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SEXUAL REPRODUCTION WITHOUT CROSS-COPULATION IN
THE FRESH-WATER TRICLAD TURBELLARIAN,

CURTISIA FOREMANII

JOHN MAXWELL ANDERSON

Arnold Biological Laboratory, Brozvn University, Providence 12, Rhode Island

The occurrence of self-fertilization among fresh-water triclad Turbellaria has

been repeatedly denied on the basis of studies carried out with several species

(Vandel, 1921; Gelei, 1924; Goetsch, 1925). The availability of vigorous mass
cultures of an American species (Ourtisia foremanii) not previously investigated
in this respect presented an opportunity to determine for this species whether

cross-copulation is necessary for the production of cocoons containing fertile eggs.
The purpose of this paper is to report on preliminary experiments designed to

answer this and related questions. The results of these experiments show clearly

that cross-fertilization is not at all essential in the sexual reproduction of this

species, which does not reproduce asexually.

Thanks are due Dr. C. William Nixon for supplying the original specimens
from which all our worms have been cultured, and for preparing the strains used

for the observations. It is a pleasure to acknowledge the painstaking technical

assistance of Dorothy T. Clarke and Alice E. Watjen in maintaining the isolated

worms and in keeping the voluminous records required.

MATERIALS AND METHODS

The worms used in these observations were descendants of several specimens
of Curtisia forcinanii collected in September, 1949, from a pond in Lincoln Woods
State Park, near Providence, and maintained in the laboratory since that time.

For purposes not directly concerned with the present investigation, it was desirable

to produce two different strains of worms, each as genetically homogeneous as pos-
sible. Toward this end, two strains (A and B) were prepared as follows. For
each strain, one mature worm, selected from a mass culture, was cut transversely
into two pieces which were allowed to regenerate. Each of these regenerates was
then cut into two pieces as before. The four worms produced by regeneration of

these pieces were maintained in a finger-bowl and, together with their subsequent

offspring, constituted the original population from which cocoons were obtained

for experimentation. A diagrammatic presentation of this procedure appears in

Figure 1.

1



2 JOHN MAXWELL ANDERSON

Three cocoons were selected from Strain A and four from Strain B. Each

cocoon was assigned a number and isolated. Upon hatching, the juveniles from

each cocoon were isolated and kept separately in 50 mm. stender dishes. This iso-

lation was always carried out on the day of hatching, or on the first day following.

Litter-mate worms, hatching from the same cocoon, were assigned numbers indi-

cating the cocoon from which they emerged. Nothing is known of the parentage
of worms in this generation, except that the culture producing them came originally

HGUKE I

PEDIGREE CHART - STRAIN "A", B LINE

CUT

WORM A (WILD)

CUT

~"~
REGENERATES

(T REGENERATES

COCOON B - FROM SEXUAL REPRODUCTION
WITHIN THIS POPULATION
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subsequently isolated, was numbered for identification. The numbering scheme

(see Fig. 1) is designed to show the entire pedigree of the cocoon or worm.
After each cocoon hatched, the young worms were isolated, fed, and observed

as described above. As the population increased, it became necessary, owing to

limitations of time and space, to discontinue many of the lines and to maintain

only a selected few.

It should be emphasized that young worms were isolated from one another as

soon as possible after their emergence from the cocoon. Usually this was done on

the day of hatching; occasionally, isolation was deferred until the third or fifth day

following hatching. Serial sections of one- and three-day-old worms were searched

for signs of precocious development of the genital systems. Since no indication of

such unusually early maturation was detected, it is considered extremely improb-
able that cross-copulation could have occurred between these young worms before

isolation.

These observations were begun in January, 1951 ; in July, a steady increase in

mortality in the cultures and cessation of reproductive activities indicated that mid-

summer laboratory temperatures wrere above the optimal level. Therefore, the

cultures were removed to a cool basement room, and within about three weeks the

worms began to deposit cocoons again at an accelerated rate. Temperatures in the

neighborhood of 25 C., common in the laboratory in summer, evidently inhibit the

entire reproductive process. Previous experiments (Anderson, unpublished) have

established the fact that cocoons of Curtisia will not hatch when incubated at a con-

stant temperature of 25 C.

OBSERVATIONS

Table I presents a compilation of the breeding record, through mid-September,
1951, of the 15 worms of the P

l generation. Worms with the same capital-letter

designation are litter-mates, i.e., hatched from the same cocoon. It will be noted

that with the exception of A2 and Dl, all worms of this generation, each kept in

strict isolation almost from the day of hatching, have produced at least two cocoons,

and that most have deposited more than two.

It is also clear from this table that cross-copulation is not necessary for the pro-
duction of fertile eggs. P, worms have produced a total of 48 cocoons

; 3 were lost,

and 13 have not attained hatching age. Of the remaining 32 cocoons, only 7 have

proved infertile. The fertility rate for P, cocoons is thus approximately 78%.
The number of young (F,) worms produced by each cocoon is variable. In the

15 hatched cocoons from individuals of Strain A, the number of voting variesJ O
between 1 and 6. with a mean of 2.5 juveniles per cocoon. For the 10 hatched

cocoons from P
t worms of Strain B, the range is from 1 to 4, and the mean is also

approximately 2.5 young per cocoon.

Table I shows also the number of days elapsed between date of hatching and

date of deposition of the first cocoon for each P
l
individual. No attempt was made

to maintain the cultures under conditions of controlled temperature, so that varia-

tions in the length of this pre-reproductive period may be due, in part, to tempera-
ture variations. However, all P

l
individuals hatched within 3 days in January, and

all were exposed to the same varying temperatures.
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Large differences are apparent in the pre-reproductive periods, even those of

litter-mate worms. For example, compare worm Cl with C2, and Fl with its

two litter-mates, F2 and F3. It should be noted that A2 deposited its first cocoon
on 30 August, while all other P^ individuals had produced cocoons prior to the

onset of the heat-induced depression in July. Therefore, the extremely long pre-

reproductive period of A2 is probably abnormal. Leaving A2 out of account, the

mean pre-reproductive period for all other P^ worms is about 79 days ;
in Strain A,

this period is 20 days shorter on the average (69 days) than in Strain B (89 days).
Because of the comparatively small number of individuals and the absence of tem-

perature control, these figures lack statistical validity. However, they may be use-

ful in indicating the approximate length of time required for Curtisia foremanii

TABLE I

Breeding record of isolated P\ worms

Worm #
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considered as showing a normal pre-reproductive period. Ten Strain A worms
and all of the Strain B worms in this group have abnormally prolonged pre-

maturity periods. The mean length of the period in the remaining 6 Strain A indi-

viduals is 69 days, i.e., the same as that encountered in the P
T worms of Strain A.

However, in the P, worms the range of variation is 40 to 111 days, while in the F t

worms it extends from 61 to 86 days.

TABLE II

Breeding record of isolated F\ worms

Worm #
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produced at least one cocoon each. Altogether, 101 cocoons have been obtained

from the 41 fertile isolated worms in three generations (P a , Fj, F ) ;
3 were lost, 9 1

were infertile, 22 remain unhatched, and 67 have produced young worms. Thus,
from three generations of isolated worms, the overall percentage of fertility for

cocoons of known condition, i.e., disregarding lost and unhatched cocoons, is ap-

proximately 88%.
Figure 1 is a pedigree chart for parts of the B line, showing also details of prepa-

ration of Strain A. These worms and cocoons are descendants of one of the two*

juveniles which hatched from Cocoon B on 17 January 1951. All the wrorms shown
were isolated from their litter-mates on or before the third day after hatching.
Their offspring, therefore, have been produced without any opportunity for the

occurrence of cross-copulation. Only the P
t
worms could have resulted from cross-

fertilization involving two individuals.

Preliminary experiments have been begun to compare the reproductive per-
formance of isolated worms with that of litter-mate worms maintained in groups.
For example, one cocoon deposited by F, worm B1-1A hatched, releasing four

litter-mate juveniles. One of these was isolated, the other three kept together.

On the 97th day following hatching, the isolated worm deposited its first cocoon.

On the same day, three cocoons appeared in the culture containing the three litter-

mate worms. One of these three worms deposited an additional cocoon on the

109th day. Two juveniles emerged from the cocoon deposited by the isolated

worm; only one of the four cocoons in the mass culture has hatched, releasing two-

juveniles. These experiments must be continued and expanded before any conclu-

sions can be drawn regarding the comparative fertility of worms maintained with

and without the opportunity for cross-copulation.
Several individuals with marked abnormalities have been obtained in these

studies, among them those designated "x" in Table II. It was hoped that these

individuals could be used in genetic studies ; however, all of their offspring have

been perfectly normal. No persistent, transmissible conspicuous peculiarities have

become established in the cultures.

DISCUSSION

As reported by Sekera (1906), self-fertilization is widespread among Rhab-

docoela; Wilhelmi (1909) reported sexual reproduction in a single isolated indi-

vidual of Procerodes lobata (Tricladida, Maricola). However, the present studies,

appear to be the first which have successfully demonstrated the possibility of auto-

fecundation in fresh-water triclad Turbellaria. Vandel (1921. p. 436) was unable

to obtain cocoons from isolated Polycclis cornuta individuals kept for one year;
these worms were sexually mature but did not deposit cocoons in isolation. Placed

together in a culture after one year, they still did not produce cocoons.

Gelei (1924) was unsuccessful in an attempt to demonstrate self-fertilization in

isolated Dcndrocoeluni lacteuin individuals. All cocoons deposited by 40 worms
of this species failed to hatch. Gelei concluded that spermatozoa produced by one

individual fail to become active unless transferred to another individual. Similar

results were obtained by Goetsch (1925) from experiments with Planaria lugubris*

1 Hyman, in a personal communication, states that this species belongs in the genus Dugesia.

The Planaria liu/n'u'is used in this country by Morgan, Stevens, and others for studies on

regeneration is not the Dugcsia ( Planaria) Ingubris used by Goetsch, but Curtisia foronanii.
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in which 31 infertile cocoons were deposited by 10 isolated individuals. After 10

months in isolation, two worms placed together proceeded to copulate and deposited
fertile cocoons. Goetsch called attention to the fact that the production of young
by isolated individuals would not constitute conclusive evidence for self-fertilization

but would indicate equally the possibility of parthenogenesis. He concluded from

his experiments that neither self-fertilization nor parthenogenesis occurs in fresh-

water triclads.

The latest authoritative statement concerning reproduction in fresh-water tri-

clads appears in Hyman (1951, p. 155) : "The fresh-water triclads are of course

hermaphroditic but cross-copulation is necessary for fertilizing the eggs. Contrary
to statements often found in zoological books, the triclads do not fertilize themselves

and capsules laid by isolated individuals will not hatch as the eggs therein have

not been fertilized. The construction of the reproductive system is such that self-

fertilization is anatomically possible but the sperm do not leave the spermiducal
vesicles except during an act of copulation and therefore never get into the ovovitel-

line ducts of the same individual." All previous experimental evidence completely

justifies this statement. However, the observations outlined above on Curtisia

foremanii demonstrate that this analysis of the situation is no longer valid.

There do appear to be differences in the readiness with which different indi-

viduals will produce fertile cocoons in isolation. The overall percentage of in-

fertility in 41 mature worms of three generations (P,, F,, F.,) in these experiments
is about I9 c

/r , indicating that in this species the number of worms apparently in-

capable of sexual reproduction under conditions of isolation is comparatively small.

Without direct evidence for comparison, it nevertheless seems likely that the over-

all fertility rate of 88% in 101 cocoons is not significantly less than one might

expect in a similar number of cocoons selected at random from a mass culture.

Experiments which were designed to investigate strain differences in produc-

tivity were impaired by the occurrence of the summer reproductive depression.

However, it is clear that P
l
worms in Strain A reached maturity earlier than those

in Strain B and produced a greater number of fertile cocoons (15: 10) and more

offspring (38:24). The remainder of the breeding record cannot be used for

strain comparisons as Strain A, breeding earlier, was less affected by the summer

depression that Strain B.

There is some evidence that inability to reproduce in isolation may be condi-

tioned by genetic factors, as indicated by the comparatively high incidence of in-

fertility in worms of the D line. Investigations on the performance of this line will

be continued in an attempt to establish this point.

It should be stated that no evidence can be brought to bear from these studies on

the question of parthenogenesis. As neither self-fertilization nor parthenogenesis
has been previously described in fresh-water triclads, either possibility remains.

These studies have shown only that cross-copulation, involving two individuals, is

not a necessity in the reproduction of this species. "Self-copulation," described in

Rhabdocoels and maricolous triclads, in which after appropriate folding of the pos-
terior portion of the body, sperm may be injected directly into the seminal bursa of

the same individual, has not been observed in Curtisia.

Further experiments are desirable to determine : whether large differences in re-

productive potential exist between strains ; whether reproductive potential declines
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after many generations of reproduction without the interchange of spermatozoa
between individuals; whether (assuming parthenogenesis does not occur) self-

mating, a most intensive form of inbreeding, will increase the frequency of abnor-

malities in the population ;
whether reproduction is more rapid and successful in a

mass culture, where cross-copulation is possible, than among a similar number of

isolated worms.

With regard to this last point, in almost two years' experience in maintaining
mass cultures of Curtisia in this laboratory, none of the personnel involved has ever

observed two worms in copulation, although the phenomenon has been continually

sought in the cultures. One is tempted, therefore, to consider the possibility that

this species, otherwise so unique in its habits of sexual reproduction, may never

engage in cross-copulation. So far, only negative evidence can be brought to bear :

we have never observed copulation, and we have established the fact that copula-

tion between two individuals is not indispensable to vigorous sexual reproduction.

Direct observations of copulation, or detailed breeding experiments involving

genetically distinguishable individuals, are needed to settle this question.

SUMMARY

1. Experiments are described in which freshly-hatched juvenile specimens of

Curtisia foreman ii have been isolated in individual culture dishes and their ability

to produce offspring in the absence of cross-copulation established. Some lines of

these cultures, each worm of known pedigree from the P, generation, are now in the

F3 generation after approximately 9 months.

2. In the course of the experiments, indications have been noted that litter-mate

worms may differ in the rate at which they attain maturity (criterion: deposition

of first cocoon) and in their reproductive potential, and that strain differences in

these qualities also exist in worms of diverse ancestry.

3. Although other species of fresh-water triclad Turbellaria have been reported
as depositing only infertile cocoons in isolation, the overall percentage of infertility

in Curtisia cocoons produced by isolated individuals is only 12%.
4. It has thus been demonstrated that cross-copulation is not essential to sexual

reproduction in this species. Indeed, copulation of Curtisia joremanii has never

been observed in this laboratory, and the possibility is suggested that it may never

occur in this species.
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CALCIFICATION IN MOLLUSCS. III. INTAKE AND DEPOSITION
OF Ca i:' AND P 32 IN RELATION TO SHELL FORMATION l

GERRIT BEVELANDER

The Bermuda Biological Station for Research and the Department of Histology.

College of Dentistry, Neiu York University

The problem of shell formation in molluscs has been the subject of numerous

studies in the past and it is now generally conceded that there are two distinct

phases which occur during the elaboration of the shell : ( 1 ) the formation of a pro-

tein membrane (periostracum) ;
and (2) the mineralization of this membrane

which results in the production of the calcified exoskeleton. It is generally agreed
that the protein complex which becomes incorporated into the shell is elaborated by
the distal portion of the mantle. Some of the details of this process are still some-

what obscure. Similarly, the factors involved in the deposition of calcium car-

bonate are also in several respects still subject to conjecture and speculation.

In a comprehensive review dealing with calcification in molluscs, Robertson

(1941) has summarized a number of concepts which attempt to explain calcifica-

tion in these organisms : Calcium carbonate is .separated from the blood by certain

cells at the mantle edge. The carbonate in a colloidal form is then liberated be-

tween the epithelium and the periostracum and subsequently undergoes crystaliza-

tion in this matrix.

According to DeWaele (1930) the calcium carbonate of the shell is separated

from the blood and from a so-called extra-palleal fluid, which, it is held, is a solution

containing protein, carbon dioxide and calcium carbonate. By physico-chemical

processes, the calcium carbonate forms as a result of the escape of carbon dioxide.

Robertson further states that the greater part of the calcareous material of the

shell in marine molluscs is absorbed directly from sea water as Ca and bicarbonate

ions. This author's own experiments, however, fail to show a direct uptake of

calcium ions from sea water in a number of gastropods and bivalves. It has fur-

ther been suggested by Baldwin (1935) and by Freeman and Wilbur (1948) that

metabolic carbon dioxide may be the primary source of the carbonate radical.

In regard to the source of calcium which is utilized in the formation of the shell,

Orton (1925) observed that shells continue to grow in the English oyster in the

absence of food. Similar observations were recorded for the American oyster by
Galtsoff (1934) who states in this connection that the amount of calcium utilized is

many times greater than could be stored in tissues. Fox and Coe (1943) in their

studies on Mytilus also deduce from their observations that the amount of calcium

obtained from food alone does not account for the amount deposited in the shell.

It has also been shown (Bevelander and Benzer, 1948) that when the calcium

1 This investigation was supported (in part) by a research grant from the National In-

stitutes of Health, Public Health Service, and also by a grant made available through the gener-

osity of Dr. C. E. K. Mees.

9
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content of sea water is reduced, a corresponding reduction in the calcium of the

growing shell results.

From the foregoing it is clear that a number of factors involved in the produc-
tion of shells in molluscs are subject to controversy. Further, many of the ideas

proposed to account for calcification are based upon indirect evidence.

This report will deal primarily with the source, transport and deposition of Ca 4 '" 1

and P 3 -
in the mollusc with special reference to the relation these minerals bear to

the formation of the shell.

MATERIALS AND METHODS

Several species of marine and fresh water molluscs wrere utilized in this investi-

gation. For study of localization of radioactive salts in the mantle, the specimens
were placed in a large aquarium to which tracer amounts of the appropriate

isotope were added. The water was constantly agitated and the specimens were

allowed to remain in water for periods ranging from two to twenty-four hours.

After the specimens were removed from the aquaria, the mantle was removed
and processed for sectioning. The tissues were subsequently mounted on photo-

graphic film which was exposed for various times and then developed.
Pieces of shell which were used in making radio-autographs were obtained from

specimens of Pinna which had been induced to regenerate shell in sea water to

which Ca45 or P 32 had been added. The pieces were removed from the experi-
mental animals and after numerous washings the shell fragments were thoroughly
dried and placed on photographic film. Following exposure, the films were devel-

oped as previously described.

Other procedures followed in connection with the preparation of sections

for histological and histochemical studies have already been described (Bevelander
and Benzer, 1948) and need not be detailed here.

EXPERIMENTAL
Mantle:

The localization of Ca45 in the mantle of both fresh water and marine molluscs
was found to be essentially similar. In the radio-autograph of the mantle of

Anodonta grandis shown in Figure 3, one can observe that calcium is localized on
the entire periphery of the mantle. The calcium appears to be confined to a region

slightly below the surface epithelium and also in the region of the epithelium itself.

Further, the tentacles appear to have a more extensive zone of calcium storage than

the more proximally located parts.
The localization of P 32 in the mantle is illustrated in Figures 2 and 4. Figure

2, a low power photograph of the mantle of Venus, shows that P 3 -
is confined pri-

FIGURE 1. Longitudinal section of mantle of Anodonta yrandis. Black-staining margin on

right side of mantle indicates localization of alkaline phosphatase.
FIGURE 2. Radio-autograph of longitudinal section of mantle of Venus. Localization of

P32
is shown by blackened sub-epithelial areas on left side of mantle.

FIGURE 3. Radio-autograph of longitudinal section of the mantle of Anodonta. Note
blackened areas on the periphery of the mantle which indicate the localization of Ca45

.

FIGURE 4. High power area of mantle illustrated in Figure 2, to show more clearly the
localization of P 3 "

in the sub-epitheliai zone.
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FIGURES 5 AND 6. Radio-autographs of crystals of the shell of Pinna to show localization

of P 32
in the periostracum.

FIGURE 7. Radio-autograph of crystals of Pinna showing localization of Ca45
within the

crystals. Extraneous blackening of photo due to over-exposure.
FIGURE 8. Large fragment of shell of Pinna showing differential uptake of Ca45

in re-

generating shell.

FIGURE 9. Surface view of shell of Pinna to show relation of crystals (light areas) to the

surrounding periostracum shown as dark lines surrounding each crystal.
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marily to the inner surface of the mantle. Examination of Figure 4, which is a

photograph of this same area taken at higher magnification, shows that P 32
is

localized in regions of the mantle below the surface epithelium. The P 32 observed
in the mantle occupies a position in this organ which corresponds to the location of

the mucus glands. Inasmuch as the method of processing the tissues involved sev-

eral exposures to aqueous solutions, a procedure which tends to eliminate water-

soluble phosphate from the tissues, it appears that the phosphate which remained in

the mantle which was subsequently localized in the radio-autographs is an organic

phosphate complex.
The sites in which alkaline phosphatase occurs in mantle tissues of molluscs were

also ascertained in a variety of species. The localization of this enzyme in the

mantle is fairly well exemplified in the fresh water specimen Anodonta which we
have chosen to illustrate. Reference to Figure 1 shows that phosphatase is present
on the entire inner surface of the mantle. The enzyme is further confined for the

most part to the epithelial cells which form the surface of the mantle. The numer-

ous amoebocytes found in this structure also reveal the presence of phosphatase.

Shell:

The localization of Ca 45
in the shell of Pinna which was laid down under the

experimental conditions already described, is shown in Figures 7 and 8. Figure 8
is a reproduction of a radio-autograph of a fairly large piece of regenerated shell

which shows an overall black appearance which is lighter in the thinner and more

recently formed margin. When selected regions of this shell are examined micro-

scopically, one observes that the Ca45
is confined to the areas occupied by the crys-

tals (Fig. 7), while the adjacent peripheral area occupied by the periostracum
(see Fig. 9) is relatively devoid of Ca45

.

The identification of P 32 in the regenerating shell of Pinna was ascertained in a

manner similar to that which was utilized in connection with Ca 4r>
. Reference to

Figures 5 and 6 showing several crystals of the shell of Pinna grown in the pres-
ence of P32 indicates the precise localization and the details of structural variation,

of the crystal. Insofar as one can evaluate by the method utilized, P 32 comes to be

localized in the protein membrane (periostracum) which encloses the crystals.
The effect thus produced by the introduction of P 32 in the growing shell examined

by radio-autographic methods is virtually a negative image of the picture produced
by the addition of Ca45

.

DISCUSSION

It was pointed out in our introductory remarks that the elaboration of shells in

the mollusc consists in the formation of a protein membrane, the periostracum,
and a concomitant or subsequent mineralization of this membrane. From obser-

vations based upon several studies made on the organic component of the shell, it

appears highly probable that this protein complex may be actively involved in the

formation or growth of the mineral crystals which come to be incorporated in the

shell. Since our observations on this latter topic are still incomplete we have for

the present confined our remarks to some aspects of shell formation which are con-

cerned more intimately with the role of some inorganic constituents of the shell.

Although several studies suggest that the calcium utilized in the formation of

the shells of marine molluscs is derived in part from the sea water in which the
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animals live (Orton, 1925; Galtsoff, 1934; Fox and Coe, 1943), a number of fac-

tors in regard to the source, transport and utilization of calcium still remain obscure.

By using labeled calcium we have shown that calcium ions present in the water

are ingested by the organism and are localized in several organs. Of particular in-

terest is the observation that relatively large amounts of labeled calcium are concen-

trated on the periphery of the mantle. A somewhat similar observation has been

recorded by Haysi (1938) and also by Trueman (1942). The method of con-

verting the calcium to calcium oxalate as used by these authors, however, is capri-
cious and subject to error in localizing the calcium crystals.

It was also shown that the labeled calcium which was placed in the water (as
calcium chloride) was rapidly incorporated into the mineral component of the shell.

Control experiments, by means of which detached pieces of shell were placed in the

Ca 45
solutions, did not reveal the localization of Ca 4r> in the crystals. It is apparent,

then, that the mollusc can and does utilize calcium in an ionic form in the produc-
tion of the mineral component of the shell.

The localization of phosphate and phosphatase in the mantle of the mollusc is

not only intriguing but is also a tempting subject upon which to speculate.

Manigault (1939) has stated that a direct correlation exists between the mantle

phosphatase activity and calcium precipitation in the shell, and further, that phos-

phatase serves as a transfer agent in the mobilization of calcium. The validity of

this concept still awaits confirmation. It has been shown that phosphorylation does

occur as a result of the action of mantle phosphatase upon mantle mucus (Bevelander
and Krimsky, 1949). The significance of this reaction in relation to shell forma-

tion, however, is at present unknown.
Trace amounts of phosphorus have been recorded for mollusc shells (Turek,

1933). It seems fairly evident from our observations that the phosphorus in the

shell is confined to the organic constituent of the exoskeletal complex.

SUMMARY

1. Both fresh water and marine molluscs take up labeled calcium and phos-

phorus from the water.

2. Labeled calcium is concentrated on the periphery of the mantle and also is

incorporated into the crystals of calcium carbonate in the newly formed shell.

3. Labeled phosphate was localized on the inner margin of the mantle in the

region of the mucus glands. It was also incorporated in the periostracum sur-

rounding the crystals.

4. The phosphatase and phosphate present in the mantle are concerned with a

phosphnrylating process: the significance of this phenomenon in relation to min-

eralization is not clear.
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REDUCTION OF TRIPHENYLTETRAZOLIUM CHLORIDE BY
MITOTICALLY ACTIVE AND BLOCKED

EMBRYONIC CELLS 1

JOSEPH HALL BODINE, KIAO-HUNG LU AND WILLIAM L. WEST

Zoological Laboratory, State University of lozva, loiva City, loiva

It has been reported by many workers that the reduction of water-soluble

colorless triphenyltetrazolium chloride (T.T.C.) to its insoluble red formazan is

indicative of physiologically active reductases and thus can give some idea of the

metabolic activity of a living tissue or homogenate (Black and Kleiner, 1949).
The apparent redox potential of the dye in an aqueous solution at pH 7 was re-

ported by Jerchel and Mohle (1944) to be 0.08V. Mattson, Jensen and Dutcher

(1947) reported that glucose dehydrogenase reduced this compound and suggested
that the reduction involves dehydrogenase systems requiring Co I and Co II. They
suggest further that the compound may act as an electron acceptor for many pyridine

nucleotides, for the redox potentials of these compounds fall below -- 0.08V. Kun
and Abood (1949) reported that T.T.C. could be used as an indicator of succinic

dehydrogenase in animal tissue homogenates. Brodie and Gots (1951) showed

the reduction of T.T.C. by isolated yeast diaphorase systems. Fred and Knight

(1949) found a slowing of the reduction by metabolic depressants, sodium azide,

sodium malonate, sodium fluoride, 2,4-dinitrophenol and iodoacetate in Penicillium

chrysogenum. They also reported that aeration by shaking retarded reduction and

suggested that oxygen possibly raised the redox potential above - - 0.08V or that

oxygen competed with the indicator. Roberts (1951) suggests the involvement

of sulfhydryl-containing enzymes in the reduction of T.T.C. in plant meristems.

In view of the growing evidence that the reduction of T.T.C. seems indicative of

an over-all metabolic rate, the factors responsible for its reduction in the mitotically

active and blocked grasshopper embryos were investigated and data obtained are

embodied in this report.

MATERIAL AND METHODS

Grasshopper (Mclanophis differentialis} embryos of known developmental and

temperature histories were dissected from eggs in Ringer solution buffered with

0.66 M phosphate to a pH of 6.8. Mitotically active embryos (pre- and post-

diapause) as well as those blocked (diapause) were employed. One hundred

embryos per ml. of suspension media were used in all experiments. Homogenates
from intact embryos were prepared both in Ringer and 0.25' M sucrose as previ-

ously indicated (Bodine and Lu, 1950). All experiments with the dye were con-

ducted at 42 C. unless otherwise specified. This temperature was found most

adequate for satisfactory reduction of the dye within a one-hour period. Both

1 Aided by a grant from the National Institutes of Health. Grateful acknowledgment
is made to Etta Andrews for technical assistance.
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embryos and dye were allowed to reach this temperature before mixing. During

exposure to the dye the tubes containing the experimental materials were shaken

at a slow constant rate to ensure thorough mixing of dye with embryos. At the end

of a one-hour period the aqueous solution was decanted, the embryos washed and
then 1 cc. of acetone added. The red formazan was further extracted by re-

peated washing with iso-amyl alcohol to a final volume of 5.5 cc. The amounts of

formazan recovered were then checked with standards previously prepared. De-
terminations were carried out with the Coleman Model D spectrophotometer at 575

RATE OF REDUCTION OF TTC BY DIAPAUSE EMBRYOS

IN THE PRESENCE OF DIFFERENT REAGENTS.

(ft

<r 45
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intracellular lipids suggesting a differential lipid solubility of the dye. The in-

tensity of the red color appears to vary directly with the length of exposure to the

dye and the temperature of the medium. At 42 C., a one-hour exposure seems

to produce the maximum color. Lower temperature, 25 C., takes longer periods

of time for maximum color production. If intact embryos or homogenates are

heated at 60 C. for periods of 20 minutes, no reduction of the dye is observed, sug-

gesting the destruction of the inherent reducing enzymes at this temperature.

When homogenates are made from intact embryos and dye added, the production

of the red formazan at room temperature is much retarded. Apparently structure

or intactness of the embryo controls to some extent the degree to which reduction

RELATIVE AMTS. OF REDUCTION OF TTC BY DEVELOPING

EMBRYOS IN DIFFERENT STAGES.

DIAPAUSE: TAKEN AS 100%

UJ



TRIPHENYLTETRAZOLIUM CHLORIDK 19

Our data seem to indicate that the reduction of T.T.C. by grasshopper embryos
is quite non-specific as far as definite reducing systems are concerned. Certain

metabolic inhibitors known to penetrate the intact embryos were added and their

effects upon the formazan followed. lodo-acetate (0.01 M), an inhibitor of

sulfhydryl-containing enzymes, completely depresses the reduction of the dye (Fig.

1). 'Roberts (1951) and Fred and Knight (1949) report a slowing of T.T.C.

reduction by this reagent in physiologically active systems. Urethane (0.3 M), a

general dehydrogenase depressant, depresses T.T.C. reduction in the embryo (Fig.

1). This is contrary to results reported by Roberts (1951). Potassium cyanide

(1 X 10^ 4 M) and sodium azide (1.6 X 10~ 3 M) apparently do not have any marked

SYSTEM
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fraction by the Thunberg method, reduction was observed in both instances (Table

I). The speed of reduction was stimulated by the addition of sodium succinate

(0.06 M}. Methylene blue has been shown to have no effect on the endogenous
oxygen uptake of the supernatant fraction (Bodine and Lu, 1950). Potter (1951)

suggested that the electron turnover rate is faster for cytochrome than methylene
blue. Thus, in a cytochrome- rich system (homogenate) the characteristic stimu-

latory effects may not be seen manometrically (O 2 uptake) (see chart). Bodine
et al. (1951) found a lowering of both endogenous and succinate-stimulated respira-
tion (O 2 uptake) by the addition of T.T.C. Malonate studies now in progress re-

veal little or no succinic dehydrogenase involved in the endogenous respiration of

homogenates. Thus it appears that T.T.C. reduction in the grasshopper embryo
probably involves the sum of several physiologically active reductases.
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FIGURE 3. Shows schematically probable method of working of T.T.C. in cytochrome system.

SUMMARY

1. A study has been made of the reduction of triphenyltetrazolium chloride by
the mitotically active and blocked embryo of the grasshopper, Melanoplus dij-

jerentialis.

2. Reduction by mitotically active embryos seems more active than by blocked

ones.

3. Present data seem to indicate non-specific reducing systems involved in the

reduction of the dye.
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ANAEROBIC AMMONIA PRODUCTION BY AMPHIBIAN
GASTRULAE EXPLANTS

JOHN R. GREGG AND NORMA ORNSTEIN

Department of Zooloi/y, Columbia Unh'crsity. New York 27, New }'ork

Boell, Needham and Rogers reported (1939) that dorsal lip explants of Rana

tcuiporaria gastrulae, under anaerobiosis, produce some three times as much am-
monia as ventral explants under similar conditions. Their finding is of considerable

interest, for it is just this sort of metabolic correlate to gross morphology that

chemical embryologists hope to discover. But attempts to confirm their results,

together with a close examination of their experimental procedures, have con-

vinced us that there is little basis for their claim.

NOTES ON METHODS

E.vplants: Dissections were made with glass needles in the usual manner. Ex-

planted pieces were allowed to heal well in 100% Holtfreter's before beginning
the experiment. Great care was taken to prevent contact of any explant with

air-water interfaces hence in no experiment was there any sign of cytolysis.

Weighing: Explants or brei (25-90 ju.g. dry weight) were pipetted on to small bits

of cigaret paper, dried for one-half hour at 100 C., and weighed immediately on
a quartz helix balance to 1 /*g.

Anaerobiosis: Explants or brei (ca. 1 mg. dry weight) we're placed in 24-25 //I.

of 100% Holtfreter's solution (with or without bicarbonate) in small aluminum-
foil dishes. The dishes (blanks and experimentals) were set in a closed hori-

zontal glass cylinder with a stopcock at each end. The gas mixture (95% N 2
-

5% CO 2 ) was run through the cylinder for a half hour after first being passed
over a hot copper screen and through a water wash. (In two cases, hydrogen

gas was used, de-oxygenated with hot platinized asbestos.) The stopcocks were

then closed for the duration of the experiment (usually 3-4 hours). Under
these conditions, methylene blue barely reduced with hydrosulfite did not change
color for at least 18 hours

; hence, anaerobiosis was at least as complete as in the

experiments of Boell et al., who used a similar criterion. Aerobic controls were

kept in covered dishes in air.

Temperature: All experiments were conducted at room temperature (20-25 C.).

RESULTS

When whole gastrulae (Rana pipiens, stage 10, each weighing dry about 1 mg.)
are cut into about 20 explants and placed at room temperature in Holtfreter's solu-

tion, they excrete traces of ammonia (all experiments were controlled with Holt-

freter's blanks) into the surrounding medium:

(1) 0.45 0.21 ^g. NH,/gastrula/5 hours (4 expts.. aerobic).

22
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Similarly treated gastrulae under anaerobiosis (cf. Notes on Methods) gave similar

results :

(2) 0.20 0.17 /xg. NH, gastrula/5 hours (7 expts., anaerobic).

We do not attach any significance to these values other than that they indicate the

excretion of small traces of ammonia. Our ammonia method (Briiel ct al., 1946)
had an upper range of about 7 /xg. NH,. Under our routine conditions, standard

NH, samples are recovered with a reproducibility of about 2% of the total

range, i.e., 0.14 /xg. NH,. With this method, the ammonia present in the

aliquots available for analysis up to 0.13 /xg., corresponding to that produced dur-

ing the experimental period by about 300 /xg. tissue was barely detectable.

The results of Boell, Needham and Rogers are not much better off in this re-

spect. From their account, it is easy to calculate that their ammonia method (simi-

lar to ours in all essential respects) had an upper range of about 3 /xg. NH,,. We
shall make the fair assumption that the reproducibility of their determinations was

2% of this range, i.e., 0.06 /xg. NH,. A few simple calculations from their

data and the description of their experimental procedure show that in the case of

the dorsal lip explants (their Table IV) the average aliquot actually taken for am-

monia determination contained only about 0.18 /xg. NH :; ,
and that in the case of the

ventral explants (their Table V) the average aliquot contained only about 0.075 /xg.

NH,. Since they must have been working almost at the limit of reproducibility of

their method, it is clear that, like ours, their results :

(3) Dorsal lip: 1.75 /xg. NH 3/mg. dry wt./5 hours

(4) Ventral : 0.61 /xg. NH 3/mg. dry wt./5 hours

have little quantitative significance. ((3) and (4) have been recalculated from

their tables so as to be comparable to our results (1) and (2).)
But to assure ourselves that we were not failing to confirm their results simply

because our ammonia method was too insensitive, we scaled it down so that the

upper range was approximately 1 /xg. NH 3 . With this method, the anaerobic NH,
production by pooled dorsal halves of 3 gastrulae was :

(5) 0.073 /xg. NH 3/mg. dry wt./5 hours;

for the corresponding ventral halves, the production was :

(6) 0.22 jug. NH 3/mg. dry wt./5 hours.

Even with the scaled-down method the ammonia in the aliquots (corresponding to

that produced by about 300 /xg. dry wt. tissue many times more tissue than em-

ployed by Boell ct al.') was too low (0.017-0.068 /xg. NH 3 ) for accurate measure-

ment; therefore neither the relative nor the absolute magnitudes of the values

in (5) and (6) are to be taken seriously.

Nor does the difference between our claim and that of Boell et al. appear to be

the outcome of studying gastrulae of different species : a dissected Rana temporaria

gastrula put through our standard procedure failed to produce any ammonia

anaerobically, and another failed to excrete any ammonia aerobically in four hours

(in both cases, actually, the blank controls were slightly higher than the experi-

mentals). (These gastrulae were kindly furnished us by Professor John A.

Moore.)
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Not only do gastrulae explants fail to excrete much ammonia into the cir-

cumambient medium, but they appear not to produce it at all in any significant

amounts; for when explants (dissected whole gastrulae) at the end of the experi-
mental period, whether aerobic or anaerobic, are ground up and precipitated with

tungstate, the supernatant still contains only traces of ammonia :

(7) 0.50 0.11 /xg. NH,/gastrula/5 hours (aerobic, 3 expts.) ;

(8) 0.30 0.11 ,ug. NHo/gastrula/5 hours (anaerobic, 3 expts.),

indicating that we do not fail to find ammonia in the medium around explants sim-

ply because the tissues bind it in some way as fast as it is produced.
But when breis are taken for ammonia analysis, large amounts of ammonia are

obtained (presumably the strong alkali used in the method hydrolyzes ammonia-

containing compounds in the tissues) :

(9) 13.2 0.25
fjig. NH,/gastrula (3 expts.).

Now, (9) provides us with further grounds than those already advanced for cast-

ing grave doubt upon the significance of the claims of Boell ct al. For it is quite

likely that their explants underwent considerable cytolysis during their experi-
ments (rf. Brachet's discussion of this point, 1950, pp. 375-376) ;and this means that

in their analytical samples there must have been considerable ammonia-liberating

cytolysate. We can understand, then, (a) why they seemingly found more am-
monia to be excreted than they might have expected from their results on intact

gastrulae (rf. their remarks: Boell et al., 1939, p. 352) ; (b) why the dorsal ex-

plants seemed to produce more ammonia than the ventral explants, for it is well

known that dorsal explants are more sensitive than ventral explants to all kinds

of cytolyzing influences (we have calculated on the basis of (9) that about an 8%
cytolysis of their dorsal explants would have accounted for the reported difference

from the ventral explants in NH,-production) ;
and (c) why they found that NH

;;

-

production of dorsal tissue seemed to decrease with increasing age of their embryos

(cj. their chart; Boell et al., 1939, p. 348), for it is common knowledge that as

embryos develop, their resistance to cytolysis in air-water interfaces increases

tremendously.
Taken all together, the evidence almost forces us to conclude that although

gastrulae explants excrete traces of ammonia both aerobically and anaerobically,

these are so small as to be beyond the effective range of available ammonia methods ;

and that to date no quantitative statement about relative rates of ammonia excre-

tion by different gastrula-parts has been experimentally justified. But if this

is the case then the anaerobic glycolysis values of the Cambridge embryologists

(Boell et al.) need re-evaluation also; for they were corrected for lactate allegedly

bound by ammonia differentially excreted by dorsal and ventral explants.
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THE COMPARATIVE EFFECTS OF FISH AND BEEF PITUITARY
ON RETENTION OF WATER BY FROGS

EDGAR A. LAZO-WASEM AND GEORGE F. WEISEL

Department of Zoology, Montana State University, Missoula, Montana

Amphibians treated with the posterior lobe of mammalian pituitary greatly in-

crease in weight clue to the imbibition and retention of water. Two fractions from

the lobe, pitocin and pitressin, will induce the effect (Bugbee and Kamm, 1928).

The results are caused by a change in the permeability of the skin, allowing the in-

take of more than the usual amount of water, and by the storage of the excess water

in muscles, liver, and subcutaneous spaces (Adolph, 1925; Heller, 1930a). Ap-

parently there is also an associated anti-diuretic action (Heller, 1950). Most

studies relating to this principle of the pituitary have been made with bovine glands

or their extracts, but it has also been shown to be present in the pituitaries of such

teleosts as shiners, catfish, perch, sunfish, rockbass, and cod (Boyd and Dingwall,

1939; Heller, 1941). In this investigation, experiments were undertaken to see

whether or not the glands of the sockeye salmon and the Pacific barracuda induce a

similar effect, and, if so, to compare statistically their activity with beef pituitary.

MATERIALS AND METHODS

Inasmuch as the lobes of the teleost pituitary are small and united, all tests and

comparisons were made with whole glands. It is believed that the outcome was

practically the same as though posterior lobe alone were used. Heller (1930b)
stated that anterior lobe preparations do not cause any weight changes and that the

action of the posterior lobe hormones is not affected by their presence. As for the

intermediate lobe, Oldham (1936) reported that the chromatophorotropic hormone

does not enter in the reaction.

Portions of brain from fish and cattle were used as control substances. Fresh

fish pituitary and brain were taken from sockeye salmon (Oncorhynchus ticrka)

during their spawning run at Flathead Lake, Montana. These were kept frozen

until time of use. Acetone-extracted fish pituitary and brain, which were ground
to a fine powder, desiccated, and sealed under reduced pressure in glass ampoules,
came from barracuda (Sphyraena argcntia}. Brain and whole pituitaries of beef

were extracted in the same way.
Medium-sized Rana pipiens served as test animals. The general procedures

followed in treating them were similar to those of Steggerda (1937) and Boyd and

Brown (1938). The frogs were placed individually in gallon jars with enough tap
water to cover all the body surface but the eyes and nostrils. Porous cardboard

covers excluded air drafts, which according to Boyd and Mack (1940) is a factor

to be considered. The illumination was constant artificial light. Water tempera-
tures varied from 18-25 C., but there was no greater change than 1 from the
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FIGURE 1. Graph of weight changes of frogs injected with barracuda and beef pituitary

extracts as compared with those injected with an equivalent amount of barracuda brain extract,

beef brain extract, and pure Ringer's solution, drawn according to the method of Hubbs and

Perlmutter (1942). The range for each group is indicated by the length of the light line, the

position of the mean is shown by a crossbar, the open rectangle marks off t\vo times the stand-

ard error on each side of the mean, and the heavy line extends for one standard deviation on

each side of the mean.
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start to the finish of an experiment. The frogs were acclimated to this environment

for 24 hours before they were tested.

The extracted and fresh materials, suspended in 0.5 cc. Ringer's solution, were

injected into the dorsal lymph sac. Frogs tested with fresh salmon pituitary re-

ceived 2 whole glands, and their controls a comparable amount of fresh salmon

brain. Desiccated extracts were all given in doses of 4 mg. Immediately after

injection, each frog was dried with paper toweling, had its urine expelled as much

as possible by pressure on the abdomen, and was then weighed. The weighing was

repeated at regular intervals until the frog had regained its normal weight. Most

of the test animals were utilized twice. Those which had been treated with pituitary

were re-injected a week later with one of the control solutions, and those which

had been control animals received one of the pituitary preparations. It was be-

lieved that by doing so, more accurate evidence would be obtained, as the variability

in individual reaction would be included in both experimental and control groups.

The ponderal changes were figured on a percentage basis and analyzed statisti-

cally. The statistical comparisons between means followed the method of Dice and

Leraas (1936), in which any difference between two means which is greater than

two times the sum of the standard errors of the two respective means is considered

to be significant.

RESULTS

All frogs injected with any of the pituitary preparations markedly increased in

weight. Fifty specimens which received the fresh salmon gland had an average in-

crease of 16.0 per cent 4 hours after treatment. This rapid increase was followed

by a gradual decrease to 2.8 per cent 32 hours later. The arrival of the mean

weight to within 2.8 per cent of their original weight was considered a return to

normal, as the weight variation for a group of untreated frogs had been previously
determined to be plus or minus 4.2 per cent. Forty-four frogs injected with 4 mg.
desiccated barracuda pituitary showed an increase to 18.9 per cent in 4 hours, fol-

lowed by a decline to 5.5 per cent 48 hours after treatment. The mean weight

change of 44 frogs that received 4 mg. desiccated beef pituitary reached a maximum
of 8.1 per cent 2 hours after injection. They returned to their original weight

range within 10 hours.

The controls (19 injected with fresh salmon brain. 20 with desiccated barracuda

brain, 20 with desiccated beef brain, and 21 with straight Ringer's solution) did not

show any weight fluctuations outside the normal limits.

A statistical study of the changes induced by beef and fish gland extracts shows

that the rise in weight was significantly different from those of the control groups,

beginning 1 hour after treatment (Fig. 1). The effects of the two pituitary extracts

were not significantly different from each other at this time. After the first hour,

however, increases in weight caused by barracuda pituitary were greater than those

caused by beef pituitary, and the effectiveness was longer lasting. The frogs

treated with' beef pituitary extract remained significantly heavier than controls for

10 hours, whereas those which received barracuda pituitary extract retained a sig-

nificantly greater weight than the controls for over 48 hours.
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DISCUSSION

It is probable that the increases and decreases in weight shown by the con-

trol groups represent a normal, random fluctuation. These changes may be partly
attributed to retention or loss of urine. The fact that their average weight was less

towards the end of an experimental period as compared with the first part may be

explained by the fact that their first weights were determined immediately after in-

jection of material suspended in 0.5 cc. of saline solution. The complete expulsion
of this liquid from the body could account for a decrease in weight of from 2.0 to

5.0 per cent, depending on the size of the animal.

On the other hand, the series injected with pituitary exhibited a fairly definite

pattern, namely, a rapid increase in weight in 2-4 hours, followed by a gradual de-

crease to normal.

The similarity in potency of fresh fish pituitary and desiccated fish pituitary in-

dicates that the process of extraction did not materially change the effect of the

hormone. Inasmuch as the amount of fresh gland only roughly approximated the

4 mg. of desiccated materials used, and as the rate of absorption must have been

different, it is not possible to collate its activity.

There are three marked differences between frogs treated with desiccated beef

pituitary and those treated with desiccated fish pituitary. (1) The beef extract in-

duced its peak effect earlier than the fish extract. (2)The fish extract caused a

greater maximum weight gain. (3) The fish extract had a more prolonged effect.

The first difference in particular may be explained partly by the dissimilarity in

the size of the particles of the injected powders. Since the fish material was the

coarser of the two, it may have been absorbed more slowly. This would also help
to account for the third difference.

The second and third divergences strongly suggest that teleost pituitary is more

potent in its effect to cause water absorption and retention in amphibians than is

bovine pituitary. This is in agreement with Heller's (1941) findings that the

pituitaries of mammals contain large amounts of an anti-diuretic principle but rela-

tively little of the amphibian water retention factor, whereas amphibian and fish

glands contain high concentrations of the water retention principle but have little

anti-diuretic activity. In an equal amount of extract, there must be either a greater
concentration of the principles (principle?) in the fish gland, or the factors con-

cerned in the pituitaries from these two widely separated vertebrates may differ

basically. Also, a closer phylogenetic relation of teleosts to amphibians than of

mammals to amphibians is indicated.

Although Boyd and Dingwall (1939) reported that injected pituitrin did not

change the weight of the five species of fish they tested, there is still the interesting

possibility that marine teleosts, which live in a hypertonic medium, may possess a

hormonal mechanism in the pituitary that can greatly inhibit water loss. In this

respect, the glands of marine and fresh-water species should be compared.

SUMMARY

1. Frogs injected with fresh salmon pituitary, whole beef pituitary extract, or

whole barracuda pituitary extract undergo a rapid increase in weight followed by
a more prolonged phase of weight decrease to normal. Controls treated with fresh
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salmon brain, bovine or barracuda brain extracts, or with Ringer's solution alone

do not exhibit weight changes outside the normal fluctuations.

2. A statistical analysis of weight changes induced by the teleost and beef pitui-

tary extracts shows a highly significant difference between the two
;
the fish mate-

rial causes a greater and more prolonged weight increase.

3. The greater potency of the fish material may be due to a difference in the con-

centration of the principles involved, or the principles may differ basically.
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OBSERVATIONS ON REPRODUCTION OF THE POECILIID
LEBISTES RETICULATUS (PETERS)

HAROLD L. ROSENTHAL i

Philadelphia Aquarium Society, Philadelphia, Pennsylvania

Reproduction among members of the viviparous cyprinodont fishes has stimu-

lated the interest of investigators for many years. Various members of the family
have been reared in home aquaria and, for the most part, general facts concerning
the size of broods, interval between broods, cyclical nature of brood production,
rate of growth of the embryo and the time of fertilization of ova in relation to the

birth of a previous brood, are well known (Hopper, 1943; Scrimshaw, 1944, 1945 ;

Tavolga and Rugh, 1947; Turner, 1937, 1940).

Knowledge concerning the reproductive cycles of these fishes has been obtained

primarily by following the brood production of individual females, removal of the

ovaries at intervals after the birth of a previous brood, and examination of the

ovaries for the developmental stages of ovocytes and embryos. These studies have

shown the brood interval to be approximately 30 days for Xiphophorus, Platy-

poccilus and Lebistcs when maintained in aquaria under controlled conditions of

temperature and light. Under natural conditions, brood production in these

genera reaches a maximum during the summer months when the number of young

per brood increases and the brood interval may be as short as 22 days. During the

winter months the brood interval may lengthen to more than 30 days or brood

production may cease entirely.

When these fishes are maintained in aquaria with controlled -temperature and

light, the gestation period in Platypoecilus is approximately 21-23 days, maturation

of the ova occurring during the first 7 days after the birth of a brood (Hopper,
1943; Tavolga and Rugh, 1947). In general, Xiphophorus and Lebistcs show a

similar cycle as do the majority of viviparous cyprinodonts (Turner, 1937). The
recent publication of Clark and Aronson (1951) includes a thorough discussion

of the mating behavior of Lebistcs and other members of the family.

As part of a study concerning the genetic mechanisms of the lordotic mutation

(Rosenthal and Rosenthal, 1950; Rosenthal, 1951a), information was obtained on

the reproductive behavior of male and female Lebistcs. It is hoped that the results

of this work will be helpful for a more complete understanding of reproductive

physiology in these interesting fishes.

MATERIALS AND METHODS

The majority of fishes used in obtaining the data were of the mutant lordotic

strain and were raised in the laboratory under controlled environmental conditions.

1 Present address: Department of Biochemistry, Tulane University of Louisiana, New
Orleans, Louisiana.
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Some few wild-type fishes, obtained from local aquarists, have been included in the

results since no apparent differences could be found between the two strains by

analysis of the individual data.

All fishes were maintained at a temperature of 72 F. (range 70-75 F.) ex-

cept during the summer months when observations were discontinued. The

aquaria were illuminated by reflectors containing light bulbs for 10-12 hours daily,

since natural lighting was absent in the aquarium room. The fishes were fed

daily a varied diet of commercial dry foods with supplements of Tubifex worms at

least twice weekly and fresh or frozen Daphnia when available.

Virgin female fish were obtained in the usual manner (Rosenthal and Rosenthal,

1950). They were used in the breeding studies when full maturity was reached at

an age of 4-8 months. For study, all fishes were kept in individual numbered gal-

lon aquaria containing sprays of Ceraptopterus during the entire period of observa-

tion. When transfers of fish from one aquarium to another were necessitated for

maintenance or experimental procedures, tap water - was aged in the presence of

Ceraptopterus and snails for at least a week prior to use. Water thus aged was

never observed to cause any shock or toxic symptoms in fishes. Female fishes were

mated with two males for twenty days. They were then isolated until parturition

and re-mated with two males after a short rest of 24-48 hours. The progeny of

each brood were counted shortly after birth. Embryos that never became fully

activated were probably eaten by the female parent, but the evidence is good that

most viable young escaped cannibalism. Mothers that had apparently aborted or

eaten their young (a rare occurrence in well fed fish) were not considered in the

data unless the birth was actually observed (Rosenthal, 1951b).

RESULTS

Early in the work, it was observed that the interval between the birth of suc-

cessive broods, under our conditions of temperature and light, averaged 31.1 days

(standard error = 0.4), with a range of 23 to 37 days, as shown in Figure 1.

However, when virgin females were mated, the initial brood was born at any time

from 23 to 45 days with.no evidence of any regular sequence. The results of 40
observations are presented- graphically in Figure 2. With the exception of one

female, who bore her initial brood 45 days after mating, fishes failing to produce
broods within 42 days were invariably sterile, although they were kept under ob-

servation for 90 days. The 42 day period, 6 days less than twice the gestation

period, was short enough to eliminate the possibility of a mother aborting an un-

observed first brood and presenting a second brood within the interval.

The wide spread in time for first broods is not due to delayed copulation as

shown in Table I. These data were obtained by placing a virgin female Lebistcs

with two males for the requisite period of time. The ovaries were then removed,
teased apart in a drop of 0.8% sodium chloride on a glass slide, and examined for

motile sperm cells under a high power objective. Only one of five ovaries con-

- These studies were completed in New Brunswick, New Jersey, during the author's tenure
at Rutgers University. The tap water obtainable in this city was remarkably free of perma-
nent substances noxious to fishes. Although chlorinating agents were present in fresh tap

water, ageing of the water in glass containers for 24 hours was found to be sufficient to remove
these materials, and to make the water suitable for the culture of fishes.
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tained sperm after 12 hours, but six ovaries of seven contained sperm after 24 hours,

and all ovaries contained sperm at the end of 48 hours. A definite mating reac-

tion consisting of arching, jabs, and thrusts (Clark, Aronson and Gordon, 1948,

Z.

25 30

DAYS

35

FIGURE 1. Frequency distribution of the interval between 47 successive broods for

female Lebistcs.

1949; Schlosberg, Duncan and Daitch, 1949) on the part of the male fishes was

usually evident within 15 minutes after the addition of the female, and it is as-

sumed that copulation occurred rapidly, although actual copulation was probably
never observed (Clark and Aronson, 1951).
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Number of
females

5

7

6

TABLE I

Time between mating of virgin female Lebistes and the

presence of sperm in the ovary

Sperm in ovary

Present Absent
Hours after

mating

12

24

48

1

6

6

4

1

The presence of active sperm in the ovary can be taken to mean that fertilization

will occur as soon as a sperm cell meets a receptive ovum. To test this hypothesis,

and also to yield information on the time of fertilization with respect to a previous

brood, the lordotic phenotype, which is recessive to the wild-type (Rosenthal and

Rosenthal, 1950), was used as a tracer. To carry out the experiment, virgin

females of the lordotic strain were initially mated with two lordotic males. After

20 days the females were isolated to await delivery of the first brood, thus establish-

ing the fertility of the female, and the presence of lordotic "tracer" sp^rm in the

ovary. The progeny of the first mating were recessive mutants. At intervals

following the birth of the brood, the females were re-mated with two wild-type

males for 20 days. The progeny of the second brood must contain either all

mutant or mixed mutant and wild-type young, depending on the sperm cell that

brought about fertilization. The ratio of mutant : wild-type young was taken as a

measure of sperm replacement and can be used to indicate (1) the time necessary

for sperm to reach the ovary and fertilize the mature ova after mating, and (2) the

time necessary for ova to reach a fertilizable stage relative to the delivery of the

IE
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cr
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25 30 35 40 45

DAYS
FIGURE 2. Frequency distribution of the interval between the time of mating of 40 virgin

female Lebistes and the birth of the first brood.
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TABLE II

The time of maturation and fertilization of ova in Lebistes reticulatus as determined

by the use of mutant and wild-type fishes. See text

Days after brood
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in diameter that \vere chalky white in color, and the fishes were prohahly not

fertile. Occasionally, some of the ovaries contained a second group of small ova

alxmt 0.7-0.9 mm. in diameter. The two groups of ova of different size may rep-

resent superfoetation (a condition rare in Lebistcs and never ohserved during this

study) or a cyclical development and resorption of unfertilized ova analogous to an

estrus cycle in higher vertebrates. Attempts to elucidate further this hypothesis

by studying the cellular changes in the oviduct with the smear technique of Clark

(1950) have not been successful, due to traumatic changes that occurred and to the

lack of desquamated cellular elements which could be obtained by this method.

The brood record of seven females is shown in Table III. In general, initial

broods are small in number, depending largely on the size of the female (Turner,

1937). Although exact measurements were not made, the fishes were all approxi-

mately equal in size when they were first mated. It is apparent that the number
of young per brood increases to a maximum, then decreases to a minimum. If a

sufficient number of broods is obtained from individual females, the maxima and

TABLE IV

Average number of mature ova in virgin Lebistes, and the number of young >er brood

in first and subsequent broods
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DISCUSSION

The present investigation has revealed striking differences in reproduction of

Lebistes as compared with earlier work. The wide spread in time for produc-
tion of first broods suggests an ill-defined estrus cycle in which ova mature and, in

the absence of fertilization, are resorbed periodically. Degeneration of ova in un-

fertilized females has been demonstrated for Heterandria (Fraser and Renton,

1940), Lebistes (Liu, 1937), Gambusla (Thirumallacher : as quoted by Fraser

and Renton, 1940) and the Goodeidae (Turner, 1933). These reports indicate

that the process of resorption in these different live-bearing cyprinodonts are simi-

lar. However, no reports have appeared in the literature to elucidate more com-

pletely the length of time that mature ova retain their fertility prior to degenera-

tion, or to the relative maturation time of younger ova to those undergoing

degeneration.

Although an estrus cycle has been proposed in Lebistes by Jaski (1939), based

on a cyclical change of angle at which the female swims, this report has not been

substantiated and is thoroughly discussed by Clark and Aronson (1951). How-

ever, Jaski (1939) also reported that virgin females did not come into estrus for

three to four days after they were introduced to aquaria containing males, and

mating was practically impossible for several days due to the non-receptivity of the

females. The observations reported in Table I indicate conclusively that copula-

tion occurs within 24 hours, although fertilization need not necessarily follow as

shown by the data in Figure 1. On the other hand, mature ova are rapidly ferti-

lized by fresh sperm as shown in Table II.

Clark and Aronson (1951) have suggested that some females are at times more

sexually receptive than others. The degree of receptivity is difficult to measure,

but observations made during the past three years tend to substantiate these re-

ports. In general, virgin females who have been maintained in aquaria free of

male fishes of any sort tend to pursue male fishes when they are placed together.

Receptivity in the female also increases shortly after the birth of a brood, or rather,

male fishes tend to pursue more vigorously females that have just delivered young.
Whether increased sexual activity on the part of the male is due to a release of

sexually stimulating substances by the female, or whether the female exerts stimu-

latory activity by her actions on the male is a question which requires further

clarification.

Female fishes of the family Poeciliidae are unique among vertebrates in their

ability to retain active sperm in ovarian tissue for long periods of time and to bear

successive broods of young without re-impregnation. Thus, Van Oordt (1928)
has reported eight successive broods for a female XiphopJiorus after a single insemi-

nation. Winge (1922, 1937) has also reported the succession of broods in the

absence of male fishes for eight months in Lebistes. Under these conditions, the

size of subsequent broods tends to decrease or brood production may cease en-

tirely, especially during the winter months (Breder and Coates, 1932; Breider,

1934; Van Oordt, 1928). On the other hand, these investigators have reported
that females constantly re-inseminated continue to produce broods of large size.

The data presented in Table III suggest that the peaks of sexual activity appear
to deplete the animals of anterior pituitary gonadotrophins or may bring about a
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refractory period due to metabolic exhaustion, as suggested by Bissonette (1937)
and Miller (1948) in their studies with fishes and birds. These data cannot be

compared with previous work, since in earlier reports light conditions were not

controlled, and for the most part, breeding females were able to rest during the

winter months. Turner (1937) has indicated that brood production in poeciliids

under natural conditions reaches a maximum during late spring and early summer
and decreases to a minimum during the fall and winter months.

The size of a brood produced by female poeciliids under a natural or simulated

environment has been shown to be correlated with the size of the mother, large
fishes usually giving birth to broods of large size (Purser, 1938; Turner, 1937).
The data shown in Table III and IV indicate that factors other than the size of the

female play an important role in brood production. In general, the number of

young produced in a brood is largely dependent on the physiological condition of

the mother. The factors affecting brood production must therefore await further

clarification.

SUMMARY

1. Evidence is presented to indicate an as yet ill-defined cyclical production of

ova in virgin female Lebistes.

2. Copulation occurs within 12-24 hours after virgin female fishes are placed in

aquaria with two male fishes. Sperm migration in the female gonaduct and

amphimixis occurs rapidly after mating.
3. The time of fertilization of ova in relation to a previous brood has been de-

termined by the use of sperm replacement studies with genetic mutation tracers.

4. Evidence is presented to indicate a cyclical nature of maximum and minimum
brood production of individual female fish maintained under constant conditions of

temperature and light.

5. The possible factors affecting brood production are discussed.
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TYROSINASE AND THE RESPIRATION OF PUPAE OF
PLATYSAMIA CECROPIA L. 1 - -

ALFRED S. SUSSMAN

Department of Botany, I'nii'crsity of Michigan, Ann Arbor, Michigan

It has been suggested that the enzyme tyrosinase functions as a terminal oxidase

in the respiration of insects and other animals (Bhagvat and Richter, 1938; Heller,

1947; Sussman, 1949). Although there has been little experimental evidence from

work done on insects to support this view, an abundance of such data is available

from investigations conducted with plant materials. For example, Boswell and

Whiting (1938, 1940), Boswell (1945), Baker and Nelson (1943), Bonner and

Wildman (1946), and others have claimed that tyrosinase functions as part of a

respiratory shuttle system in the manner shown in Figure 1 (Nelson, 1950).

JC - Tyrosine 4- O2

(Phenolic Reservoir)

Tyrosinase

Dehydrogenases
or

Reducing Agents

AH;

Dihydroxyphenylalanine
(Dopa)

Dopa Quinone

I
+ H Z

Melanins

FIGURE 1. A possible mechanism for the participation of tyrosinase in respiration.

(Modified from Dawson and Tarpley, 1951.)

In this system, dopa serves as the hydrogen carrier adjacent to the terminal

oxidase, while tyrosine acts as a reservoir to supply dopa to the system. Moreover,
if for some reason this respiratory cycle is disturbed and the reduction of the

quinone is prevented, the shuttle breaks down and melanins are formed. Indeed,

1 Portion of thesis submitted in partial fulfillment of the requirements for the degree of

Doctor of Philosophy at Harvard University.
2 The author would like to express his gratitude to Dr. William H. Weston for his

sympathetic and stimulating direction of this work. I should also like to state my apprecia-
tion for the cooperation and help given by Dr. Kenneth V. Thimann and Dr. Carroll M.
Williams during the course of these investigations. Finally, I should like to thank Dr. David
R. Goddard for his penetrating and effective criticism of this manuscript.
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such "decompensated respiration" has been claimed to occur in the case of certain

fungous diseases of plants (White, 1945). On the other hand, some recent evi-

dence suggests that the role of tyrosinase in plant respiration may be more limited

than has hitherto been thought (Levy, Schade, Bergmann and Harris, 1948;
Goddard and Holden, 1950).

The almost universal presence of tyrosinase in insects, coupled with the blacken-

ing of the blood of these insects due to trauma or disease (Sussman, 1951) sug-

gested that a respiratory mechanism, paralleling that postulated above for plants,

is in operation in these animals. Consequently, in order to investigate the pos-

sibility that tyrosinase is used as a terminal oxidase in insect respiration, and that

"decompensated respiration" occurs as a result of disease in these animals, the

writer undertook the following experiments.

MATERIALS AND METHODS

The animals used in these experiments were diapausing pupae of Platysamia

cecropia obtained from Dr. C. M. Williams.

Respirometric experiments were conducted with both intact pupae and with

tissue homogenates prepared from these. The respiration of the intact animal was
measured by the use of Scholander-Edwards microrespirometers (Scholander,

1942; Scholander and Edwards, 1942), which were immersed in a constant tem-

perature water bath kept at 24 C. .5 C. The instruments were suspended in

water-filled plastic containers which rested on a support on the bottom of the water

bath. In order to remove CO, during the measurements of the Qo2 ,
about 100 mg.

of soda lime (ascarite, 8-20 mesh) or 1 cc. of 5% KOH were placed at the bottom

of the shell vial containing the animal. Equilibration was accomplished by allow-

ing the instrument to remain open to air for 15 minutes, after which oxygen was

added and the system was closed to air. In order to allow the oxygen to come to

the temperature of the water bath, seven more minutes were allowed to elapse be-

fore the first reading was made.

Injection of the various substances to be tested for their effect on the oxygen

uptake of the intact animal was accomplished by use of the techniques outlined in a

previous paper (Sussman, 1951).

The oxygen uptake of tissue homogenates was measured by the use of Warburg
respirometers which were maintained at a temperature of 24 C. and shaken at a

rate of 130 oscillations per minute. The reaction vessels contained 2.0 cc. of the

tissue homogenate and 0.2 cc. of 10% NaOH, while the sidearms contained 0.3

cc. of a solution of various substances to be tested for their effect upon the respira-

tion of the tissues. Tissue homogenates were prepared by cutting pupae into sec-

tions with a pair of scissors and placing the cut pieces in the bowl of a Waring
blendor. To this was added 9 parts (by weight) of a 0.1 M phosphate buffer

(pH 6.8), after which the mixture was minced in the blendor for 5 minutes. The

resulting "brei" was then poured into a glass homogenizer tube and was ground for

5 minutes with a motor-driven glass pestle. By this procedure a thoroughly blended

preparation was obtained which could then be pipetted into Warburg flasks. All

operations prior to the actual respiratory measurements were carried out in the cold.
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RESULTS

Experiments with intact pupae

The respiration of the intact animal was studied by determining the effect of the

injection of the following kinds of compounds:

1. Phenolic substrates for tyrosinase
2. Inhibitors of tyrosinase

Before the effect of the injection of these substances could be measured, it was

necessary to learn to what extent the injection technique itself would affect the

animal's respiration. With this in mind, varying amounts of distilled water and of

insect Ringer's solution were introduced into the animal, after which its oxygen

uptake was measured. Figure 2 and Table I show the results of the injection of

70
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FIGURE 2. Effect of injection of distilled water and Ringer's solution on the oxygen uptake
of pupae of P. cecropia.

.05 cc. distilled water and .1 cc. of insect Ringer's solution into the animal. It is

apparent from these results that a rise in Qo2 occurs upon the injection into the

animal of either distilled water or insect Ringer's solution. This increase was

found to occur whenever the integument of the animal was broken upon the inser-

tion of the syringe needle, even if nothing was injected, so that it was necessary to

include this factor in calculating the results of the subsequent injection experiments.

That this increase in respiration was not due merely to increased movements of the
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TABLE I

Effect of injection of 0.05 cc. distilled water or insect Ringer's solution on

of intact diapausing pupae of P. cecropia

Treatment Qo2

None 0.015

0.05 cc. dist. H2O or Ringer's solution 0.022

Standard
deviation

0.0026

0.0081

No. of

samples

37

11

animal is shown by observations over the period of a week, which indicate that the

animal retains the increase' in Qo 2 for this period.

Having determined the effect on the pupae of the injection of water, it was now

possible to investigate the effect of the substrates and inhibitors which were in-

jected dissolved in water into the animals.

Tyrosine and protocatechuic acid were chosen as substrates since they have

been claimed to function in the respiratory cycle of certain plants (Baker and

Nelson, 1943), and are also known to be present in insects (Pryor ct al., 1946;

Wigglesworth, 1950). Similarly, adrenalin was used because one of its oxidation

products, adrenachrome, was shown to function as a hydrogen carrier in certain

animal polyphenolase systems (Bhagvat and Richter, 1938; Dawson and Mallette,

1945). Although catechol has not been found to occur naturally in the tyrosinase

systems which have been studied, it has been used in the study of potato respiration

by Boswell and Whiting (1940), so that it was included in these studies.

The results of the injection of these phenolic compounds, as compared with those

obtained upon the injection of distilled water and insect Ringer controls, are given

in Table II.

It can be seen from Table II that none of the substances injected, except lO^ 1 M
catechol, produced a significant rise in the Q<>, of the intact animal. That the in-

crease due to high concentrations of catechol was a toxic response is suggested by

TABLE II

Effect of the injection of various phenolic substrates upon the Qo2

of intact diapausing pupae of P. cecropia
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the fact that the animals became very irritable and actively moved their abdomens

upon the injection of 10" 1 M concentrations of this substance. Furthermore, a more

definite toxic response was elicited by the introduction of 1 M catechol since the

animals exuded blood and usually died soon after the injection of the chemical.

These reactions were not elicited upon the injection of lower concentrations of

catechol and all concentrations of the other substances tested.

The inhibitors used were chosen for their potency and for their solubility in

water. Table III gives the effects of the injection of these compounds upon the

oxygen uptake of pupae of P. cecropia.
These results indicate that tyrosinase inhibitors, far from depressing the Qo-_

actually increased this figure in certain cases. In no instance was the oxygen up-

take significantly inhibited, as would be expected if tyrosinase were involved in

respiratory processes. Similarly, the injection of iodoacetic acid and malachite

green failed to induce any significant response.

TABLE III

Effect of the injection of tyrosinase inhibitors upon the respiration of

intact diapausing pupae of P. cecropia
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did the catechol. The homogenate became greyish black an hour after the introduc-

tion of the tyrosine. Protocatechuic acid was the only one of the substrates added
which failed to produce a rise in the oxygen uptake. In fact, in these experiments an
actual decrease in Oo 2 was noted when this compound was added and no color

change was noted. This is indeed curious since most tyrosinase preparations from

other sources usually oxidize this compound.
In order to determine the effect of inhibitors upon the Q02 of the homogenate,

malachite green, a dehydrogenase poison (Takahashi, 1948; Caklwell and Meikel-

john, 1937; Quastel and Wheatley, 1931), and iodoacetic acid, a sulfhydryl poison

(Olcott and Fraenkel-Conrat, 1947), were used. Six parts per million of malachite

green and 10~3 M iodoacetic acid were added to the homogenate before it was placed
in the Warburg vessels, and the Qo 2 determined as before. The results showed
that malachite green and iodoacetic acid inhibited the oxygen uptake of homogenates

36% and 60%, respectively. Therefore, % to % of the Qo 2 of the homogenate is

dependent upon the action of enzymes which are poisoned by malachite green and

iodoacetic acid.

TABLE IV

Effect of addition of various phenolic compounds on the <2o2 f tissue homogenates

prepared from pupae of P. cecropia

Compound
added
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sodium diethyldithiocarbamate placed directly in the body cavity of diapausing

pupae fail to prevent development of the adult.

It may, perhaps, he argued that the various compounds injected were not used

in physiological concentrations. This objection is largely overcome by the results

of the experiments using concentrations of the substrates and inhibitors as low as

10~ 5
717 which showed essentially the same effects as those in which higher concen-

trations were used. On the other hand, these data do riot definitely exclude the

possibility that the concentrations of inhibitors used were not sufficient to over-

come possible ''protective" effects exerted by certain metabolites on enzyme sys-

tems, examples of which have been shown to occur in the case of succinic dehydro-

genase (Hopkins. Morgan and Lutwak-Mann, 1938) and oat coleoptiles (Thimann
and Bonner, 1948). However, the stimulating effect of 1O1 M salicyl aldoxime on

the animal's oxygen uptake suggests that this concentration of the inhibitor is af-

fecting one or more of the enzymes concerned with respiration so that it is pos-

sible that the protective effect is overcome at this concentration. That tyrosinase

is not one of these enzymes is proven by the fact that the effect of the inhibitor is

one of stimulation, rather than inhibition which would be expected to occur if

a copper protein were involved in respiration.

TABLE V

Differences between the enzyme systems involved in the oxygen uptake of intact diapausing

pupae of P. cecropia and the tissue homogenates made from them

Intact diapausing pupa Tissue homogenate

1. Qo 2
= .015 .0026 1. Qo 2

= 1.0 .18

2. Insensitive to copper protein poisons 2. Sensitive to copper protein poisons
3. Insensitive to sulfhydryl poisons (iodo- 3. Oxygen uptake reduced 60 f

7 by addition

acetic acid) of 1 X 10~3 M iodoacetic acid

4. Insensitive to addition of phenolic sub- 4. Oxygen uptake increased upon additi5n of

strates for tyrosinase in concentrations 3 X 10~4 M tyrosine, and 6 X 10~2 M
below 1 X 10" 1 .!/ catechol

Mention should also be made of the fact that catechol, in a concentration of 1 X
1O 1 M, produced a sharp rise in the oxygen uptake of the intact animal. Although
this effect seems to suggest that this compound is being used as a respiratory sub-

strate, it is felt that the high concentrations required to achieve this effect argue

against this interpretation. Instead, it would seem that the effect noted is a toxic

effect of the chemical which disrupts the animal's respiration. Such a toxic effect of

catechol upon respiratory processes was noted by Boswell and Whiting (1940) and

others, who finally had to use more physiological substrates like protocatechuic acid

in their experiments on potato tyrosinase. Further evidence to support this con-

tention is supplied by the fact that injection of the next higher concentration of

catechol used in these experiments (1 M) served to blacken and kill the animal.

In the face of this evidence, then, it is hard to believe that tyrosinase plays any

significant role in the respiration of the diapausing pupa.
On the other hand, tyrosinase does seem to be responsible for part, at least, of

the oxygen uptake of tissue homogenates prepared from diapausing pupae. The

enormous increase in Q< )2 which resulted from the addition of phenolic substrates

would argue for this interpretation.
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In comparing the systems responsible for the oxygen uptake of the intact dia-

pausing pupae and the tissue homogenates prepared from these, significant dif-

ferences are at once apparent. These differences are summarized in Table V. It

should be noted that the conclusions on the sensitivity of homogenates to copper

protein poisons were taken from unpublished experiments of Dr. Richard Sanborn.

In the light of these results, it is of interest to analyze the data obtained by Hel-

ler (1947) in his work on tissue homogenates of Celerio cuphorbiac pupae. This

author claimed, on the basis of his experiments with homogenates, that tyrosinase

functions as a terminal oxidase in the respiration of pupae of Cclcrio. He found

that the oxygen uptake of pupal homogenates increased and blackening was retarded

upon the addition of a cozymase preparation or a boiled yeast extract. Heller's

inference that cozymase is the main H
2 acceptor from metabolites and that the

tyrosinase system is concerned with further transport and oxidation of the hydro-

gen is probably justified, since he showed a prolongation of respiratory activity as

a result of the addition of cozymase. However, he failed to consider the fact that

tyrosine is present in yeast preparations, so that the rise in respiration may have

been partly due to the addition of substrate for the action of tyrosinase. In gen-

eral, however, Heller's results seem to agree with those of the author insofar as it

can be concluded that tyrosinase functions as a terminal oxidase in the oxygen up-
take of tissue homogenates of pupae. On the other hand, there is considerably less

agreement when Heller extrapolates from the situation in his "brei" preparations
to that in the intact pupa and states that his results establish the role of tyrosinase

in insect metamorphosis as a terminal oxidase in the respiration of the pupae. It is

felt that the writer's researches have demonstrated that very fundamental differ-

ences exist between the respiratory systems of the intact animal and those of the

homogenate, and that these differences are of such a nature as to preclude the pos-

sibility that tyrosinase functions in the respiration of the diapausing pupa of Platy-

samia cecropia. However, it is still open to question whether or not a respiratory

role can be assigned to tyrosinase in other stages of the insect's development.

SUMMARY

1. The Qo 2 of diapausing pupae of Platysainia cecropia is not affected by in-

jection of substrates or inhibitors of the enzyme tyrosinase.
2. The Qo2 of homogenates prepared from such animals is markedly influenced

by the above reagents.
3. On the basis of this and other data, it is concluded that tyrosinase does not

function as a terminal oxidase in the respiration of the diapausing pupa.
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THE MECHANISM OF ACTION OF ACETYLCHOLINE ON
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It has long been known that faradic stimulation of the visceral ganglion of the

bivalve mollusc Venus mercenaria produces an inhibition of the heart (Budington.
1904; Carlson, 1905). Prosser (1940) showed that the cardio-inhibitory mecha-

nism probably involved the release of acetylcholine at nerve endings. Recent

study of the action on the Venus heart of cholinergic drugs and acetylcholine-

blocking agents has shown the inhibitory action of acetylcholine to be nicotine-like

and readily blocked by tetraethylammonium ions (Welsh and Taub, 1948; 1950).
The effects of direct electrical stimulation of isolated molluscan hearts have also

been studied, and it has been shown that anodal current applied to the heart re-

sults in a depression of the heart beat (Arvanitaki and Cardot, 1933; Arvanitaki,

1938; Jullien and Marduel, 1938a; 1938b). In the light of the similarity of these

two responses, the molluscan heart would seem to be a suitable object for the de-

termination of the relationship, if any, between inhibition by direct current and by

acetylcholine.

The investigation of such a relationship involves questions such as : ( 1 ) does

acetylcholine affect a fundamentally electrical process such as resting potential of

the muscle fibers, or ion distribution, thereby producing its characteristic inhibitory

effect, and (2) does appropriate electrical stimulation affect the same electrical

mechanism or does it merely influence one of a complex series of events only in-

directly concerned with contraction and acetylcholine metabolism ?

The approaches we have used are : ( 1
) the study of electrical manifestations

produced by treatment of the heart with acetylcholine and with a blocking agent by

following changes in the electrocardiogram; (2) the investigation of chemical re-

sponses of the heart to electrical stimulation by perfusion of internal fluid from the

stimulated heart to a second heart; and (3) the study of the effects of an acetyl-

choline-blocking agent on the responses to electrical stimulation.

MATERIALS AND METHODS

A. Electrical stimulation

Isolated hearts from large specimens of the quahog, I'cnus mercenaria L., col-

lected from Narragansett Bay were used. The apparatus ( Fig. 1 ) for the stimula-

tion of the heart was essentially similar to that used by Arvanitaki (1938). The

1 This investigation was supported in part by a research grant from the Division of Re-

search Grants and Fellowships of the National Institutes of Health, U. S. Public Health

Service.
2 Present address : Worcester Foundation for Experimental Biology, Shrewsbury, Mas-

sachusetts.
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heart was suspended in sea water between a thread tied around one atrioventricular

junction leading to a light heart lever and a cannula (C) inserted into the opposite

atrioventricular opening. The two aortae were ligated. The stimulating elec-

trodes, S, and S.,, were silver-silver chloride electrodes, one of which (S 2 ) was

clipped into the sea water filling the cannula, and the other electrode (Sj) was a

ring of heavy wire immersed in the bath and surrounding the heart. Because of

the high resistance due to the small pore-size of the cannula, the ring electrode was

considered to be the "effective" electrode, and the cannula electrode the "indiffer-

ent" electrode. Thus, when the ring electrode was negative, the stimulation was

considered to be "cathodal stimulation" and its effect on the heart as "catelectro-

/\

-P

FIGURE 1. Heart bath with electrodes arranged for stimulation. See text for

further explanation.

tonus," and when positive as "anodal stimulation" and "anelectrotonus." The

stimuli were provided by a Grass Model 3-C stimulator equipped to give either

repetitive or DC stimuli.

B. Series perfusioii

A modification of the arrangement in Figure 1 was used, in which a capillary

tube led off from the bottom of the cannula at. "P" to another cannula inserted into

a receptor heart mounted in a separate chamber below. This isolated the receptor

heart from the electrical field of the stimulated heart while keeping the volume
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of the perfusion fluid passing from donor to receptor heart to a minimum. The
rate of perfusion was determined by counting the drops overflowing from the lower

chamber. A small glass cannula was inserted into the upper atrioventricular open-

ing of the stimulated heart to allow the heart to receive sea water from the bath.

C. Electrical recording

An arrangement similar to that of Figure 1 was also used to record the changes
in electrical potential, or the electrocardiogram (ECG). The sea water was re-

placed with pure, light, mineral oil, and the ring electrode was replaced by a fine

silver-silver chloride wire attached to the writing lever and hooked into a loop of

the upper atrioventricular ligature, which had previously been soaked in sea water.

In order to reduce the electrical resistance of the cannula electrode, a silver wire was

led through the cannula pore "C," and heated to form a small ball tip which was

then chlorided.

The electrodes led to a Grass P-3 pre-amplifier, then through a 4 /xfcl con-

denser into the DC amplifier of a Dumont type 304-H oscillograph. This arrange-
ment gave a time constant long enough so that the relatively slow ECG could be

recorded effectively. Tracings were photographed with a 35 mm. camera, while

simultaneous kymographic records of the myogram were made.

FIGURE 2. Record of the response of the isolated heart to a 30-second train of impulses

before and after the addition of 2 X 10"
4 molar prostigmine and 10~

3 molar tetraethylammonium
bromide (Et 4N +

).

.RESULTS

A. Rcfietith'e stimulation

When the heart was stimulated with a train of impulses at 10 per second for

30 seconds, as in Figure 2, an inhibition similar to that produced by acetylcholine
was observed. The addition of the anti-cholinesterases prostigmine or physostigmine

greatly prolonged the inhibition produced by a second train of impulses at the same

voltage, duration, and frequency as the first train. The addition of tetraethyl-
ammonium bromide (hereafter referred to as Et

4N) increased the rate of recovery.
A third train of impulses similar to the first two produced very little inhibition

when this acetylcholine-blocking agent was present in the bath.
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FIGURE 3. Responses of the heart to 30-second cathodal and anodal stimuli of

various voltages.

B. Direct current stimulation

The responses of the Venus heart to constant currents are similar to those of

the Helix heart as reported by Arvanitaki (1938) and Arvanitaki and Cardot

(1933), and those of the heart of Mytilus observed by Jullien and Marduel ( 1938a).

Figure 3 shows the responses to 30 second cathodal and anodal stimuli of various

voltages. It can be seen that the cathodal stimuli increase the frequency of the

beat and the tonus of the heart, while anodal current decreases the frequency and

at higher voltages decreases the tonus. Lastly, while both anodal and cathodal

stimuli decrease the amplitude, at any given voltage anodal stimulation is more

effective.

Following strong DC currents, there is a brief reaction which resembles the

response to current of the opposite polarity. This is also noticeable in Figure 7a

and 7b where, after anelectrotonus, there is a strong contraction followed by a brief

period of increased frequency, and after catelectrotonus there is an immediate

relaxation followed by a brief period of decreased frequency. These responses are

reminiscent of the post-cathodal and post-anodal overshooting of vertebrate nerve

following electrotonus, reported by Lorente de No (1947) and will be referred to

as post-cathodal and post-anodal responses. These results suggested that the

FIGURE 4. Responses of the heart to single anodal stimuli of durations from 0.02 milli-

seconds to 1 second.

1 = 0.02 msec.

2 = 0.05 msec.

3 = 0.1 msec.

4 = 0.2 msec.

5 0.5 msec.

6 = 1.0 msec.

7 = 2.0 msec.

8= 5.0 msec.

9 = 10.0 msec.

10 = 20.0 msec.

13 = 0.15 sec.

24 = 1.0 sec.
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effects of DC stimulation were not the result of nerve stimulation, but were the

result of direct stimulation of the muscle tissue.

As a further check on the possibility that the inhibition is the result of stimula-

tion of nerve endings, single anodal stimuli of 140 volts were given, the durations

of which were varied stepwise from 0.02 milliseconds to 1 second. The responses
of the heart (Fig. 4) were directly proportional to the durations. This supported
the hypothesis that the effects were principally direct electrotonic effects on the

muscle tissue, and suggested a direct experiment on the chemical response of the

tissue to electrotonus using a series perfusion from a stimulated donor to a recipient

heart.

C. Scries perfusion

Of more than twenty attempts to record from the series perfusion arrange-

ment, in only one instance were simultaneous records of the beat of the donor and

S2 S 3 S 4

Ri R2

30 SEC.

FIGURE 5. Record of series perfusion experiment. Upper tracing is that of the donor heart;

lower tracing shows response of receptor heart. See text for further explanation.

receptor hearts obtained. The difficulty was principally due to the blocking of the

cannula in the donor heart by the loosely arranged muscle fibers which tend to oc-

clude the cavity of the heart. Figure 5 is a record of this experiment. The up-

per tracing is that of the donor heart, and the lower that of the receptor heart. The

stimuli which were repetitive are labeled Sj, S 3 ,
S 4 ,

and S-
;
while S 2 was a spon-

taneous inhibition. The responses of the receptor heart are labeled R,, R 2 , etc.,

with subscripts corresponding to the stimuli, the responses to which probably gave
rise to these reactions. The response consists of an acceleration, a sudden decelera-

tion, and recovery. The last three responses of the receptor heart, timed at the

point of sudden change, follow the electrical stimuli of the donor heart by 24, 27,

and 25 seconds, respectively. That the first two responses follow by only 10 and

12 seconds is consistent with the changes which occurred in the rate of perfusion.
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D. The effect of tetraethylammonium ions mid acetylcholine on the electrocardiogram

Having demonstrated a chemical response to electrotonus, the next logical step

was, conversely, to determine the electrical response to treatment with acetylcholine.

