
bers correspond to the printed numbers in issue
Number 3. (Ed. and Prog. Off.)

91
HOWARD L. GILLARY, The Johns Hopkins

University.
Stimulation of the salt receptor of the blowfl).

(Introduced by M. L. Wolbarsht)
Application of alkali halide solutions to the

tip of a labellar sensillum of the blowfly, Phormia,
elicited from the salt receptor repetitive action
potentials, which were recorded using the technique
of Evans and Mellon (J. Gen. Physiol. 45:651, 1962).
Tl response (defined as the number of these
action potentials in the .5 sec interval beginning
.1 sec after the onset of stimulation) exhibited
reproducibility, permitting quantitative study.
Above a threshold concentration, the response to
NaCl solutions increased linearly with the loga-
rithm of the molarity. The responses to LiCl and
CsCl saturated to maxima at very high concen-
trations. The response to solutions of NaCl was
independent of pH between 3 and 10. Beyond
this range, it was inhibited or irregular. The
response was markedly dependent on the tempera-
ture of the stimulus, the Q10 probably being greater
than two. The alkali halides exhibited a regular
pattern of relative stimulating effectiveness. The
effectiveness of the anions increased monotonically
with atomic number. The effectiveness o£ the
cations was greatest for potassium and declined as
the atomic number was increased or decreased.
The response to a mixture of two salts was the
average of those to the single salts at concentra-
tions equal to the total concentration of the mix-
ture. Cross-adaptation was observed between the
alkali halides. Receptor sensitivity increased with
fly age. One should be cautious in attributing all
of these results to effects at the receptor membrane.
(Supported by USPHS Grant 5-Fl-GM-16,472-03.)

135
JOHN L. FREHN, Illinois State University.
Oxidative metabolism of liver mitochondria from

cold-exposed hamsters.
Studies were made of the effect of cold exposure

(1-3 months at 5°C) on the respiratory activity
of liver mitochondria in hamsters. All determina-
tions were made polarographically at 25° and 35°C
using the YSI oxygen monitor system and included
measurements of the efficiency of oxidative phos-
phorylation as well as respiration rates in the
presence of excess substrate (succinate and beta-
hydroxybutyrate) and excess substrate plus ADP.
The efficiency of oxidative phosphorylation appears
to be unaffected in mitochondria from cold-exposed
and hibernating hamsters at both temperatures
using both substrates. Respiration, however, was
consistently reduced in hibernating animals. Al-
though the succinate-ADP respiration rate is sig-
nificantly increased in cold-exposed active ham-
sters when measured at 35°C, the results indicate
that at both 25° and 35°C, substrate respiration
(with both substrates) and beta-hydroxybutyrate-
ADP respiration is unaltered by cold exposure.
These results agree with previous studies on chip-
munk liver mitochondria (Frehn, et al., Am. Zool.
1 (3):355) in which respiration was unaffected at
25°C in cold active animals. (Supported in part b\
Research Grant GM 13358-01 from the USPHS.)
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