Ideally this would have meant determining the changes in both resting and action

potentials. However, the organization of the fibers in the Venus heart is so ir-

regular that resting potential measurements were impractical. The effects on the

FIGURE 6. Simultaneous mechanical and electrical responses of isolated heart.

a, a' Normal heart.

b, b' During application of acetylcholine.

c, c' After washing.

d, d' Following the addition of Et4N.

ECG were recorded and correlated with simultaneous effects on the amplitude and

frequency of the mechanical response. Figure 6 shows simultaneous kymograph
and electrograph records taken before treatment (a, a'), after treatment with acetyl-

choline (b, b'), after partial recovery (c, c'), and after treatment with Et4N (d, d').

The ECG exposure time is indicated by the signal on the kymograph record.

Arvanitaki and Cardot (1933) reported a very similar series of ECGs from the
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Helix heart in response to treatment with magnesium ions, and demonstrated that

if the waves were analyzed as the sums of two diphasic waves of opposite sign
and different speeds of propagation, the complex changes in the observed wave
form could be interpreted as changes in the synchrony of the two diphasic

components.
The wave form of the ECG follows the type of pattern which Prosser (1950)

and Prosser, Bishop, Brown, Jahn, and Wulff (1950) have described as indicating

a myogenic heart.

E. Effect of tetraethylammonium ions on clcctrotonus

The addition of Et 4N to the bath produced significant changes in the response

to anelectrotonus. In obtaining the records shown in Figure 7A, the heart was

stimulated for 30 seconds at a voltage which would just give 100% inhibition. Fol-

lowing the stimulus, there was a sudden increase in tonus. This was followed by

B.

FIGURE 7. A. Record of effect of an anodal current before and after the addition of EtiN

to the bath. B. Record of effect of a cathodal current before and after Et4N.

gradual recovery. After the addition of Et 4N, the same voltage failed to produce

complete inhibition, as shown by the escape of the beat during the passage of cur-

rent. The post-anodal responses wrere augmented by the Et 4
N as shown by the

60% increase in tonus immediately following the anelectrotonus, and by the tem-

porary increase in frequency. The overall recovery from anelectrotonus was also

faster.
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Figure 7B shows the effect of Et.N on catelectrotonus. While two controlo
stimuli showed only a moderate increase in tonus, and a slight tendency to heat

during the stimulus, following the application of Et
4N, the increase in tonus was

much greater and the heats during stimulation were stronger. The post-cathodal

response (i.e., fall in tonus and suppression of heat) was altered so that there was

very little change in tonus and less inhibition of the beat.

DISCUSSION

This demonstration of a relationship between the action, of specific molecules

and that of electrical forces is indirect, and therefore not conclusive. But at the

present stage of our knowledge of the factors involved in muscular contraction, and

the complex series of events which bring about muscular activity, it is reasonable

to postulate a relationship when a striking similarity of site of action and mode of

action can be shown. It is in the light of these similarities that the foregoing experi-

ments will be discussed.

Repetitive stimulation of the isolated Venus heart resembles stimulation of the

visceral ganglion and direct application of acetylcholine in every respect. The reac-

tions are prolonged by an anticholinesterase, and inhibited by an acetylcholine-

blocking agent. The presence of acetylcholine in the heart of Venus mercenaria

as well as small amounts of cholinesterase (Jullien ct al, 1938; Smith and Click,

1939) makes it reasonable to postulate that the repetitive stimulation of the heart

has released acetylcholine. It is not, however, possible to determine from available

evidence whether this release is from muscle tissue or from nerve endings. The

difference between the response to repetitive stimulation and the responses to DC
stimulation indicates that the responses to DC stimulation are not mediated by the

release of acetylcholine, but are the result of a direct electrotonic influence on the

tissues themselves.

Further demonstration that DC stimulation involves more than the release of

acetylcholine from nerve endings is the proportionality of the response with the

increase of the duration of the applied current.

That reversal of polarity also reverses the type of response is the most conclu-

sive evidence that this inhibition is not secondary to nerve stimulation. It further

suggests that the process which is affected by these currents is itself basically an

electrical process, e.g., subject to polarity changes. If increase in tonus and fre-

quency be accepted as criteria of excitation, then catelectrotonus is principally excita-

tory, and anelectrotonus is inhibitory. Thus, superficially, anelectrotonus resembles

the action of acetylcholine and catelectrotonus resembles the action of acetylcholine-

blocking agents.

If there be a close relationship between electrical stimulation and treatment

with certain ions, then it is reasonable to expect that there will be a chemical re-

sponse to electrical stimulation as well as an electrical response to treatment with

the ion in question. The demonstration of the first condition was realized with

the series perfusion experiment. That the response of the receptor heart did not

resemble in detail an acetylcholine response does not detract from the thesis. It

shows that chemicals are released and that these chemicals are concerned with

contraction (and are factors in regulating frequency and amplitude as well as
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tonus). The demonstration of an electrical response to treatment with acetylcholine
was somewhat more direct. A comparison with the analysis of Arvanitaki and

Cardot (1933) of the magnesium response of the Helix heart will show that the

synchrony of the two diphasic components was affected quite differently by acetyl-

choline and its blocking agent.

Having demonstrated an interrelation between electrotonus and the acetyl-

choline system, it now remains to define the closeness of this relationship. The

specificity of Et 4N as an acetylcholine blocking agent in the Venus heart should,

by the nature of its effects on electrotonus, help to define the closeness of electro-

tonus and the acetylcholine mechanism. Tetraethylammonium ions have been

shown to antagonize the inhibitory action of anelectrotonus, not only in decreasing
its ability to inhibit the beat (Fig. 7A), but, in the case of the post-cathodal response

(which is essentially anodal in character), in antagonizing the fall in tonus as well

as the suppression of beat ( Fig. 7B ) . Not only is there an antagonism between

Et 4N and anelectrotonus, but there is a synergism between Et
t
N and catelectro-

tonus. This is shown in the increase in the cathodal make contraction (Fig. 7B),
in the increase in the tendency to beat during the stimulus, and further in the in-

crease in the post-anodal response (i.e., increase in anodal break contraction, and

increase in beat frequency seen in Figure 7A ) . It has already been pointed out that

the process affected by electrotonus must be basically an electrical process, since it

is reversed by changes in polarity. That Et 4N affects a closely allied process is

strongly suggested by the fact that the Et 4N effect is also reversed by changes in

polarity. When this evidence is added to the specificity of Et 4N ions in block-

ing acetylcholine, it seems likely that there is a close functional relation between

electrotonus and the acetylcholine system.
The results obtained in the present study, together with earlier findings, lead

to the following tentative view of the mechanism of action of acetylcholine in the

Venus heart : impulses in cardio-inhibitor nerve fibers ending in the two atrioven-

tricular regions of the heart release acetylcholine from an inactive complex within

the smooth muscle fibers themselves. The released acetylcholine plays a role in

processes leading to changes in polarity of muscle fiber membranes and doubtless

to changes in permeability. Normal contraction and the spread of excitation by

way of muscle fibers is interfered with and the amplitude and frequency of beat

are reduced, or the heart stops in a relaxed condition, depending upon the amount

of acetylcholine set free. Recovery occurs as the acetylcholine is slowly destroyed

by the small amount of cholinesterase present and is washed away by the circulat-

ing blood.

SUMMARY

1. The relationship between electrical stimulation and inhibition by acetyl-

choline has been studied in the Venus heart.

2. Stimulation of the heart with direct current produced negative inotropic,

chronotropic, and tonotropic effects when anodal, and produced positive chrono-

tropic and tonotropic effects wrhen cathodal. The reversibility of the response with

changing polarity is taken as an indication that the step in the regulatory process
influenced by electrical stimulation is itself fundamentally electrical.
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3. A chemical response to electrical stimulation was demonstrated by the effect

on a receptor heart of fluid perfused from a stimulated donor heart.

4. An electrical response to acetylcholine is shown by changes in the ECG.
These changes are interpreted as changes in conduction velocity of two propagated

monophasic components of opposite sign.

5. The acetylcholine-blocking agent tetraethylarnmonium bromide is shown to

antagonize anoclal effects and to augment cathodal effects in this tissue.

6. These interactions between electrical and chemical aspects of the beating of

the Venus heart suggest that the acetylcholine system is intimately associated

with the electrical aspects of excitation.
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CYTO-EMBRYOLOGICAL STUDIES OF SEA URCHINS. I. THE
MEANS OF FIXATION OF THE MUTUAL POSITIONS AMONG

THE BLASTOMERES OF SEA URCHIN LARVAE 1

KATSUMA DAN AND TOMONAO ONO

Biology Department, Tokyo Metropolitan University, Mcguro-Ku, Tokyo, and Misaki

Marine Biological Station, Misaki, Kanagaiva-Kcn, Japan

Among embryologists in recent years, an attempt has been made to elucidate

the cause of morphogenesis on the basis of the activities of individual cells com-

posing the larvae. In a brilliant series of studies begun in 1930, A. R. Moore has

endeavored to show, in sea urchin larvae, that blastula- and gastrula-formation can

be explained by considering the cohesion of blastomeres by protoplasmic strands

on the one hand and colloidal osmotic pressure changes within the blastocoele on
the other. Holtfreter's (1943, 1947, 1948) elaborate work on amphibia, in which

he attributed prime importance to the "surface coat," follows a somewhat similar

plan.

From a recent study of the hyaline plasma layer of sea urchin eggs, however,
the authors have arrived at a notion slightly different from Moore's as to the role

of this layer, and the present paper presents a critical comparison of the two con-

cepts. In later papers, the results of the repetition of Moore's experiments will be

presented, in which practically all Moore's interesting findings are confirmed with

some additional facts and the data so obtained reconsidered from the authors' point
of view.

In a study of the eggs of the medusa, Spirocodon saltatrix (Dan and Dan, 1947),
the spinning activity which binds together newly formed blastomeres was investi-

gated. In that form, the entire course of the process could be followed, from the

formation of fine processes on the furrow surface to their later amalgamation into

a lamella. The process was unaffected by the absence of Ca++ ions. These ob-

servations raised the question of how the mutual positions of blastomeres are fixed

in sea urchin larvae.

In the literature, there are two schools of thought which disagree on this prob-
lem. One is the group led by the Andrews (G. F. Andrews, 1897; E. A. Andrews,
1897a, 1897b, 1898) and recently supported by A. R. Moore and his associates

(A. R. Moore, 1930, 1945; M. M. Moore, 1932; Whong, 1931). These work-

ers contend that the mutual positions :imong sea urchin blastomeres are main-

tained by protoplasmic threads which bind them together. Andrews believed these

threads to be the result of a "spinning" process. However, for the present authors,

who have followed the entire process of spinning in Spirocodon, the bases for their

conclusions seem rather unsatisfactory, since none of them succeeded in seeing the

threads being spun in the living condition.

1
Preliminary notes (in Japanese) covering part of the contents of this paper were pub-

lished in the Yatsu Jubilee Volume of the Zoological Magazine, vol. 57, pp. 127-131, 1947.
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In 1900, Herbst challenged this idea of the Andrews with experimental data.

In his well-known experiment using Ca-free sea water, lie found that the hlastomeres

fell apart on the dissolution of the hyaline plasma layer in the absence of Ca++
ions.

From this, he proposed that the hyaline plasma layer was a sort of "Verbindungs-
membran" which binds the blastomeres together. But Herbst did not commit
himself to any definite opinion concerning more concrete details of this function.

As a matter of fact, this point continues to remain vague. Chambers (1925)

proposes that in Echinarachnius parnia, the hyaline plasma layer serves simply as

a bag, since the blastomeres can be moved freely within it with a microneedle. Gray
( 1931 ) maintains a more complicated view. He believes that the hyaline plasma layer
of sea urchin eggs is composed of an outer gel part and an inner sol part, the second

of which directly surrounds the blastomeres. In another study on the gills of the

mussel, Mytilus cdulis, he successfully demonstrates that the intercellular matrix

holds the cells together. Unfortunately, Gray's connection with these two originally

separate observations seems somehow to have resulted in a confusion of their

component parts, giving rise to the misconception that the inner fluid portion of the

FICUI.K 1. (A) A fertilized sea urchin egg in a calcium-free medium showing the halo-

layer (after Herbst). (B) A fertilized sea urchin egg in sea water showing radial lines

running across the intact hyaline plasma layer (after Gray). (C) Enlargement of (B).

hyaline layer of sea urchin larvae acts as a cementing agent between the blastomeres.

It is obviously a questionable procedure to assign a cementing role to a fluid

substance.

As can be clearly seen in Figure 5, the outer gel part remains extended over the

furrow instead of inserting itself between the blastomeres. Therefore, the au-

thors believe it erroneous to think, as Gray does, that the outer gel layer and the

inner fluid layer both together make up the hyaline layer. Only the gel part must

be considered as the hyaline layer.

Lastly, two things must be mentioned about the structure of the hyaline plasma

layer. In his first work on the effect of Ca-free sea water on sea urchin eggs,
Herbst (1900) noticed that after the dissolution of the hyaline plasma layer, numer-
ous fine processes remained on the surface of the eggs. He described such a sur-

face with the term "Strahlensaum," which is sometimes translated as "halo-layer."

(See Herbst's Plate XVIII and also Motomura's Figure 12, 1941.) Herbst

thought that this halo-layer was the hyaline layer itself which had changed its form
in the Ca-free medium (Fig. 1 A). On the other hand, Gray (1931) has pointed
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out that there are many radial lines running across the intact hyaline plasma layer
which are really cytoplasmic in nature (Fig. 1 B and C).

The authors propose to demonstrate that Herbst's halo-layer and Gray's radial

processes within the intact hyaline plasma layer are identical structures. Moreover,
it is easy to imagine that these numerous processes, extending between the inside

of the gel layer and the surfaces of the blastomeres, would serve to prevent any
mutual shifting of position among the blastomeres. These processes will hereafter

be referred to as "attachment fibers."

BASIC FACTS

The opinion expressed above to the effect that the radial striations within the

hyaline plasma layer are protoplasmic processes attaching the egg surface to the

27.5C B 30.0C 24.5C

lOO/i

FIGURE 2. Outline drawings of the hyaline layer and the egg contour, by a camera-lucida,

of three Mespilia eggs showing a sudden increase in the thickness of the hyaline plasma layer

immediately preceding cleavage.

hyaline plasma layer is a concept of a rather a priori nature. The factual evidence

in its support is presented below.

1) Attachment fibers. Under normal conditions, the hyaline layer becomes

clearly visible around the egg about 10 minutes after fertilization. Subsequently,
the layer retains a more or less constant thickness. During this time the radial

striations are just recognizable within the layer.

A few minutes before the onset of cleavage, however, the layer is suddenly lifted

off the egg surface (see Fig. 2) and the striations become more apparent. Figure
4 shows a photograph of the egg of Mespilia globulus in this condition. On ex-

amination, it is revealed that this apparent lifting off of the layer is really due to

an accumulation of fluid between the layer and the egg surface. As a result of the

accumulation of this fluid, the hyaloplasmic envelope is inflated, which, in turn,

stretches the attachment fibers. This stretched condition of the fibers makes the

striations stand out particularly clearly (Fig. 3 B).
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2) Protoplasmic nature oj the attachment fibers. Staining the eggs with neu-

tral red and observing them through a green filter
-

greatly improves the optical

differentiation of the attachment fibers. Figure 5 illustrates the two-cell stage of a

Mespilia egg so treated. The material shown in Figure S is in the late two-cell

stage, when the blastomeres are rounding up in preparation for the second cleavage.

It is obvious that the rounding blastomeres are stretching the attachment fibers in

the vicinity of the furrow.

FIGURE '3. Explanatory figures for illustrating the movement of the intra-hyaloplasmic

fluid. (A) Condition of the hyaline layer during the monaster and the streak stages. The

amount of the fluid is small or practically none. (B) Within three minutes prior to cleavage,

fluid which comes from outside through the hyaline layer accumulates between the layer and

the cell surface. The hyaloplasmic envelope is thus inflated and consequently the attachment

fibers are stretched. (C) After cleavage, the fluid comes around into the space between the

freely movable apposed surfaces, releasing the tension on the attachment fibers. Fibers on both

sides of the cleavage furrow slant toward the cleavage plane, showing that their bases are

being pulled apart. Hy : hyaline layer ; sp : fluid space ; cyt : cell body.

Over-staining with neutral red often causes a roughening of the fibers, as is

illustrated in Figure 6. This condition is convenient for showing the protoplasmic
nature of the fibers, because in the thickened state they are not only more easily

traced to the egg surface but they even acquire the same coloration as the cytoplasm.
On these bases, it seems justifiable to identify the radial striations of the hyaline

layer with the halo in a Ca-free medium.

3) Adherence of the blasiomere surface to the hyaline plasma layer by means

of the attachment fibers. As was stated in the previous section, fluid accumulates

between the egg surface and the hyaline plasma layer just before the first division.

2 Filter: Riken's "Luminas filter" No. 110. Plate: Fuji panchromatic process.
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FIGURE 4. Egg of Alcspilia f/lobnlits immediately prior to the first cleavage. The apparent
thickness of the hyaline plasma layer has increased, owing to the accumulated fluid under the
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Although the cause of this accumulation will be dealt with in a later paper, the

reader is asked to accept, for the time being, the idea that it is due to the develop-
ment of a colloid osmotic pressure within this space.

During the one-cell stage, the accumulated fluid is automatically distributed

evenly around the egg cell. However, when the mid-interkinetic stage of the

two-cell stage is reached, its distribution changes fundamentally. At this stage,

contrary to the contention of Andrews and Moore, no spinning threads whatsoever

can be found between apposed surfaces of the two blastomeres. As a result, the

apposed surfaces are not bound together but are quite free to separate. They are

therefore pulled apart by the tension of the attachment fibers (Fig. 3 A, B, C),
while the fluid which had been surrounding the egg cell streams into the space be-

tween the blastomeres.

Another factor which should be borne in mind is that the hyaloplasmic envelope
at this stage is inflated in comparison with the non-cleaved stage as the result of the

fluid accumulation. Consequently when the outer surface of the blastomeres is

pulled toward the hyaline plasma layer, it must be expanded to equal the new size

of the hyaline plasma layer. The persistence of the connection between the

blastomere surface and the hyaline plasma layer produces the result shown in the

surface view of the furrow region during the interkinesis (Fig. 8), where the "rims"

of the cup-shaped blastomeres, obviously under some tension, are stretched out into

thin films of cytoplasm.
At the end of the interkinetic stage, as the development of the diasters draws

the cytoplasm toward the centers of the blastomeres, the granular endoplasm is

completely withdrawn from the thin apposed rims (Fig. 9), leaving only the trans-

parent surface layer still attached to the inside of the hyaline plasma layer. Evi-

dence that the blastomere surface retains its attachment is found at each succeed-

ing interkinesis, when the disappearance of the mitotic apparatus and consequent
diminution in turgidity of the blastomeres permits granular cytoplasm to flow

back into the thin peripheral areas, as can be seen in the surface view of the second

interkinesis (Fig. 11).

layer. The protoplasmic processes which appear as radial striations are being stretched between
the hyaloplasmic gel layer and the egg surface.

FIGURE 5. Later two-cell stage of Mespllia when the blastomeres are rounding up for

preparation for the second cleavage. The material is stained in neutral red and observed

through a green filter. Notice that the protoplasmic processes are more evident. Those
around the cleavage furrow are pulled out by the rounding cells.

FIGURE 6. Egg over-stained by neutral red in which the protoplasmic processes have be-

come thicker and coarser.

FIGURE 7. Optical section of the two-cell stage of Mcspilia, showing a lens-shaped space
between the two blastomeres. The white patch on the left blastomere is a reflection of light

from the surface. In this stage, the apparent thickness of the hyaline plasma layer decreases

again.

FIGURE 8. Surface view of the egg shown in Figure 7, showing the thin tongue of cyto-

plasm along the contact line between the two blastomeres.

FIGURE 9. Surface view of the two-cell stage in which the two apposed surfaces separate

widely. Note that the cytoplasm of the blastomeres is still adhering to the hyaline plasma

layer.

Scale shown on the left is common for Figures 6-9, the smallest division being 10 micra.
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During the interkinetic stage following the second cleavage the fluid space in the

center between the four blastomeres becomes larger. In Mespilia, because of the

FIGURE 10. Optical cross section of a four-cell stage of Mespilia ylobulus, showing a large
fluid space at the center of the four blastomeres.

FIGURE 11. Surface view of the junction of four blastomeres of Mespilia.
FIGURE 13. The interkinetic stage of the two-cell stage of Stronyyloccntrotus pulcher-

rhnns. The fertilization membrane has been removed. The two blastomeres are in close con-

tact without any such between-space as is found in Mespilia.
FIGURE 14. The two-cell stage of Strongylocentrotus treated with a hypertonic medium,

showing the appearance of a space between the two cells. A glassy spindle remnant is in the

center of the space.

FIGURE 15. A two-cell stage of Strongylocentrotus previously treated with isotonic urea,
in a hypertonic medium. The softened hyaline layer is pulled in with the shrinking blastomeres

without forming the lens-shaped space.

FIGURE 17. Surface view of a morula of Clypcastcr japoniens during a division cycle.

Note that the cells bulge out, the intercellular space appears and the whole larva becomes

bumpy on the surface.

FIGURE 18. The larva shown in Figure 17 during the following interkinetic stage. The
slackened cells are spreading along the hyaline layer and the intercellular space is abolished.



CYTO-EMBRYOLOGY OF SEA URCHINS. I 65

transparency of the blastomeres, this space can be photographed through the cell

bodies. Figure 10, shows such a large space and it also shows how the "rims" of

cytoplasm are encircling the fluid space. The surface view at the junction of the

four blastomeres is shown in Figure 11.

4) Inflation of the hyaloplasmic envelope and a consequent dispersal of the

blastomeres. If 4- to 16-celled embryos of Mespilia from which the fertilization

membranes have been removed are put into 50% or 70% sea water,, the hyaline

plasma layer becomes inflated to a great extent and the blastomeres are carried with

it away from each other. Figure 12 shows that, in spite of the volume increase of

the blastomeres in the hypotonic medium, the cells are widely separated from one

another. The dilution in the salt concentration obviously causes a softening of the

hyaloplasmic gel. Such a decrease in the tensil strength of the layer would result

in an increase in equilibrium volume even when the contained colloid remains con-

stant in amount. The softening of the gel is further attested to by the fact that the

hyaloplasmic layer under these conditions deviates from a spherical shape, owing
to the pull by the blastomeres.

FIGURE 12. Four-cell stage of Mespilia ylobnlns put in 50% sea water. The hyaloplasmic

envelope is softened and expanded. The blastomeres are carried away from each other as the

envelope enlarges.

5) Experimental induction of a lens-shaped space between the blastomeres.

In the eggs of Strongylocentrotiis pulcherrimus, the amount of the fluid which ac-

cumulates between the blastomeres during the interkinetic stage of the two-cell

stage is not so large as in the case of Mespilia globnlus. As a result, the two
blastomeres are nearly always touching at the cleavage plane (Fig. 13). If the

adherence between the hyaline plasma layer and the blastomere surface also exists

for Strongyloccntrotus, there ought to be a way to induce a lens-shaped space also

in this species by artificial means. As was pointed out above, the appearance of

the lens-shaped space in Mespilia is caused by the inflation of the hyaloplasmic

envelope. However, the same end will be achieved by decreasing the volume of the

blastomeres while keeping the hyaloplasmic envelope unchanged. Such a condi-

tion should be obtainable by putting the two-cell stage of Strongylocentrotiis into

a hypertonic medium, because in the hypertonic medium, the blastomeres would
shrink while the volume included within the hyaloplasmic envelope would not be

affected, since the layer is freely permeable to salts. This expectation is borne out,

as is shown in Figure 14.

6) Rigidity oj the liyaline layer and the appearance of the lens-shaped space. It

can further be shown that the rigidity of the hyaline plasma layer is an essential
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factor for the appearance of the lens-shaped space in Strongyloccntrotus. If fer-

tilized eggs with the fertilization membranes intact are put into an isotonic urea

solution, the hyaline layer swells and fills the perivitelline space. On being re-

turned to sea water, however, the hyaloplasmic substance shrinks again and the

layer is re-formed, although it is slightly roughened and softer than normal. When
the eggs with softened hyaline layer are exposed to a hypertonic medium (15 gr.

of NaCl added to 1 liter of sea water), the hyaloplasmic layer is pulled in with the

blastomere surface and no lens-shaped space appears between the blastomeres.

This condition is shown in Figure 15.

A

B

FIGURE 16. Two-cell stage of Strongyloccntrotus pnlchcrrinnis treated with a hypertonic

medium at early (A) and later (B) interkinetic stage. A-series: 1) Appearance of a lens-

shaped space with a spindle remnant. 2) A little later. The spindle remnant has dissolved.

3) Oblique view. The apposed surface is roughly circular in shape. B-series : 1) Surface

The blastomeres are triangular in shape. 2) Oblique view. The apposed surfaces areview.

also triangular. 3) Polar view of one of the blastomeres. This is also triangular, indicating

that the blastomeres are tetrahedral in shape.

7) Change in the tendency for forming the lens-shaped space during inter-

kinesis. When the time of exposure of Strongylocentrotus eggs to the hypertonic
medium is shifted during the interkinesis of the two-cell stage, significantly dif-

ferent results are obtained. If the hypertonic treatment is given immediately after

cleavage, a typical lens-shaped space is formed as has been described (see Fig. 14).
But if the transference to hypertonic sea water is made from 15 to 20 minutes

later, although a gap appears between the two blastomeres to some extent, a more

conspicuous effect is that the entire blastomere takes a roughly tetrahedral shape

(Fig. 16).
This marked difference in the forms assumed by the blastomeres under the

same treatment must be attributed to the change which takes place in the consistency
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of the apposed surfaces during the interkinetic period. There are reasons to think

that the apposed surfaces are weak immediately after the completion of a cleavage,

gradually, however, attaining the same consistency as that of the rest of the cell

surface as the time passes.
3 As the result of this change, the inclination for the

apposed surfaces to be selectively indented disappears, and the hlastomeres tend

to shrink uniformly over their entire surfaces. An important point is that when

this happens, the shrinkage force is directly transmitted to the hyaline plasma

layer by the mediation of the attachment fibers. But the hyaline plasma layer is

inelastic and its surface area is fixed. The inevitable result is that the larva as-

sumes a tetrahedral shape, since among objects with the same surface area, a tetra-

hedron includes the minimal volume. From the above observations, it can be said

that if allowance is made for the change in strength of the apposed surfaces, the

notion of the connection between the elastic cell surface and the inelastic hyaline

plasma layer can admirably explain the rather complicated behavior of the blasto-

meres in a hypertonic solution.

DISCUSSION

Although the work reported in this paper was originally planned as a part of

our serial study on the behavior of the cell surface during cleavage, in developing,

it led our interest into a new7 channel. In this sense, the present paper is a con-

necting link between the previous series on cell division and a new one on cyto-

embryology. As a result, some phases connected with the former series must also

be discussed.

(1) Considerations on surface bcliavior during cleavage

The new notion of the adherence of the blastomere surface to the hyaline plasma

layer necessitates re-consideration of the results of the kaolin experiments pre-

viously reported. In the first paper of the kaolin experiment (Dan, Yanagita
and Sugiyama, 1937), the behavior of the hyaline plasma layer and that of the

naked cell surface during cleavage were reported in the eggs of Mespilia globulus.

The results indicated that while the various regions of the denuded cell surface

behave in a manner characteristic to their topographical positions in reference to

the spindle, the hyaline plasma layer shows a slight and uniform change over the

entire surface with some exceptions for the furrow region. This uniform change
in the hyaline layer was interpreted in terms of Gray's dual structure of the layer

and it was suggested that the hyaloplasmic gel must be slipping over the underlying
cell surface, although the cell surface itself wrould still be moving in a regionally

characteristic fashion. As a result of the present investigation, this interpretation

has been shown to be erroneous.

It is, however, now possible to imagine the behavior of the cell surface under an

intact hyaline layer in the following manner. At division, the movement of the

cell surface would ordinarily be prevented because of its connection to the hyaline

layer, except when the change on the naked surface becomes strong enough to

overcome the rigidity of the hyaloplasmic gel. This latter situation arises only at

the cleavage plane. When the furrow region of the protoplasmic surface shrinks

3 This problem will be taken up separately in another paper.
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during the initial stage of division, the overlying hyaline layer is made to wrinkle.

In later stages of division when the protoplasmic surface cuts in as a furrow, the

overlying hyaline layer is often stretched and pulled in with it as long as the at-

tachment fibers do not break. In short, because of this fixation of the surface, when
a furrow cuts in, the material forming the newly formed furrow surfaces must con-

sist of the stretched-out material derived from a very narrow strip which girdled the

equator of the spherical stage. This point is important for an analysis of the dis-

crepancy in opinion between Motomura and Dan on the division mechanism which

will be given in a future paper.

(2) Considerations on the mechanism of cleavage

Observing the cleavage of Arbacia eggs in a hypotonic medium (65% sea wa-

ter), Scott (1946) noticed an unusual elongation of the stalk which is left between

the separating blastomeres. Scott, who believes that this stalk is composed en-

tirely of gel, interprets this phenomenon as an indication of an extraordinary power
which the equatorial surface possesses of contracting by gelation. On this basis,

he throws doubt on the author's hypothesis, saying (p. 284), "Dan's hypothesis is

not in accord with the observations presented here concerning the continued elonga-
tion of the cleavage stalk in hypotonic sea water for it is impossible to see how the

astral suction mechanism could explain the further constriction of a long, completely

gelated stalk."

As a matter of fact, the observation is a very good example of astral cleavage.

According to the author's theory, cell division is achieved through separation of two

asters by an autonomously elongating spindle. It was already mentioned that in

this elongation there is always found a slight over-shoot in order to secure a clear-

cut separation of the blastomeres (Dan, 1943, p. 318). By over-shoot, it is meant

that the elongating spindle becomes longer than just sufficient to separate the

blastomeres so that the spindle is exposed at the middle, forming the stalk. Under
certain experimental conditions and with special materials, this stalk is observable.

As soon as cleavage is complete, however, the stalk begins to dissolve, passing

through a beaded stage and eventually separating into many droplets. Scott

traced the fate of the stalk only to this beaded stage. Thinking that the beaded

condition is an expression of exaggerated contraction, he concludes (p. 285), "the

observations made in this paper on the continued 4 constriction of small stalks after

they consist entirely of gelated material are taken as strongly favoring the con-

stricting ring theory of Lewis." On the contrary, the authors believe that the

beaded condition is actually an indication of liquefaction.

The over-shooting and later liquefaction of the spindle are phenomena of con-

stant occurrence as long as a cell divides, and are not such haphazard things easily

affected by environmental changes as Scott suggests. But unless a special ma-

terial such as Mespilia which forms an extraordinarily wide lens-shaped space is

used, the stalk is usually hidden from sight as in Strongylocentrotus shown in Fig-

ure 13. It comes into view only when the external resistance offered by the hyaline

layer is removed either by its dissolution or softening. Scott used variously a Ca-

free medium, hypotonic medium and low temperature to obtain such an effect.

4 Our italics.
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Certainly either of the first two of his conditions would result in removing or

softening the hyaloplasmic gel.

(3) Considerations on the cleaz'ac/e pattern

(a) The formation of the lens-shaped space in sea urchin eggs reminds one of

the same phenomenon occurring in other forms. This is often reported in Mol-

luscs : in the eggs of the snail, Lymnaea, and so far as the authors are aware, most

strikingly of all in Dressensia polyinorpha, studied by Meisenheimer (1900).
It must be mentioned here that in the eggs of the medusan, Spirocodon saltatri.v.

which have absolutely no extraneous coats and in which a typical spinning activity

takes place between the blastomeres, a lens-shaped space appears when the eggs are

put into a hypertonic medium during the interkinetic stages. An explanation of

this phenomenon, even in the absence of an enveloping layer, is conceivable if the

apposed surfaces are found to be sufficiently weaker than the other surface areas.

Further investigation of this point is needed.

(b) Concerning the surface area of blastomeres, Errera (1886) and Thomson

(1887) were the two earliest investigators to point out the conformity of the cleavage

patterns of animal eggs to the Law of Minimal Surface, and Robert (1902) imitated

cleavage patterns of the spiral type with soap bubbles. Although the Errera-

Thomson Law involves a very keen analysis, it must be admitted that the Law is

rather an admirable description of the cleavage pattern of the spiral type than an

explanation of the phenomenon. But what the Law does bring out clearly is the

fact that the cleavage pattern of sea urchins as it is manifested in the four-cell stage

decidedly does not conform to the principle of the minimum surface (see Fig. 10).
The force by which sea-urchin blastomeres resist the Law is supplied by the adher-

ence of their surfaces to the common envelope (the hyaline plasma layer), which is

an inelastic gel.

(-/) Considerations on the spinning theory

G. F. Andrews was the first investigator to report on the spinning activities in

starfish and sea urchin eggs (1897). She pictured numerous "spin threads" com-

ing out from the furrow sides at the first cleavage as well as at the following ones.

She also described the irregular contours of the cells around the "cleavage cavity

pore" at the time of its closure and interpreted this as a result of spinning among
the neighboring cells.

E. A. Andrews expanded the observations to other forms and reported his

results in three papers (1897a, 1897b, 1898). Leaving aside a discussion of fixed

materials for the present, what he found in living eggs of both Serpula and Yoldla

was not the anastomosis of protoplasmic strands but only radially arranged proc-
esses reaching the enveloping "cuticle." In other words, the condition he ob-

served coincides perfectly with what the authors find in sea urchin eggs.
More recently, Moore (1930) supported the spinning hypothesis with other

lines of evidence. He believes that there are two kinds of material connections

between blastomeres : the primary and the secondard bridges. His single primary
bridge is formed at the point where the blastomeres were last connected. The
numerous secondary bridges between daughter cells are characterized by their

appearance only when the blastomeres are brought into contact with each other.
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Concerning the primary bridge, judging from Moore's descriptions and also

from the references cited, there is no room for doubt that he is referring to the

remnant of the division spindle. But the present authors cannot agree with his

opinion that the primary bridge remains through many division cycles. In a Ca-

free medium, it is easy to see the disintegration of the spindle remnant during the

interkinetic stage. In normal sea water, in which the blastomeres come into close

contact, the spindle remnant can be seen by the hypertonic treatment reported above.

If the eggs are treated immediately after cleavage, a highly refractive glassy spindle
is visible, as shown in Figure 14, while if treated later, no such structure can be seen.

Concerning the secondary bridges, the most important point is the fact that

Moore himself rejects the possibility of the spinning activity in Andrews' sense.

Moore writes (p. 196), "It should be specifically stated that in our experience
functional cell-bridges arise only as the result of contact between the blastomeres.

They are never spun across an open space as stated by E. A. and G. F. Andrews."

Considering the fact that the Andrews' finding has never been confirmed, it is al-

most certain that the possibility of the spinning activity in their sense is ruled out,

at least for early segmentation stages of sea urchins.

Now, Moore insists on the point that the secondary bridges are formed only when
the blastomeres are brought in contact. His student Whong ( 1931 ) shoxved that such

secondary bridges can also be made to appear between two eggs. However, as long
as contact is said to be indispensable for the establishment of the secondary bridges,
it is impossible to see the bridges in their formation. Consequently, the only way left

is to make a careful observation of the formed bridges and judge whether they are

really living cell constituents or the passive products of adhesion. Unfortunately,
Moore's paper includes hardly any description of them except that they are hyaline.

Whong sketched them as numerous fine threads. M. M. Moore mentions (1932, p.

492) that in sea water they are broad and granular ;
in Ca-free medium, narrow and

colorless. This much description is insufficient to clinch their argument because a

"broad granular" projection in sea water may very likely correspond to the rims

of cytoplasm which the present authors showed in Figures 8 and 11, and a "narrow

and colorless" projection can easily be an extraneous structure resulting from ad-

hesion. But before proceeding further, we have to consider their third piece of

evidence.

According to A. R. Moore, if a larva which is devoid of the hyaline plasma
layer is allowed to develop to a stage corresponding to a blastula, the blastomeres

form a flat plate or sheet. Furthermore, the intercellular spaces expand at the divi-

sion of the cells while they vanish during interkinesis, and the whole plate alter-

nately curls up and flattens, exhibiting such movement as might be called systole

and diastole, with each division cycle. He attributes this change to the contrac-

tility of the cell-bridges.

Obviously, the optimism of Moore's group arises from their belief that their ma-
terials are really free from any trace of hyaloplasmic substance. But simply for the

sake of argument, if the existence of a hyaloplasmic residue around the eggs is

imagined, Moore's findings can be strung into a different but equally complete story.

In the first place, Moore believes that the primary bridge remains through many
division cycles, an opinion with which the authors have already expressed dis-

agreement. But when an egg coated by a trace of the hyaloplasmic substance
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cleaves, the coating layer often accumulates around the connecting stalk and remains

for a long time even after the spindle remnant dissolves. Herbst's (1900) figures

(Plate XVIII, Figs, la-li) illustrate such an accumulation.

Secondly, if the existence of such a gelatinous coating is imagined, the appear-
ance of the secondary bridges on contact would be a most natural result. It is re-

grettable that Moore and Whong did not attempt to induce the formation of sec-

ondary bridges by application of some inanimate surface such as a glass rod to the

egg surface.

Finally, the plate formation in later stages suggests most forcibly the probable
existence of such a gelatinous covering, for when a larva is thoroughly washed in a

Ca-free medium, the blastomeres simply pile up, never forming a sheet (Motomura,
1941, Figs. 9, 10, 11). Herbst (1900) writes that if a larva reared in normal

sea water is transferred to a Ca-free medium, the larva first turns into a plate and

then the cells separate. A phenomenon corresponding to the "systole and diastole"

of Moore can actually be seen in a morula developing in sea water, which the au-

thors interpret as a direct result of the presence of the hyaline plasma layer and

the attachment to it of blastomere surfaces. Two photomicrographs of a morula of

Cl\pcastcr japonicus are included here (Figs. 17 and 18). When division occurs,

the blastomeres round up and the bulge of each cell is apparent in the outline of the

hyaline plasma layer, while the intercellular spaces become more apparent. Dias-

tole corresponds to the interkinetic stage in which the blastomeres are slackened.

The slackened cells are now pulled back by the hyaline plasma layer by the attach-

ment and spread along the inner surface of the layer. The inter-cellular spaces

are filled in.

In short, as far as Moore's data are concerned, the chance seems to be even in

favor of both their and our contentions. Therefore, in order to decide how much

guarantee they have that the material is free from a coating of any sort, the last

resort left is to examine their method of experiment. Fortunately, M. M. Moore's

paper gives a full account of the method adopted. She says that if the eggs of

Paracentrotus liridus and Echinus microtuberculatus are washed in the unfertilized

condition with urea or glycerine and are later fertilized in sea water, they give

rise to larvae without the fertilization membrane. If they are treated with these

agents during the formation of the fertilization membrane, they are quickly killed.

If the treatment is deferred too long, the fertilization membrane will not dissolve.

''About 10 minutes after normal fertilization membranes have appeared, the eggs

are washed in 10 cc. of 1.2 molecular solution of glycerine or urea of pH 8.0, then

transferred to another watch-glass containing the same solution. In from 2 to

5 minutes, depending upon the female furnishing the eggs, the jelly and the fertili-

zation membranes swell and dissolve, allowing the eggs to fall out onto the bottom

of the dish. When about halj the eggs are jree,
5
they are washed in sea water,

then transferred to another dish of sea water where they develop" (p. 489-490).

As is clear from the above quotation, they have only the minimal guarantee

since they transferred the eggs from the nonelectrolyte solution to sea water when

the dissolution of the substance is barely beginning. The authors do not hesitate

to admit from their own experience that non-electrolyte solutions are far more

5 Our italics.
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potent than a Ca-free salt solution for suppressing the formation of the hyaline

plasma layer. But they are afraid that Moore and his associates were too optimis-
tic in trusting the power of the non-electrolyte solutions.

It must be mentioned, however, that Moore's group is provided with an objec-
tive method to test whether or not the hyaloplasmic residue persists. According
to M. M. Moore, the residue, if it remains, can be made visible by adding a small

amount of 2.5 molar NaCl solution to the medium (2 or 3 drops in 10 cc.). By
means of this technique, she found the residue around Ca-free washed eggs, while

on the urea-treated eggs, nothing wras seen. Unfortunately, in spite of the ingenuity
of this procedure, their results are not guarded against the possibility of a further

secretion of the hyaloplasmic substance as the development continues in sea water.

The final point to be mentioned is that one of the reasons for Moore's great
insistence on the protoplasmic nature of the spinning processes is that he considers

that only the existence of such protoplasmic unity among the blastomeres would

allow them to be organized into a harmonic larva. In order to refute his theory,

then, we have to show that our concept can also explain the harmonious develop-
ment of a larva. Such an attempt will be found in the following paper.

The authors wish to express their indebtedness to the staff of the Misaki Marine

Biological Station for use of the Station's research facilities. The present work was

supported by the Research Expenditure of the Ministry of Education.

SUMMARY

1. The proposal made by the Andrews and A. R. Moore that sea urchin blasto-

meres are bound together by means of protoplasmic strands is rejected and the

notion is advocated that sea urchin blastomeres are stuck to the inside surface of the

hyaline plasma layer by attachment fibers radiating out from the blastomere sur-

face. This mode of fixation secures definite relative positions among the blasto-

meres. Evidences are put forward indicating the above relation.

2. Possible sources of errors in the spinning theory of Andrews and Moore are

analyzed.
3. Points concerning the movement of the cell surface during cleavage and the

pattern of cleavage are considered.
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In the foregoing paper of this series (Dan and Ono, 1952), evidences were put
forward showing the connection between the hyaline plasma layer and the cell

surface by means of "attachment fibers" (protoplasmic processes radiating out

from the cell surface). In that paper, it was also pointed out that a fluid accumu-
lates between the hyaline layer and the cell surface preceding each cleavage. The
accumulated fluid, in turn, inflates the hyaloplasmic envelope and thus stretches the

attachment fibers. Since this phenomenon has an important bearing on the con-

tent of the present paper, a more detailed account will be given.

THE ACCUMULATION AND MOVEMENT OF THE FLUID

Figures 1-11 illustrate the change in the apparent thickness of the hyaline

plasma layer during the first and the second cleavages in Strongylocentrotus pul-

cherrimus. These photomicrographs were taken of the same embryo at succes-

sive times. The fertilization membrane was removed by shaking immediately
after its formation. The first and second photographs were taken three minutes

apart. In the second, flattening of the equatorial surface for the furrow formation

is just beginning (on the right side). During the three minute interval, the intra-

hyaloplasmic space suddenly increases. This is due to the inflation of the hyalo-

plasmic envelope as the result of the fluid accumulation.

In Figures 3 and 4, the elongation of the cell body and the formation of shal-

low cleavage furrows are taking place. During this time, the interspace between

_the egg surface and the hyaline layer becomes narrower at the polar region but

wider at the equatorial region. At the latter region, the hyaline layer even wrinkles.

Such changes in the width of the interspace are actually due to a shifting of the

fluid from one locality to another within the hyaloplasmic envelope.

Such a flowing of the fluid, and the wrinkling of the hyaline layer, are easily un-

derstandable from the division mechanism of sea urchin eggs previously proposed

by the author (K. Dan, 1943; J. C. Dan, 1948). When the asters begin to travel

away from each other, the cell body elongates in the direction of the spindle. This

elongation squeezes out the fluid at the polar region, resulting in a narrowing of

the interspace. Around the furrow region, on the other hand, the space widens,

since the underlying cell surface sinks in, forming the furrow and pulling the hyaline

layer with it. Moreover, during the initial stage of furrow formation, wrinkles

1 The present research was supported by the Research Expenditure of the Ministry of Edu-

cation, for which the author's thanks are due.
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often appear in the hyaline layer as a result of the shrinkage of the cell surface, to

which the layer is bound by means of the attachment fibers.

In Figures 5 and 6, this tendency is more exaggerated. A point to be noticed is

the fact that the interspace at the polar region practically disappears and the real

thickness of the gelified hyaline layer becomes apparent, coinciding with that ob-

served before the accumulation of the fluid (see Fig. 1). In Figure 7, all the

fluid is squeezed out of the polar surface and comes to the equatorial region be-

tween the two blastomeres. At this stage, the gel layer at the poles seems to be

even thinner than in Figure 1 . This is because the layer is now covering a larger

area than before, partly because of the accumulation of the fluid, but mostly be-

cause of the deviation from the spherical form. As a matter of fact, during the

interkinetic stage which is shown in Figure 8, when the two blastomeres come

closer together, the hyaline layer more or less regains the thickness as in Figure 1.

Under this condition, although the two blastomeres look as if they are in close con-

tact, an appreciable quantity of the fluid must still be distributed between the ap-

posed surfaces.

Now in Figure 9, which was taken shortly before the beginning of the second

cleavage, it is obvious that the intra-hyaloplasmic space has, for the second time,

increased all over the surface. This clearly indicates that a new addition of the

fluid takes place once again in connection with cleavage. When the embryos go
into the four-cell stage, practically the total thickness of the hyaline layer on the

periphery can be attributed to the gelified layer, while a conspicuous space appears

at the center (see Fig. 10). During the interkinetic period of the four-cell stage

(Fig. 11) the fluid is also seen between adjacent cells.

In short, as the number of the blastomeres increases, the fluid progressively

collects in the center. A point of utmost importance is that if such a fluid accumu-

lation is kept up at each cleavage cycle, the hyaloplasmic envelope will become

larger and larger and the blastomeres which are attached to the hyaline layer will

be carried outward with the expanding envelope, leaving a large fluid space in the

center. Such an arrangement of the blastomeres would eventually produce the

form of a blastula.

Gray (1931) is fully aware of the movement of the intra-hyaloplasmic fluid.

In his interpretation, however, this fluid is considered to be an essential element

of the hyaloplasm, while the author thinks it is entirely extraneous to the living

system.

THE MECHANISM OF FLUID ACCUMULATION

How the fluid accumulates under the hyaline plasma layer is the next question.

At present, nothing definite can be said in a positive sense, although it is possible

to prevent the accumulation by an artificial means. This is to add gum arabic to

the surrounding sea water. It is obvious that the essential feature of the addition

of gum arabic must be the development of a colloid osmotic pressure. There-

fore, it is justifiable to think that the accumulation of the fluid under natural con-

ditions must also be caused by the development of a colloid osmotic pressure

within the hyaloplasmic envelope. In other words, the same mechanism as that

which operates in the elevation of the fertilization membrane is involved in the

accumulation of the fluid (Loeb, 1908). Just how such colloid is supplied
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whether it is secreted by the cell or liberated by the peptisation of the surface sub-

stance cannot be said with certainty at present.

BLASTOCOELIC FLUID

From what has been said in the first section, it can be inferred that the fluid

which accumulates around the non-cleaved egg becomes the blastocoelic fluid in

later stages. If this statement be true, an environmental condition which modifies

the amount of the accumulating fluid in the one-cell stage will, at the same time,

TABLE I
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obtained by subtracting the volume of the cell proper from the volume including the

hyaline layer, since there is no accumulated fluid at this stage.
If the same procedure is repeated just prior to the first cleavage when the inter-

space is wide, the volume of the hyaline layer plus the accumulated fluid can be ob-

tained. Then, by subtraction, the volume of the accumulated fluid can he calcu-
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FIGURE 12. Correlated changes between the volume of accumulated fluid at one-cell stage

(lower group of curves) and the volume of the segmentation cavity at the fourth hour after

fertilization (upper group of curves) in different concentrations of gum arabic in sea water.

Material : Mcspilia ylolnilits. Ordinates : volume of the fluid plotted on a logarithmic scale.

Abscissae : concentration of gum arabic in sea water. Larvae were killed in a very dilute

solution of OsOi.

lated. This calculation was applied to the four concentrations of gum arabic al-

ready mentioned. The results are given in Table I.

For the calculation of the volume of the blastocoelic fluid, morulae were used.

In Mcspilia ylobulns, a relatively large-sized segmentation cavity is formed in the

early morula stage. At this stage, since practically all the fluid is in the segmenta-
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tiou cavity, and, moreover, since the shape of the cavity is roughly spherical, the

calculation is very simple. The measurements at the fourth hour after fertiliza-

tion are given in Table T and represented in Figure 12. There is an obvious dif-

ference, common to both the one-cell stage eggs and the morulae, between the vol-

umes of fluid accumulated in the four concentrations of gum arabic. Moreover, a

tendency can be perceived for lots of eggs which accumulate a larger quantity of

fluid at the time of the first cleavage to develop into larvae with larger segmenta-
tion cavities. (Compare the highest and the lowest curves of Figure 12.) The

proportionality between the fluid accumulation and the concentrations of gum arabic

can also be seen qualitatively in the two-cell stage of Mcspilia shown in Figure 13.

FIGURE 13. Illustrations of qualitative differences in the amount of the intra-hyaloplasmic
fluid in different concentrations of gum arabic. The material is the two-cell stage of Mcspilia

globulus.

A different way to control the amount of the accumulating fluid and conse-

quently the size of the segmentation cavity is to harden the hyaloplasmic gel so

that it resists the entrance of the fluid. This is achieved by increasing the Ca con-

centration of the medium, according to the procedure described below. One-third

molar CaCL. which is practically isotonic with sea water, was taken as the stock

solution. This was mixed with Ca-free artificial sea water in a 1:1 ratio. For

convenience, this mixture is called % Ca solution. A portion of the % Ca
solution was diluted with Ca-free solution in the ratio of 1:1, which gave % Ca
solution. By the same procedure, % and Vic. solutions were prepared.

The eggs of Strongyloccntrotns were fertilized and their fertilization mem-
branes removed by shaking. One hour after fertilization, the eggs were trans-

ferred into the solutions of graded Ca concentrations and left in them until after
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hatching. In the pure isotonic Ca solution, the development ceased, while in other

solutions, the development proceeded at practically the same rate as the control in

sea water. After 21 hours, the larvae were anaesthetized and their contours and

FIGURE 14. Twenty-one hour old morulae of Strongylocentrotus pulcherrimus reared in

graded calcium concentrations. A. Control in sea water. B. % M CaCU 1 part + sea water 7

parts. C. V3 M CaCU 1 part + sea water 3 parts. D. % M. CaG 2 1 part + sea water 1 part.

Larvae were anaesthetised in chloretone when sketched.

the shape of the blastocoels were sketched, using a camera lucida. Some of the

sketches are shown in Figure 14. The size of the blastocoel becomes smaller in

proportion to the concentration of Ca present. The sketch of eggs in % solu-

tion is omitted since scarcely any difference can be noticed from the control. Al-
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though this series of experiments cannot exclude the possibility that Ca ions are

toxic and inhibit the development of the blastocoel in proportion to their concen-

tration, taking the results of gum arabic experiments into consideration, it is

highly probable that the hardened hyaline layer is suppressing the expansion of the

blastocoel by its heightened rigidity.

From the foregoing facts, it can be inferred that the blastocoelic fluid is mainly
made up of sea water to which a certain amount of colloid is added. The colloid

is supplied at each cleavage through seven cleavage cycles in Mespilia. This idea is

in harmony with the rinding of Chambers and Pollack (1927) that the blastocoelic

fluid of sea urchin and sand dollar larvae has a pH identical with that of sea water.

On the other hand, Monne et al. (1950, 1951) are of the opinion that the

segmentation cavity of a sea urchin blastula is filled with a mucopolysaccharide gel

which is secreted by the blastomeres, and the enlargement of the blastocoel is due

partly to addition of more gel and partly to an increase in its swelling. The swell-

ing of the gel is probably necessary to account for the large volume which the

blastocoel eventually attains. But at the same time, it must be pointed out that the

blastocoelic volume can be controlled by adding cane sugar to the surrounding sea

water, as will be shown later, a fact which must be explained on osmotic grounds.

If the blastocoel is filled with a jelly, the modification of its volume by sugar pres-

ents a rather complicated if not altogether insoluble problem. One thing which is

clear from the present observations is that whether or not the substance in the

blastocoel ultimately sets as a gel, it must be quite fluid at least in the beginning,

since it flows from one place to another during the first few cleavage cycles. It may
also be mentioned in passing that the blastocoelic substance of amphibian larvae can

lie collected by a fine capillary pipette (Stableford, 1949).

HATCHING

In Mcspilia, about the time of the tenth cleavage cycle, the larva begins to

secrete the hatching enzyme ;
each blastomere acquires a cilium and the larvae be-

gin to rotate within the fertilization membranes. The cilia penetrate the hyaline

plasma layer and extend into the perivitelline space. Although it is extremely
difficult to see the attachment fibers at this stage, it is presumed that the blastomeres

still retain them. Within a short time after the larvae begin to move, the fertiliza-

tion membrane is dissolved by an enzyme which they secrete, and the blastulae

"hatch out" (Ishicla, 1936). It may be worth mentioning that the above-described

condition, i.e., the fixation of ciliated cells to an enveloping membrane by attachment

fibers, is closely simulated by Haematococcus pluvialis, a unicellular alga, with only

the minor difference that the latter cell has two cilia.

Moore (1940) reported a conspicuous change in the nature of the blastular

wall at the time of hatching. At this time the wall of the morula, which has been

freely permeable to cane sugar molecules, suddenly becomes impermeable to them.

This is shown by the fact that if an isotonic solution of sucrose is mixed with the

medium, the shape of the morulae remains unaffected, while the swimming blastulae

are deflated. Since the total osmotic pressure of the sugar mixture is the same as

that of pure sea water, such deflation of the blastulae can only be explained by a

selective impermeability of the blastular wall to the sugar molecules. Conversely, if
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TABLE II

The volume of the fluid space under various conditions and various times

Sea water culture (S\Y)
Control
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larvae cultured in a sugar-containing medium until after hatching are returned to

sea water, they swell hecause of a high internal pressure which is caused by the

sugar molecules entrapped within the blastocoel.

Moore's experiment was repeated and the result re-examined from the author's

standpoint. The procedure adopted was as follows : eggs were fertilized and the

fertilization membranes removed mechanically. After the hyaline plasma layer had

fully formed, the eggs were divided into two batches. One batch was transferred

to a medium containing cane sugar solution (culture CS) and the other was left in
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FIGURE 16. Reverse experiment to that shown in Figure 15. The Mcspilia larvae are

transferred from 1 : 2 mixture of isotonic sucrose solution-sea water into pure sea water.

O : blastocoelic volume in sea water. : the same in 1 : 2 mixture of sucrose and sea water.

sea water (culture S\Y). Pure cane sugar solution (isotonic) cannot be used,

since the lack of Ca ions in this solution dissolves the hyaline layer. In a 1:2

mixture of sugar solution and sea water, the integrity of the hyaline layer is just

maintained. Both 1 : 2 and 1 : 3 mixtures were tested.

The diameter of the hyaloplasmic envelope was measured in the experimental

lots and the controls during the streak stage and just before the first cleavage. The

difference between the two sets of measurements gives the amount of the accumu-

lated fluid in the cane sugar culture (CS) and that in sea water (SW). As the

larvae reached the morula stage, the two batches (CS) and (SW) were further
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divided into four groups. The main portion of (CS) was placed in a fresh solu-

tion of (CS). For convenience in future comparison, this culture is labeled (CS-
CS), although this is essentially (CS). A portion of the original (CS) was re-

turned to pure sea water. This is called (CS-SW). Next, of the sea water cul-

ture (SW), a portion was changed to the sugar-containing medium (SW-CS),
while the rest of it was transferred to fresh sea water (SW-SW). After half an

hour of equilibration, the diameters of the segmentation cavities of the morulae
were measured in the four solutions and compared. After an interval of one hour,
the same procedure was repeated. The four new cultures thus obtained are desig-
nated (CS-CS),, (CS-SW),, (SW-CS), and (SW-SW),. A third transfer at

the third hour gave ( CS-CS ) 3 , (CS-SW) 3 , etc., and this procedure was continued

until well after hatching. For making measurements, the larvae were killed by

adding OsO 4 to the medium. The results of the calculation are given in Table II

FIGURE 17. Sketches of Mespilia blastulae of a later stage in sea water and in sucrose-

containing solution. The larvae were fixed with a small amount of OsCU added to the media.

A. Larvae reared in sea water (series SW-SW) at 8^ hours after fertilization. B. The
same batch transferred to sea water containing sucrose (series SW-CS) at 7 hours, and

sketched at 9 hours after fertilization. C. Larva reared in sucrose-sea water mixture for 7

hours and then put in pure sea water (series CS-SW). Sketched 2 hours later. D. Larvae

left in sucrose sea water for 8}4 hours (series CS-CS).
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and Figures 15 and 16, and sketches are shown in Figure 17 of later stages where

a simple calculation is impossible.

From this experiment, it is clear that sugar does not suppress the accumulation

of the fluid at the one-cell stage, in contrast to gum arabic. In the 1 : 2 mixture

of sugar and sea water (CS), the volume was sometimes even larger than that in

the sea water culture (SW), a result which can be interpreted as due to a soften-

ing or a swelling of the hyaline layer induced by the sugar. But certainly no evi-

dence can be found indicating a deflating effect of the sugar on any part of the larvae.

As for the change in permeability between the morula and blastula stages, Moore's

findings were confirmed.

This change in permeability seems to take place within a relatively short time,

as is shown in the following observations. If the Mespilia larvae which have

been reared in the sugar-containing medium (CS) are transferred to pure sea

water (CS-SW) at about the tenth cleavage cycle when they are just hatch-

ing, those which have already hatched and are swimming around swell to an

enormous size. If all the swimming larvae are removed, and the culture left

to stand for a while, a second lot of larvae hatch and begin to swim about.

Such larvae of the second lot are of a medium size, while the third lot which hatch

after the removal of the second lot are the smallest in size, that is, it is of the same

size as controls left either in sugar mixture or sea water all the time. In other

words, the size of the blastula is dependent upon how soon they hatch after the

transfer from the sugar-containing medium to pure sea water ; or, expressed dif-

ferently, upon how much sugar is entrapped within the segmentation cavity when
"the door closes" at hatching. Judging from the fact that the size difference is

evident among batches collected 10 to 15 minutes apart, the process of permeability

change probably does not require much time.

The determination of exactly what part of the larval system has thus changed
its properties presents a problem. Since the cells themselves remain continuously

impermeable to sugar, there are only two conceivable locations. One is the inter-

cellular space and the other is the hyaline plasma layer. The latter statement may
sound somewhat contradictory since it was previously stated that this layer was

permeable to sugar during the morula stage. It must be recalled, however, that

the hatching enzyme has been secreted in the meantime (Ishida, 1936; Sugawara,

1943). Under the influence of the enzyme, the nature of the hyaline layer might
be changed in such a way that the passage of the sugar molecules is prevented.

This possibility was tested by adding the enzyme to young morulae of Strongylo-

centrotus to test whether sugar impermeability could be induced. The negative re-

sult would indicate logically that the newly developed block to the passage of sugar

molecules must be located in the intercellular space.

In Heliocidaris crassispina, the segmentation cavity normally does not develop

as extensively as in other forms, while the larva remains within the fertilization

membrane. But as soon as it hatches, the size of the cavity increases rather

abruptly by expanding in an antero-posterior direction (see Plate II). As this

elongation takes place, the thickness of the anterior blastula wall decreases, sug-

gesting that the elongation is allowed by the expansion of the anterior, or animal

pole region of the larva.

In Mespilia globulus and Clypeaster japonicus, which form spacious segmenta-
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tion cavities, the larvae are spherical while they remain within the fertilization

membrane. However, when they elongate along the antero-posterior axis after

hatching, a similar thinning of the anterior wall, as in Heliocidarvs, can be ob-

served. But whether this thinning is a passive stretching or an active expansion
is a point to be settled in the future.

The volume changes occurring when the blastulae are put into or taken out of

sugar mixtures were followed until the seventh hour after fertilization, and the re-

sulting data are included in Figures 15 and 16 and Table II. After this stage, al-

though calculation of the volume becomes difficult, similar inflation and deflation of

the blastocoel can be noticed qualitatively, as is illustrated in Figure 17.

FIGURES 18 to 23. Consecutive stages of the blastulae of Heliocidaris crassispina showing

gradual lifting of the hyaline layer at the vegetal pole. Larvae were fixed by adding a small

quantity of OsOi and photographed immediately.

In connection with these three figures (15, 16, 17), there are two points which
should not be overlooked. (1) The data of the seventh hour clearly indicate a

spontaneous decrease in the blastocoelic volume of the larvae cultured in sea water

(SW) as well as in sugar mixture (CS) (see Figures 15 and 16). (2) One
hour and a half later, the deflation of the 8y2 hour larvae by the sugar mixture (SW-
CS) can actually cause a precocious gastrulation. There is no room for doubt
that the indentations shown in the larvae of the B-group are really invaginations
because they invariably occur at the site of the future blastopore. At this stage,
the orientation of the larvae can very easily be determined both by the direction of
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their swimming and by the position of the primary mesenchyme c

will be pursued in future investigations.

MESENCHYME FORMATION

87

cells. This point

Another stage of some interest is that in which the primary mesenchyme cells

are formed. As is well known, these cells are derived from the vegetal wall of the

blastula and liberated into the segmentation cavity. If the blastomeres are at-

tached to the hyaline plasma layer, as is proposed in this paper, they must first

break this connection in order to wander freely into the blastocoel. This would

very likely affect the overlying hyaline layer in some way or other. With this ex-

pectation in mind, particular attention was paid to the vegetal region of the blastula

of several species of available sea urchins. An indication was promptly discovered.

FIGURES 24 to 30. Figures 24~29 show a relation between the migration of the mesenchyme
cells and the lifting of the vegetal hyaline layer in Stronyylocentrotus pulcherrimus. Figure
30 shows the condition after gastrulation. Larvae were fixed in dilute OsO 4 solution.

Roughly speaking, the changes observed in the hyaline plasma layer of the

vegetal region can be divided into two categories. One type is that of Clypeaster
larvae, in which the vegetal hyaline layer seems to disintegrate or dissolve. If

examined carefully, vaguely perceptible, thread-like objects, to which various par-
ticles are often stuck, can be seen at the vegetal end.

The other type, which includes all the regular sea urchins so far examined

(Mcspilia, Heliocidaris, Pseudocentrotus, Strongyloccntrotus) , is characterized by
the formation of blister-like lobes of the hyaline layer, which become larger as

development advances. (See Plates II and III.) The cause for this seems to be

understandable. When a mesenchyme cell frees itself from the blastular wall, the

space which has been occupied by the cell is closed in by the surrounding cells.
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Thus the portion of the hyaline layer which has been in contact with the mesenchyme
cell loses its cellular support and will be pushed up as a folding or a pocket. As
the number of the wandering cells increases, the pockets will fuse into a larger
blister. This is, at least, the impression the author received from Heliocidarls.

Interestingly enough, Runnstrom (1935) describes structures like this on the

vegetal side of Echinarachnlus parma larvae, although he does not venture any

opinion on the nature of the structures.

DISCUSSION

On the basis of these various observations, the following description of early

sea-urchin development is proposed. Following the fertilization of the egg, the

hyaline layer is secreted and the attachment fibers are formed, binding the cell sur-

face to the hyaline layer. Once this attachment is established and cleavage pro-

ceeds, the only additional condition necessary for production of a morula is infla-

tion of the hyaline envelope. This occurs at various stages in the various species,

but mostly in a stepwise fashion, in connection with the division activities. As long
as the envelope grows larger, regardless of how and when this result is achieved,

in expanding the envelope will carry the cells to their final position. In this sense,

the hyaline layer has a significance somewhat greater than that of a simple base-

ment membrane, since it leads the movement of the cells in the formation of the

embryo.
This method is very well adapted while the larva is increasing its volume at a

rapid rate within the fertilization membrane, since there cannot be any time lag.

However, after the larva hatches out, it may not be a very reliable one since a slight

damage in the hyaline gel will make the larva collapse and shrivel.

The sudden onset of a closer association among the cells, as indicated by the

sugar impermeability, seems to wrork so as to put a brake on this fragile system and

make it set to a certain size.

The author has not been successful in discovering the nature of the change oc-

curring in the intercellular space of the blastula. However, it is extremely in-

teresting that this close association among the cells is not only correlated with their

acquisition of the capacity to secrete the hatching enzyme it is also correlated with

the beginning of the conduction of impulses controlling the ciliary beat. The

change in physiological state which the larvae undergo during this short interval

while hatching takes place is tremendous the blastomeres of the morula stage,

which have been only individually fastened to a common envelope, suddenly change
into tissue cells. This newr

,
close association among the cells would certainly fix

the shape of the blastula.

Now, if one imagines that some decrease in the blastocoelic volume occurs,

either as a result of disintegration of the colloid or shrinkage of the gel, the newly

acquired tissue rigidity will no longer allow the larva to shrink evenly to a smaller

sphere, but will cause indentations in the blastular wall, as in a rubber ball from

which the air is extracted. The author is tempted to think that such a mechanism

plays at least a partial role in the process of sea urchin gastrulation. A few facts

indicating this possibility have been pointed out in connection with Figures 16, 17

and 18. Future investigations will be conducted in this direction.
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SUMMARY

1. The accumulation of a fluid under the hyaline plasma layer of Strongylo-
centrotus pulcJicrrhnus eggs, and its movement during cleavage and interkinesis

are described. Tt is shown that an increase in volume takes place in connection

with each cleavage, and that the accumulated fluid comes around to the center of the

larva, giving rise to the segmentation cavity.

2. Gum arahic prevents the fluid accumulation during early cleavage periods
and reduces the volume of the segmentation cavity in later stages. Raising the Ca
level of the medium brings about a similar result, by causing a hardening of the

hyaline plasma layer and thus preventing increase in size.

3. Moore's finding that at the time of hatching, the blastular wall, which has

been permeable to cane sugar molecules, suddenly becomes impermeable to them -

is confirmed.

4. After the migration of the primary mesenchyme cells from the blastular wall

into the blastocoel, the vegetal hyaline layer which has been in contact with these

cells is lifted up as folds in regular sea urchins. In the larvae of irregular sea

urchins, it is dissolved away.
5. The possible significance of changes in the mode of association of the com-

ponent cells on certain gross morphological changes of the sea urchin larva is

discussed.
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heft der Zeitschrift fur den Physika-
lischen und Chemischen Unterricht 1904:

vols. [1-2] ;
nos. 15-16

*Abhandlungen zur Physiologic der Sinne
aus dem Physiologischen Instittft zu

Freiburg i. B. (Heft 1-4 as Abhandlungen
zur Physiologic der Gesichtesempfindun-

gen) 1897: 1-5
*Abhandlungen zur Theoretischen Biologie

1919: Berlin. 1-30

*Abhandlungen zur Theorie der Organi-
schen Entwicklung; Roux' Vortrage und
Aufsatze iiber Entwicklungsmechanik
der Organismen, Neue Folge 1926: 1-6

Abridged Scientific Publications from the

Kodak Research Laboratories 1913 : East-

man Kodak Company. 2+
Abstract Bulletin of Lamp Development
Laboratory (1, no. 1 as Abstract-Bulletin

of the Physical Laboratory of the National

Electric Lamp Association; 1, nos. 2-4 as

Abstract-Bulletin of Nela Research Lab-

oratory) 1913: General Electric Company.
1-2, no. 3

Abstracts from Rikwagaku-Kenkyu-jo Iho
sec Journal of the Scientific Research In-

stitute

*Abstracts of Bacteriology 1917: 1-9

Abstracts of Chemical Papers see British

Abstracts; A and B
*Abstracts of Physical Papers from For-

eign Sources; Physical Society of Lon-
don 1895: 1-3

Abstracts of the Works of the Zoological
Institute of the Moscow State University
see Sbornik Nauchno-Issledovatel'skogo In-

stituta Zoologii

Academy of Natural Sciences of Philadel-

phia; Monographs 1935: 1+
*Academy of Natural Sciences of Philadel-

phia; Yearbook (to 1920 in Proceedings;
1920-22 as Annual Reports) 1920: 1920-31

Acta Academiae Aboensis; Mathematica
et Physica 1922 : Abo. 1-3 ; 5+

Acta Adriatica; Institut za Oceanografiju i

Ribarstvo u Splitu FNR Jugoslavije (1932-
1941 as Instituti Biologico-Oceanographici
Split) 1932: 1+

Acta Anatomica: International Archives of

Anatomy, Histology, Embryology and Cy-
tology 1945: 1+

Acta Argentina de Fisiologia y Fisiopato-
logia 1950: Corboda. 1+

Acta Biologiae Experimentalis; Litterae
Societatis Physiologorum Polonorum
1928: Institut Nencki, Warsaw. 1+

Acta Biologica Latvica ; Latvijas Biologijas
Biedribas Raksti (1-7 as Latvijas Biolo-

gijas Biedribas Raksti; Acta Societatis

Biologiae Latviae, Bulletin de la Societe de

Biologie de Lettonie) 1929: 1-9

Acta Biotheoretica; Geschriften van de Prof.

Dr. Jan van der Hoeven Stichting voor
Theoretische Biologie van Dier en Mensch,
verbonden aan de Universiteit te Leiden

;

Series A, 1935: 1+ Series B. Folia Bio-
theoretica 1936: 1+ Series C. Biblio-

graphia Biotheoretica 1938: 1+ Series D.
Bibliotheca Biotheoretica 1941 : 1+

Acta Botanica Fennica 1925: Societas pro
Fauna et Flora Fennica. 1+

Acta Botanica Taiwanica; Science Reports
of the National Taiwan University, 2nd
series 1947: 1 +

*Acta Brevia Neerlandica de Physiologia,

Pharmacologia, Microbiologia e. a. 1931 :

Nederlandsche Vereeniging voor Physio-
logic en Pharmacologie, Amsterdam. 1-9;

[10-11] ; 13-17

Acta Chemica Scandinavica; published by
Chemical Societies in Denmark, Finland,

Norway and Sweden 1947: 1+
Acta Endocrinologica 1948: Copenhagen.
1+ Supplementum 1948: 1+

Acta Geographica; Societas Geographica
Fenniae, Helsingfors 1927: 1+

Acta Geologica Taiwanica; Science Reports
of the National Taiwan University, 1st

series 1947: [1] +
Acta Horti Bergiani 1890: Bergielund Bo-

taniska Tradgard, Stockholm. 1+
Acta Horti Botanici Universitatis Latvien-

sis 1926: Riga. 1-12

Acta Horti Petropolitani (Trudy Impera-
torskago S/ Peterburgskago Botaniches-

kago Sada) 1871: 16; 21-23, no. 2
Acta Instituti Botanici Academiae Scien-

ciarum, URSS see Trudy Botanicheskogo
Instituta Akademii Nauk SSSR

Acta Instituti et Musei Zoologici Univer-
sitatis Atheniensis (title given in Hebrew
also) 1935: Zoological Institute and Mu-
seum, University of Athens. 1, nos. 1-5

Acta Limnologica 1948 : Lunds Univ,ersitets

Limnologiska Institution. 1+
Acta Medica Scandinavica 1869 : Stock-

holm. 77, no. 4; 103-105; 117+ ; Supple-
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mentum 1921: 17; 42; 56; 68; 71; 107-

114; 149-166; 169; 181; 183+
Acta Neerlandica Morphologiae Normalis

et Pathologicae 1937: Utrecht. 1+
Acta Ornithologica ; Musei Zoologici Po-

lonici 1933: Warsaw. 1+
Acta Pathologica et Microbiologica Scan-

dinavica 1924 : Copenhagen. l-[6] ; 7+
Supplements: 2-6, 8, 10-18, 20, 24+

Acta Pharmacologica et Toxicologica ;

lussu Societatis Pharmacologicae Scandi-

navicae Edita 1945 : Copenhagen. 1+
Acta Physicochimica U. R. S. S. 1934: 1-

10; [11-13] ; 20-[22]
Acta Physiologica et Pharmacologica Neer-

landica; sponsored by the Hollandsche

Maatschappij der Wetenschappen 1950:

Amsterdam. 1+
Acta Physiologica Scandinavica 1940 : 1+

Supplement: 1+
Acta Phytochimica 1922: Iwata Institute of

Plant Biochemistry, Tokyo. 1-11

Acta Phytogeographica Suecica; edidit

Svenska Vaxtgeografiska Sallskapet 1929 :

Uppsala. 1 +
Acta Radiologica 1921 : Societies for Medi-

cal Radiology in Denmark, Finland, Hol-

land, Norway, Sweden, Switzerland. 1+
Acta Societatis Biologiae Latviae see Acta

- Biologica Latvica

Acta Societatis Botanicorum Poloniae;

Organ Polskiego Towarzystwa Bota-

nicznego (Publication de la Societe Bo-

tanique de Pologne) 1923: Warsaw. 1+
Acta Societatis Physiologicae Scandinavi-

cae see Skandinavisches Archiv fur Physi-

ologic
Acta Societatis pro Fauna et Flora Fen-

nica 1875: Helsingfors. 1+
Acta Societatis Scientiarum Fennicae (after

50 as Nova Series A. Opera Physico-
mathematica and B. Opera Biologica)
1839: Helsingfors. 1+

Acta Societatis Scientiarum Naturalium
Moravicae see Prace Moravske Pfirodo-

vedecke Spolecnosti
Acta Societatis Zoologicae Cechoslovenicae

see Vestnik Ceskoslovenske Zoologicke

Spolecnosti (v Praze)
Acta Universitatis Asiae Mediae see Trudy

Sredne-Aziatskogo Gosudarstvennogo Uni-

versiteta

Acta Universitatis Lundensis see Lunds
Universitets Arsskrift

Acta Universitatis Voronegiensis see Trudy
Voronezhskogo Gosudarstvennogo Univer-

siteta

Acta Zoologica; Internationell Tidskrift

for Zoologi 1920: Stockholm. 1+

Acta Zoologica Fennica 1926 : Societas pro
Fauna et Flora Fennica; Helsingfors. 1+

Acta Zoologica Lilloana 1943 : Universidad

Nacional de Tucuman (R.A.), Instituto

"Miguel Lillo." 1+
Acta Zoologica Taiwanica; Science Reports

of the National Taiwan University, 4th

series 1948: 1+
Actes de la Societe Helvetique des Sci-

ences Naturelles sec Verhandlungen der

Schweizerischen Naturforschenden Gesell-

schaft

Actes de la Societe Scientifique du Chili

(fondee par un groupe de Frangais) 1891 :

Santiago. 1
; [2] ; 3-4

1'Activite de la Commission Geodesique
Baltique (Die Tatigkeit der Baltischen

Geodatischen Kommission) (1924-1938 as

Comptes Rendus de la Session de la Com-
mission Geodesique Baltique, 1-10) (Ver-
handlungen der Baltischen Geodatischen

Kommission) 1924: 2+
Actualites Biochimiques 1945 : Liege. 1+
Actualites Scientifiques et Industrielles

1929: Paris. 11; 32; 36; 38; 47-48; 64-66;

78; 96; 100; 102; 106; 108; 112-13; 119-

20; 128; 133; 135-37; 170-71; 176; 178-

180; 183; 187; 189; 207-09; 215; 228; 238;

240; 242-44; 246; 254-55; 258-61; 264;

266-68; 272-73; 284; 300; 307; 319; 338;
350 ;

373 ; 401-03 ;
405 ; 408 ; 410 ; 413 ; 416 ;

466; 498; 583; 594-97; 765; 917; 970;

1026; 1107

Administration Reports of the Govern-
ment Marine Biologist: Ceylon. 1910-

1920; 1922-1939

Advancement of Science 1939: British As-
sociation for the Advancement of Science.

1+
Advances in Applied Mechanics 1948: New
York. 1+

Advances in Biological and Medical Phys-
ics 1948: New York. 1+

Advances in Carbohydrate Chemistry 1945 :

New York. 1+
Advances in Catalysis and Related Sub-

jects 1948: New York. 1+
Advances in Colloid Science 1942 : New
York. 1+
Advances in Electronics 1948 : New York.

1+
Advances in Enzymology and Related

Subjects of Biochemistry 1941 : New
York. 1+

Advances in Food Research 1948: New
York. 1-2

Advances in Genetics 1947: New York. 1+
Advances in Modern Biology, Moscow see

Uspekhi Sovremennoi Biologii
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Advances in Protein Chemistry 1944: New
York. 1+

Aeronautical Engineering Review 1942:

Institute of the Aeronautical Sciences, Inc.

1-2, no. 3
*Agricultural Journal of the Union of South

Africa 1911: Department of Agriculture.

1-8, no. 2

*Air Surgeon's Bulletin 1944: Washington,
D. C. l-[2]

Allahabad University Studies 1925: 1-14

*Allgemeine Botanische Zeitschift fiir Sys-
tematik, Floristik, Pflanzengeographie
1895; Karlsruhe. 1-33

Allgemeine Zellforschung und Mikrosko-

pische Anatomic sec Zeitschrift fiir Zell-

forschung und Mikroskopische Anatomic,
Abt. A

All-Union Scientific Research Institute of

Marine Fisheries and Oceanography;
Biulleten 1934: nos. 1-2 Instruktsii; Otdel
Planktona 1934: nos. 1-2

American Anatomical Memoirs (Memoirs
of the Wistar Institute of Anatomy and

Biology) 1911: Philadelphia. 1+
American Association for the Advance-
ment of Science and Associated Socie-

ties; General Program 1849: 22-23; 25;

36; 38; 40; 43-47; 51; 57; 60-63; 65-66;
68-69; 73; 76; 78-79; 83; 85-110; 113+

^American Association for the Advance-
ment of Science Bulletin 1942: 1-5

*American Botanist; a quarterly journal of

economic and ecological botany 1901 : 1-54,

no. 1

American Breeders' Magazine see Journal
of Heredity

*American Chemical Journal 1879: 1-50

^American Entomologist; an illustrated

magazine of popular and practical ento-

mology 1868: 1-3

American Heart Journal; for the study of

the circulation 1925: St. Louis 1+
American Institute of Biological Sciences

Bulletin 1951 : National Research Council.

1+
American Journal of Anatomy 1901 : 1+
American Journal of Botany: official publi-

cation of the Botanical Society of America
1914: 1+

*American Journal of Cancer (1-14 as Jour-
nal of Cancer Research) 1916: American
Association for Cancer Research. 1-40

American Journal of Clinical Pathology;
official publication, American Society of

Clinical Pathologists 1931: 1+
*American Journal of Conchology 1865 :

Academy of Natural Sciences, Philadel-

phia. 2-7

American Journal of Hygiene 1921 : School
of Hygiene and Public Health of Johns
Hopkins University. 1+ and Monographic
Series 1+

'"American Journal of Microscopy; a monthly
record of microscopical science 1871 : Chi-

cago. 1, nos. 1-2
:;:American Journal of Microscopy and

Popular Science 1875: New York. 1-6

American Journal of Pathology 1925 :

American Association of Pathologists and

Bacteriologists. 1 +
American Journal of Physical Anthropol-
ogy; organ of the Association of Physical

Anthropologists 1918: 1+
American Journal of Physics; devoted to

the instructional and cultural aspects of

physical science (1-7 as American Physics
Teacher) 1933: New York. 1+

"American Journal of Physiological Optics
1920: American Optical Company. 1-7

American Journal of Physiology 1898 :

American Physiological Society. 1+
American Journal of Public Health and
the Nation's Health (1-17 as American

Journal of Public Health) 1911: American
Public Health Association. [2]+

American Journal of Roentgenology and
Radium Therapy; official organ of the

American Roentgen Ray Society [2]-3;

[4]-5; and the American Radium Society

(n.s. 1-9 as American Journal of Roent-

genology) 1906: n.s. 2+
American Journal of Science (1820-79 as

American Journal of Science and Arts.

Known also as Silliman's Journal of Sci-

ence) 1818: 1+
American Journal of Surgery (1-17 as

American Journal of Surgery and Gyne-
cology) 1890: [17-37] ; n.s.; [4] ; 6+

American Journal of the Medical Sciences

1827: 1+
American Journal of Tropical Medicine

1921: 1+
*American Meteorological Journal; a

monthly review of meteorology and allied

branches of study 1884: 1-12

American Midland Naturalist 1909: Uni-

versity of Notre Dame. 1+
American Midland Naturalist; Monograph

Series 1944: University of Notre Dame.
1+

^American Monthly Microscopical Journal
1880: l-[22]; 23, nos. 1-6

American Museum Journal see Natural

History
American Museum Novitates 1921 : Amer-

ican Museum of Natural History. 1+
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American Naturalist 1867: (official publi-

cation of the American Society of Nat-

uralists, beginning in 1951). 1 +
American Nautical Almanac; LT

nited States

Xaval Observatory. 1934+
American Philosophical Society; Yearbook

1937: 1937+
American Physics Teacher sec American

Journal of Physics
American Public Health Association Year-
book sec iii American Journal of Public

Health and the Nation's Health
^American Quarterly Microscopical Jour-

nal 1878: New York Microscopical So-

ciety. 1, nos. 1-4

*American Review of Soviet Medicine 1943 :

American-Soviet Medical Society. 1-5, no. 4

American Scientist; the Sigma Xi Quar-
terly (1-29 as Sigma Xi Quarterly) 1913:

[1-10]; 11+
Amoy Fisheries Bulletin 1950: Fisheries

Laboratory, Department of Biology, Na-
tional Amoy University, China. 1+

Anais do Institute de Medicina Tropical
1943: Lisbon. 1+

Anales de la Direccion de Meteorologia
(through 1913 as Oficina Meteorologica
Nacional) ; Republica Argentina; Minis-
terio de Agricultura de la Nacion 1878:

[18-19]
Anales de la Escuela Nacional de Ciencias

Biologicas 1938: Mexico. 1+.
Anales de la Sociedad Cientifica Argentina

1876: [2-98] +
Anales de la Sociedad de Biologia de Bo-
gota 1943: 1+

Anales de la (R.) Sociedad Espanola de
Fisica y Quimica (37-43, 1941-47 as

Anales de Fisica y Quimica) ; (10-43 in

two parts: Notas y Memorias
; Actas y

Revistas) ; (44. 1948+ in tzvo sections:

Ser. A: Fisica; Ser. B: Quimica). 1903:

Madrid. l-[4] ; 5-15; [16-17]; 18-39;

[40] +
*Anales de la Sociedad Espanola de His-

toria Natural 1872: Madrid. 1-30

Anales del Institute de Biologia de la

Universidad Nacional de Mexico 1930 :

1+
*Anales del Museo Argentine de Ciencias

Naturales "Bernardino Rivadavia" (4-20
as Anales del Museo Nacional ; 21-36 as

Anales del Museo Nacional de Historia

Natural; 32+ zt'ith addition of "Bernardino

Rivadavia") 1864: 4-42
:;:Anales del Museo de Historia Natural de

Montevideo (ser. 1, vols. 1-7 and ser. 2,

vol. 1 as Anales del Museo Nacional de

Alontevideo of which z'ols. 1-4 form Flora

uruguaya) 1894: ser. 1, 1-7; ser. 2 (1904) :

1-5, no. 4
*Anales del Museo de la Plata 1891 : seccion

botanica, 1
; seccion paleontologica, 5

;
sec-

cion zoologica 1-3; ser. 2 (1907), 1-4, pt. 1

Anales Hidrograficos; Ministerio de Ma-
rina, Argentina 1918: 5-10

Anales Hidrologicos; Datos Hidrometricos

y Freatimetricos ; Republica Argentina,
Aeronautica Argentina; 1928-32

Analyst; the journal of the Society of Public

Analysts and other analytical chemists

1877: Cambridge, England. 1+
Analytical Chemistry (1-18, 1929-1946 as

Industrial and Engineering Chemistry ; An-
alytical Edition) 1929: 1+

Anatomical Record 1906: 1+
Anatomische Hefte, Abt. 1 ; Arbeiten aus
Anatomischen Instituten see Zeitschrift

fiir Anatomic und Entwicklungsgeschichte
Anatomische Hefte, Abt. 2; Ergebnisse

der Anatomic und Entwicklungsge-
schichte see Ergebnisse der Anatomic und

Entwicklungsgeschichte
Anatomische und Entwicklungsgeschicht-

liche Monographien herausgegeben von
Prof. Wilhelm Roux 1909: 1-3

Anatomischer Anzeiger 1886: 1+
Anatomischer Anzeiger; Erganzungsheft

see Verhandlungen der Anatomischen Ge-
sellschaft

Anatomischer Bericht 1922: 1+
Angewandte Botanik; Zeitschrift der Ver-

einigung fiir Angewandte Botanik (1-8
zvith subtitle Zeitschrift fiir Erforschung
der Nutzpflanzen) 1919: 1 +

Angewandte Chemie; A: Wissenschaft-
licher Teil (2-44, 1888-1931 as Zeitschrift

f. Angewandte Chemie ; 45-54, 1932-41 as

Angewandte Chemie ; 55-58, 1942-1946 as

Die Chemie) 1887: 2+
Animal Kingdom (nos. 1-5 as News Bulle-

tin) (vol. 1, no. 6 vol. 44 as Bulletin)
1897: New York Zoological Society. 1+

Ankara Universitesi dil ve Tarih-Cografya
Fakiiltesi; Cografya Enstitiisii Nesriyati
1941 : nos. 1-2

Ankara Universitesi dil ve Tarih-Cografya
Fakultesi Dergisi 1942: [1]-S

Ankara Universitesi dil ve Tarih-Cografya
Fakultesi Yayiniarindan ; Cografya Serisi

1941 : no. 1

Anleitungen der Deutschen Gesellschaft

fiir Zuchtungskunde 1920: 15-43

Annale van die Transvaal Museum see

Annals of the Transvaal Museum
Annalen der Chemie und Pharmazie see

Justus Liebigs Annalen der Chemie
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*Annalen der Hydrographie und Maritimen

Meteorologie; Zeitschrift fur Seefahrt-

und Meereskunde (1-3, no. 6 as Hydro-

graphische Mittheilungen) (includes Jahres-

bericht iiber die Tatigkeit der Deutschen

Seewarte) 1873: 1-72

Annalen der Meteorologie 1948: 1+ Medi-

zin-Meteorologische Hefte 1949: 1+
Annalen der Pharmazie see Justus Liebigs

Annalen der Chemie
Annalen der Physik (1819-1824 as Annalen

der Physik und der Physikalischen Chemie ;

1824-1899 as Annalen der Physik und

Chemie) 1799: 1+
Annalen der Physik; Beiblatter see Bei-

blatter zu den Annalen der Physik
*Annalen der Physik; Erganzungsbands

1842: 1-8

Annalen des Naturhistorischen Museums
in Wien (1-32 as Annalen des K. K.

Naturhistorischen Hofmuseums) 1886: 1+
Annales; Station Oceanographique de

Salammbo 1925: Tunis. 1+
Annales Academiae Scientiarum Fennicae

(Suomalaisen Tiedeakatemian Toimituk-

sia) 1909: Helsingfors. Series A: 1+
Annales Biologiques; Conseil Permanent

International pour 1'Exploration de la Mer
1939: 1+

Annales Bogorienses; a journal of tropical

general botany, being a continuation of the

Annals of the Botanic Gardens, Buitzen-

zorg) 1950: 1+
Annales Botanici Societatis Zoologicae-
Botanicae Fennicae Vanamo see Suo-

malaisen Elain-ja Kasvitieteelisen Seuran

Vanamon; Kasvitieteellisia Julkaisuja

Annales d'Astrophysique; publiees sous les

auspices du Service d'Astrophysique du

Centre National de la Recherche Scien-

tifique 1938: 6-7

Annales d'Endocrinologie; Bulletin Officiel

de la Societe d'Endocrinologie 1939 : Paris.

1, no. 1
; 7, no. 1

; 8, no. 5 ; 9+
*Annales de Biologic Lacustre 1906 : Brus-

sels. 1-15

Annales de Chimie Analytique see Chimie

Analytique
Annales de Chimie et de Physique (after

ser. 8, divided into Annales de Chimie, and

Annales de Physique) 1789: 1+
*Annales de Cryptogamie Exotique 1928:

Museum National d'Histoire Naturelle. 1-8

Annales de Geophysique 1944 : Paris. 1+
*Annales de 1'Association des Naturalistes

de Levallois-Perret 1895: 9-10; 12-19

Annales de 1'Institut d'Etudes Maritimes
d'Ostende 1931 : Memoires. 1-4

Annales de 1'Institut National Zootech-

nique de Roumanie 1932 : Bucarest. 1-3

Annales de 1'Institut Oceanographique;
Monaco 1909: 1+

Annales de 1'Institut Pasteur 1887 : 1+
Annales de 1'Universite de Minsk see Trudy

Belorusskogo Gosudarstvenogo Universi-

teta

Annales de la Faculte des Sciences de

Marseille 1'Universite d'Aix-Marseille.

1891: ser. II; 18+
*Annales de la Societe Beige de Micro-

scopic (Memoires) 1875 : 1-28

Annales de la Societe Entomologique de

Belgique see Bulletin et Annales de la

Societe Entomologique de Belgique

*Annales de la Societe Linneenne de Lyon
1826: n.s. 1-40; 71; 76-80

Annales de la Societe Royale des Sciences

Medicales et Naturelles de Bruxelles

(n.s.) 1948: 1+
Annales de la Societe Royale Zoologique

(et Malacologique) de Belgique 1863:

1+
*Annales de la Societe Scientifique de

Bruxelles 1875: 1-46; Serie B. : Sciences

Physiques et Naturelles: 47-56; Serie C. :

Sciences Medicales: 47-49; Serie 2:

Sciences Naturelles et Medicales: 57-60;

Fascicule Administratif : 47-48, 51-60

Annales de la Station Centrale d'Hydro-
biologie Appliquee; Paris, Ministere de

1'Agriculture ;
Direction Generate des

Eaux et Forets 1945: 1+
*Annales de la Station Limnologique de

Besse 1909: 1-2, no. 1

*Annales de Micrographie; specialment
consacrees a la bacteriologie aux proto-

phytes et aux protozoaires 1888: 1-10

Annales de Parasitologie humaine et corn-

paree 1923: 1+
*Annales de Physiologie et de Physico-

chimie Biologique 1925 : 1-16, no. 3

Annales de Physique see Annales de Chimie

et de Physique
*Annales de Physique du Globe de la

France d'Outre-Mer 1934: 1-6

*Annales de Protistologie; recueil de tra-

vaux originaux concernant la biologic et

la systematique des protistes 1928: 1-5

Annales des Sciences Naturelles (after 30

in tzvo sections; Botanique; Zoologie)
1824: 1+

*Annales du Bureau Central Meteorolo-

gique de France; publiees par 1'Omce
National Meteorologique 1877: [1877-

1920]
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Annales du Jardin Botanique de Buiten-

zorg, sec Annals of the Botanic Gardens,

Buitenzorg
Annales du Musee d'Histoire Naturelles

de Marseille 1883 : 1+
;
*serie 2, Bulletin

1898: [1]

*Annales du Musee Royal d'Histoire Natu-
relle de Belgique 1877: 1-14

*Annales du Museum d'Histoire Naturelle

par les Professeurs de cet Etablissement
1802: 1-20

Annales Entomologici Fennici see Suomen
Hyonteistieteelinen Aikakauskirja

*Annales et Bulletin de la Societe Royale
des Sciences Medicales et Naturelles de
Bruxelles (1-69, no. 2 as Bulletin de la

Seance de . . .) 1840: [57-75]; 1922-1939,
no. 2

Annales Medicinae Experimentalis et

Biologiae Fennae 1947: 25+
Annales Musei Zoologici Polonici (1-6 as

Prace Zoologiczne Polskiego Panstwowego
Muzeum Przyrodniczego ;

7-8 as Prace

Panstwowego Muzeum Zoologicznego)
1921: 1 +

Annales Mycologici see Sydowia
Annales Scientifique de 1'Universite de

Jassy 1900: 1-22; (partie 2) Sciences
Naturelles. 23-26, no. 1

Annales Societatis Chimicae Polonorum
see Roczniki Chemii

Annales Societatis Rebus Naturae Inves-

tigandis in Universitate Tartuensi Con-
stitutae see Tartu Ulikooli juures oleva

Loodusuurijate seltsi Aruanded
Annales Societatis Zoolog.-Botanicae Fen-

nicae Vanamo see Suomalaisen elain-ja
Kasvitieteellisen Seuran Vanamon

; Julkai-

suja

Annales Universitatis Mariae Curie-Skl0-
dowska; Lublin, Polonia 1946: Section
A : Mathematics. 1+ Section AA : Physics
and Chemistry. 1+ Section B: Geogra-
phy, Geology, Mineralogy and Petrog-
raphy. 1+ Section C: Biology. 1+

Annales Zoologici Societatis Zoologicae-
Botanicae Fennicae Vanamo see Suoma-
laisen elain-ja Kasvitieteellisen Seuran

Yanamon; Elaintieteellisia Julkaisuja
Annali di Botanica 1903: 1 +
Annali di Chimica (Applicata) 1914: Asso-

ciazione Italiana di Chimica. 19, nos. 9, 12;
21 +

Annali Idrografici; Raccolta di Documenti
e Notizie circa 1'Idrografia e la Naviga-
zione 1900: Istituto Idrografico della Regia
Marina. 1-13, no. 1

Annals and Magazine of Natural History
(ser. 1. vols. 1-5 as Annals of Natural

History) 1838: London. 1+
Annals of Applied Biology 1914: Cam-

bridge, England. 1 +
Annals of Botany 1887: Oxford. 1+
Annals of Eugenics; a journal for the scien-

tific study of racial problems (subtitle 6+
journal devoted to the genetic study of

human populations) 1925: London. 1+
Annals of Internal Medicine 1927 : Ameri-

can College of Physicians. 1+
Annals of Natural History see Annals and

Magazine of Natural History
Annals of Science; a quarterly review of

the history of science since the Renaissance

1936: London. 1+
*Annals of Scottish Natural History 1892:

1-20

Annals of Surgery; a monthly review of

surgical science and practice 1885: 117+
Annals of the Association of American

Geographers 1911 : 1+
Annals of the Astrophysical Observatory

of the Smithsonian Institution 1900: 1+
*Annals of the Bolus Herbarium 1914: Uni-

versity of Cape Town. 1-4

*Annals of the Botanic Gardens, Buiten-

zorg (1-50 as Annales du Jardin Bota-

nique de Buitenzorg) 1876: 41-51

Annals of the Carnegie Museum 1901 :

Pittsburgh. 1+
Annals of the Computation Laboratory of

Harvard University 1945: 1-2

Annals of the Durban Museum 1914: Natal.

1+
Annals of the Entomological Society of

America 1908: 1+
*Annals of the Institute of Jamaica 1897 :

1, no. 1

Annals of the Lyceum of Natural History
of New York sec Annals of the New York

Academy of Sciences

Annals of the Missouri Botanical Garden
1914: 1+

Annals of the Natal (Government) Mu-
seum 1906: Pietermaritzburg. 1+

Annals of the New York Academy of Sci-

ences (ser. 1 as Annals of the Lyceum of

Natural History of New York) 1823: 1+
*Annals of the Royal Botanic Gardens,

Peradeniya; Ceylon Journal of Science,
Section A. Botany 1901: [1-11]

Annals of the South African Museum 1898:

1+
Annals of the Transvaal Museum (Annale
van die Transvaal Museum) (Mededelin-
gen van het Transvaal Museum) 1908 :

[1-2]; 3-9; [10]; 11+
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Annals of Tropical Medicine and Para-

sitology; issued by the Liverpool School

of Tropical Medicine 1907: 1+
1'Annee Biologique; comptes rendus des

travaux de biologie generale (27-43 in

two parts: 1. Physiologic generale; 2.

Morphologic et Biologie generales)
1895: 1+

Annotation of the Oceanographical Re-
search 1926: Imperial Fisheries Institute;

Tokyo. 1-3, no. 2

Annotationes Zoologicae Japonenses 1897:

Zoological Society of Japan. 1+
Annuaire de 1'Academie Royale de Bel-

gique (Jaarboek van de Koninklijke

Belgische Academie) (95-98 as Annuaire

de 1'Academie Royale des Sciences des

Lettres et des Beaux-Arts de Belgique)
1835 : 95+

Annuaire de 1'Institut Oceanographique du

Royaume de Yougoslavie see Godisnjak

Oceanografskog Instituta Kraljevine Jugo-

slavije

Annuaire de la Societe des Sciences et des

Lettres de Varsovie see Rocznik Towar-

zystwa Naukowego Warszawskiego
Annuaire de la Societe Meteorologique de

France sec Meteorologie
Annuaire du Bureau Hydrographique In-

ternational see Yearbook of the Interna-

tional Hydrographic Bureau
*Annuaire du Musee Zoologique; Aca-

demie des Sciences de 1'URSS (Ezhe-

godnik Zoologicheskogo Museia; Akade-
miia Nauk SSSR) (1-18 as Ezhegodnik

Zoologicheskago Muzeia ; Imperatorskoi
Akademii Nauk) (Annuaire du Musee

Zoologique de 1'Academie Imperiale des

Sciences de St.-Petersbourg) (19-20 as

Ezhegodnik Zoologicheskago Muzeia ;
Im-

peratorskoi Akademii Nauk) (Annuaire du

Musee Zoologique de 1'Academie Imperiale

des Sciences de Petrograd) (21-24 as

Ezhegodnik Zoologicheskogo Muzeia ;
Ros-

siiskoi Akademii Nauk) (Annuaire du

Musee Zoologique de 1'Academie des Sci-

ences de Russie) 1896: 1-32

Annual Announcement; Marine Biological

Laboratory of Woods Hole, Massachu-
setts 1888: 1+

*Annual Announcement; Woods Hole

Oceanographic Institution 1931 : 1-11
*Annual of Scientific Discovery; or Year-

book of Facts in Science and Art 1850:

Boston. 1-21

*Annual of the National Academy of Sci-

ences 1863 : Cambridge. 1863-65

*Annual Record of Science and Industry
1871 : New York. 3, 6-7

!|:Annual Report; American Breeders' Asso-
sociation (1-2 as American Breeders' As-
sociation Proceedings ; 3-6 as American
Breeders' Association Report) 1903 : Wash-
ington. 1-8

Annual Report; American Cancer Society
1944: 1947

Annual Report; Carnegie Foundation for

the Advancement of Teaching 1906: 1+
:;:Annual Report; Chicago Academy of Sci-

ences 1877: 38-40

Annual Report; Fouad I University; Fac-

ulty of Science 1926: Cairo. 1934+
Annual Report; Freshwater Biological As-

sociation of the British Empire 1932 : 6+
Annual Report; General Education Board

(1914-17 as Report of the Secretary) 1914:

[1914-35] +
Annual Report; Geological and Natural

History Survey of Minnesota 1872 : 1
;

7; 12-13; 15-16; 18-23

Annual Report; German Hydrographic In-

stitute sec Jahresbericht ; Deutsches Hy-
drographisches Institut

Annual Report; Indian Association for the

Cultivation of Science 1875: 1935+
Annual Report; Institute for Cancer Re-
search and the Lankenau Hospital Re-
search Institute sec Scientific Report ;

In-

stitute for Cancer Research and the Lan-

kenau Hospital Research Institute

Annual Report; Institute of Fisheries Re-

search; University of North Carolina

1947: 3+
Annual Report; International Hydro-
graphic Bureau 1921 : Monaco. 1+

Annual Report; International Pacific Sal-

mon Fisheries Commission 1937 : 1937+

Annual Report; John Innes Horticultural

Institution 1909: 28+
Annual Report; Liverpool Observatory
and Tidal Institute 1920: University of

Liverpool. 1921+

Annual Report; Maryland Board of Nat-

ural Resources 1941 : Baltimore. 1+
Annual Report; Maryland Water Pollu-

tion Control Commission 1947: Annapo-
lis. 1+

*Annual Report; Missouri Botanical Gar-

den 1889: 1-23

Annual Report; Nantucket Maria Mitchell

Association 1902: 1; 4-5; 10; 12-14; 17-

18; 20+
Annual Report; New York Academy of

Medicine see Bulletin of the New York

Academy of Medicine

Annual Report; New York Zoological So-

ciety 1896: 1+
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*Annual Report; Oceanographical Investi-

gation (through no. 43 as Quarterly Re-

port) 1913 : Imperial Fisheries Experi-
mental Station, Tokyo. 21-31

; 33-44; 51-71
*Annual Report; Peabody Academy of Sci-

ences (1-6 as Annual Report of the Trus-

tees of the Peahody Academy of Science)
1867: 1-6; 17-18

Annual Report; Provancher Society of

Natural History of Canada 1918: 1944-47

Annual Report; Rockefeller Foundation
1913: 1 +

Annual Report; Rockefeller Foundation;
International Health Division (through
1933 sec in Annual Report; Rockefeller

Foundation) 1913: 1913+
Annual Report; Scottish Marine Biologi-

cal Association (1894-1901 as Millport
Marine Biological Station; 1901-13 as

Marine Biological Association of the West
of Scotland) 1897: 1898-99; 1902-05;

1913-18; 1924+
Annual Report; Scottish Seaweed Re-

search Association 1945: Edinburgh.
1945+

Annual Report; Scripps Institution of

Oceanography: La Jolla. 1938/39
*Annual Report and Proceedings of the

Botanical Society; Edinburgh 1836: 1-10

Annual Report and Transactions; Man-
chester Microscopical Society 1880 :

1886; 1888; 1890-96; 1900; 1907-13;

1916; 1919

Annual Report of Hydrographical Obser-
vations 1926: Fishery Experiment Sta-

tion ; Fusan. 1-8

Annual Report of State Game Warden
and Annual Report of Game and Inland
Fish Commission 1938: Baltimore, Md.
1-5 (1943)

Annual Report of the American Museum
of Natural History 1869: 1+

Annual Report of the Atlantic States Ma-
rine Fisheries Commission to the Con-

gress of the United States and to the Gov-
ernors and Legislators of the Fourteen

Compacting States 1942 : New York City.

3+
Annual Report of the Auckland Institute

and Museum: New Zealand 1868: 1940+
Annual Report of the Biological Board of

Canada sec Annual Report of the Fish-

eries Research Board of Canada
Annual Report of the Biological Labora-

tory; Long Island Biological Associa-

tion 1889: 35+
Annual Report of the Biological Station

to the Governor of North Dakota 1909:

1909-12; 1915-16

Annual Report of the Board of Regents of

the Smithsonian Institution 1846: 1847;

1849+
Annual Report of the Brooklyn Botanic

Garden sec in Brooklyn Botanic Garden
Record

Annual Report of the Bureau of Science;

Philippine Islands (no. 2 as Report of

the Superintendent of Government Labora-

tories ; no. 3 as Annual Report of the

Superintendent of the Bureau of Govern-
ment Laboratories; 5-18 as Annual Report
of the Director of the Bureau of Science)

1901: Manila. 2-3; 5-7: 10; 18; 26-31: 33

Annual Report of the Carnegie Museum;
Carnegie Institute 1896: Pittsburgh. 7-21 ;

23-27; 30+
Annual Report of the Chief Signal Officer

of the Army to the Secretary of War
1861: 1872-73; 1875-1887; 1889 pt. 2-1890

Annual Report of the Commission of Fish-

eries of Virginia 1897 : Richmond. 48+
Annual Report of the Commission of Game
and Inland Fisheries; Richmond, Vir-

ginia. 1926: 20+
*Annual Report of the Commissioners of

Inland Fisheries; State of Rhode Island

and Providence Plantations (no. 1 forms

report of the joint special committee of the

general assembly of Rhode Island ap-

pointed to examine into the fisheries of

Narragansett Bay, 1870) 1870: 1-5; 7-8;

10-13; 18-65

"Annual Report of the Commissioners of

Shell Fisheries, made to the General

Assembly; State of Rhode Island and
Providence Plantations 1890: 1890-91;

1893-94; 1905-07; 1911-12; 1914-15; 1917;

1919-25; 1928-30

Annual Report of the Commonwealth Sci-

entific and Industrial Research Organi-
zation 1948: Commonwealth of Australia.

1+
Annual Report of the Conservation De-

partment of the State of Maryland 1923:

1-3; 6+
*Annual Report of the Council for Scien-

tific and Industrial Research 1926: Mel-

bourne 1-22

Annual Report of the Department of Agri-
culture and Conservation of the State of

Rhode Island and Providence Planta-

tions 1935 : 1

Annual Report of the Department of Fish-

eries; Dominion of Canada (1868-83 is-

sued as Supplements to the Annual Report
of the Department of Marine and Fisheries ;

1875-83 as Report of the Commissioner of

Fisheries and variations of this title ; 34-



10 SERIAL PUBLICATIONS, MARINE BIOLOGICAL LABORATORY

47, 1901-14 as Annual Report of the De-

partment of Marine and Fisheries ; 48-53,
1914-19 as Annual Report of the Fisheries

Branch
; Department of the Naval Serv-

ice; 56-63, 1922-30 as Annual Report of

the Fisheries Branch
; Department of Ma-

rine and Fisheries) 1868: [4-53]; 56+
Supplements to vols. [23-51]

*Annual Report of the Department of Wa-
ter Supplies and Sewage Disposal; New
Jersey Agricultural Experiment Station

(1923-26 as Report of the Sewage Sub-

station) 1921: [1921-1934]
*Annual Report of the Director; United

States Coast and Geodetic Survey (1834-
50 as Report (Letter) from the Secretary
of the Treasury; 1851-1911 as Report of

the Superintendent; 1911-19 as Annual Re-

port of the Superintendent ; 1935+ see in

Annual Report of the Secretary of Com-
merce) 1832: 1834; 1836-41; 1843-1934

Annual Report of the Director of the Mu-
seum of Comparative Zoology at Har-
vard College 1861 : 1861+

Annual Report of the Division of Fish
and Game; Massachusetts (1-54 as An-
nual Report of the Commissioners on Fish-

eries and Game) 1865: [3-67]
Annual Report of the Division of Labora-

tories and Research; New York State

Department of Health: 1933+
Annual Report of the Entomological So-

ciety of Ontario 1869: [3-66]

Annual Report of the Essex Institute 1898 :

Salem (1903-1918)
Annual Report of the Fan Memorial In-

stitute of Biology 1928: Peiping. 1-9

Annual Report of the Fisheries Research
Board of Canada (1930-33 as Annual Re-

port on the work of the Biological Board
of Canada; 1934-37 as Annual Report of

the Biological Board of Canada) 1930 :

1930+

Annual Report of the Fishery Board for

Scotland 1872: 18-21; 24-33; 38-40; 47-

49; 51-52

Annual Report of the Imperial Cancer
Research Fund 1902: London. 1+

*Annual Report of the Indian Museum,
Zoological and Anthropological: 1909-16

Annual Report of the John and Mary R.
Markle Foundation: New York City.
1946+

Annual Report of the Laguna Marine Lab-

oratory 1912 : Laguna Beach, Orange
County, California. 1

Annual Report of the Librarian of Con-
gress 1800: 1901; 1906+

Annual Report of the Librarian of Con-
gress; Supplement; Quarterly Journal of

Current Acquisitions 1943: 1+
Annual Report of the Liverpool Marine

Biological Station on Puffin Island see

Report of the Marine Biological Station

at Port Erin, Isle of Man
Annual Report of the Marine Biological

Station at Port Erin see Report of the

Marine Biological Station at Port Erin,
Isle of Man

:|:Annual Report of the Michigan Academy
of Science 1894: 1894-1920

Annual Report of the National Institute

of Oceanography 1949: London. 1949+
Annual Report of the (Metropolitan) Na-

tional Library of Peiping 1926: 1927-33;
1935-38

Annual Report of the National Research

Council; Dominion of Canada 1917: 17-

20; 22-24; 26+
*Annual Report of the New Jersey State

Museum 1905: 1905-11

^Annual Report of the Newfoundland Fish-

eries Commission 1889: 1889-93

*Annual Report of the Ohio (State) Acad-

emy of Science (12-47 see in Proceedings
of the Ohio Academy of Science and in

Ohio Journal of Science) 1892: 1-11

Annual Report of the Pacific Marine Fish-

eries Commission 1948: Oregon. 1 +
Annual Report of the Secretary of the

Massachusetts State Board of Agricul-
ture 1853 : [2-40]

Annual Report of the Smithsonian Insti-

tution see Annual Report of the Board of

Regents of the Smithsonian Institution

Annual Report of the Tortugas Labora-

tory; Carnegie Institution of Washing-
ton see Carnegie Institution of Washington
Yearbook

Annual Report on the Marine Biological
Station at Ghardaqa, Red Sea: Fouad I

University; Cairo. 1932+

Annual Report on the New York State

Museum of Natural History (first known
as the State Cabinet of Natural History)
1847: [4-41]

Annual Report on the Progress of Chem-
istry 1904 : Chemical Society, London. 1+

Annual Report on the Work of the Bio-

logical Board of Canada see Annual Re-

port of the Fisheries Research Board of

Canada
Annual Review of Biochemistry 1932: 1+
Annual Review of Microbiology 1947: 1+
Annual Review of Physical Chemistry

1950: 1+
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Annual Review of Physiology 1939 : Amer-
ican Physiological Society. 1 +

Annual Review of Plant Physiology 1950:

1+
*Annual Survey of American Chemistry

1925: National Research Council. 1-10

*Annuario del Museo Zoologico della R.
Universita di Napoli 1861 : n.s. 1-8, no. 2

Annuario dell'Istituto e Museo di Zoologia
dell'Universita di Napoli 1949: 1+

Annuario della (Reale) Accademia d'ltalia

1929: 1-9

Annuario della Pontificia Accademia delle

Scienze 1936: 1

*Anuari; Junta de Ciencies Naturals de
Barcelona 1916: 1-3

Anuario Bibliografico Venezolono; Estados
Unidos de Venezuela, Biblioteca Nacional,
Caracas 1942: 1943-44

Anuario da Pesca Maritima no Estado de
Sao Paulo; Departmento da Produqao
Animal Secretaria da Agricultura, Indus-
tria e Comercio, Directoria de Publicadade

Agricola 1944: 1

Anuario da Sociedade Broteriana; Univer-

sity of Coimbra 1935 : 1-2, 4+
Anzeiger der (Osterreichischer) Akademie

der Wissenschaften (in Wien) ; Mathe-
matisch-Naturwissenschaftliche Klasse
1864: [3]-4; 8-9; 12+

Appleton's Popular Science Monthly sec

Popular Science Monthly
Applied Mechanics Reviews; a critical re-

view of the world literature in applied
mechanics 1948: 1+

*Applied Photography 1931 : Eastman Kodak
Company. 1-14

*Apteryx; a New England quarterly of nat-

ural history 1905: Providence, R. I. 1, nos.

1-3

Aquarium 1932: Philadelphia. [1-4]

Aquarium; a quarterly magazine for students

and lovers of nature, education, and recrea-

tion 1892: [3-4]
*Aquarium; Aquarium Societies of New

York, Brooklyn, Chicago, Philadelphia, etc.

1912: [1-2]

Aquarium Digest: Toledo Aquarium So-

ciety. [4-7]

Aquatic Life 1915: Philadelphia. [1-6]

Aquila; journal of ornithology 1894: Buda-
pest. 11-18

Arbeiten auf dem Gebiete der Chemischen
Physiologic 1903: Bonn. 13; 16-20

Arbeiten aus Anatomischen Instituten see

Zeitschrift fur Anatomic und Entwick-

lungsgeschichte
*Arbeiten aus dem Gebiet der Experimen-

tellen Biologic 1921 : 1-3

*Arbeiten aus dem Kieler physiologischen
Institut 1868: 1

Arbeiten aus dem Paul Ehrlich-Institut

und dem Georg Speyer-Hause zu Frank-
furt a.M. (17-35 as Arbeiten aus dem
Staatsinstitut f. experimentalle Therapie
und dem Georg Speyer-Hause zu Frank-

furt a.M. ; 36-44 as Arbeiten aus dem
Staatlichen Institut f. experimentelle Thera-

pie und dem Forschungsinstitut f. Chemo-

therapie zu Frankfurt a.M. ; 45 as Arbeiten

aus dem Staatlichen Institut f. experimen-
telle Therapie und dem Georg Speyer-
Hause zu Frankfurt a.M.) 1905: 17, 19-

20, 22+
*Arbeiten aus dem Zoologischen Institut

der Universitat Innsbruck 1923: 1-3

*Arbeiten aus dem Zoologischen Institut

zu Graz 1886: 1-9

*Arbeiten aus den Zoologischen Instituten

der Universitat Wien und der Zoologi-
schen Station in Triest 1878: 1-20

Arbeiten aus der Biologischen Meeres-
station am Schwarzen Meer in Varna,

Bulgarien see Trudove na Chernomor-
skata Biologichna Stantsiia v' Varna

Arbeiten aus der Dritten Abteilung des

Anatomischen Institutes der Kaiser-

lichen Universitat Kyoto; Ausserseriale

Monographic 1932 : 1

Arbeiten aus der Dritten Abteilung des

Anatomischen Institutes der Kaiser-

lichen Universitat Kyoto; Serie A.

Untersuchungen iiber das Periphere

Nervensystem 1930: 1-4 Supplementheft
1

Arbeiten aus der Dritten Abteilung des

Anatomischen Institutes der Kaiser-

lichen Universitat Kyoto; Serie C. Ex-

perimentelle Tuberkuloseforschung 1930 :

1-6; Supplementheft 2

Arbeten aus der Dritten Abteilung des

Anatomischen Institutes der Kaiser-

lichen Universitat Kyoto; Serie D.

Lymphopathologie (1930-35 as Unter-

suchungen iiber die Physiologic der Lymph-
bewegung) 1930: 1-9A

*Arbeiten aus der Physiologischen Anstalt

zu Leipzig 1866: 1-11

Arbeiten der Biologischen Noworossijsk-
Station namens W. M. Arnoldi see Ra-

boty NovorossiiskoT Biologicheskoi Stantsii

imeni V. M. Arnol'di

Arbeiten der Biologischen Station zu Kos-
sino (bei Moskau) see Trudy Limnologi-
cheskoi Stantsii v Kosine

Arbeiten der Biologischen Sungari-Station,
see Trudy Sungaritskoi Rechnoi Biologi-
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cheskoT Stantsii ; Obschestvo Izucheniia

Man'chzhurskogo Kraia
Arbeiten der Biologischen Wolga-Station
(Raboty Volzhskoi Biologicheskoi Stant-

sii) 1900: Russia. 1-10

Arbeiten der Fischereiwirtschaftlichen Sta-

tion in Jakutsk sec Trudy lakutskoi

Nauchnoi Rybokhoziaistvennoi Stantsii

Arbeiten der Hydrophysiologischen Sta-

tion des Instituts fiir Experimentelle
Biologic sec Trudy ZvenigorodskoT Gidro-

fiziologicheskoT Stantsii Instituta Eksperi-
mental'noT Biologii ginz'a Moskva

Arbeiten der Limnologischen Station zu

Kossino der Hydrometeorologischen
Administration der USSR sec Trudy
Limnologicheskoi Stantsii v Kosine

Arbeiten des Ichthyologischen Laborato-
riums der Kaspi-Wolgaschen Fischerei-

Verwaltung in Astrachan sec Report (s)

of the (Astrakhan) Scientific Station of

Fisheries of Volga and Caspian Sea

Arbeiten des Instituts fur Experimen-
telle Morphogenese, Moskau sec Trudy
Nauchno-Isseledovatel'skogo Instituta Ek-

sperimental'nogo Morfogeneza : Moskovs-

kogo Gosudarstvennogo Universiteta

*Arbeiten des Naturforscher-Vereins zu

Riga 1847: n.f. 2-22

Arbeiten des Ungarischen Biologischen

Forschungs-Institutes see Archiva Bio-

logica Hungarica
Arbeiten des Zoologischen Forschungs-

institutes see Trudy Nauchno-Issledova-

tel'skogo Instituta Zoologii

Arbeitsphysiologie; Internationale Zeitschrift

fiir die Physiologic des Mensclien bei Ar-

^beit
und Sport 1928: 14-

Arbok; Norske Videnskaps-Akademi i

Oslo 1925: 1925+

*(Aus dem) Archiv der Deutschen See-

warte und des Marineobservatorium (]-

57, n. 3 as Aus dem Archiv der Deutschen

Seewarte) 1878: 1-61; [62-63]

Archiv der Julius Klaus-Stiftung fiir Verer-

bungsforschung, Sozialanthropologie und

Rassenhygiene 1925: Zurich. 14-

Archiv der Pharmazie und Berichte der

Deutschen Pharmazeutischen Gesell-

schaft 1822: 271-279

Archiv des Vereins der Freunde der

Naturgeschichte in Mecklenburg (784-

also as N.S. 14-) 1847: 75; N.F. 1-13

*Archiv f. Anatomic, Physiologic und Wis-
senschaftliche Medicin (popularly known
as Midler's Archiv) 1834: 1-43

*Archiv fiir Anatomic und Physiologic;
Anatomische Abt. ; Archiv fiir Anatomic

(1877-1912 as Archiv fiir Anatomic und

Entwicklungsgeschichte) 1877: 1-43
*Archiv fur Anatomic und Physiologic;

Anatomische Abt.; Supplement 1877:

1889-90; 1895; 1897; 1902; 1905-07; 1909;

1912-13; 1915

*Archiv fiir Anatomie und Physiologic;

Physiologische Abt.; Archiv fiir Physio-

logic (contains Verhandlungen der Physi-

ologischen Gesellschaft zu Berlin 1-31)
1877: 1-43

*Archiv fiir Anatomie und Physiologic;

Physiologische Abt.; Supplement 1877:

1879-80; 1882-87; 1889-90; 1892-93; 1899-

1908; 1910; 1912

"Archiv fur Biontologie; Gesellschaft Na-
turforschender Freunde zu Berlin (sus-

pended 1909-12; 1921) 1906: 1-4

Archiv fiir die Gesamte Physiologic sec

Pfliigers Archiv fiir die Gesamte Physio-

logic der Menschen und der Tiere

Archiv fiir die gesamte Virusforschung
1939: 14-

Archiv fiir die Naturkunde Estlands (Eesti
Loodusteaduse Arhiiv) 1854-1905 as

Archiv fiir die Naturkunde Liv- Ehst- und

Kurlands ;
1920-23 as Archiv fiir die Na-

turkunde des Ostbaltikums) (suspended

1906-19) 1854: Naturforscher-Gesellschaft,

Universitat Tartu (Dorpat). Erste Serie.

Geologica, Chemica et Physica (1-9 pt. 5

as Mineralogische Wissenschaften, nebst

Chemie, Physik, etc.) 1-11; Zweite Serie.

Biologica. 1-16, no. 2

"Archiv fiir die Physiologic 1795: Halle. 1-

12

Archiv fur Entwicklungsmechanik der Or-

ganismus see Wilhelm Roux' Archiv fiir

Entwicklungsmechanik der Organismen
Archiv fiir Experimentelle Pathologic und

Pharmakologie sec Naunyn-Schmiede-

bergs Archiv fiir Experimentelle Patho-

logic und Pharmakologie
Archiv fiir Experimentelle Zellforschung,
besonders Gewebeziichtung (Explanta-

tion) 1925: 14-

Archiv fiir Fischerei Wissenschaft 1948:

14-

Archiv fiir Hydrobiologie; Organ der In-

ternationalen Vereinigung fiir Theore-
tische und Angewandte Limnologie (1-
11 a.? Archiv fiir Hydrobiologie und

Planktonkunde) 1906: 14-; Supplement
If ; Literary Supplement 1-3

Archiv fiir Meteorologie, Geophysik und

Bioklimatologie 1948: Series A: Mete-

orologie und Geophysik. 14- Series B:

Allgemeine und Biologische. 14-
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Archiv fiir Mikrobiologie ; Zeitschrift fur

die Erforschung der Pflanzlichen Mikro-

organismen 1930: 1+
*Archiv fur Mikroskopische Anatomic (98-

104 as Archiv fiir Mikroskopische Ana-
tomie und Entwicklungsmechanik) 1865 :

1-104; Supplement to vol. 5

Archiv fiir Molluskenkunde der Sencken-
bergischen Naturforschenden Gesell-

schaft (formerly published by the Deutsche

malakozoologische Gesellschaft 1-51, 1868-
1919 as the society's Nachrichtsblatt) 1868:

Frankfurt a. Main. 79+
*Archiv fur Naturgeschichte 1835 : 1-77
*Archiv fur Naturgeschichte; Abt. A.

Original-Arbeiten 1912: 78-92
*Archiv fur Naturgeschichte; Abt. B.

Jahresberichte 1912: 78-79
Archiv fur Naturgeschichte; Zeitschrift

fur Systematische Zoologie 1932: 1+
Archiv fur Pathologische Anatomic und
Physiologic see Virchow's Archiv fiir

Pathologische Anatomic und Physiologic
und fiir Klinische Medizin

Archiv fur Physiologic see Archiv fiir Ana-
tomic und Physiologic; Physiologische
Abtheilung

*Archiv fur Physiologische und Patholo-
gische Chemie und Mikroskopie in ihrer

Anwendung auf die Praktische Medizin
1844: 1-4

Archiv fiir Protistenkunde 1902: 1+
Archiv fiir Rassen- und Gesellschaftsbio-

logie; Einschliesslich Rassen- und Ge-
sellschaftshygiene 1904: 1+

Archiv fiir Schiffs- und Tropenhygiene;
Pathologic und Therapie Exotischer
Krankheiten sec Deutsche Tropenmedi-
zinische Zeitschrift

*Archiv fiir Vergleichende Ophthalmologie
1910: 1-4, Heft 3

Archiv fiir Wissenschaftliche Botanik see

Planta; Archiv fiir Wissenschaftliche Bo-
tanik

*Archiv fiir Zellforschung 1908: 1-17
*Archiv Mecklenburgischer Naturforscher

1923 : Verein der Freunde der Naturge-
schichte in Mecklenburg 1923: 1, Heft 2

*Archiv Skandinavischer Beitrage zur Na-
turgeschichte 1845 : 1-2

Archiva Biologica Hungarica (1, 1926-27
as Archivum Balatonicum

; 2-16, 1928-
1946 as Magyar Biologiai Kutatointezet

Munkai) 1926: 1+
Archiva Medica Belgica; Organe officiel de

1'Association des Societes Scientifiques
Medicates Beiges 1946: 1+

Archives d'Anatomie, d'Histologie et

d'Embryologie 1922: Strasbourg. 1+

Archives d'Anatomie Microscopique et de

Morphologic Experimentale (1-35, 1897-

1940 as Archives d'Anatomie Microsco-

pique) 1897: 1+
Archives d'Hydrobiologie et d'lchthyolo-

gie see Archiwum Hydrobiologji i Ry-
bactwa

Archives de Biologic 1880 : Paris and Liege.
1+

Archives de Biologic de la Societe des
Sciences et des Lettres de Varsovie see

Archiwum Nauk Biologicznych
*Archives de 1'Electricite, supplement a la

Bibliotheque Universelle de Geneva
1841: 1-5

Archives de 1'Institut de Botanique de
1'Universite de Liege 1897: 1+

Archives de 1'Institut Pasteur d'Algerie
1923: 1+

Archives de la Societe des Sciences Medi-
cales et Biologiques de Montpellier et

du Languedoc Mediterranean 1919 : 9+
*Archives de Morphologic Generale et Ex-

perimentale 1921 : 1-29

*Archives de Parasitologie 1898 : 1-16

Archives de Pharmacodynamie sec Archives

Internationales de Pharmacodynamie et de

Therapie
^Archives de Physiologic Normale et Pa-

thologique 1868: 1-ser. 5. vol. 10

*Archives de Physique Biologique et de

Chimie-Physique des Corps Organises
(1-7 as Archives de Physique Biologique)
1921 : 1-17

*Archives de Plasmologie Generale 1912:

1, no. 1

Archives de Zoologie Experimentale et

Generale; histoire naturelle, morpholo-
gic, histologie, evolution des animaux

(1907+ includes Biospeologica) 1872: 1+
Archives des Sciences; editees par la Societe

de Physique et d'Histoire Naturelle de

Geneve 1948: 1+
Archives des Sciences Biologiques see Ark-

hiv Biologicheskikh Nauk
Archives des Sciences Physiologiques

1947: Paris. 1+
*Archives des Sciences Physiques et Natu-

relles (1848-1918 as Bibliotheque Univer-

selle) 1846: Geneva. 1 ser. 5, vol. 29

Archives du Musee Zoologique de 1'Uni-

versite de Moscou see Sbornik Trudov

Gosudarstvennogo Zoologicheskogo Muzeya
'"Archives du Museum d'Histoire Naturelle

de Lyon 1872 : 1-13

Archives du Museum d'Histoire Naturelle
de Paris (1865-1914 as Nouvelles Ar-

chives) 1865: ser. 1-6, vol. 1-14, 16-19
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'"Archives Internationales de Medecine Ex-

perimentale 1924: 1-15, no. 1

Archives Internationales de Pharmacody-
namie et de Therapie (1-3 as Archives de

Pharmacodynamie) 1894: 1+
Archives Internationales de Physiologic

1904: 1+
'"Archives Italiennes de Biologie; Revues,

Resumes, Reproductions des Travaux

Scientifiques Italiens 1882: 1-6: 10-94

*Archives Neerlandaises de Phonetique
Experimental 1926: Societe Hollandaise

des Sciences a Harlem. 1-20

*Archives Neerlandaises de Physiologic de
I'Homme et des Animaux (forms scries

3C of Archives Neerlandaises des Sciences

Exactes et Naturelles) 1916: Societe Hol-
landaise des Sciences a Harlem. 1-28

Archives Neerlandaises de Zoologie 1934:

Societe Neerlandaise du Zoologie. 1+
*Archives Neerlandaises des Sciences Ex-

actes et Naturelles 1866: Societe Hollan-

daise des Sciences a Harlem. 1 ser. 2, 15

^Archives Neerlandaises des Sciences Ex-
actes et Naturelles 1911: ser. 3A, 1-14;
ser. 3B, 1-5

;
ser. 3C, see Archives Neer-

landaises de Physiologic de 1'Homme et des

Animaux
Archives Neerlandaises des Sciences Ex-

actes et Naturelles, ser. 4A, sec Physica
Archives Neerlandaises des Sciences Ex-

actes et Naturelles, ser. 4C, sec Acta

Physiologica et Pharmacologica Neer-
landica

Archives of Biochemistry and Biophysics
(1-30, 1942-51 as Archives of Biochemis-

try) 1942: 1+
*Archives of Dermatology; a Quarterly

Journal of Skin and Venereal Diseases
1874: 1-8 (1882)

Archives of Internal Medicine 1908: Amer-
ican Medical Association. 1+

Archives of Neurology and Psychiatry
1919: ibid. 1+

Archives of Pathology (1-5, no. 2 as Ar-
chives of Pathology and Laboratory Medi-

cine) 1926: ibid. 1+
Archives of Surgery 1920: ibid. 1-39, 41+
Archives Portugaises des Sciences Biolo-

giques 1921 : Sociedade Portuguesa de

Biologia. l-[4] ;
5+

Archives Roumaines de Pathologie Ex-
perimentale et de Microbiologie 1928:

Paris 1+
Archives Russes d'Anatomie, d'Histologie

et d'Embryologie see Arkhiv Anatom'ii,

Gistologii i Embriologii
Archives Russes de Protistologie. see

Ruskii Arkhiv Protistologii

*Archives Slaves de Biologie 1886: Paris.

[l-4]_
Archivio di Farmacologia Sperimentale e

Scienze Affini 1902: 1+
Archivio di Fisiologia 1904: 1+
Archivio di Oceanografia e Limnologia

1941: 1+
Archivio di Scienze Biologiche; Fisiologia,

Farmacologia, Patologia Sperimentale
1919: Societa Italiana di Biologia speri-

mentale. 1 +
Archivio Italiano di Anatomia e di Em-
briologia 1902: 1 +

Archivio Italiano di Medicina Sperimen-
tale see Medicina Sperimentale; Archivio

Italiano

Archivio Triennale del Laboratorio di Bo-
tanico Crittogamica see Atti dell'Instituto

Botanico della R. Universita ;
R. Labora-

torio Crittogamico ; Pavia

Archivio Zoologico Italiano (1-4 as Ar-
chivio Zoologica) 1902: 1+; Supplemento;
Attualita Zoologiche 1933: 1+

Archives de la Sociedad de Biologia de

Montevideo 1929: 1-3; [5]; 6+ Supple-
ments : 1-7

:| Archives de Neurobiologia (1-8 as Archi-

ves de Neurobiologia, Psicologia, Fisio-

logia, Histologia, Neurologia y Psiquia-

tria) 1920: Madrid. 1-8; [9-15]

Archives do Institute Vital Brazil sec

Boletim do Institute Vital Brazil

Archives do Museu Nacional; Universi-

dade do Brasil sec Arquivos do Museu
Nactional ; Universidade do Brasil

Archives Peruanos de Patologia y Clinica

1947: 1-2

Archivum Balatonicum see Archiva Bio-

logica Hungarica
Archivum Societatis Zoologicae Botanicae

Fennicae 'Vanamo' see Suomalaisen

Elain-ja Kasvitieteellisen Seuran Vana-
mon : Tiedonannot ja Poytakirjat

Archiwum Hydrobiologji Rybactwa (Ar-
chives d'Hydrobiologie et d'lchthyo-

logie) 1926: Stacja Hydrohiologiczna na

Wigrach Suwalki. 1+
Archiwum Nauk Biologicznych Towar-

zystwa Naukowego Warszawskiego (Ar-
chives de Biologie de la Societe des

Sciences et des Lettres de Varsovie)
1921: 1+

Arctic; Journal of the Arctic Institute of

North America 1948: 1+
*Arctic Newsletter; Arctic Institute of North

America. 1, nos. 1-3

Arkhiv Anatomi'i, Gistologii i Embriologii

(Archives Russes d'Anatomie, d'Histologie

et d'Embryologie) 1916: 1-20, no. 2
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Arkhiv Biologicheskikh Nauk; Vsesoiuznyi
Institut Eksperimental'noi Meditisiny (Ar-
chives des Sciences Biologiques) 1892: 1-

46: [51-55]
Arkiv for Astronomi; K. Svenska Veten-

skapsakademien 1950: 1+
Arkiv for Botanik; ibid. 1903: 1+
Arkiv for Fysik; ibid. 1949: 1+
Arkiv for Geofysik 1950: ibid. 1+
Arkiv for Kemi; ibid. 1949: 1+

*Arkiv for Kemi, Mineralogi och Geologi;
ibid. 1903: 1-26

Arkiv for Matematik; ibid. 1949: 1+
*Arkiv for Matematik, Astronomi och

Fysik; ibid. 1903: 1-36

Arkiv for Mineralogi och Geologi; ibid.

1949: 1+
Arkiv for Zoologie; ibid. 1903: 1+
Arquivo de Anatomia e Antropologia 1912:

Lisbon. 1+
Arquivos da Escola Medico-Cirurgica de
Nova Goa 1927: ser. A, 1-14; ser. B, 1-7

Arquivos de Zoologia do Estado de Sao
Paulo 1940: 1+

Arquivos do Institute Biologico (1-4 as

Archives do Institute Biologico de Defesa

Agricola e Animal ; 5-8 as Archives do

Institute Biologico) 1928: Brazil. 1+
Arquivos do Museu Nacional; Universi-

dade do Brasil (1-8, 10-36 as Archives;
9 as Revista) 1876: 1+

^Arquivos Indo-Portugueses de Medicina
e Historia Natural; Orgao do Instituto

Bacteriologico de Nova Goa 1921 : 1-4

Arsbok Vuosikirja 1922 : Societas Scienti-

arum Fennica. 1+
Asher-Spiro; Ergebnisse der Physiologic

see Ergebnisse der Physiologic, Biolo-

gischen Chemie mid Experimentellen Phar-

makologie
Astrophysica Norvegica; Institute of Theo-

retical Astrophysics of Oslo University
1936: 1+

Astrophysical Journal; an international re-

view of spectroscopy and astronomical

physics 1895: 1+
Atti del Congresso Nazionale di Botanica

Crittogamica in Parma 1887 : Societa

Crittogamalogica Italiana. 1-2

Atti del Congresso Nazionale di Micro-

biologia 1930: Societa Internazionale di

Microbiologia, Sezione Italiana. 3-4

Atti dell'Istituto Botanico della R. Uni-

versita; R. Laboratorio Crittogamico;
Pavia (1, 1874 as Archivio Triennale del

Laboratorio di Botanico Crittogamica ;
2-5

as Archivio del Laboratorio di Botanica

Crittogamica ; ser. 2, vol. 1 ser. 3, vol. 3

as Atti dell'Istituto Botanico dell'Univer-

sita di Pavia
;

ser. 4, vols. 1-13 as Atti

dell'Istituto Botanico "Giovanni Briosi" e

Laboratorio Crittogamico Italiano della R.

Universita di Pavia) 1874: 1+
Atti della Accademia Gioenia di Scienze

Naturali in Catania 1825: 1+
Atti della Reale Accademia delle Scienze

di Torino; Classe di Scienze Fisiche,
Matematiche e Naturali 1865: [19-51]

*Atti della R. Accademia Nazionale dei

Lincei 1847 : 24-26 ; ser. 2. 1-3

Atti della R. Accademia Nazionale di Lin-

cei; Memorie della Classe di Scienze

Fisiche, Matematiche e Naturali 1873:

ser. 3+
*Atti della R. Accademia dei Lincei; Rendi-

conti 1884: ser. 4:1-7
Atti della R. Accademia Nazionale dei

Lincei; Rendiconti della Classe di Sci-

enze fisiche, matematiche e naturali 1892 :

ser. 5+
*Atti della R. Accademia Nazionale dei

Lincei; Rendiconto dell'Adunanze So-

lenne 1892: 1-4, no. 11

:;:Atti della R. Accademie Nazionale di

Lincei; Transunti 1876: 1-8

*Atti della Societa Italiana di Genetica ed

Eugenica 1920: 1

Atti della Societa Italiana di Scienze Natu-
rali e del Museo Civico di Storia Natu-
rale in Milano 1855: [18]; [41-42]; 53+

Atti della Societa Toscana di Scienze Na-
turali residente in Pisa; Memorie 1875:

15-54; Series B: 55+ Processi Verbal!

1878: 14-29; 48+
Atti e Memorie dell'Accademia d'Agricol-

tura, Scienze, Lettere, Arti e Commercio
di Verona (1-75 as Memorie della Acca-

demia di Verona ; Agricoltura, Scienze,

Lettere, Arti e Commercio) 1807: 1; 17;

ser. 3. [64-75]; ser. 4. [1-6]; 10-11

Attualita Zoologiche see Archivio Zoologico
Italiano ; Supplemento

Auk: a quarterly journal of ornithology
1876: ser. 2 (1884). 1 +

Aus Deutschen Zuchten 1936: Berlin,

Deutsche Gesellschaft fur Ziichtungskunde.
Neue Schriftenreihe 1-8

Australian Journal of Agricultural Re-
search 1950: 1+

Australian Journal of Applied Science

1950: 1+
Australian Journal of Experimental Biol-

ogy and Medical Science 1924: 1+
Australian Journal of Marine and Fresh-
water Research 1950: 1+

Australian Journal of Science (includes
Australian Science Abstracts 17+) 1938:

Australian National Research Council. 1+
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Australian Journal of Scientific Research
1948: Series A: Physical Sciences. 1+
Series B: Biological Sciences. 1+

Australian Science Abstracts 1922: 1-16

Australian Zoologist 1914: Royal Zoologi-
cal Society of New South Wales. 1+

Avhandlinger utgitt av det Norske Viden-

skaps-Akademi i Oslo. I. Mathematisk-

Naturvidenskapelig Klasse 1925: 1925+

Bacteriological Reviews 1937: 1+
"Baumgarten's Jahresbericht" see Jahres-

bericht iiber die Fortschritte in der Lehre
von den Pathogenen Mikroorganismen,
umfassend Bacterien, Pilze und Protozoen

*Behavior Monographs 1911 : 1-4

*Beiblatter zu den Annalen der Physik (1-
23 as Beiblatter zu den Annalen der Physik
und Chemie) 1877: 1-43

Beihefte zurn Archiv fur Schiffs-und Tro-

penhygiene; Pathologic und Therapie
Exotischer Krankheiten see Deutsche

Tropenmedizinische Zeitschrift

Beihefte zum Botanischen Centralblatt

(18, 1905+ as Abt. A or 1 and B or 2)
1891: Abt. A, 1+; Abt. B, 23-25; [26] +

Beitrage zur Anatomic Funktioneller Sys-
teme 1930: 1, no. 1

Beitrage zur Angewandten Geophysik (1-

3, no. 3 as Gerlands Beitrage zur Geo-

physik ; Erganzungshefte fiir Angewandte
Geophysik) 1931: 1-8

Beitrage zur Biologic der Pflanzen 1870:

1+
*Beitrage zur Chemischen Physiologic und

Pathologic; Zeitschrift fiir die Gesamte
Biochemie (Franz Hofmeister) 1901: 1-11

Beitrage zur Geophysik see Gerlands Bei-

trage zur Geophysik

*Beitrage zur Lehre von den Geschlechts-
Unterschieden 1903: Leipzig 1-8

*Beitrage zur Morphologic und Morpho-
genie; Untersuchungen aus dem Ana-
tomischen Institut zu Erlangen 1883 : 1

Beitrage zur Pathologischen Anatomic und
zur Allgemeinen Pathologic (Ziegler's)

(1-2 as Beitrage zur Pathologischen Ana-
tomic und Physiologic) 1886: 1+;* Sup-
plementheft 1-9

Beitrage zur Physik der Freien Atmos-
phare; Zeitschrift fiir die Erforschung der

Hoheren Luftschichten und der Stromung-
serscheinungen in der Atmosphare (1-12
subtitle as Zeitschrift fiir die Erforschung
der Hoheren Luftschichten) 1904: 1+

*Beitrage zur Physiologic 1914 : 1-4

Beitrage zur Physiologischen Optik see

Problemy FiziologischeskoT Optiki

Bell System Technical Journal; a journal
devoted to the scientific and engineering

aspects of electrical communication 1922 :

American Telephone and Telegraph Com-
pany. 1+

Beretninger fra Chr. Michelsens Institutt

for Videnskap og Andsfrihet 1931 : Ber-

gen. 1 +
*Bergens Museum, Meeresfauna von Ber-

gen 1901 : 1-3

Bergens Museums Arbok see Universitetet

i Bergen Arbok

Bergens Museums Arsberetning see Uni-

versitetet i Bergen Arsberetning

Bergens Museums Skrifter see Universi-

tetet i Bergen Skrifter

*Bericht; Zoologisches Staatsinstitut und

Zoologisches Museum in Hamburg
(1913-15 see in Mitteilungen aus dem

Hamburgischen Zoologischen Museum und

Institut) 1882: 1925-29

*Bericht(e) aus der Kgl. Bayerischen Bio-

logischen Versuchsstation in Miinchen
1908: 1-2

Bericht(e) der Akademiker Borodin Bio-

logischen Siisswasser-Station sec Trudy
BorodinskoT Biologicheskoi Stantsii v

Karelii

Bericht(e) der Biologischen Borodin Sta-

tion see ibid

Bericht(e) der Biologischen Siisswasser-

station der Kaiserlichen Naturforscher-

Gesellschaft zu St. Petersburg see ibid

Bericht(e) der Deutschen Botanischen
Gesellschaft 1883: 1+

Bericht(e) der Deutschen Chemischen
Gesellschaft sec Chemische Berichte

Bericht(e) der Deutschen Pharmazeuti-
schen Gesellschaft sec Archiv der Phar-

mazie und Berichte der Deutschen Pharma-
zeutischen Gesellschaft

Bericht(e) der Deutschen Wissenschaft-
lichen Kommission fiir Meereforschung
1919: N.F. 1 +

Bericht(e) der Gesellschaft Russischer

Physiologen (Trudy O-va Rossiiskikh

Fiziologov) 1928: 1-3

*Bericht(e) der Kommission zur Wissen-
schaftlichen Untersuchung der Deut-
schen Meere in Kiel (1-3 as Jahresbericht
der Kommission zur Wissenschaftlichen

Untersuchung der Deutschen Meere in

Kiel) 1871: 1-6 (Jahrgang 1-21, 1871-91;
Ncuc Folgc sec Wissenschaftliche Meere-

suntersuchungen
Bericht der Naturforschenden Gesellschaft

in Bamberg 1852: 6-7; 9-14; 21

Bericht(e) der Naturforschenden Gesell-

schaft zu Freiburg i. Br. 1886: 1+
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::'Bericht der Notgemeinschaft der Deut-

schen Wissenschaft 1921: Berlin. 1-3;

5-9

*Bericht der Oberhessischen Gesellschaft

fur Natur- und Heilkunde zu Giessen

1847: 7:9; 14-34

Bericht der Oberhessischen Gesellschaft

fur Natur- und Heilkunde zu Giessen;
N. F. Medizinische Abt. 1906: 1-14; N. F.

Naturwissenschaftliche Abt. 1904: 1+
Bericht(e) der Physikalisch-Medizinischen

Gesellschaft zu Wiirzburg (1 n.s. 59,

1850-1935 as Yerhandlungen der Physika-
lisch-Medizinischen Gesellschaft zu Wiir-

burg) (after 1923 includes Sitzungsbe-

richte) 1850: n.s. 16; 21-22; 29+
Bericht(e) der Schweizerischen Botani-

schen Gesellschaft (Bulletin de la Societe

Botanique Suisse) 1890: Bern. 59+
Bericht der Senckenbergischen Naturfor-

schenden Gesellschaft in Frankfurt am
Main sec Natur und Volk

Bericht(e) des Deutschen Wetterdienstes

in der US-Zone 1947: Bad Kissingen. 1+
Bericht(e) des Naturwissenschaftlich-Me-

dizinischen Vereins in Innsbruck 1870:

]_10; 14-44

*Bericht des Naturwissenschaftlichen Ve-
reins fiir Schwaben und Neuburg (E.V.)
(friiher Naturhistorischen Vereins in

Augsburg) 1848: 30-32; 34-39; 41; 43-50

Bericht (e) des Ohara Instituts fiir Land-
wirtschaftliche Forschungen in Kura-

shiki, Provinz Okayama, Japan 1916 :

3-9, no. 2

Bericht des Westpreussischen Botanisch-

Zoologischen Vereins (1-22 as Bericht

iiber die Versammlungen) 1878: 1-2; 4-6;

8-10; 15-16; 19; 22; 29+

*Bericht(e) des Wissenschaftlichen Meeres-
instituts (Trudy Plovuchego, Morskogo
Nauchonogo Instituta) (1, lief. 2-5, as Rus-

sische Hydrobiologische Zeitschrift, by A.

L. Behning) 1923: 1-4

Bericht iiber das Zoologische Museum
(der Universitat) in Berlin 1892: 1897-

1909: 1911-27

*Bericht iiber die Fortschritte der Anato-
mic und Physiologic 1856 : 1-16

Bericht(e) iiber die Gesamte Biologic, Ab-

teilung A see Berichte iiber die Wissen-
schaftliche Biologic

Bericht(e) iiber die Gesamte Biologic, Ab-

teilung B see Berichte iiber die Gesamte

Physiologic und Experimentelle Pharma-

kologie

Bericht (e) iiber die Gesamte Physiologic
und Experimentelle Pharmakologie (since

vol. 35, 1926, Berichte iiber die Gesamte

Biologic Abt. B) (1-2 as Berichte iiber die

Gesamte Physiologic, Neue Folge des Zen-

tralblattes fiir Biochemie und Biophysik ;

until vol. 35, 1926) 1920: Deutsche Physio-

log'ische Gesellschaft und Deutsche Phar-

makologische Gesellschaft. 1+
Bericht iiber die Tagung der Deutschen

Vereinigung fiir Mikrobiologie 1906+ see

in Zentralblatt fiir Bakteriologie, Parasi-

tenkunde und Infektionskrankheiten, Abt. 1

*Bericht(e) iiber die Verhandlungen der

Naturforschenden Gesellschaft zu Frei-

burg i. B. 1858 : 4-5

Bericht iiber die Versammlung des West-

preussischen Botanische-Zoologischen
Vereins zu Danzig see Bericht des West-

preussichen Botanisch-Zoologischen Vereins

Bericht(e) iiber die Wissenschaftliche

Biologic (Berichte iiber die Gesamte Bio-

logic, Abt. A) 1926: 1+
Bericht(e) iiber die Wissenschaftliche Le-

istungen in der Naturgeschichte der

Niederen Thiere: [1848-1885]
* Berliner Entomologische Zeitschrift (19-24

as Deutsche Entomologische Zeitschrift)

1857 : Entomologischen Vereine in Berlin.

11-24; 26-27, Heft 1; 28; 29, Heft 1;

30-33; 35-40; 46, Heft 2; 49-58

Bermuda Biological Station for Research;
Reports of Officers 1926: 1+

Bermuda Meteorological Office; Summary
of Observations: 1936; 1941-42; 1946+

Bermuda Meteorological Station; Publi-

cations 1943: 1+
*Beteiligung Deutschlands an der Inter-

nationalen Meeresforschung; (Jahres)
Bericht 1902: 1-5

Bibliographia Biotheoretica see Acta Bio-

theoretica, Series C
*Bibliographia Chimica; International

Literatur-Anzeiger fiir Chemie, Che-
mische Technologic und alle Grenzge-
biete 1922: 1-5

Bibliographia Eugenica see Eugenical News ;

Supplement

Bibliographia Genetica 1925: 1+
Bibliographia Oceanographica (also for the

year 1928, Essai d'une Bibliographic Gene-
rale des Sciences de la Mer) 1929: 1+

^Bibliographia Physiologica, adhuc diario

"Zentralblatt fiir Physiologic" adnexa,
edidit Concilium Bibliographicum (ser. 3)
Turici constitutum ab H. H. Field (ser. 1

as Bibliographia Physiologica ; ser. 2 as

Bibliographia Universalis quae auspiciis In-

stituti Bibliographic! Internationalis Brux-

ellensis) 1893: ser. 1-4
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*Bibliographia Zoologica, antea diario "Zo-

ologischer Anzeiger" adnexa, condita ab

J. Victor Carus
;

edidit Concilium Biblio-

graphicum Turici constitutum ab. H. H.
Field 1896: 1-43

Bibliographic Service see Wistar Institute

Bibliographic Service

^Bibliographical Contributions from the

Lloyd Library (nos. 1-13 also as vol. 1
;

14-25 as vol. 2
; 26-32 as vol. 3) 1911 : 1-32

*Bibliographie Anatomique; Revue des Tra-

vaux en Langue Franchise; Anatomie,

Histologie, Embryologie, Anthropologie
1893: 1-25

Bibliographic Meteorologique Interna-

tionale (1-12, 1921-32 as Bibliographic

Meteorologique ;
n.s. 1-2, 1933-34 as Bibli-

ographic Internationale de Meteorologie

Generate) 1921 : 1+
Bibliography and Index of Geology Ex-

clusive of North America; Geological

Society of America 1933: 1 +
Bibliography of Agriculture; Section D.

Plant Science 1942: U. S. Department of

Agriculture Library. 1+
Bibliography of Helminthology see Hel-

minthological Abstracts

Bibliography of Meteorological Literature;

prepared by the Royal Meteorological So-

ciety with the collaboration of the Meteoro-

logical Office 1920: 1+
Bibliography of Scientific Publications of

South Asia (India, Burma, Ceylon) 1949 :

1+
Bibliography of Technical Reports includ-

ing the Newsletter (1-11 as Bibliography
of Scientific and Industrial Reports) 1946 :

1+
Bibliotheca Biotheoretica see Acta Bio-

theoretica, Series D
^Bibliotheca Genetica 1917: Leipzig. 1-15

Bibliotheca Universitatis Liberae Polonae;
Seria B 1922: 1-23, 27

Bibliotheca Zoologica sec Zoologica ; Origi-

nal-Abhandlungen aus dem Gesamtgebiete
der Zoologie

Bibliotheque Universelle de Geneve; Sup-
plements see Archives de 1'filectricite ; and

Archives des Sciences Physiques et Natu-

relles

Bidrag till Kannedom af Finlands Natur
och Folk 1858 : Finska Vetenskaps-
Societetet. [63-83]

Bihang till Goteborgs Kungl. Vetenskaps-
och Vitterhets-Samhalles; Handlingar
1883: 55+

:;:Bihang till Kongl. Svenska Vetenskaps-
akademiens Handlingar 1872: 1-11; Afd.

3. Botanik 1886: 12-28; Afd. 4. Zoologi
1886: 12-28

Bijdragen tot de Dierkunde (K. Zoolo-

gische Genootschap "Natura artis magis-

tra") 1848: Amsterdam. 1 +
*Biochemical Bulletin 1911: Columbia Uni-

versity Biochemical Association. 1-5

Biochemical Journal 1906 : Biochemical So-

ciety, England. 1+
Biochemical Preparations 1949: New Yurie

City. 1+
Biochemical Society Symposia 1948: Cam-

bridge, England. 1+
Biochemische Zeitschrift (12-134 subtitle as

Beitrage zur Chemischen Physiologic und

Pathologic) 1906: 1+
Biochemisches Centralblatt see Zentralblatt

fur Biochemie und Biophysik
Biochimica et Biophysics Acta; Interna-

tional Journal of Biochemistry and Bio-

physics 1947: 1 +
Biodynamica; a (scientific) journal for the

(elaboration and the experimental) study
of (working hypotheses on) the nature of

life
; structure and dynamics of living mat-

ter 1934: Normandy, Mo. 1+
Biographical Memoirs; National Academy

of Sciences 1877: 1+
Biokhimiia (Biochimia) 1936: Akademiia
Xauk SSSR [1-13] ; 16+

*(Der) Biologe; Monatsschrift des Reichs-

bundes fur Biologic und der Unterab-

teilung Lebens- und Rassenkunde des
N.S.L.B. 1931 : [1-9]

Biologia; official bulletin of the principal
international biological societies, commis-
sions and congresses 1947: 1+

Biologia Generalis; Archiv fur die allge-

meinen Fragen der Lebensforschung (1-13,
1925-1937 has subtitle "Internationales Ar-
chiv" ) 1925: 1+

Biologica; Trabajos del Institute de Biologia

"Juan Noe" de la Facultad de Biologia y
Ciencias Medicas de la Universidad de

Chile 1944: 1+
Biological Abstracts 1926: 1+
Biological Bulletin 1899: Marine Biological

Laboratory. 1+
Biological Bulletin of Fukien Christian

University: 1+
^Biological Laboratory 1929: Long Island

Biological Association. 1-5, no. 1

:;:

Biological Lectures delivered at the Ma-
rine Biological Laboratory, Woods Hole,
Mass. 1890: 1-7

Biological Notes; Illinois Natural History
Survey 1933: 14+
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Biological Review of the City College of
the College of the City of New York
1938: 1+

Biological Reviews of the Cambridge
Philosophical Society (1 as Proceedings
of the Cambridge Philosophical Society,

Biological Sciences; 2-10 as Biological Re-
views and Biological Proceedings of the

Cambridge Philosophical Society) 1923-
1+

^Biological Symposia; a series of volumes
devoted to current symposia in the field of

biology 1940: 1-12

*Biologicheskii Zhurnal (1-4 also as Journal
de Biologic or Zeitschrift fur Biologic)
1932: Moscow. 1-7

*Biologicke Spisy Vysoke Skoly Zverole-

karske; Brno, Ceskoslovenska Republika
(Publications Biologiques de 1'ficole des
Hautes fitudes Vetermaires) 1922: 1-15

Biologisch Jaarboek; uitgegeven door het

(K. ) Natuurwetenschappelijk Genootschap
Dodonae te Gent 1934: 1+

Biologisches Zentralblatt 1881 : 1+
Biologiske Meddelelser; Det Kgl. Danske
Videnskabernes Selskab 1917: 1+

Biologiske Skrifter; Det Kgl. Danske Vi-
denskabernes Selskab 1939: 1+

Biologist; official publication of the Phi

Sigma Society 1916: 1-[19]
Biometrics; The Biometrics Section; Ameri-
can Statistical Association (1-2, 1945-46
as Biometrics Bulletin) 1945: 1+

Biometrika; a journal for the statistical

study of biological problems 1901 : Cam-
bridge, England. 1+

*Bio-Morphosis; Internationale Zeitschrift fiir

Morphologic und Biologic des Menschen
und der hoheren Wirbeltiere 1938 : 1

*Biophysikalisches Centralblatt ; Central-
blatt fiir die Gesamte Biologic, Abt. 2;

Vollstandiges Sammelorgan fiir Biologic,

Physiologic und Pathologic mit Aus-
schliiss der Biochemie 1905 : 1-4

Bios 1930: Beta Beta Beta Biological Fra-

ternity at Mount Vernon, Iowa. 1+
*"Bios"; Rivista di Biologia Sperimentale e

Generale (Genoa) 1913: 1-2

Biospeologica sec Archives de Zoologie Ex-
perimentale et Generale

Bird-Banding; a journal of ornithological

investigation 1930: 8+
Bird Lore; an illustrated bi-monthly maga-

zine devoted to the study and protection of

birds 1899: 1-14; [15]; 16; [17]; 18-20,
no. 1

Biuletyn Morskiego Laboratorium Rybac-
kiego w Gdyni (Bulletin du Laboratorie

Maritime dc Gdynia) (1-3 as Biuletyn
Stacji Morskiej w Helu) (Bulletin de la

Station Maritime de Hel) 1937: 1+
*
Biuletyn Towarzystwa Geofizykow w
Warszawie (Bulletin de la Societe Geo-
physique de Yarsovie) 1931: 1-15

*Biulleten Arkticheskogo Instituta (Bulle-
tin of the Arctic Institute of the USSR)
1931 : Leningrad. 1931-36

*Biulletin Gosudarstvennogo Okeanografi-
cheskogo Instituta (Bulletin of the State

Oceanographical Institute) 1931 : Gidro-
meteorologicheskii Komitet SSSR. 1-18

Biulleten Moskovskogo Obshchestva Ispy-
tatelei Prirody see Bulletin de la Societe
des Naturalistes de Moscou

Biulleten Nauchno-Issledovatel'skogo In-
stituta Zoologii see Sbornik Nauchno-
Issledovatel'skogo Instituta Zoologii

Biulleten Obshchestva Estestvoispytatelei
pri Voronezhskom Gosudarstvennom
Universitete see Bulletin de la Societe des
Naturalistes de Voroneje

Black Rock Forest Bulletin 1930 : Cormvall-
on-the- Hudson. 1-6

Black Rock Forest Papers 1935 : Cormvall-
on-the-Hudson. 1, nos. 1-11

Blood; the journal of hematology 1946: 1+
Blumea; Tijdschrift voor de Systematiek
en de Geografie der Planten (a journal
of plant-taxonomy and plant-geography)
1934: Rijksherbarium. 1+ Supplement
1937: 1+

Boletim; Secretaria da Agricultura, Com-
mercio e Obras Publicas do Estado de
Sao Paulo; Servigio Meteorologico (1-21
as Boletim da Commissao Geographica e

Geologica do Estado de S. Paulo) 1889:

4-21; ser. 2: 6; 8-11; 25-28
Boletim Biologico; Orgao do Clube Zoo-

logico do Brazil 1926 : 1-21
; n.s. 1-3, no. 5

Boletim da Inspetoria Federal de Obras
Contra as Secas 1934: Brazil [1-17]

Boletim da Sociedade Broteriana 1880:

University of Coimbra, Portugal, ser. 2, 4+
Boletim do Institute Paulista de Oceano-

grafia 1950: Sao Paulo. 1+
Boletim do Institute Vital Brazil (vol. 1

as Archives do Institute Vital Brazil)
1923: 1-5, no. 3

Boletim do Museu Nacional; Universidade
do Brazil 1923: 1-17; n.s. Botanica 1944:
1+ Geologia 1943: 1+ Zoologia 1942: 1+

Boletin; Department de Agricultura y
Trabajo see Bulletin

; Agricultural Ex-
periment Station ; Puerto Rico

Boletm Biologico; organo de los Labora-
tories de la Universidad de Puebla 1942 :

Mexico. 1-12
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Boletin(s) da Faculdade de Filosofia, Cien-

cias e Letras; Universidade de Sao

Paulo; Biologia Geral 1937: 1+; Bo-
tanica 1937: 1+ ;

Fisica 1938: 1+; Zoo-

logia 1937: 1+
Boletin de Historia Natural de la Sociedad

"Felipe Poey" 1950: Museo Poey, Uni-

versidad de la Habana. 1+
Boletin de la Academia Nacional de Cien-

cias en Cordoba 1874 : 1
; [20-31] ; 38+

Boletin de la Compania Administradora
del Guano: Lima. [16-25] +

*Boletin de la Direccion de Estudios Bio-

logicos 1915: Mexico. 1-3

Boletin de la Sociedad de Biologia de

Concepcion (Chile) 1927: Universidad de

Concepcion. 1+
Boletin de la Sociedad Espanola de Bio-

logia 1911: 1-7; [10-13]
Boletin de la (Real) Sociedad Espanola
de Historia Natural 1901: 1+

Boletin de la Sociedad Quimica del Peru
1934: 13+

Boletin del Institute de Estudios Medicos

y Biologicos (1-2, 1942-43 as Boletin del

Laboratorio de Estudios Medicos y Bio-

logicos) 1942: Mexico, Universidad Na-
cional. 1+

Boletin del Institute Espanol de Oceano-

grafia 1948: Madrid. 1+
Boletin del Museo Nacional de Chile 1908 :

[1-2] ; 3-4, no. 1

Boletin del Observatorio Nacional; Re-

publica de Cuba 1906: epoch III, [1-3];

epoch IV, 1, no. 1

Boletin del Servicio Oceanografico y de

Pesca; Ministerio de Defensa Nacional

inspeccion general de marina 1938: Mon-
tevideo. 1, no. 1

*Boletin Mensual; Oficina Meteorologica
Nacional; Republica Argentina; Min-
isterio de Agricultura de la Nacion 1916:

[3-4] ;
8

*Bollettino Bimestrale; R. Comitato Talas-

sografico Italiano (nos. 1-86 also as vols.

1-13) 1909: 1-23; 25-86

*Bollettino dei Musei di Zoologia e di Ana-
tomia Comparata della R. Universita di

Torino 1886: 1; [2]; 3-12; [13]; 14-15;

[16] ; 17-49

Bollettino dei Musei e degli Istituti Bio-

logici della R. Universita di Geneva
(name of institute varies) 1892: 2+

Bollettino del (R.) Laboratorio di Ento-

mologia Agraria di Portici 1937: 1+
Bollettino del Laboratorio di Zoologia
Agraria e Bachicoltura del R. Istituto

Superiore Agrario di Milano see Bollet-

tino di Zoologia Agraria e Bachicoltura

*Bollettino del Laboratorio di Zoologia
Generate e Agraria del R. Istituto Su-

periore Agrario in Portici 1907: 1-32

Bollettino del (R.) Osservatorio Fitopato-
logico di Milano Sezione Entomologica
see Bollettino di Zoologia Agraria e Bachi-

coltura della (R.) Universita di Milano
Bollettino dell'Istituto di Entomologia

della R. Universita degli Studi di Bo-
logna (1-7 as Bollettino del Laboratorio
di Entomologia del R. Istituto Superiore
Agrario di Bologna) 1928: 1+

Bollettino dell'Istituto e Museo di Zoo-
logia della Universita di Torino 1943 : 1 +

Bollettino dell'Istituto Sieroterapico Mila-
nese (pubblicazione Italiana di Batterio-

logia ed Immunologia) 1917: 8+
"Bollettino dell'Istituto Zoologico della R.

Universita di Roma 1923: 1-8

Bollettino della Sezione Italiana; Societa
Internazionale di Microbiologia 1929*
1-7

Bollettino della Societa Adriatica di Sci-
enze Naturali in Trieste 1874: 1-5, no. 1

;

8, no. 1; 9-15; 17-18; 20-37
Bollettino della Societa dei Naturalisti in

Napoli (21+ also numbered ser. 2, vol.

1+ ) 1887: 1-7; 8, no. 1; 10-12; 14; 16+
Bollettino della Societa Italiana di Bio-

logia Sperimentale 1926: 1+
;i= Bollettino delle Crociere Periodiche; Ri-

cerche Italiane eseguite dal R. Comitato

Talassografico 1912: Venice, Commissione
Internazionale Permanente per lo Studio
dell'Adriatico. 1-3

Bollettino delle Sedute della Accademia
Gioenia di Scienze Naturali in Catania

(1-31 as Bullettino Mensile) 1888: 26-28;
36-45; 47-49; 51-56; 59-71; 73-82; 84-

87; ser. 2, 36; 53; 57-69 ser. 3, 1+
Bollettino di Pesca, di Piscicoltura et Idro-

biologia 1925: Ministero deH'Agricoltura
e delle Foreste ; Ufficio Centrale per la

Pesca e Per la Caccia (1-5, Ministero
dell'Economia Nazionale ; Direzione gen-
erale dell'Industria e delle Miniere; 6-23,
Ministero dell'Agricoltura e delle Foreste ;

R. Laboratorio Centrali di Idrobiologia

applicata alia Pesca). 1+
Bollettino di Pesca, di Piscicoltura et Idro-

biologia, Supplemento see Memorie Sci-

entifiche

Bollettino di Zoologia; pubblicato dalFUni-
one Zoologica Italiana 1930: 1+

Bollettino di Zoologia Agraria e Bachicol-
tura della R. Universita di Milano (1-4,
6 as Bollettino del Laboratorio di Zoologia
Agraria e Bachicoltura del R. Istituto

Superiore Agrario di Milano; 5 as Bullet-
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tino del R. Osservatorio Fitopatologico di

Milano Sezione Entomologica) 1928: 1+
Bollettino Scientifico della Facolta di Chi-
mica Industriale. Bologna 1940: 1+

*Boston Journal of Natural History; con-

taining papers and communications read to

the Boston Society of Natural History
1834: 1-7

^Botanical Abstracts 1918: 1-15

Botanical Bulletin of Academia Sinica

1947: 1 +
Botanical Gazette (1 as Botanical Bulletin)

1875: 1+
*Botanical Gazette; a journal of the progress

of British botany and the contemporary lit-

erature of the science 1849 : 1-3

Botanical Magazine 1887: Botanical Society
of Japan. [16-36] ; 37+

Botanical Review; Interpreting Botanical

Progress 1935: New York Botanical Gar-
den. 1+

*Botanicheskie Materialy Institute Sporo-
vykh Rastenii Glavnogo Botanicheskogo
Sada (Notulae Systematicae ex Institute

Cryptogamico Horti Botanici Petropoli-
tani) 1922: Leningrad. 1-4, no. 7

Botanicheskii Zhurhal SSSR (1-16, 1916-
31 as Zhurnal Russkogo Botanicheskogo
Obshchestva) (Journal de la Societe Bo-

tanique de Russie) 1916: 14, no. 4; 27+
Botanische Jahrbiicher fur Systematik,
Pflanzengeschichte und Pflanzengeo-
graphie begriindet von A. Engler 1881 : 1+

*Botanische Zeitung 1843: 1-68

Botanischer Jahresbericht see Just's Bo-
tanischer Jahresbericht

Botanisches Archiv; Zeitschrift fiir die ge-
samte Botanik und ihre Grenzgebiete, Be-

griindet von Carl Mez 1922: 1+
Botanisches Zentralblatt; Referierendes Or-
gan fiir das Gesamtgebiet der Botanik im
Auftrage der Deutschen Botanischen Ge-
sellschaft (in two parts, Referate and Li-

teratur) 1880: 1+
Botanisk Tidsskrift udgivet af Dansk Bo-

tanisk Forening 1866: 1+
Botaniska Notiser utgivna av Lunds Bo-
taniska Forening 1839: 1922+

(Le) Botaniste 1889: 1+
*Botany; current literature; additions to the

botanical catalogue of the Bureau of Plant

Industry, U. S. Department of Agriculture :

[10]; 11; [12] ; 13-16

*Botany and Zoology, Theoretical and Ap-
plied (text in Japanese) : 3-9, no. 1 (1941)

Botany Pamphlet; Carnegie Museum 1935:

1-3

*Bowdoin Scientific Review 1870: 1-2

Brain; a journal of neurology 1878: 1+

British Abstracts; A (1924-25 as Abstracts

of Chemical Papers A; 1926-37 as British

Chemical Abstracts A; 1938-1944 as Brit-

ish Chemical and Physiological Abstracts

A) 1924: 1924+
British Abstracts; B (1924-25 as Abstracts

issued by Bureau of Chemical Abstracts ;

1926-37 as British Chemical Abstracts B;
1938-1944 as British Chemical and Physio-
logical Abstracts B) 1924: 1924+

British Abstracts; C (1944 as British Chem-
ical and Physiological Abstracts C) 1944:
1944+

British Heart Journal 1939: 1-4; 8, no. 3+
British Journal for the Philosophy of Sci-

ence 1950: Edinburgh. 1+
British Journal of Cancer 1947: 1+
British Journal of Experimental Biology

see Journal of Experimental Biology
British Journal of Experimental Pathology

1920: 1+
British Journal of Pharmacology and
Chemotherapy; edited for the British

Pharmacological Society 1946: 1+
British Journal of Radiology 1896: 22-32;

n.s. 1+
British Medical Journal; the journal of the

British Medical Association 1857: 1923+
British Medical Research Council Special

Report see Special Report Series ; Privy
Council

; Medical Research Council

British Meteorological and Magnetic Year
Book see Reseau Mondial

; monthly and
annual summaries of pressure, temperature,
and precipitation

Brittonia; a series of botanical papers 1931 :

New York Botanical Garden. 1+
Brochure; Station Oceanographique de Sa-

lammbo 1943: 1+
^Brooklyn Botanic Garden Memoirs 1918:

1-4

^Brooklyn Botanic Garden Record 1912:

1-33

Broteria; Revista Luso Brazileira 1902: 1-5;
Serie Botanica : 8-21, no. 1; Serie Zoolo-

gica 6-27

Bryologist; journal of the Sullivant Moss
Society 1898: 1+

Buletinul Politehnicii "GH. Asachi" din
lasi see Bulletin de 1'ficole Polytechnique
de Jassy

Bulletin; Agricultural Experiment Sta-

tion; Puerto Rico (32-39 as Boletin; De-

partamento de Agricultura y Trabajo) :

15: 32+
Bulletin; American Academy of Arts and
Sciences 1948: Boston. 1+

^Bulletin; Arctic Institute of North Amer-
ica 1946: 1
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Bulletin; Bernice P. Bishop Museum of

Polynesian Ethnology and Natural His-

tory 1922: 1+
Bulletin; Carnegie Foundation for the Ad-
vancement of Teaching 1907: 1+

"Bulletin; Coastguard and Fisheries Serv-

ice; Fisheries Research Section 1930:

Ministry of Finance, Egypt. 1

Bulletin; Commonwealth Meteorological

Bureau; Commonwealth of Australia

(formerly Bureau of Meteorology) 1908:

1+
Bulletin; Development and Welfare in the

West Indies, nos. 18, 20-22

Bulletin; Fisheries Research Board of

Canada (1-55 as Bulletin; Biological

Board of Canada) 1918: 1+
-Bulletin; Gulf Biologic Station 1902: Cam-

eron, Louisiana. 2; 4-11
;
13-15

Bulletin; Harvard University Seismograph
Station: [8-29] +

Bulletin; Indian Eugenics Society 1941:

Calcutta. 1+
Bulletin; International Pacific Salmon

Fisheries Commission 1945: 1 +
Bulletin; New York Zoological Society sec

Animal Kingdom
Bulletin; Pacific Marine Fisheries Com-
mission 1948: 1+

Bulletin; Serological Museum; Bureau of

Biological Research; Rutgers University
1948: 1+

Bulletin; Societe Neuchateloise des Sci-

ences Naturelles sec Bulletin de la Societe

Neuchateloise des Sciences Naturelles

Bulletin; Springfield Museum of Natural

History 1904: 1

Bulletin; Station Oceanographique de Sa-

lammbo 1924: Tunis. +1
Bulletin; Wisconsin Geological and Nat-

ural History Survey 1898: [1-70]

'"Bulletin; Worthington Society for the

Study of Bird Life 1909: 1-2

Bulletin Bi-Mensuel de la Societe Lin-

neenne de Lyon 1922: [3-5]

Bulletin Biologique de la France et de la

Belgique (19-50 as Bulletin Scientifique

de la France et de la Belgique; 1-18 under

various titles beginning Bulletin Scienti-

fique. . . .) 1869: 1+ Supplements 1919:

1+
Bulletin d'Histoire Naturelle de la So-

ciete Linneenne de Bordeaux 1826: 2-3

Bulletin d'Histologie appliquee a la Physi-

ologic et a la Pathologie et de Technique
Microscopique 1924: 1+

Bulletin d'Information; Comite Central

d'Oceanographique et d' Etudes des

Cotes 1949: 1+

Bulletin de Biologic et de Medecine Ex-

perimentale de 1'URSS 1936: 1-9

^Bulletin de I'Academie des Sciences de

1'Union des Republiques Sovietiques So-

cialistes 1836: (formerly Bulletin de 1'Aca-

demic Imperiale des Sciences de St-

Petersbourg). series 3-6 (1860-1927)

(continued in sections, 1928+ which sec

under Izvestiia

Bulletin de 1'Academie Royale des Sci-

ences des Lettres et des Beaux-Arts de

Belgique see Bulletin (s) de la Classe des

Sciences ;
Academic Royale de Belgique

Bulletin de 1'Academie Royale des Sci-

ences et des Lettres de Danemark,
Copenhague (Oversigt over det Konge-

lige Danske Yidenskabernes Selskabs For-

handlinger) 1814: [1874-1908]; 1915-31

Bulletin de 1'Academie Serbe des Sciences;

Classe des Sciences Mathematique et

Naturelles; Sciences Naturelles (nos. 1-

6, 1933-1940 as Bulletin de 1'Academie des

Sciences Mathematiques et Naturelles ; B.

Sciences Naturelles) 1933: Belgrade. 1+
Bulletin de 1'Association des Anatomistes;

Reunion de 1'Association 1926: [1-21];

25+
*Bulletin de 1'Association Frangaise pour

1'Avancement des Sciences 1896: 61-136

Bulletin de 1'Ecole Polytechnique de Jassy

(Buletinul Politehnicii "GH. Asachi" din

Aasi) 1946: 1+
Bulletin de 1'Institut des Recherches Bio-

logiques de Molotov (Perm) see Izvestiia

Permskogo Biologicheskogo Nauchno-Issle-

dovatel'skogo Instituta

Bulletin de 1'Institut et du Jardin Bota-

niques de 1'Universite de Beograde

(Glasnik Botanicbkog Zavoda i Bashte

Univerziteta u Beogradu 1928 : 1-4, no. 1

Bulletin de 1'Institut Frangaise d'Afrique
Noire 1939: 11; [12-13]+

Bulletin de 1'Institut Hydrologique; Ser-

vice Hydrometeorologique d'U. R. S. S.;

Institut Hydrologique d'Etat see Izvestiia

Gosudarstvennogo Gidrologicheskogo In-

stituta

Bulletin de 1'Institut National (1'Ecole

Superieure) Agronomique, Brno, R C S

sec Sbornik Vysoke Skoly Zemedelske v

Brne C S R
Bulletin de 1'Institut Oceanographique;
Fondation Albert I; Prince de Monaco
1-278 as Bulletin du Musee Oceanogra-

phique de Monaco) 1904: 1+
Bulletin de 1'Institut Pasteur 1903: Paris.

1+
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Bulletin de 1'Institut Royal des Sciences

Naturelles de Belgique ( Mededeelingen
van het K. Belgische Institut voor Natuur-

wctenschappen ) 1882: 1+
Bulletin de 1'UNESCO a 1'Intention des

Bibliotheques .ST.- UNESCO Bulletin for

Libraries

Bulletin(s) de la Classe des Sciences; Aca-
demic Royale de Belgique (Mededeelin-

gen van de Klasse der Wetenschappen ;

Koninklijke Belgische Academic) (series

1-3 as Bulletin de 1'Academic Royale des

Sciences, des Lettres et des Beaux-Arts de

Belgique) 1932: ser. 3, 32; 33; 35; ser. 4,

1+
^Bulletin de la Commission Internationale

pour 1'Exploration Scientifique de la

Mer Mediterranee 1920: Monaco. 1-10

*Bulletin de la Federation des Industries

Chimiques de Belgiques 1921 : 1-8

Bulletin de la Seance de la Societe Royale
des Sciences Medicales et Naturelles de
Bruxelles sec Annales et Bulletin de la

Societe Royale des Sciences Medicales et

Naturelles de Bruxelles

Bulletin de la Section Scientifiques; Aca-
demic Roumaine 1912: Bucharest. [1-22]

Bulletin de la Societe Beige d' Etudes

Geographiques (Tijdschrift van de Bel-

gische Vereeniging voor Aardrijkskundige
Studies) 1931 : 7+

Bulletin de la Societe Botanique de France
1854: 1+

Bulletin de la Societe Botanique Suisse see

Berichte der Schweizerischen Botanischen
Gesellschaft

Bulletin de la Societe Botanique Tcheco-

slovaque a Prague see Preslia; Cesko-
slovenske Botanicke Spolecnosti

Bulletin de la Societe Chimique de Bel-

gique see Bulletin des Societes Chimiques
Beiges

Bulletin de la Societe Chimique de France
1 ser. 3, 36 as Bulletin de la Societe Chi-

mique de Paris) (1934 in two parts, Me-
moires and Documentation) 1858: 1+

Bulletin de la Societe d' Etude des Sciences
Naturelles et du Musee d'Histoire Natu-
relle d'Elbeuf 1881 : 23-40

Bulletin de la Societe d'Histoire Naturelle
de 1'Afrique du Nord 1909: Algiers. 11+

"Bulletin de la Societe d'Oceanographie de
France 1921 : 1-18

Bulletin de la Societe de Biologic de Let-
tonic see Acta Biologica Latvica

Bulletin de la Societe de Chimie Biologique
1914: 1+

Bulletin(s) de la Societe de Pathologic

Exotique et de ses Filiales (de 1'Ouest

African et de Madagascar) 1908: 1+
Bulletin de la Societe des Amis de 1'Insti-

tut Oceanographique du Havre: 14, no.

42 to 19, no. 59

Bulletin de la Societe des Etudes Oce-
aniennes 1917: Tahiti. 1+

Bulletin de la Societe des Naturalistes de
Moscou (Biulleten Moskovskogo Obsh-
chestva IspytelteleT Prirody) (1-62 and n.s.

1-30 as Bulletin de la Societe Imperiale
des Naturalistes de Moscou) (includes

Meteorologische Beobachtungen 1882-

94) (n.s. 31+ in sections) 1829: 1; 2, no.

2; 3-5; 9, pp. 1-115; 10-15; 16, nos. 2-4;

17-23; 24, no. 3; 25, nos. 1, 3-4; 26-62;
nos. 1-30; Section Biologique: 31-51;
Section de la Biologic Experimentale:
32, nos. 3-4

-'Bulletin de la Societe des Naturalistes de

Voroneje (Biulleten Obshchestva Estest-

voispytatelei pri Voronezhskom Gosudarst-

vennom Universitete) 1925: 1-2

Bulletin de la Societe des Sciences Natu-
relles de 1'Ouest de la France 1891 : 1+

Bulletin de la Societe des Sciences Natu-
relles de Neuchatel see Bulletin de la

Societe Neuchateloise des Sciences Natu-

relles

Bulletin de la Societe des Sciences Natu-
relles du Maroc; Empire Cherifien 1921:

1+
Bulletin de la Societe Fouad I d'Entomo-

logie (1-6 as Bulletin de la Societe Ento-

mologique d'Egypte ;
7-21 as Bulletin de la

Societe Royale Entomologique d'Egypte)
1908: 1+

;;; Bulletin de la Societe Frangaise de Micro-

scopic 1932: 1-7

Bulletin de la Societe Geophysique de

Varsovie see Biuletyn Towarzystwa Geo-

fizykow w Warszawie
Bulletin de la Societe Linneenne de Nor-
mandie 1855: Caen. 1+

Bulletin de la. Societe Neuchateloise des

Sciences Naturelles (1-25, 1843-97 as

Bulletin de la Societe des Sciences Natu-

relles de Neuchatel; 27-69, 1899-1944 as

Bulletin ; Societe Neuchateloise des Sci-

ences Naturelles) 1843 : 1+
Bulletin de la Societe Polonaise d'Ana-
tomie et de Zoologie see Folia Morpho-
logica

Bulletin de la Societe Portugaise des Sci-

ences Naturelles 1907: [1-7]; 8-11, no. 7

Bulletin de la Societe Royale de Botanique
de Belgique (18-42 in two parts; Me-
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moires and Comptes-Rendus ;
51+ also as

ser. 2, 1+ ) 1862: 1+
Bulletin de la Societe Royale des Sciences

de Liege 1932: 1+
Bulletin de la Societe Royale Entomo-
logique d'Egypte see Bulletin de la So-

ciete Fouad I d'Entomologie
Bulletin de la Societe Scientifique de Bre-

tagne; Sciences mathematiques, phy-
siques et naturelles 1924: Rennes. 1+

Bulletin de la Societe Vaudoise des Sci-

ences Naturelles 1842: Lausanne, ser. 5,

42+
Bulletin de la Societe Zoologique de
France 1876: 1+

Bulletin de la Station Biologique d'Arca-

chon; Travaux des Laboratoires ; Univer-

site de Bordeaux et Societe Scientifique

d'Arcachon ; Station Biologique 1895: 1+
Bulletin de la Station Maritime de Hel see

Biuletyn Morskiego Laboratorium Rybac-
kiego w Gdyni

Bulletin de Pharmacie et des Sciences
Accessoires see Journal de Pharmacie et

de Chimie
Bulletin decadaire (mensuelle) Meteoro-

logique et Glacial du Service des Previ-

sions du Temps de 1'Administration
Centrale des Voies Maritimes du Nord
see Dekadnyi i Ezhemesiachnyi Biulleten

*Bulletin des Seances de la Societe Beige
de Microscopie 1875: 1-25

Bulletin des Societes Chimiques Beiges
(1-53, 1887-1944 as Bulletin de la Societe

Chimique de Belgique) 1887: [22-37] +
Bulletin du Jardin Botanique de Buiten-

zorg see Bulletin of the Botanic Gardens ;

Buitenzorg
Bulletin du Jardin Botanique de Kyiv see

Visnik Ki'ivs'kogo Botanichnogo Sadu
Bulletin du Jardin Botanique de 1'Acade-

mie des Sciences de 1'URSS (Principal
de L'URSS) see Izvestiia Botanicheskogo
Sada

Bulletin du Jardin Botanique de 1'Etat a

Bruxelles; Ministere de 1'Agriculture
1902: 1, fasc. 4+

Bulletin du Laboratoire et de la Societe

Internationale de Plasmogenie (1-88 as

Bulletin du Laboratoire de Plasmogenie)
1932: Mexico. 1+

Bulletin du Laboratoire Maritime de
Dinard (1-3 as Laboratoire Maritime du
Museum National d'Histoire Naturelles a

1'Arsenal de Saint-Servan ; 4-10 as Bulle-

tin du Laboratoire Maritime du Museum
d'Histoire Naturelles a Saint-Servan; 11-

14 as Bulletin du Laboratoire Maritime de

Saint-Servan 1928: 1+

Bulletin du Laboratoire Maritime de

Gydnia see Biuletyn Morskiego Labora-

torium Rybackiego w Gdynia
Bulletin du Musee Oceanographique de
Monaco see Bulletin de 1'Institut Oceano-

graphique
Bulletin du Musee Royale d'Histoire Na-

turelle de Belgique sec Bulletin de 1'In-

stitut Royal des Sciences Naturelles de

Belgique
Bulletin du Museum National d'Histoire

Naturelle: Paris 1895: 1+
Bulletin du Service Hydrographique see

Wiadomosci Sluzby Hydrograficznej
Bulletin du Service Hydrologique et Mete-

orologique see Wiadmosci Sluzby Hydro-
logicznej i Meteorologicznej

Bulletin et Annales de la Societe Ento-

mologique de Belgique (1-64 as Annales
de la Societe Entomologique de Belgique)
1857: 53-54; 56+

* Bulletin for Scientific Relations; Inter-

national Institute of Intellectual Co-

operation; League of Nations 1926:

Paris. [l]-3
Bulletin from the Laboratories of Natural

History of the State University of Iowa
see University of Iowa Studies in Natural

History
Bulletin Hydrographique 1908: Conseil

Permanent International pour 1'Explora-
tion de la Mer. 1908+

Bulletin International; Resumes des Tra-
vaux Presentes; Classe des Sciences

Mathematiques, Naturelles et de la Me-
dicine; Academie Tcheque des Sciences

(Academic des Sciences de 1'Empereur

Francois Joseph 1895-1916) 1895: [6-9];

10-13; 15-17; 19+
Bulletin International de 1'Academie Po-

lonaise des Sciences et des Lettres

(1890-1919 as Bullletin International de

1'Academic des Sciences de Cracovie)
1890: 1890-1909; Classe des Sciences

Mathematiques et Naturelles ser. A et

B. 1910: 1910+
Bulletin Mensuel de la Societe Linneenne
de Lyon 1932: [1-10]

Bulletin Meteorologique et Hydrogra-
phique, Warsaw see Wiadomosci Meteoro-

logiczne i Hydrograficzne
Bulletin of Applied Botany, Genetics and

Plant-Breeding sec Trudy po Prikladnoi

Botanike, Genetike i Selektsii

^Bulletin of Basic Science Research 1926:

Basic Science Research Laboratory, Uni-

versity of Cincinnati. 1-5

Bulletin of Chekiang Provincial Fisheries

Experiment Station 1935: [1-3]
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Bulletin of Entomological Research 1910:

Imperial Bureau of Entomology, London.

1+
Bulletin of Fisheries Research Laboratory

1948 : Kingdom of Greece, Athens, 1948+
Bulletin (s) of Ichthyological Laboratory

of Baku see Izvestiia Bakinskoi Ikhtio-

logischeskoT Laboratorii

Bulletin of Marine Science of the Gulf and
Caribbean 1951 : University of Miami,
Marine Laboratory, Coral Gables, Florida.

1+
Bulletin of Mathematical Biophysics (pub-

lished as supplement to Psychometrika)
1939: 1+

Bulletin of Plant Protection (Trudy po
Zashchite Rastenii) ;

Lenin Academy of

Agricultural Sciences in U.S.S.R.; In-

stitute for Plant Protection 1930 : series

1. Entomology: vol. 1, nos. 1-2 (1930-31) ;

vol. 3, no. 1 (1931) ;
vol. 4, no. 1 (1931),

nos. 3 (1932), 4 (1932), 6 (1932); series

2. Phytopathology: no. 3 (1933).
Bulletin of the Academy of Sciences of

the United Provinces of Agra and Oudh
Allahabad see Proceedings of the National

Academy of Sciences ; India

Bulletin of the American Association of

Petroleum Geologists (1, 1917 as Bulletin

of the Southwestern Association of Pe-

troleum Geologists) 1917: 1+
Bulletin of the American Association of

University Professors 1915: 1+
*Bulletin of the American Geographical

Society 1859: [12-47]
Bulletin of the American Meteorological

Society 1920: 1+
Bulletin of the American Museum of Nat-

ural History 1881: 1-19; 23+
^Bulletin of the Antivenin Institute of

America 1927: 1-5, no. 3

Bulletin of the Arctic Institute of the

USSR see Biulleten Arkticheskogo In-

stituta

Bulletin of the Association of American
Medical Colleges see Journal of the As-
sociation of American Medical Colleges

Bulletin of the Auckland Institute and
Museum 1941 : New Zealand. 1+

Bulletin of the Bingham Oceanographic
Collection 1927 : Peabody Museum of Nat-

ural History, Yale University. 1+
Bulletin of the Biological Department;

Science College; Sun Yat-Sen Univer-

sity 1929: 1, no. 1

Bulletin of the Biological Department of

Earlham College 1901 : no. 1

Bulletin of the Biology Division; Oak
Ridge National Laboratory 1947: [1] +

Bulletin of the Boston Society of Natural

History see Bulletin of the New England
Museum of Natural History

*Bulletin of the Botanic Gardens; 's Lands

Plantentuin; Botanic Gardens, Buiten-

zorg 1911: ser. 3: 1-18; suppl. 1-3, no. 3

Bulletin of the Bowdoin Scientific Station

1936: Kent's Island, New Brunswick. 3-4;
6

Bulletin of the British Museum (Natural

History). Entomology 1950: 1+ Zoology
1950: 1+

*Bulletin of the Brooklyn Conchological
Club 1907: 1, no. 1

^Bulletin of the Brookville Society of Nat-

ural History; contributions to the natural

history of Franklin County, Indiana 1885:

1-2

^Bulletin of the Buffalo Naturalists' Field

Club 1883: 1, nos. 1-6

Bulletin of the Buffalo Society of Natural

Sciences 1873: 1+
Bulletin of the Bureau of Agricultural Mi-

crobiology, Leningrad sec Trudy Vse-

soiuznogo Instituta sel'skokhoziaistvennoi

Mikrobiologii
Bulletin of the Bureau of Eugenics see

Trudy Instituta Genetiki

Bulletin of the Bureau of Fisheries see

Fishery Bulletin of the Fish and Wildlife

Service

Bulletin of the Bureau of Standards see

Scientific Papers of the Bureau of Stand-

ards

Bulletin of the Bussey Institution; Har-
vard University 1874: 1-3, pt. 4

^Bulletin of the California Academy of Sci-

ences 1884: 1-2

Bulletin (s) of the Ceylon Fisheries see

Ceylon Journal of Science ; Section C.

Fisheries

Bulletin of the Chemical Society of Japan
1926: 1+

Bulletin of the Chicago Academy of Sci-

ence 1883: 1 ; [2-3] ; 4+
*Bulletin of the Department of Biology of

Yenching University 1930: Peiping. 1

Bulletin of the Faculty of Science; Fouad I

University (formerly the Egyptian Uni-

versity) 1934: 1+
Bulletin of the Faculty of Fisheries, Hok-
kaido University 1950 : Hakodate, Japan.
1+

Bulletin of the Fan Memorial Institute of

Biology (5+ in two sections; Botany and

Zoology) 1929: 1+
Bulletin of the Fishery Experiment Sta-

tion, Canton, China 1929: 1929-30 (text

in Chinese)
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Bulletin of the Fishery Experiment Station

of the Government-General of Chosen
1925: Fusan. 1-5

Bulletin of the Geographic Society of Chi-

cago 1898: 2, 5

Bulletin of the Geological Society of

America 1888: 1+
Bulletin of the Harpswell Laboratory sec

Bulletin of the Mount Desert Island Bio-

logical Laboratory
Bulletin of the History of Medicine; organ

of the American Association of the History
of Medicine and the Johns Hopkins Insti-

tute of the History of Medicine (1-6 as

Bulletin of the Institute of the History of

Medicine; 1-2 a supplement to Bulletin of

the Johns Hopkins Hospital) 1933: 1+
Bulletin of the Hydrographic Department,
Imperial Japanese Navy 1917: 1-9

Bulletin of the Hygienic Laboratory sec

National Institute of Health Bulletin

^Bulletin of the Illinois State Museum of

Natural History 1876 : 1
; 3-10

Bulletin of the Illinois State Natural His-

tory Survey sec Illinois Natural History

Survey Bulletin

Bulletin of the Institute for Chemical Re-

search, Kyoto University: 20+
Bulletin of the Institute of Fresh-water

(Ichthyology) Fisheries (formerly Bulle-

tin of the Bureau of Applied Ichthyology)
(Izvestiia Vsesoiuznogo Nauchno-Issle-

dovatel'skogo Instituta Ozernogo i

Rechnogo Rybnogo Khoziaistva) 1918:

Leningrad. [11] ;
12-22

Bulletin (s) of the Institute of Genetics sec

Trudy Instituta Genetiki

Bulletin of the Institute of Jamaica; Sci-

ence Series 1940: 1+
Bulletin of the Institute of Physical and
Chemical Research, Tokyo see Journal of

the Scientific Research Institute

Bulletin of the Japanese Society of Scien-

tific Fisheries 1932: 1+
Bulletin of the Johns Hopkins Hospital

1889: [1-3] +
Bulletin (s) of the Laboratory of Genetics

see Trudy Instituta Genetiki

^Bulletin of the Lloyd Library of Botany,
Pharmacy and Materia Medica 1900: 1-35

Bulletin of the Madras Government Mu-
seum 1894: n.s. Natural History Section

1927: 14-

Bulletin of the Marine Biological Station

of Asamushi 1946 : Japan. 4, no. 3+
^Bulletin of the Michigan Fish Commission

1890: 1-8

^Bulletin of the Minnesota Academy of

Natural Sciences 1873 : [2-4]

Bulletin of the Mount Desert Island Bio-

logical Laboratory (1898-1923 as Bulletin

of the Harpswell Laboratory) 1899: 9;

24; 26+
Bulletin of the Museum of Comparative
Zoology at Harvard College in Cam-
bridge 1863: 1-2; [3]; 4-33; 35+

Bulletin of the National Research Council

(nos. 1-57 also as vols. 1-11) 1919: 1+
-Bulletin of the Natural History Society of

British Columbia 1893: 1

^Bulletin of the Natural History Society of

New Brunswick 1882: 1-2; 4-9; 11-18;

20-21

-Bulletin of the Natural History Survey;

Chicago Academy of Sciences 1896: 1-8

'-Bulletin of the Neurological Institute of

New York 1931 : 1-7

^Bulletin of the New England Museum of

Natural History (1-79, 1915-36 as Bulle-

tin of the Boston Society of Natural His-

tory) 1915: 1-88

Bulletin of the New York Academy of

Medicine (Includes Annual Report 1924+)
1860: ser. 2, [1-17]

'Bulletin of the New York Botanical Gar-

den 1896: 1-14

Bulletin of the New York State Museum
see New York State Museum Bulletin

Bulletin of the Newfoundland Government

Laboratory sec Newfoundland ; Depart-

ment of Natural Resources; Division of

Fishery Research ; Fishery Research Lab-

oratory
Bulletin of the Oceanographical Institute

of Taiwan; in co-operation with the Na-

tional Taiwan University and Institut de

Biologic de Shanghai 1946: 1+
Bulletin(s) of the Pacific Scientific Insti-

tute of Fisheries and Oceanography
(Izvestiia Tikhookeanskogo Nauchnogo
Instituta Ribnogo Khoziaistva i Okeano-

grafii) (1-4, no. 1 as Bulletins of the

Pacific Scientific Fishery Research Sta-

tion) (Izvestiia Tikhookeanskoi Nauchno-

PrornyslovoT Stantsii) 1928: 1-6; 8-10;

12-21

*Bulletin of the Philosophical Society of

Washington 1871 : 1-15

-Bulletin of the Santa Barbara Society of

Natural History 1887: 1, no. 2

Bulletin of the Scientific Laboratories of

Denison University 1885: 1-12; [13];

14-17

Bulletin of the Scripps Institution of

Oceanography (1-11 as Bulletin of the

Scripps Institution for Biological Re-

search) ;* Nontechnical series 1916: 1-16;

technical series 1927: 1+
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Bulletin of the Seismological Society of

America 191.1 : 1+
*Bulletin of the Shanghai Science Institute

1929: 1-14

''Bulletin of the South African Biological

Society 1918: Pretoria, ser. 1, no. 2

Bulletin of the Southern California Acad-
emy of Sciences 1902: [22-28]

Bulletin of the Southwestern Association
of Petroleum Geologists see Bulletin of

the American Association of Petroleum

Geologists
Bulletin of the State Oceanographical In-

stitute sec Biulleten Gosudarstvennogo
Okeanograficheskogo Instituta

Bulletin of the Torrey Botanical Club and
Torreya 1870: 1 +

Bulletin of the USSR Institute of Agricul-
tural Microbiology sec Trudy Vsesoiuz-

nogo Instituta sel'skokhoziaistvennoi Mi-

krobiologii
^Bulletin of the United States Army Medi-

cal Department 1943 : 4-7, no. 1

Bulletin of the United States Coast Guard:
2 (1913) 3; 5+

Bulletin of the United States Fish Com-
mission sec Fishery Bulletin of the Fish

and Wildlife Service

Bulletin of the United States National
Museum 1875: 1 +

Bulletin of the University of Kansas sec

Kansas University Science Bulletin

Bulletin of the University of Texas sec

University of Texas Publication

-^Bulletin of the University of Wisconsin;
Science series 1894: 1-4

Bulletin of the Vanderbilt Marine Museum
(I, art. 1 as Bulletin of the Vanderbilt

Oceanographic Museum) 1928: Hunting-
ton, Long Island. 1-7

^Bulletin of the Washburn Laboratory of

Natural History 1884: Washburn College.
1-2

^Bulletin of the Wisconsin Natural History
Society 1900: n.s. 1-10

Bulletin of the Wistar Institute of Anat-
omy and Biology 1905: 1-8

Bulletin(s) of the Zoological Society of
San Diego 1924: 1-6, 9, 11-12

Bulletin of Tokai Regional Fisheries Re-
search Laboratory 1950: Tokyo. 1+

^Bulletin of War Medicine; Medical Re-
search Council, London, 1940: 1-6

Bulletin of Zoological Nomenclature; the

official organ of the International Commis-
sion on Zoological Nomenclature 1943: 1+

*Bulletin Planktonique 1908: Conseil Per-
manent International pour 1'Exploration
de la Mer. 1908-12

Bulletin Scientifique; Universite d'Etat de
Kiev sec Naukovi Zapiski ; Kiivs'kii Der-
zhavnii Universitet

Bulletin Scientifique de la France et de la

Belgique see Bulletin Biologique de la

France et de la Belgique
Bulletin Scientifique du Comite Oceano-

graphique et d' Etudes de Cotes du Maroc
1948: 1+

Bulletin Statistique des Peches Maritimes
des Pays du Nord de 1'Ouest de 1'Europe
1903: Conseil Permanent International pour
1'Exploration de la Mer. 2+

Bulletin Trimestriel; les Amis du Musee
Oceanographique de Monaco 1947: 1+

*Bulletin Trimestriel des Resultats acquis
pendant les Croisieres periodiques et

dans les periodes intermediaires (1902-
05 as Bulletin des Resultats acquis pendant
les Courses periodiques) 1902: Conseil

Permanent International pour 1'Explora-
tion de la Mer. 1902-08

Bullettino delFInstituto Zoologico della R.
Universita di Palermo 1918: 1-2, no. 11

"Bullettino della Societa Botanica Italiana

1892: Florence. [19101; [1919]; 1923

Bullettino Mensile della Accademia Gi-
oenia di Scienze Naturali in Catania see

Bollettino delle Sedute della Accademia
Gioenia di Scienze Naturali in Catania

Bulteno Scienca de la Fakultato Terkul-

tura; Kyusyu Imperia Universitato;
Hukuoka, Japanujo 1924: 1-9, no. 3

Butler University Botanical Studies 1929:

Indianapolis. 1+

Calcutta University: Journal of the De-
partment of Science 1919: n.s. 1-2, no. 1

California Fish and Game 1914: State of

California ; Division of Fish and Game.

[1]; [8]: 9+
Canadian Entomologist 1868: 1 +
Canadian Field-Naturalist ( subtitle 1-33 as

Transactions of the Ottawa Field-Natur-

alists' Club 3-35) (1-32 as Ottawa Nat-
uralist) (2-7 contains Flora Ottawaensis)
1887: 1+

Canadian Fish Culturist 1946: Ottawa. 5,

8+
Canadian Journal of Botany 1951 : 29+

(preceded by the Canadian Journal of Re-
search, section C)

Canadian Journal of Chemistry 1951 : 29+
(preceded by the Canadian Journal of Re-

search, section B)
Canadian Journal of Medical Sciences

1951 : 29+ (preceded by the Canadian Jour-
nal of Research, section E)
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Canadian Journal of Physics 1951 : 29+

( preceded by the Canadian Journal of Re-

search, section A)
*Canadian Journal of Research (13-21, 1935-

43 in 4 sections : A. Physical Sciences ;

B. Chemical Sciences ;
C. Botanical Sci-

ences; D. Zoological Sciences) (22-28,

1944-50 in 6 sections adding: E. Medical

Sciences ; and F. Technological Sciences)
1929: 1-28

Canadian Journal of Technology 1951 : 29+

(preceded by the Canadian Journal of Re-

search, section F)
Canadian Journal of Zoology 1951 : 29+

(preceded by the Canadian Journal of Re-

search, section D)
Canadian Medical Association Journal

1911: 1+
^Canadian Meteorological Memoirs 1935:

Division of Meteorological Services, Can-
ada. 1, no. 1-3

Cancer; a journal of the American Cancer

Society 1948: 1+
*Cancer Current Literature; a periodical

annotated list 1947 : American Cancer So-

ciety. 1-3

Cancer Current Literature; an index to

neoplastic diseases 1950 : American Cancer

Society. 1+
Cancer Research; a monthly journal of ar-

ticles and abstracts reporting cancer re-

search 1941 : American Association for

Cancer Research, Inc. 1+
*Cancer Review; a journal of abstracts;

British Empire Cancer Campaign 1926 : 1-7

Carnegie Corporation of New York; Re-

port of the President and of the Treasurer :

1933+

Carnegie Institution of Washington; Pub-
lication 1902: [4-586] +

Carnegie Institution of Washington; Year
Book 1902 : 1+

*Catalogue of Scientific Papers; compiled

by the Royal Society of London 1800-1900 :

series 1-4

Catalogue of United States Public Docu-
ments sec Monthly Catalogue ; United

States Government Publications

*Causeries Scientifiques de la Societe Zoo-

logique de France 1900: 1-10 (1906)

(La) Cellule; Recueil de Cytologie et

d'Histologie generale; fonde par J. B.

Carnoy 1884: Belgium. 1+
Centralblatt see Zentralblatt

Ceylon Journal of Science; Section A, see

Annals of the Royal Botanic Gardens, Pe-

radeniya

Ceylon Journal of Science; Section B,

Zoology (1-22, pt. 1 as Ceylon Journal of

Science) (for 1-22, pt. 1 see Spolia Zey-

lanica) 1903: 1+
*Ceylon Journal of Science; Section C,

Fisheries (1-4 as Bulletins of the Ceylon

Fisheries) 1922: 1-6

*Ceylon Marine Biological Reports 1904:

vol. 1, pt. 6, nos. 20-22 (1912)
Chemical Abstracts; American Chemical

Society 1907: 1+
Chemical and Engineering News (1-7 as

Industrial and Engineering Chemistry;
News Edition) (18-19 as News Edition;

American Chemical Society) 1923: 1+
Chemical Reviews 1924 : American Chemi-

cal Society. 1+
(Die) Chemie see Angewandte Chemie ;

A :

Wissenschaftlicher Teil

*Chemie der Zelle und Gewebe; Zeitschrift

fiir die Probleme der Garung, Atmung und

Vitaminforschung (1-6 ay Zeitschrift fiir

Garungsphysiologie ;
7-1 1 as Zeitschrift fiir

Technische Biologic) 1912 : 1-13, no. 2

Chemische Berichte (1-77, 1868-1945 as

Berichte der Deutschen Chemischen Gesell-

schaft) 1868: 1+
Chemisches Zentralblatt (1-20 as Pharma-

ceutisches Central-Blatt ; 21-26 as Che-

misch-Pharmaceutisches Central-Blatt ;
27-

40 also as N.F. 1-14; 41-59 as ser. 3, 1-19;

60-67 as ser. 4, 1-8; 68-89 as ser. 5. 1-22;

90-95 as ser. 6, 1-6; 96 as ser. 7, 7) 1830:

Deutsche Chemische Gesellschaft. 1-104

(1933)

Chemistry and Industry; the weekly publi-

cation of the Society of Chemical Industry

(1-14 issued as part of the Society's Jour-
nal

; 1-9, 1923-31 as Chemistry and Indus-

try Review) 1923: 1+
^Chicago Naturalist 1938: 1-10

Chimie Analytique; Revue mensuelle des

Laboratoires (1, 1896 ser. 4, vol. 28, 1946

as Annales de Chimie Analytique) 1896:

1+
China Journal (1-5 as China Journal of

Science and Arts) 1923 : 1-12

Chinese Journal of Experimental Biology
1936: Chinese Society of Biological Sci-

ences; Academia Sinica. [1] +
Chinese Journal of Physics 1933 : 4, no. 1 ;

5+
Chinese Journal of Physiology 1927: Chi-

nese Physiological Society. 1-16, no. 3

^Chinese Journal of Physiology; Report
Series; Metabolism 1928: Chinese Physi-

ological Society. 1

*Chinese Journal of Zoology 1935 : Zoologi-
cal Society of China. 1

Chinese Medical Journal (21-45 as China

Medical Journal which, with 46, amalga-
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mated with National Medical Journal of

China to be published as Chinese Medical

Journal) 1887: Chinese Medical Associa-

tion. 30-34; [35] : 36+
Chinese Review of Tropical Medicine 1948:

Institute of Tropical Medicine, National

University of Taiwan. 1+
Chromosoma; Zeitschrift fiir Zellkern- und

Chromosomenforschung ; Abt. B der Zeit-

schrift fiir Zellforschung und Mikroko-

pische Anatomic 1939: 1 +
Chronica Botanica 1935 : Chronica Botanica

Co. 1+
Ciba Symposia 1939: Ciba Pharmaceutical

Products Inc. Summit, New Jersey. 1+
Ciel et Terre; Bulletin de la Societe Beige

d'Astronomic, de Meteorologie et de Phy-
sique du Globe 1880 : 62+

Ciencia; revista hispano-americana de cien-

cias puras y aplicadas 1940: Mexico. [1] +
Circular of the Bureau of Standards 1901 :

United States Department of Commerce.
[1-432]

Cleveland Clinic Quarterly 1932: 1+
Climatological Data National Summary

1950: U. S. Dept. Commerce, Weather
Bureau. 1+

Clinical Science, incorporating Heart 1933:
London. 1+

*Cold Spring Harbor Monographs 1903:

Long Island Biological Association. 1-10

Cold Spring Harbor Symposia on Quanti-
tative Biology 1933: 1+

*Colecc.ao "Natura"; Sociedade Portuguesa
de Sciencias Naturais. 5-10

"Collectanea dos Trabalhos do Instituto de
Butantan (1901-17 as Collectanea de Tra-
balhos) 1901: Sao Paulo. 1-2

^Collecting Net 1926: Woods Hole. 1-19,
no. 3

Collection of Czech Chemical Communi-
cations (Tschechischer Chemischer For-

schungsarbeiten) 1929: Societas Scienti-

arum Bohemica, Prague. 1-11

Colloid Symposium Monographs (9+ pub-
lished in part in the Journal of Physical
Chemistry) 1923: 1-8; 13

*Colorado College Publication (1-10 as

Colorado College Studies) 1890: 1891;
Science series 1904: [11-13]

Colorado Scientific Society Proceedings
(1-10 as Proceedings of the Colorado Sci-

entific Society) 1883: 1+
Commentationes Biologicae; Societas Sci-
entiarum Fennica 1922: 1+

Commentationes Physico-mathematicae ;

Societas Scientiarum Fennica 1922: 1+

Communications de la Faculte des Sciences

de TUniversite d'Ankara 1948: Istanbul.

1 +
Communications on Pure and Applied
Mathematics; (1, 1948 as Communications
on Applied Mathematics) a journal issued

quarterly by the Institute on Mathematics
and Mechanics, New York University 1948:

1+
Communications on the Science and Prac-

tice of Brewing sec Wallerstein Labora-
tories Communications

Comparative Psychology Monographs
1922: 1 +

*Comptes Rendus; Association Franchise
pour 1'Avancement des Sciences (1887,
Fusionnee avec 1'Association Scientifique de

France) 1-60

Compte-Rendu Annuel de la Societe Roy-
ale des Lettres et des Sciences de Bo-
heme see Vyrocni Zprava Kralovske Ceske

Spolecnosti Nauk
Compte Rendu Annuel et Archives de la

Societe Turque des Sciences Physiques
et Naturelles see Turk Fiziki ve Tabii

Ilimler Sosyetesi Yillik Bildirigleri ve

Arsivi

*Comptes Rendus de 1'Academie des Sci-

ences de 1'URSS; Series A (Doklady
Akademii Nauk) 1922: 1922-33

Comptes Rendus (Doklady) de 1'Academie
des Sciences de 1'URSS n.s. 1933: 1-30;

[31]-49: 51-[54] ; [S9]-63

Comptes Rendus de 1'Association des Ana-
tomistes 1899: 1 +

Comptes Rendus de (1'Association Libre)
la Societe des Physiologistes Suisses see

Verhandlungen des Vereins der Sclnveizer

Physiologen

Comptes Rendus de la Session de la Com-
mission Geodesique Baltique sec 1'Acti-

vite de la Commission Geodesique Baltique

Comptes Rendus de la Station Hydrobio-
logique du Lac de Wigry sec Sprawoz-
dania Stacji Hydrobiologicznej na Wigrach

*Compte Rendu des Seances de la Societe
de Physique et d'Histoire Naturelle de
Geneve (issued first in Archives des Sci-

ences Physiques et Naturelles, then inde-

pendently as a supplement) 1883: 1-64

Comptes Rendus des Seances de la Societe
des Sciences et de Lettres de Varsovie
see Sprawozdania z Posiedzen Towar-

zystwa Naukowego Warszawskiego
Comptes Rendus des Seances de la Societe

Meteorologique de France sec in Mete-

orologie ; Revue de Meteorologique et de

Physique du Globe
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Comptes Rendus des Travaux du Labora-
toire Carlsberg (also have 1-4 as Med-
delelser fra Carlsberg Laboratoriet) 1878:

1-20; serie physiologique 21+; serie

chimique 21+
*Compte Rendu du Congres des Botanistes

Slavs a Varsovie (Sprawozdanie z zjazdu-
botanikow Slowianskich w Warszawie) :

Polskie Towarzystwo Botaniczne, War-
saw. 3rd. (1931)

Gomptes Rendus hebdomardaires des Se-

ances de 1'Academic des Sciences 1835 :

Paris. 1+
Comptes Rendus hebdomadaires des Se-

ances (et Memoires) de la Societe de

Biologic et de ses filiales 1849: Paris. 1+
Comptes Rendus Mensuels des Seances de

la Classe des Sciences Mathematiques et

Naturalles; Academic Polonaise des Sci-

ences et des Lettres 1929: 1929+

Compte Rendu Sommaire des Seances de
la Societe de Biogeographie 1924: Paris.

1+
Comunicaciones Botanicas del Museo de

Historia Natural de Montevideo 1942 :

1+
Comunicaciones del Institute Nacional de

Investigacion de las Ciencias Naturales
anexo al Museo Argentine de Ciencias

Naturales. Serie Ciencias Zoologicas
1947: 1+ Serie Ciencias Geologicas 1948:

1+ Serie Ciencias Botanicas 1948: 1+
Comunicaciones Zoologicas del Museo de

Historia Natural de Montevideo 1943 :

1+
Conchologist ; a quarterly magazine for con-

chologists 1891 : London. 1

Conference Internationale pour 1'Explora-
tion de la Mer: Stockholm. 1899

Congreso Internacional de Oceanografia,
Hidrografia Marina e Hidrologia con-
tinental see International Congress of

Oceanography, Marine Hydrography and
Continental Hydrology

Connecticut State Geological and Natural

History Survey Bulletin 1903: 1+
Conseil International des Unions Scienti-

fiques (formerly Conseil International de

Recherches) see Union Gedesique et Geo-

physique Internationale

Contribuciones Ocasionales del Museo de
Historia Naturel del Colegio "de la

Salle" 1944: Havana. 1+
Contributiones pro Fauna et Flora URPSS

see Mater'ialy k PoznanTiu Fauny i Flory
SSSR

Contributions; Central Fisheries Station

of Japan 1946: Tokyo. 1946+

Contributions; Chesapeake Biological Lab-

oratory see Publications ; Chesapeake Bio-

logical Laboratory
Contributions; Ohio State University; The
Franz Theodore Stone Laboratory 1928 :

1+
Contributions a la Connaissance de la

Faune et la Flore de 1'URSS see Mate-

rialy k PoznanTiu Fauny i Flory SSSR
Contributions a la Flore de la Pologne et

des Pays limitrophes; see Planta Polo-

nica; MaterijaJy do Flory Polski i Krajow
Sasiednich

Contributions de 1'Institut Botanique de

1'Universite de Montreal (1-30 as Contri-

butions du Laboratorie de Bontanique de

1'Universite de Montreal) 1922: 1+
Contributions de 1'Institut de Biologic

(Zoologie) de 1'Universite de Montreal
1937: 1+

Contributions de la Station Biologique du
St. Laurent P. Q., Canada 1932: Univer-

site Laval, Quebec. 1+
Contributions from Boyce Thompson In-

stitute (for Plant Research) 1925:

Yonkers, New York. 1+
* Contributions from the Biological Labora-

tory of the Catholic University of Amer-
ica 1916: 1, 4-16, 18-19, 22-45

Contributions from the Biological Labora-

tory of the Chinese Association for the

Advancement of Science; formerly the

Science Society of China ; supported by the

Chinese Foundation for the Promotion of

Education and Culture and affiliated with

the Fan Memorial Institute of Biology (6+
issued in two sections : Botany and Zool-

ogy) 1925: 1+
Contributions from the Botanical Labora-

tory of the University of Pennsylvania

(2, no. 2 as Transactions and Proceedings
of the Botanical Society of Pennsylvania)
1892: [1-5]

Contributions from the Cushman Founda-
tion for Foraminiferal Research 1950 :

Washington, D. C. 1+
'^Contributions from the Cushman Labora-

tory for Foraminiferal Research 1925:

Sharon, Mass. 1-25

"Contributions from the Department of

Geology of Stanford University 1930: 1,

nos. 1-4

"Contributions from the Department of

Tropical Medicine and the Institute for

Tropical Biology and Medicine (1-4 as

Contributions from the Harvard Institute

for Tropical Biology and Medicine) 1925 :

1-6
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Contributions from the Dudley Herbarium
of Stanford University 1927: 1+

Contributions from the Institute of Physi-

ology; National Academy of Peiping
1934: 1-4, no. 4

Contributions from the Institute of Zool-

ogy; National Academy of Peiping 1932:

1+
* Contributions from the Laboratory of the

Marine Biological Association, San

Diego 1904: 1-33 (included in the Uni-

versity of California Publications in Zool-

ogy)
Contributions from the Laboratory of Ver-

tebrate Biology; University of Michigan
1936: 1+

Contributions from the United States Na-
tional Herbarium (1-7 as United States

Department of Agriculture ; Division of

Botany) 1890: 1+
Contributions from the Zoological Labora-

tory; University of Pennsylvania 1893:

1+
*Contributions to Canadian Biology and

Fisheries; being Studies from the Biologi-

cal Station of Canada 1901 : 1901-21 ; n.s.

1-8

Contributions to Embryology see Carnegie
Institution of Washington Publications

Copeia; a journal of cold blooded vertebrates

1913: American Society of Ichthyologists
and Herpetologists. 1+

Cumulative Book Index 1898 : H. W. Wil-
son Co. 1912+

Current List of Medical Literature 1941 :

Friends of the Army Medical Library,

Washington, D. C. and Medical Library
Association Inc. 1 +

Current Science; Science in the Making
1932: Indian Institute of Science. 1+

Current Tables; Atlantic Coast; North
America; United States Coast and Geo-
detic Survey: 1926; 1940+

*Current Titles from Biological Journals;
a monthly register of selected tables of

contents 1937 : L. R. Kuhn, University of

Chicago. 1, nos. 1-3

Cytologia; International Journal of Cytology
1929: Tokyo. 1+

Dados Climatologicos ; Servic.o Meteoro-

logico 1887: Sao Paulo. [1889-1912]
Dansk Botanisk Arkiv; udgivet af Dansk

Botanisk Forening 1913: 1+
::Danske Videnskabernes Selskabs Skrifter;

Naturvidenskabelig og Mathematisk Af-

deling (Memoires de 1'Academic Royale
des Sciences et des Lettres de Danemark,
section des sciences) (ser. 4 as Danske

Videnskabernes Selskabs Naturvidenskabe-

lige og Mathematiske Afhandlinger) 1824:

ser. 4-9

Dekadnyi i Ezhemesiachnyi Biulleten;

Sluzhby Pogody i Ledovoi Informatsii

(Bulletin decadaire meteorologique et gla-

cial du service des previsions du temps de

1'Administration Centrale des Voies Mari-

times du Nord) : 1935-36
:;:De Lamar Lectures; Johns Hopkins Uni-

versity School of Hygiene and Public

Health 1925: 1925-27

Denkschriften der (Osterreichischer) Aka-
demie der Wissenschaften ; Mathema-
tisch-Naturwissenschaftliche Klasse 1850 :

Wien. 1-19; 29; 31-32; 34; 36-38; 41;

52-53; 55; 59+
Denkschriften der Kgl. Botanischen Ge-

sellschaft in Regensburg 1815: 7-9

Denkschriften der Schweizerischen Natur-

forschenden Gesellschaft (Memoires de

la Societe Helvetique des Sciences Natu-

relles) 1837: 56+
-Denkschriften des Naturhistorischen Mu-

seums in Wien; Geologisch-Palaeonto-

logische Reihe (1 as Denkschriften des

K. K. Naturhistorischen Hofmuseums)
1917: 1-4

* Deutsche Entomologische National-Biblio-

thek 1910: Berlin. 1-2

Deutsche Entomologische Zeitschrift (1875-
80 as vols. 19-24 of Berliner Entomolo-

gische Zeitschrift) 1881: 1882; [1883];

1884-86; [1887]: 1888-94; [1906]; 1907-

14; [1915-16] ;
1929-38

Deutsche Entomologische Zeitschrift

"Iris" (2-14 as Deutsche Entomologische
Zeitschrift, Lepidopterologische Hefte)
1884: Entomologischer Verein, Iris, zu

Dresden. 2-16; [17-20]
Deutsche Fischwirtschaft ; Zeitschrift des

Reichsnahrstandes fur die Deutsche
Fischwirtschaft 1934: 1-5, no. 5

Deutsche Forschung; aus der Arbeit der

Notgemeinschaft der Deutschen Wissen-

schaft 1928: Berlin. 1-27

Deutsche Hydrographische Zeitschrift

(German Hydrographic Journal) 1948: 1+
Deutsche Mechaniker-Zeitung see Zeit-

schrift fur Instrumentenkunde ; Beiblatt ;

Zeitschrift der Deutschen Gesellschaft fur

Mechanik und Optik
Deutsche Medizinische Wochenschrift ; Or-

gan der Berliner Medizinischen Gesellschaft

und Anderer Vereinigungen 1875 : 56+
Deutsche Nationalbibliographie ; Gesamt-

verzeichnis des reichsdeutschen Schriftums

und der deutschprachigen Schriften des

Auslands ; Bearbeitet und herausgegeben
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von der Deutschen Biicherei 1931 : A : Neu-

erscheinungen des Buchhandels. B : Neuer-

scheinungen ausserhalb des Buchhandels.

1946+
* Deutsche Tropenmedizinische Zeitschrift

(1_44, 1897-1940 as Archiv fur Schiffs-

und Tropenhygiene ; Pathologic und The-

rapie Exotischer Krankheiten) 1897: 1-45;
Beihefte 1907: 1-39

::!Deutsches Archiv fur die Physiologic
1815: 1-8

Deutsches Archiv fiir Klinische Medizin
1865: 175+

*Deutsches Reich; Reichsamt fiir Wetter-

dienst; Wissenschaftliche Abhandlungen
1935 : 1-9, no. 6

Discussions of the Faraday Society 1947 :

1+
Dobutugaku Zassi (43-47 as Dobutsugaku

Zasshi ; 48-50 as Zoological Magazine)
1888: Zoological Society of Japan, 43+

Doklady Akademii Nauk SSSR sec Comptes
Rendus de 1'Academie des Sciences de

1'URRS
Doklady Gosudarstevnnogo Okeanografi-
cheskogo Instituta sec Reports of the

State Oceanographical Institute

Dominion Museum Miscellaneous Series

1949: Wellington, N. Z. 1+ .

Dominion Museum Records (preceded by
Records of the Dominion Museum) 1946:

Wellington, N. Z.
;
in Entomology, +1 ;

in Zoology, 1 +
Dopovidi Akademii Nauk URSR (Reports

of the Academy of Sciences of the Uk-
rainian SSR) : Kief. [1939-40]

*D6rfleria; Internationale Zeitschrift fiir For-

derung Praktischer Interessen der Botani-

ker und der Botanik 1909: Vienna. 1, no. 1

'"Drapers' Company Research Memoirs;
Biometric series, Department of Applied
Statistics, University College, Univer-

sity of London 1904: 1-12

Drosophila Information Service; Material

contributed by Drosophila workers 1934 :

Department of Genetics, Carnegie Institu-

tion of Washington, Cold Spring Harbor.
1+

Duke University Marine Station; Bulletin

1943: 1+

Earthquake Notes; Eastern Section, Seis-

mological Society of America 1929: 18+

Ecological Monographs; Ecological So-

ciety of America 1931 : 1 +
Ecology; all forms of life in relation to

environment ; Ecological Society of Amer-
ica 1920: 1 +

Economic Proceedings of the Royal Dub-
lin Society 1899: 1+

*
Ectoparasites 1915: London. 1, nos. 1-6

(1924)

Edinburgh Medical Journal 1855 : n.s. 40+
Eesti Loodusteaduse Arhiiv see Archiv

fiir die Naturkunde Estlands

Electronics 1930: New York. [1] ; 2-[8] ;

9-
1 22] +

Embryologia 1950: Nagoya University. 1+
Emu; official organ of the Australasian Orni-

thologists' Union 1901: 1-9; 10, pt. 2

Endeavour; a quarterly review designed to

record the progress of the sciences in the

service of mankind 1942: London, Imperial
Chemical Industries Ltd. 1 +

Endocrinology; published monthly for the

Association for the Study of Internal Se-

cretions 1917: 1 +
Endokrinologie; Zentralblatt fiir das Gebiet

der Inneren Sekretion und Konstitutions-

forschung 1928: 1 +
Entomologica Americana; a journal of en-

tomology 1885: Brooklyn Entomological

Society. 1-6; n.s. 14, no. 3

Entomological News (1-36 as Entomologi-
cal News and Proceedings of the Ento-

mological Section of the Academy of Nat-
ural Sciences of Philadelphia) 1890: 1+

-Entomologische Mitteilungen; Deutsches

Entomologisches Museum 1912: 1-5

Entomologische Zeitschrift; Vereinigt mit

Internationale Entomologische Zeitschrift

1887: 42-44; [451; 46-50; [51-53]

Entomologische Zeitung; herausgegeben
von dem Entomologischen Vereine zu Stet-

tin ( Stettiner Entomologische Zeitung)
1840: 1-21; 23-44; 56; 61-74, heft 1

Entomologisk Tidskrift; utgiven av Ento-

mologiska Foreningen i Stockholm (Jour-
nal Entomologique ; public par la Societe

Entomologique a Stockholm) 1880: [2];

[16] : |18] ; 20-21; [23] ;
24-36

Entomologist; an illustrated journal of gen-
eral entomology 1840: London. 6-18

Entomologist's Monthly Magazine 1864:

Entomological Society of London. 8-22

Enzymologia; Acta Biocatalytica 1936: The

Hague. 1 +
Enos; Revista Espaiiola de Entomologia;

Junta Para Ampliacion de Estudios 1925:

Museo Nacional de Ciencias Naturales, Ma-
drid. 1-11

-Ergebnisse der Aerodynamischen Versuch-
sanstalt zu Gottingen 1921 : 1-4

Ergebnisse der Anatomic und Entwick-

lungsgeschichte ( 1-22 also as Anatomische

Hefte, Abt. 2; 23-31 also as Zeitschrift
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fiir die Gesamte Anatomic Abt. 3) 1891 :

1+
Ergebnisse der Angewandten Physika-

lischen Chemie 1931: 1+
*Ergebnisse der Beobachtungsstationen an

den Deutschen Kiisten iiber die Physi-
kalischen Eigenschaften der X)stsee und
Nordsee und die Fischerei 1873 : Kom-
mission zur Wissenschaftlichen Untersu-

chung der Deutschen Meere, in Kiel. 1873-

93

Ergebnisse der Biologic 1926: 1+
Ergebnisse der Enzymforschung 1932 : 1+
Ergebnisse der Exakten Naturwissen-
schaften 1922: 1 +

Ergebnisse der Hygiene, Bakteriologie,

Immunitatsforschung und Experimen-
tellen Therapie; Fortsetzung des Jahres-
berichts iiber die Ergebnisse der Immuni-

tatsforschung 1914: 1+
Ergebnisse der Kosmischen Physik see

Gerlands Beitrage zur Geophysik ; Supple-
ment-Band

"Ergebnisse der Kreislaufforschung; Mono-

graphien aus dem Gebiete Beschreibender,

Experimenteller und Klinischer Kreislauf-

forschung 1931 : 1-5

Ergebnisse der Physiologic, Biologischen
Chemie und Experimentellen Pharma-

kologie; (1-34 as Ergebnisse der Physio-

logic ; 35-36 as Ergebnisse der Physiologic
und Experimentellen Pharmakologie) 1902 :

1+
^Ergebnisse der Vitamin- und Hormonfor-

schung; herausgegeben von L. Ruzicka und
W. Stepp 1938: 1-2

:

Ergebnisse und Fortschritte der Zoologie

_
1909: 1-8, no. 3

Etudes de la Neva et de son Bassin (Issle-

dovaniia Reki Nevy i ee Basseina) 1922:

1'Institut Hydrologique de Russie. 1-6

Etudes Geophysiques see Prace Geofizyczne

Eugenical News, 1916: 1+
Eugenical News; Supplement; Bibliogra-

phica Eugenica 1927: 1-2

'Eugenics; a journal of race betterment
1928: American Eugenics Society, Inc.

1-4, no. 2

Eugenics Laboratory Memoirs 1907 : Uni-

versity of London ; Francis Galton Labora-

tory for National Eugenics. 1-28

"Eugenics Lecture Series (1-9 as Eugenics

Laboratory Lecture Series) 1911 : Univer-

sity of London ; Galton Laboratory for

National Eugenics. 1-14
*Eugenics Record Office Bulletin 1911:

Carnegie Institution of Washington, Cold

Spring Harbor. 1-4, 6-7, 10-27

*Eugenics Record Office Memoirs 1912:

Cold Spring Harbor. 1-2

*Eugenics Record Office Report 1913: Cold

Spring Harbor. 1

Eugenics Review 1909 : Eugenics Society,
London. 1-f

*Evolution; a journal of nature 1927: New
York City. 1-4, no. 2

Evolution; International Journal of Organic
Evolution 1947: Society for the Study of

Evolution. 1+
Experientia; Monatsschrift fur das gesamte

Gebiet der Naturwissenschaft 1945 : 1+
-Experiment Station Record 1889: United

States Department of Agriculture ; Office

of Experiment Stations. 1-95

Experimental Cell Research 1949: 1+
Experimental Medicine and Surgery 1943 :

1 +
:: Experimentelle Beitrage zur Morphologic;

herausg. von Hermann Braus (Heidel-

berg) 1906: 1-2, no. 1

Explorations des Lacs de 1'U. R. S. S.;

Institut Hydrologique, Service Hydro-
Meteorologique (Issledovaniia Ozer S.S.

S.R. ; Ediniia Gidro-Meterologicheskaia

Sluzhba, Gosudarstvennyi Gidrologicheskii

Institut) 1932: 1-7

Explorations des Mers de 1'U.R.S.S.; In-

stitut Hydrologique, Service Hydro-
Meteorologique (Issledovaniia Morei S.S.

-S.R. ; Edinaia Gidro-Meteorologicheskaia

Sluzhba, Gosudarstvennyi Gidrologicheski

Institut) 1925: 1-6; 11; 15-20

Ezhegodnik Zoologicheskogo Muzeia; Aka-
demiia Nauk SSSR see Annuaire du

Musee Zoologique ; Academic des Sciences

de 1'URSS

Faculty Papers of Union College 1930:

Schenectady, N. Y. [1-3]

FAO Fisheries Bulletin 1948: Food and

Agriculture Organization of the United

Nations. 1
; [2-3] ; 4+

Farlowia; a journal of cryptogamic botany
1943 : Cambridge, Mass. 1+

Farmers' Bulletin 1889: United States De-

partment of Agriculture. [2-2000]+
* Fauna Bermudensis; contributions to the

natural history of Bermuda 1931 : no. 1

-Fauna Brasiliense; Museo Nacional do
Rio de Janeiro 1924: n.s. 1-2

Fauna e Flora del Golfo di Napoli; Pubbli-

cata dalla Stazione Zoologica di Napoli

(1-34 as Fauna und Flora des Golfes von

Neapel und der Angrenzenden Meeresab-

schnitte herausgegeben von der Zoologi-

schen Station zu Neapel) 1880: 1+
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*Fauna et Flora Laurentianae 1936 : Station

Biologique du Saint-Laurent ; Trois-Pis-

toles. 1-2

*Fauna Hawaiiensis; Bernice P. Bishop Mu-
seum of Polynesian Ethnology and Natural

History 1899: 1-3

Federation Proceedings 1942 : Federation of

American Societies for Experimental Biol-

ogy. 1+
Fennia 1889: Suomen Maantieleelinen Seura;

Sallskapet for Finlands Geografi. 68+
*Fermentforschung 1914: Berlin. 1-17

Field and Laboratory; Contributions from

the Science Departments of Southern Meth-
odist Lhiiversity 1932: 1+

*Field Engineers Bulletin: United States

Coast and Geodetic Survey. 3, 5-13

*Field Museum of Natural History Publi-

cations; Ornithological Series 1896: 1

*Field Museum of Natural History Publi-

cations; Report Series 1894: 1-13, no. 1

Fieldiana; Botany (1-23 as Field Museum
of Natural History Publications ;

Botanical

Series) 1895: Chicago Natural History
Museum. 1+

Fieldiana; Geology (1-9 as Field Museum
of Natural History Publications ; Geologi-
cal Series) 1895 : Chicago Natural History
Museum. 1+

Fieldiana; Geology Memoirs (1, no. 1 and

vol. 2 as Field Museum of Natural His-

tory; Geology, Memoirs) 1930: 1+
Fieldiana; Technique (1-3 as Field Mu-
seum of Natural History Museum Tech-

nique Series ; 4-6 as Field Museum of

Natural History; Technique Series) 1925:

1+
Fieldiana; Zoology (1-30 as Field Museum

of Natural History Publications ; Zoologi-
cal Series) 1895: Chicago Natural History
Museum. 1+

Fieldiana: Zoology Memoirs 1950: 1+
*Finlandische Hydrographisch-Biologische

Untersuchungen 1907: Societas Scienti-

arum Fennica. 1-14

Fish Bulletin; State of California Depart-
ment of Natural Resources ; Division of

Fish and Game ; Bureau of Marine Fish-

eries 1917: 2-4; 7+
Fish Survey Report to Maine Department

of Fisheries and Game 1939 : 4+
Fisheries Bulletin; Food and Agriculture

Organization of the United Nations 1948 :

1+
Fisheries Bulletin; New Zealand, Marine

Department 1927: 1+
*Fisheries News Bulletin 1929: Department

of Fisheries, Ottawa. [1-17]

Fisheries Newsletter; published by the Com-
monwealth Director of Fisheries, Depart-
ment of Commerce and Agriculture 1942 :

Australia. 3+
*Fisheries Service Bulletin; United States

Department of the Interior, Fish and Wild-
life Service (2-289 as Fisheries Service

Bulletin
; Department of Commerce ;

Bu-
reau of Fisheries) 1915: 2-6; 8-14; 16-307

Fishery Board for Scotland; Salmon Fish-

eries 1910: 1910+

Fishery Bulletin; Fisheries and Marine Bio-

logical Survey Division
; Department of

Commerce and Industries 1935 : Union of

South Africa. 1+
Fishery Bulletin of the Fish and Wildlife

Service (1-23, 1881-1903 as Bulletin of

the United States Fish Commission ; 24-49,

1904-40 as Bulletin of the Bureau of Fish-

eries) 1881 : 1+
^Fishery Circular; LTnited States Bureau of

Fisheries 1931 : United States Department
of Commerce. 1-28

^Fishery Investigation (Supplementary Re-

port) 1934: Imperial Fisheries Experi-
mental Station, Tokyo. 1-9

Fishery Investigations; Ministry of Agri-
culture and Fisheries, London; series 1,

Fresh-water Fisheries and Miscellaneous

1913: 1+; series 2, Sea Fisheries 1914:

1+; *series 3, Hydrography 1919: 1-4

Fiskeridirektoratets Skrifter; serie Havun-
ders0kelser see Report on Norwegian
Fishery and Marine Investigations

Fiziologicheskii Zhurnal SSSR (Journal of

Physiology of the USSR) (1-11 as Russkii

Fiziologicheskii Zhurnal, Journal Russe de

Physiologic ; 12-14, Russian Journal of

Physiology) 1917: 1-15; [16-17]; 18-22;

[23] ; 25-28

Flora; oder Allgemeine Botanische Zei-

tung 1818: 72+
Flora Ottawaensis see Canadian Field-

Naturalist

Flora Polska; Rosliny Naczyniowe Polski

i Ziem Osciennych: Polska Akademji
Umiejetnosci. 3+

*Flora y Fauna Peruanas 1940: Ministerio

de Fomento, Direccion de Agricultura,
Ganaderia y Colonizacion, Peru. 1, no. 1

Folia Anatomica Japonica see Okajimas
Folia Anatomica Japonica

Folia Anatomica Universitatis Conimbri-

gensis 1926: Portugal. 1+
*Folia Biologica; publicacion del personal

tecnico del Institute Bacteriologico del De-

partamento Nacional de Higiene 1931 :

Buenos Aires. 1-93
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Folia Biotheoretica sec Acta Biotheoretica,

Series B
Folia Endocrinologica Japonica 1925 : 2+
Folia Geographica Danica 1940 : Copen-

hagen. 1+
Folia Haematologica; Internationales Maga-

zin fiir Klinische und Morphologische Blut-

forschung (1-8 as Internationales Zentral-

organs fiir Blut- und Serumfdrschung)

(9-24 in 2 series: Teil 1, Archiv; Teil 2,

Zentral-Organ) 1904: 1+
Folia Limnologica Scandinavica 1943 : Co-

penhagen. 1+
*Folia Microbiologica; Nederlandsch Tijd-

schrift voor Mikrobiologie 1912 : 1-5

*Folia Morphologica ; Organ Polskiego

Towarzystwa Anatomiczno-Zoologicznego

(Warszawa) (Bulletin de la Societe Po-

lonaise d'Anatomic et de Zoologie) 1929:

1-8, no. 2

*Folia Neuro-Biologica; International Cen-

traalorgaan voor de Biologic van het Ze-

nuwstelsel 1907 : Leipzig and Haarlem.

2-12

Folia Zoologica et Hydrobiologica ; Lat-

vijas Universitates Sistematiskas Zoolo-

gijas Instituta un Hidrobiologiskas Stacijas

Raksti (Organ des Systematisch-Zoologi-
schen Instituts und der Hydrobiologischen
Station der Universitat Lettlands, Riga)
1929: 1-12, no. 1

*F6rhandlingar i Videnskapsselskapet i

Kristiania 1858: 1858-1924

Forschungen zur Geschichte der Optik see

Zeitschrift fiir Instrumentenkunde ; Beilage-
heft

*Forschungsberichte aus der Biologischen
Station zu Plon 1893: 1-12

Fortschritte der Botanik 1931 : 1+
* Fortschritte der Chemie, Physik und Phy-

sikalischen Chemie 1909: 1-21, no. 5

Fortschritte der Chemischen Forschung.
1949: 1+

Fortschritte der Medizin; Die Zeitschrift

fiir den Praktischen Arzt 1883: 51-59

Fortschritte der Zoologie 1935: 1+
Fragmenta Faunistica Musei Zoologici

Polonici 1930: Panstwowego Museum Zoo-

logicznego. 1+
Franklin Journal and American Mechanics'

Magazine see Journal of the Franklin In-

stitute

Fresenius' Zeitschrift fiir analytische

Chemie; begriindet von Remigius Frese-

nius (1-127, 1862-1944 as Zeitschrift fiir

analytische Chemie) 1862: 1+
Frontiers in Chemistry; published under the

auspices of Western Reserve University
1943: 1, 3, 5

*Fundamenta Radiologica; International

Journal of Biophysics, Photochemistry,

Photobiology and Medical Radiology (1-3
as Radiologica) 1937 : Berlin. 1-5, no. 6

Fysiografiska Sallskapets Handlingar see

Lunds Universitets Arsskrift

Fysiografiska Sallskapets i Lund; For-

handlingar (Proceedings of the Royal
Physiographic Society of Lund) 1931 : 1+

Game Bulletin; State of California Depart-
ment of Natural Resources; Division of

Fish and Game 1913: 2+
"Gann"; the Japanese Journal of Cancer

Research 1907: Japanese Cancer Associa-

tion and Japanese Foundation for Cancer
Research 17-21; 24+

Gazzetta Chimica Italiana; Pubblicazione

mensile a cura dell'Associazione Italiana di

Chimica 1871 : [51-58] ; 62+
Gegenbaurs Morphologisches Jahrbuch und
Beitrage zur Anatomic Funktioneller

Systeme (1-29 as Morphologisches Jahr-

buch) (53, no. 3+ as Jahrbuch fiir Mor-
phologic und Mikroskopische Anatomic,
Abt. 1) 1875: 1+

General Electric Review (1-8, no. 5 as

General Electric Company Review) 1903 :

1 +
General Embryological Information Serv-

ice. Hubrecht Laboratory, Utrecht, Hol-
land 1949: 1+

Genetica; Nederlandsch Tijdschrift voor Er-

felijkheids- en Afstammingsleer 1919: 1+
Genetics; a periodical record of investiga-

tions bearing on heredity and variation

1916: Brooklyn Botanic Garden. 1+
Geochimica et Cosmochimica Acta. 1950 :

London. 1+
Geofisica Pura e Applicata 1939: Milan,

Istituto Geofisico Italiano. 1+
Geofysiske Publikasjoner ; utgitt av det

Norske Videnskaps-Akademie i Oslo 1920:

1+
Geografisk Tidsskrift; udgivet af det K.
Danske Geografiske Selskab 1877: Copen-
hagen. 1+

Geograflska Annaler; utgivna av Svenska

Sallskapet for Antropologi och Geografi
1919: Stockholm. 1+

Geographical Bulletin 1951 : Department of

Mines and Technical Surveys, Geographi-
cal Branch, Canada. 1+

Geographical Journal 1893: Royal Geo-

graphical Society, London. 1+
*Geographical Magazine 1874 : London. 1-5

Geographical Review; American Geographi-
cal Society of New York 1916: 1+
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Geological Survey Bulletin 1883: United

States Department of the Interior. [1-

976] +
Geological Survey Water-Supply Paper:
United States Department of the Interior :

[61-1124]+
Geologie der Meere und Binnengewasser ;

Zeitschrift fur Marine und Limnische Hy-
drogeologie und ihre Praktische Anwen-

dung 1937: 1+
Geophysica 1935: Helsingfors, Geophysical

Society of Finland. 1+
Geophysical Abstracts; United States De-

partment of the Interior ; Bureau of Mines
1929: 65, 76-86, 112-116, 121+

Geophysical Magazine 1926: Central Mete-

orological Observatory, Tokyo. 1+
Geophysical Memoirs; Dublin Institute for

Advanced Studies; School of Cosmic

Physics 1949: 1+
Geophysical Memoirs; Meteorological Of-

fice 1912: London. [1-3]; 4; [5]; 6+
Geophysical Notes; Geophysical Institute,

Faculty of Science, Tokyo University:
1948: [1] +

Geophysical Supplements to the Monthly
Notices of the Royal Astronomical So-

ciety 1922: 1 +
Geophysics; a journal of general and ap-

plied geophysics 1926 : Society of Explora-
tion Geophysicists. 1-8; [9-10]+

Geriatrics; official journal of the American
Geriatrics Society 1946: 1+

Gerlands Beitrage zur Geophysik (1-10 as

Beitrage zur Geophysik) 1887: 1+ Ergan-
zungsband 1902-04: 1-3; Supplement
Band ; Ergebnisse der Kosmischen Phy-
sik 1931 : 1+

Gerlands Beitrage zur Geophysik; Ergan-
zungshefte fiir Angewandte Geophysik
sec Beitrage zur Angewandten Geophysik

German Hydrographic Journal see Deutsche

Hydrographische Zeitschrift

*Gidr"obiologicheskii Zhurnal SSSR (Hy-
drobiologische Zeitschrift d. UdSSR; he-

rausgegeben an der Biologischen Wolga-
Station unter Redaktion von A. L. Behning)
(1-8 as Russkii Gidrobiologicheskii Zhur-

nal) (Russische Hydrobiologische Zeit-

schrift) 1921 : 1-9, no. 6

*Giornale di Biologia e Medicina Sperimen-
tale 1923: 1-2

Glasgow Naturalist 1909: journal of the

Natural History Society of Glasgow. 1-8,
no. 5

Glasnik Botanischkog Zavoda i Bashte
Univerziteta u Beogradu see Bulletin de
1'Institut et du Jardin Botaniques de 1'Uni-

versite de Beograd

Glasnik Hrvatskoga Prirodoslovnoga
Drustva (1-19 as Glasnik Hrvatskoga
Naravoslovnoga Drustva) 1886 : Societas

(Historico-naturalis) Scientiarum Natura-
lium Croatica, Zagreb. 2-10; [12]-13; 20-

21; [27]

*Godisnjak Oceanografskog Instituta Kral-

jevine Jugoslavije (Annuaire de 1'Institut

Oceanographique du Royaume de Yougo-
slavie) 1938: Split. 1-2

*G6teborgs Kungl. Vetenskaps-och Vitter-

hetssamhalles; Handlingar; Serien B.
Matematiska och Naturvetenskapliga
Skrifter 1778: ser. 3, 1+

Growth; a journal for studies of develop-
ment and increase 1937: 1+

*Guide to Nature 1908: Agassiz Association,
Sound Beach, Connecticut. 1-10; [11-22]

Halbjahrsverzeichnis der Neuerscheinun-

gen des Deutschen Buchhandels see

Jahresverzeichnis des deutschen Schrift-

tums

Half-Yearly Journal of the Mysore Uni-

versity 1927: 1-8, no. 2; n.s., B. 1940; 1+
Handbook Series; American Museum of

Natural History 1912: 1-4, 7, 9+
Harvard Forest Bulletin 1921: 1-3; 5-23

Harvard Forest Papers 1947: 1+
Harvard Meteorological Studies 1934: Blue

Hill Meteorological Observatory. 1+
^Harvard University Tercentenary Gazette

1936: 1-8

Harvey Lectures 1905 : Harvey Society of

New York. 1+
Havforskningsinstitutets Skrift (Merentut-
kimuslaitoksen Julkaisu) 1920: Helsing-
fors. 1+

*Heart; a journal for the study of the cir-

culation 1909: London. 1-16

Hedwigia; Organ fiir Kryptogamenkunde
und Phytopathologie nebst Repertorium
fiir Literatur 1852: 1+

Helgolander Wissenschaftliche Meeresun-

tersuchungen 1937: herausgegeben von
der Biologischen Anstalt auf Helgoland.
1+

*Helios; Abhandlungen und Mitteilungen aus
dem Gesamtgebiete der Naturwissen-
schaften ; Organ des Naturwissenschaft-
lichen Vereins des Regierungsbezirks ;

Frankfurt (Oder) 1883: 21-22; 24-26

Helminthological Abstracts (incorporating

Bibliography of Helminthology for the year
1934+) 1932: 1+

Helvetica Biologica Acta see Verhandlungen
des Vereins der Schweizer Physiologen

Helvetica Chimica Acta; Edita a Societate

Chimica Helvetica 1918: 1+
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Helvetica Physica Acta; Societatis Physicae
Helvetica Commentaria Publica 1928: 1+

Helvetica Physiologica et Pharmacologica
Acta 1943: 1+

Hereditas; Genetiskt Arkiv : Uttgivet av

Mendelska Sallskapet i Lund 1920l 1+
Heredity; an international journal of genet-

ics 1947: 1+
Herpetologica; a journal devoted to the

study of reptiles and amphibians 1936 :

Chicago Academy of Sciences. 1+
Hibbert Journal 1902: 6-9, no. 1

"Highlands Museum and Biological Lab-

oratory Publication 1930: North Carolina.

1-3

Hilgardia; a journal of agricultural science

1925: California Agricultural Experiment
Station. 1+

Hofmeister's Beitrage see Beitrage zur

Chemischen Physiologic urid Pathologic

Hoppe-Seyler's Zeitschrift fur Physiolo-
gische Chemie (1-21, no. 1 as Zeitschrift

fiir Physiologische Chemie) 1877: 1+ see

also Medicinisch-Chemische Untersuchun-

gen ; Aus dem Laboratorium fiir Ange-
\vandte Chemie zu Tubingen herausgegeben
von Ur. Felix Hoppe-Seyler

"Hospital Corps Quarterly; Supplement to

the United States Naval Medical Bulletin

1917: 16-22

Hull Bulletins of Marine Ecology 1939:

University College. 1+
Human Biology; a record of research 1929:

1+
*Humboldt Library of Science 1879: New

York. [1-176]

Hungarica Acta Biologica 1948 : Budapest,
Academiae Scientiarum Hungaricae. 1+

Hungarica Acta Chimica 1946: ibid. 1+
Hungarica Acta Mathematica 1946: ibid.

1+
Hungarica Acta Medica 1948: ibid. 1+
Hungarica Acta Physica 1947: ibid. 1+
Hungarica Acta Physiologica 1946: ibid.

1+
::

Huxley Memorial Lectures 1925 : Imperial

College of Science and Technology. 1925-39

Hvalradets Skrifter; Scientific results of

marine biological research 1931 : Norske
Videnskaps-Akademi i Oslo. 1+

Hydrobiologia; Acta Hydrobiologica, Lim-
nologica et Protistologica 1948: 1+

Hydrobiologische Zeitschrift d. UdSSR see

Gidrobiologicheskii Zhurnal SSSR
Hydrographic Bulletin 1944: Imperial Jap-

anese Navy, Tokyo. 1

Hydrographic Review see International Hy-
drographic Review

Hydrographische Mittheilungen see An-
nalen der Hydrographie und Maritimen

Meterologie

Hydrological Conference of the Baltic

States: 3, Warsaw, 1930; 5, Helsingfors,

1936; 6, Berlin, 1938

Hygienic Laboratory Bulletin see National

Institute of Health Bulletin

Ibis; a quarterly journal of ornithology 1859:

London, ser. 5, 1, no. 3; ser. 8, 1-6; ser. 9,

1-4

*Icones of Japanese Algae 1907: 1-7

Idb'jaras; A Magyar Meteorologiai Tarsasag
es az Orsz. Meteorologiai es Foldmagnessegi
Intezet Hivatalos Lapja 1897: 29+

Illinois Biological Monographs 1914: Uni-

versity of Illinois. 1 +
Illinois Monographs in the Medical Sci-

ences (1-3, 1935-43 as Illinois Medical
and Dental Monographs) 1935: 3, nos.

1-2; 4

Illinois Natural History Survey Bulletin

(no. 1 as Bulletin of the Illinois Museum
of Natural History; 1, no. 2 vol. 12 as

Bulletin of the Illinois State Laboratory of

Natural History; 13-19 as Bulletin of the

Illinois State Natural History Survey)
1876: 1-10; [11]; 12+

Ilmateiteellisen Keskuslaitoksen Toimi-
tuksia see Mitteilungen der Meteorologi-
schen Zentralanstalt

*Index-catalogue of the Library of the Sur-

geon General's Office 1880 : United States

Army Medical Library. 1 ser. 4, vol. 11

*Index Medicus; a monthly classified record
of the current medical literature of the

world 1879 : Carnegie Institution of Wash-
ington, ser. 1-3 (1927)

Index Universalis; Dissertationum origina-
lium artis medicinae ;

E Libellis Periodicis

Extractus ; Editus a Collegii Medicinae

Manjurici Curatorio de Compilando Indice :

Manchuria Medical College. 2-16, no. 7

Indian Ecologist; edited for the Indian Eco-

logical Society, Bombay 1946: 1+
Indian Journal of Agricultural Science

1931 : Imperial Council of Agricultural

Research, Delhi. 1+
Indian Journal of Genetics and Plant

Breeding 1941 : 1+
Indian Journal of Medical Research 1913 :

Indian Research Fund Association, Cal-

cutta. 1+
Indian Journal of Meteorology and Geo-

physics 1950: 1+
Indian Journal of Physics 1926 : 1-2, no. 2

;

4+ ; and Proceedings of the Indian As-
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sociation for the Cultivation of Science

1915: 10-11, no. 2; 13+
Indian Journal of Physiology and Allied

Sciences 1947: Physiological Society of

India, Calcutta. 1+
Indian Medical Research Memoirs 1924:

Indian Research Fund Association, Cal-

cutta. 1+
Indian Meteorological Memoirs see Me-
moirs of the India Meteorological Depart-
ment

Indian Zoological Memoirs; on Indian ani-

mal types 1926 : Lucknow. 1-8

Indiana University Publications; Science

Series 1926: 2+
Indiana University Studies 1910 : 1-23, no.

113

Industrial and Engineering Chemistry (1-

14, 1909-22 as Journal of Industrial and

Engineering Chemistry; 15-38, 1923-1946

as Industrial and Engineering Chemistry,
Industrial Edition) 1909: 1+

Industrial and Engineering Chemistry;
Analytical Edition sec Analytical Chem-

istry

Industrial and Engineering Chemistry;
News Edition sec Chemical and Engineer-

ing News
*Insect Life; United States Department of

Agriculture, Division of Entomology 1888:

1-7

1'Institut Oceanographique de Monaco;
Rapport pour 1'Annee: 1937+

Institute of Marine Research, Lysekil; Re-

port; Series Biology 1950: 1+ Series

Chemistry 1951 : 1+
*Instituto de Pesca; seccion Laboratorio;

Republica Oriental del Uruguay; Mon-
tevideo 1923: 1923-25

"Instrument World 1928: London. 1-5, no. 49

Instruments; the magazine of measurement
and control (1-4 as Instruments; Indus-

trial Scientific ; devoted to measurement
and control problems) 1928: Instruments

Publishing Co. 1+
Interim Proceedings of the Geological

Society of America 1946: 1946+
International Anatomical Congress 1905 :

1-5

International Botanical Congress; Pro-

ceedings (4 as Proceedings of the Inter-

national Congress of Plant Sciences) 1900:

3-6

International Cancer Research Founda-
tion; Report of Activities 1933: Phila-

delphia. 1933+
International Catalogue of Scientific Lit-

erature 1901 : International Council of the

Royal Society of London. L. General Bi-

ology, 6-14; M. Botany, 14; N. Zoology,
1

International Congress for Applied Me-
chanics; Proceedings; 1946: 1-3, 5, 7

International Congress for Light Study;

Proceedings: Wiesbaden, 1936

International Congress for Theoretical and

Applied Limnology see Verhandlungen der

Internationalen Vereinigung fiir Theore-

tische und Angewandte Limnologie
International Congress of Entomology;
Proceedings 1910: 1-5; 7

International Congress of Experimental
Cytology, Proceedings (1-5 as Interna-

tional Congress for Experimental Cytolo-

gists) 1927: 1+
International Congress of Fisheries; Pro-

ceedings. 4th (1908)
International Congress of Genetics 1899:

1+
International Congress of Medical Sci-

ences 1867: 10-11; 13

International Congress of Microbiology
1930: 1-4

International Congress of Oceanography,
Marine Hydrography and Continental

Hydrology (1 as Congreso Internacional

de Oceanografia Hidrografia Marina e Hi-

drologia Continental Seville) 1929: 1

International Congress of Radiology; Sy-

nopsized Abstracts from the Congress : 4,

1934

International Congress of Soil Science

1927: 1 (Washington); 3, vol. 1 (Ox-
ford) 1935

International Council of Scientific Unions;
Reports of Proceedings 1931 : 1+

International Geodetic and Geophysical
Union see Union Geodesique et Geophy-
sique Internationale

International Hydrographic Conference see

Report of the Proceedings of the Inter-

national Hydrographic Conference

International Hydrographic Review (Re-
vue Hydrographique International) (1-23,
1923-1946 as Hydrographic Review) 1923 :

1+
International Meteorological Congress Re-

port, Chicago, 1893

International Microchemical Congress;
Proceedings 1950: 1st Graz

International Neurological Congress; Pro-

ceedings 1931 : 1 (Berne) ;
2 (London)

(1935)
International Physiological Congress; Pro-

ceedings 1899: 1+
International Review of Vitamin Research

see Internationale Zeitschrift fiir Vitamin-

forschung
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International Union for Biological Sci-

ences; Proceedings 1919: 9th (1947)
International Zoological Congress; Pro-

ceedings 1889: 1+
Internationale Monatsschrift fur Anatomic

und Physiologic 1884: 1-32

Internationale Revue der Gesamten Hy-
drobiologie und Hydrographie; heraus-

gegeben von R. Woltereck 1908: 1+

*Biologisches Supplement 1-7; *Hydro-
graphisches Supplement 1-5 ; *Literari-

sches Supplement 1-2

Internationale Zeitschrift fur Physika-
lisch-chemische Biologic 1914: 1-3, heft 2

Internationale Zeitschrift fur Vitaminfor-

schung (International Review of Vitamin-

Research) (Revue Internationale de Vita-

minologie) (1-18, 1932-1947 as Zeitschrift

fiir Vitaminforschung) 1932: 1 +
Internationaler Zellforscherkongress see

Verhandlungen des Internationalen Zell-

forscherkongresses

Investigaciones de la Estacion Limnolo-

gica de Patzcuaro 1941 : Mexico. l-[2]

Investigaciones Zoologicas Chilenas (Pub-
licacion coordinada de la Facultad de Filo-

sofia y Educacion de la Universidad de

Chile, el Departamento de Parasitologia de

la Direccion General de Sanidad, el Insti-

tute de Investigaciones Veterinarias y el

Museo Nacional de Historia Natural)
1950: Santiago. 1+

Investigational Report; Fisheries and Ma-
rine Biological Survey Division; Depart-
ment of Commerce and Industries:

Union of South Africa. 5+

*Investigational Report; United States De-

partment of Commerce; Bureau of Fish-

eries 1931 : 1-2

Investigations of Indiana Lakes and
Streams 1928: Indiana Dept. of Conser-

vation, Div. of Fish and Game
; Dept. of

Zool., Ind. Univ.. 1+
lowa State College Journal of Science; a

quarterly of research 1926: 1+
Ireland; Department of Agriculture; Fish-

eries Branch; Report on the Sea and
Inland Fisheries 1923: 1926-1935; 1938+

*Irish Naturalist; a monthly journal of gen-
eral Irish natural history 1892: 1-24; [25-

33]

Isforholdene i de Arktiske Have samt
Havets Overfladetemperatur i det Nord-

lige Atlanterhav og Davis-Straede see

Nautik-Meteorologisk Aarbog
Isis; international review devoted to the his-

tory of science and civilization ; quarterly

organ of the History of Science Society

and of the International Academy of the

History of Science 1913: 1+
Issledovaniia Morei S.S.S.R. sec Explora-

tions des Mers de 1'U.R.S.S.

Issledovaniia Ozer S.S.S.R. see Explora-
tions des Lacs de 1'U.R.S.S.

Issledovaniia Reki Nevy i ee Basseina see

fitudes de la Neva et de son Bassin

Istanbul Universitesi Fen Fakiiltesi Mec-
muasi (Revue de la Faculte des Sciences

de 1'Universite d'Istanbul) 1923: Ser. A.

Matematik, Fizik, Kimya. 7- [9]+; Ser.

B, Tabii Ilimler. 7+
Iwata Institute of Plant Biochemistry

Publications 1924: Tokyo. 1-2

Izvestiia Akademii Nauk S.S.S.R. (Bulle-

tin de 1'Academie des Sciences de 1'URSS)
1928 : Otdelenie Matematicheskikh i Es-

testvennykh Nauk (Classe des Sciences

Mathematiques et Naturelles)* 1928-1935

(ser. 7) ; (continued in series) ; Seriia

Biologicheskaia 1936: 1936-1940; [1941-

1950]+; Seriia Fizicheskaia 1936: [1937-

38]; Seriia Khimicheskaia 1936: 1936-

1940; [1941-45]

Izvestiia Bakinskoi Ikhtiologicheskoi La-

boratorii (Bulletins of Ichthyological Lab-

oratory of Baku) 1922 : 1-2, no. 2

Izvestiia Biologicheskogo Nauchno-Issle-

dovatel'skogo Institute pri Permskom
Gosudarstvennom Universitete see Izves-

tiia Permskogo Biologicheskogo Nauchno-

Issledovatel'skogo Instituta

*Izvestiia Botanicheskogo Sada; Akademii
Nauk SSSR (Bulletin du Jardin Botanique
de 1'Academie des Sciences de 1'URSS)
(1-29 as Izvestiia Glavnogo Botaniche-

skogo Sada SSSR) (Bulletin, du Jardin

Botanique Principal de 1'URSS) 1901:

26-30

Izvestiia Gosudarstvennogo Gidrologiche-

skogo Instituta; Edinaia Gidro-Meteoro-

logicheskaia Sluzhba Soyuza SSR, Gosu-

darstvennyi Gidrologicheskii Institut

(Bulletin de 1'Iinstitut Hydrologique)
1921 : 1-55 ; 60-61 ; 64-68

Izvestiia Permskogo Biologicheskogo
Nauchno-Issledovatel'skogo Instituta

(Bulletin de 1'Institut des Recherches Bio-

logiques de Perm) (1-6 as Izvestiia Bio-

logicheskogo Nauchno-Issledovatel'skogo

Instituta pri Permskom Gosudarstvennom

Universitete) 1922: 1+
Izvestiia po Prikladnoi Entomologii see

Reports on Applied Entomology
Izvestiia Tikhookeanskogo Nauchnogo In-

stituta Rybnogo Khoziaistva i Okeano-

grafii (Vladivostok) see Bulletin (s) of
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the Pacific Scientific Institute of Fisheries

and Oceanography
Izvestiia Vsesoiuznogo Nauchno-Issledo-

vatel'skogo Instituta Ozernogo i Rech-

nogo Rybnogo Khoziaistva see Bulletin

of the Institute of Fresh-water Fisheries

Izvestiia Vsesoyuznogo Geograficheskogo
Obshchestva 1865: Leningrad. [82-83]

Izvjestji Ribarstvene Stanice, Split (Re-

ports of Fisheries Station, Split, Yugo-
slavia) 1947: 1+

Jaarboek van de Koninklijke Belgische
Academic see Annuaire de 1'Academie

Royale de Belgique

Jahrbuch der Akademie der Wissen-
schaften in Gottingen (Societat der Reichs-

akademie) (1894-1939 as Nachrichten von

der Gesellschaft der Wissenschaften zu

Gottingen; Jahresbericht) 1894: 1933+

Jahrbuch der Deutschen (formerly Preussi-

schen) Akademie der Wissenschaften zu

Berlin 1939: 1939+

Jahrbuch der Hamburgischen Wissen-
schaftlichen Anstalten, Beiheft 2 see Mit-

teilungen aus dem Hamburgischen Museum
und Institute : Beihefte 3 see Mitteilungen
aus den Botanischen Staatsinstitut in Ham-
burg

Jahrbuch der St. Gallischen Naturwissen-
schaftlichen Gesellschaft 1858: 1904-05;

1907; 1910-18

Jahrbuch fur Morphologic und Mikrosko-

pische Anatomic Abt. 1 see Gegenbaurs

Morphologisches Jahrbuch ; Abt. 2 see

Zeitschrift fiir Mikroskopisch-Anatomische
Forschung

Jahrbiicher des Nassauischen Vereins fiir

Naturkunde (1-18 ay Jahrbiicher des Ve-
reins fiir Naturkunde im Herzogthum Nas-

sau) 1844: 1+
*Jahrbiicher fiir Wissenschaftliche Botanik;

Begriindet von Prof. Dr. N. Pringsheim
1858: 1-91, no. 3

Jahresberichte; Deutsches Hydrographi-
sches Institut (Annual Report; German

Hydrographic Institute) 1946: 1+
Jahresbericht; Physiologic und Experi-
mentelle Pharmakologie (1-7 as Jahres-
bericht iiber die Gesamte Physiologic und

Experimentelle Pharmakologie) 1920: 1-18
*Jahresbericht; Wissenschaftliche Biologic;

Bibliographisches Jahresregister der Be-
richte iiber die Wissenschaftliche Bio-

logic 1926: 1-6

Jahresbericht der Gesellschaft von Freun-
den der Naturwissenschaften in Gera

(Reuss) 1858: 39-42; 49-52

Jahresbericht der K. Bohmischen Gesell-

schaft der Wissenschaften see Vyrocni
V

Zprava Kralovske Ceske Spolecnosti Nauk
Jahresbericht der Kommission zur Wissen-

schaftlichen Untersuchungen der Deut-
schen Meere in Kiel see Bericht der

Kommission zur Wissenschaftlichen Unter-

stichung der Deutschen Meere in Kiel
*Jahresbericht der Naturforschenden Ge-

sellschaft in Emden (1842-52 as Jahres-

bericht iiber die Verrichtungen) 1815:

1842-43; 1847-48; 1850-52; [1868-1913]

Jahresbericht der Naturhistorischen Ge-
sellschaft zu Hannover 1850: 44-59

*Jahresbericht der Naturhistorischen Ge-
sellschaft zu Nurnberg 1882: 1887; 1892-

93; 1896; 1898-99; 1901-05
*Jahresbericht der Zoologischen Station in

Neapel 1876: 1

Jahresbericht des Naturhistorischen Ve-
reins von Wisconsin 1858: 1880-81

Jahresbericht(e) des Naturwissenschaft-

lichen Vereins in Elberfeld 1847: 6; 9-12

Jahresbericht des Naturwissenschaftlichen
Vereins zu Bremen sec in Abhandlungen
herausgegeben vom Naturwissenschaftlichen

Verein zu Bremen

Jahresbericht des Vereines zur Forderung
der Naturwissenschaftlichen Erforschung
der Adria 1903: 1-2. 4-5

:;:Jahresbericht des Vereins fiir Naturwis-
senschaft zu Braunschweig 1879: 3; 6-19

:; Jahresbericht des Vereins von Freunden
der Erdkunde zu Leipzig 1861: 1-8; 10-

11

^Jahresbericht iiber die Deutsche Fischerei;

herausgegeben von Reichsministerium
fiir Ernahrung und Landwirtschaft 1924 :

1925-37
*Jahresbericht (e) iiber die Fortschritte der

Anatomie und Entwicklungsgeschichte
1892: 1-20

-Jahresbericht iiber die Fortschritte der
Anatomie und Physiologic 1872 : 1-20

"-Jahresbericht iiber die Fortschritte der
Animalischen Physiologic (1-20 as

Jahresbericht iiber die Fortschritte der

Physiologic) 1892: 1-22

^Jahresbericht iiber die Fortschritte der

Tier-Chemie ; oder, der Physiologischen,

Pathologischen und Immuno-Chemie und
der Pharmakologie 1871 : 1-49

*Jahresbericht iiber die Fortschritte in der

Lehre von den Garungs-Organismen und
Enzymen 1890: 1-22

-Jahresbericht iiber die Fortschritte in der
Lehre den Pathogenen Mikrorganismen,
umfassend Bacterien, Pilze und Proto-
zoen 1885: 1-27
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Jahresbericht iiber die Gesamte Physilogie
und Experimentelle Pharmakologie see

Jahresbericht ; Physiologic und Experimen-
telle Pharmakologie

*Jahresbericht iiber die Leistungen und
Fortschritte in der Anatomic und Physi-

ologic (1866-1907 as Jahresbericht iiber

die Leistungen und Fortschritte in der Ge-
samten Medicin Abt. 1 ; 1908-16 as Fort-

setzung von Virchow's Jahresbericht)
1866: 1866-1916

Jahresbericht iiber die Tatigkeit der Deut-
schen Seewarte sec in Annalen der Hydro-
graphic und Martimen Meteorologie

Jahresbericht iiber die Verrichtungen
(Wirksamkeit) und den Zustand der
Naturforschenden Gesellschaft in Em-
den sec Jahresbericht der Naturforschenden
Gesellschaft in Emden

Jahresheft(e) des Naturwissenschaftlichen
Vereins fur das Fiirstentum Liineburg
1865: 15-19

Jahresheft des Vereins fiir Mathematik
und Naturwissenschaften in Ulm a. D.
sec Mitteilungen des Vereins fur Natur-
wissenschaft und Mathematik in Ulm a. D.

Jahresverzeichnis des deutschen Schrift-

tums (formerly Halbjahrsverzeichnis der

Neuerscheinungen des Deutschen Buchhan-

dels) 1921: 1921+
*Japan Medical World; a monthly journal

of medicine, surgery and collateral sciences

1921: [1-2]; 3-10, no. 5

Japanese Journal of Astronomy and Geo-

physics; Transactions and Abstracts
1922: National Research Council of Tapan.
1 +

Japanese Journal of Botany; Transactions
and Abstracts 1922 : National Research
Council of Japan. 1+

*Japanese Journal of Chemistry; Trans-
actions and Abstracts 1922 : National Re-
search Council of Japan. 1-4, no. 1

Japanese Journal of Experimental Medi-
cine (1-6 as Scientific Reports from the

Government Institute for Infectious Dis-

eases of the Tokyo Imperial University)
1922: 1+

Japanese Journal of Genetics 1921 : Genet-
ics Society of Japan. 3+

Japanese Journal of Ichthyology 1950:

Japanese Society of Ichthyologists. 1+
Japanese Journal of Medical Sciences; I.

Anatomy 1927: National Research Coun-
cil of Japan. 1 +

Japanese Journal of Medical Sciences; II.

Biochemistry 1925 : ibid. 1+
Japanese Journal of Medical Sciences; III.

Biophysics 1927: ibid. 1+

Japanese Journal of Medical Sciences; IV.

Pharmacology 1926 : ibid. 1+
Japanese Journal of Medical Sciences; V.

Pathology 1926: ibid. 1+
Japanese Journal of Medical Sciences; VI.

Bacteriology and Parasitology 1929 : ibid.

1+
Japanese Journal of Physics; Transactions
and Abstracts 1922: ibid. 1+

Japanese Journal of Zoology ; Transactions
and Abstracts 1922: ibid. 1+

Jenaische Zeitschrift fiir Medizin und Na-
turwissenschaft; herausgegeben von der

Medizinisch-Naturwissenschaftlichen Ge-
sellschaft zu Jena (8-74 as Jenaische Zeit-

schrift fiir Naturwissenschaft) 1864: [1];

2; [3]; 4+
Jesuit Seismological Association; Central

Station; Preliminary Bulletin; in co-

eration with Science Service and the

United States Coast and Geodetic Survey :

[1945] +
*Johns Hopkins Hospital Reports 1896:

1-22, no. 1

Johns Hopkins University Circular 1879 :

1 +
Johnsonia 1941: Department of Mollusks ;

Museum of Comparative Zoology, Harvard

University, Cambridge, Mass. 1+
*Jornal de Sciencias Naturais; Sociedade

Portuguesa de Sciencias Naturais, Lis-

bon 1921 : 1-3, no. 3

Journal and Proceedings of the Royal
Asiatic Society of Bengal (ser. 1 and 2

as Journal and Proceedings of the Asiatic

Society of Bengal) (series 3 in 3 sections,

Letters, Science, and Yearbook) 1832 : n.s.

1+
Journal and Proceedings of the Royal So-

ciety of New South Wales (1-8 as Trans-

actions) 1867: 1-3; 6-7; 9+
Journal and Proceedings of the Royal So-

ciety of Western Australia see Journal of

the Royal Society of Western Australia

Journal de Biologic (Moscow) see Biologi-

cheskii Zhurnal

Journal de Biologie et de Medecine Ex-

perimentales sec Zhurnal Eksperimen-
tal'noi Biologii i Meditsiny

Journal de Biologie Experimentale serie A
sec Zhurnal Eksperimental'noi Biologii

Journal de Biologie Experimentale serie B
sec Uspekhi Eksperimental'noi Biologii

-Journal de Botanique 1887: 1-22

Journal de Chimie Generale see Bulletin de

1'Academie des Sciences de 1'Union des

Republiques Sovietiques Socialistes
; Classe

des Sciences Chimiques
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Journal de Chimie Physique et de Physico-
Chimie Biologique (et Revue Generale

des Colloides (second title added with vol.

28, when the two merged, dropped zvith 34)

1903: 1+
*Journal de 1'Anatomie et de la Physiologic

Normales et Pathologiques de I'Homme
et des Animaux 1864: 1-50

Journal de 1'Institut Botanique (de la Sec-

tion) de 1'Academic des Sciences d'Uk-
raine see Zhurnal Institutu Botaniki Uan

*Journal de la Physiologic de I'Homme et

des Animaux (Brown-Sequard) 1858 : 1-6

Journal de la Societe Botanique de Russie

see Botanicheskii Zhurnal SSSR
*Journal de Pharmacie et de Chimie (1-5

as Bulletin de Pharmacie
;
6 as Bulletin de

Pharmacie et des Sciences Accessoires
;

ser. 2, 1-27 as Journal de Pharmacie et des

Sciences Accessoires) 1809: 1 ser. 9, vol. 2

Journal de Physiologie (et de Pathologic
Generale) 1899: 1 +

Journal de Physique et le Radium (ser. 1-5

as Journal de Physique Theorique et Ap-
pliquee ;

zvhich zvith scries 6 united with

Le Radium) 1872: 1+
Journal de Psychologic Normale et Patho-

logique 1904: [18-22] +
Journal de Radiologie et d'Electrologie

(sub-title varies) 1914: 1+
Journal du Conseil 1926: Conseil Permanent

International pour 1'Exploration de la Mer.
1+

Journal du Cycle Bio-Zoologique see Zhur-
nal Bio-Zoologichnogo Tsiklu

Journal du Cycle Botanique de 1'Academic
des Sciences d'Ukraine see Zhurnal In-

stitutu Botaniki Uan
Journal Entomologique; public par la So-

ciete Entomologique a Stockholm see En-

tomologisk Tidskrift

Journal fur Ornithologie 1853: 1-12, [13-

14], 15-86; Extraheft 1; Sonderheft 1906;

1917-18; 1920; 1924; 1926; 1928; 1930;

1932; 1934; Jahresbericht 1-4; Ergan-
zungsband 2

*Journal fur Psychologic und Neurologic
1902: Leipzig. 1-21, 49

^Journal of Agricultural Research 1913:

United States Department of Agriculture
with the cooperation of the Association of

Landgrant Colleges and Universities. 1-78

Journal of Agricultural Science; edited for

the Plant Breeding and Animal Nutrition

Research Institutes at Cambridge and the

Rothamsted Research Institutes 1905: 1-

39, no. 1

Journal of Agriculture of the University
of Puerto Rico (1-17 as Journal of the

Department of Agriculture of Porto Rico) :

Agricultural Experiment Station, Rio Pie-

dras. [6-8] ; 9+
Journal of Allergy; official organ of Ameri-
can Academy of Allergy 1929: [15] ; [18] +

Journal of Anatomy (1-50 as Journal of

Anatomy and Physiology) 1867 : London.

1+
^Journal of Animal Behavior 1911: 1-7

Journal of Animal Ecology 1932 : British

Ecological Society. 1+
Journal of Applied Chemistry 1951 : Lon-

don, Society of Chemical Industry. 1+
Journal of Applied Mechanics 1933 : Ameri-

can Society of Mechanical Engineers. 1-15

-Journal of Applied Microscopy and Lab-

oratory Methods 1898 : Bausch and Lomb
Optical Co. 1-6

Journal of Applied Physics (1-7 as Phys-

ics) 1931 : American Institute of Physics.
1+

Journal of Applied Physiology 1948:

American Physiological Society. 1+
Journal of Atmospheric and Terrestrial

Physics 1950: London. 1+
Journal of Bacteriology 1916: 1+
Journal of Biochemistry 1922 : Tokyo. 1+
Journal of Biological Chemistry 1905 : 1+

"Journal of Biophysics 1923 : Physiological

Institute of the Tokyo Imperial University.

1-2

Journal of Botany; British and Foreign
1863 :1+

Journal of Cancer Research see American

Journal of Cancer

Journal of Cellular and Comparative Phys-

iology 1932: 1+
Journal of Chemical Education 1924: 1+
Journal of Chemical Physics 1933 : Ameri-

can Institute of Physics. 1+
Journal of Clinical Endocrinology 1941 : 1+
Journal of Clinical Investigation 1924: 1+
Journal of Colloid Science 1946 : New York

City. 1+
Journal of Comparative and Physiological

Psychology (1-39, 1921-1946 as Journal
of Comparative Psychology) 1921 : 1+

Journal of Comparative Neurology (14-20
as Journal of Comparative Neurology and

Psychology) 1891 : 1+
Journal of Dental Research 1919: Inter-

national Association for Dental Research.

1+
Journal of Ecology 1913 : British Ecological

Society. 1+
Journal of Endocrinology 1939 : Oxford. 1+

'"Journal of Entomology and Zoology (1 as

Pomona Journal of Entomology; 2-4 as

Pomona College Journal of Entomology)
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1909: Pomona College Department of Zo-

ology. 1-42

Journal of Experimental Biology (1-6 as

The British Journal of Experimental Biol-

ogy) 1923: 1+
Journal of Experimental Botany; an official

organ of the Society for Experimental

Biology 1950: 1 +
Journal of Experimental Medicine 1896 :

Rockefeller Institute of Medical Research.

1+
Journal of Experimental Zoology 1904:

Wistar Institute of Anatomy and Biology.

1+
^Journal of Fisheries; the Alumni Society

of the Hadodate College of Fisheries:

43, 47-48, 50-54

Journal of General Biology, Moscow, Aka-
demiia Nauk SSSR sec Zhurnal Obshchei

Biologii

Journal of General Microbiology; edited

for the Society for General Microbiology
1947: 1+

Journal of General Physiology 1918: Rocke-
feller Institute of Medical Research. 1+

Journal of General Psychology 1928: 1+
Journal of Genetics 1910: Cambridge, Eng-

land. 1+
Journal of Geology 1893: 49+
Journal of Geophysical Research (1-53,

1896-1948 as Terrestrial Magnetism and

Atmospheric Electricity) 1896: 1+
Journal of Geophysics and Meteorology

sec Zhurnal Geofiziki i Meteorologii

Journal of Gerontology 1946 : The Geronto-

logical Society, Inc. 1+
Journal of Glaciology 1947 : London, Brit-

ish Glaciological Society. 1 +
Journal of Helminthology 1923 : London.
1+ *Supplement; Protozoology 1925: 1-4

Journal of Heredity (1-4 as American
Breeders' Magazine) 1910 : American Ge-
netic Association. 1+

Journal of Hygiene 1901 : Cambridge, Eng-
land. 1+

Journal of Immunology 1916: 1+
Journal of Industrial and Engineering
Chemistry see Industrial and Engineering

Chemistry

Journal of Infectious Diseases; founded by
the John Rockefeller McCormick Memorial
Institute for Infectious Diseases 1904; 1+;
*
Supplements 2-4

Journal of Laboratory and Clinical Medi-
cine 1915: 1+

Journal of Mammalogy; published quar-

terly by the American Society of Mam-
malogists 1919: 1+

Journal of Marine Research; Sears Foun-

dation for Marine Research ; Bingham
Oceanographic Laboratory, Yale Univer-

sity 1937: 1+
*Journal of Medical Research; official pub-

lications of the American Association of

Pathologists and Bacteriologists (1-5 as

Journal of the Boston Society of Medical

Science) (6+ also numbered as n.s. 1+ )

1896: 1-44
*Journal of Metabolic Research 1922: Physi-

atric Institute, Morristown, N. J. 1-8

Journal of Meteorology 1944: American

Meteorological Society. 1+
*Journal of Microscopy and Natural Sci-

ence (7-9 also as n.s. 1-3 ; 10-16 also as

ser. 3, 1-7) (1-2 as The Journal of the

Postal Microscopical Society) 1882 : Lon-

don. 1-16

Journal of Morphology (40-51 as Journal
of Morphology and Physiology) 1887: 1+

*Journal of Mycology 1885: [1-3]; 5-8;

[9-13] ;
14

Journal of Neuropathology and Experi-
mental Neurology 1942: 1+

Journal of Neurophysiology 1938: 1+
Journal of Nutrition 1928: 1+
Journal of Oceanography; Hakodate Ma-

rine Observatory 1944: Japan, 1+
Journal of Oceanography 1929: Kobe Ma-

rine Observatory.* 1-12, no. 3; ser. 2, 1+
Journal of Organic Chemistry 1936: 1+

Journal of Parasitology ; the official organ
of the American Society of Parasitologists

1914: 1+
Journal of Pathology and Bacteriology;

the official journal of the Pathological So-

ciety of Great Britain and Ireland 1893 : 1+
Journal of Pharmacology and Experimen-

tal Therapeutics; official publication of

the American Society, in association with

the British Pharmacological Society 1909 :

1+
Journal of Pharmacy and Pharmacology

1949: Pharmaceutical Society of Gt. Brit-

ain. 1+
Journal of Philosophical Studies sec Phi-

losophy

Journal of Philosophy 1904 : New York

City. 7+
Journal of Physical and Colloid Chemistry

1-50, 1896-1946 as Journal of Physical

Chemistry) 1896: 1+
"Journal of Physics; Academy of Sciences of

the USSR 1939: 9; [10-11]

Journal of Physiology; Physiological So-

ciety 1878: London. 1+
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Journal of Physiology of the USSR see

Fiziologicheskii Zhurnal SSR imeni I. M.
Sechenov

Journal of Research of the National Bu-
reau of Standards (1-12 as Bureau of

Standards Journal of Research) 1928: 1+
*Journal of Science and the Arts (American

reprint of Quarterly Journal of Science)
1817: New York. 1-5

Journal of Science of the Hiros(h)ima
University; series A, Mathematics, Phys-
ics, Chemistry 1930: 1+

Journal of Science of the Hiros(h)ima
University; series B, Division 1, Zool-

ogy; Division 2, Botany 1930: 1+
Journal of Scientific Instruments 1923 : In-

stitute of Physics, England. 1+
Journal of Sedimentary Petrology 1931 :

Society of Economic Paleontologists and

Mineralogists, a Division of the American
Association of Petroleum Geologists. 1+

*Journal of the Academy of Natural Sci-

ences of Philadelphia 1817: 1-8; series 2,

1847: 1; [3]-16

Journal of the Acoustical Society of Amer-
ica 1929: American Institute of Physics.
1+

Journal of the Aeronautical Sciences (8-9,

no. 5 include Aeronautical Review Section)
1934 : Institute of the Aeronautical Sci-

ences, Inc. 1-15

Journal of the American Chemical Society
1879: 1+

Journal of the American Medical Associa-

tion 1883: 1-8; [9-36] +
Journal of the American Pharmaceutical

Association (1940+ issued in two parts;

Scientific edition, 29+ and Practical Phar-

macy edition, 1 + ) 1912: [3]; [12-14];
15+ Scientific edition, 29+; Practical

Pharmacy edition, 1+
Journal of the Arnold Arboretum, Harvard

University 1919: [1] ; 2-3; [4]; 6+
Journal of the Asiatic Society of Bengal

sec Journal and Proceedings of the Royal
Asiatic Society of Bengal

Journal of the Association of American
Medical Colleges (1-3 as Bulletin of the

Association of American Medical Col-

leges) 1926: 1-25

Journal of the Biological Board of Canada
sec Journal of the Fisheries Research Board
of Canada

Journal of the Biological Photographic As-
sociation 1932: 1+

Journal of the Bombay Natural History
Society 1886: 1+

Journal of the Boston Society of Civil

Engineers 1914: 37+

Journal of the Boston Society of Medical
Science sec Journal of Medical Research

*Journal of the Cancer Research Committee
of the University of Sydney 1929: 1-8

Journal of the Chemical Society (1878-1923
in two parts: Transactions and Abstracts)

(for continuation of Abstracts 1924+ sec

British Abstracts A; 1924-25 as Abstracts

of Chemical Papers A ;
1926-37 as British

Chemical Abstracts A) 1847: London.

29+; Proceedings (1-5 as Abstracts of

the Proceedings) 1885: 1885+

Journal of the Chemical Society of Japan
(Nippon Kwagaku Kwaishi) (formerly the

Journal of the Tokyo Chemical Society)
1880: 47+

Journal of the Chinese Geophysical So-

ciety 1948: 1+
*Journal of the Cincinnati Society of Nat-

ural History 1878: 1-20; [21]; 22

Journal of the Coast and Geodetic Survey
(U.S.) 1948: 1+

Journal of the College of Agriculture;
Hokkaido Imperial University see Jour-
nal of the Faculty of Agriculture ;

Hok-
kaido Imperial University

Journal of the College of Agriculture;
Tohoku Imperial University see Journal
of the Faculty of Agriculture ;

Hokkaido

Imperial University

Journal of the College of Agriculture;

(Imperial) University of Tokyo 1909:

1-14, no. 5

*Journal of the College of Science; Imperial

University of Tokyo 1887: 1-45

*Journal of the Council for Scientific and
Industrial Research 1927: Melbourne,
Australia. 1-21

Journal of the Department of Agriculture;

Kyusyu Imperial University; Hukuoka
(Fukuoka) Japan 1923: 1 +

*Journal of the Department of Agriculture;
Union of South Africa 1920: 1-12, no. 5

Journal of the Department of Agriculture
of Porto Rico see Journal of Agriculture
of the University of Puerto Rico

Journal of the East Africa Natural His-

tory Society (1-16, no. 3, 1910-42 as

Journal of the East Africa and Uganda
Natural History Society) 1910: 1+

Journal of the Elisha Mitchell Scientific

Society 1883: Chapel Hill, N. C. 1+
Journal of the Faculty of Agriculture;
Hokkaido (Imperial) University (1-2 as

Journal of the Sapporo Agricultural Col-

leges ;
3-7 as Journal of the College of

Agriculture, Tohoku Imperial University;
8-19 as Journal of the College of Agricul-



SERIAL PUBLICATIONS, MARINE BIOLOGICAL LABORATORY 45

ture; Hokkaido Imperial University) 1902:

2+
Journal of the Faculty of Science; Hok-
kaido (Imperial) University 1930 : ser. 4.

Geology and Mineralogy, 1
; ser. 5. Botany,

1+; ser. 6. Zoology, 1+
Journal of the Faculty of Science; (Im-

perial) University of Tokyo 1925 ; sec-

tion 1. Mathematics, Astronomy, Phys-
ics, Chemistry, 1-3, no. 6 ; 4, no. 2

;
section

3. Botany, 1-5, no. 5; section 4. Zoology,
1-4, no. 3; section 5.

*Anthropology, 1,

no. 1

Journal of the Fisheries Research Board
of Canada (1-3 as Journal of the Biologi-

cal Board of Canada) 1934: 1+
Journal of the Franklin Institute (1-6 as

Franklin Journal and American Mechanics'

Magazine) 1826: 1+
Journal of the History of Ideas; a Quar-

terly Devoted to Intellectual History
1940: 1+

Journal of the Hong Kong Fisheries Re-
search Station 1940: 1+

*Journal of the Imperial Fisheries Experi-
mental Station 1930: Tokyo. 1-13

Journal of the Indian Botanical Society

1-3, no. 5, 1919-23 as Journal of Indian

Botany) 1919: 25+
Journal of the Indian Chemical Society

(1-4 as Quarterly Journal) 1924: 1+
^Journal of the Indian Institute of Science,

Bangalore 1914: 1-7; A, 8-21; B, 8-17

Journal of the Institute for Research in

Scientific Fisheries; Hakodate College
of Fisheries 1946: 1+

Journal of the Linnean Society (Botany
and Zoology) 1856: 1+

Journal of the Marine Biological Associa-
tion of the United Kingdom 1887: Ply-

mouth, England. 1+
^Journal of the Maryland Academy of Sci-

ences 1930: 1-3

Journal of the Meteorological Society of

Japan (Kisho Shushi) 1882: ser. 2, v. 23+

Journal of the National Cancer Institute

1940: Public Health Service, Federal Se-

curity Agency. 1+
^Journal of the New York Botanical Gar-

den 1900: 1-51

Journal of. the New York Entomological
Society 1893: 1+

Journal of the New York Microscopical
Society 1885 : 1-7 ; 8, nos. '1-3

; 9r14, no. 1

Journal of the Oceanographical Society of

Japan (Nippon Kaiyo Gakkaisi) : (1-6)

Journal of the Optical Society of America
6-19 as Journal of the Optical Society of

America and Review of Scientific Instru-

ments) 1917: 1+
*Journal of the Portland Society of Natural

History 1864: Maine. 1, no. 1

Journal of the Postal Microscopical So-

ciety see Journal of Microscopy and Nat-

ural Science

Journal of the Quekett Microscopical Club
1868: London. 1-6; ser. 2, 1-14; ser. 4, 2+

Journal of the Royal Agricultural Society
of England 1839: 1-17

*Journal of the Royal Geographical Society
of London 1830: 1-50

*Journal (s) of the Royal Institution of

Great Britain 1802: 1

^Journal of the Royal Institution of Great
Britain 1830: 1-2

Journal of the Royal Microscopical So-

ciety 1878: 1+
Journal of the Royal Society of Western

Australia (1-10 as Journal and Proceed-

ings of the Royal Society of Western Aus-

tralia) 1914: Perth. 1-2; 5-9; 11+
Journal of the Royal Statistical Society

1838: London. Series A (General) : 111;
Series B (Methodological) (1-9 as Sup-

plement to the Journal) : 1 +
Journal of the Sapporo Agricultural Col-

lege see Journal of the Faculty of Agricul-

ture, Hokkaido Imperial LTniversity

Journal of the Scientific Research Insti-

tute (1-42, 1922-47 as Scientific Papers of

the Institute of Physical and Chemical Re-

search) 1922: Tokyo. 1+
*Journal of the Shanghai Science Institute

1933: 1 n.s. vol. 2 (1945)

Journal of the Shimonoseki College of

Fisheries 1949: Japan. 1+
*Journal of the Society of Chemical Indus-

try (37, 1918+ in three sections: Review,
Transactions and Abstracts

; 42, 1923+
Review changed to Chemistry and Industry

Review, later to become "Chemistry and

Industry") (for continuation of Abstracts

1924+ see British Abstracts B; 1924-25 as

Abstracts issued by Bureau of Chemical

Abstracts; 1926-37 as British Chemical

Abstracts B) 1882: London. 1-69

Journal of the Tennessee Academy of Sci-

ence 1926: Nashville. 7-16, no. 1

Journal of the Tokyo Chemical Society see

Journal of the Chemical Society of Japan

Journal of the Tokyo College of Fisheries

1892: [3-4]; [6]; [8-19] +
^Journal of the Trenton Natural History

Society 1886: 1-2, no. 1

Journal of the Washington Academy of

Sciences 1911: 1+
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Journal of the Zoological Society of India

1949: 1, no. 1

Journal of Tropical Medicine and Hygiene
(with which is incorporated "Climate")
1898: London. 30+

Journal Russe de Physiologic see Fiziologi-

cheskii Zhurnal SSR imeni I. M. Sechenov
*Journal Russe de Zoologie (Zoologicheskii

Vestnik) (Russian Journal of Zoology)
1916: 1-2, liv. 2; 3, liv. 1-2

Journal Scientific de la Meteorologie 1949:

Societe Meteorologique de France. 1 +
Just's Botanischer Jahresbericht (1-10 as

Botanischer Jahreshericht) 1873: 1+
Justus Liebigs Annalen der Chemie (1-32

as Annalen der Pharmacie
;
33-168 as An-

nalen der Chemie und Pharmacie; 169-172

as Justus Liebigs Annalen der Chemie und

Pharmacie) 1832: 1+ *Supplement: 1861:

1-8

Kaiyo no Kagaku (Science of the Ocean)
1941 : Oceanographical Society of Japan,

Tokyo. [1-51

^Kansas University Quarterly; Series A.
Science and Mathematics 1892: 1-10

Kansas University Science Bulletin see

University of Kansas Science Bulletin

Kieler Meeresforschungen 1936: Institut

fiir Meereskunde der Universitat Kiel. 1+
Kitasato Archives of Experimental Medi-

cine 1917: Kitasato Institute for Infectious

Diseases. 1-7, no. 1

Klinische Wochenschrift; Organ der Ge-
sellschaft Deutscher Naturforscher und
Arzte 1922: 1+

Koch's Jahresbericht sec Jahresbericht iiber

die Fortschritte in der Lehre von den

Garungs-Organismen und Enzymen
*Kolloid-Beihefte; Erganzungshefte zur

Kolloid-Zeitschrift (1-33, no. 4 as Kol-

loidchemische Beihefte) 1909: 1-54, no. 4

Kolloid Zeitschrift; Zeitschrift fiir Reine
und Angewandte Kolloidwissenschaft (1-

12, 1906-13 as Zeitschrift fiir Chemie und
Industrie der Kolloide) 1906: 1+

*Korrespondenzblatt des Naturforscher-
Vereins zu Riga 1845: [5] ; 26-38; 42-45;
47-63

*Krankheitsforshung; Zwanglose Studien zur

Pathogenese 1925: Leipzig. 1-9

Kratkii Obzor Gidrologicheskikh Ekspe-
ditsionno-Issledovatel'skikh i Polevykh
Rabot: Gosudarstvennyi Gidrologicheskii

Institut, Leningrad. 6, 1925; 9-10, 1928-29

Kulturgeografiske Skrifter; (Det Konge-
lige) Danske Geografiske Selskab 1936 : 1-4

^Laboratory Bulletin; Oberlin College 1889:

[2-54]
Lancashire Sea-Fisheries Memoir 1899 : 1-2

Lancet; a journal of British and foreign

medicine, surgery, etc. 1823: 1+
Latvijas Biologijas Biedribas Raksti see

Acta Biologica Latvica

Latvijas Universitates Botaniska Darza
Darbi 1926: Riga. 1

*Lavori fatti nell'Istituto di Anatomia com-

para della R. Universita di Napoli 1885:

1-2; n.s. 1-3

^Leaflet; Chicago Academy of Sciences

1938 : 2-19, 21-22

*Leopoldina; Aintliches Organ der K. Leo-

poldinisch-Carolinischen Deutschen Akade-
mie der Naturforscher 1859 : 2-58

*Leopoldina; Berichte der K. Deutschen
Akademie der Naturforscher zu Halle

1926: 1-6

Liebigs Annalen der Chemie see Justus

Liebigs Annalen der Chemie

Lilloa; Revista de Botanica 1937: Universi-

dad Nacional de Tucuman (R.A.), Insti-

tute "Miguel Lillo." 22+
:!:

Lilly Scientific Bulletin 1912: Indianapolis.

1-10; ser. 2: 1

Lingnan Science Journal (1-4 as Lingnaam
Agricultural Review) 1922: Lingnan Uni-

versity, Canton. 1+
Liverpool Marine Biology Committee Me-
moirs on Typical British Marine Plants

and Animals (1-30, 34+ as Memoirs on

Typical Marine Plants and Animals, De-

partment of Oceanography, University of

Liverpool, issued in the Proceedings and

Transactions of the Liverpool Biological

Society 14-45) 1899: 1+
^Liverpool School of Tropical Medicine;

Memoirs 1901 : 1, 3, [5]-6, 10-21; n.s. 1-3

Lloydia; a quarterly journal of biological

science 1938: Cincinnati. 1+
Lobund Reports; a publication from the

Laboratories of Bacteriology, University of

Notre Dame 1946: 1+
London, Edinburgh and Dublin Philosoph-

ical Magazine and Journal of Science,

see Philosophysical Magazine and Journal
of Science

*Lunds Universitets Arsskrift (Acta Uni-

versitatis Lundensis) (26-40 also as Fysio-

grafiska Sallskapets Handlingar, n.f. 1-15)

(continued in tzvo series) 1864: 1-40

Lunds Universitets Arsskrift n.f. Afd. 2.

Medicm samt Matematiska och Natur-

vetenskapliga Amnen 1905: (1-30 also as

Acta Universitatis Lundensis) (1 also as

n.f. 16+ of K. Fysiografiska Sallskapets

Handlingar). 1+
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Luonnon Ystava; Elain-ja Kasvitieteelli-

nen Aikakausiehti ( 1900-18 as Luonnon
Ystava; Yleistajuinen Luonnontieteellinen

Aikakausiehti) 1897: Helsingfors. 4-28;
30-42

Madras Fisheries Bulletin 1899: 1; 4-27,
no. 4

^Magazine of Natural History (1 n.s. 1 as

Magazine of Natural History, and Journal
of Zoology, Botany, Mineralogy, Geology,
and Meteorology) 1828: 1-9; n.s. 1-4

Magyar Biologiai Kutatointezet Munkai
sec Archiva Biologica Hungarica

*Malacological and Conchological Magazine
1838 : London, parts 1-2

*Malpighia; Rassegna Mensile di Botanica
1887: 1-28; [29] ; 30-34

"Maly's Jahresbericht" see Jahresbericht
iiber die Fortschritte der Tier-Chemie oder

der Physiologischen, Pathologischen und
Immuno-Chemie und der Pharmakologie

Mar; revista bimestral ; Organo offcial de la

Liga Martima de Chile: [18] +
'Marine Biological Report; Union of South

Africa; Province of the Cape of Good
Hope 1912: 1-2

"Marine Investigations in South Africa
1902: Cape Town. 1-4

Marine Observer; a quarterly journal of

maritime meteorology prepared by the Ma-
rine Branch of the Meteorological Office

1924: 1+
:; Markische Tierwelt; Zeitschrift fiir die

Faunistische Erforschung der Mark
Brandenburg (1-3 subtitle as Zeitschrift

fiir die Faunistische Erforschung der Kur-
mark) 1934: 1-4, no. 3

-Marsh Botanical Garden Publications 1924:
no. 1

Maryland Board of Natural Resources;
Department of Research and Education;
Educational Series 1944: 1+

;

Maryland Fisheries; published by Conser-
vation Department of Maryland 1929: 1-

11; 13-34

"Massachusetts Institute of Technology;
Meteorological Course; Professional
Notes 1929: 1-10

Massachusetts Institute of Technology
Meteorological Papers see Papers in

Physical Oceanography and Meteorology
Matematikai es Termeszettudomanyi Erte-

sito (Mathematischer und Naturwissen-
schaftlicher Anzeiger der Ungarischen
Akademie der Wissenschaften) 1882:

Budapest. 49+

Matematisk-fysiske Meddelelser; Det K.
Danske Videnskabernes Selskab 1917 :

Copenhagen. 1+
Materialy k Poznaniiu Fauny i Flory
SSSR (Contributiones pro Fauna et Flora

URPSS) (Contributions a la Connaissance
de la Faune et la Flore de 1'URSS) Otdel
Botanicheskil 1890: n.s. 1; [9]; Otdel

Zoologicheskii 1892: n.s. 1-5

Materialy po Izucheniiu Arktiki; Vsesoiuz-

nyi Arkticheskii Institut (Materials for

the Study of the Arctic) 1931 : Leningrad.
1-5

Mathematical Reviews 1940: 1+
Mathematical Tables and Aids to Compu-

tation; a quarterly journal edited on behalf

of the Committee on Mathematical Tables
and Aids to Computation by the Chairman,

Raymond Clare Archibald 1943: National

Research Council. 1+
*Mathematische und Naturwissenschaftliche

Berichte aus Ungarn aus den Revenuen
der Graf Alexander Vigyazo Stiftung
Unterstiitzt durch die Wissenschaften

(Magyar Tudomanyos Akademia) 1882:

1-38

Meddelande; Meteorologiska Institutionen
vid Kungl. Universitetet, Uppsala 1939:

1+
Meddelanden (Communications) ; Sveriges
Meteorologiska och Hydrobiologiska In-
stitut (Serien Uppsatser as Meddelanden;
Statens Meteorologiska-Hydrobiologiska
Anstalt) 1935: Serien Uppsatser: 1-50;
Serie A: 1+; Serie B: 1+; Serie C: 1+;
Serie D: 1+

;: Meddelanden af Societas pro Fauna et

Flora Fennica 1876: Helsingfors. 1-20;
22-23; 25-27; 30-50

Meddelanden fran K. Lantbruksstyrelsen ;

Undersokningar Rorande Sveriges Fiske-

rie ; Fiskar och Fiskevatten, utgivna av K.

Lantbruksstyrelsens Fiskeribyra 1891 :

Stockholm. [195-278]
Meddelanden fran Lunds Universitets Geo-

grafiska Institution; Avhandlingar 1929:

1+
Meddelanden fran Lunds Universitets Lim-

nologiska Institution 1939: 1-6
'''

Meddelanden fran Statens Meteorologisk-
Hydrografiska Anstalt 1920: Stockholm.
1-7

Meddelanden fran Statens undersoknings-
och Forsoksanstalt for Sotvattensfisket

(Reports from the Swedish State Institute

of Fresh-water Fishery Research, Drott-

ningholm) 1933: 2, 4+
Meddelanden fran (K.) Vetenskapsakade-
miens Nobelinstitut 1905: Stockholm. 1-6
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Meddelelser; Norges Svalbard-og Ishavs-

Unders0kelser 1926: Oslo. 4-5, 11-12, 14+
Meddelelser fra Carlsberg Laboratoriet see

Comptes Rendus des Travaux du Labora-

toire Carlsberg
Meddelelser fra den Biologiske Station ved

Dr0bak 1897 : Christiania, Norway. 1-14

Meddelelser fra det Zoologiske Museum,
Oslo 1922: 1+

Meddelelser fra Kommissionen for Dan-
marks Fiskeriog Havunders0gelser, K0-
benhavn; Serie Fiskerei 1904; 1+ ;

*Serie

Fiskeristatistik 1909: 1-2; Serie Hydro-
gran 1904: 1+; Serie Plankton 1904: 1+

Meddelelser fra Skalling-Laboratoriet 1935 :

Copenhagen. 1+
Meddelelser om Gr0nland; Kommissionen

for Videnskabelige Unders0gelser i Gr0n-
land 1879: 1+

Mededeelingen en Verhandelingen ; K.
Nederlandsch Meteorologisch Instituut

1905: 1+
Mededeelingen van de Klasse der Weten-
schappen; K. Belgische Academic see

Bulletin de la Classe des Sciences ; Aca-
demic Royale de Belgique

Mededeelingen van de Landbouwhooge-
school te Wageningen (Nederland) (12-
13 as Mededeelingen van de Rijks Hoogere
Land-, Tuin-en Boschbouwschool) 1908:

12+
Mededeelingen van den Dienst der Volks-

gezondheid in Nederlandsch-Indie (1912-
25 Pt. 1 as Burgerlijke Geneeskundige
Dienst) 1912: Batazia. 1922-1941

Mededeelingen van het K. Belgische In-

stitutt voor Natuurwetenschappen sec

Bulletin de 1'Institut Royal des Sciences

Naturelles de Belgique

*Mededeelingen van's Rijks Herbarium
1910: Leiden. 1-70

Mededelingen van de Commissie voor het
Faunistisch Onderzoek der Zuiderzee-

polders van de Nederlandsche Dierkun-

dige Vereeniging 1949: 1+
Mededelingen van htt Transvaal Museum

sec Annals of the Transvaal Museum
Medical Parasitology and Parasitic Dis-
eases (Moscow) see Meditsinskaia Para-

zitologiia Parazitarnye Bolezni

*Medical Science; abstracts and reviews 1919:

Medical Research Council, London. 1--12

Medical Technicians Bulletin; supplement
to U. S. Armed Forces Medical Journal
1950: 1+

Medicina Sperimentale Archivio Italiano

(1-5 as Archivio Italiano di Medicina

Sperimentale) 1937: Torino. 1-3; [4]; 5;

[6]-7, no. 3

Medicine; analytical reviews of general

medicine, neurology and pediatrics 1922:

1+
*Medicinisch-Chemische Untersuchungen;

aus dem Laboratorium fur Angewandte
Chemie zu Tubingen herausgegeben von
Dr. Felix Hoppe-Seyler 1866: 1-4

Meditsinskaia Parazitologiia i Parazitarnye
Boyezni (Medical Parasitology and Para-

sitic Diseases) 1932: Moscow [4-12]
:l! Medizinisch-Naturwissenschaftliches Ar-

chiv; Zeitschrift fur die Gemeinsamen For-

schungsergebnisse der Klinischen Medizin

und ihrer Gesamten Nachbargebiete 1908:

1-2

*Meereskunde; Sammlung Volkstumlicher

Vortrage 1907: Institut fiir Meereskunde,
Berlin. [1-18]

Meereskundliche Beobachtungen auf Deut-
schen Feuerschiffen der Nord- und Ost-

see; Deutsche Seewarte: 1924-42

Melanges Biologiques tires du Bulletin de
1'Academie Imperiale des Sciences de

St.-Petersbourg 1849: 5, nos. 3-4
:;:Memoir of the Thoreau Museum of Nat-

ural History 1914: Concord, Massachu-
setts [2]

Memoires; Institut Royal Meteorologique
de Belgique (Verhandelingen; K. Mete-

orologisch Instituut van Belgie formerly
K. Belgisch Meteorologisch Instituut)

1925: 1+
Memoires de 1'Academie des Sciences de

1'Institut de France 1796: 1+
^Memoires de 1'Academie des Sciences de

1'URSS; Classe Physico-Mathematiques
(Zapiski Akademii Nauk SSR) (formerly
Memoires de 1'Academie Imperiale des

Sciences de Saint-Petersbourg) 1726: [ser.

7-8]
Memoires de 1'Academie Polonaise des

Sciences et des Lettres; Classe des Sci-

ences Mathematiques et Naturelles

(Cracovie) ;
Series A, Sciences Mathe-

matiques 1929: 1-4; Series B, Sciences

Naturelles 1928: 1+
:;:Memoires de 1'Academie Royale de Bal-

gique; Classe des Sciences; Collection

in-4, series 2, 1904: l-[8] ; 9-13

Memoires de 1'Academie Royale de Bel-

gique; Classe des Sciences Collection

in-8, series 2, 1904: 1+
=i:Memoires de 1'Academie Royale des Sci-

ences et Belles-Lettres depuis 1'Avene-

ment de Frederic Guillaume II (et III)
au Trone, Berlin 1786-1904

Memoires de 1'Academie Royale des Sci-

ences et des Lettres de Danemark; Sec-

tion des Sciences sec Danske Videnska-
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berries Selskabs Skrifter
; Naturvidenska-

belig og Mathematisk Afdeling
Memoires de 1'Institut Hydrologique de
1'URSS (Zapiski Gosudarstvennogo Gi-

drologicheskogo Instituta) 1926: Lenin-

grad. 1-2; 5-13

Memoires de 1'Institut Oceanographique
de I'lndochine (1-3 as Travaux du Service

Oceanographique des Peches de I'lndo-

chine ; Memoire
;
4-5 as Travaux de 1'In-

stitut Oceanographique de I'lndochine
;

Memoire) 1926: 2+
Memoires de 1'Institut Royal des Sciences
Naturelles de Belgique (Verhandelingen
van het K. Belgisch Instituut voor Natuur-

wetenschappen) (through 1948 as Musee
Royal d'Histoire Naturelle de Belgique
K. Natuurhistorisch Museum van Belgie)
1900:'!+; Ser. 2, 1935: 1+; *Hors serie,

1933: 1-6, no. 1

Memoires de l'Office des Peches Mari-
times; Serie Speciale (1-8 as Memoires;
Office Scientifique et Technique des Peches
Maritimes) 1920: 1+

Memoires de la Societe d'Histoire Natu-
relle de 1'Afrique du Nord 1926: 1-5;
hors-serie 1931 : 1+

Memoires de la Societe de Biogeographie
1926: 2+

Memoires de la Societe de Physique et

d'Histoire Naturelle de Geneve 1821 : 40+
Memoires de la Societe des Naturalistes de
Kiew see Zapiski Kievskago Obshchestva

Estestvoispytatelei

Memoires de la Societe des Naturalistes de
Moscou see Nouveaux Memoires de la

Societe des Naturalistes de Moscou
^Memoires de la Societe des Sciences Natu-

relles de Neuchatel 1835 : 1 ; 3

Memoires de la Societe des Sciences Natu-
relles du Maroc; Empire Cherifien; Ar-
chives Scientifiques du Protectorat Fran-

gais 1921: 1+
Memoires de la Societe Entomologique de

Belgique 1892: 23+
Memoires de la Societe Helvetique des

Sciences Naturelles see Denkschriften der

Schweizerischen Naturforschenden Gesell-

schaft

Memoires de la Societe Royale des Lettres
et des Sciences de Boheme see Vestnik

Kralovske Ceske Spolecnosti Nauk
Memoires de la Societe Royale des Sci-

ences de Liege 1843: 1+
Memoires de la Societe Royale des Sci-

ences de Liege; Collection in-4 1946:

1+

"Memoires de la Societe Royale Entomo-
logique d'figypte (1-2, fasc. 1 as Memoires
de la Societe Entomologique d'figypte)
1908: 1-4, no. 3

Memoires de la Societe Vaudoise des Sci-

ences Naturelles 1922: Lausanne. 1+
*Memoires de la Societe Zoologique de

France 1888: 1-29

Memoires de la Societe Zoologique Tche-
coslovaque de Prague see Vestnik Cesko-
slovenske Zoologicke Spolecnosti (v Praze)

:;:Memoires et Publications de la Societe
des Sciences, des Arts et des Lettres du
Hainaut 1839 : [ser. 3, 6 ser. 6, 7]

"Memoires publics par la Societe Portu-

gaise des Sciences Naturelles 1913: 2-4;
serie Anthropologique et Archeologique
2

;
serie Biologique 2-4 ; serie Geologique

2-3 ; serie Zoologique 2-4

Memoirs; Australian Museum 1851: 2;

[4]+
Memoirs; Geological Society of America

1934: 1+
*Memoirs; New York Academy of Sciences

1895: 1-2

Memoir (s); Sears Foundation for Marine
Research 1948: Yale University. 1+

Memoirs and Proceedings of the Man-
chester Literary and Philosophical So-
ciety (ser. 1-3 as Memoirs of the Literary
and Philosophical Society of Manchester)
1785: 1+

*Memoirs from the Biological Laboratory
of the Johns Hopkins University 1887:
1-5

Memoirs of Ehime University, Sect. II.

(Science) 1950: Japan. 1+
^Memoirs of Natural Sciences; Museum of

the Brooklyn Institute of Arts and Sci-
ences 1904: 1, no. 1

Memoirs of the American Academy of
Arts and Sciences 1780: 1+

^Memoirs of the American Association for
the Advancement of Science 1875: 1

Memoirs of the American Entomological
Society 1916: 1+

^Memoirs of the American Museum of Nat-
ural History 1893: 1; 9; n.s. 1-3

Memoirs of the American Philosophical
Society 1935: 1 +

Memoirs of the Asiatic Society of Bengal
1905: 1-9

Memoirs of the Bernice P. Bishop Mu-
seum of Polynesian Ethnology and Nat-
ural History 1899: 1+

^Memoirs of the Boston Society of Natural
History 1866: 1-9, no. 2

*Memoirs of the California Academy of
Sciences 1868: 1-5, no. 1
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t;:Memoirs of the Carnegie Museum 1901 :

1-12

^Memoirs of the Challenger Society 1909:

London. 1

Memoirs of the College of Agriculture;

Kyoto Imperial University 1926: 1+
Memoirs of the College of Science; Kyoto
Imperial University; Series A 1914: [1-

25]+; Series B 1924: 1+
Memoirs of the Connecticut Academy of

Arts and Sciences 1810: fl] +
Memoirs of the Faculty of Agriculture;
National Taiwan University 1946: |1] +

^Memoirs of the Faculty of Science; Tai-

hoku Imperial University; ser. 1 ; Mathe-

matics, Physics, Chemistry 1943: 1, nos.

1-10; ser. 2: Zoology, Botany 1944: 1,

nos. 1-2; ser. 3: Geology 1943: 1, nos. 1-6

^Memoirs of the Faculty of Science and

Agriculture; Taihoku Imperial Univer-

sity 1930: Formosa. 1-31, no. 1

Memoirs of the Hakodate Marine Obser-

vatory 1944: Japan. 1 +
Memoirs of the Indian Meteorological De-

partment (2-17 as Indian Meteorological

Memoirs) 1876: 7-8; 10; 16+
Memoirs of th Indian Museeum 1907 : Cal-

cutta. 1+
Memoirs of the Institute of Chemistry see

Zapiski Institutu Khemii
Memoirs of the Institute of Meteorology;
Academic Sinica 1930: 1+

Memoirs of the Kobe Marine Observatory,
Kobe, Japan (1-7, 1922-1941 as Memoirs
of the Imperial Marine Observatory, Kobe,

Japan) 1922: 1+
Memoirs of the Literary and Philosophical

Society of Manchester sec Memoirs and

Proceedings of the Manchester Literary
and Philosophical Society

^Memoirs of the Museum of Comparative
Zoology at Harvard College 1864: 1-55

Memoirs of the National Academy of Sci-

ences 1866: Washington, D. C. 1+
Memoirs of the National Institute of Zo-

ology and Botany; Academia Sinica;

Zoological Series 1937: Nanking. 1+
Memoirs of the National Museum; Mel-
bourne 1906: 1+

^Memoirs of the New York Botanical Gar-
den 1900: 1-7

Memoirs of the New York State Museum
see New York State Museum Memoirs

^Memoirs of the Peabody Academy of Sci-

ence 1869: Salem, Mass. 1, nos. 1-6

^Memoirs of the Peabody Museum of Yale

University 1880: 1-4, no. 1

:;<Memoirs of the Royal Meteorological So-

ciety 1926: 1-4

*Memoirs of the Royal Society of South
Australia 1899: Adelaide. 1-2

Memoirs of the San Diego Society of Nat-
ural History 1931: 1+

^Memoirs of the Tokio Daigaku (1, pt. 1 as

Memoirs of the Science Department ; Uni-

versity of Tokio, Japan) (4-9 as Memoirs
of the Science Department ; Tokio Dai-

gaku) 1879: 1, pt. 1 ; 4-9; 11

Memoirs of the Torrey Botanical Club
1889: 1+

Memoirs of the University of California

1908: 1-2; 5+
Memoirs of the Wistar Institute of Anat-

omy and Biology sec American Anatomi-
cal Memoirs

Memoirs on Genetics sec Zhirnik Prats z

Genetiki

Memoirs on Typical Marine Plants and
Animals; Department of Oceanography,
University of Liverpool see Liverpool
Marine Biology Committee Memoirs on

Typical British Marine Plants and Animals
*Memoirs read before the Anthropological

Society of London 1863 : 1-3

Memoranda Societatis pro Fauna et Flora
Fennica 1924: 1+

*Memoria; (R.) Comitato Talassografico
Italiano 1910: 1-22; 24-[33] ; 34-262, 271-
285

"Memoria; Junta Para Ampliacion de Es-
tudios e Investigaciones Cientificas 1907:

Madrid. 1916-17; 1926-30

*Memoria Anual; Museo Nacional de His-
toria Natural "Bernardino Rivadavia,"
Buenos Aires 1924: 1924

Memoria de la Secretaria General; Consejo
Superior de Investigaciones Cientificas

1940: 1940-42, 1944+
Memorial de 1'Institut National Meteoro-

logique de Pologne sec Prace Panstwo-

wego Instytutu Meteorologicznego
Memorias da Sociedade Broteriana 1930:

University of Coimbra, Portugal. 1+
Memorias de la Sociedad Cubana de His-

toria Natural "Felipe Poey" 1915: 1+
* Memorias de la (Real) Sociedad Espanola

de Historia Natural 1903: Madrid. 1-17,

no. 1

!:; Memorias del Consejo Oceanografico
Ibero-Americano 1930: Madrid. 1-16

:| Memorias del Institute Espanol de Oce-
anografia 1916: Madrid 2-3; 7-15

Memorias do Institute Biologico Ezequiel
Dias 1937: Brazil. 1-4

Memorias do Institute Butantan 1918: Sao
Paulo. 1+



SERIAL PUBLICATIONS, MARINE BIOLOGICAL LABORATORY 51

Memorias do Institute Oswaldo Cruz 1909:

Rio de Janeiro. 1-10; [11]+ *Supplements
1-12

Memorias y Revista de la Academia Na-
cional de Ciencias (antigua Sociedad Cien-

tifica Antonio Alzate) 1887: [1-4], 5- [9],

Memorie del Reale Istituto Lombardo di

Scienze e Lettere, Classe di Scienze
Matematiche e Natural! 1843 : Milan. 10-

13; [14]; 15-17; [18] ; 19-20; [21]

Memorie del Reale Ufficio Centrale di

Meteorologia e Geofisca; Ministero

dell'Agricoltura e Foreste, Rome, ser. 3,

2-5

Memorie dell'Istituto Italiano di Idrobio-

logia Dott. Marco de Marchi. 1942. Milan.

1+
Memorie della Accademia di Verona see

Atti e Memorie dell'Accademia d'Agricol-
tura Scienze, Lettere, Arti e Commercio di

Verona
*Memorie della Classe di Scienze Fisiche,

Matematiche e Naturali; Reale Acca-
demia d'ltalia (1-3, 1930-32 as Memoria
della Reale Accademia d'ltalia; Classe di

Scienze Fisiche Matematiche e Naturali

(continued as ser. 7, vol. 11-14, 1940-44 of
the Atti della Accademia Nazionale dei

Lincei ; Memorie della Classe di Scienze

fisiche, matematiche e naturali) 1930: [1-

10]

Memorie della Reale Accademia delle Sci-

enze di Torino 1759: ser. 2, 42-56; [57] ;

64

Memorie della Societa Italiana di Scienze
Naturali e del Museo Civico di Storia
Naturale di Milano 1865: 1+

Memorie della Societa Toscana di Scienze
Naturali Residente in Pisa see Atti della

Societa Toscana di Scienze Naturali Resi-

dente in Pisa ; Memorie
:!:Memorie Scientifiche (Supplemento al Bol-

lettino di Pesca, di Piscicoltura e di

Idrobiologia) ; Ministero dell'Agricol-
tura e delle Foreste; R. Laboratorio
Centrali di Idrobiologia Applicata alia

Pesca (1-3, Direzione Generale dell'Indus-

tria e delle Miniere) Serie B. 1927: Rome.
1-10

Mendel Bulletin 1928: Villanova College
School of Science. [9-10]

*Mendel Journal 1909: 1-3

Mengelingen; Koninklijk Meteorologisch
Instituut van Belgie (formerly K. Bel-

gisch Meteorologische Instituut), sec Mis-
cellanees ; Institut Royal Meteorologique
de Belgique

*Mera Publications; scientific and economic

aspects of the Cornish Pilchard Fishery
1913: St. Albans. 1-2

Merentutkimuslaitoksen Julkaisu sec Havs-

forskningsinstitutets Skrift

Meteorological Abstracts and Bibliography
1950 : American Meteorological Society.

1+
Meteorological Magazine (1-35 as Sy-
mons's Monthly Meteorological Magazine ;

36-54 as Symons's Meteorological Maga-
zine) 1866: Air Ministry, Meteorological
Office, London. 1+

Meteorological Magazine; Meteorological
Society of China 1925: 11-13; [14] +

Meteorological Monographs 1947: Ameri-
can Meteorological Society. 1+

Meteorological Office; Professional Notes
1918: London. 1+

Meteorological Papers; New York Uni-

versity, College of Engineering 1948: 1+
Meteorologie; Revue (Mensuelle) de Me-
teorologie et de Physique du Globe (1-67
as Annuaire de la Societe Meteorologique
de France) 1853: 64-67; n.s. 1+

Meteorologiia i Gidrologiia; Glavnoe Up-
ravlenie Gidrometeorologicheskoi Sluzhby
SSSR pri SNK SSSR (Meteorologia i

Hydrologia) : Moscow. [1938-40]

Meteorologische Beobachtungen; Bulletin
de la Societe des Naturalistes de Mos-
cou sec Bulletin de la Societe des Natu-
ralistes de Moscou

Meteorologische Rundschau 1947: 1+
Meteorologische Zeitschrift: der Oster-

reichischen Gesellschaft fiir Meteorologie
tmd der Deutschen Meteorologischen Ge-
sellschaft 1884: 1+

Meteorologiske Annaler; utgitt av det

Norske Meteorologiske Institutt i samar-
beid med Universitetets Instituut for Teore-
tisk Meteorologi 1942: 1+

*Methods and Problems of Medical Educa-
tion 1924: Rockefeller Foundation, New
York City. 1-21

Methods in Medical Research 1948: 1+
Michigan Geological and Biological Sur-

vey Publication; Biological Series 1910:
1-5

Microentomology; Contributions to Ento-

mology from the Natural History Museum
of Stanford University 1936: 1+

'"Microscope; an illustrated monthly designed
to popularize the subject of microscopy
1881: [1]-12; n.s. l-[5]

*Microscopic Journal, and Structural Rec-
ord 1841 : London. 1-2

* Microscopical Bulletin and Science News
1883: Philadelphia. [3-18]
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^Microscopic; organe de la Societe Franchise
de Microscopic Theorique et Apliquee
1948: 1, nos. 1-2

Middle American Research Records 1942 :

Tulane University of Louisiana; Middle
American Research Institute. 1, nos. 6, 9

Midland Naturalist see American Midland
Naturalist

Mikrobiologiia (Microbiology; journal of

general, agricultural and industrial micro-

biology) 1932: [1S]-16; 20+
Mikrochemie Vereinigt mit Acta Mikro-
chimica (1-22 as Mikrochemie) 1923: 1+

*Mikrochimica Acta; Organ fur Reine und

angewandte Mikrochemie 1937: 1-3

Mikrokosmos; Zeitschrift fiir Angewandte
Mikroskopie, Mikrobiologie, Mikrochemie
und Mikroskopische Technik 1907 : 1-35 ;

38+
Milbank Memorial Fund Quarterly 1923 :

[9-18]+
Millport Marine Biological Station; An-
nual Report see Annual Report ; Scottish

Marine Biological Association

Minnesota Geological and Natural His-

tory Survey Bulletin (no. 9 as vol. 2 of

the Minnesota Geological and Natural His-

tory Survey Report; Botanical series) : 1;

4; 9

*Minnesota Geological and Natural His-

tory Survey Report; Botanical Series

2, 4, 6 also as Minnesota Botanical Stud-

ies 1-3) 1892: 1-6; 8-9

*Minnesota Geological and Natural His-

tory Survey Report; Zoological Series

1892: 1-5

Miscelanea; Museo Argentino de Ciencias

Naturales "Bernardino Rivadavia" 1948:

1+

Miscellanees; Institut Royal Meteorolo-

gique de Belgique (Mengelingen; Konin-

klijk Meteorologisch Instituut van Belgie

formerly K. Belgisch Meteorologische

Instituut) 1938: 1+
Miscellaneous Publication; Bernice P.

Bishop Museum see Special Publications ;

Bernice P. Bishop Museum
Miscellaneous Publication of the Bureau

of Entomology of Chekiang Province
1930: 1-7

^Miscellaneous Reports; a Publication of the

Institute of Meteorology of the University
of Chicago 1942 : 1-24

"

*Mitt(h)eilungen aus dem Embryologischen
Institut der K. K. Universitat in Wien
1877: [1-2]

Mitteilungen aus dem Hamburgischen Zo-

ologischen Museum und Institut (1-32

as Mitteilungen aus dem Naturhistorischen,

Zoologischen, Museum in Hamburg ; 33-37

as Mitteilungen aus dem Zoologischen Mu-
seum in Hamburg; 38-46 as Mitteilungen
aus dem Zoologischen Staatsinstitut und

Zoologischen Museum in Hamburg) (1-10

reprinted from Jahrbuch der Hamburgi-
schen Wissenschaftlichen Anstalten; 11-38

published as 2. Beihefte zum Jahrbuch der

Hamburgischen Wissenschaftlichen Anstal-

ten) 1883: 1+
Mitteilungen aus dem Institut fiir See-

fischerei der Bundesanstalt fiir Fischerei

1950: Hamburg. 1+
Mitt(h)eilungen aus dem Naturwissen-
schaftlichen Verein fiir Neuvorpommern
und Riigen in Greifswald : 33-40

; 46-47

Mitteilungen aus dem Zoologischen Mu-
seum in Berlin (1 as Mitteilungen aus der

Zoologischen Sammlung des Museums fur

Naturkunde in Berlin) 1898: 1-10; [12];

13-24; [25] +
*Mitteilungen aus den Botanischen Staats-

instituten in Hamburg; Beiheft zum
Jahrbuch der Hamburgischen Wissen-
schaftlichen Anstalten 1901: 1905-11

*Mitt(h)eilungen aus den Verhandlungen
der Gesellschaft Naturforschender
Freunde zu Berlin 1836: 1-3

*Mitt(h)eilungen aus der Zoologischen
Station zu Neapel 1879: 1-22

Mitteilungen der Aargauischen Naturfor-
schenden Gesellschaft 1863 : Switzerland.

7-14; 19

Mitteilungen der Deutschen Entomologi-
schen Gesellschaft, E. V. 1930: 1-9, no. 1

* Mitteilungen der Gesellschaft fiir Erd-
kunde zu Leipzig (1872-1910 as Mitt-

heilungen des Vereins fiir Erdkunde zu

Leipzig) 1872: 1-2, 4-56

Mitteilungen der Kommission zur Na-
turwissenschaftlichen Durchforschung
Mahrens see Zprazy Komise na Pfirodo-

vedecky Vyzkum Moravy a Slezska

Mitteilungen der Meteorologischen Zen-
tralanstalt (Ilmatieteellisen Keskuslaitok-

sen Toimituksia) 1920: Helsingfors. 1+

Mitt(h)eilungen der Naturforschenden Ge-
sellschaft Bern 1843: 1843+

*Mitteilungen des Deutschen Seefischerei-

Vereins (1-10 as Mittheilungen der Sec-

tion fiir Kiisten- und Hochsee-Fischerei)
1885: l-[23]; 24- [43] ; 44; [45]-49

Mitteilungen des Deutschen Wetterdienstes
in der US-Zone 1948: Bad Kissingen. 1+

Mitteilungen des Meteorologischen Insti-

tuts der Universitat Helsingfors 1926:

1+
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*Mitteilungen des Naturwissenschaftlichen

Vereines an der Universitat Wien: 1893-

94; n.s. 1-12, no. 8

Mitteilungen des Naturwissenschaftlichen

Vereines fur Steiermark 1863 : 1-59

Mitteilungen des Vereins fur Erdkunde zu

Leipzig see Mitteilungen der Gesellschaft

fur Erdkunde zu Leipzig

*Mitteilungen des Vereins fur Naturwissen-
schaft und Mathematik in Ulm. a.D.

1888-1908 as Jahresheft) 1888: 1; 4-5;

8-16; 19-21

*Monatsbericht der K. Preussischen Aka-
demie der Wissenschaften zu Berlin

1856-81

*Monatsheft fur Chemie und Verwandte
Teile Anderer Wissenschaften; K. Aka-
demie der Wissenschaften; in Wien
1880: 1-75, no. 2 sec Sitzungsberichte
der Akademie der Wissenschaften in

Wien
;

Mathematisch-Naturwissenschaft-

liche Klasse Abt. II B
*Monist; devoted to the philosophy of science

1890: 1-31; 40-46, no. 2

Monitore Zoologico Italiano (Pubblicazione
Italiane di Zoologia, Anatomia, Embrio-

logia) 1890: Societa Italiana di Anatomia.

1+
Monografia; R. Comitato Talassografico

Italiano 1913: [2]

Monografii Volzhskoi Biologicheskoi
Stantsii see Monographien der Biologischen

Wolga-Station (der Naturforscher-Gesell-

schaft zu Saratow)
Monograph; Royal Society of Tropical
Medicine and Hygiene 1936: 1

*Monograph Series; American Museum of

Natural History 1913: 1-2

Monographias do Institute Oswaldo Cruz
1937: Rio de Janeiro. 1

*Monographien der Biologischen Wolga-
Station (der Naturforscher-Gesellschaft

zu Saratow) (Monografii Volzhskoi Bio-

logicheskoi Stantsii) 1924: 1; 3

*Monographien und Abhandlungen zur In-

ternationalen Revue der Gesamten Hy-
drobiologie und Hydrographie 1910 : 1-5

Monographs from the Walter and Eliza

Hall Institute of Research in Pathology
and Medicine 1941: Melbourne. 1-2; 4+

*Monographs of the Rockefeller Institute

for Medical Research 1910: 1-4, 7-11,

13-23

Monographs of the United States Geo-

logical Survey; Department of the Inte-

rior. 5 (1883) ; 8-10 (1884-85) ; 30 (1898)
*Monographs on the Theory of Photogra-

phy from the Kodak Research Labora-
tories 1921 : 1-6

*Montana Agricultural College Science

Studies; Botany 1904: 1, nos. 1-3

Monthly Abstract Bulletin 1915: Kodak
Research Laboratories. [2-6]+

Monthly Catalogue; United States Govern-
ment Publications (73-100 as Catalogue
of United States Public Documents) : [73-

332] +
*Monthly Meteorological Charts of the

North Atlantic Ocean: Meteorological

Office, London. 1923
*Monthly Microscopical Journal; Transac-

tions of the Royal Microscopical Society
and Record of Histological Research at

Home and Abroad 1869 : London. 1-18

Monthly Notices of Papers and Proceed-

ings of the Royal Society of Tasmania
see Papers and Proceedings of the Royal

Society of Tasmania

Monthly Notices of the Royal Astronomi-
cal Society, Geophysical Supplements see

Geophysical Supplements to the Monthly
Notices of the Royal Astronomical Society

Monthly Science News; Toronto. 14-58

Monthly Weather Review 1873: Depart-
ment of Commerce, Weather Bureau. [10-

24]+ Supplement 1+
*Morphologische Arbeiten 1891 : 1-8

Morphologisches Jahrbuch see Gegenbaurs

Morphologischen Jahrbuch
Morris Arboretum Bulletin 1935 : Univer-

sity of Pennsylvania. 1+
Mtillers Archiv see Archiv fur Anatomic,

Physiologic und Wissenschaftliche Medicin

Miinchener Medizinische Wochenschrift
1854: 72-[87] ; [88] ; 92+

Mycologia; official organ of the Mycological

Society of America 1909: New York Bo-

tanical Garden. 1+
^Mycological Bulletin (1 as Ohio Mycologi-

cal Bulletin ; 1-56 as Ohio University Bul-

letins; 1-12 also as 13-24 of University

Bulletin; Botanical Series) 1903: 1-12;

14; 30; 61-62; 65-66

*Mycological Notes; by C. C. Lloyd 1898:

1-7, no. 10

Nachrichten der Akademie der Wissen-
schaften zu Gottingen (1894-1939 as Ge-

sellschaft der Wissenschaften zu Gottingen)
1894 : Mathematisch-physikalische Klasse

1932-33; *Fachgruppel I: Mathematik 1,

1934-40; *II: Physik, Astronomic, Geo-

physik, Technik 1-3, 1934-40; III:

*Chemie, einschl. Physikalische Chemie
1, 1934-38; IV: *Geologie und Minera-

logie 1, 1934-40; *V: Geographic 1, no. 1,

1935; *VI: Biologic 1-3, 1934-40; Mathe-

matisch-physikalische Klasse 1941-45
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(continued in abt.) ; Biologisch physio-

logischchemische Abt. 1946+
;
Mathema-

tisch-physikalisch-chemische Abt. 1946+
Nachrichten von der Gesellschaft der Wis-
senschaften zu Gottingen; Jahresbericht
sec Jahrbuch der Akademie der Wissen-
schaften in Gottingen

National Geographic Magazine 1889 : Na-
tional Geographic Society. [7-22] ; 23-[73] ;

[78-82]; 83-|93]; 94-100, no. 2

National Institute of Health Bulletin (1-7
as Bulletin of the Hygienic Laboratory ;

8-154 as Hygienic Laboratory Bulletin)
1900: Public Health Service, Federal Se-

curity Agency. 1+
'National Medical Journal of China 1915:

Shanghai. 12-17

National Research Council; Annual Re-

port of the Chairman of the Division of

Biology and Agriculture; 1937-38

National Research Council; Division of

Biology and Agriculture; Cumulative

Report of the Committee on Effects of

Radiation upon Living Organisms:
1928-34

National Research Council; Division of

Chemistry and Chemical Technology;
Report of the Committee on Contact

Catalysis (1-9 see in Reprint and Circular

Series of the National Research Council)
1922: 1-12

National Research Council; Division of

Chemistry and Chemical Technology;
Report of the Committee on Photochem-
istry (1-3, 1928-38 see in Reprint and Cir-

cular Series of the National Research

Council, nos. 81, 96, 108)

National Research Council; Division of

Geology and Geography; Report of the

Committee on Marine Ecology as Re-
lated to Paleontology 1940: 1940+

National Research Council; Division of

Geology and Geography; Report of the
Committee on Sedimentation (1927-34
sec in Reprint and Circular Series of the

National Research Council) 1919: 1937-40

*National Research Council; Division of

Geology and Geography; Report of the

Committee on Submarine Configuration
and Oceanic Circulation (1923-25 as Re-

port of Committee on Sound Sounding and

Oceanographic Thermographs) 1923: 1923-

32

National Research Council; Division of

Geology and Geography; Report of the

Committee on the Measurement of Geo-

logic Time 1937: 1937-40

National Research Council; Division of

Medical Sciences; Report of the Com-

mittee on Growth to the American Can-
cer Society, Inc. 1945: 1+

'"National Research Council; Insect Control

Committee; Coordination Center; Ab-
stract Bulletin of Current Information
on Insect and Rodent Control 1946 : n.s.

4-5, 7, 9-12

National Research Council; Organization
and Members 1919: 1919+

Natur und Volk (1-51 as Bericht der Senck-

enbergischen Naturforschenden Gesellschaft

Frankfurt am Main ; 52-56 as Aus Natur
und Museum ; 57-63 as Natur und Mu-
seum) 1869: 1878-79; 1880-90; 1892+

-Naturae Novitates; Bibliographic Neuer

Erscheinungen aller Lander auf dem Ge-
biete der Naturgeschichte und der Exacten
Wissenschaften 1879: Berlin. [1-25]; 26-

61, no. 10

Natural History (1-18 as Journal of the

American Museum) ; magazine of the

American Museum of Natural History
1900: 1+

-Natural History Magazine (British Mu-
seum) 1927: 1-3

Natural History Miscellanea; published by
the Chicago Academy of Sciences 1946:

1+
^Natural History Review; a quarterly jour-

nal of biological science 1853 : London.

1-7; n.s. 1-5

'-Natural Science; a monthly review of sci-

entific progress 1892: New York. 1-15

*Naturaleza; periodico cientifico del Museo
N. de Historia Natural y de la Sociedad

Mexicana de Historia Natural 1869: ser. 1,

[1-7]; ser. 2, [1-3]; ser. 3, [1]

*Naturalist 1830: Boston. [l]-2
Naturaliste Canadien; bulletin de recherches,

observations et decouvertes se rapportant a

1'histoire naturelle et aux sciences en gene-
ral 1868: Quebec. [14-65] +

Nature; a weekly journal of science 1869:

London. 1+
Nature; Revue des sciences et de leurs appli-

cations a 1'industrie 1873: Paris. 1927+
Nature in East Africa; the Bulletin of the

East Africa Natural History Society 1947 :

1-8; n.s. 1+
*Nature Study Review 1905 : American Na-

ture Study Society, New York. l-[7] ; 8-

[17]; 18-[19]
Naturwissenschaften 1913 : Berlin. 1+

*Naturwissenschaftliche Rundschau; Woch-
entliche Berichte iiber die Fortschritte auf

dem Gesamtgebiete der Naturwissenschaften

1886: 1-27

*Naturwissenschaftliche Wochenschrift
1887: 1-37
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::=Natuurkundige Verhandelingen van de

Hollandsche Maatschappij der Weten-

schappen 1799: ser. 2, 25; ser. 3, [1-6];

7-9

Naukovi Zapiski; Kiivs'kii Derzhavnii
Universitet (Bulletin Scientifique; Uni-

versite d'fitat de Kiev) 1935: Biologichnii
Zbirnik 1-2 (n.s. 1, no. 3; 2, no. 2);
Khemichnii Zbirnik 3-4 (n.s. 3, no. 3;

4, no. 2) ;
Fizichno-Matematichnii Zbir-

nik 4 (n.s. 4, no. 5)

Naunyn-Schmiedebergs Archiv fur Ex-

perimentelle Pathologie und Pharmako-

logie (1-109 os Archiv fiir Experimentelle

Pathologie und Pharmakologie) 1873: 1+
Nautilus; a quarterly journal devoted to the

interests of conchologists 1886 : [3-8] ;
9+

Nautisk-Meteorologisk Aarbog (Nautical-

Meteorological Annual) (1899-1925 a?

Isforholdene i de Arktiske Have samt
Havets Overfladetemperatur i det Nordlige
Atlanterhav og Davis-Straede, saetryk af

Nautisk-Meteorologisk Aarbog ;
the State

of the Ice in the Arctic Seas and the Sur-

face Temperature of the Sea in the North-
ern Atlantic-Ocean and in Davis-Strait,

special print of the Nautical-Meteorological
Annual ) 1897 : Danske Meteorologiske In-

stitut. Copenhagen. 1899-1900; 1902;
1904+

Naval Medical Bulletin see United States

Naval Medical Bulletin for the Informa-

tion of the Medical Department of the Navy
Nederlands Tijdschrift voor Natuurkunde;
Orgaan van de Nederlandse Natuurkundige
Vereniging 1934: 1+

Nederlandsch Kruidkundig Archief; Vers-

lagen en Mededeelingen der Nederlandsche

Botanische Vereeniging 1846: ser. 1, [4-

5] ; ser. 2, 1-6; ser. 3, 1-2; years 1904+
*Nederlandsch Tijdschrift voor de Dier-

kunde; uitgegeven door het Koninklijk

Zoologisch Genootschap "Natura Artis

Magistra" te Amsterdam 1863: 1-5, afl. 1

Nekotorye Voprosy Sravnitel'noi Fizio-

logii; Sbornik Rabot Laboratorii Sravni-

tel'noi Fiziologii Zhivotnykh Biologiche-

skogo Instituta imeni K. A. Timiriazeva

(Problems of Comparative Physiology;
Collected Papers of the Laboratory of

Comparative Physiology of the Timiriasev

Biological Institute) 1934: Moscow. 1

=
: Neurologisches Zentralblatt; Uebersicht

der Leistungen auf dem Gebiete der Ana-

tomic, Physiologic, Pathologie und Thera-

pie des Nervensystems Einschliesslich der

Geisteskrankheiten 1882: 1-40

:;;New England Naturalist; Boston, New
England Museum of Natural History ;

1915: 1-15

"New Hampshire Fish and Game Depart-
ment; Survey Report 1936: 1-4

New Phytologist; a British botanical jour-
nal 1902: 1+

New York State Museum Bulletin 1887:

[1-290] ; 292+
New York State Museum Handbook 1927

1 +
*New York State Museum Memoirs (1-4

as Memoirs of the New York State Mu-
seum) 1889: 1-16

New York Zoological Society Bulletin see

Animal Kingdom
New Zealand Geological Survey; Paleon-

tological Bulletin 1913: 1-16

New Zealand Journal of Science and Tech-

nology (20+ in tivo sections: A. Agricul-

ture, and B. General) 1918: 1+
New Zealand Meteorological Office; Pro-

fessional Note 1942: 1+
New Zealand Meteorological Office Notes

1930: 1 +
""Newfoundland; Department of Natural

Resources; Division of Fishery Re-

search; Fishery Research Laboratory:
Annual Report 1931-37; Research Bul-

letin 1-18

News Bulletin of the Zoological Society
sec Animal Kingdom

News Edition; American Chemical So-

ciety see Chemical and Engineering News
News Report; National Academy of Sci-

ences and National Research Council

1951 : Washington. 1+
*Niederlandisches Archiv fiir Zoologie

1871: 1-5; supplement 1

Norske Videnskabers Selskab Forhand-

inger 1926: Trondhjem. 1+
Norske Videnskabers Selskab Museet

Arsberetning 1894: Trondhjem. 1920+
Norske Videnskabers Selskab Museet
Oldsaksamlingens Tilvekst 1927: Trond-

hjem. 1927+

Norske Videnskabers Selskabs Skrifter

1761: Trondhjem. 1920+

North American Fauna 1889 : Fish and
Wildlife Service, U. S. Department of the

Interior (formerly the Bureau of Biologi-
cal Survey, U. S. Department of Agricul-
ture). 1+

North American Flora 1905 : New York
Botanical Garden. 1+

Northwestern University Studies in the

Biological Sciences and Medicine 1942 :

1+
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*Notarisia; Commentarium Phycologicum
1886: 1-5, no. 17

Notas del Museo de la Plata: Botanica
1935: 50, 73+ Zoologia 1935: [1-126] +

*Notas Preliminares del Museo de la Plata;
Universidad Nacional de la Plata 1931 :

1-3, no. 1

*Notas y Resumenes, Institute Espanol de

Oceanografia 1916: Madrid, ser. 2, 1-140

Note; Institut Oceanographique de 1'Indo-

Chine; Station Maritime de Cauda 1926:

Gouvernement General de 1'Indochine. 1+
Note del Laboratorio di Biologia Marina

di Fano; annesso all'Istituto Zoologico
dell'Universita di Bologna 1947: 1 +

*Note dell'Istituto Italo-Germanico di Bio-

logia Marina di Rovigno d'Istria (No-
tizen des Deutsch-Italienischen Institutes

fur Meeresbiologie in Rovigno d'Istria)

1932: 1-2

Notes; Station Oceanographique de Sa-

lammbo; Regence de Tunis 1925 : 1+
Notes and Memoirs; Hydrobiology and

Fisheries; Fouad I Institute; Ministry
of Commerce and Industry (formerly

Coastguards and Fisheries Service, Min-

istry of Finance) 1933: Egypt. 1-22, 24-38

Notes et Rapports; Office Scientifique et

Technique des Peches Maritimes (1-47
as Notes et Memoires) 1920: 1; 3-4; 7;

10-13; 16-53; n.s. 1+
Notizen des Deutsch-Italienischen Insti-

tutes fur Meeresbiologie in Rovigno
d'Istria see Note dell'Istituto Italo-Ger-

manico di Biologia Marina di Rovigno
d'Istria

Notulae Naturae of the Academy of Nat-
ural Sciences of Philadelphia 1939: 1+

Notulae Systematicae ex Institute Crypto-
gamico Horti Botanici Petropolitani see

Botanicheskie Materialy Institute Sporo-

vykh Rastenii Glavnogo Botanicheskogo
Sada

*Neuveaux Memoires de 1'Academie Royale
des Sciences et Belles-Lettres, Berlin

1770: 1770-1786

Nouveaux Memoires de la Societe des

Naturalistes de Moscou (Novye Me-

muary Moskovskogo Obshchestva Ispyta-

telei Prirody) (1-6 as Memoires de la

Societe des Naturalistes de Moscou) 1806:

19-20

Nouvelles Archives du Museum d'Histoire

de Paris see Archives du Museum d'His-

toire Naturelle de Paris

Nouvelles Archives Italiennes de Biologic
see Revista degli Archivi Italian! di Bio-

logia (Revue des Archives Italiennes de

Biologic)

Nova Acta Leopoldina; Abhandlungen der

K. Leopoldinisch-Carolinischen Deutschen

Akademie der Naturforscher 1757: 20-110;
n.s. 1-6

Nova Acta Regiae Societatis Scientiarum

Upsaliensis 1773 : K. Vetenskaps-Societe-
ten. ser. 3: 1-20; ser. 4: 1+

Nova Thalassia 1948 : Venice, Istituto di

Biologia Marina per 1'Adriatico. 1+
Nuclear Science Abstracts 1948: U. S.

Atomic Energy Commission, Oak Ridge.
1+

*Nuova Notarisia; rassegna consacrata allo

studio delle algae 1890 : De Toni. 1-36

Nutrition Reviews 1942: 1+
Nytt Magazin for Naturvidenskapene (29-

74 as Nyt Magazin for Naturvidenska-

berne) 1836: Oslo. 1+

Obituary Notices of Fellows of the Royal
Society 1932: London. 9, 11-14

^Occasional Memoirs of the Chicago Ento-

mological Society 1900: 1, no. 1

Occasional Papers; Allan Hancock Foun-
dation 1948: University of Southern Cali-

fornia. 1+
Occasional Papers; Bernice Pauahi Bishop
Museum of Polynesian Ethnology and
Natural History 1898: 1 +

Occasional Papers; Coryndon Memorial
Museum 1945: Nairobi, Kenya. 1+

Occasional Papers; San Diego Society of

Natural History 1936: 1+
* Occasional Papers of the Bingham Oce-

anographic -Collection 1927: Peabody Mu-
seum of Natural History, Yale University.

1-3

^Occasional Papers of the Boston Society
of Natural History 1869: 1-8, p. 358

Occasional Papers of the California Acad-

emy of Sciences 1890: 1+
Occasional Papers of the Challenger So-

ciety; founded for the promotion of the

study of oceanography 1946: 1+
Occasional Papers of the Marine Labora-

tory; Louisiana State University 1942:

1+
Occasional Papers of the Museum of Zo-

ology; Louisiana State University 1938:

1+
Occasional Papers of the Museum of Zo-

ology; University of Michigan 1913: 1+
^Occasional Papers of the Natural History

Society of Wisconsin 1889: 1-3

Occasional Papers on Mollusks; published

by the Department of Mollusks, Museum of

Comparative Zoology, Harvard University

1945: 1+
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Occasional Publications of the American
Association for the Advancement of Sci-

ences see Science ; Supplement
Oceanographic Memoirs

; Hydrographic
Department; Imperial Japanese Navy
1937: 1-24

Oceanographical Magazine 1949 : Tokyo,
Central Meteorological Observatory. 1+

*Ofversigt af Finska Vetenskaps-Societe-
tens Forhandlingar (51+ in 3 scries)

1838: 1-50; series A. Matematik och

Naturvetenskaper 51-64

*Ofversigt af K. Vetenskapsakademiens
Forhandlingar 1844: Stockholm. 1-2; 5-

18; 23; 25-59

Ohio Biological Survey Bulletin 1913 : Ohio
State University. 1+

Ohio Journal of Science (1-15 as Ohio
Naturalist) 1900: official organ of the

Ohio State University and the Ohio Acad-

emy of Sciences. 1+
Ohio Mycological Bulletin see Mycological

Bulletin

Oikos; Acta Oecologica Scandinavica 1949:

Copenhagen. 1+
Okajimas Folia Anatomica Japonica (1-14,

heft 2 as Folia Anatomica Japonica) 1922:

1+

*Onderzoekingen, gedaan in het Physio-
logisch Laboratorium der Universiteit te

Leiden (ser. 1, 1-3 as Onderzoekingen
gedaan in het Physiologisch Laboratorum
der Leidsche Hoogeschool) 1869: 1-6, ser.

2, 1-10

*Onderzoekingen verricht in het Zob'lo-

gisch Laboratorium der Rijksuniversi-
teit Groningen 1909: 1-16

Opredeliteli po Faune SSSR see Tableaux

Analytiques de la Faune de 1'URSS

Organic Chemical Bulletin (1-19, 1927-

1947 as Synthetic Organic Chemicals)
1927: Eastman Kodak Co. 1+

Organic Syntheses; an annual publication
of satisfactory methods for the prepara-
tions of organic chemicals 1921 : New
York. 1+

Osiris; Studies on the History and Philoso-

phy of Science, and on the History of

Learning and Culture 1936: 1+
*Osservazioni Meteorologiche all'Osserva-

torio della R. Universita di Torino 1888:

1892, 1895-97, 1899, 1901-03, 1905-06
Osterreichische Botanische Zeitschrift (1-

7 as Osterreichisches Botanisches Wochen-
blatt; 92-93 as Wiener Botanische Zeit-

schrift) 1851: 1-3; 6; 8+
Osterreichische Zoologische Zeitschrift

1946: 1+

*Ottawa Field-Naturalists' Club; Transac-
tions 1879: 1-2

Ottawa Naturalist see Canadian Field-

Naturalist

Oversigt over det K. Danske Videnska-
bernes Selskabs Forhandlingar see Bul-

letin de 1'Academic Royale des Sciences et

des Lettres de Danemark
* Oversigt over Videnskabs-Selskabets M0-

der 1868 : Norske Videnskaps-Akademi
1868-1924

Pacific Science; a quarterly devoted to the

biological and physical sciences of the

Pacific region 1947: 1+
Palao Tropical Biological Station Studies

1937: Japan Society for the Promotion of

Scientific Research, Tokyo. 1-2, no. 1

Papeis Avulsos do Departamento de Zo-

ologia 1941 : Sao Paulo. 1+
Papers; Physical Department; Ministry of

Public Works; Egypt 1920: [3-47] +
Papers and Proceedings of the Royal So-

ciety of Tasmania (1-3, pt. 1 as Papers
and Proceedings of the Royal Society of

Van Diemen's Land ; 3, pt. 2 as Papers and

Proceedings of the Royal Society of Tas-
mania ; 1863-74 as Monthly Notices of

Papers and Proceedings of the Royal So-

ciety of Tasmania; 1875-81 as Papers and

Proceedings and Report of the Royal So-

ciety of Tasmania) 1848: 1-3, pt. 2; 1864-

1878: 1880+

Papers and Reports in Oceanography;
Kobe Marine Observatory 1949: Kobe,
Japan. 1 +

*Papers from the Mayo Foundation for

Medical Education and Research and
the Medical School 1915: 1-2 (1922)

Papers in Meteorology and Geophysics
1950: Meteorological Research Institute,

Tokyo. 1+
Papers in Physical Oceanography and

Meteorology (1 as Massachusetts Institute

of Technology Meteorological Papers)
1930: Massachusetts Institute of Technol-

ogy and Woods Hole Oceanographic In-

stitution. 1+
Papers of the Michigan Academy of Sci-

ence, Arts and Letters 1921 : 1+
Papers on Animal Morphology see Zbirnik

Prats z Morfologii Tvarin

Parasitology 1908: Cambridge, England. 1+
Pathologica; Rivista Mensile 1908: Genoa.

1+
Peking Natural History Bulletin (1-4 as

Peking Society of Natural History Bulle-

tin) 1926: 1+
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Pennsylvania State College Studies 1936 :

1+
*People; a magazine for all the people 1931:

American Eugenics Society. 1, no. 1

Petermanns Geographische Mitteilungen
(also knoivn as Petermann's Mitteilungen)
1855: 1-59; 78+

*Pflanzenforschung 1922: 1-23

Pfliigers Archiv fiir die Gesamte Physio-
logic des Menschen und der Tiere (1-
131 as Archiv fiir die Gesamte Physiologic
des Menschen und der Tiere) 1868: 1+

Pharmaceutical Journal 1841 : Pharmaceuti-
cal Society of Great Britain. 1-97 : 146+

Pharmaceutisches Central-Blatt sec Che-
misches Zentralblatt

Pharmacological Reviews, volumes 1-2,

1949-50 sec in supplement to last issue of

each volume, 95-100, of the Journal of

Pharmacology and Experimental Thera-

peutics

Philippine Journal of Science 1906: 1-5;

[6-7]; 8; [9] ; 10-11; [12-13] +
Philosophical Magazine and Journal of

Science; a journal of theoretical, experi-
mental and applied physics (London, Edin-

burgh and Dublin Philosophical Magazine
of Science) 1798: 1+

Philosophical Review 1892 : New York. 42+
Philosophical Transactions of the Royal

Society of London 1665: 1-177; Series A.

Mathematical and Physical Sciences

178+ ; Series B. Biological Sciences 178+

Philosophy (the Journal of the British In-

stitute of Philosophy) (1-6, no. 21 as

Journal of Philosophical Studies) 1926: 1+
Philosophy and Phenomenological Re-

search; a quarterly journal 1940: Inter-

national Phenomenological Society. 1+
Philosophy of Science 1934: Baltimore. 1+
Photogrammetric Engineering 1934: Amer-

ican Society of Photogrammetry. [15-17]

Physica (series 4A of the Archives Neer-
landaises des Sciences Exactes et Natu-

relles) 1933: 1+
*Physica: Nederlandsch Tijdschrift voor Na-

tuurkunde 1921 : 1-13

*Physical Memoirs, selected and translated

from foreign sources under the direction

of the Physical Society of London 1888:

1, parts 1-3

Physical Review 1893 : American Physical

Society. 1+
Physical Review Supplement see Review (s)

of Modern Physics

Physics see Journal of Applied Physics

Physics Abstracts being Science Abstracts

Section A (1-3 as Science Abstracts)
1898: London. 1+

:| Physics of the Earth; a series of related

monographs prepared under the direction

of various committees of the National Re-

search Council (1-6 see in Bulletin of the

National Research Council) 1931 : 1-8

*Physikalisch-Chemisches Zentralblatt 1904 :

1-6

*Physikalische Zeitschrift; Vereinigt mit

dem Jahrbuch der Radioaktivitat und Elek-

tronik 1899: 1-45, no. 18

Physiologia Comparata et Oecologia; an

international journal of comparative physi-

ology and ecology 1948: 1+
Physiologia Plantarum

;^
Ed. Societas Physi-

ologiae Plantarum Scandinavica 1948 :

Copenhagen. 1+
'^Physiological Abstracts 1916: Physiological

Society of Great Britain and Ireland, with

cooperation of American Physiological So-

ciety. 1-22

^Physiological Researches 1913 : Baltimore,

Md. 1-2

Physiological Reviews 1921 : American

Physiological Society. 1+
Physiological Zoology; a quarterly journal

of zoological research 1928: 1+
Physiology and Ecology 1947: Kyoto,

Japan. 1+
Physis; Revista de la Asociacion Argentina

de Ciencias Naturales 1912 : 10+
:;:Phytologist; a botanical journal (o.s. 1-5

with subtitle ; a popular botanical miscel-

lany) 1841 : London. 1-5
;

n.s. 1-6

Phytopathology; official organ of the Ameri-

can Phytopathological Society 1911 : 1+
-'Plankton Jiho (Plankton Review). National

Research Council of Japan. 2-15 (1931-40)
Plant Physiology 1926 : American Society

of Plant Physiologists. 1+
"Plant Science Literature; selected references

1934 : compiled by the library staff of the

Bureau of Plant Industry from publications

received in the U. S. Department of Agri-
culture. 1-15

*Plant World; a magazine of general botany
1897: 1-22

Planta; Archiv fiir Wissenschaftliche Bo-
tanik (1-20 also as Zeitschrift fiir Wissen-

schaftliche Biologie, Abt. E) 1925: 1+
Planta Polonica; Materijaly do Flory

Polski i Krajow Sasiednich; wydawane
przez Towarzystwo Naukowe Warszewskie

(Contributions a la Flore de la Pologne et

des Pays Limitrophes ; edition de la Societe

des Sciences et des Lettres de Vassovie)
1930: 1+

Plants and Gardens (1-33, 1912-44 as

Brooklyn Botanic Garden Record) 1945:

n.s. 1+
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Poggendorff's Annalen der Physik see An-
nalen der Physik

Polar Record 1931 : Scott Polar Research

Institute, Cambridge, England. 1+
Poliomyelitis Current Literature; a peri-

odical annotated list 1946 : National Foun-
dation for Infantile Paralysis. 1+

Pomona College Journal of Entomology
sec Journal of Entomology and Zoology

Pontificia Academia Scientiarum; Acta
1937: 1; 4, nos. 1-5

Pontificia Academia Scientiarum; Com-
mentationes 1937: 1

; 3, no. 13; 4, nos. 1-2

Popular Science Monthly 1872: 1-87;

^Supplement 1-18; n.s. 1

Porto Rico Journal of Public Health and

Tropical Medicine see Puerto Rico Jour-
nal of Public Health and Tropical Medicine

Portugaliae Acta Biologica: Serie A: Mor-
fologia, Fisiologia, Genetica, Biologia
Geral 1944: 1+; Serie B. Sistematica

Ecologia, Biogeographia, e Peleonoto-

logia 1945: 1+
*Prace Geofizyczne (fitudes Geophysiques)

(1-6 as Prace Meteorologiczne i Hydro-
graficzne) 1924: Towarzystwo Geofizykow
w Warszawie (Societe Geophysique de

Varsovie) 2-4; 6-10
*Prace Instytutu im. Nenckiego (Travaux

de 1'Institut Nencki ) 1921: Towarzystwo
Naukowe Warszawskie (Societe des Sci-

ences et des Lettres a Varsovie). 1; [2];

3-15

Price Moravske Pfirodovedecke Spolec-
nosti (Acta Societatis Scientiarum Natu-

ralium Moravicae) 1924 : Brno, C'eskoslo-

vensko. 1+
Prace Muzeum Przyrodniczego; Polska
Akademia Umiejetnosci 1945: Cracow.
1+

Prace Naukowe Uniwersitetu Panstwo-

wego na Bialorusi see Trudy Belorusskogo
Gosudarstvennogo Universiteta

Prace Panstwowego Instytutu Meteorolo-

gicznego (Memorial de 1'Institut National

Meteorologique de Pologne) 1930: War-
saw. 1-7

Prace Panstwowego Muzeum Zoologicz-

nego see Annales Musei Zoologici Polonici

Prace Zoologiczne Polskiego Panstwo-

wego Muzeum Pryzrodniczego see An-
nales Musei Zoologici Polonici

*Practical Entomologist 1865: The Ento-

mological Society of Philadelphia. 1-2

Praktika of the Hellenic Hydrobiological
Institute 1947: Athens Academy. 1+

Pratsi Naukovo-Doslidnogo Institutu Bio-

logii (Travaux de ITnstitut de Recherches

Scientifiques de Biologic) 1937: Universite

1'fitat de Kiev. 2 (1939)

Preslia; Vestnik Ceskoslovenske Botanicke

Spolecnosti (Bulletin de la Societe Bota-

nique Tchecoslovaque a Prague) (Reports
of the Czechoslovak Botanical Society of

-Prague) 1921: 10-12
;|: Preussisch.es Meteorologische Institut Ab-

handlungen 1888: 1 ; [2-5] ; 6-10, no. 6

Pringsheims Jahrbiicher fiir Wissenschaft-
liche Botanik see Jahrbiicher fiir Wissen-

schaftliche Botanik

Priroda; Populiarnyi Estestvenno-Isto-

riche-Skii Zhurnal 1912 : Leningrad, Aka-
demiia Nauk. [1926]; [1946]; [1948]

Problemes Biologiques; collection de mono-

graphics publiee sous le patronage du Co-

mite Technique des Sciences Naturelles des

Presses Universitaires de France 1925 : 1

Problems of Comparative Physiology; col-

lected papers of the Laboratory of Com-

parative Physiology of the Timiriasev Bio-

logical Institute see Nekotorye Voprosy
Sravnitel'noi Fiziologii

Problemy Fiziologicheskoi Optiki (Bei-

trage zur Physiologischen Optik) (Prob-
lems of Physiological Optics) 1941 : Lenin-

grad, Akademiia Nauk SSSR. 1-2

Proceedings; Indo-Pacific Fisheries Coun-
cil 1949: Bangkok. 1+

Proceedings; (K.) Nederlandse Akademie
van Wetenschappen (1-53, 1898-1950 as

Proceedings of the Section of Sciences ; K.

Nederlandsche Akademie van Weten-

schappen formerly K. Akademie van

Wetenschappen te Amsterdam) 1898: 1+
* Proceedings; North American Council on

Fishery Investigations 1921 : Ottawa. 1-2

Proceedings and Transactions of the Liver-

pool Biological Society (7+ includes Re-

port on the Lancashire Sea Fisheries Lab-

oratory) 1886: 2+
*Proceedings and Transactions of the Nat-

ural History Society of Glasgow 1851 :

ser. 2, 1-5; ser. 3, 1-8

Proceedings and Transactions of the Nova
Scotian Institute of Science see Pro-

ceedings of the Nova Scotian Institute of

Science

Proceedings and Transactions of the Royal
Society of Canada see Transactions of the

Royal Society of Canada

Proceedings (of) International Congresses
see International . . .

Proceedings of the Academy of Natural

Sciences of Philadelphia 1841 : 1+
Proceedings of the American Academy of

Arts and Sciences 1846: Boston. 1+
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Proceedings of the American Association
for the Advancement of Science see Sum-
marized Proceedings ; American Associa-

tion for the Advancement of Science

Proceedings of the American Microscopi-
cal Society see Transactions of the Ameri-
can Microscopical Society

Proceedings of the American Philosophical

Society (early Proceedings 1744-1838 con-

tained in 22, 1885) 1838:
[1-7];

8+
Proceedings of the American Scientific

Congress (5th as Proceedings of the Pan
American Scientific Congress) 1898: 5; 8

Proceedings of the Biological Society of

Washington 1880: 1+
*Proceedings of the Boston Society of Nat-

ural History 1841 : 1-42, no. 2

Proceedings of the California Academy of

Sciences 1854: 1+
Proceedings of the California Zoological
Club 1948: 1+

Proceedings of the Cambridge Philosophi-
cal Society 1843: 1+

Proceedings of the Cambridge Philosophi-
cal Society; Biological Sciences see Bio-

logical Reviews of the Cambridge Philo-

sophical Society

*Proceedings of the Cleveland Academy of

Natural Sciences 1845: 1845-59

Proceedings of the Colorado Scientific So-

ciety see Colorado Scientific Society Pro-

ceedings

Proceedings of the Congress of the Zoolo-

gists, Anatomists and Histologists of

the Union of SSR see Trudy Vsesoiuznogo
S'ezda Zoologov, Anatomov i Gistologov

""Proceedings of the Davenport Academy of

Sciences 1867: 1-7: 10-[12]

Proceedings of the Egyptian Academy of

Sciences 1945: 1+
^Proceedings of the Elliott Society of Nat-

ural History of Charleston, South Caro-
lina 1853: 1

Proceedings of the Entomological Society
of London see Proceedings of the Royal
Entomological Society of London

^Proceedings of the Entomological Society
of Philadelphia 1861 : 1-6

*Proceedings of the Essex Institute 1848 :

Salem, Massachusetts. 1-6

Proceedings of the Florida Academy of

Sciences sec Quarterly Journal of the

Florida Academy of Sciences

Proceedings of the Geological Society of

America 1888: 54+

Proceedings of the Gulf and Caribbean
Fisheries Institute 1948: University of

Miami Marine Laboratory. 1+

Proceedings of the Hawaiian Academy of

Science 1926: 1+
Proceedings of the Helminthological So-

ciety of Washington (1911-13 see in

Science 33-37; 1914-33 see in Journal of

Parasitology 1-20) 1934: 1+
Proceedings of the Hydrological Congress

of U.S.S.R. see Trudy Vsesoiuznogo Gidro-

logicheskogo S'ezda

Proceedings of the Imperial Academy;
Japan 1912: 1+

Proceedings of the Indian Academy of

Sciences; Section A and B 1934: 1+
Proceedings of the Indian Association for

the Cultivation of Science see Indian

Journal of Physics and Proceedings of the

Indian Association for the Cultivation of

Science

Proceedings of the Indiana Academy of

Sciences 1891 : 1+
Proceedings of the Institute of Radio En-
gineers and Waves and Electrons 1913:

7+
Proceedings of the Iowa Academy of Sci-

ences 1887: 1-39

Proceedings of the Kossino Limnological
Station of Hydrometerological Service

of USSR see Trudy Limnologicheskoi
Stantsii v Kosine

Proceedings of the Laurentian Hormone
Conference see Recent Progress in Hor-
mone Research

Proceedings of the Linnean Society, Lon-
don 1838: 1+

Proceedings of the Linnean Society of

New South Wales (11-20 also numbered
ser. 2, 1-10) 1876: 1+

-Proceedings of the Los Angeles Zoologi-
cal Society 1912: 1, no. 1

Proceedings of the Louisiana Academy of

Sciences 1932: 1+
Proceedings of the Manchester Literary
and Philosophical Society see Memoirs
and Proceedings of the Manchester Liter-

ary and Philosophical Society

*Proceedings of the Meteorological Society
1861 : London. 1-5

Proceedings of the National Academy of

Sciences (abstracts of the papers presented
at the annual meetings published in Sci-

ence) *1, pt. 1-3. 1863-94; 1915: 1 +
Proceedings of the National Academy of

Sciences; India (1-3 as Bulletin of the

Academy of Sciences of the United Prov-
inces of Agra and Oudh Allahabad ;

4-5 as

Proceedings of the Academy etc.) 1931 :

Allahabad. 1+
Proceedings of the National Institute of

Sciences of India 1935: 1+
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-"Proceedings of the Natural History So-

ciety of Wisconsin (1889+ see in Bulletin

of the Wisconsin Natural History Society)
1884: 1-5

^Proceedings of the New England Zoologi-
cal Club 1899: Cambridge, Mass. 1-24

*Proceedings of the Newport Natural His-

tory Society 1883: 4-6; 8-9

Proceedings of the Nova Scotian Institute

of Science 1863: 2+
*Proceedings of the Ohio Academy of Sci-

ence 1892: 4-8 (includes 12th-40th meet-

ings) (41st, 1931+ sec in Ohio Journal of

Science 32, 1932+)
Proceedings of the Oklahoma Academy of

Science 1910: 1-15, 17+
*Proceedings of the Optical Convention

1905: London. 1-3

Proceedings of the Pacific Science Con-

gress of the Pacific Science Association

(3rd as Proceedings of the Pan Pacific

Science Congress) 1920 : 2-6

Proceedings of the Pan American Scien-

tific Congress sec Proceedings of the

American Scientific Congress

Proceedings of the Physical Society of

London 1874: 1+
Proceedings of the Portland Society of

Natural History 1862: Alaine. 1-2

Proceedings of the Portuguese Biological

Society sec Reuniao Biologica Portuguesa

Proceedings of the Rochester Academy of

Sciences 1889: 1 +
Proceedings of the Royal Canadian Insti-

tute 1879: 1+
Proceedings of the Royal Entomological
Society of London (1-7, 1926-32 as Pro-

ceedings of the Entomological Society of

London) 1926: 1-10; Ser. A: General

Entomology 1936: 11+ Ser. B: Taxon-
omy 1932: 1+ Ser. C: Journal of Meet-

ings 1936: 1+
"Proceedings of the Royal Geographical

Society and Monthly Record of Geog-
raphy 1855: [l]-22; n.s. 1-14

Proceedings of the Royal Institution of

Great Britain 1851 : 1+
Proceedings of the Royal Irish Academy

1836: 1+
Proceedings of the Royal Philosophical

Society of Glasgow 1841: 30-34; 37-43;
45

Proceedings of the Royal Physiographic
Society at Lund see (Kungl.) Fysiogra-
fiska Sallskapets i Lund ; Forhandlingar

Proceedings of the Royal Society of Edin-

burgh 1832: 8+
Proceedings of the Royal Society of Lon-
don 1800 : 1-75 : series A : Mathematical

and Physical Sciences 1905: 76+ series

B : Biological Sciences 1905 : 76+

Proceedings of the Royal Society of Medi-
cine 1907: 1+

Proceedings of the Royal Society of

Queensland 1884: 57+
Proceedings of the Royal Society of Vic-

toria 1854: 3-5; n.s. 1+
Proceedings of the Royal Zoological So-

ciety of New South Wales (1913-33 see

in Australian Zoologist 1-7) 1933: 1933+

Proceedings of the Section of Sciences;
K. Nederlandsche Akademie van Weten-

schappen sec Proceedings; (K.) Neder-

landse Akademie van Wetenschappen
Proceedings of the Society for Experi-
mental Biology and Medicine 1903 : 1+

-Proceedings of the Society of Public

Analysts 1875: London. 1

Proceedings of the South Dakota Academy
of Sciences 1916: 1+

Proceedings of the Staff Meetings of the

Mayo Clinic 1926 : Rochester, Minnesota.

[15-18]+
Proceedings of the Sungaree River Bio-

logical Station see Trudy SungarilskoT
RechnoT BiologicheskoT Stantsii

Proceedings of the United States National

Museum 1878: Smithsonian Institution.

1+
Proceedings of the U.S.S.R. Congress of

Genetics, Plant- and Animal-Breeding
sec Trudy Vsesoiuznogo S'ezda po Gene-

tike, Selektsii, Semenovodstvu i Plemen-

nomu Zhivotnovodstvu

-Proceedings of the Washington Academy
of Sciences 1899: 1-13

Proceedings of the Zoological Society of

Bengal 1948: 1+
Proceedings of the Zoological Society of

London 1830: 1+
Processi Verhali della Societa Toscana di

Scienze Naturali residente in Pisa see

Atti della Societa Toscana di Scienze Natu-

rali residente in Pisa ; Processi Yerhali

-Program of Activities of the Chicago
Academy of Sciences 1930 : 1-8

Progress Report; California Cooperative
Sardine Research Program 1950: 1950+

Progress Report; Marine Life Research

Program; Scripps Institution of Ocean-

ography 1949: 1 +
Progress Report of the Atlantic Coast

Stations 1931 : Fisheries Research Board
of Canada. 1+

Progress Reports of the Pacific Coast

Stations; Pacific Biological Station,

Nanaimo, B. C. and Pacific Fisheries

Experimental Station, Prince Rupert,
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B. C. 1929: Fisheries Research Board of

Canada, Nanaimo. 1+
Progressive Fish Culturist; news and views

from many sources on practical hatchery

problems 1935: U. S. Fish and Wildlife

Service. [2-56]+
*Progressive Rei Botanicae; Association In-

ternationale des Botanistes 1907 : 1-5

Protokoly Obshchestva Estestvoispytatelei

pri Imperatorskom lur'evskom Univer-
sitete see Tartu Ulikooli juures oleva

Loodusuurijate Seltsi Aruanded

Protoplasma; Internationale Zeitschrift fur

Physikalische Chemie des Protoplasten
1926: 1+

Protoplasma-Monographien 1928: 1+
Protozoology see Journal of Helminthology ;

Supplement
Psyche; a journal of entomology 1874: 1-10;

12; 14+

*Psychobiology 1917: 1-2

Psychological Review 1894: [1-4]; 5-14;

[15]; 16-28; [29]; 30-31; [32] +
Psychometrika ; Supplement see Bulletin of

Mathematical Biophysics
*Pubblicazioni del (R.) Instituto di Studi

Superiori Practici e di Perfezionamento
in Firenze; Sezione di Scienze Fisiche e

Natural! 1877: 1-4; 6-7; 11-16; Sezione
di Medicine e Chiururgia 1876: 21-22

*Pubblicazioni della Stazione Biologica in

San Bartolomeo (1-23 as Pubblicazioni

dell'Istituto di Biologia Marina del Tirreno

in San Bartolomeo) 1928: 1-34 [1932]

Pubblicazioni della Stazione Zoologica di

Napoli 1916: 1+
^Pubblicazioni della Stazione Zoologica di

Napoli; Richerche di Fisiologia e di Chi-

mica Biologica 1919 : 1

Public Health Bulletin 1881 : U. S. Public

Health Service. [19-297]

Public Health Engineering Abstracts 1920:

Public Health Service, Washington. 30+
Public Health Reports issued weekly by the

United States Public Health Service 1886:

[2-26]+ Supplements [29-211]

Publicaciones Cientificas; Servicio Oceano-
grafico y de Pesca; Ministerio de Indus-

trias y Trabajo 1949: Montevideo, Uru-

guay. 1 +
Publicaciones de la Junta de Ciencies Natu-

rals de Barcelona, Musei Barcinonensis
Scientiarum Naturalium Opera 1917:

Series Biologico-Oceanografia 1 ; Series

Botanica 1-2; Series Zoologica 1-7; 11

Publicaciones del Instituto de Biologia
Aplicada; Universidad de Barcelona
1946: 1+

Publicaciones del Servicio Meteorologico
Nacional; Ministerio del Aire, Madrid:
Serie A: Memorias: 12 (1943) +

Publicaciones sobre Biologia Mediterranea ;

Instituto Espanol de Estudios Mediterra-

neos 1945 : Barcelona. 1-2

Publications; Chesapeake Biological Lab-

oratory 1927: (nos. 11-41 as Contribu-

tions) 7-9, 11-12, 14-21, 23+

Publications; Faculty of Science; Fouad I

University (formerly Egyptian Univer-

sity) 1932 : 1
; 3+

Publications; Maria Moors Cabot Founda-
tion 1947: 1 +

* Publications; Puget Sound Biological Sta-

tion; University of Washington (1 as

Puget Sound Marine Station Publications)
1915: 1-7

^Publications; Rockefeller Foundation; In-

ternational Health Board (2 as Inter-

national Health Commission) 1914: 2; 7-11

*Publications; Rockefeller Sanitary Com-
mission for the Eradication of Hook-
worm Disease 1910: 1-3; 5-9

Publications Biologiques de 1'Ecole des

Hautes Etudes Veterinaires; Brno sec

Biologicke Spisy Vysoke Skoly Zverole-

kafske

^Publications de Circonstance; Conseil Per-
manent International pour 1'Exploration
de la Mer 1903 : 1-91

Publications de la Faculte de Medecine de
1'Universite Masaryk see Spisy Lekarske

Fakulty, Masarykovy University

Publications de la Faculte de Medecine de
1'Universite Charles see Spisy Vydavane
Pfirodovedeckou Fakultou Karlovy Uni-

versity

Publications de la Faculte des Sciences de
1'Universite Masaryk see Spisy Vydavane
Pfirodovedeckou Fakultou Masarykovy
University

Publications from the Akkeshi Marine

Biological Station 1951: 1+
Publications of the American Association

for the Advancement of Science: 7-8;

10; 12-17; 20-22
*Publications of the Bureau of Govern-

ment Laboratories; Philippine Islands

1902: 5; 7-8; 13-36

Publications of the Institute of Marine
Science 1945: University of Texas. 1+

Publications of the Marine Biological Sta-

tion, Ghardaqa, Red Sea 1939: Fouad I

University; Faculty of Science; Cairo. 1+
* Publications of the Nantucket Maria

Mitchell Association 1906: 1-4
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Publications of the Scientific Institute of

Fishery and Oceanography see Trudy
Azovsko-Chernomorskogo Nauchno-Issle-

dovatel'skogo Instituta Rybnogo Kho-
ziaistva i Okeanografii

Publications of the Seto Marine Biologi-
cal Laboratory 1949: Kyoto University,

Japan. 1+
*Publications of the University of Okla-

homa Biological Survey 1928: 1-5, no. 4

Publications of the University of Sydney;
Department of Zoology; Monographs
1940: 1+

:;cPublications of the Wagner Free Institute

of Science 1929: 1-2

Publikationer fra det Danske Meteorolo-

giske Institut; Meddelelser 1913: 1+
*Puerto Rico Journal of Public Health and

Tropical Medicine (1-4 as Porto Rico

Review of Public Health and Tropical
Medicine ; 5-7 as Porto Rico Journal of

Public Health and Tropical Medicine)
1925: School of Tropical Medicine, Uni-

versity of Puerto Rico, Department of

Health. 1-26, no. 1

Puget Sound Marine Station Publications

see Publications ; Puget Sound Biological
Station ; University of Washington

Quarterly Cumulative Index Medicus 1927:

American Medical Association. 1+
*Quarterly Cumulative Index to Current

Medical Literature 1916: American Medi-
cal Association 1-12 [19261

Quarterly Journal of Current Acquisitions,

Library of Congress see Annual Report
of the Librarian of Congress, Supplement

Quarterly Journal of Experimental Physi-
ology and Cognate Medical Sciences
1908: London. 1-7; 9; 11+

Quarterly Journal of Medicine 1907: Ox-
ford. 1-L

*Quarterly Journal of Meteorology and
Physical Science 1842 : London. 1

Quarterly Journal of Microscopical Science
1852: 1 +

* Quarterly Journal of Pharmacy and Phar-

macology (incorporating the Yearbook of

Pharmacy) 1928: London. 1-21

"Quarterly Journal of Science, Literature,
and Art (title varies) London. 1-22; n.s.

1-6; 7, pt. 2

Quarterly Journal of the Florida Academy
of Sciences (1-7 as Proceedings of the
Florida Academy of Sciences) 1936: 1+

Quarterly Journal of the Indian Chemical
Society see Journal of the Indian Chemi-
cal Society

Quarterly Journal of the Indian Institute

of Science 1938 : 1-2
;
5+

Quarterly Journal of the Royal Meteoro-

logical Society 1871: 1+; *Phenological

Report 1876: 1-57

Quarterly Journal of the Royal Meteoro-

logical Society, Supplement see Bibliog-

raphy of Meteorological Literature

Quarterly of Applied Mathematics 1943 :

1+
Quarterly Review of Biology 1926: 1+
Quarterly Reviews; Chemical Society

(London) 1947: 1+

Raboty Azovsko-Chernomorskoi Nauchnoi

Rybokhoziaistvennoi Stantsii see Re-

port (s) of the Scientific Station of Fish-

eries of Asov and Black Seas

Raboty Dono-Kubanskoi Nauchnoi Ry-
bokhoziaistvennoi Stantsii see Report (s)

of the Don-Kuban Station
:::Raboty Murmanskoi Biologicheskoi Stant-

sii; Leningradskogo Obshchestva Es-

testvoispytatelei (Travaux de la Station

Biologique de Murman de la Societe des

Naturalistes de Leningrad) 1925 : 1-3

Raboty Novorossiiskoi Biologicheskoi
Stantsii imeni V. M. Arnol'di (Arbeiten
der Biologischen Noworossijsk-Station
namens W. M. Arnoldi) 1923 : 1-4

Raboty Volzhskoi Biologicheskoi Stantsii

sec Arbeiten der Biologischen Wolga-
Station

Radiography 1935 : Society of Radiogra-

phers, London. 1+
Radiologica sec Fundamenta Radiologica-

Radiology; a monthly journal devoted to

clinical radiology and allied sciences 1923 :

Radiological Society of North America.

-Radium 1904: Paris. 1-11

Rapport; Station Biologique du St.-

Laurent a Trois-Postoles 1931 : Univer-

site Laval, Quebec. 1 +
:; Rapport (s) et Proces-Verbaux des Re-

unions; Commission Internationale pour
1'Exploration Scientifique de la Mer
Mediterranee 1926: 1-11

Rapport(s) et Proces-Verbaux des Re-
unions; Conseil Permanent Interna-

tionale pour 1'Exploration de la Mer
1902: 1-6; [7]; 8-10; [11]; 12-16; [17-

19] ; 20+

Rapport sur le Fonctionnement Technique
de 1'Institut Pasteur de Brazzaville:

Generate Afrique fiquatoriale Frangaise.
1930-32; 1935+

Rapport sur les Pecheries d'Egypte (Re-
port of the Fisheries of Egypt) ; Institut
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Fouad I d'Hydrobiologie et de Peche
1923 : Ministere clu Commerce et de 1'In-

dustrie. 1923-27; 1931-35

*Rassegna delle Scienze Biologiche 1919 :

Florence, fl-2]

Reading Public Museum and Art Gallery;
Scientific Publications 1941 : Reading, Pa.

1-8

Recent Progress in Hormone Research
1947: 1 +

*Record and Index; American Society of

Mechanical Engineers 1927 : 1-3

Records of Observations; Scripps Institu-

tion of Oceanography 1942 : 1+
*Records of Oceanographic Works in

Japan; compiled by the Committee on

Pacific Oceanography of the National Re-

search Council of Japan 1928: 1-12, no. 2

Records of the Amercan Society of Nat-
uralists (1884-85 as Records of the So-

ciety of Naturalists of the eastern United

States) 1883: 1+
Records of the Auckland Institute and
Museum 1930: 1 +

Records of the Australian Museum 1890:

1+
*Records of the Dominion Museum 1942:

Wellington, N. Z. 1

Records of the Genetics Society of Amer-
ica (1 as Genetics Society of America,

Program) 1932: 1 +
Records of the Indian Museum; a journal

of Indian zoology (includes Report of the

Zoological Survey of India) 1907: 1+
Records of the South Australian Museum

1918 : Public Library, Museum and Art

Gallery, Adelaide. 1+
*Recueil de 1'Institut Zoologique Torley-

Rousseau; Universite de Bruxelles 1927:

1-9

Recueil des Travaux Botaniques Neer-
landais 1904: Societe Botanique Neer-

landaise. 1+
Recueil des Travaux Chimiques des Pays-
Bas; Societe Chimique Neerlandaise

1882: 1 +
Recueil des Travaux de la Station Marine
d'Endoume 1949 : Faculte des Sciences de

Marseille. 14-

*Recueil Zoologique Suisse 1883 : 1-5

Reichsberichte fur Physik; Beihefte zur

Physikalischen Zeitschrift 1944: 1, nos.

1-5

Reinwardtia; being a continuation of the

Bulletin du Jardin Botanique de Buitenzorg

(Bulletin of the Botanic Gardens, Buiten-

zorg) 1950: 1 +
Rendiconti delle sedute solenni della R.
Accademia Nazionale dei Lincei see Atti

della Reale Accademia Nazionale dei

Lincei ;
Rendiconto dell'adunanze solenne

Rendiconto dell'Accademia delle Scienze

Fisiche e Mathematiche; Classe della

Societa Reale di Napoli 1862 : ser. 3, 9-26

Report; Chesapeake Bay Institute; Johns
Hopkins University 1949: 1+

Report; Council for Scientific and Indus-

trial Research; Division of Fisheries;
Commonwealth of Australia 1938 : 3-6 ;

84-

Report; Division of Fisheries; Union of

South Africa (1-14 as Report; Fisheries

and Marine Biological Survey ; Union of

South Africa) 1920: 1+; Inland Waters
Fisheries Survey (Dept. of Mines and In-

dustry) Reports 1-2

Report; Dove Marine Laboratory (pre-
ceded by Report on the Scientific Investi-

gations of the Northumberland Sea Fish-

eries Committee) 1896: Cullercoats, North-
umberland. 1909-11; ser. 2, 1-12, 14-21;
ser. 3, 14-

Report(s); Marine Biological Laboratory
1888: Woods Hole. 1 +

=
::Report; National Research Council of

Japan 1922: 1-2

Report; Rothamsted Experimental Sta-

tion; Harpenden; Lawes Agricultural
Trust 1843: 1908+

Report; Woods Hole Oceanographic In-

stitution 1930: 14-

Report and Proceedings of the Belfast

Natural History and Philosophical So-

ciety 1871: [1874-1913]

Report (s) from the Swedish State Insti-

tute of Fresh-water Fishery Research,

Drottningholm sec Meddelanden fran Sta-

tens undersoknings-och Fdrsoksanstalt for

SGtvattensfisket

Report (s) of Fisheries Station, Split,

Yugoslavia see Izvjestaji Ribarstvene

Stanice, Split

Report (s) of the Academy of Sciences of

the Ukrainian SSR sec Dopovidi Aka-
demii Nauk URSR

*Report of the Adelaide Philosophical So-

ciety 1854: 1-5

Report of the Australian and New Zealand
Association for the Advancement of Sci-

ence (1-19 as Australasian Association)

1888: 1-5; 7-9; 11+
Report of the Biological Bureau; Depart-
ment of Game and Fisheries; Province
of Quebec 1943: 1+

^Report of the British Association for the

Advancement of Science 1831 : 1-108

-Report of the Brush Hill Bird Club 1914 :

Milton, Massachusetts. 1
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Report (s) of the Bureau of Applied Ento-

mology; State Institute of Experimental
Agronomy, Leningrad sec Report (s) on

Applied Entomology
Report (s) of the Central Scientific Insti-

tute of Fisheries sec Trudy Tsentral'nogo

Nauchnogo Instituta Rybnogo Khoziaistva

Report of the Connecticut State Board of

Fisheries and Game (15-23, 1922-40 as

Biennial Report of the State Board of

Fisheries and Game ; State of Connecticut)
1894: 15-25

Report of the Council of the British Mete-

orological Society 1850: 2-4; 6-10

Report of the Danish Biological Station

to the Ministry of Agriculture and Fish-

eries 1890: 3; 5+
Report of the Director; Chicago Academy

of Sciences; Museum of Natural History
1938: 1938+

Report of the Director to the Board of

Trustees; Chicago Natural History Mu-
seum (a continuation of the Field Museum
of Natural History Publications ; Report
Series) 1943: 1943+

: Report(s) of the Don-Kuban Station;
Scientific Institute of the Fisheries and
the Oceanography of Asov and Black
Seas (Raboty Dono-Kubanskoi Nauch-
noi Rybokhoziaistvennoi Stantsii; Azov-
sko-Chernomorskii Nauchno-Issledova-
tel'skii Institut Morskogo Rybnogo
Khoziaistva i Okeanografii) 1934: 1-3

Report(s) of the East-Siberian Scientific

Station of Fisheries sec Trudy Vostochno-
Sibirskoi Naucbnoi Rybokhoziaistvennoi
Stantsii

Report of the Fisheries Department; Fed-
eration of Malaya and Singapore 1949 :

1949+

Report of the Henry Phipps Institute 1903 :

Philadelphia. 1-7; 9-10; 12-14; 18+

Report (s) of the Ichthyological Labora-

tory sec Report (s) of the (Astrakhan)
Scientific Station of Fisheries of Volga
and Caspian Sea

Report (s) of the Ichthyological Labora-

tory in Kertch see Report (s) of the Scien-

tific Station of Fisheries of Asov and
Black Seas

Report of the Ichthyological Laboratory
in Siberia sec Trudy Vostochno-Sibirskoi

Nauchnoi Rybokhoziaistvennoi Stantsii

Report of the Imperial Fisheries Institute;
Scientific Investigation: Tokyo. 1-2, 4

Report of the Institute of Scientific Re-
search; Manchoukuo 1937: [1] ; 2-3;
[4] +

Report of the International Fisheries Com-
mission; appointed under the treaty be-

tween the United States and Great Britain

for the preservation of the Northern Pa-
cific Halibut Fishery 1931 : 1+

Report of the Librarian of Congress see

Annual Report of the Librarian of Congress

Report of the Marine Biological Station of

Port Erin, Isle of Man (1-5 as Annual

Report of the Liverpool Marine Biological
Station on Puffin Island

;
6-46 as Annual

Report of the Marine Biological Station at

Port Erin under Liverpool Marine Biology

Committee) (1-46 see in Proceedings and
Transactions of the Liverpool Biological

Society) 1887: 1+
Report of the Medical Research Council

1919: London. 1932+

Report of the National Academy of Sci-

ences (includes Report of the National

Research Council 1916+) 1863: [1863-

73] +
:;:Report of the Oceanographical Investiga-

tion 1926 : Government Fishery Experi-
ment Station Chosen, Japan. 1-2

Report of the Proceedings of the Inter-

national Hydrographic Conference 1919:

International Hydrographic Bureau, Mo-
naco. 1-4

Report of the Royal Society of South
Australia sec Transactions of the Royal
Society of South Australia

"Report of the Royal Society of Tasmania
(1845-55 as Report of the Royal Society
of Van Diemen's Land) 1845: [1845-1912]

''

Report of the Science Advisory Board;
National Research Council 1933: 1-2

Report (s) of the Scientific Institute of

Fisheries; Moscow see Trudy Nauchnogo
Instituta Rybnogo Khoziaistva

:;:Report(s) of the Scientific Station of Fish-

eries of Asov and Black Seas (Raboty,

Trudy, Azovsko-ChernomorskoT Nauchnot

Rybokhoziaistvennoi Stantsii) (1-3 as Re-

ports of the Scientific Station of Fisheries,

Ichthyological Laboratory, in Kertch ;

Trudy Kerchenskoi Nauchnoi Rybokho-
ziaistvennoi Stantsii, Ikhtiologicheskoi

Laboratorii) 1926: 1-10

Report(s) of the (Astrakhan) Scientific

Station of Fisheries of Volga and Cas-

pian Sea (Trudy Volgo-Kaspilsko! Nauch-
noi Rybokhoziaistvennoi Stantsii) (1-6, no.

1 as Reports of the Ichthyological Labora-

tory) (Trudy Ikhtiologicheskoi Labora-

torii) (Arbeiten des Ichthyologischen
Laboratoriums der Kaspi-Wolgaschen Fi-

scherei-Verwaltung in Astrachan) (Tra-
vaux du Laboratoire Ichtyologique d'As-



66 SERIAL PUBLICATIONS, MARINE BIOLOGICAL LABORATORY

trakhan aupres de 1'Administration des

pecheries du Volga et de la Mer Caspienne)

(ivith various wording of titles and no

English translation for 1-4) 1909: 1-8,

no. 1

Report (s) of the Secretary and of the

Treasurer; John Simon Guggenheim
Memorial Foundation 1925: 1928+

Report(s) of the Seven Lake Station see

Trudy Sevenskoi Ozernoi Stantsii

Report(s) of the Siberian Scientific Sta-

tion of Fisheries see Trudy Vostochno-
Sibirskoi Nauchnoi Rybokhoziaistvennoi
Stantsii

Report of the South African Association

for the Advancement of Science see

South African Journal of Science

Report of the South Pacific Commission
1948: Wellington, N. Z. 1+

*Report(s) of the State Oceanographical
Institute (Doklady Gosudarstvennogo Oke-

anograficheskogo Instituta) 1931 : Mos-
cow. 1-6

Report of the Superintendent, United
States Coast and Geodetic Survey see

Annual Report of the Director ; United

States Coast and Geodetic Survey

*Report of the United States Commissioner
of Fisheries 1871-1940

Report of the United States National Mu-
seum (before 1885 included in the Annual

Report of the Board of Regents of the

Smithsonian Institution) : 1885+

*Report of the Virginia Fisheries Labora-

tory of the College of William and Mary
and the Commission of Fisheries of Vir-

ginia 1940: 1940-45

*Report of the (Tropical) Wellcome Re-
search Laboratories at the Gordon Me-
morial College, Khartoum (4 in two sec-

tions
;
A. Medical; B. General Sciences)

1904: 1-4

*Report(s) on Applied Entomology (Izves-
tiia po Prikladnoi Entomologii) (1-3 as

Reports of the Bureau of Applied Ento-

mology ; State Institute of Experimental
Agronomy) 1921 : 1-4, no. 2

*Report on Colloid Chemistry and its gen-
eral and industrial applications; British

Association for the Advancement of Sci-

ence ; Department of Scientific and Indus-

trial Research 1917: 1-2; 4-5

Report on Fisheries; Marine Department;
New Zealand 1928: 1928+

^Report on Marine and Fresh Water In-

vestigations; Department of Zoology;
University College of Wales; Aberyst-
wyth 1913: n.s. [1923] 1-2

Report on Norwegian Fishery and Ma-
rine Investigations (Fiskeridirektoratets

Skrifter ; serie Havuncler0kelser) 1900: 1+
Report(s) on Progress in Physics 1934:

Physical Society, London. 1+
Report on the Fisheries of Egypt sec Rap-

port sur les Pecheries d'Egypte
Report on the Injurious and Other In-

sects of the State of New York 1881 :

New York State Entomologist. 1-12; 13+
see in New York State Museum Bulletin

Report on the Lancashire Sea Fisheries

Laboratory sec Proceedings and Trans-
actions of the Liverpool Biological Society

Report on the Scientific Investigations of

the Northumberland Sea Fisheries Com-
mittee see Report ; Dove Marine Labora-

tory

Report to the Government of Ceylon on
the Pearl Oyster Fisheries of the Gulf
of Manaar; with supplementary reports
upon the Marine Biology of Ceylon
1903: 1-5

Report upon the Fauna of Liverpool Bay
and the Neighboring Seas; written by
the members of the Liverpool Marine Biol-

ogy Committee and other Naturalists (ar-
ticles in nos. 2-5 appear also in the Pro-

ceedings and Transactions of the Liverpool

Biological Society) 1886: 1-5

Reprint and Circular Series of the National
Research Council 1919: 1-11; 13-118;
120+

Research; a journal of science and its appli-
cation 1947: London. 1+

Research Bulletin; Saito Ho-on Kai Mu-
seum 1934: Sendai, Japan. 1-18

"Research Bulletin; State University of
Oklahoma 1909: 1-4

Research Monograph of School of Arts
and Science; Oklahoma Agricultural and
Mechanical College; Bulletin 1941: 1+

Research Publications; University of Ha-
waii 1927: 9-12, 15+

Research Series; American Geographical
Society 1921 : 6; 16

Research Studies of the State College of

Washington 1929: 1 +
^Researches of the Loomis Laboratory of

the Medical Department of the Univer-

sity of the City of New York 1890: 1-2

Researches on the Ontogeny of Animals
sec Zbirnik Doslidiv nad Individual'nim

Rozvitkom Tvarin
"Reseau Mondial; monthly and annual sum-

maries of pressure, temperature, and pre-

cipitation based on a world-wide network
of observing stations (1910-21 as British

Meteorological and Magnetic Year Book,
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part V) 1910: Meteorological Office. 1910-

32

Results of Marine Meteorological and

Oceanographical Observations 1947 : Cen-

tral Meteorological Observatory, Tokyo.
1+

Resume du Compte-Rendu Annuel de la

Societe Royale des Lettres et des Sci-

ences de Boheme sec Vyrocni Zprava
Kralovske Ceske Spolecnosti Nauk

Resumptio Genetica 1924: The Hague. 1+
Reuniao Biologica Portuguesa; Actas, Re-

latorios, Comunigacoes 1945 : 1-2

*Review of American Chemical Research
1895: 1-12

Review of Applied Entomology 1913 : Com-
monwealth Institute of Entomology, Lon-

don, series A. Agricultural 1+ ; series B.

Medical and Veterinary 1+
Review(s) of Modern Physics (vol. 1 as

Physical Review Supplement) 1929: Amer-
ican Physical Society. 1+

Review of Scientific Instruments; new
series (old series incorporated in Journal
of the Optical Society of America and

Review of Scientific Instruments) 1930:

American Institute of Physics. 1+
Review of the Society of Chemical Indus-

try see Journal of the Society of Chemical

Industry ; and Chemistry and Industry
Revista Chilena de Historia Natural Pura

y Aplicada; Dedicada al fomento y cul-

tivo de las Ciencias Naturales en Chile

1897: [6] : [81 ; 29; 31-32; 35; 46+
Revista de Biologia e Hygiene 1928: So-

ciedade de Biologia de Sao Paulo. [1-5]
Revista de Biologia Marina; Publicada por

la Estacion de Biologia Marina de la Uni-
versidad de Chile 1948: 1+

Revista de Ciencias; Organo de la Facultad

de Ciencias de la Universidad Nacional

Mayor de San Marcos 1897: Lima. 42, no.

431+
Revista de la Academia Colombiana de

Ciencias Exactas, Fisicas y Naturales
1936: Bogota. 3+

Revista de la Sociedad Argentina de Bio-

logia (y sus Filiales Sociedad de Biologia
de Rosario y la Sociedad de Biologia de

Cordoba) 1925: 1+
Revista de la Sociedad Malacologica "Car-

los de la Torre"; Museo "Poey",; Uni-
versidad de la Habana 1943: 1+

Revista de la Sociedad Mexicana de His-
toria Natural 1939: 1+

*Revista del Consejo Oceanografico Ibero-

Americana 1930: Madrid. 1-6, no. 1

Revista del Institute Bacteriologico; "Dr.
Carlos G. Malbran" (1-10, no. 1, 1917-

1941 as Revista del Institute Bacteriologico

del Departmento Nacional de Higiene)
1917: 1; [2-3] +

Revista del Institute de Salubridad y En-
fermedades Tropicales 1939: Mexico. 1+

Revista del Institute Nacional de Investi-

gacion de las Ciencias Naturales anexo
al Museo Argentina de Ciencias Natu-
rales "Bernardino Rivadavia" 1948:

Buenos Aires. Ciencias Botanicas 1+
Ciencias Zoologicas 1+

Revista del Museo de La Plata; Nueva
Serie: seccion oficial 1935: 1937-43; sec-

cion botanica 1936: 9-10, 21+ seccion

zoologia 1935: 23+
*Revista del Museo de La Plata; Universi-

dad Nacional de La Plata 1890: 1-5;

[7] ; 11- [24] ; 26; 28; 30-34

Revista do Museu Nacional do Rio de

Janeiro see Arquivos do Museu Nacional ;

Universidade do Brasil

*Revista do Museu Paulista 1895 : Universi-

dade de Sao Paulo. 1-23

"Revista Espanola de Biologia 1932 : Socie-

dad Espaiiola de Historia Natural. 1-5,

no. 3

Revista Espanola de Fisiologia 1945 : 1+
Revista Farmaceutica; Organo Oficial de la

Asociacion Farmaceutica y Bioqui'mica Ar-

gentina 1862: 74+
*Revista Mexicana de Biologia; Organo de

la Sociedad Mexicana de Biologia 1920 :

[1-171
Revista Sudamericana de Morfologia 1943:

1+
Revue Algologique 1924: Laboratoire de

Cryptogamie du Museum National d'His-

toire Naturelle. Paris. 1-13

Revue Beige de Pathologic et de Mede-
cine Experimental (1-17, 1929-1946 a*

Revue Beige des Sciences Medicales) 1929:

1-12; [13-18] ; 19+
*Revue Biologique du Nord de la France

1888: Lillie. 1-7

Revue Bryologique 1874: [7-9]
Revue Canadienne de Biologic; Universite

de Montreal 1942: 1+
Revue d'Immunologie et de Therapie Anti-

microbienne (1-9, 1935-1945 as Revue

d'Immunologie) 1935: 1+
Revue d'Optique Theorique et Instrumen-

tale; Institut d'Optique Theorique et Ap-
pliquee 1922 : 1-2, no. 9

Revue de Cytologie et de Cytophysiologie
Vegetales; publiee par A. Guilliermond

1934: 1+
Revue de la Faculte des Sciences de 1'Uni-

versite d'Istanbul sec Istanbul Universi-

tesi Fen Faktiltesi Mecmuasi
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Revue de Mycologie; annales de crypto-

gamie exotique nouvelle serie 1936: Paris,
Laboratoire de Cryptogamie du Museum
National d'Histoire Naturelle. 1+

Revue des Archives Italiennes de Biologie
see Rivista degli Archivi Italian! di Bio-

logia
Revue des Travaux de 1'Office Scientifique

et Technique des Peches Maritimes 1928:

Paris. 1+
Revue et Magazin de Zoologie, pure et

appliquee (ser. 1 as Revue Zoologique par
la Societe Cuvienne) 1838: ser. 1, 1-11;
ser. 2, 1-23

; ser. 3, 1-3, 5

*Revue Franchise d'Endocrinologie 1923 :

[l]-[3]-17
*Revue Generale d'Histologie 1904: 1-4

Revue Generale de Botanique; fondee par
Gaston Bonnier 1889: 1, 5-17, 27, 29-32,

34, 36+
*Revue Generale des Colloi'des; et de leurs

applications industrielles 1923 : 1-8

Revue Generale des Sciences Pures et

Appliquees 1890: 1-39, no. 9

Revue Hydrographique Internationale see

International Hydrographic Review
Revue Internationale de Vitaminologie sec

Internationale Zeitschrift fiir Vitaminfor-

schung
*Revue Mycologique 1878: Toulouse. 1-28

Revue Scientifique 1863: ser. 5, [1-9]

Revue Suisse d'Hydrologie see Schweize-

rische Zeitschrift fiir Hydrologie
Revue Suisse de Zoologie; Annales de la

Societe Zoologique Suisse et du Museum
d'Histoire Naturelle de Geneve ;

fondee

par Maurice Bedot 1893 : 1+
Revue Zoologique Russe see Zoologicheskii

Zhurnal

Rheological Memoirs; Eugene C. Bingham,
Editor 1940: 1, no. 1

Rhodora; journal of the New England Bo-

tanical Club 1899: 1+
*Richerche (fatte nel Laboratorio) di Ana-

tomia normale della R. Universita di

Roma ed in Altri Laboratori Biologici;

pubblicate del Professore Francesco To-
daro 1872 : 1-19

Ricerche di Morfologia; pubblicate dal Prof.

Riccardo Versari 1920: 1-12

*Rivista degli Archivi Italian! di Biologia

(Revue des Archives Italiennes de Bio-

logie) (1, no. 1 as Nouvelles Archives

Italiannes de Biologie) 1938: 1-5, no. 1

Rivista di Biologia; Redatta da Osvaldo
Polimanti (Perugia) 1919: 1+

Rivista di Biologia Coloniale 1938: Rome.
1+

*Rivista di Biologia Generale (1-2 as Ri-

vista di Scienze Biologiche) 1899: Turin.

l-[2]
Rivista di Parassitologia ; fondata da A.

Missiroli 1937: 1+
Rivista di Patologia Sperimentale; fondata

da Vittorio Scaffidi (12+ also as n.s. 1+ )

1926: 1 +
Rockefeller Foundation Review 1917 :

1917+
Rocznik Towarsystwa Naukowego War-
szawskiego (Annuaire de la Societe des

Sciences et des Lettres de Varsovie) 1908:

26+
!|:Roczniki Chemii; Miesiecznik organ Pol-

skiego Towarzystwa Chemicznego (An-
nales Societatis Chimicae Polonorum)
1921 : 1-19, no. 7

*Roosevelt Wild Life Annals; of the Roose-
velt Wild Life Forest Experiment Station

1926: New York State College of Forestry.

1-4, no. 2

Roosevelt Wild Life Bulletin; New York
State College of Forestry 1921 : 1+

Roux's Archiv fiir Entwicklungsmechanik
der Organismus see Wilhelm Roux's Ar-
chiv fiir Entwicklungsmechanik der Or-

ganismen
Roux' Vortrage und Aufsatze tiber Ent-

wicklungsmechanik der Organismen, old

scries, see Vortrage und Aufsatze iiber

Entwicklungsmechanik der Organismen ;

neiv series, see Abhandlungen zur Therorie
der Organischen Entwicklung

Rozpravy Ceske Akademie Ved a Umeni;
Tfida II. (Matematicko-Pfirodovedecka)
(Academic des Sciences de 1'Empereur
Frangois Joseph 1895-1916) 1891 : 48+

*Rozpravy Kralovske Ceske Spolecnosti
Nauk; Trida Matematicko-Pfirodove-
decka (Travaux de la Societe Royale des

Sciences de Boheme; Classe des Sciences)
1885 : ser. 8, 1-3

^Russian Journal of Eugenics (Russkii

Evgenicheskii Zhurnal) 1922: 1-7

Russian Journal of Physiology see Fizio-

logicheskii Zhurnal SSR imeni I. M. Se-

chenov
Russian Journal of Zoology see Journal
Russe de Zoologie

Russische Hydrobiologische Zeitschrift see

Berichte des Wissenschaftlichen Meeresin-
stituts

Russische Hydrobiologische Zeitschrift see

Gidrobiologicheskii Zhurnal SSSR
Russkii Arkhiv Anatomii, GistologH i Em-

briologli sec Arkhiv Anatomii, Gistologii
i Embriologii
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Russkii Arkhiv Protistologii (Archives
Russes de Protistologie) 1922: 1-7

Russkii Evgenicheskii Zhurnal sec Russian

Journal of Eugenics
Russkii Fiziologicheskii Zhurnal see Fizio-

logicheskii Zhurnal SSR imeni I. M. Se-

chenov
Russkii Gidrobiologicheskii Zhurnal see

Gidrobiologicheskii Zhurnal SSSR
Russkii Zoologicheskii Zhurnal see Zoolo-

gicheskii Zhurnal

:;:Sammlung der Deutschen Abhandlungen,
welche in der Koniglichen Akademie der

Wissenschaften zu Berlin 1788: 1788-

1803

Sang; Biologic et Pathologic 1937: Paris.

1+
:;:Sbornik Nauchno-Issledovatel'skogo Insti-

tuta Zoologii (Abstracts of the Works of

the Zoological Institute of the Moscow
State University) (1-2 as Biulleten) 1933:

Moskovskogo Gosudarstvennogo Universi-

teta. 1-3

Sbornik Rabot po Fiziologii Rastenii;

Moscow, Akademiia Nauk SSSR, Institut

Fiziolologii Rastenii imeni K. A. Timi-
riazeva. 1941

Sbornik Trudov Gosudarstvennogo Zoolo-

gicheskogo Muzeya (Archives du Musee
Zoologique de 1'Universite de Moscou)
1934: 1-4

Sbornik Vysoke Skoly Zemedelske v Brne,
CSR Bulletin de, 1'ficole Superieure, lln-

stitut National Agronomique, Brno, RCS)
1924: Cl: 1+ Dl: 1+

'Sbornik Zoologicky; Vydavatel, Prof. Dr.

Alois Mrazek v Praze 1917: Prague. 1,

no. 1

Schmiedebergs Archiv fur Experimentelle
Pathologic und Pharmakologie see

Naunyn-Schmiedebergs Archiv fur Experi-
mentelle Pathologic und Pharmakologie

Schriften der Gesellschaft zur Befb'rderung
der Gesamten Naturwissenschaften zu

Marburg 1823: 12-18

Schriften der Konigsberger Gelehrten Ge-
sellschaft ; Naturwissenschaftliche Klasse
1924: 1, no. 2

; 8, no 5.

:;: Schriften der Naturforschenden Gesell-

schaft, Danzig 1820: n.f. [1-8] ; 9-14; [15-

16] ; 17-20, no. 3 (1938)
Schriften des Naturwissenschaftlichen
Vereins fur Schleswig-Holstein 1873 : 1+

;;: Schriften fur Susswasser- und Meereskunde
1923: 1-2

* Schriften herausgegeben von der Natur-
forscher-Gesellschaft bei der Universitat

Tartu (through 23, 1916 as Schriften . . .

Jurjeff, Dorpat) 1884: 2-24

Schweizerische Zeitschrift fiir Hydrologie;
Hydrographie, Hydrobiologie, Fischerei-

wissenschaft, Abwasserreinigung ; herausge-

geben von der Hydrobiologischen Kommis-
sion der Schweizerischen Naturforschenden

Gesellschaft (1-10 as Zeitschrift fiir Hy-
drologie) 1920: 1+

Science 1883: 1+ ; *Supplement; Occa-
sional Publications of the American As-
sociation for Advancement of Science,
no. 2, 1934; 4, 1937

*Science; a weekly record of scientific prog-
ress 1880: New York. 1, nos. 1, 20

Science; edited by Chinese Association for

the Advancement of Science (formerly the

Science Society of China) 1915 : 30, no. 8+
Science Abstracts; Section A; Physics see

Physics Abstracts

*Science and Technology in China 1948:

Natural Science Society of China, Nan-

king. 1, nos. 1-2

*Science Bulletin; American-Soviet Science

Society (1, nos. 1-3, 1944-45 as Science

Bulletin ; Science Committee ; National

Council of American-Soviet Friendship,

Inc.) 1944: 1, nos. 1-10

^Science Bulletin; The Museum of the

Brooklyn Institute of Arts and Sciences

1901 : 1-4, no. 1

*Science Gossip; Hardwicke's 1865: London.

1-29

^Science News 1878 : Salem, Massachusetts.

[1]

Science News Letter; the weekly summary
of current science 1921 : 19+

Science of the Ocean, Tokyo see Kaiyo no

Kagaku
*Science Progress; a quarterly review of

current scientific investigation 1894: 1-7

Science Progress; a quarterly review of

scientific thought, work and affairs 1906 :

1 +
-Science Quarterly of the National Univer-

sity of Peking 1929: College of Science.

1-5 (1935)

Science Reports of National Tsing Hua
University 1931 : Peiping. Series A. Math-
ematical and Physical Sciences 1+ ; Series

B. Biological and Psychological Sciences

1+
Science Reports of National Wuhan Uni-

versity; Biological Science 1939: 1-3

Science Reports of the National Taiwan
University, 1st series see Acta Geologica
Taiwanica
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Science Reports of the National Taiwan
University, 2nd series sec Acta Botanica

Taiwanica

Science Reports of the National Taiwan
University, 4th series sec Acta Zoologica
Taiwanica

* Science Reports of the National Univer-

sity of Peking 1936 : College of Science.

1-2, no. 1

Science Reports of the Tohoku (Imperial)

University; Serie 1: (Mathematics),
Physics, Chemistry, Astronomy 1911 : 1

;

6; 10+; Series 2: Geology 1912: 1-18;

Series 4: Biology 1924: 1+
;

Series 5:

Geophysics 1949: 1+
Science Reports of the Tokyo Bunrika

Daigaku; Section B and C 1932: Tokyo
University of Literature and Science. 1+

Sciences; Revue de 1'Association Franchise

pour 1*Advancement des Sciences: 1936:

1-32, 48, 50-57, 59+

Scientia; Rivista (internazionale) di Sintesi

Scientifica (1-6 as Rivista di Scienza)
1907: 1 +

Scientia Genetica; Periodico di Genetica per
I Paesi Latini 1939: Torino. 1+

"Scientific American Monthly 1920: 1-4

"'Scientific Investigations; Department of

Agriculture and Technical Instruction

for Ireland; Fisheries Branch; 1901-26,

no. 1

Scientific Investigations; Scottish Home
Department; Fisheries Division (for-

merly the Fishery Board for Scotland) :

1899+

Scientific Journal of the Royal College of

Science 1931 : London. 1+
Scientific Memoirs of the M. Gorky State

University of Perm see Uchenye Zapiski ;

Permskii Gosudarstevennyi Universitet im.

M. Gor'kogo
Scientific Monthly 1915: 1+

^Scientific Notes; India Meteorological De-

partment 1927: 1-11, no. 135

"'Scientific Papers of the Bureau of Stand-
ards (1-14 as Bulletin of the Bureau of

Standards) 1904: U. S. Department of

Commerce. 1-22

Scientific Papers of the Institute of Algo-
logical Research; Faculty of Science;
Hokkaido Imperial University 1935 : Sap-

poro. 1+
Scientific Papers of the Institute of Physi-

cal and Chemical Research see Journal
of the Scientific Research Institute, Tokyo.

Scientific Proceedings of the Royal Dublin

Society 1877: ser. 2, 1+

Scientific Publication; Freshwater Biologi-
cal Association of the British Empire
1939: 1+

Scientific Records of the Gorky State Uni-

versity see Uchenye Zapiski ; Gor'kovskogo

Gosudarstvennogo Universiteta

Scientific Report; Institute for Cancer Re-
search and the Lankenau Hospital Re-
search Institute 1948: Philadelphia. 1+

Scientific Report(s) from the Government
Institute for Infectious Diseases of the

Tokyo Imperial University sec Japanese

Journal of Experimental Medicine
* Scientific Report on the Investigations of

the Imperial Cancer Research Fund
1904: London. 1-11 (1934)

1 Scientific Transactions of the Royal Dub-
lin Society 1877: ser. 2, [4-7]

*Scottish Naturalist; a magazine devoted to

zoology 1912: 1-240

"Scottish Naturalist (Perth); a quarterly

magazine of natural science 1871 : 1-10

Scritti Biologici; raccolti da Luigi Castaldi

1926: Siena. 1+
Seiri-Seitaigaku-Kenkyu Gyoseki; Otsu

Limnological Laboratory, Kyoto Univer-

sity, Japan [3-64] (1944-46)

Senckenbergiana; Senckenbergische Natur-

forschende Gesellschaft 1919: Frankfurt

a.M. 1 +
Sigma Xi Quarterly sec American Scientist

Silliman's Journal sec American Journal of

Science

Sinensia; Contributions from the Institute of

Zoology. Academia Sinica (formerly the

National Institute of Zoology and Biology)

(1929-34 as Metropolitan Museum of Nat-

ural History) 1929. Shanghai. 1+
Sitzungsberichte der (Osterreichischer)
Akademie der Wissenschaften (in

W i e n ) ; Mathematisch-Naturwissen-
schaftliche Klasse (43 continued in Abts.

I, II, III) 1848: 1; [2-3]; 4-38 (1859);
Abt. I. Biologie, Mineralogie, Erdkunde
und verwandte Wissenschaften 1863 : 51

(1865) + ;
*Abt. II. Mathematik, Physik,

Chemie, Mechanik, Meteorologie und
Astronomic 1860: 48 (1863)-96 (1887):
Abt. Ha. Mathematik, Astronomic,
Physik, Meteorologie und Technik 1888 :

97+; Abt. lib. Chemie 1888: 97+; *Abt.

III. Anatomic und Physiologic des Men-
schen und der Thiere 1872: 65-131

Sitzungsberichte der Deutschen Akademie
der Wissenschaften zu Berlin; Mathe-
matisch-naturwissenschaftliche Klasse
1882-1921 as Sitzungsberichte der Preussi-

schen Akademie der Wissenschaften ;

1922-1938 as Sitzungsberichte der Preussi-
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schen Akademie der Wissenschaften
;

Physikalisch-mathematische Klasse) 1882:

1882+

Sitzungsberichte der Gesellschaft fiir Mor-
phologic und Physiologic in Miinchen
1885: 1-48

Sitzungsberichte der Gesellschaft Natur-
forschender Freunde zu Berlin 1839:

1839-62; 1866-69; 1874-1939; [1940]+

Sitzungsberichte der Gesellschaft zur Be-

fb'rderung der Gesamten Naturwissen-
schaften zu Marburg 1866: [1896-1906];
1907-1939

Sitzungsberichte der Heidelberger Aka-
demie der Wissenschaften; Mathema-
tisch-Naturwissenschaftliche Klasse (in
tu>o scries. A and #) 1909: 1909+

Sitzungsberichte der Kgl. Bohmischen
Gesellschaft der Wissenschaften; Mathe-
matisch-Naturwissenschaftliche Klasse

see Vestnik Kralovske Ceske Spolecnosti
Nauk

Sitzungsberichte der Mathematisch-Natur-
wissenschaftliche Klasse der Bayerischen
Akademie der Wissenschaften zu Miin-
chen (1871-1924 as Sitzungsberichte der

Mathematisch-Physikalischen Classe) 1871 :

1885, Heft 4; 1911-13; 1921+
*
Sitzungsberichte der Naturforschenden

Gesellschaft zu Leipzig 1874: 2; 28-34;

37; 45-48

Sitzungsberichte der Naturforscher-Gesell-
schaft bei der Universitat Tartu see

Tartu Ulikooli juures oleva Loodusuurijate
Seltsi Aruanded

*Sitzungs-Berichte der Physikalisch-Medi-
zinischen Gesellschaft zu Wiirzburg
(after 1923 see Berichte der Physikalisch-
Medizinischen Gesellschaft zu Wiirzburg)
1881: 1881-1923

Sitzungsberichte der Preussischen Akade-
mie der Wissenschaften see Sitzungs-
berichte der Deutschen Akademie der Wis-
senschaften zu Berlin

Sitzungsberichte und Abhandlungen der
Naturforschenden Gesellschaft zu Ros-
tock 1909: n.s. 1-7, no. 1; 3 Folge 1-6

(1936)

*Skandinavisches Archiv fiir Physiologic
(Acta Societatis Physiologicae Scandina-

vicae) 1889: 1-83

Skrifter; Norsk Polarinstitutt (1-89, 1929-
1947 as Skrifter om Svalbard og Ishavet ;

Norges Svalbard-og Ishavs-Unders0kelser)
1929: 1+

Skrifter udgivet af Universitetets Zoolo-
giske Museum; K0benhavn (Spolia Zo-

ologica Musei Hauniensis) 1941 : 1+

Skrifter udgivne af Kommissionen for

Danmarks Fiskeri og Havunders0gelser
1904 : Copenhagen. 3+

Skrifter utgitt (udgivne) av det Norske

Videnskaps-Akademi i Oslo. I. Matema-
tisk-Naturvidenskapelig Klasse 1894:

1894+
"Smithsonian Contributions to Knowledge

1848 : 1-26
; [27] ; 28-35

* Smithsonian Institution War Background
Studies 1942: 1-21

Smithsonian Miscellaneous Collections

1862: 1 +
Soil Science; founded 1916 by Jacob G. Lip-
man 1916: 1+

Sonderveroffentlichung; Baltische Geoda-
tische Kommission (Special Publications;
Baltic Geodetic Commission) 1930: 1+

South African Biological Society Pamphlet
1931: Pretoria. 1 +

South African Journal of Medical Sciences

1935 : Biological Supplement to vols. 7,

9-11

*South African Journal of Natural History;
South African Biological Society 1918:

1-6

South African Journal of Science; being
the report of the South African Association

for the Advancement of Science (1903-18
as Report) 1903: Johannesburg. 1+

*South African Science; Bulletin of the South
African Association for the Advancement
of Science 1947: 1-2

:;: Sovetskaia Botanika 1933: Botanicheskogo
Institut; Akademiia Nauk U.R.S.S. 1933-

1945
*
Special Papers; Geological Society of

America 1934: 1-61

"Special Papers; Ohio State Academy of

Sciences 1899: 1-7

Special Publication; American Geographi-
cal Society 1915: 4; 7-9; 11; 13; 16; 18-

19 ; 21-22 ; 26

Special Publication; Baltic Geodetic Com-
mission sec Sonderveroffentlichung ;

Bal-

tische Geodatische Kommission

Special Publication; Bernice P. Bishop
Museum (1-6 as Miscellaneous Publica-

tion) (6 as Fauna Hawaiiensis) 1892:

Honolulu, Hawii. [2-39]

Special Publication; Chekiang Provincial

Fisheries Experiment Station 1936 :

China. 1-2

Special Publications; Chicago Academy of

Sciences 1902: 1+
Special Publication; Coast and Geodetic

Survey; U. S. Department of Commerce.
[1-250] +
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Special Publication; International Hydro-
graphic Bureau 1923: Monaco. 1+

Special Publication; Limnological Society
of America 1936: 1-18

Special Publication of the Americarr Com-
mittee on International Wild Life Pro-
tection 1931 : 1-12

Special Publications of the New York
Academy of Sciences 1939: 1-4

Special Report Series; Privy Council;
Medical Research Council (1-50 as Medi-
cal Research Committee, National Health

Insurance) 1915: London. 3; 5-10; 12-72;
74+

Spisy Lekarske Fakulty, Masarykovy Uni-

versity (Publications de la Faculte de

Medecine de 1'Universite Masaryk) 1922 :

Brno. 1+
Spisy Vydavane Pfirodovedeckou Fakultou

Karlovy University (Publications de la

Faculte des Sciences de 1'Universite

Charles) 1923: Prague. [2-193]+
Spisy Vydavane Pfirodovedeckou Fakultou

Masarykovy University (Publications de

la Faculte des Sciences de 1'Universite

Masaryk) 1921 : Brno. 1+
Spolia Zeylanica; Geology, Zoology, An-
thropology (1-22, pt. 1, 1903-1940 as

Ceylon Journal of Science, Section B, Ge-

ology, Zoology and Anthropology, Colombo

Museum) 1903: 1+
Spolia Zoologica Musei Hauniensis I sec

Skrifter udgivet af Universitetets Zoolo-

giske Museum ; K0benhavn

*Sprawozdania Stacji Hydrobiologiznej na

Wigrach (Comptes Rendus de la Station

Hydrobiologique du Lac de Wigry) 1922:

Instytut im M. Nenckiego ; Warsaw. 1-4

Sprawozdania z Posiedzen Towarzystwa
Naukowego Warszawskiego (Comptes
Rendus des Seances de la Societe des Sci-

ences et des Lettres de Varsozie) (1908-28
in 3 sections; 1929+ in 4 sections) 1908 :

Section 1 : Wydzial jezykoznawstwa i

literatury: 1-5, 11-18; Section 2: Wydzial
nauk antropol., spol, hist, et fil: 1-5, 11-

18; Section 3: Wydzial nauk mat.-fiz:

1+ Section 4: Wydzial nauk biol.: 22+

Sprawozdanie z Zjazdubotanikow Slo-

wianskich w Warszawie see Compte
Rendu du Congres des Botanistes Slavs a

Varsovie

Stain Technology; a journal for micro-

technic ; official organ of Biological Stain

Commission 1926: 1+
Standards Yearbook; National Bureau of

Standards 1927: U. S. Department of

Commerce. 1927-1931

Stanford Ichthyological Bulletin 1938 : Nat-
ural History Museum of Stanford Univer-

sity. 1+
*Stanford University Publications; Univer-

sity Series 1908: 1-43

Stanford University Publications; Univer-

sity series; Biological Sciences 1920: 1+
Stanford University Publications; Univer-

sity series; Geological Sciences 1924: 1+
Stanford University Publication; Univer-

sity series; Medical Sciences 1921 : 1+
Starunia 1934: Polska Akademja Umiejet-

nosci: Krakow. 1+
State of New York; Conservations De-
partment; Supplemental to Annual Re-

port: 1926-39

State of the Ice in the Arctic Seas and the

Surface Temperature of the Sea in the

Northern Atlantic-Ocean and in Davis-
Strait see Nautisk-Meteorologisk Aarbog

* Statistical Research Memoirs; University

College, University of London
; Depart-

ment of Statistics 1936: 1-2

Stettiner Entomologische Zeitung sec En-

tomologische Zeitung

Strahlentherapie; Mitteilungen aus dem Ge-
biete der Behandlung mit Rontgenstrahlen
und radioaktiven Substanzen, Licht und
Kurzwellen 1912: Berlin, Deutsche Ront-

gengesellschaft und der Gesellschaft fur

Lichtforschung. 1+ Sonderband 1912: 1 +
Strukturbericht; Zeitschrift fur Kristallo-

graphie, Kristallgeometrie und Kristall-

physik ; Erganzungsband 1931: 1-7 (1943)
Studia Instituti Physiologiae Plantarum;
Universitas Carolina 1946: ser. II: 1+

"Studies from the Biological Laboratory;
Johns Hopkins University (session 1878

as Scientific Results ; Chesapeake Zoologi-
cal Laboratory) 1877: 1-5

!: Studies from the Museum of Zoology in

University College, Dundee 1888: 1-12

"Studies from the Plant Physiological Lab-

oratory of Charles University; Prague
1923: 1-6, no. 3 (1937)

^Studies in Biology for New Zealand Stu-

dents 1881 : 3

Studies of the Institum Divi Thomae 1937:

Cincinnati. 1+

Stylops; a journal of taxonomic entomology
see Proceedings of the Royal Entomologi-
cal Society of London ; ser. B. Taxonomy

:: Suisan Gakkwai Ho; published by the Sci-

entific Fisheries Association ; Faculty of

Agriculture, Tokyo Imperial University:

[1]; 3-10, no. 2 (1948)

Summarized Proceedings; American Asso-
ciation for the Advancement of Science
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1-62, 1848-1910 as Proceedings of the

American Association for the Advance-

ment of Science) 1848: 1+
Suomalaisen elain-ja Kasvitieteellisen

Seuran Vanamon; Elaintieteellisia Jul-

kaisuja (Annales Zoologici Societatis

Zoologicae-Botanicae Fennicae Vanamo)
1932: Helsingfors. 1+

*Suomalaisen elain-ja Kasvitieteellisen

Seuran Vanamon; Julkaisuja (Annales
Societatis Zoolog-Botanicae Fennicae Va-

namo) (continued in tzvo series) 1923 :

Helsingfors. 1-15 (1931)
Suomalaisen elain-ja Kasvitieteellisen
Seuran Vanamon; Kasvitieteellisia Juk-

laisuja (Annales Botanici Societatis Zo-

ologicae-Botanicae Fennicae Vanamo)
1931 : Helsingfors. 1+

Suomalaisen elain-ja Kasvitieteellisen
Seuran Vanamon; Tiedonannot ja Poy-
takirjat (Archivum Societatis Zoologicae
Botanicae Fennicae Vanamo) 1926: 1+

Suomalaisen Tiedeakatemian Toimituksia

see Annales Academiae Scientiarum Fen-

nicae

Suomen Geodeettisen Laitoksen Julkaisuja

(Veroffentlichungen des Finnischen Geo-

datischen Institutes) 1923: 10+
Suomen Hyonteistieteellinnen Aikakau-

skirja (Annales Entomologici Fennici)
1935: 1-5 (1939)

Supplement to the Journal of the Royal
Statistical Society sec Journal of the Royal
Statistical Society; Series B (Methodo-
logical)

*Supplementary Papers; Royal Geographi-
cal Society 1882: 1-3

Survey of Biological Progress 1949: New
York City. 1

Svensk Botanisk Tidskrift; utgiven av

Svenska Botaniska Fureningen 1907: 1+
*Svenska Hydrografisk-Biologiska Kom-

missionens Skrifter 1903: Goteborg. 1-7;
N.S. Hydrographie 1-19 ; ser. 3 : Hydro-
graphic 1, nos. 1-3; N.S. Biologic 1-2,

no. 10

(Kungl.) Svenska Vetenskapsakademiens
Arsbok 1903: 1903+

(Kungl.) Svenska Vetenskapsakademiens
Handlingar 1739: 1+

Sydowia, Annales Mycologici ; Editi in Noti-

tiam Scientiae Mycologicae Universalis

(ser. 1 as Annales Mycologici) 1903 : 1+
Symbolae Botanicae Upsalienses; Arbeten

fran Botaniska Institutionen i Uppsala
1932: 1+

Symon's Meteorological Magazine sec Me-
teorological Magazine

Symposia of the Society for Experimental
Biology 1947: Cambridge, England. 1+

Synthetic Organic Chemicals see Organic
Chemical Bulletin

Tableaux Analytiques de la Faune de
1'URSS (Opredeliteli po Faune SSSR)
1927: Akademiia Nauk, Zoologicheskii In-

stitut. 1-2; 11-14; 17-19; 21-24

Tabulae Biologicae (7-12 also as 1-6 of

Tabulae Biologicae Periodicae) 1925 : Ber-

lin. 1+
Taiwania 1948 : Laboratory of Systematic

Botany, Dept. of Botany, College of Science

National Taiwan University, Taipai, Tai-

wan, China. 1+
Tartu tilikooli juures oleva Loodsuurijate

Seltsi Aruanded (Annales Societatis Re-
bus Naturae Investigandis in Universi-

tate Tartuensi Constitutae) (1-11 as

Sitzungsberichte der Naturforscher-Gesell-

schaft bei der Universitat Dorpat ; 12-23 as

Sitzungsberichte or Protokoly Obshchestva

Estestvoispytatelei pri Imperatorskom
lur'evskom Universitete) 1853: Naturalists'

Society of Tartu University, 1-2 : 5-8 ;

12-46

Tatigkeit der Baltischen Geodatischen
Kommission sec 1'Activite de la Commis-
sion Geodesique Baltique

Technical Bulletin; Minnesota Department
of Conservation; Division of Game and
Fish 1944: 1-3

Technical Report; Chesapeake Bay Insti-

tute; Johns Hopkins University 1951 : 1+
Technical Report; Office of Naval Re-

search (Contract N6 ori-195, T. O. 1,

Nr-083,003) Woods Hole Oceanographic
Institution : 2-4, 6-8

Technologic Papers of the Bureau of

Standards 1911: U. S. Department of

Commerce. [1-352]

"Technology Quarterly and Proceedings of

the Society of Arts 1887: Massachusetts

Institute of Technology. 8-9 sec Review of

American Chemical Research 1-2 (1895-

96)

Tellus; a quarterly journal of geophysics
1949: Svenska Geofysiske Foreningen. 1+

;:Termeszetrajzi Fiizetek; A Magyar Tudo-

manyos Akademia Segelyevel Kiadja a

Magyar Nemzeti Muzeum 1877 : Budapest.

22-25 (1902)

Terrestrial Magnetism and Atmospheric
Electricity sec Journal of Geophysical Re-

search

Texas Journal of Science 1949 : Texas

Academy of Science. 1+
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Texas Reports on Biology and Medicine
1943: 1+

*Thalassia 1932 : Istituto Italo-Germanico di

Biologia Marina di Rovigno d'Istria, Ven-
ice and Jena. 1-6, no. 3

Tide Tables; Atlantic Coast; U. S. Coast

and Geodetic Survey. 1867 ;
1870

;
1872-81

;

1883-95; 1901-03; 1906; 1912+
Tide Tables; Eeast Coast, North and
South America; U. S. Coast and Geodetic

Survey. 1949+
Tide Tables; Pacific Ocean and Indian

Ocean; U. S. Coast and Geodetic Survey.
1940+

Tierziichtung und Zuchtungsbiologie ein-

schliesslich Tierernahrung ; Zeitschrift

fur Ziichtung, Reihe B (1-16 as Zeit-

schrift fiir Tierziichtung und Zuchtungs-

biologie einschliesslich Tierernahrung)
1924: 1-34

*Tijdschrift der Nederlandische Dierkun-

dige Vereeniging 1874: 1-6; ser. 2, 1-20;

ser. 3, 1-3

Tijdschrift van de Belgische Vereeniging
voor Aardrijkskundige Studies sec Bul-

letin de la Societe Beige d'fitudes Geo-

graphiques

Tijdschrift van het K. Nederlandsch Aar-

drijkskundig Genootschap ; Amsterdam
1876: ser. 2, 31+

Tohoku Journal of Agricultural Research
1950: Faculty of Agriculture, Tohoku Uni-

versity, Sendai, Japan. 1+
Tohoku Journal of Experimental Medicine

1920: Tohoku Imperial University. 1+
Torreia; Museo Poey; Universidad de la

Habana, Cuba; publicacion ocasional

1939: 1+
*Torreya; a bi-monthly journal of botanical

notes and news 1901 : Torrey Botanical

Club. 1-45

Trabajos; Estacion Limnologica de Patz-

cuaro; Depto. de Pesca e Indust. Mari-
timas 1940: Mexico. 1-4

Trabajos del Institute Cajal de Investi-

gaciones Biologicas (1-20 as Trabajos del

Laboratorio de Investigaciones Biologicas
de la Universidad de Madrid; 21-31 as

Travaux du Laboratoire de Recherches

Biologiques de 1'Universite de Madrid)
1901: 1+

Trabajos del Institute de Ciencias Natu-
rales "Jose de Acosta", Madrid; Serie

Biologica 1942: 1+ Serie Geologica 1943:

1+
Trabajos del Institute Espanol de Oceano-

grafia 1929: 1+
Trabajos del Laboratorio de Investiga-

ciones Biologicas de la Universidad de

Madrid see Trabajos del Institute Cajal
de Investigaciones Biologicas

-Trabajos del Museo Nacional de Ciencias

Naturales; Serie Zoologica 1912: Junta

para Ampliacion de Estudios e Investiga-

ciones Cientificas. 1-57 (1932)

*Trabajos del Museo Nacional de Ciencias

Naturales y Jardin Botanico; Serie Bo-
tanica 1912 : Junta para Ampliacion de

Estudios e Investigaciones Cientificas. 1-31

(1935)
Transactiones Societatis Pathologicae Ja-

ponicae 1911 : 23+
Transactions; American Geophysical Union

1922: 1+
Transactions and Proceedings and Report

of the Philosophical Society of Adelaide

sec Transactions of the Royal Society of

South Australia

Transactions and Proceedings of the Bo-
tanical Society of Edinburgh (1-11, 16-18

as Transactions of the Botanical Society)
1841: 1-3; [41 +

Transactions and Proceedings of the Royal
Society of New Zealand (1-63 as Trans-

actions and Proceedings of the New Zea-

land Institute) 1868: 1+
Transactions and Proceedings of the Royal

Society of South Australia see Trans-

actions of the Royal Society of South

Australia

Transactions of the Academy of Science of

St. Louis 1856: 1-16; [17]; 18-19; [20];

21-22; [23]+
Transaction of American Entomological

Society 1867: 1 +
Transactions of the American Fisheries

Society (1-31 as American Fish-Cultural

Association) 1870: 13; 15-16; 24+

Transactions of the American Geophysical
Union see Transactions ;

American Geo-

physical Union
Transactions of the American Microscopi-

cal Society (2-13 as Proceedings of the

American Society of Microscopists ; 14-16

as Proceedings of the American Micro-

scopical Society) 1878: 1+
Transactions of the American Philosophi-

cal Society 1769: 1-6; n.s. 1+
Transactions of the American Society of

Mechanical Engineers 1880: New York.

1-70

Transactions of the Arctic Institute of the

Chief Administration of the Northern
Sea Route sec Trudy Arkticheskogo

Nauchno-Issledovatel'skogo Instituta Glav-

nogo Upravleniia Severnogo Morskogo Puti

pri snk SSSR
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Transactions of the Botanical Society;

Edinburgh see Transactions and Proceed-

ings of the Botanical Society of Edinburgh
^Transactions of the Cambridge Philosophi-

cal Society 1820: England. 1-23

Transactions of the Central Geophysical
Observatory see Trudy Glavnoi Geofizi-

cheskoi Observatorii

^Transactions of the Chinese Association

for the Advancement of Science (1-8 as

Transactions of the Science Society of

China) 1922: 4-9

Transactions (and Studies) of the College
of Physicians of Philadelphia 1841 : ser.

3: 37-49, 52, 54; ser. 4: [1-8]

Transactions of the Connecticut Academy
of Arts and Sciences 1866: 14-

*Transactions of the Entomological So-

ciety of New South Wales 1863: 1-2

(1873)
Transactions of the Faraday Society 1905 :

London. 14-

Transactions of the Institute for Scientific

Exploration of the North see Trudy In-

stituta po Izucheiniiu Severa

Transactions of the Institute of Marine
Fisheries and Oceanography of the

USSR see Trudy Vsesoiuznogo Nauchno-

Issledovatel'skogo Instituta Morskogo Ryb-
nogo Khoziaistva i Okeanografii

Transactions of the Kansas Academy of

Sciences 1868: 1-18; 20, pt. 2; 23-26

(1913)

Transactions of the Knipovich Polar Sci-

entific Institute of Sea-Fisheries and

Oceanography see Trudy Podiarnyi
Nauchno-Issledovatel'skii Institut Mor-

skogo Rybnogo Khoziaistva i Okeanografii
im. Pochetnogo Chlena Akademii Nauk
SSSR Prof. N. M. Knipovicha

Transactions of the Laboratory of Ex-

perimental Biology of the Zoopark of

Moscow see Trudy po Dinamike Razvitiia

Transactions of the Linnean Society of

London 1791: 1-30; (series 2) *Botany
(1875) 1-9; *Zoology (1875) 1-19; (series

3) The Percy Sladen Trust Expedition to

Lake Titicaca in 1937; under the leader-

ship of Mr. H. Gary Gilson (1939) 14-

*Transactions of the Microscopical Society
of London 1844: 1-3

^Transactions of the National Institute of

Sciences of India 1935: 14-

Transactions of the New York Academy
of Sciences 1881: [1-16]; n.s. 1+

Transactions of the Northern Scientific

and Economic Expedition see Trudy In-

stituta po Izucheniiu Severa

Transactions of the Oceanographical In-

stitute, Moscow see Trudy Gosudarstven-

nogo Okeanograficheskogo Instituta

^Transactions of the Optical Society (19334-

continued in Proceedings of the Physical

Society 45, 19334-) 1899: London. 1-33

(1932)
Transactions of the Ottawa Field-Nat-

uralists' Club see Canadian Field-Naturalist

Transactions of the Pavlov Physiological
Laboratories see Trudy Fiziologicheskikh

Laboratorii

'"-Transactions of the Philosophical Society
of New South Wales 1862: 1862-65

Transactions of the Physiological Institute

at the Leningrad State University see

Trudy Fiziologicheskogo Nauchno-Issledo-

vatel'skogo Instituta

Transactions of the Research Institute of

Experimental Morphogenesis; State Uni-

versity of Moscow see Trudy Nauchno-

Issledovatel'skogo Instituta Eksperimen-

tal'nogo Morfogeneza ; Moskovskogo Go-

sudarstvennogo LTniversiteta

Transactions of the Royal Canadian In-

stitute 1889: 14-

Transactions of the Royal Entomological
Society of London 1833: n.s. 14-

:! Transactions of the Royal Irish Academy
1787: [22-32]

Transactions of the Royal Society of Can-

ada, *series 1, 1882: 1-12; *series 2 (in

five sections) 1895: 1-12; series 3 (in five

sections) 1907 : section 3 : Mathematical,

Physical and Chemical Sciences. 14- sec-

tion 4: Geological Sciences: 1-19; 344-

section 5: Biological Science: 1 +
Transactions of the Royal Society of

Edinburgh (1-4 in 3 sections: History,

appearing in 1-5 ; includes Proceedings

1783-1803; Papers of the Physical Class;

Papers of the Literary Class) 1783: 1-

[16] ; 184-

Transactions of the Royal Society of New
South Wales sec Journal and Proceedings
of the Royal Society of New South Wales

Transactions of the Royal Society of South
Africa 1908: 14-

Transactions of the Royal Society of South
Australia (2 as Transactions and Proceed-

ings and Report of the Philosophical So-

ciety of Adelaide ; 3-36 as Transactions and

Proceedings and Report of the Royal So-

ciety of South Australia ; 37-61 as Trans-

actions and Proceedings of the Royal So-

ciety of South Australia) 1877: 2-3; 74-

Transactions of the Royal Society of Trop-
ical Medicine and Hygiene 1907: 14-
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Tranactions of the Royal Society of Vic-
toria see Proceedings of the Royal Society
of Victoria

Transactions of the San Diego Society of

Natural History 1905: [1] +
Transactions of the Science Society of

China see Transactions of the Chinese As-
sociation for the Advancement of Science

Transactions of the Society of Chemical

Industry see Journal of the Society of

Chemical Industry
^Transactions of the South African Philo-

sophical Society 1877 : Cape Town. [2-18]
^Transactions of the Texas Academy of

Science 1892: [1-10]
"'Transactions of the Vassar Brothers Insti-

tute and its Scientific Section 1881 : [2-

3]; 5

"-"Transactions of the Wagner Free Institute

of Science of Philadelphia 1887: 1-11

^Transactions of the Watford Natural His-

tory Society and Hertfordshire Field

Club 1875: London [2]

Transactions of the Western Surgical As-
sociation 1896: 43+

Transactions of the Wisconsin Academy
of Science, Arts and Letters 1870: 1+

Transactions of the Zoological Society of

London 1835: 14-

Transactions on the Dynamics of Devel-

opment, Moscow sec Trudy po Dinamike
Razvitiia

Transunti della R. Accademia Nazionale
dei Lincei sec Atti della Reale Accademia
Nazionale dei Lincei

Transvaal Museum Memoirs 1943 : Pre-

toria, S. Africa. 14-

Travaux Algologiques see Revue Algolo-

gique
Travaux Chimiques parus au Bulletin In-

ternational de 1'Academie Polonaise des
Sciences et des Lettres; Classe des Sci-

ences Mathematiques et Naturelles;
Serie A. Sciences Mathematiques 1931 :

1-4

Travaux de 1'Institut Biologique, Academic
des Sciences de 1'Ukrai'ne, Kiev sec Zbir-

nik Prats Biologichnogo Instytutu

Travaux de 1'Institut Biologique de Peter-

hof sec Trudy Petergofskogo Biologiche-

skogo Instituta

Travaux de 1'Institut de Morphologic
Evolutive see Trudy Laboratorii Evoliut-

sionnoT Morfologii
Travaux de 1'Institut de Physiologic see

Trudy Instituta Fiziologii

Travaux de 1'Institut de Zoologie de 1'Uni-

versite de Montpellier et de la Station

Zoologique de Cette see Travaux de la

Station Biologique de Sete

Travaux de 1'Institut des Recherches Bio-

logiques de Molotov see Trudy Biologi-

cheskogo Nauchno-Issledovatel'skogo Insti-

tuta pri Molotovskom Gosudarstvennom
Universitete im. M. Gor'kogo

Travaux de 1'Institut des Recherches Sci-

entifiques a 1'Universite d'fitat, Voro-
neje, URSS see Trudy Nauchno-Issledo-

vatel'skogo Instituta pri Voronezhskom
Gosudarstvennom Universitete

Travaux de 1'Institut des Recherches Sci-

entifiques de Biologic see Pratsi Naukovo-

Doslidnogo Institutu Biologii
Travaux de 1'Institut des Sciences Natu-

relles de Peterhoff see Trudy Petergof-

skogo Biologicheskogo Instituta

Travaux de 1'Institut Hydrologique d'Etat
see Trudy Gosudarstvennogo Gidrologiche-

skogo Instituta

Travaux de 1'Institut Nencki see Prace

Instytutu im. Nenckiego
Travaux de 1'Institut Oceanographique de

I'lndochine; Memoire, see Memoires de

1'Institut Oceanographique de I'lndochine

Travaux de 1'Institut Zoologique de 1'Aca-

demie des Sciences de 1'URSS see Trudy
Zoologicheskogo Instituta

Travaux de 1'Institut Zoologique de Lille

et de la Station Maritime de Wimereux
see Travaux de la Station Zoologique de

Wimereux
Travaux de la Commission pour 1' Etude
du Lac Bajkal see Trudy Komissii po
Izucheniiu Ozera Baikala

Travaux de la Societe des Naturalistes a

1'Universite Imperiale de Kharkow see

Trudy Obshchestva Ispytatelei Prirody pri

Imperatorskom Khar'kovskom Universitete

Travaux de la Societe des Naturalistes de

Leningrad see Trudy Leningradskogo
Obshchestva Estestvoispytatelei

Travaux d ela Societe Royale des Sciences

de Boheme; Classe des Sciences see

Rozpravy Kralovske Ceske Spolecnosti
Nauk ; Tfida Matematicko-Pfirodovedecka

Travaux de la Station Biologique "Boro-

dinskaja" attachee a la Societe des Natu-
ralistes de Petrograd see Trudy Borodin-

skoi BiologicheskoT Stantsii v Karelii

Travaux de la Station Biologique de Kara-

dagh see Trudi Karadags'skoi Biologichnol
Stantsii

Travaux de la Station Biologique de Mur-
man de la Societe des Naturalistes de

Leningrad see Rabdty MurmanskoT

BiologicheskoT Stantsii ; Leningradskogo
Obshchestva Estestvoispytatelei
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*Travaux de la Station Biologique de Ros-

coff; publics par Charles Perez 1923: 1-16

Travaux de la Station Biologique de

Sebastopol see Trudy Sevastopol'skoT

BiologicheskoT Stantsii

Travaux de la Station Biologique de Sete

1 ser. 2, no. 61 as Travaux de 1'Institut

de Zoologie de 1'Universite de Montpellier
et de la Station Zoologique de Cette and
variations of that title) 1873: ser. 1. 1-2;

5; series 2. Memoire 1-6; 8-16; 18; 22-24;

27-28; 30-130; serie mixte : 1-2, 4-6

Travaux de la Station de Biologic Mari-
time de Lisbonne 1918: 1+

Travaux de la Station Hydrobiologique see

Trudi Gidrobiologichnoi Stantsii

Travaux de la Station Ichtyologique, So-

zopol, Bulgarie sec Trudove na Opitnata

Ikhtiologichna Stantsiia V Gr. Sozopol
Travaux de la Station Limnologique du
Lac Bajkal see Trudy BaTkal'skoT Limno-

logicheskoT Stantsii

Travaux de la Station Piscicole et Biolo-

gique de Georgie see Trudy NauchnoT Ry-
bokhoziaistvennol i BiologicheskoT Stantsii

Gruzii

Travaux de la Station Zoologique de Ville-

franch-s-Mer (1925-30 as Travaux de la

Station Zoologique Russe de Villefranch-

s-Mer) 1925: 1+
*Travaux de la Station Zoologique de Wi-

mereux (1 has no series title) (2-4 as

Travaux de 1'Institut Zoologique de Lille

et de la Station Maritime de Wimereux)
(5 as Travaux de 1'Institut Zoologique de

Lille et du Laboratoire de Zoologie Mari-
time de Wimereux) (6 a.? Travaux du
Laboratoire de Zoologie Maritime de

Wimereux-Ambleteuse) 1877: 1-13

Travaux de Laboratoire; Institut Solvay
(Physiologic); Universite de Bruxelles

1895: 1-12; [13-17] ; 18+
Travaux des Laboratoires; Societe Scien-

tifique d'Arcachon; Station Biologique
see Bulletin de la Station Biologique
d'Arcachon

Travaux du Laboratoire Biogeochimique
de 1'Academie des Sciences de 1'URSS
see Trudy BiogeokhimicheskoT Laboratorii

*Travaux du Laboratoire de Leon Frede-

ricq; Universite de Liege, Institut de

Physiologic 1885: 1-7

Travaux du Laboratoire de Microbiologie
de la Faculte de Pharmacie de Nancy:
[1928, 1939-49]

Travaux du Laboratoire de Morphologic
Evolutive see Trudy Laboratorii Evoliut-

sionnoT Morfologii

Travaux du Laboratoire de Recherches

Biologiques de 1'Universite de Madrid
see Trabajos del Institute Cajal de Inves-

tigaciones Biologicas
Travaux du Laboratoire de Zoologie Ex-

perimentale et de Morphologic des Ani-
maux see Trudy Laboratorii Eksperimen-
tal'noT Zoologii i Morfologii Zhivotnykh

Travaux du Laboratoire Ichtyologique
d'Astrakhan aupres de 1'Administration
des Pecheries du Volga et de la Mer
Caspienne see Report (s) of the (Astra-

khan) Scientific Station of Fisheries of

Volga and Caspian Sea)
Travaux du Laboratoire Zoologique et de

la Station Biologique de Sebastopol see

Trudy OsoboT ZoologicheskoT Laboratorii i

Sevastopol'skoi BiologicheskoT Stantsii

Travaux du Musee Botanique; Academic
des Sciences USSR see Trudy Botaniche-

skogo Muzeia ; Akademiia Nauk SSSR
*Travaux Scientifiques du Laboratoire de

Zoologie et de Physiologic Maritime de

Concarneau 1909: 1-5, fasc. 1

Travaux sur la Morphologic des Animaux
see Zbirnik Prats z Morfologii Tvarin

Treubia; a journal of zoology, hydrobiology
and oceanography of the Indo-Australian

Archipelago (formerly East Indian Archi-

pelago) 1919 : Botanic Gardens of Indonesia

(formerly Buitenzorg, Java). 1+
Troms0 Museums Arsberetning 1873 :

1873+

Troms0 Museums Arshefter 1878: 1; 3;

5-12; 15+

Troms0 Museums Skrifter 1925: 1 +
Tropical Diseases Bulletin 1912: Bureau of

Hygiene and Tropical Diseases
;
London.

1+

*Tropical Plant Research Foundation Bul-

letin 1925: Washington, D. C. 1-10

*Tropical Plant Research Foundation Sci-

entific Contributions 1926 : Washington,
D. C. 1-8, 11-22

Trudi Gidrobiologichnoi Stantsii (Travaux
de la Station Hydrobiologique) 1-6, 1926-

32 as Zbirnik Prats ; Dniprians'koi Biolo-

gichnoi Stantsii) (1-6, 1926-32 also num-
bered as Trudi Prirodnicho-Tekhnichnogo
Viddilu

;
Vseukrains'ka Akademiia Nauk

;

Memoires de la Classe des Sciences Natu-

relles et Techniques ; Academic des Sci-

ences d'Ukraine) 1926: 1-14; 16-19

Trudi Karadags'koi Biologichnoi Stantsii,

Akademiia Nauk URSR (Travaux de la

Station Biologique de Karadagh ; Academic
des Sciences de la RSS d'Ukraine) : 3-6

(1930-40)
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Trudove na Chernomorskata Biologichna
Stantsiia v' Varna (Arbeiten aus der Bio-

logischen Meeresstation am Schwarzen
Meer in Varna, Bulgarian) 1933 : 1-8

Trudove na Opitnata Ikhtiologichna
Stantsiia V Gr. Sozopol (Travaux de la

Station Ichtyologique, Sozopol, Bul-

garia): 5-6

Trudy Arkhangel'skogo Vodoroslevogo
Nauchno-Issledovatel'skogo Instituta
Avnii (Algal Research Institute, Archan-

gel) 1938: 1

Trudy Arkticheskogo Nauchno-Issledo-

vatel'skogo Instituta Glavnogo Uprav-
leniia Severnogo Morskogo puti pri snk
SSSR (Transactions of the Arctic Insti-

tute of the Chief Administration of the

Northern Sea Route) 1933: [1-145]

Trudy Astrakhanskoi Nauchnoi Rybok-
hoziaistvennoi Stantsii see Report (s) of

the (Astrakhan) Scientific Station of Fish-

eries of Volga and Caspian Sea

Trudy Azovsko-Chernomorskogo Nauch-
no-Issledovatel'skogo Instituta Rybnogo
Khoziaistva i Okeanografii (Publications
of the Scientific Institute of Fishery and

Oceanography) : 1 1

Trudy Azovsko-Chernomorskoi, Kerchen-
skoi, Nauchnoi Rybokhoziaistvennoi
Stantsii, Ikhtiologicheskoi Laboratorii
see Report (s) of the Scientific Station of

Fisheries of Asov and Black Seas

Trudy Baikal'skoi Limnologicheskoi Stant-
sii (Travaux de la Station Limnologique
du Lac Bajkal) 1931: Akademiia Nauk.
1-9

*Trudy Belorusskogo Gosudarstvennogo
Universiteta (Annales de 1'Universite de

Minsk) (Prace Naukowe Uniwersitetu

Panstwowego na Bialorusi) 1922: 6-10

Trudy Biogeokhimicheskoi Laboratorii
Travaux du Laboratoire Biogeochemique de

1'Academic des Sciences de 1'URSS) 1930:

1-5

Trudy Biologicheskogo Fakul'teta Tom-
skogo Gosudarstvennogo Universiteta

(Wissenschaftliche Berichte der Biologi-
schen Fakultat der Tomsker Staats-Uni-

versitat) 1935: 1

Trudy Biologicheskogo Nauchno-Issledo-

vatel'skogo Instituta pri Molotovskom
Gosudarstvennom Universitete im. M.
Gor'kogo (1-3, no. 2; 6-8 as Trudy Bio-

logicheskogo Nauchno-Issledovatel'skogo
Instituta pri Permskom Gosudarstvennom

Universitete; 3, no. 3, vol. 5 as Trudy
Permskogo Biologicheskogo Nauchno-Issle-

dovatel'skogo Instituta) (Travaux de 1'In-

stitut des Recherches Biologiques de Molo-
tov; formerly Perm) 1927: 1-9

Trudy Borodinskoi Biologicheskoi Stantsii

v Karelii; Leningradskoe Obshchestvo
Estestvoispytatelei (Berichte der Biolo-

gischen Borodin Station) (1-3, 1901-12

as Trudy PryesnovodnoT Biologicheskoi
Stantsii Imperatorskago S.-Peterburgskago
Obshchestva Estestvoispytatelei ; Berichte

der Biologischen Siisswasserstation der

Kaiserlichen Naturforscher-Gesellschaft zu

St. Petersburg) (4, 1917 as Trudy Boro-
dinskoi Biologicheskoi Stantsii Petrograd-

skago Obshchestva Estestvoispytatelei ;

Travaux de la Station Biologique "Boro-

dinskaja" attachee a la Societe des Natu-
ralistes de Petrograd) (5, 1927 as Trudy
Borodinskoi Presnovodnoi Biologicheskoi
Stantsii v Karelii ; Berichte der Akade-
miker Borodin Biologischen Siisswasser

Station) 1901: 1-8, no. 2; 9, no. 1 (1936)

Trudy Botanicheskogo Instituta Akademii
Nauk SSSR (Acta Instituti Botanici Aca-
demiae Scientiarum URSS) : Seriia 1.

Flora i Sistematika Vysschikh Rastenii

1933: 1-4; Seriia 2. Sporovye Rasteniia

1933: 1-4; Seriia 3. Geobotanika 1934:

1-4; Seriia 4. Eksperimental'naia Bota-
nika 1934: 1-3; 5; Seriia 5. Rastitel'noe

Syr'e 1938 : 1

*Trudy Botanicheskogo Muzeia; Akademiia
Nauk SSR (Travaux du Musee Botanique;
Academia des Sciences USSRV 1902: 12-

18; 21

Trudy Fiziologicheskikh Laboratorii; Aka-
demika I. P. Pavlova (Transactions of

the Pavlov Physiological Laboratories) :

Akademiia Nauk. [2-4] ; 6-12, pt. 2

Trudy Fiziologicheskogo Nauchno-Issledo-

vatel'skogo Instituta; Leningradskii Go-

sudarstvennyi Universitet (Transactions
of the Physiological Institute at the Lenin-

grad State University) : 16-19; 22

Trudy Glavnoi Geofizicheskoi Observatorii

(Transactions of the Central Geophysical

Observatory) 1934 : Glavnoe Upravlenie

GidrometeorologicheskoT Sluzhby SSR;
Leningrad; Moscow. 1-7; 9-15; 17-26;
28-30

Trudy Gosudarstvennogo Gidrologiche-

skogo Instituta (Travaux de 1'Institut

Hydrologique fitat) 1936: Glavnoe Uprav-
lenie GidrometeorologicheskoT Sluzhby

SSR; Leningrad; Moscow. 1; 3; 5

Trudy Gosudarstvennogo Nauchno-Issle-

dovatel'skogo Instituta Eksperimen-
tal'nogo Morfogeneza see Trudy Nauchno-

Issledovatel'skogo Instituta Eksperimen-
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tal'nogo Morfogeneza ; Moskovskogo
Gosudarstvennogo Universiteta

*Trudy Gosudarstvennogo Okeanografiche-
skogo Instituta (Transactions of the

Oceanographical Institute) 1931 : Moscow.
1-4, no. 2

*Trudy lakutskoi Nauchnoi Rybokhoziaist-
vennoi Stantsii (Arbeiten des Fischerei-

wirtschaftlichen Station in Jakutsk) 1930:

1

Trudy Ikhtiologicheskoi Laboratorii see

Report (s) of the (Astrakhan) Scientific

Station of Fisheries of Volga and Caspian
Sea

Trudy Imperatorskago S.-Peterburgskago
Botanicheskago Sada see Acta Horti

Petropolitani

Trudy Instituta Fiziologii; Nauchno-
Issledovatel'skii Institut Fiziologii nkp
(Travaux de 1'Institut de Physiologic; In-

stitut de Recherches Physiologiques de

Moscou) 1934: 3

Trudy Instituta Genetiki (Bulletins of the

Institute of Genetics) (1-9 under various

titles) 1922: Akademiia Nauk. 1-13

*Trudy Instituta po Izucheniiu Severa

(Transactions of the Institute for Scientific

Exploration of the North) (3-24 as Trudy
SevernoT Nauchno-Promyslovoi Ekspedit-

sii) (Transaction of the Northern Scien-

tific and Economic Expedition) (25-30 as

Trudy Nauchno-Issledovatel'skogo Instituta

po Izucheniiu Severa) : [3-49]

*Trudy Komissii po Izucheniiu Ozera Bai-

kala (Travaux de la Commission pour
1'fitude du Lac Bajkal) 1918: 1-3

Trudy Kosinskoi Biologicheskoi Stantsii

see Trudy Limnologicheskoi Stantsii v

Kosine

Trudy Laboratorii Eksperimental'noi Bio-

logii Moskovskogo Zooparka sec Trudy
po Dinamike Razvitiia

*Trudy Laboratorii Eksperimental'noi Zo-

ologii i Morfologii Zhivotnykh; Aka-
demiia Nauk SSSR (Travaux du Labora-
toire de Zoologie Experimental et de

Morphologic des Animaux
;
Academic des

Science de 1'URSS) 1930: 1-4

Trudy Laboratorii fivoliutsionnoi Morfo-

logii; Akademiia Nauk SSSR (Travaux
du Laboratoire de Morphologic fivolutive ;

Academic des Sciences de 1'URSS) 1933:

1-3, no. 1

Trudy Laboratorii Genetiki see Trudy In-

stituta Gentiki

Trudy Leningradskogo (Petrogradskogo)
Obshchestva Estestvoispytatelei (Tra-
vaux de la Societe des Naturalistes de

Leningrad) (Liv. 1. Comptes Rendus des

Seances ; Liv. 2. Section de Zoologie et

Physiologic ; Liv. 3. Section de Botanique)

(after 60, 1930, volume for each livraison

discontinued) 1870: Liv. 1. 51-60; Liv. 2.

44-60; Liv. 3. 47-60; [61-68]

Trudy Limnologicheskoi Stantsii v Kosine

(Proceedings of the Kossino Limnological
Station of the Hydrometeorological Service

of USSR) (Arbeiten der Limnologischen
Station zu Kossino der Hydrometeorolo-
gischen Administration der USSR) (1-11
as Trudy Kosinskoi Biologicheskoi Stantsii)

(Arbeiten der Biologischen Station zu Kos-

sino, bei Moskau) 1924: Gidrometeorologi-
cheskii Institut. 1-22

Trudy Morskogo Nauchnogo Instituta see

Bericht(e) des Wissenschaftlichen Meeres-
instituts

Trudy Nauchno-Issledovatel'skogo Insti-

tuta Eksperimentarnogo Morfogeneza;
Moskovskogo Gosudarstvennogo Uni-
versiteta (Transactions of the Research
Institute of Experimental Morphogenesis ;

State University of Moscow) (1-5 as

Trudy Gosudarstvennogo Nauchno-Issledo-

vatel'skogo Instituta Eksperimental'nogo

Morfogeneza ; Arbeiten des Instituts fiir

Experimentelle Morphogenese) 1934 : 1-7

Trudy Nauchno-Issledovatel'skogo Insti-

tuta po Izucheniiu Severa see Trudy In-

stituta po Izucheniiu Severa

*Trudy Nauchno-Issledovatel'skogo Insti-

tuta pri Voronezhskom Gosudarstven-
nom Universitete (Travaux de 1'Institut

des Recherches Scientifiques a 1'Universite

d'fitat) 1927: Voroneje. 1-4

*Trudy Nauchno-Issledovatel'skogo Insti-

tuta Zoologii; Assotsiatsiia Nauchno-Issle-

dovatel'skikh Institutov pri Fiziko-Mate-

maticheskom Fakul'tete i Moskovskogo,
Gosudarstvennogo Universiteta (Arbeiten

des Zoologischen Forschungsinstituts ;
As-

soziation der Forschungsinstitute d. Physico-
Mathematischen Fakultat der Moskauer

Universitat) 1925 : 1-4, no. 3

Trudy Nauchnogo Instituta Rybnogo
Khoziaistva (Reports of the Scientific In-

stitute of Fisheries) (Abhandlungen des

Wissenschaftlichen Institutes fiir Fischerei-

wirtschaft) 1924: Moscow. 1-5

Trudy Nauchnoi Rybokhoziaistvennoi i

Biologicheskoi Stantsii Gruzii (Travaux
de la Station Piscicole et Biologique de

Georgie) 1934: 1, no. 1

*Trudy Obshchestva Ispytatelei Prirody pri

Imperatorskom Khar-kovskom Univer-
sitete (Travaux de la Societe des Natu-
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ralistes a 1'Universite Imperiale de Khar-

kow) 1868: 37; 40, pt. 1-2; 41; 46

*Trudy Osoboi Zoologicheskoi Laboratorii
1 Sevastopol'skoi Biologicheskoi Stantsii

(Travaux du Laboratoire Zoologique et de

la Station Biologique de Sebastopol) 1903:

1-10; ser. 2, 1-13

Trudy otdela sel'skokhoziaistvennoi mikro-

biologii see Trudy Vsesoiuznogo Instituta

sel'skokhoziaistvennoi Mikrobiologii

Trudy O-va Rossiiskikh Fiziologov see

Bericht(e) der Gesellschaft Russischer

Physiologen

Trudy Permskogo Biologicheskogo Nauch-
no'Issledovatel'skogo Instituta see Trudy
Biologicheskogo Nauchno-Issledova-
tel'skogo Instituta pri Molotovskom Gosu-
darstvennom Universitete im. M. Gor'kogo

Trudy Petergofskogo Biologicheskogo In-

stituta (Travaux de 1'Institut Biologique
de Peterhof) (1-8 as Trudy Petergofskogo

Estestvenno-Nauchnogo Instituta) (Tra-
vaux de 1'Institut des Sciences Naturelles

de Peterhoff) 1925: 1-17

Trudy Petrogradskogo Obshchestva Es-

testvoispytatelei sec Trudy Leningrad-

skogo Obshchestva Estestvoispytatelei

Trudy Plovuchego Morskogo Nauchnogo
Instituta sec Bericht(e) des Wissenschaft-

lichen Meeresinstituts

Trudy po Dinamike Razvitiia (Transactions
on the Dynamics of Development) (1-5 as

Trudy Laboratorii Eksperimental'noi Bio-

logii Moskovskogo Zooparka ; Transactions

of the Laboratory of Experimental Biology
of the Zoopark of Moscow) 1926: 1-10

Trudy po Prikladnoi Botanike, Genetike i

Selektsii (Bulletin of Applied Botany,
Genetics and Plant-Breeding) (14-17, no.

2 as Trudy po Prikladnoi Botanike i Se-

lektsii) (after 27, 1931, divided into scries)
1908 :

*
14-27, no. 5

;
ser. A. Plant Indus-

try in USSR 1932: 1-21; Ser. 1. Taxon-
omy, Geography and Ecology of Plants
1933 : 1-2 ; Ser. 2. Genetics, Plant Breed-

ing and Cytology 1932: 2-11; Ser. 3.

Physiology, Biochemistry and Anatomy
of Plants 1932: 1-15; Ser. 10. Dendrol-

ogy and Ornamental Horticulture 1933 :

1-2; Ser. 11. New Culture and Questions
of Introduction 1935: 1-2; Ser. 13. Re-
views and Bibliography 1933: 1-9; Sup-
plements [28-84]

Trudy po Prikladnoi Entomologii see

Works of Applied Entomology
Trudy po Zashchite Rastenii see Bulletin

of Plant Protection

Trudy Podiarnyi Nauchno-Issledovatel'skii
Institut Morskogo Rybnogo Khoziaistva
i Okeanografii im. Pochetnogo Chlena
Akademii Nauk SSSR Prof. N. M.
Knipovicha (Transactions of the Knipovich
Polar Scientific Institute of Sea-Fisheries

and Oceanography) 1938: Murmansk. 1-8

Trudy Pryesnovodnoi Biologicheskoi
Stantsii Imperatorskoga S.-Peterburg-
skago Obshchestva Estestvoispytatelei
see Trudy Borodinskoi Biologicheskoi
Stantsii v Karelii

Trudy Sevanskoi Ozernoi Stantsii (Re-
ports of the Sevan Lake Station ) 1927 :

[1, 3]

Trudy Sevastopol'skoi Biologicheskoi
Stantsii; Akademiia Nauk SSSR (Tra-
vaux de la Station Biologique de Sebastopol
1929: 1+

Trudy Severnoi Nauchno-Promyslovoi
o

Ekspeditsii sec Trudy Instituta po Izuche-

niiu Severa

Trudy Sibirskoi Ikhtiologicheskoi Labora-
torii sec Trudy Vostochno-Sibirskoi Xauch-
noi Rybokhoziaistvennoi Stantsii

Trudy Sibirskoi Nauchnoi Rybokhoziaist-
vonnoi Stantsii see Trudy Vostochno-
Sibirskoi Nauchnoi Rybokhoziaistvennoi
Stantsii

Trudy Sredne-Aziatskogo Gosudarstven-

nogo Universiteta (Acta Universitatis

Asiae Mediae) Ser. VI. Chemia 1928:

1-46; series VHI-a. Zoologia 1927: 1-54;
Ser. VHI-b. Botanica 1928: 1-35; series

VIII-c. Oekologia 1933 : 1-2
; Ser. XH-a.

Geographia 1928: 1, 3-17; n.s. 1945: 1-2, 8

*Trudy Sungariiskoi Rechnoi Biologiche-
skoi Stantsii; Obshchestvo Izucheniia

Man'chzhurskogo Kraia (Proceedings of

the Sungaree River Biological Station :

Manchuria Research Society) (Arbeiten
der Biologischen Sungari-Station) 1925:

Harbin. 1, nos. 1-6

*Trudy Tsentral'nogo Nauchnogo Instituta

Rybnogo Khoziaistva (Reports of the

Central Scientific Institute of Fisheries)

(Abhandlungen des Wissenschaftlichen

Zentralinstitutes fiir Fischereiwirtschaft)
1931 : 1-3

Trudy Volgo-Kaspiiskoi Nauchnoi Ry-
bokhoziaistvennoi Stantsii see Report (s)

of the (Astrakhan) Scientific Station of

Fisheries of Volga and Caspian Sea

Trudy Voronezhskogo Gosudarstvennogo
Universiteta ( Acta LTniversitatis Vorone-

giensis 1925 : 1-11

Trudy Vostochno-Sibirskoi Nauchnoi Ry-
bokhoziaistvennoi Stantsii (Reports of
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the East-Siberian Scientific Station of

Fisheries) (2, nos. 1-5 as Trudy Sibirskoi

Ikhtiologicheskoi Laboratorii
; Report of

the Ichthyological Laboratory in Siberia)

(4-5 as Trudy Sibirskoi Nauchnoi Ry-
bokhoziaistvennoi Stantsii ; Reports of the

Siberian Scientific Station of Fisheries)

Narodnyi Komissariat Snabzheniia ; Kras-
noiarsk. [2-6]

Trudy Vsesoiuznogo Gidrobiologicheskogo
Obshchestva 1949 : Akademiia Nauk
S.S.S.R. 1+

Trudy Vsesoiuznogo Gidrologicheskogo
S'ezda (Proceedings of the Hydrological

Congress of U.S.S.R.) 1924: 1-2, pt. 2

*Trudy Vsesoiuznogo Instituta Eksperi-
mental'noi Meditsiny 1933: 1, nos. 1-3

Trudy Vsesoiuznogo Instituta sel'skok-

hoziaistvennoi mikrobiologii (Bulletin of

the USSR Institute of Agricultural Mi-

crobiology) (1-3 as Trudy otdela Sel'skok-

hoziaistvennoT Mikrobiologii) (Bulletin of

the Bureau of Agricultural Microbiology)
1926: 1-5; [6-8]

Trudy Vsesoiuznogo Nauchno-Issledova-

tel'skogo Instituta (Morskogo) Rybnogo
Khoziaistva i Okeanografi (Transactions
of the Institute of Marine Fisheries and

Oceanography of the USSR) 1935: 1-2;

4; 8-16

*Trudy Vsesoiuznogo S'ezda po Genetike,

Selektsii, Semenovodstvu i Plemennomu
Zhivotnovodstvu (Proceedings of the

U.S.S.R. Congress of Genetics, Plant-and-

Animal-Breeding) 1929: 1-6

Trudy Vsesoiuznogo S'ezda Zoologov,
Anatomov, i Gistologov (1-3 as Trudy
Vserossiiskogo S'ezda Zoologov, Anatomov
i Gistologov) (Proceedings of the Con-

gress of the Zoologists, Anatomists and

Histologists, of the Union of SSR) 1922:

1-4

Trudy Zoologicheskogo Instituta; Akade-
miia Nauk SSSR (Travaux de 1'Institut

Zoologique de 1'Academie des Sciences de

1'URSS) 1932: 1-6, no. 2

*Trudy Zvenigorodskoi Gidrofiziologiche-
skoi Stantsii Instituta Eksperimental'noi
Biologii ginz'a Moskva (Arbeiten der

Hydrophysiologischen Station des Instituts

fiir Experimented Biologic, Moskau)
1928: 1928

Tschechische Chemische Forschungsarbei-
ten sec Collection of Czech Chemical Com-
munications

Tufts College Studies; Scientific Series

1894: 1-6, no. 2

Turk Cografya Dergisi 1943 : Ankara. [2-8]

Turk Fiziki ve Tabii Ilimler Sosyetesi
Yillik Bildirigleri ve Arsivi (Compte
Rendu Annuel et Archives de la Societe

Turque des Sciences Physiques et Natu-

relles) 1934: 1, 4+
Turtox News 1923 : General Biological Sup-

ply House, Chicago. [1-2]; 3-4; [5] +

Uchenye Zapiski; Gor'kovskogo Gosu-

darstvennogo Universiteta (Scientific

Records of the Gorky State University)
1936: 1-9

Uchenye Zapiski; Moskovskii Gosudarst-

vennogo Universiteta (Wissenschaftliche
Berichte der Moskauer Staats-Universitat)
1933: 1-4; 8-9; 11; 13

*Uchenye Zapiski; Permskii Gosudarst-

vennyi Universitet im. M. Gor'kogo
(Scientific Memoirs of the M. Gorky State

University of Perm) 1935: 1-2, no. 4

"Uchenyia Zapiski Imperatorskago Moskov-
skago Universiteta; Otdiel Estestvenno-
Istoricheskii 1880: 5-6; 10-11; 16; 22;

25, nos. 1-3
; 38

Ukrai'ns'kii Bi'okhemi'chnii Zhurnal( Ukrain-
ian Biochemical Journal) 1926: 18, nos.

1-2

UNESCO Bulletin for Libraries (Bulletin
de 1'Unesco a 1'Intention des Bibliotheques)
1947: 1+

Union Geodesique et Geophysique Inter-

nationale ; Conseil International de Re-
cherches (Conseil International des

Unions Scientifiques) ;

Assemblee Generale 1922 : 1-8

Association d'Oceanographie Physique;
Proces-Verbaux 1933 : 1-3

; Publication

Scientifique 1931 : 1-8

1'Association de Meteorologie (1922-30
as Section de Meteorologie) ;

Assemblee

Generale; Proces-Verbaux 1922: 3-8

1'Association de Seismologie; Comptes
Rendus 1922: 5-6; Serie A. Travaux
Scientifiques: 2-6; 8-15, pt. 2; Serie B.

Monographies: 4-7

1'Association Internationale d'Hydro-
logie Scientifique; Assemblee Gene-
rale: 1-3; Bulletin (1-11, 1924-27 as

Section Internationale d'Hydrologie Sci-

entifique; 12-18, 1928-30 as Section

d'Hydrologie Scientifique) 1924: 1-4, 9-

18, 20-21, 23

1'Association Internationale de Geodesic;
Travaux 1922: (1-8 as Travaux de la

Section de Geodesic). 1-16

Commission pour 1'Etude des Relations
entre les Phenomenes Solaires et

Terrestres; Rapport 1926: 1-4



82 SERIAL PUBLICATIONS, MARINE BIOLOGICAL LABORATORY

^Section d'Oceanographie (1-3 as Section

d'Oceanographie Physique) ;
Bulletin

1921: 1-3; 5-17

Section of Terrestrial Magnetism and

Electricity; Bulletin 1919: Washington,
D. C. 1-2; 4; 6; 8; 12d; 13

United States Armed Forces Medical Jour-
nal; published for the information of the

Medical Department of the Armed Forces

1950: 1+
United States Armed Forces Medical Jour-

nal, Supplement see Medical Technicians

Bulletin

*United States Atomic Energy Commis-
sion; Abstracts of Declassified Docu-
ments 1947: Oak Ridge 1-2

United States Department of Agriculture;

Agricultural Monograph: 2 (1951)

United States Department of Agriculture;
Bureau of Animal Industry; *Bulletin

1893: [1-163]; ^Circular 1893: [3-214]

United States Department of Agriculture;
Bureau of Biological Survey; * Bulletin

1889 : 9-24 ; 26-27 ; 29-35 ;
37-45

;
*Circular

1886: 17; 28-29; 31; 55-58; 63-64; 69-70;

72-73; 76-83; 85-90; 92-94

United States Department of Agriculture;
Bureau of Biological Survey see also

North American Fauna
;

United States

Department of the Interior ; Bureau of

Biological Survey, and Fish and Wildlife

Service

United States Department of Agriculture;
Bureau of Entomology (followed by Bu-
reau of Entomology and Plant Quaran-
tine) ^Bulletin: 1-5; 7-9; 11-32; n.s. 1-

62; [63-64]; 65-79; [80]; 81; [83]; 84-

91; 93-105; 107; 109; 111; 113-115; [116] ;

117-27; *Circular: 3-14; 16-29; 31-39;

41-43; 45-53; 55-56; 57-63; 66; 68-88;

90-91; 93-145; 147-50; 152-59; 161-73;
technical Series 1895: 1-3; 5-27

United States Department of Agriculture;
Bureau of Plant Industry;

* Bulletin

1901: [1-285]; *Circular 1908: [1-132]

United States Department of Agriculture;
Bureau of Plant Industry see also Bibli-

ography of Agriculture ; Botany ; and Plant

Science Literature

United States Department of Agriculture;
Circular 1927: [1-869]+; ^Department
Bulletin 1913: [3-1500, 1913-37]; *De-

partment Circular 1919: [35-425, 1919-

27]

*United States Department of Agriculture;
Division of Ornithology and Mammal-
ogy; Bulletin (1-2 as Division of Eco-
nomic Ornithology) 1888: 1-8 (1896)

United States Department of Agriculture;
Leaflet 1927: [1-304] +

United States Department of Agriculture;

Library; Bibliographic Contributions: 2

(1922)-6; 8-15; 20

United States Department of Agriculture;

Library see also Botany and Plant Science

Literature ; Bureau of Plant Industry
United States Department of Agriculture;

Miscellaneous Publications 1927: [233-

635] +
United States Department of Agriculture;
Numerical List of Current Publications

see United States Department of Agricul-
ture ; Miscellaneous Publications 450, 1941

United States Department of Agriculture;

Report of the Secretary (1847-61 pub-
lished as a part of the Report of the Com-
missioner of Patents ; 1862-88 as Report of

the Commissioner of Agriculture ;
1894+

contained in full in Yearbook of Agricul-

ture) : 1847-94
; 1896-1924

United States Department of Agriculture;
Technical Bulletin 1927: [1-1030] +

*United States Department of Agriculture;
Weather Bureau; Bulletin 1892: 1-32,

34-44

United States Department of Agriculture;
Weather Bureau see also Monthly Weather
Review ; and United States Meteorological
Yearbook

United States Department of Agriculture
see also Experiment Station Record ; Farm-
ers' Bulletin ; Journal of Agricultural Re-
search ; and Yearbook of Agriculture

United States Department of the Army;
Corps of Engineers; Beach Erosion
Board: Bulletin 1948: 2, no. 2+ Technical
Memorandum 1940: 1-3, 6-7, 9+ Tech-
nical Report 1941 : 1-3

United States Department of Commerce;
Bureau of Fisheries see Bulletin of the

United States Bureau of Fisheries ; Fish-

eries Service Bulletin ; Fishery Circular ;

Investigational Report ;
and Report of the

United States Commissioner of Fisheries

United States Department of Commerce;
Bureau of Standards see Circular of the

National Bureau of Standards ; Journal of

Research of the National Bureau of Stand-

ards ; Scientific Papers of the Bureau of

Standards ; Standards Yearbook ; and

Technologic Papers
United States Department of Commerce;
Coast and Geodetic Survey see Annual

Report of the Director ; Current Tables ;

Field Engineers Bulletin ; Journal of the

Coast and Geodetic Survey ; Special Publi-

cations ; and Tide Tables



SERIAL PUBLICATIONS, MARINE BIOLOGICAL LABORATORY 83

United States Department of Commerce;
Weather Bureau; Research Paper 1943:

2-5, 7-11, 18, 21, 23-27, 29+
United States Department of Commerce;
Weather Bureau; Technical Paper(s)
1943: 1-3, 5-11+

United States Department of the Interior;
Bureau of Biological Survey see also

United States Department of Agriculture ;

Bureau of Biological Survey
United States Department of the Interior;
Fish and Wildlife Service; Circular 1941 :

1+ ; Conservation Bulletin (formerly Bu-
reau of Biological Survey) 1940 : 1+ ;

Conservation in Action 1947: 1+
;
Fish-

ery Leaflet: [236-396]+; Research Re-
port 1941: 1+; Special Scientific Report
1940: 1+; Special Scientific Report:
Fisheries 1949: 1+; Statistical Digest
1942: 1+; *Wildlife Circular (1-3 as

Bureau of Biological Survey) 1939: 1-13;
Wildlife Leaflet (154-65 as Bureau of

Biological Survey); 154; 164-92; 194-99;

201; 204; *Wildlife Research Bulletin

1-2 as Bureau of Biological Survey) 1940:

1-4; Wildlife Review 1935: 1+; see also

Fisheries Service Bulletin; Fishery Bulle-

tin ; North American Fauna ; Progressive
Fish Culturist

United States Department of the Interior;

Geological Survey; Annual Report 1879:

2-23; 29; 35; 40; 42-43; Professional

Papers: [14-229] +
United States Department of the Interior;

Geological Survey see also Geological

Survey Bulletin
; Geological Survey Water-

Supply Papers ; and Monographs of the

United States Geological Survey
United States Department of the Interior;

Geological (and Geographical) Survey
of the Territories; Annual Report (title

varies with the name of the Territory ; 3-5

as Preliminary, Field Report) 1867: 1-12;
Bulletin 1874: 1-6; Miscellaneous Publi-

cations 3-5; 8; 11-12; *Report 1873: 1-13

United States Meteorological Yearbook
(through June, 1935 as Report of the Chief

of the Weather Bureau) : 1896-1940

United States National Museum (Smith-
sonian Institution) see Bulletin of the

United States National Museum ; Contri-

butions from the United States National

Herbarium ; Proceedings of the United
States National Museum ; and Report of

the United States National Museum
United States Naval Institute Proceedings

1874: [66-73]
*United States Naval Medical Bulletin for

the Information of the Medical Depart-

ment of the Navy 1907: Bureau of Medi-
cine and Surgery. 37-49

United States Naval Medical Bulletin;

Supplement see Hospital Corps Quarterly
United States Quarterly Book List Review

1945 : 1
; 4, no. 2+

United States Superintendent of Docu-
ments see Monthly Catalogue; United
States Public Documents

United States Treasury Department;
Coast Guard see Bulletin of the United
States Coast Guard

United States Treasury Department; Pub-
lic Health Service see National Institute

of Health Bulletin ; Public Health Bulletin ;

and Public Health Reports
United States War Department; Arctic

Series of Publications issued in connec-
tion with the Signal Service, United
States Army 1885: 1-3 (1887)

United States War Department; Office of

Engineers; Annual Report of the Chief,

Appendix Z; Annual Report of the Sur-

vey of the Northern and Northwestern
Lakes by C. B. Comstock 1871-76

United States War Department; Office of

the Surgeon General; Bulletin 1913: 1-8;
10-11

United States War Department; Profes-
sional Papers of the Signal Service 1881 :

1-16; 18

Universitetet i Bergen Arbok (1885-91 as

Bergens Museums Arsberetning ; 1892-
1947 as Bergens Museums Arbok) 1883:

1885+
Universitetet i Bergen Arsberetning (1883-

1948 as Bergens Museums Arsberetning)
1883: 1885+

Universitetet i Bergen Skrifter (1-22 as

Bergens Museums Skrifter) 1878: 1+
^University of California; College of Agri-

culture; Agricultural Experiment Sta-

tion; Technical Papers 1923: 1-20

University of California Publications; Bul-
letin of the Department of Geological
Sciences 1893: [7] ; [10] ; 21+; Anatomy
1921: 1+; Biological Sciences 1933: 1+ ;

Botany 1902: 1+ ; Entomology 1906: 1+;
Geography 1913: [1-2] + ; Microbiology
1943: 1+; *Pathology 1903: 1-2; Phar-

macology 1938: 1+; Philosophy 1904: 17;

Physiology 1902: 1+
;

Public Health
1928: 1+; Zoology 1902: 1+

University of Colorado Studies (26-28, no.

1, 1938-47 as General Series A) 1902:

1+ ;
*Series D. Physical and Biological

Sciences 1940: 1-2; Series in Biology
1950: 1+
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University of Florida Publications; Bio-

logical Science Series 1930: 1+; Engi-
neering and Industry Experiment Sta-

tion Bulletin 1933: 1+
University of Iowa Studies in Engineer-

ing; Bulletin 1926: 2-5; 7-11; 13+
University of Iowa Studies in Natural

History (1-7 as Bulletin from the Labora-
tories of Natural History of the State

University of Iowa) 1888: 4+
^University of Iowa Studies in Physics

1907: [2]

University of Kansas Science Bulletin (1-

26, 1902-39 as Kansas University Science

Bulletin) 1902: 1+
University of Michigan Museum of Zool-

ogy; Miscellaneous Publications 1916:

1+
University of Michigan Studies; Memoirs

of the University of Michigan Museums
1928: 1-2; Scientific Series 1914: 1-6; 9+

*University of Minnesota Studies in the

Biological Sciences 1913: 1-6; *Studies

in the Physical Sciences 1912 : 1-2

*University of Missouri Studies; Science

Series 1905: [1-3]

*University of Montana; Bulletin; Biologi-
cal Series 1901: 1-12; 14-15

University of Queensland; Papers; De-

partment of Biology 1937: 1+ ; Depart-
ment of Geology 1928: n.s. 1+

University of Texas Publication (1905-15
as Bulletin of the University of Texas ;

1915-37 as University of Texas Bulletin) :

[59-5007]

University of Toronto Studies;
*Anatomi-

cal Series 1900: 1-8; Biological Series

1898: 1+; ^Physiological Series 1900: 1-

98

University of Washington Publications in

Anthropology 1920: 2+ ; Biology 1932:

1+; *Fisheries 1925: 1-2; Oceanography
1932: 1+

*University of Wisconsin Studies in Sci-

ences 1920: 1-5

*Untersuchungen aus dem Botanischen In-

stitut zu Tubingen 1881 : 1-2

*Untersuchungen aus dem Physiologischen
Institute der Universitat Heidelberg
1877: 1-4, no. 3

*Uspekhi Eksperimental'noi Biologii (Zhur-
nal Eksperimental'noi Biologii, seriia B)
(Journal de Biologic Experimental, serie

B) 1922: 1; [2]; 3-6; [7-8]

Uspekhi Khimii 1932 : Akademiia Nauk
SSSR. 12, no. 2+

Uspekhi Sovremennoi Biologii (Advances
in Modern Biology) 1932 : Moscow. 1-2 ;

3, nos. 1-2; 4-6; 15, no. 1-2; 16, nos. 2

vol. 19; 31+

Varietes Scientifiques recueillies par la

Societe des Sciences Naturelles du
Maroc; Empire Cherifien; Archives Sci-

entifiques du Protectorat Frangais 1921 :

1+
Vereinsblatt der Deutschen Gesellschaft

fur Mechanik und Optik see Zeitschrift

flir Instrumentenkunde ; Beiblatt ; Zeit-

schrift der Deutschen Gesellschaft fiir Me-
chanik und Optik

Verhandelingen; K. Meteorologisch Insti-

tuut van Belgi'e see Memoires ; Institut

Royal Meteorologique de Belgique

Verhandelingen; Kementerian Perhubun-
gan, Tenaga dan Pekerdjaan Umum
Djawatan Meteorologi dan Geofisik (1-

39, 1911-1950 as Verhandelingen; K. Mag-
netisch en Meteorologisch Observatorium
te Batavia) 1911 : Indonesia. 1+

Verhandelingen der (K.) Nederlandse Aka-
demie van Wetenschappen, Afd. Natuur-

kunde; Tweede Sectie (1-36, 1892-1937

as K. Akademie van Wetenschappen; 37-

46, 1938-1950 a* K. Nederlandsche Aka-
demie van Wetenschappen) 1892: 1+

Verhandelingen van het K. Belgisch In-

stituut voor Natuurwetenschappen see

Memoires de 1'Institut Royal des Sciences

Naturelles de Belgique

Verhandlungen der Anatomischen Gesell-

schaft; Anatomischer Anzieger; Ergan-
zungsheft 1887: 1+

Verhandlungen der Baltischen Geodati-
schen Kommission see 1'Activite de la

Commission Geodesique Baltique

Verhandlungen der Deutschen Zoologi-
schen Gesellschaft E. V. (30 as Zoolo-

gischer Anzeiger; Supplementband) 1891:

1+
Verhandlungen der Freien Vereinigung
Schweizerischer Physiologen see Ver-

handlungen des Vereins der Schweizer

Physiologen

*Verhandlungen der Gesellschaft fur Erd-
kunde zu Berlin (1902+ see Zeitschrift

der Gesellschaft fiir Erdkunde zu Berlin)

1873: 1-28

Verhandlungen der Internationalen Ve-

reinigung fiir Theoretische und Ange-
wandte Limnologie 1922 : 1+

Verhandlungen der Naturforschenden Ge-
sellschaft in Basel 1854: 1+

Verhandlungen der Physikalisch-Medizi-
nischen Gesellschaft zu Wurzburg see

Berichte der Physikalisch-Medizinischen
Gesellschaft zu Wurzburg
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Verhandlungen der Schweizerischen Na-
turforschenden Gesellschaft (Actes de la

Societe Helvetique des Sciences Naturelles)
1817: 22; 67; 85-86; 88; 92-94; 100+

Verhandlungen der Zoologisch-Botani-
schen Gesellschaft in Wien 1851 : 1+

Verhandlungen des Botanischen Vereins
der Provinz von Brandenburg 1859: 38-
44

Verhandlungen des Naturforschenden Ve-
reines in Bruun 1862: 42; 45-51

^Verhandlungen des Naturhistorisch-Medi-
zinischen Vereins; Heidelberg 1857: n.s.

1-18, no. 2

*Verhandlungen des Vereins der Schweizer-

Physiologen (Comptes Rendus de la So-
ciete des Physiologistes Suisses) (1932-35,
no. 1 as Helvetica Biologica Acta; 1935,
no. 2 1938 as Verhandlungen der Freien

Yereinigung Schweizerischer Physiologen
(Comptes Rendus de 1'Association Libre
des Physiologistes Suisses) 1932: 1-21

Verhandlungen und Mitteilungen des

Siebenbiirgischen Vereins fur Natur-
wissenschaften zu Hermannstadt 1849:

49-55; 57-60; 79-80

Veroffentlichungen des Deutschen Wis-
senschaftlichen Institut zu Kopenhagen;
Reihe I: Arktis 1942: 1+

Veroffentlichungen des Finnischen Geo-
datischen Institutes see Suomen Geo-
deettisen Laitoksen Julkaisuja

Veroffentlichungen des Geophysikalischen
Instituts der Universitat Leipzig 1910:
*Erste Serie: 1910-11; Zweite Serie;

[1-5] ; 6-12, no. 1

Veroffentlichungen des Instituts fur

Meereskunde an der Universitat Berlin;
*1902: 1-15; n.s. *A. Geographisch-
Naturwissenschaftliche Reihe 1912: 1-41

Veroffentlichungen des Meteorologischen
Instituts der Universitat Berlin 1936:

1-4, no. 4

Vestnik Ceskoslovenske Zoologicke Spo-
lecnosti (v Praze) (Acta Societatis Zo-

ologicae Ceschoslovenicae) (1-5 as Me-
moires de la Societe Zoologique Tcheco-
slovaque de Prague) 1934: 1+

Vestnfk Kralovske Ceske Spolecnosti
Nauk

; Trida Matematicko-Pfirodove-
decka (Memoires de la Societe Royale des
Lettres et des Sciences de Boheme; Classe
des Sciences) (1884-85 as Zpravy o Zase-
dani Kralovske Ceske Spolecnosti Nauk
v Praze) (1884-1917 as Sitzungsberichte
der Kgl. Bohemischen Gesellschaft der

Wissenschaften ; Mathematisch-Naturwis-
senschaftliche Klasse) 1884: 1884+

*Victory Bulletin; official weekly publication
of the Office of War Information (1-2, no.

49 as Defense), 1940: 2, no. 44 vol. 4, no.

26

Videnskabelige Meddelelser fra Dansk
Naturhistorisk Forening i Kobenhavn
Kj0benhavn) (1-60 also as ser. 1-6)
1849: 1+

Vie et Milieu; Bulletin du Laboratoire

Arago; Universite de Paris 1950: 1+
Vierteljahrsschrift der Naturforschenden

Gesellschaft in Zurich 1856: 1-4; 6-29;
32-35; 37-[38]; 39-42; 47-48; [49] +

Virchow's Archiv fur Pathologische Ana-
tomic und Physiologie und fur Klinische
Medizin (1-170, 1847-1902 as Archiv fur

Pathologische Anatomic und Physiologie
und Klinische Medizin) 1847: 1+

Virchow's Jahresberichte see Jahresbericht
iiber die Leistungen und Fortschritte in der

Anatomic und Physiologie
*Visnik Kii'vs'kogo Botanischnogo Sadu

(Bulletin du Jardin Botanique de Kyiv)
1924: Academic Sciences de 1'Ukraine;
Institut de Botanique, Kief, 15-17

Vitamins and Hormones; Advances in Re-
search and Applications 1943: 1+

*Vortrage und Aufsatze iiber Entwicklungs-
mechanik der Organismen herausgege-
ben von Wilhelm Roux 1905 : 1-34

Vyrocni Zprava; Moravske Pfirodovedecke

Spolecnosti 1925: Brno. 8-13

Vyrocni Zprava Kralovske Ceske Spo-
lecnosti Nauk (Compte-Rendu Annuel de

la Societe Royale des Lettres et des Sci-

ences de Boheme) (Jahresbericht der K.
Bohmischen Gesellschaft der Wissen-

schaften) (1918-32, Resume du Compte-
Rendu) 1875: 1899+

Wallerstein Laboratories Communications
(1-7 as Communications on the Science

and Practice of Brewing) 1937: New York
City. [1] +

*War Medicine; a periodical containing origi-
nal contributions, news and abstracts of

articles of military, naval and similar in-

terest related to preparedness and war
service 1941: 1-8

Ward's Natural Science Bulletin 1881 :

Rochester, N. Y. [15-24] +
-"'Washington Scientist; a magazine for the

scientists of Washington 1945: 1, nos. 1-5
*Washington University Studies; Scientific

Series 1913: [1-13]
*Watson's Microscope Record 1924: W.

Watson and Sons, Ltd., London. 3-4; 6;

8; 10-47 (1939)



86 SERIAL PUBLICATIONS, MARINE BIOLOGICAL LABORATORY

Weather; a monthly magazine for all inter-

ested in meteorology 1946: Royal Meteoro-

logical Society. 1+
Weekly Summary; Natural Resources

Section; General Headquarters, Su-

preme Commander for the Allied Pow-
ers: Tokyo, Japan. 181-228, 230+

(Das) Wetter; Monatsschrift fur Wit-

terungskunde see Zeitschrift fur Ange-
wandte Meteorologie ; Das Wetter

Wiadomosci Meteorologiczne i Hydro-
graficzne; Panstwowyo Instytut Meteoro-

logiczny; wydawane (Bulletin Meteoro-

logique et Hydrographique ;
1'Institut

National Meteorologique de Pologne) :

Warsaw. 1933-1938, no. 9

Wiadomosci Sluzby Hydrograficznej (Bul-
letin du Service Hydrographique) 1935:

Wydawnictwo Instytutu Hydrograficznego
Ministerstwa Komunikacji, Warszawa. 1-3

Wiadomosci Sluzby Hydrologicznej i

Meteorologicznej (Bulletin du Service

Hydrologique et Meteorologique) 1947:

Warsaw, Panstwowy Instytutut Hydrolo-

giczno-Meteorologiczny. 1, nos. 2-3

Wiedemann's Annalen see Annalen der

Physik
Wiener Botanische Zeitschrift see Oster-

reichische Botanische Zeitschrift

*Wiener Entomologische Zeitung 1882:

[14] ; 24-29; 30, nos. 2 end; 31-33; Bei-

hefte 32

Wiener Klinische Wochenschrift 1888:

[38]+; Supplement: [38-40]

Wilhelm Roux' Archiv fur Entwicklungs-
mechanik der Organismen; Organ fxir

die Gesamte Kausale Morphologic (1-97
as Archiv fur Entwicklungsmechanik der

Organismen ; Wilhelm Roux ; 98-104 as

Archiv fur Mikroskopische Anatomic und

Entwicklungsmechanik) (105-30 also as

Zeitschrift fur Wissenschaftliche Biologic,

Abt. D) 1894: 1+
Wilson Bulletin (old series 6+ also num-
bered as new series 1+ ) 1889: 6-27 (1915)

Wissenschaftliche Berichte der Biologi-
schen Fakultat der Tomsker Staats-

Universitat see Trudy Biologicheskogo
Fakul'teta Tomskogo Gosudarstvennogo
Universiteta

Wissenschaftliche Berichte der Moskauer
Staats-Universitat see Uchenye Zapiski;

Moskovskii Gosudarstvennogo Universiteta

*Wissenschaftliche Meeresuntersuchungen ;

1894: n.s. 1-2
*Wissenschaftliche Meeresuntersuchungen ;

Abt. Helgoland 1900: n.s. 3-19

*Wissenschaftliche Meeresuntersuchungen ;

Abt. Kiel 1898 : n.s. 3-22

^Wissenschaftliche Veroffentlichungen der

Gesellschaft fur Erdkunde zu Leipzig (1

entitled Wissenschaftliche Veroffentlichun-

gen des Vereins fur Erdkunde zu Leipzig)
1891: 1-11

Wissenschaftliche Veroffentlichungen des

Deutschen Institutes (Museums) fur

Landerkunde 1896: N. F. [3] ; 4-7; [8] +
*Wistar Institute Bibliographic Service (1-

2 as Bibliographic Service 1917 : The
Wistar Institute of Anatomy and Biology.

1-8; Index of the Wistar Institute Ad-
vance Abstract Card Service 1938 : 1938+

*Woods Hole Index 1926: 1-2
*Works of Applied Entomology (Trudy po

Prikladnoi Entomologii) 1894: 13-15, no. 1

World Fisheries Abstracts; a bimonthly re-

view of technical literature on fisheries and

related industries 1950 : Food and Agricul-
ture Organization of the United Nations.

1+

Yale Journal of Biology and Medicine
1928: 1+

*Yale Scientific Monthly 1894: [5-9] ; 10-11

Yearbook of Agriculture; United States

Department of Agriculture (1894-1919 as

Yearbook of the United States Department
of Agriculture; 1920-22 as United States

Department of Agriculture, Yearbook;
1923-25 as United States Department of

Agriculture; Agriculture Yearbook) 1894:

1+
Yearbook of the International Hydro-
graphic Bureau (Annuaire du Bureau

Hydrographique International) 1928: Mo-
naco. 1938; 1946

Year-book of the Royal Asiatic Society of

Bengal sec Journal and Proceedings of the

Royal Asiatic Society of Bengal
Year Book of the Royal Society of Edin-

burgh (formerly published in Proceedings
of the Royal Society of Edinburgh) 1940:

1940+

Yillik Arastirmalar Dergisi; Ankara Uni-

versitesi Dil ve Tarih-Cografya Fakttl-

tesi 1940: 1

Ymer; Tidskrift utgiven av Svenska Sall-

skapet for Antropologi och Geografi 1881 :

63+

Zapiski Akademii Nauk SSSR see Me-
moires de 1'Academie des Sciences de

1'URSS
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Zapiski Gosudarstvennogo Gidrologiche-

skogo Instituta see Memoires de 1'Institut

Hydrologique de 1'URSS

Zapiski Institutu Khemi'i; Institut Khemii ;

Akademiia Nauk URSR (Memoirs of the

Institute of Chemistry) 1934: Kief. 3, nos.

3-4

*Zapiski Kievskago Obshchestva Estestvoi-

spytatelei (Memoires de la Societe des

Naturalistes de Kiev) 1870: 8-23

Zbirnik Doslidiv nad Individual'nim Roz-
vitkom Tvarin; Akademiia Nauk URSR
(Researches on the Ontogeny of Animals)
Kief. 6-9; 11-13

Zbirnik Prats; Dniprians'koi Biologichnoi
Stantsii (Travaux de la Station Biologique
du Dniepre) see Trudi GidrobiologichnoT
Stantsii

*Zbirnik Prats Biologichnogo Instytutu

(Travaux de 1'Institut Biologique) 1926:

Kiev, Akademiia Nauk U.R.S.R. 1-4

Zbirnik Prats z Genetiki; Akademiia Nauk
URSR (Memoirs on Genetics) 1936: Kiev.

2-3

Zbirnik Prats z Morfologii Tvarin; Aka-
demiia Nauk URSR (Travaux sur la

Morphologic des Animaux) (Papers on
Animal Morphology) 1935 : Kief. 1-5

Zeitschrift der Deutschen Gesellschaft fiir

Mechanik und Optik see Zeitschrift fiir

Instrumentenkunde
; Beiblatt

*Zeitschrift der Gesellschaft fur Erdkunde
zu Berlin (1-36 as ser. 3) (Verhandlungen
combined ivith Zeitschrift 1902) 1853; 1866-

1939; (1940-44); Erganzungsheft 1924:

1-4

*Zeitschrift fiir Allgemeine Physiologic;
herausgegeben von Max Verworn 1902 :

1-20

Zeitschrift fiir Analytische Chemie see

Fresenius' Zeitschrift fiir analytische
Chemie

^Zeitschrift fiir Anatomic und Entwick-
lungsgeschichte; herausgegeben von Dr.
Wilh. His und Dr. Wilh. Braune 1875 : 1-2

Zeitschrift fiir Anatomic und Entwick-
lungsgeschichte (1-59 as Anatomische

Hefte; Beitrage und Referate zur Ana-
tomic und Entwicklungsgeschichte Abt. 1

;

Arbeiten aus Anatomischen Instituten) (63-
103 also as Abt. 1 of Zeitschrift fiir die

Gesamte Anatomic) 1891 : 1+
Zeitschrift fiir Angewandte Anatomic und

Konstitutionslehre see Zeitschrift fiir

Menschliche Verebungs- und Konstitu-

tionslehre

Zeitschrift f. Angewandte Chemie see An-

gewandte Chemie ;
A : Wissenschaftlicher

Teil

Zeitschrift fiir Angewandte Mathematik
und Mechanik; Ingenieurwissenschaftliche

Forschungsarbeiten 1921: 23; [24] +
Zeitschrift fiir Angewandte Mathematik
und Physik 1950: 1+

Zeitschrift fiir Angewandte Meteorologie;
Das Wetter (1-44 as Das Wetter; Mo-
natsschrift fiir Witterungskunde) 1884: 1+

Zeitschrift fiir anorganische Chemie (92-

251, 1915-43 as Zeitschrift fiir anorganische
und allgemeine Chemie) 1892: 1+

Zeitschrift fiir Biologic; begrundet von L.

Buhl, M. Pettenkofer, L. Radikofer und
C. Voit 1865: 1+

Zeitschrift fiir Biologic, Moscow see Biolo-

gicheskii Zhurnal

*Zeitschrift fur Biologische Technik und
Methodik 1908: 1-3

^Zeitschrift fur Botanik 1909: 1-39, no. 4

Zeitschrift fiir Chemie und Industrie der

Kolloide see Kolloid-Zeitschrift

*Zeitschrift fiir den Ausbau der Entwick-

lungslehre; herausgegeben von R. H.

France; Miinchen 1907: 1-3

*Zeitschrift fiir den Physikalischen und
Chemischen Unterricht; begriindet von
Friedrich Poske 1887: [4] ; 5-9; 11; 13-19;

[20-21]; 22; 46-56, no. 6

Zeitschrift fiir den Physikalischen und
Chemischen Unterricht; Sonderheft see

Abhandlungen zur Didaktik und Philo-

sophic der Naturwissenschaft

Zeitschrift fiir Diatetische und Physika-
lische Therapie see Zeitschrift fiir die

Gesamte Physikalische Therapie
Zeitschrift fiir die Gesamte Anatomic;
Abt. 1 see Zeitschrift fiir Anatomic und

Entwicklungsgeschichte ; Abt. 2, see Zeit-

schrift fiir Menschliche Vererbungs- und
Konstitutionslehre ; Abt. 3 see Ergebnisse
der Anatomic und Entwicklungsgeschichte

Zeitschrift fiir die Gesamte Experimentelle
Medizin; Zugleich Fortsetzung der Zeit-

schrift fiir Experimentelle Pathologic und

Therapie (23 contains index for 1-22 of

Zeitschrift fiir Experimentelle Pathologic
und Therapie) 1913: 1+

*Zeitschrift fiir die Gesamte Physikalische

Therapie (1-8 as Zeitschrift fiir Diate-

tische und Physikalische Therapie ; 9-26 as

Zeitschrift fiir Physikalische und Diate-

tische Therapie) 1898: 1-45

Zeitschrift fiir die Gesamten Naturwissen-
schaften see Zeitschrift fiir Naturwissen-

schaften



88 SERIAL PUBLICATIONS, MARINE BIOLOGICAL LABORATORY

Zeitschrift fiir Elektrochemie und Ange-
wandte Physikalische Chemie; Deutsche
Bunsen-Gesellschaft (1 as Zeitschrift fiir

Elektrotechnik und Elektrochemie, 2-9 as

Zeitschrift fur Elektrochemie) 1894: 1+
*Zeitschrift fiir Experimentelle Pathologic

und Therapie (combined with Zeitschrift

fiir die Gesamte Experimentelle Medizin
;

23 of u'hich contains index for 1-22) 1904 :

1-22

Zeitschrift fiir Garungsphysiologie see

Chemie der Zelle und Gewebe
*Zeitschrift fiir Geophysik 1924 : Deutsche

Geophysikalische Gesellschaft. 1-18, no. 4

Zeitschrift fiir Hydrologie see Schweize-

rische Zeitschrift fiir Hydrologie
Zeitschrift fiir Hygiene und Infektions-

krankheiten (1-10 as Zeitschrift fiir Hy-
giene, herausgegeben von Dr. R. Koch und
Dr. C. Flugge) 1886: 1+

Zeitschrift fiir Immunitatsforschung und
Experimentelle Therapie (1-38 has 1.

Teil; Originate) 1908: 1+
*Zeitschrift fiir Immunitatsforschung und

Experimentelle Therapie 2. Teil; Re-
ferate 1909: 1-10, no. 3

Zeitschrift fiir Induktive Abstammungs-
und Vererbungslehre 1908: 1+

*Zeitschrift fiir Instrumentenkunde ; Organ
fiir Mitteilungen aus dem Gesamten Gebiete

der Wissenschaftlichen Technik 1881 : 1-64,

no. 6

*Zeitschrift fiir Instrumentenkunde; Bei-

blatt; Zeitschrift der Deutschen Gesell-

schaft fiir Mechanik und Optik (1891-97
as Vereinsblatt der Deutschen Gesellschaft

fiir Mechanik und Optik; 1898-1916 as

Deutsche Mechaniker-Zeitung) 1891 : 1891-

1920

*Zeitschrift fiir Instrumentenkunde; Beila-

gehefte; Forschungen zur Geschichte der

Optik 1928: 1-3, no. 3

Zeitschrift fiir Krebsforschung ; unter Mit-

wirkung des Reichsausschusses fiir Krebs-

bekampfung 1903: 33+
Zeitschrift fiir Kristallographie, Kristall-

geometrie, Kristallphysik, Kristallchemie

1877: 105

Zeitschrift fiir Menschliche Vererbungs-
und Konstitutionslehre (1-7 as Zeitschrift

fiir Angewandte Anatomic und Konstitu-

tionslehre; 8-18 as Zeitschrift fiir Konsti-

tutionslehre) 1913: 1+
Zeitschrift fiir Meteorologie 1946: 1+
Zeitschrift fiir Mikroskopisch-Anatomische
Forschung; Abt. 2. Jahrbuch fiir Morpho-
logic und Mikroskopische Anatomic 1924 :

1+

Zeitschrift fiir Morphologic und Anthro-

pologie, Erb- und Rassenbiologie ; he-

rausgegeben von Dr. h. c. Eugen Fischer

(1-37, 1939 as Zeitschrift fiir Anatomic
und Anthropologie) 1899: 1+

*Zeitschrift fiir Morphologic und Okologie
der Tiere (1-28 also as Abt. A of Zeit-

schrift fiir Wissenschaftliche Biologic)
1924: 1-40, no. 3

Zeitschrift fiir Naturforschung 1946: 1+
Zeitschrift fiir Naturwissenschaften; Organ

des Naturwissenschaftlichen Vereins fiir

Sachsen und Thiiringen (1853-79 as Zeit-

schrift fiir die Gesamten Naturwissen-

schaften ; herausgegeben von dem Naturw.
Vereine fiir Sachsen u. Thuringen in Halle)
1853: (1853-54) ; 52 (1879) ; 70-72; [73] ;

75

Zeitschrift fiir Parasitenkunde (1-6 also as

Zeitschrift fur Wissenschaftliche Biologic,

Abt. F) 1928: 1+
Zeitschrift fiir Physik; Deutsche Physika-

lische Gesellschaft 1920: 1+
Zeitschrift fiir Physikalische Chemie (1-

136, 1887-1928 as Zeitschrift fur Physika-
lische Chemie, Stochiometrie und Ver-

wandtschaftslehre) (137-192, 1928-43 in

two series: Abt. A. Chemische Thermo-

dynamik, Kinetik, Elektrochemie, Eigen-
schaftslehre continuing old volume number-

ing; Abt. B. Chemie der Elementarprozesse,
Aufbau der Materie 1-53) 1887: 1+

*Zeitschrift fiir Physikalische Chemie; Abt.

B; Chemie der elementarprozesse Aufbau
der Materie 1928: 1-53 (merged with Abt.

A)
Zeitschrift fiir Physikalische und Diate-

tische Therapie sec Zeitschrift fiir die

Gesamte Physikalische Therapie
Zeitschrift fur Physiologische Chemie see

Hoppe-Seyler's Zeitschrift fiir Physiolo-

gische Chemie

*Zeitschrift fiir Psychologic und Physio-

logic der Sinnesorgane (beginning with

41, 1906 journal in tzvo sections; Abt. 1.

Zeitschrift fur Psychologic ; Abt. 2. Zeit-

schrift fiir Sinnesphysiologie) 1890: 1-40,

1906; Erganzungsband 2 (1902) only

*Zeitschrift fiir Rassen-Physiologie; Mit-

teilungen der Deutschen Gesellschaft fiir

Blutgruppenforschung 1928: 1-12, no. 2

*Zeitschrift fiir Sinnesphysiologie (continu-

ation of Zeitschrift fiir Psychologie und

Physiologic der Sinnesorgane Abt. 2)
1907: 41-70

Zeitschrift fur Technische Biologic see

Chemie der Zelle und Gewebe
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Zeitschrift fur Tierziichtung und Ziich-

tungsbiologie einschliesslich Tierernah-

rung see Tierziichtung und Ziichtungsbio-

logie einschliesslich Tierernahrung
Zeitschrift fiir Vergleichende Physiologic

(1-20 also as Zeitschrift fiir Wissenschaft-

liche Biologie, Abt. C) 1924: 1+
Zeitschrift fiir Vitamin-, Hormon-, und

Fermentforschung 1947: 1+
Zeitschrift fiir Vitaminforschung sec In-

ternationale Zeitschrift fiir Vitaminfor-

schung
^Zeitschrift fiir Wissenschaftliche Biologic

1924-34; Abt. A see Zeitschrift fiir Mor-

phologic und Okologie der Tiere ; Abt. B
see Zeitschrift fiir Zellforschung und Mi-

kroskopische Anatomie ; Abt. C see Zeit-

schrift fiir Vergleichende Physiologic ;
Abt.

D see Wilhelm Roux' Archiv fiir Entwick-

lungsmechanik der Organismen ;
Abt. E

see Planta ; Archiv fiir Wissenschaftliche

Botanik ; Abt. F see Zeitschrift fiir Para-

sitenkunde

^Zeitschrift fiir Wissenschaftliche Insekten-

biologie 1905: 1-27

Zeitschrift fiir Wissenschaftliche Mikro-

skopie und fiir Mikroskopische Technik
1884: 1+

Zeitschrift fiir Wissenschaftliche Photo-

graphic, PHotophysik und Photochemie
1903: 1+

::<Zeitschrift fiir Wissenschaftliche Zoologie;

begriindet von Carl Theodor v. Siebold

und Albert v. Kolliker; Abt. A (Abt. A
only with 141. 1932+) 1848: 1-156

Zeitschrift fiir Wissenschaftliche Zoologie;
Abt. B see Archiv fiir Naturgeschichte

Zeitschrift fiir Zellforschung und Mikro-

skopische Anatomie; Abt. A. Allgemeine
Zellforschung und Mikroskopische Ana-
tomie (1 as Zeitschrift fiir Zellen- und

Gewebelehre; 2-28, 1938 as Zeitschrift fiir

Zellforschung und Mikroskopische Ana-
tomie ; 1-20 also as Abt. B of Zeitschrift

fiir Wissenschaftliche Biologie) 1924: 1+
Zeitschrift fiir Zellforschung und Mikro-

skopische Anatomie; Abt. B. Chromo-
soma see Chromosoma

Zeitschrift fur Ziichtung, Reihe B see Tier-

ziichtung und Ziichtungsbiologie einschliess-

lich Tierernahrung
*Zellen- und Befruchtungslehre in Einzel-

darstellungen ; herausgegeben von P.

Buchner 1928: 1

*Zellstimulations-Forschungen ; herausgege-
ben von Prof. Dr. M. Popoff und Prof. Dr.

W. Gleisberg 1924: 1-3

Zentralblatt fiir Allgemeine Pathologic
und Pathologische Anatomie; begriindet

von E. Ziegler 1890: 1+
*Zentralblatt fiir Allgemeine und Experi-

mentelle Biologie; herausgegeben von

Prof. Dr. Heinrich Poll 1910: 1-2

*Zentralblatt fur Bakteriologie, Parasiten-

kunde und Infektionskrankheiten 1887:

1-16

*Zentralblatt fiir Bakteriologie, Parasiten-

kunde und Infektionskrankheiten; Abt.

1. Medizinisch-Hygienische Bakteriologie
und Tierische Parasitenkunde 1895 : 17-

30 (continued in tivo sections: Originate
and Referate)

Zentralblatt fiir Bakteriologie, Parasiten-

kunde, Infektionskrankheiten und Hy-
giene; Abt. I: Medizinisch-Hygienische
Bakteriologie, Virusforschung, und Pa-

rasitologie: Originale 1902: 31+ Referate

1902: 31+
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A noteworthy feature during reconstitution of the marine hydrozoan Tubularia
is the appearance of a reddening at the site of hydranth formation. This apparent
concentration of pigment suggests a possible relation of the pigment to the metabolic

processes of reconstitution.

Moreover, studies on the mechanism of dominance in this form have suggested
to Earth (1938) that there is a competition by the ends of a stem piece for some-

thing in the circulation. When the circulation is blocked by oil drops (Earth,

1938), glass rods (Rose and Rose, 1941), or ligatures (Earth, 1938), dominance
is obliterated. When an open capillary tube of short length is inserted into the

coelenteron and the stem ligated about it, thus breaking the coenosarcal connection

but temporarily keeping some fluid exchange, a dominance effect was noted by
Rose and Rose (1941).

Since pigment granules are very evident in the circulation during regeneration,
an investigation of the origin, fate and nature of the pigment was undertaken.

MATERIAL AND METHODS

The work reported here was done on Tubularia supplied by the Marine Biologi-
cal Laboratory at Woods Hole during August, 1951. The stems were four to

eight inches long and unbranched. The hydranths show the tentacle characteristics

reported for Tubularia crocea. The coelenterons were usually partitioned, start-

ing just below the hydranth constriction, by tissue sheets connecting the gastric

ridges. These sheets may connect adjacent ridges, in which case the cross-section

shows cords less than a diameter, or several sheets may seem to originate from a

center giving a wheel-hub effect in cross-section (Fig. 1, C and D). The flagel-

lated cells responsible for fluid circulation are mainly at the two junctions of any

gastric ridge with the rest of the coenosarc as seen in cross-section.

The pigment of Tubularia is typically red. It has been long observed that this

redness is variable but an unusual event, noticed by the Woods Hole Supply Depart-
ment and by us for the first time in August, 1951, is that interspersed with the red

stems were yellow and orange stems, as well as intergrades. These stems were in

no apparent way otherwise different from the red ones. The colors occurred in

both young and old hydranths, both sexes, and in stems of differing lengths. It

91
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was not unusual to find a yellow stem in the midst of red stems. These individuals

offered a new approach to the problem of pigmentation during regeneration.
Unless otherwise noted, all stem fragments were 5 mm. in length and were taken

from a point 3 mm. behind the hydranth constriction. To keep track of the original

polarity, the distal cut is made horizontal and the proximal oblique. Where a group
of four or less stems was being followed, the stems were placed in 50-ml. Erlen-

meyer flasks half filled with sand-filtered sea water. Where 5 to 10 stems were
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FIGURE 1. For explanation, see text.

being followed as a group, they were kept in fingerbowls in 100 ml. of filtered sea

water. All containers were placed in an illuminated cold room at 16-18 C. The

average time for regeneration of a hydranth was about three days.

EXPERIMENTAL

Preliminary experiments involving regeneration of sections from hydranths of

colors other than red showed that without exception the regenerant was of the

same color as the original. In some cases a decrease in color intensity seems to

have occurred, but this is not clear cut. An experiment was then performed
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wherein portions of red stems were allowed to fuse with yellow stem fragments, to

determine the influence of this situation on the color of the hydranth forming in the

yellow component.
All yellow stems were taken from animals bearing yellow hydranths, and all

red steins from animals bearing red hydranths. Hydranth and stem color always

corresponded, although the intensity was both less and somewhat more variable in

the stem portion.

For the fusion experiment, stems were selected which were either intensely red

or pale yellow. For each set in this experiment, one yellow and one red stem of

approximately equal diameter, and a second yellow stem of larger diameter were

used (Fig. 1, E). Two 3 mm. fragments were cut from the larger stem and one

each from the smaller stems. Under the binocular microscope, the distal end of

the red piece was inserted into the proximal end of one of the large yellow pieces,

and similarly the distal end of the small yellow fragment was inserted into the

proximal end of the other large yellow piece. The original polarity was therefore

maintained. Every effort was made to align the gastric ridges of the pieces, since

preliminary experiments showed that failure to do so tended to prevent fusion of the

fragments. It was considered preferable to insert the red stem into the yellow
one rather than the converse, since it is possible that the hard perisarc of the insert

might traumatize the coenosarc of the containing piece and liberate pigment. A
few such converse experiments will be reported as controls. The use of the large

yellow fragment as the containing piece also had the benefit of tending to make the

hydranths form in the yellow component, since the fused 3 mm. fragments behave

like a single 6 mm. stem piece in exhibiting dominance. The healing process is

shown diagrammatically in Figure 1, A and B. One might largely insure formation

of the hydranth in the yellow end by ligation of the red end, but ligation definitely

damages tissue and so this was avoided. The colors of the regenerated hydranths
were examined against a black background with strong white side lighting. The
colors are unambiguous. The results are presented in Table I.

The significant results are those in which (1) successful fusion has occurred,

with the coelenteron being common to both components, and (2) the formation of

the hydranth has occurred in the yellow end of a red stem fused to a yellow stem.

It will be noted that in every such case the hydranth was redder than the hydranth
of the control consisting of two fused yellow pieces.

Observations of fused stems during the regeneration process show that the red

pigment appears in the circulation following healing of the cut ends. It then seem-

ingly is picked up by the gastric ridges. The gastric ridges of the yellow compo-
nents can be seen with lines of red particles. This effect varies in uniformity since

the gastric ridges do not occur symmetrically and the circulation currents vary in

rate of flow and may have eddies. As noted by Stevens (1901) there is a tendency
for the gastric ridges to break down as regeneration proceeds and the picked-up

pigment tends to be re-liberated. When the primordia of the tentacles form, how-

ever, it can be inferred that pigment particles are picked up by them, as chains of

these particles mark the tentacular ridges. There are also some randomly dis-

tributed particles in this area.

The above experiment was repeated in a few cases with oil drops placed in the

coelenteron of the yellow components before healing occurred. These drops block
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the circulation. In these cases the hydranth color was the same as that of the con-
trol hydranth. This might also be held to rule out a factor transmitted by the red

component to the yellow via the coenosarc. The oil drop, however, may affect the

coenosarc adjacent to it by limiting the entering and leaving of metabolically im-

portant materials, and thus effectively also block the coenosarc pathway.

TABLE I

A: Success of Fusions

All fusions successful and normal except:

Set No. Yellow to Yellow

7 S
11 U, cytolyzed
12 U
15 S, abnormal
26 U

B: Observed Color of Hydranths

Fusion:
Hydranth-bearing end:

Set No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Yellow in Yellow
Either

Y
Y
O
O
Y
Y
O
YO
Y
YO

Y
Y
YO
Y
Y
Y
Y
Y
Y
Y
YO
Y
Y
Y
Y

Yellow to Red

U
U, abnormal
S
S

S, abnormal

Red in Yellow
Red Yellow

O
R

R
OR

O

R

O

OR

O

Y

O

OR

OR
O
OR
OR

OR
O
O
OR
OR
O

O
OR

O
O

Yellow in Red
Yellow Red

OR

OR

OR OR

KEY: S successful; U unsuccessful; Y yellow; YO yellow-orange; O orange;

orange-red; R Red.

OR-

Since one could not see individual particles being picked up, the possibility also

remained that some soluble pigment precursor was being produced by the red stem

and entering the yellow. Attempts to insert filters of various sorts into the

coelenteron failed and the procedure was intrinsically undesirable, as it was impos-
sible to place these without severe damage to the gastric ridges and partitions.
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A probable resolution of these questions was effected in the following manner.
"Norite" animal charcoal was ground in sea water with a mortar and pestle and a

suspension of fine particles injected with a micropipette into the coelenteron of vari-

ous stem pieces. These particles tend to adhere to the gastric ridges. Following

healing, the particles become loose with breakdown of the ridge and are readily
seen in circulation. This might simply be a washing free as circulation begins,
but the disappearance of spot stains of Nile blue sulphate suggested an actual break-

down. With regeneration the charcoal particles tend to adhere in the area of

hydranth formation and particle chains delineate the primordia of the tentacles.

In one case where a stolon started to form, a tendency was noted for the charcoal

particles to adhere at this area. In every respect the distribution of red pigment

particles and charcoal particles is the same.

Smears of emerged hydranths following charcoal treatment show that the pig-
ment masses and charcoal are similarly localized in the endoderm and between the

endoderm and ectoderm layers. Sections of forming and emerged hydranths, fol-

lowing Zenker's fixation and staining with carefully filtered Heidenhain's haema-

toxylin without counterstain, confirm the charcoal distribution as observed in

smears. Small charcoal fragments appear to be inside some endoderm cells. No
mitoses were evident in the regenerating areas.

The above observations are regarded as making it highly probable that pigment

particles are actually picked up. It was then decided to examine the character of

the circulating fluid.

Stevens (1901) reports the contents of the circulation as pigment granules,
translucent globules and nuclei. Hargitt (1903) records the presence in the same

species of cnidocysts in the endoderm and circulation. We have examined the

character of the fluid withdrawn from circulation with a fine pipette and confirm

the presence of cnidocysts, pigment granules and cell debris. The material in circu-

lation varies according to the time after healing when the fluid is examined. This

may account for the failure of Stevens to find cnidocysts.

To determine the origin of the circulating material, smears of stem tissue were

examined for obviously specialized cell types. In the endoderm were seen numer-

ous cnidocyst cells and round or oval pigment cells. The latter are generally yel-

low but frequently have in them darker orange or red masses suggesting storage or

concentration of this material.

In the course of regeneration, the area at an end where a hydranth is not form-

ing becomes transparent ;
it was therefore decided to check to see whether this was

an actual thinning or simply a loss of opaque material such as pigment. An actual

thinning might be due to local cytolysis or a contraction of tissue into other areas,

or to cell migrations. Therefore, sections of stems were cut and immediately there-

after additional cylinders approximately 1 mm. in length were cut from the remain-

ing stem just proximal and just distal to the 5 mm. fragment. Working rapidly,

these were immediately stood on end and the tissue thickness measured, using an

ocular micrometer. The magnification was 43 X and 1 mm. of tissue was 10

micrometer units. This procedure is not adequate for small changes ; however, it

was readily observed that changes of the magnitude of a 50% decrease in coenosarc

thickness occurred when, during regeneration, 1 mm. cylinders were cut from the

stem piece up to the area of hydranth formation. It was not possible to judge with
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certainty whether a gradient of thickness, showing increase in the direction of the

hydranth, occurred although this is the visual impression. The need for speed in

measurement is due to the fact that with the onset of the healing process the cut

ends curl inward and increase in optical cross-section. The hydranth-forming area,

as expected, becomes very thick and almost obliterates the coelenteron. Measure-

ments were made on perisarc thickness concurrently as a check on technique, and

these showed no change.
Chemical studies of a preliminary nature were then made on red stems, only, in

an effort to obtain some information about the pigment. The pigment proved to be

water insoluble but soluble in organic solvents, particularly polar solvents such as

acetone, methanol and pyridine. With concentrated sulfuric acid a blue color is

obtained. A chloroform solution gives a positive Carr-Price test for carotenoid

by giving a blue-green color. Absorption measurements were made on various

extracts using a Beckman spectrophotometer. In every case, single peaks in the

visible range were obtained. These were: 490-500 m/u. in pyridine; 455-70 m/x in

petrol ether; and 470-80 m/*, in acetone. The only carotenoid listed in Karrer and

Jucker (1950) showing such characteristics is astacene. Astacene's solubility prop-
erties are very similar to those of the red pigment. Astacene is a pigment occurring

mainly in animals, only one case being known of its presence in a plant, an alga. It

is, however, supposedly an extraction artefact of astaxanthin and results from oxida-

tion during extraction. Attempts to obtain astaxanthin by homogenizing hydranths
in acetone-solid CCX slush and extracting under nitrogen failed but are not regarded
as being final.

The above extracts were made on hydranths only, since numerous red algae and

other organisms grow on the perisarc. It was noted, however, during the course

of tissue smears, that our material was frequently infected with red algae in the

endoderm. The most common of these resembles Ceramium.

As a preliminary to future work, an extract of hydranths of all colors in petrol

ether was chromatogrammed on a sucrose column. Three red bands, one yellow
band and one orange band were noted, but np attempt was made to collect the frac-

tions. The bands may be due to different chemical chromatophores, to different

esterified combinations of the same chromatophore, or to natural or extraction-

created isomers.

DISCUSSION

Loeb (1891), who first noted the color changes in regeneration, suggested that

the pigment might be nutritive. Driesch (1900), noting that the pigment particles
seemed to be linearly arranged following the tentacular primordia, believed that

they might have morphogenetic significance. Morgan (1901) challenged this, how-

ever, on the basis that despite evident considerable variation in pigmentation, re-

generation proceeded normally. He also noted that the stolon frequently showed
the pigment.

There is still no evidence of any functional significance for the pigment of

Tubularia. The non-random arrangement of pigment particles seen by Driesch

as delineating the tentacular primordia is now seen to be due to a mechanism which

indiscriminately takes up particles. The presence of cnidocysts in the endoderm
and in circulation suggests that this may be the normal method of supplying the
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cnidocyst units of the new hydranth. The presence of charcoal particles between

the two layers but not in the ectoderm would then suggest that the mechanism is

pa'rticle-indiscriminate up to this point, but that incorporation into the ectoderm

involves discrimination.

Against this concept it must be noted that charcoal and pigment tend to adhere

where the stolon begins to form. This may mean that these growing areas simply

have sticky surfaces and that the lining-up of particles in the tentacular primordia
is the incidental result of cell movements.

Stevens (1901) and Godlewski (1904) believe that the red pigment is liberated

by endoderm cytolysis, particularly of the gastric ridges, during regeneration, and

is a waste material expelled when regeneration is complete. We confirm the libera-

tion of some pigment with gastric ridge breakdown.

The pigment may indeed be a waste product derived from ingested crustaceans

who, in all probability, contain astacene (or astaxanthin). There is no denial that

some is frequently expelled after reconstitution. Preliminary chromatography does

suggest, however, that it may pass through several chemical stages in Tubularia, as

is also suggested by the occurrence of strikingly different colored specimens in the

same clump of stems. These could be biochemical mutants.

The storage of pigment in Tubularia might serve as a prey-attracting mecha-

nism. No evidence exists on this point. Carotenoid pigments are of known im-

portance in visual biochemistry. There is no evidence on light sensitivity in

this form. Carotenoid materials have been reported as gamete-attracting agents

(Moewus, 1940). While this has not been confirmed, the pigment here occurs in

both sexes and in apparently similar distribution.

Regarding the chemical nature of the pigment, Driesch (1900) remarks that it

was identified for him as a carotenoid, and Lonnberg and Hellstrom (1931), work-

ing with T. larynx, name it as astacene. However, they report a main absorption
band in petrol ether at 432-4 niju, and minor bands at 458-9 m/* and 488-91 m/*..

Our work confirms their identification but not the presence of three bands. Our
data are in agreement with the spectral and other characteristics described by
Karrer and Jucker (1950) for astacene.

It is undisputed that the area of hydranth formation shows a prior reddening,
and the latter must be clue to one or more of the following events : 1 ) local synthesis
of pigment; 2) local acquisition of pigment formed elsewhere; and 3) more pig-

mented cells entering the area. Therefore, histological studies of the cell move-

ments, divisions and growth relative to regeneration are important. Histological

studies have been made by Bickford (1894), Stevens (1901), Godlewski (1904)
and Hargitt (1903). Alone among these, Stevens reports mitotic figures in the

regenerating area, both in ectoderm and endoderm. She also noted that in her

sections the tissue in the non-regenerating area had become thin and the cells

elongated in the stem length. To her, this suggested contraction of cells into the

regenerating area. Contraction would account for reddening by increasing the

length of the optical path through the pigmented material. This is readily dupli-

cated by ramming tissue in the perisarc with a glass rod. Hargitt, unlike Stevens,

finds no mitoses and believes that amitotic divisions must occur. Cell divisions are

necessary to account for the increase in ectoderm surface, according to Hargitt.

Bickford's work is directed towards the successful establishment of the view that the
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hydranth must form from previously differentiated cells, rather than from a primi-
tive cell, but she does not touch the problem of which differentiated cell* form the

hydranth. Against the contraction hypothesis of Stevens is the old observation* of

Allmann (1874) that no muscle cells exist in the tissue under the perisarc. This

is not necessarily a valid objection since all cells are contractile to some degree.
Our work confirms the decrease in tissue thickness and the absence of distin-

guishable mitotic figures which therefore would lend weight to a cell movement

theory. It must be pointed out, however, with regard to the observation regarding

mitoses, that it is possible that we are dealing with mitoses of an unusual type.

Mitoses might occur in waves, for example, and thus not be picked up in sections

made on 5 or 6 stems. This would explain Stevens' finding them and the failure of

the other observers to do so. Work with agents which arrest mitoses might clarify

this point.

One still may not say that the reddening which marks the site of hydranth
formation is entirely due to picked-up pigment. While this and intrinsic pigment
could account for a good part of the reddening, contraction of tissue into the area is

not ruled out. The discreteness of the particles marking the tentacular primordia,

however, suggests that the former originate entirely from picked-up pigment.

SUMMARY

1. At least part of the reddening designating the site of hydranth formation in

Tubularia is due to pigment removed from circulation.

2. The mechanism removing pigment particles from circulation does not distin-

guish them from charcoal particles introduced into the stem. These become dis-

tributed in exact coincidence with the pigment in the reconstituted hydranth.
3. The extracted pigment of Tubularia seems to be mainly astacene, as judged

from its spectral and solubility properties.

4. The immediate origin of the pigment in circulation is from the breakdown of

endoclermal tissue.

5. The possible significance of removal of pigment is discussed.

6. Color variants in Tubularia are noted, as well as infecting red algae.
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THE BIOLOGY OF THE SIERRA LUMINOUS MILLIPEDE,
LUMINODESMUS SEQUOIAE, LOOMIS

AND DAVENPORT

DEMOREST DAVENPORT, DONALD M. WOOTTON AND JOHN E. GUSHING 1

Dc[>t. of Bi/'loi/ical Sciences, I'nii'crsity of California. Santa Barbara College,

Santa Barbara, California

In May of 194 (
) a group of students on an ecology field trip to the Sequoia

National Forest (Camp Nelson, Tulare Co., California) brought back to the senior

author a large number of striking and brilliantly luminescent millipedes. These

animals were sent to Dr. E. Newton Harvey of Princeton University, who in turn

forwarded them for identification to Mr. H. F. Loomis of the U. S. Plant Intro-

duction Garden, Coconut Grove, Florida. Mr. Loomis found them to constitute

an undescribed genus and species, and there resulted a collaborative original de-

scription (Loomis and Davenport, 1951). Reports of luminous millipedes are few.

Bruner (1891) observed and described animals in Nebraska which were later given
the name Fontaria luininosa by Kenyon (1893) and thus placed in the family

Xystodesmidae, in which Luminodesmus belongs. It would appear, however, that

these studies constitute the first investigations to be made of the life-history and

physiology of luminescence of a luminous diplopod.

Luminodesmus sequoiae is a large and handsome millipede, the adults averaging
40 mm. in length and 8 mm. in width, of a pale tan or salmon color in late adult life,

with a dark mid-dorsal line. In darkness the entire animal and its appendages give

off a brilliant greenish-white glow, plainly visible to the dark-adapted eye at a con-

siderable distance. Figure 1A is a photograph in ordinary (stroboscopic) illumina-

tion, while Figure IB shows the animal taken in its own light only.

After discovery and description of the millipede, it became apparent that a

thorough investigation of its ecology, distribution, life-history and physiology should

be undertaken. Accordingly, in May of 1951 a trip was made to the type-locality

for the purpose of collecting numbers of living animals, and some four hundred or

more were brought back to Santa Barbara.

In the laboratory the millipedes proved easy to culture. A minimum of care was

necessary to keep them alive and to raise the early stages. Adults were kept in a

series of standard glass terraria filled to a depth of 5 or 6 inches with the rich, dark

humus collected in their habitat. These terraria were covered with glass sheets

and sealed with vaseline ; about every 10 days they were opened and the humus

1 The authors wish to express their appreciation to Dr. E. Newton Harvey of Princeton

University for suggestions and advice ;
to Dr. William D. McElroy of Johns Hopkins Univer-

sity for providing the firefly preparations ; to Messrs. Theodore Gayas and Richard Addison

of the Brooks Institute of Photography, Santa Barbara, for the photographs ;
and to Campbell

Grant of Carpinteria, California for his execution of the accompanying drawings. The techni-

cal assistance of Eugene Sheller is also gratefully acknowledged.
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FIGURE 1. A. Adult Luminodesmus scquoiac. Approx. X 3. B. An adult L. scquoiae

photographed in its own light. Animal curarized. Approx. X 3.

lightly sprinkled \vith water. Occasionally, when animals were removed for ex-

perimental purposes or a search for early stages was made, fresh humus was added

from storage containers brought in from the field at the time the animals were

collected.

ECOLOGY AND DISTRIBUTION

Litininodcsiims sctjiioiuc appears to have a very limited geographic range. So

far the only records are one from the type-locality and an uncertain one from
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Kavveah, Tulare Co. (Loomis and Davenport, 1951). During the summer of 1951

a brief visit was made to Yosemite, Kings Canyon and Sequoia National Parks dur-

ing which it was found that no such animals had ever been observed in the parks to

the knowledge of the Park Naturalists and their staffs. One ranger stated that he

had observed "large luminescent animals" on a trail along the Merced River at low

altitudes in Yosemite, but that these were not identified.

It appears probable that the animals may be limited to a particular environment

with the characteristics of the type-locality, relatively moist with a thick, dark humus
under a leafy litter made up of the disintegrating leaves of Onerous, Acer, etc., with

an admixture of conifer needles. They must occur rarely if at all in the heavy
coniferous forests of higher altitudes in the Sierra, characteristic of Kings Canyon
and Sequoia National Parks

; otherwise it would seem that they could scarcely have

escaped notice. However, it is likely that further investigation of areas similar

ecologically to the type-locality at lower altitudes within the Parks and in the foot-

hills beyond their western limits may extend the range of Luminodesmus.

As has been stated, at the type-locality the animals may be so numerous on the

surface that at night, when their bright patch of light attracts the eye, dozens can

soon be collected. An effort was made in May of 1951 by Dr. E. R. Noble of the col-

lecting group to determine how common the developmental stages might be in the

upper layers of humus and soil. It was found that their distribution was extremely

irregular. Several areas two feet square were carefully sorted over to a depth of

6 inches. In one such area 54 animals, ranging in length from 2-35 mm., were

collected. Some areas of similar size had a far smaller population and in others no

millipedes whatever could be found. No very striking differences in the charac-

teristics of these areas could be observed which might account for the difference in

distribution. It is apparent that the animals may be numerous enough locally so

that their feeding activities could have a marked effect on the characteristics of the

humus in their particular niche.

An investigation at the type-locality in October of 1951 showed that at this late

season after a summer of extreme dryness adults were almost totally absent. A
careful search on two consecutive nights revealed no adults at the surface. During

daylight a number of areas where large numbers had been taken the previous spring

were carefully investigated by digging to a depth of approximately 9 inches. It

was found that although certain of these areas, particularly under the overhanging

edges of logs and boulders, were filled with well defined workings and broken

cocoons, no adults of the preceding summer were present. In some areas, however,

numbers of the last four larval stages were discovered, seemingly distributed at

random in the first 6 inches of soil, while a number of recently moulted adults were

also present. All living animals were very inactive and there were indications of a

high mortality due to desiccation, since a number of intact cocoons containing the

dried remains of animals were found.

It would appear, therefore, that very few adult animals survive the long period
of desiccation from mid-summer until the beginning of the winter rains, at least in

years of light rainfall. This observation is borne out by the comment of one of

the district foresters, stationed at Camp Nelson, who on being questioned, said that

he was familiar with the animal and that it was a creature of the spring rains, dis-

appearing at the beginning of the summer drought.
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LlFE-HlSTORY

Millipedes that \vtre kept in humus in the sealed terraria in the laboratory
thrived for many months, burrowing through the humus in their feeding and com-

ing actively to the surface at night to wander about. The room in which they were

kept varied in temperature in the usual way during the clay from approximately
65 F. to 85 F. Because of the relatively constant temperature of this artificial

environment and the knowledge that at least during several months of their develop-
ment in nature they are subject to daily extremes of temperature from well below

freezing to above 80 F., it did not seem worthwhile to go to the difficulty of de-

termining in more than a general way the time-duration of each stage.

When the adult animals were first brought into the laboratory in May they were

placed in fresh humus known to be free of eggs or early stages. Although mating
was not observed in the laboratory, it is reasonable to assume that it freely occurred,

since members of both sexes were placed in the terraria at random. The terraria

were first investigated for the presence of early stages on July 19th and numbers of

egg-masses were found (Fig. 2A). The date of laying was not known. These

egg-masses varied widely in the number of contained eggs ; three that were counted

contained approximately 160. 70 and 165 respectively. The masses were laid in

B

C D

FIGURE 2. A. Egg-mass. Approx. X 2^. B. "Split-stage" egg. Approx. 17. C. First

instar larva in ventral and dorsal view. Approx. X 20. D. Opened cocoon of moulting larva.

Approx. X I
1

t
.
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loose cells of humus or in the closed ends of tunnel branches, a few inches below the

surface. No firmly cemented cocoons of the type manufactured by moulting larvae

appear to be constructed for these nests.

The eggs were approximately round, averaged 0.7 mm. in diameter, and ap-

peared pearly, with a smooth surface. They were coated with a sticky substance

that caused them to clump together, as has been described in other millipedes

(Miley, 1927; Causey, 1943). As the eggs advanced in age the outer envelope
took on a light brownish tinge.

In a number of egg clusters investigated, development had proceeded to a point

which we have called the "split-stage" (Fig. 2B). In this stage, in which two

halves of the split shell have been sprung apart like hinged hemispheres, there is con-

tained a sac-like structure through which the developing larva with its appendages,

etc., can just be perceived. Such a stage has been described for the juloid millipede,

Arctobolus (Loomis, 1933) but not for the more closely related Polydesmid,

Orthomorpha (Causey, 1943).

Loomis relates that in Arctobolus the first stage after hatching consists of a

grub-like creature without appendages contained in a delicate semi-transparent
membrane. We believe, although it could not be demonstrated, that in Luminodes-

mus this stage is passed briefly while in the "split-stage." When true hatching

occurs, typical six-legged first instar larvae appear. In a large nest of "split-stage"

eggs, first instar larvae were observed hatching from the membranous structure

within the halves of the shell.

That the duration of time in the egg is not less than two weeks was demon-

strated, since first instar larvae hatched from July 31st to August 3rd from "split-

stage" eggs that had been isolated in small glass jars on July 19th.

No luminosity whatever could be observed in large egg-masses either before or

in the "split-stage." All observations on luminescence were made in a dark-room

after 15-20 minutes of dark-adaptation by means of Polaroid Corp. type-XDA8FAP
red lenses. Single first instar larvae were checked for luminescence and none could

be observed. An opportunity to check larvae hatching in numbers from a clump of

eggs showed that enough luminescence is present in first instar larvae for it to be

just apparent to the scanning, dark-adapted eye when the larvae are crowded to-

gether in a mass. Under these circumstances there is just enough luminosity pres-

ent to be picked up with rod-vision in the thoroughly dark-adapted eye.

Whether luminosity is present in the egg itself has not been definitely deter-

mined. It is certainly not evident even when the eggs are in large masses ; it is pos-

sible, however, that the opacity of the envelope prevents passage of light to the

exterior.

The first instar larva may be seen in ventral and dorsal view in Figure 2C.

This stage has 7 post-cephalic segments and averages 1.7 mm. in length. The ani-

mals are very active on hatching and move about feeding on the humus. At hatch-

ing they are transparently pale white, but shortly after commencing feeding, the gut,

filled with black humus, becomes very evident.

A number of first instar larvae were isolated in humus on July 19th. By August
10th numbers of these were observed to have constructed the typical cemented

cocoons in which moulting of larvae occurs. A cocoon broken open with a late

larva in situ is shown in Figure 2D. The cocoon closely resembled that described
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by Miley ( 1927) in Euryurus. Cocoons are ball-like, smooth on the inside and

rough on the exterior, of a dark, smoothly homogenous consistency apparently the

result of the working together of humus and earth with some secretion. These
structures are entirely closed and some possess the chimney-like extensions de-

scribed by Miley. It is not unusual to find more than one individual in a single

cocoon, particularly in some of the early moulting stages. As other authors have

described, the millipedes are extremely inactive when in the process of moulting in

the cocoons. That there is a general slowing down in metabolism at this time is

indicated by the marked decrease in luminosity. No animals have been observed

to lose their luminosity at any time from larva to adult, but during moulting the

intensity is greatly diminished.

On August 20th the same isolation jar was examined, and a number of second

instar larvae had appeared and were actively feeding. The time duration in the

first instar was therefore approximately 33 days. Second instar larvae had 6 pairs

TABLE I

Characteristics of developmental stages
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slightly larger. In the sixth and seventh larval stages proximal and distal seg-

ments are plainly apparent, the former segment being sunk into a pit in the sternite

(Fig. 3B). The fully developed gonopod appears in the adult (Fig. 3C).

A B C

FIGURE 3. A. Appendages of the 7th post-cephalic segment in male fourth larval stage, show-

ing gonopods appearing in position of eighth leg-pair. B. Developing gonopods of the seventh

instar. C. Gonopods of adult male. All approx. X 13.

THE SOURCE AND NATURE OF LUMINESCENCE

While an extensive study of the luminescence of Luminodesmus sequoiae has

yet to be made, some observations of general interest can be presented at this time.

The luminescence is continuous and appears to be under no voluntary control.

During periods of general inactivity (e.g., moulting) a decrease in intensity may
occur. Momentary variations in light intensity in the entire animal may occur, but

at the present time it cannot be said with certainty that these changes are correlated

with changes in bodily activity. It has often been noted that luminosity may fade

within segments or groups of segments under abnormal conditions (such as preced-

ing death from local damage, poisons, CO 2 ).

Several observers have stated that they had an impression of a particulate light

source when they examined the brilliant dorsal integument. Figure 4, an enlarge-

ment of five segments taken in their own light, strengthens the impression that there

are in the integument scattered points of more intense luminosity. It is possible,

however, that this effect may result from the breaking up of uniform light coming
from deeper layers by the surface sculpture of the integument. This photograph,
as well as Figure IB, was taken in complete darkness with a Leica f-2 on Super-XX
panchromatic film. The exposure time was one hour. Animals were inactivated

by injection of 0.25 cc. d-tubocurarine chloride at a concentration of 3 mg./cc. The

neuro-muscular blocking agent appeared to have no direct effect on luminescence.

Efforts to determine the exact source of the luminescence have been made as fol-

lows. Dissection and observations have determined that the fat bodies, viscera,

tracheae, musculature and blood are not luminous. Frozen sections of adult ani-

mals have been made with CO.,. If these are rapidly thawed out under a jet of

oxygen and observed in darkness, it can be seen that the source of the luminescence

lies in the integument, since a cross-sectional "pipe" of light can be observed. The
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light from such sections fades out in a few minutes and is so pale and so diffuse as

to make it impossible to resolve the source under the microscope. If the sclerotized

integument of the animal is scraped with a scalpel on the outside so that flakes are

removed, no trace of luminosity can be observed in these flakes. Further evi-

dence that the source of the luminescence may lie in the deeper integumentary

layers, perhaps the epidermis or enclocuticle, is presented by the fact that the anten-

nae and legs, containing non-luminous blood, muscle, etc., are brilliantly luminescent.

Under the dissecting microscope in darkness, appendages appear to give a relatively

uniform glow with the intensity appearing greater to the eye at the curving surfaces

at the margins, where there is, of course, greater integumentary thickness.

Paraffin sections of adult animals and fourth stage larvae have been cut and

stained with Mallory's triple stain with Orange G. It has so far been impossible

to discern either in the endocuticle, which is traversed by numerous canals, or the

epidermis, the granules which have so often been described in animal cells that are

FIGURE 4. A dorsal view taken in animal's own light showing participate appearance of light

source and brilliance of lateral margins. Animal curarized. Approx. X 4.

auto-luminescent. Fresh, unstained smears of integument or of appendages, or

smears stained with methylene blue have given no indication under oil-immersion

of the presence of such bodies or of bacteria which might be suspected of being the

source of luminescence.

Efforts to make extracts of Luminodesmus which would retain luminescence

in vitro have so far been without success. Extracts prepared by grinding whole or

eviscerated animals in water and filtering the extract into an evaporating dish

glowed very briefly and went out. To date it has not been possible to re-activate the

extract by adding various combinations of Photinus extract (including concentrated

"luciferase" extracts made from freshly dried lanterns), magnesium ion and ade-

nosine triphosphate (rf. McElroy and Harvey, 1951, for further references). At-

tempts to show classical "luciferin-luciferase" activity by combining heat-treated

fractions with non-heat-treated ones (Harvey, 1940) have not been successful.

However, it should be possible to study the effects of some factors on the emission

of light in Luminodesmus in a semi-isolated system, since it has recently been found
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that single legs and antennae if placed in distilled water will retain full luminosity
for at least four hours and overnight if refrigerated.

As has been stated (Loomis and Davenport, 1951), if the animal is irradiated

with an ultra-violet light source, a hrilliant chartreuse-green fluorescence appears.

This fluorescence comes from the entire integument and often most brilliantly from

areas which are not as intensely luminescent as others, such as the ventral surface.

Blood, viscera and trachae are not fluorescent. That a yellow-green fluorescent

compound is directly involved in the luminescence of fire-flies has been demon-

strated (Strehler and McElroy, 1949). However, it should be borne in mind that

many fluorescent compounds are known that are not concerned with the luminescent

reaction.

That Luminodesmus, like most other luminous forms, must have oxygen in

order to maintain full intensity of light production, was demonstrated by the use of

nitrogen and carbon dioxide. Individual animals were placed in the bottom of a

cotton-stoppered U-tube through which gases were drawn. The luminescence of

animals in an atmosphere of pure nitrogen rapidly faded so that after five minutes

only a dim glow was perceptible. This minimum light production was maintained

as long as animals were observed (three hours). During this time the animals

were quiescent, but apparently the effect on luminescence was specific, for the in-

troduction of oxygen to the U-tube immediately restored full and brilliant light,

while the animals returned to normal, unimpaired activity. Whether or not the

dim light given off during prolonged exposure to nitrogen also requires small

amounts of molecular oxygen remains to be investigated (rf. Harvey, 1940, p. 127).

Atmospheres of pure CCX were found to cause the rapid and complete disappear-
ance of luminescence within two minutes and also to be extremely toxic. Animals

exposed to the gas for 15 minutes not only failed to luminesce but were completely
inactivated. Re-introduction of oxygen to the U-tube caused a partial return of

light production almost immediately, but that this exposure to CCX was close to the

lethal point was demonstrated by the fact that some animals failed to recover com-

plete luminosity and activity, and ultimately died. Whether or not CCX has a

specific effect on the luminescent system is yet to be demonstrated.

Animals were subjected to HCN in a collecting tube strong enough to kill

Hymenoptera (Apis) almost instantaneously. The millipedes showred a marked
decrease in activity at the end of an hour but no decrease in luminescence below the

normal brilliant level. At the end of approximately three hours the animals were

completely inactive (dead?) and the luminescence greatly reduced. Neither ac-

tivity nor full luminescence ever returned when these animals were placed in an

atmosphere of pure oxygen. These observations suggest that cyanide is relatively

non-toxic to the luminescent system and does not affect it in vivo until the letha'i

point is reached. This is of interest in view of the demonstration of McElroy and

Strehler (1949) that HCN not only fails to inhibit luminescence in luminous bac-

teria and in isolated biochemical systems but actually stimulates light production.

Finally it may be asked what the function of the luminescence is in Luminodes-
mus. It would appear that it cannot serve as a recognition factor, since all members
of this millipede order are blind. As will be seen, Luminodesmus, like many other

millipedes, gives off an offensive odor. Cook (1900) says "this absence of eyes
also renders apparently meaningless the fact recorded by Bruner and Kenyon that
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the repugnatorial secretion of a Nebraska species" (Fontaria luminosa Kenyon)
"is luminous . . . but when the nocturnal habits of the animals are considered,

phosphorescence may be looked upon as affording a protection additional to that of

the odor of the repugnatorial fluid."

This hypothesis that a "warning luminescence" has evolved in these millipedes

can only be proved by the most carefully controlled field experiments involving
nocturnal predators ;

at the present time it must be said that the role the light plays
in the life of the animals is problematical.

RELEASE OF HCN

The release of HCN by millipedes has been noted by a number of authors in

many species (Guldensteeden-Egeling, 1882; Verhoeff, 1928; etc.).

When collecting live Luminodesmus at the type locality and many times there-

after in handling experimental animals, observers have noted a powerful "cyanide

jar" smell. It seemed advisable, therefore, to test for the presence of cyanide. Ac-

cordingly, the highly specific and delicate test developed by Fox (1934) was em-

ployed. Air is drawn through a system to be tested and then bubbled through an

alkaline silver iodide suspension. If HCN is present, the KCN formed immediately
dissolves the Agl, the cloudy bluish suspension disappears, and the resulting solu-

tion is perfectly clear.

If air was drawn over soil in which the millipedes had been living, a negative
test resulted, but air drawn over a single animal which had been slightly agitated in

a test-tube gave a strong positive reaction, indicating the release by the animal

of HCN.
A biological test demonstrated the poisonous effects of the material released by

the millipedes. Bees (Apis) were enclosed in test-tubes with millipedes and slightly

agitated. Within three minutes the bees completely lost motor control and if en-

closed thus for more than 15 minutes failed to recover. Control bees showed no

diminution of angry activity if enclosed in similar stoppered tubes for half an hour.

No direct physiological connection between the phenomenon of luminescence

and the release of HCN in Luminodesmus has been demonstrated. Kenyon (1893)
and Cook (1900) discuss the possibility that in F. luminosa the repugnatorial glands
are also the source of the "bead-like" luminosity. It would be of great interest to

determine whether the glands of this animal, like those of Luminodesmus and other

polydesmoids, release HCN and whether they are in fact involved in the lumines-

cence, particularly in view of the demonstration of McElroy and Strehler, cited

above, that cyanide stimulates the light-emitting reaction in other organisms.

SUMMARY

1. The characteristics, distribution and habitat of the millipede, Luminodesmus

sequoiae Loomis and Davenport are discussed. The life-history and the develop-
ment of the male gonopods are described.

2. Luminescence is continuous, under no voluntary control, and first appears on

hatching ;
its source apparently lies in the deeper layers of the integument.

3. Extracts of Luminodesmus glow briefly and go out. Experiments to elicit

a light flash from such extracts with combinations of Photinus lanterns, magnesium
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ion and adenosine triphosphate, and to demonstrate classical "luciferin-luciferase"

activity have been without success. The integument of Luminodesmus gives a bril-

liant yellow-green fluorescence in ultra-violet light.

4. Nitrogen atmospheres reversibly extinguish luminescence, carbon dioxide ir-

reversibly so, while cyanide has little effect on luminescence until the lethal point
is reached. Chemical and biological tests have indicated that Luminodesmus, like

other millipedes, releases HCN.
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THE RELATION BETWEEN OLFACTORY RESPONSE AND
RECEPTOR POPULATION IN THE BLOWFLY

V. G. DETHIER

Department of Biology, The Johns Hopkins University, Baltimore 18, Md.

In the course of an investigation to determine rejection thresholds of the blowfly,

Phortnia regina Meigen, for the vapors of homologous alcohols it became desirable

to ascertain whether or not the response elicited depended entirely upon stimulation

of the olfactory sense, as commonly believed, or represented instead a less specific

action by way of a common ch'emical sense. In order to check this point it was nec-

essary to measure accurately the threshold concentration for some test substance

in the vapor phase and then to follow quantitatively changes in threshold value as

different areas suspected of bearing olfactory receptors were extirpated. Execu-
tion of this plan showed not only that rejection was mediated almost entirely through
the olfactory sense, but it yielded in addition some unexpected information relative

to the comparative sensitivity of the different olfactory receptor fields and the im-

portance of bilateral versus unilateral stimulation. This last is of particular interest

if one is to give due consideration to the possibility of summing and to the relative

contributions of the peripheral and central components of the nervous system to

those aspects of behavior which depend initially upon stimulation of the sensory

system.

METHODS AND RESULTS

By analogy with other insects, the principal areas to be suspected of bearing

olfactory receptors are the antennae, the labial palpi, and the labellum. Frings

(1941) had shown by conditioning experiments that the olfactory sense of a related

species, Cynomyia cadaverina Desvoidy, is resident in the antennae and labellum.

Experiments by Dethier and Chadwick (1947) in another connection had shown
that the response of Phormia to the odors of many organic compounds is abolished

when the antennae and labellum are removed. The present investigation was de-

signed to establish these results on a quantitative basis and to assess the contribution

of the several sensory areas to the rejection response. Pentanol was selected as a

test compound because of the decisive manner in which flies responded to it and the

exactness with which a threshold value could be measured. The technique of

threshold measurement has been described in detail in an earlier communication

(Dethier and Yost, 1952).
For the present study, measurements of response were made with normal ani-

mals and animals from which head appendages had been removed by cutting, singly
or in various combinations. Instead of varying the concentrations and determining
what strength of stimulus was required to elicit 50% response (median rejection

threshold) under each experimental condition, the simpler procedure was adopted
of selecting two concentrations and determining the change in the per cent of the
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TABLE I

Response of normal and operated Phormia to the vapor of pentanol

Receptor areas remaining
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population responding as the various appendages were removed. Since the rela-

tion between the per cent of any population responding and the concentration to

which it responds is known (the distribution is normal with reference to the

logarithm of concentration), this method of approach is justified. The two con-

centrations selected were 5.0 X 10~6 M pentanol, to which approximately 90% of

the population normally responds, and 1.6 X 10~6 M, to which approximately 25%
normally responds. The median is 2.2 X 1O6 M.

The results, together with tests of significance, are listed in Table I.

DISCUSSION

Three points for consideration emerge from an inspection of the foregoing data.

These relate to the location of receptors, the differential sensitivity of receptor

fields, and the difference between unilateral and bilateral thresholds.

When the higher concentration of pentanol is employed as a test stimulus, re-

sponse in the form of rejection by the animal is abolished only when all of the head

appendages (i.e., antennae, palpi, and labellum) are destroyed. On statistical

grounds there is still a slight possibility of a retention of some residual sensitivity

even then to this concentration (see Table I, "Tested at 5.0 X 10~6 M, No Recep-
tors Remaining"), but the degree of response is very low. The reduction of re-

sponse is most marked following removal of the antennae. No difference in re-

sponse could be detected between animals possessing labella and palpi only and those

possessing palpi only. Therefore, receptors sensitive to the lower concentrations of

pentanol are presumed to be present on the antennae and palpi.

This conclusion is in conflict with those previously reported by Dethier and

Chadwick (1947) and Frings (1941). Part of the discrepancy may be resolved

by giving attention to the problem of stimulus concentration. When a weak stimu-

lus is employed for testing, response is completely abolished following removal of

antennae alone (Table I, "Tested at 1.6 X 10~6 M, Labellum and Palpi Remain-

ing"). In the earlier experiments with Phormia, where the responses of normal

versus antennectomized-labellectomized flies were compared, it had been observed

that the latter failed to respond to the odors of solutions employed in stimulating
tarsal chemoreceptors. The test odors, although not quantitatively controlled at

that time, were of low concentration, and a repetition of the experiments has sub-

sequently shown that antennectomy alone is sufficient to prevent the olfactory re-

sponse of flies under those conditions of testing.

The data for Phormia and those obtained by Frings with Cynomyia cadaverina

could be reconciled by an explanation which would take advantage of the species

difference, but this is admittedly unsatisfactory. On the other hand, it is con-

ceivable that the differential sensitivity of the various appendages in the two species

is not identical. If receptors sensitive to stimulation by compounds in the vapor

phase were considered to be present on all three sets of appendages, the compara-
tive sensitivity in the two species might be antennae > labellum > palpi in Cy-

nomyia and antennae > palpi > labellum in Phormia. If the stimulus were of

moderate to low concentration, only the antennae and labellum would be involved

in the first species and the antennae and palpi in the second. Knowledge of such

relationships wrould emerge only after a careful study of the entire concentration

range. The fact remains, nonetheless, that Phormia is repelled by low concentra-
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tions of gaseous substances only when both antennae are intact and by high concen-

trations only when the antennae or palpi are intact. Therefore repellents in the

vapor state may be presumed to be acting on olfactory receptors.

Differences between responses at high and low concentrations of pentanol show

quite forcefully that all receptor fields are not equally sensitive and that the field

on the mouthparts is much less so than that on the antennae. Additional confirma-

tion for this last conclusion is seen in the degree to which response is reduced fol-

lowing removal of different appendages. The greatest reduction follows bilateral

antennectomy. This confirms what has been known for some time, that the anten-

nae of insects are generally sensitive to lower concentrations of odors than other

receptor fields. Whether the difference is to be ascribed to a difference in the

number of receptors involved, in their intrinsic thresholds, or in their central nerv-

ous connections cannot be known at this time.

The possibility of a dependence of total response upon activation of a threshold

number of receptors has not been carefully examined in olfaction. The phenome-
non has been investigated to some degree for the humidity sense. The suggestion

that a threshold number of receptors is required for a response to humidity changes
was first demonstrated by Pielou (1940) on evidence gathered with the mealworm,
Tenebrio molitor. Detailed confirmation was provided by the experiments of Roth

and Willis (1951a) which showed that the per cent of response of a population of

two species of Tribolium was closely correlated with the number of sensilla basi-

conica remaining on each individual after surgical operation. As the number was

progressively decreased the per cent response to humidity differences correspond-

ingly decreased.

The present data on olfactory response to high concentrations of pentanol per-
mit an extension of the analysis of the relation between receptor number and

threshold of response. The existence of such a relation is indicated by the signifi-

cant difference in response between those flies possessing both antennae and those

with a single antenna. Observation of individual flies, plus the fact that the re-

sponse of flies with a single antenna could be made to match the response of normal

flies by adjustment of the stimulating concentration, indicated that results could

not be attributed to interference with locomotory behavior.

If one makes the assumption that x number of receptors must be activated to in-

sure a response, then at the median threshold value 50% of the flies have x or more

receptors acting. The probability at this concentration that a fly (x or more re-

ceptors) will be in the half of the population which is responding is 50%. This

probability can be increased either by increasing the concentration or by increasing
the number of available receptors (n). If n is doubled, the probability of a re-

sponse increases. This increase can be calculated from the expression \-q- where q
is equivalent to the per cent not acting at the median concentration. Accordingly,
the concentration which elicits a response from 50% of the flies possessing a single
antenna should elicit a 75% response from the flies possessing both antennae if

there is no interaction between the two antennae.

Although the concentration chosen to test this hypothesis was the 90% level

rather than the 50% level, use of the expression l-q- still yields the desired results.

Application of the test to the data shows that the decrease in threshold with two
antennae as opposed to one can be accounted for satisfactorily on a probability basis.
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Since the probability of a response can be increased (reflected as a decrease in

threshold concentration) either by increasing the receptor number or by increasing
the concentration and holding the receptor number constant, it may indeed be con-

cluded that some relation exists between concentration and number of receptors
activated. Furthermore, it can be said that as the concentration is increased a

larger number of receptors is activated. Beyond this one cannot go on the basis of

these data.

TABLE II

Effects of unilateral and bilateral operations in the responses

of beetles given a choice between 0% and 100% R.H. at 27 C.

(Data from Roth and Willis, 195 Ib)

Species

Rhyzopertha dominica (thin-walled sensilla

present on segments 8 to 10)

Latheticus oryzae (thin-walled sensilla pres-

ent on segments 7 to 11)

Tribolium castaneum (thin-walled sensilla

present on segments 9 to 11)

Tribolium confusum (thin-walled sensilla

present on segments 7 to 11)

Receptor areas remaining on antenna

Segments 1-10 on both (normal)

/Segments 1-10 on one 1

[Segments 1-9 on other]

Segments 1-9 on both

Segments 1-10 on one
\

Segments 1-7 on other/

Segments 1-7 on both

Segments 1-11 on both (normal)

Segments 1-11 on one 1

Segments 1-10 on other/

Segments 1-10 on both

Segments 1-11 on both (normal)

Segments 1-9 on both

Segments 1-9 on one 1

Segments 1-8 on other/

Segments 1-8 on both

Segments 1-11 on both (normal)

fSegments 1-11 on onel

\0 segments on other /

antennae

Segments 1-7 on both

fSegments 1-7 on one 1

(Segments 1-6 on other/

Segments 1-6 on both

Segments 1-11 on one 1

Segments 1-6 on other/
Segments 1-6 on both

% response

76 2.7

69 3.0

56 3.4

61 2.9

-0.1 7.0

87 3.1

73 3.2

46 2.7

80 1.0

75 2.9

78 3.6

31 5.4

86 1.7

76 3.0

-0.2 2.2

23 1.6

12 3.9

5 4.1

75 2.1

5 4.1

Rise of threshold with unilateral extirpation has not been emphasized before, but

it is implicit in many recorded data. It is seen, for example, in the humidity re-

sponses of many beetles. Several selected data of Roth and Willis (195lb) show it

clearly (Table II). Here the response is always (with the one exception in the

case of Tribolium castaneum} reduced when one antenna or portion thereof is re-

moved. The response is further diminished when corresponding areas on the re-

maining antenna are removed. In none of these cases, nor in the olfactory data

presented, does the experimental value of response to bilateral stimulation exceed

that for unilateral stimulation by a value greater than that which can be accounted

for by statistical bias. Consequently, it can be stated that there is here no evidence
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for contralateral neural summation (cf. Dethier, 1950). However, when only one

or two concentrations rather than a complete frequency distribution have been in-

vestigated, it is not possible to analyze the situation fully. Nor can one apply a

rigorous test of significance to the difference between the experimental value for

bilateral stimulation and the calculated value and consequently settle the question of

summation with any great degree of certainty. This follows in part because the

Chi square test is inaccurate when small numbers are used and only one degree of

freedom is involved.

Since decrease of unilateral threshold over bilateral threshold has not been re-

corded as occurring commonly among animals (the difference between monaural

and binaural thresholds, and monocular and binocular thresholds in man being two
of the better known examples), the phenomenon is worthy of closer scrutiny. Ad-
ditional experiments with the tarsal chemoreceptors, which are more amenable to

analysis, are in progress to settle this point. At the moment it would appear that

the results reported here do not indicate the existence of true neural summation but

instead what has been termed supplementation by Smith and Licklider (1949).

Nonetheless, insofar as interaction exists between bilaterally placed receptor fields, it

remains from the point of view of the integrated organism a behavioral summation
of no little importance.

SUMMARY

1. Measurements have been made of thresholds of rejection of two concentra-

tions of pentanol vapor by normal blowflies and those from which various head ap-

pendages have been removed. The concentrations selected were 5.0 X 10~6 M
pentanol, to which 90% of the population normally responds, and 1.6 X 10~6 M,
to which approximately 25% of the population normally responds.

2. The results show that the response elicited depends upon stimulation of

specialized receptors present on the antennae and palpi and hence cannot be at-

tributed to the action of a common chemical sense. Repellents in the gas phase

undoubtedly act as olfactory stimuli. Different receptor fields function at different

levels of sensitivity. The antennae are the most sensitive and the various mouth-

parts less so. There is also a relation between threshold and the number of recep-
tors functioning. Insects possessing both antennae respond to lower concentra-

tions of odor than those bearing only one. This indicates that the two sides of the

body are acting in concert. Whether it represents true neural contralateral summa-
tion or is based upon statistical bias cannot yet be decided with certainty although
the data strongly suggest the latter. In either case, from the point of view of co-

ordinated behavior it illustrates the manner in wrhich bilaterally placed receptor
fields may operate as a unit.
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THE DIGESTION AND ABSORPTION OF FAT IN
LAMELLIBRANCHS x
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The problem of digestion in lamellibranch mollusks has been a subject of in-

terest to biologists for many years. It seems well established that the digestion of

carbohydrates takes place largely extra-cellularly in the lumen of the stomach through
the action of enzymes liberated through the dissolution of the crystalline style. The

place and mode of digestion and absorption of proteins and fats have occasioned

disagreement. One concept supported especially by a series of papers by Yonge
(1923, 1926a, 1926b, 1930, 1946) holds that the digestion of fats and proteins is ex-

clusively or largely intra-cellular, occurring in phagocytes of the blood and in cells

of the digestive diverticula. Another group of investigators has questioned the cor-

rectness of this view and has presented some evidence to indicate that the digestion
of fats and proteins occurs extra-cellularly through the action of enzymes of un-

certain source (Swano, 1929; Nelson, 1933; Mansour, 1945, 1946; Mansour-Bek,

1945, 1946).
The present author's concern with the structure and primitive functions of

blood and hemolymph gives the problem of digestion in invertebrates a special in-

terest. The thesis of intra-cellular digestion in leucocytes was appealing and tenta-

tively accepted (George, 1941). That digestion by phagocytes of the blood was so

extensive as to be a significant feature of the digestive process did not appear

soundly enough established, however, to justify its acceptance as a basis for generali-

zation. The present investigation, which is limited to the digestion and absorption
of fats, was undertaken during July-August, 1950, to determine the extent of partici-

pation of leucocytes in the digestive process of some lamellibranchs.

MATERIAL AND METHODS

Several species of lamellibranchs were used but principally the common oyster,

Crassostrca virginica, and the ribbed mussel, Modiolus demissus, both abundantly
available in Beaufort Harbor. Stained neutral fats (olive oil and peanut oil) were fed

as emulsions stained with Sudan black B or with Sudan III (Scarlet red). Scarlet

red,
2 which stains both neutral fats and fatty acids pink, was chosen for most experi-

ments because of its advantage in subsequent counter-staining with Nile blue sulfate.

Emulsions of the oil, previously stained to saturation, were prepared as follows : 60 cc.

1 This investigation was aided by a grant from the Carnegie Foundation to the University

of North Carolina. It was carried out in part at the Beaufort, N. C., laboratory of the United

States Fish and Wild Life Service during the summers of 1950 and 1951. Thanks are due to

Mr. Albert C. Day, Director of the Service, for permission to use the facilities of the laboratory

and to Mr. Clinton Atkinson, Director of the laboratory.
2 The scarlet red used in this investigation was given to the author a few years ago by the

late Simon Henry Gage and is from the lot used by him and Fish in their investigations.
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of the stained oil, 15 grams of powdered acacia and 30 cc. of distilled water were put
in a Waring Blendor and thoroughly mixed. The emulsion was then thinned some-

what by the gradual mixing in the Blendor of 20 cc. additional distilled water. This

produced a satisfactory stock emulsion with particles ranging in size from less than

1 |W to perhaps 10
p.. Oil immersion examination of a diluted drop of the stock emul-

sion shows the larger droplets to have a clear pink color ;
a slight but definite pink is

recognizable in medium sized droplets ; no definite color is detectable in individual

droplets of the smallest size. In some cases the emulsion was inserted with a pipette

through the mouth into the stomachs of animals after the removal of one valve.

Sometimes animals were fed in salt water aquaria. A few drops of the emulsion

poured into the water, kept turbulent by bubbling air through it from an air compres-
sor, is quickly distributed throughout an aquarium. As some of the oil slowly ac-

cumulates at the surface, this can be skimmed off and the concentration restored by
the addition of fresh emulsion.

Fat droplets withdrawn with a pipette from the stomachs at definite times after

feeding, or droplets taken from other experimental material can be identified by
color when examined with the microscope. By counter-staining with a solution of

Nile blue sulfate allowed to run under from the edge of the cover glass, one can de-

termine if any hydrolysis of neutral fat has occurred. Droplets that have under-

gone reduction to fatty acid are changed from pink to a clear blue as the Nile blue

sulfate reaches them, whereas droplets of neutral fat become deeper pink (an orange

pink). The same microscopic picture is obtained after exposure of emulsion to a

solution of commercial lipase (steapsin).
3 No droplets of the untreated stock solu-

tion turn blue when counter-stained with Nile blue sulfate; on the contrary they
all turn a deeper pink. As a counter-stain, concentrations of Nile blue sulfate rang-

ing from 1 : 1000 to 1 : 300,000 were used and proved effective. A solution of

1 : 10,000 was settled on as most satisfactory.

Tests for lipase in styles and various other structures were made by mixing
small quantities of stock emulsion with a mince of the structures in 2-3 drops of

sea water or tap water on a hollow ground slide and subsequently counter-staining
a sample with Nile blue sulfate. Generally no bactericidal agent was used ;

similar

results were obtained when a drop of 0.5% phenol solution was added to 2 drops
of water of the mince.

Material for sections was fixed in 10% formalin in sea water.

RESULTS

Oysters and mussels kept for as long as five days in turbulent water with a

suspension of olive oil emulsion stained with Sudan black showed no deposition of

stained fat in any of the storage tissues although the emulsion was freely taken into

the gut. Similar experiments with emulsions of peanut oil stained with scarlet red

likewise gave no evidence for storage of stained fat such as Gage and Fish (1924)
found in mammals and birds.

Although these experiments gave no evidence for storage of experimental fat in

the tissues, the evidence for digestion within the stomach seems clear. In emul-

sion withdrawn and tested after having remained in the stomach for only a short

time, some droplets became a pale blue after Nile blue counter-staining, indicating the

3
Lipase (steapsin) from Nutritional Biochemicals Corporation was used.
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beginning of fat digestion, but many droplets retained the pink color of neutral fat.

In emulsion that had remained in the stomach for several hours, the number of blue

droplets after Nile blue sulfate was much greater and the depth of blue was deeper,
most drops showing an intense blue color. In emulsion withdrawn and tested after

a still longer time in the stomach, some of the larger droplets had a shrunken ap-

pearance, due, perhaps, to the diffusion of glycerol from the drops ;
and after 30

hours exposure to stomach juice some droplets contained needle-like crystals, prob-

ably fatty acid crystals.

My findings with regard to the digestion of fat in the stomach seem to be in

conflict in some essential matters with the conclusions of Yonge (1926b), who fed

olive oil stained red with Nile blue sulphate to oysters. On p. 351 he says, "In the

lumen of the stomach there were immense numbers of phagocytes, most of them

with ingested oil. In certain cases they collected in great numbers round large

droplets of oil, which had turned blue under the influence of their enzymes. All

oil droplets lying free in the stomach and not surrounded by phagocytes retained the

red color evidence of the absence of lipase in the stomach." The presence of phago-

cytes and their ingestion and digestion of oil I can confirm ;
but the absence of di-

gestion of oil other than under the influence of phagocytes is not in accordance with

my observations. It is conceivable, of course, but not likely that Ostrea edidis and

Crassostrea virginica differ markedly in their physiology of fat digestion and ab-

sorption, but it seems more probable that the oil observed by Yonge had been inade-

quately exposed to the action of stomach juices.

If the disintegration of leucocytes liberates appreciable amounts of lipase or if they
secrete it, it seems reasonable to assume that some should be present in the plasma.
To test for lipase in plasma, fat emulsion diluted with sea water was injected into

the hearts of several oysters and mussels and one clam. In all cases, tests for fat

digestion after two to ten hours were positive so far as digestion within blood cells

was concerned and negative for extra-cellular digestion in plasma. Also, hanging

drop cultures of fat emulsion mixed with blood were made. Examination after one

hour showed ingestion and digestion of pink fat droplets within leucocytes. No
evidence for fat digestion could be found in the droplets that remained in the plasma.
Further tests for lipase in plasma were made during August, 1951, by placing drops
of plasma from fresh water mussels, salt water mussels and oysters upon smears of

margarine, unstained peanut oil, and Sudan Ill-stained cotton seed oil. This was

to check the technique and results of Yount (1950), who reported the digestion of

neutral fat by the plasma of oysters, mussels and clams. My several experiments
were negative, no droplet ever turning blue after Nile blue except in the case of one

batch of oil stained with Scarlet red the previous summer and carried over. In smears

from that lot of oil, some blue droplets appeared after counter-staining with Nile blue.

It turned out, however, that blue droplets appeared outside the areas to which plasma
was applied as well as inside them and, indeed, in smears to which nothing was ap-

plied except Nile blue. Evidently that particular batch of oil was rancid, and it

seems possible that Yount's positive results were due to rancid fat in his margarine.

These observations seem to establish two points : 1 ) the leucocytes produce their own

lipase, and 2) there is no evidence that they liberate any into the plasma (or, pre-

sumably, into stomach juice).

To determine the source of the lipase of the stomach juice, a drop of fat emulsion

was added to minced crystalline style in two or three drops of sea water. Without
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exception these tests were positive for lipase activity. The specimens tested con-

sisted of 12 oysters, 15 mussels, one clam (Venus mercenaria), one Atrina livida,

and one razor clam (Ensis directus) .

Two typical case reports from my notes will illustrate the progress of digestion.
Mussel MA style was removed, washed, and minced in 2 drops of sea water

;
a

drop of emulsion was added at 9:15 A.M. At 11 A.M. tests with Nile blue sulfate

showed 10-15% of oil droplets to be blue
;
at 12 M. about 25% ;

at 2 :30 P.M. almost

100%. Oyster 27-B style minced in sea water at 11 :45 A.M. At 12 :30 P.M. 75%
of the droplets are blue after Nile blue

;
at 4 :45 P.M. 100% are blue. There is varia-

tion among individual oysters and mussels in the speed of the digestive action, or in

the percentile response of fat droplets. These experiments indicate that in all these

species of lamellibranchs the style is an important source of lipase.

To determine if active lipase was present in the digestive diverticula, fat emulsion

was mixed with mince of a chunk of the glandular mass in two or three drops of

sea water. Tests with Nile blue sulfate were made after varying times with the

following results : all 9 oysters tested and the single Atrina rigida were negative for

fat digestion ;
all 10 mussels tested and the single clam and the razor clam were posi-

tive. In the case of one mussel, the lining membrane of the stomach and the glandu-
lar mass were dissected apart, minced and tested separately. The glandular mass
was positive and the lining membrane was negative for lipase. Although the tests

for fat digestion by mince of the digestive diverticula were clearly positive in some

species, they were less strongly so than was the case with the styles. The conclu-

sion seems justified, then, that the principal source of lipase for extra-cellular di-

gestion in the stomachs of the lamellibranchs studied is in the crystalline styles.

Apparently this source may be supplemented in some species with lipase secreted by
glandular tissue of the digestive diverticula.

Observations were made to determine if fat is transported from the lumen of

the gut into the tissues by free phagocytes as supported by Yonge (1926b) and
Takatsuki (1934). It seems reasonable to expect to find some if they are to be

looked upon as significant agents in digestion and absorption. Oysters that had
been kept in a suspension of stained fat emulsion in sea water were sacrificed at 8,

18, 21, 22, 25, 29, and 30 hours. Considerable fat was in the guts of these animals.

Careful examination revealed no leucocytes with ingested experimental fat when
blood was withdrawn from the hearts. In most specimens a few cells were found
with apparent oil droplets, but no pink color was identifiable. These droplets stain

blue with Nile blue, as do fatty acids (and intrinsic granules of oyster blood cells).

In the connective tissue surrounding the gut epithelium, free cells with globules of a

probably fatty nature were present but in no case could it be determined that they
contained experimental fat. On the basis of the evidence one could say only that the

blood cells may possibly transport a small amount of fat into the blood and tissues but

the amount of transport is not enough to be significant in total nutrition.

Is the neutral fat used in these experiments absorbed at all and if so, how ? To
get an answer to these questions, sections of stomachs of experimental and control

oysters were made by the freezing technique. Examinations of unstained sections

from animals fed fat emulsion showed abundant small granules or droplets in the

ciliated epithelium of the stomach and in the ciliated epithelium of the ducts of the

digestive diverticula. Under high powers of the microscope these droplets individu-

ally show no color ;
but under low power they give a diffuse pinkness to the epi-
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thelial layer. There is little doubt that they are from the stained fat fed the ani-

mals. A secondary staining of the section with an alcoholic solution of Sudan III

colors these droplets a bright orange. Counter-staining with Nile blue sulphate
colors them a deep blue. The conclusion seems justified that they are droplets of

the stock emulsion reduced to fatty acid and in process of being absorbed through
the epithelium. After secondary staining with Nile blue or Sudan III it is clearly

seen that the droplets are most abundant in the apical one-third to one-half of the

columnar epithelial cells and least abundant in the middle third, a distribution ac-

counted for in part, at least, by the fact that the nuclei occupy a large part of the

middle third of the epithelial layer. Cells of some areas of the mucosa contain more

droplets than other areas.

Frozen sections of control animals, neither fed nor starved, showed some

sudanophil droplets in the epithelium but no such great accumulation as in the case

of the animals fed oil.

What appear to be blood cells are to be found sometimes in the epithelium of

both experimental and control animals. They are not present in sufficient num-

bers, however, as to justify corroboration of the conclusions of Yonge (1926b) and

Takatsuki (1934) that wandering phagocytes are important agents of absorption in

the gut. On the contrary, the facts from these experiments seem to lead to the

conclusion that neutral fat fed to these lamellibranchs is reduced to fatty acid in the

lumen of the gut and absorbed as independent particles through the ciliated epi-

thelium of the gut and ducts of the digestive diverticula, and that little if any is

carried through by leucocytes.

The epithelium of the tubular alveoli of the digestive diverticula shows two types
of cells which tend to be associated in groups : 1 ) cells with coarse to fine granules
of greenish brown color, and 2) smaller cells with smaller colorless granules of ap-

proximately uniform size, which Yonge (1926a) considers to be immature cells.

Neither of the types of granules in these cells stains with alcoholic Sudan III. After

Nile blue sulfate the greenish-brown granules become deep green ;
the colorless gran-

ules found in the smaller cells do not stain. No fat droplets could be discovered

within or between the epithelial cells of the tubular alveoli as were found in the cili-

ated epithelium of their ducts and of the stomach. Hence, the results of feeding
emulsified oil to oysters provide no evidence for the ingestion or absorption of fat

particles by the epithelium of the digestive tubules.

What evidence do these experiments reveal concerning the storage of fat in the

connective tissue around the gut ? The connective tissue of lamellibranch mollusks

contains large polygonal vacuolated cells with centrally located nuclei having a zone

of perinuclear cytoplasm with strands radiating outward to a zone of peripheral

cytoplasm. The vacuolar spaces within these cells contain few or many droplets

of various sizes which in unstained sections are colorless. Sudan III in 70%
alcohol colors them bright orange ;

Nile blue sulfate colors them blue. They are

dissolved by higher alcohols and xylene. They probably contain stored fatty

acid, but in unstained frozen sections of experimental animals no pink color could

be detected in these droplets to identify them as having been derived from the

stained emulsion fed the oysters. In addition to the fixed vacuolated cells of the

connective tissue, large wandering cells are present. They contain drop-like in-

clusions of different sizes ranging in color from a clear brown to a pale color that

might be mistaken for pink. They contain in addition small, relatively uniform
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granules resembling the intrinsic granules of cells of the blood. Droplets and

granules both stain a blue green with Nile blue sulfate but they do not stain with
alcoholic Sudan III. They are not dissolved by alcohols and xylene, and they are

present in animals not fed fat emulsions as well as in those that are. It is suggested
that these inclusions are not neutral fat or fatty acid but probably chromolipoids,

perhaps mixed with other substances.

DISCUSSION

Evidence from this investigation for the extra-cellular digestion of fats in the

stomachs of oysters and mussels seems unequivocal and conclusive. Previous evi-

dence has been contradictory. Claude Bernard (1855) reported that the stomach

juice of oysters digests starches and fats. Albrecht (1921) found that extracts of

the intestinal tracts of the clam, Tivella stultorum, have lipolytic action. More re-

cently Mansour-Bek (1945) reported lipolytic activity by digestive juice pipetted
from the stomachs of Tridacna elongata and Pinctata vulgaris. On the other hand,

Yonge (1926a, 1926b, 1930, 1937, 1946) supports the thesis that in lamellibranchs di-

gestion of proteins and fats is exclusively intra-cellular, the only extra-cellular en-

zymes normally present being those set free when the head of the crystalline style is

dissolved in the stomach. He finds these enzymes to be exclusively amylolytic

(Yonge, 1923, 1926b). Any proteolytic or lipolytic action found in filtered stomach

juice is attributed to cytolysis of phagocytes. In this view he is supported by
Graham (1931). (Other pertinent references are to be found in the papers cited

above.)

Correlated with the differences of opinion in regard to intra-cellular and extra-

cellular digestion in lamellibranchs is a corresponding lack of harmony concerning
the enzymatic activity of the crystalline style and of the digestive diverticulum. It

has become well established that the dissolution of the style liberates amylolytic

enzymes. With regard to other enzymes the observations of workers are at variance.

Yonge in a number of papers contends that the style consists largely of amylolytic

enzymes and that no other enzymes are present in it. Chestnut (1949) with the

methods he used found amylolytic but no demonstrable proteolytic or lypolytic

activity in extracts of the crystalline style. Some other investigators get results

not entirely in accord with Yonge's. Sawano (1929) reported the presence of

lipase as well as amylase and protease in extracts of the crystalline style. Fox and
Marks (1936) also attributed lipase as well as carbohydrases to extracts of the

style of Mytilus. In discussing the digestion of animal forms by the oyster, Nelson

(1933), without specifying the nature or the source of the active substances, states

that "It is evident therefore that some substance or substances present in the stom-
ach of an oyster with a well formed style can penetrate the chitin of Crustacea and the

cuticle of nematodes resulting in death and disintegration of the animals." Man-
sour (1946) and Mansour-Bek (1946) seem to consider that globules pinched off

or shed from cells of the digestive gland are the source of extra-cellular lipolytic and

proteolytic enzymes.
The experiments and observations reported in a previous part of this paper have

an important bearing on certain features of these arguments. Sensitive tests show
that hydrolysis of neutral fats does occur extra-cellularly in the cavity of stomachs
of oysters and mussels. These tests also give a positive reaction for the presence of
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lipase in aqueous extracts of the crystalline style, which appears to be the principal

source of the enzymes that mediate the hydrolysis of fat in the stomach. It is pos-

sible that lipolytic enzymes from the digestive diverticulum supplement those from

the style, since minced diverticulum in water gives a positive reaction for the pres-

ence of lipase in individuals of some species, not all. One should not overlook the

possibility, however, that normally this demonstrated lipase from the digestive gland

might never become an extra-cellular enzyme but function intra-cellularly.

It is still an open question whether the tubules of the digestive gland are secre-

tory or whether they exclusively absorb and digest phagocytically. A detailed

exploration of the functions of the digestive gland was not a part of this investiga-

tion. However, some observations are significant. We have seen that the gland

contains, possibly secretes, lipase in some species, but none was demonstrated in the

oysters of these experiments. Chestnut (1949), working with the same species of

oyster, found that extracts of the digestive diverticula have lipolytic activity as well

as amylolytic and proteolytic activity. This difference in results suggests the pos-

sibility of seasonal variation in the presence of active enzymes or perhaps a dif-

ference in the effectiveness of different techniques in extracting enzymes from the

cells. Phagocytic action is suggested by the fact that cells of the tubules contain

what appear to be bits of foreign debris and greenish-brown granules of an organic
nature that may have been ingested but probably were manufactured. These ex-

periments produced no positive evidence and little circumstantial evidence that cells

of the tubules ingest fat emulsion. It could be that the tubules of the digestive

diverticula are specialized for the phagocytosis or absorption of some substances,

not of others. Many authors have attributed an absorptive function to them.

Saint-Hilaire (1893) found that the cells of the tubules of some lamellibranchs and

other mollusks are not ferment cells but absorptive cells. Enriques (1902) and

Gutheil (1912) consider that they absorb but that their main function is excretory.
List (1902) found that in Mytilus particles of India ink were taken from water con-

taining it by cells of the digestive diverticula. Vonk (1924) got similar results with

oysters. From microscopic examinations of glands during the later stages of diges-
tion in Ostrea and Modiolus, Nelson (1925) was led to believe that in these forms

even more food is digested in the digestive glands than in the stomach. Yonge
(1926a), by feeding iron saccharate to various lamellibranchs, found that the sub-

stance was taken up by amoebocytes and by cells of the tubules of the digestive
diverticula but by no other part of the gut. Coe and Fox (1944) state that in

Mytilus californianus "Many of the smallest objects and particles are phagocytized

by the cells lining the digestive diverticula."

As regards the processes of absorption of fat, the observations here reported in-

dicate that it is largely absorbed as particulate matter through the ciliated epithelium
of the gut and the ducts of the digestive diverticula. None was identified in the

cells of the tubules themselves. All fat observed in the process of being absorbed

gives the reaction for fatty acid. There is no evidence for or against absorption as

soluble fat, although it seems reasonable to assume that the glycerol component is

so absorbed. Although leucocytes free in the lumen of the gut may ingest fat

droplets in quantity, the evidence does not indicate any considerable transport of

fat by them into the tissue since no leucocytes with identifiable experimental fat

could be found in the blood or tissues. Furthermore, in confirmation of the ob-
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servations of others, in both oysters and mussels I have observed many leucocytes

in the lumen of the gut with ingested diatoms
;
but I have never seen any in the

blood or tissue spaces, nor, so far as I am aware, has any one else. However,
Gutheil (1912) figures and describes blood cells with food balls passing from the

gut into the connective tissues. Yonge (1926b) did report that cells with ingested
fat moved back into the blood spaces and tissues in 0. edulis. I cannot confirm it

for C. inrginica. Wandering cells with lipoidal inclusions characteristically present
in the connective tissues may have misled observers. As pointed out elsewhere,

these lipoidal inclusions in C. virginica differ from the experimental fat in certain

respects : they stain blue-green instead of blue with Nile blue sulphate ; they do not

stain with alcoholic Sudan III, and they are insoluble in absolute alcohol and xylene.
In spite of the evidence for digestion and absorption of stained emulsified fat,

why was no evidence obtained in regard to the deposition of stained fat in the tis-

sues of oysters and mussels? Gage and Fish (1924) got clear-cut results with

birds and mammals and were able to follow stained fat through two generations.
Three possible explanations come to mind : 1 ) oysters and mussels may be unable

to re-synthesize the fatty acids of olive oil and peanut oil into their own specific fat,

since the fatty acids of these oils differ from the unsaturated fatty acids of plankton
on which the lamellibranchs feed (Markley, 1947) ; 2) fat may be deposited in con-

nective tissue cells in such small discrete units that the pink color of the droplets
is not distinguishable under the microscope, and the total amount of fat in an area

may not be massive enough to be detectable on gross examination
;
3 ) at the time of

these experiments the stained fat absorbed may have been rapidly metabolized rather

than stored. At certain periods, during the summer or after the development of

spawn or fattening in the fall, fat is apparently rapidly metabolized. Nelson (1951)

reports that great quantities of fat and oil can be demonstrated in New Jersey

oysters in late spring before the development of spawn, and in late summer and

early fall prior to the "fattening" which follows summer spawning. He suggests
that this may be preliminary to the rapid build-up of glycogen, in which the stor-

age in the gland of substantial quantities of oil constitutes the first step. This point
deserves further investigation.

SUMMARY

Emulsions of olive oil and peanut oil stained w-ith Sudan stains were fed to

oysters and mussels and mixed with mince of crystalline styles and other structures.

Samples of the experimental material were subsequently examined to determine if

the fat was absorbed and how, and counterstained with Nile blue sulphate to de-

termine if the neutral fat had been split to fatty acid and glycerine. The following
observations and conclusions resulted :

1. Free droplets of neutral fat are hydrolyzed in the stomach.

2. Droplets of the stained fat in the form of fatty acid appeared in large num-
bers in the ciliated epithelium of the stomach and ducts of the digestive gland.

None was found in the non-ciliated epithelium of the alveoli of the digestive gland.

3. Droplets of the emulsion were ingested by leucocytes in the lumen of the gut.

Neutral fat in leucocytes was hydrolyzed. There was no certain evidence of the

passage of any leucocytes with ingested fat back into the blood spaces or tissues.
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4. Emulsion injected into the cavity of the heart or mixed in hanging drops of

blood was ingested by leucocytes. Hydrolysis occurred within blood cells. No
evidence was found for the hydrolysis of neutral fat by the plasma.

5. Tests of stained emulsion subjected to the influence of minced styles showed

hydrolysis of neutral fat in all cases.

6. Emulsion subjected to the influence of minced digestive gland was positive

for the hydrolysis of neutral fat in some species, but not in others.

7. No evidence for deposition of stained fat in the tissues was found. Possible

explanations are suggested.
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The present report is the first of a series concerned with investigations of the de-

velopmental and genetic effects of ingested radioactive isotopes. Although an ap-

preciable amount of information is becoming available on the vertebrate histopathol-

ogy of internal radioactive isotopes, apparently there have been few studies directed

toward the cytogenetic consequences. Even in such organisms as insects, which

produce large samples of offspring in a relatively short time, available data are limited

to a few short papers on Drosophila (King, 1949; Bateman and Sinclair, 1950;

Blumel, 1950).
The insect chosen for present investigations, an ectoparasite of Ephestia cater-

pillars known in genetic literature as Habrobracon juglandis (Ashmead), has the

Hymenopteran advantage for induction experiments of parthenogenetically pro-

duced, genetically haploid males. Thus the haploid egg and the organism developing
from it can indicate the effects of experimental treatment without the complications
of another set of chromosomes. As will be detailed in "Materials and Methods,"

particular advantages were discovered in the use of Habrobracon for feeding

experiments.
The purpose of the following experiments was to evaluate among embryonic off-

spring the total induced lethality, including recessive lethals, dominant lethals and

non-nuclear damage, for a series of dosages ranging from tracer dilutions up into

the intermediate category of radioactivity encountered in medical therapy (Levy,

1946). Phosphorus, the element chosen, is well represented in nucleic acids which

are intimately associated with the structural elements of cell nuclei. Incidental ob-

servations on the longevity of treated animals are included, which indicate a remark-

able radio-resistance of adult wasps.

MATERIALS AND METHODS

The Habrobracon stock used was wild type number 33 known at least 15 years
for its high hatchability (Whiting, 1940). Unnmted females were stored in clean

shell vials (70 X 20 mm.) for five days in an incubator at 30 C. Such conditions

1 This document is based on work performed under Contract AT-(40-1)-1314 for the

Atomic Energy Commission.
2
Appreciation is expressed for the facilities of the Marine Biological Laboratory, Woods

Hole, Mass, and for the extremely helpful advice of Dr. Norman A. Baily of the M.B.L. Dept.

of Experimental Radiology and the Columbia University Radiological Research Laboratory.
3 Published with the approval of the Director of Research, N. C. Agr. Exp. Station as paper

No. 409 of the Journal Series.
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of starvation produce a hungry individual with an abdomen very obviously flattened

dorsoventrally. The visible change in abdominal shape reflects a utilization of re-

serves stored in the fat body and the disappearance of all but a few full-sized uterine

eggs (Grosch, 1950) . At the end of the fifth day a droplet of white clover honey with

or without P32 was delivered to the wall of the vial from the end of a straightened
No. 3 paper clip. Typically the hungry wasp is attracted to the honey within one

minute, and, standing upon clean surface, contacts the honey only with the mouth

parts. This is a distinct advantage over experimenting with insects which move
over the surface of a radioactive medium when feeding. The gonads of an insect

with such "browsing" habits are constantly near an external source of irradiation and
the interpretation of results is thereby complicated. We believe that ingestion ex-

periments with Habrobracon most nearly approach an evaluation of the effects of in-

ternal radiation alone. Note further that only one feeding was used per female.

During feeding, the flattened abdomen gradually swells until its fullness ap-

proaches that of an unstarved wasp. The re-attained rotundity is due entirely to the

filling of an expansible crop situated in the anterior of the abdomen. This is a sec-

ond advantage, because by mere external inspection the actuality and degree of feed-

ing can be determined.

The braconid digestive tract extends in direct course from mouth to anus with

the crop an enlarged, thin-walled connection between the esophagus and stomach.

It is the structure known in the honey bee as the honey stomach. It is not a diver-

ticulum as in other orders of insects and within a day its contents are moved into the

midgut, yet the crop with its strong anterior and posterior valves can serve in effi-

cient immediate storage of a significant volume of ingested food (Grosch, 1951).
The capacity of the crop furnishes a defined volume basis for dosage in feeding

experiments (a third advantage). The mean volume for distended crops from un-

dwarfed adult females was determined as 0.49 0.06 mm 3
.

When the crop is completely filled, the wasp loses interest in feeding. The ma-

jority of Habrobracon females attain satiety at one continuous feeding although a

few individuals seem to prefer intermittent ingestion. Because of the latter type of

behavior, the standard procedure adopted was to allow a given female one hour in

the vial with the food droplet. At the end of such a period the great majority of

wasps are completely fed. This was determined by an inspection of the degree of

distension of the abdomen.
Twelve hours after the single honey feeding each female was given two pre-stung

caterpillars on which to deposit eggs. Stender dishes (60 X 35 mm.) large enough
for spreading out the 10 caterpillars parasitized by 5 females were the containers used

at this phase. Caterpillars rested upon white paper fitted into the bottom of the dishes.

A daily renewal of one caterpillar per female has been adopted as the standard pro-
cedure. If additional caterpillars appeared discolored or unduly flaccid, they were

replaced and a notation made on the data sheet. Such precautions are believed neces-

sary to avoid introducing variables due to the condition of the host.

Eggs were collected every 24 hours and immersed in mineral oil (Nujol) con-

tained in Syracuse watch glasses, a procedure determined as giving hatchability rec-

ords even better than eggs left on the host. After 48 hours incubation in mineral

oil at 30 C., the number of larvae which had hatched was counted and recorded.

In our experience, since 30 hours is the normal hatching time at 30 C., all larvae

which can emerge will have done so in 48 hours.
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In all but the first experiment a weight basis was used for the preparation of

samples of honey containing P
32 at various activities. To this end, small (36 X 12

mm.), thick-walled bottles equipped with plastic screw caps were weighed before

and after adding pipetted amounts of honey and diluted radioactive phosphorus in

the approximate proportions needed to obtain a desired activity. In setting up the

initial experiment it had been discovered that the forces of adhesion and cohesion

negated pipetted delivery of exact volumes of honey. Dosages mentioned below are

given in terms of the activity at the time of ingestion. The complicated question of

internal dosage, although under consideration, has not progressed to a state which

would warrant usage in the present paper.
Records upon the laying and hatchability were taken for 42,832 eggs, of which

24,832 were controls. Table I presents a numerical summary of experiments to

indicate their scope and sample size. Also shown is the number of females used in

each experiment. The analysis presented in the section on "Results" is a considera-

tion on an average-per-animal basis.

TABLE I

A summary indicating the size of ovipositing groups and the total number of eggs laid by each group



INGESTED RADIOPHOSPHORUS 131

10

8

(f)

O
u

271

' -*- J

1 4
DAYS

FIGURE 1. A comparison with combined controls of the average number of eggs produced
per female per day by Habrobracon which ingested radioactive phosphorus sufficient to halt egg
production. The low number of eggs produced in the first day of the 1000-experiment is

non-significant ; the individual control showed a similar value. The designation at the beginning
of each curve is the activity in miliicuries per gram of the mixture fed.

C

approach to the limit of those eggs differentiated hefore treatment and un-resorbed

during a five day starvation period. On the present graph an orderly relation is

noted with the highest dosage causing earliest discontinuation of egg laying and
the least number of eggs laid. At successively lower dosages a sequence in number

TABLE II

Cumulative total of average number of eggs produced per female
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TABLE III

Average number of eggs produced per female during designated periods
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TABLE IV

Average percentage of hatchability of eggs laid during designated periods
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be remembered that these samples are quite small and the viability of even a single

egg markedly affects the numerical result.

(2) Egg laying not halted. Figures 3 and 4 depict eggs laid and the hatch-

ability thereof for experiments in which egg production continued throughout life.

The results plotted in Figure 4 were treated separately to avoid adding confusion

to already complex drawings (Fig. 3). Furthermore, unlike all other experiments,
in the investigations for Figure 4, egg laying and hatchability were not recorded

after the thirty-first day of oviposition. (In actuality, records beyond the thirty-
first day would have been insignificant additions to the data obtained since only one
animal survived the thirty-second day.)
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FIGURE 4. The eggs produced (below) and the hatchability thereof (above) in experiment
No. 9. The solid lines represent control values. The broken lines represent results on an aver-

age per animal basis for feeding with a honey mixture at a radioactivity of 16.99 millicuries per

gram.

In general, egg production both in controls and in experimentals is characterized

by a peak between days 4 and 9 followed by a low between days 9 and 19. Follow-

ing this low, the number of eggs laid per day becomes high again until about day
29. However, except for one experimental case to be discussed, egg production
does not recover to the level of that during days 4 to 9. During the senescent

period, the final days of life after the thirtieth day, there is a gradual dropping off

in eggs produced.
As is shown in Table II higher doses tend to result in fewer eggs. When

plotted graphically this consequence of treatment is not strikingly evident except

throughout the course of days 9 to 19. During this period the drop in egg pro-
duction is much accentuated in higher dosages. However, after day 19 the produc-
tion of eggs by treated and untreated wasps becomes similar so that curves approach
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each other and differences are not significant. Tahle III furnishes a numerical

summary by designated periods of eggs laid.

The results observed when the number of emerged larvae is compared with the

number of eggs laid are rendered in percentages and plotted in Figures 3 and 4.

The resultant curves are not as complex as those for egg production. Except for

the highest dosage in this group (166 /u,c/g.) no obvious depression was demon-
strated in the graphs.

In general, until day 29, the experimental curves parallel the curve for con-

trols but at a lower value indicating a measure of lethality. After the twenty-ninth

day the differences between controls and experimentals are statistically non-

significant. In fact, in unsmoothed plots from raw data the lines cross and recross

almost at daily intervals. Again it should be remembered that the samples of eggs
obtained become small in the last few days.

Survival curves

A popular method of representing the results of radiation experiments is by
means of the survival curves obtained through plotting the proportion of organisms

surviving against the dose. This gives a picture of the manner in which the num-
ber of organisms affected increases with the dosage of radiation. In the present
case, the values of the first three designated periods shown in Table IV have been
used as a basis for Figure 5. The curves obtained promise to be particularly useful

by indicating ranges of irradiation in which it would be interesting to have addi-

tional data. The curves indicate a more complicated type of action than the geo-
metric progression (exponential curve) of a system involving single ionizations of

targets (Lea, 1947). This was expected in view of the inclusive nature of induced

lethality in the present experiments. On the other hand, it was interesting to find

that our curves for first day egg hatchability exhibit a shape similar to that obtained

when the emergence of adult Drosophila is plotted against the initial activity of P 3 -

added to culture medium (Arnason, Irwin and Spinks, 1949).

Longevity

By calculating the means and their standard errors, a conception is obtained of

the survival time of treated and untreated females. These results are presented in

Table V, calculated as days after emergence from cocoons. To obtain days after

TABLE V
Mean longevity in days of females which have ingested P32

Activity of material
ingested in /ic/g. Experimental Control

1,445 23. 14 2.08 27.89 1.35

1,070 24.82 1.74 25.37 1.58

1,000- 21.32 1.81 27.09 2.47

271 25.06 3.09 22.06 2.31

166 26.45 2.16 23.45 2.02

43 26.94 1.83 21.59 2. 11

20.6 29.10 2.75 26.94 2.71

16.99 27.17 1.90 27.92 1.85

12.6 28.63 1.96 26.94 2.71

Combined controls 25.73 0.65
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treatment, five days should be subtracted from each value. It is evident from the

data obtained that longevity of wasps was not influenced significantly by internal ft

radiation over the range investigated. In fact, the experimentals show higher mean

survival time than the corresponding controls in five out of the nine experiments. In

the distribution and range of values which make up the array from which mean sur-

vival time is calculated, examples of both treated and non-treated wasps were ob-

tained in the long-lived category of 40 days after the honey feeding. Typically, at

FIGURE 5. Survival curves obtained by plotting the percentage of hatched eggs against the

radioactivity of the mixture ingested. The results for the first day of egg laying are designated

by ovals. The corresponding curve is drawn of alternating horizontal and vertical dashes. The
results for the period comprising the second to fourth day are designated by x marks and the

curve is drawn using short dashes. The results of the period comprising the fifth to ninth day
are designated with triangles and the curve is drawn using long dashes. The arrows mark the

possible range of dosage for the initial experiment when pipetted measurement was attempted.

least three to six animals were alive after 30 days of experimental observation. Such

longevity was spectacular in experiments in which egg production was halted five to

eight days after treatment, yet the sterilized females remained alive for weeks after

laying their last egg. A more comprehensive investigation into what appears to be

remarkable radio-resistance by adult braconids is in progress.

DISCUSSION

Interpretation of the above results is difficult because we have not been able to

find comparable studies with the day-to-day life-time approach. In general the
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total and average egg productivity of controls compares well with the surveys of

Hase (1922) and associates who obtained more than 200 eggs per individual

braconid collected from nature. However, hatchability records by these European
investigators run between 50 and 70 per cent whereas hatchability in the selected

laboratory stock used by us and by A. R. Whiting is typically above 95 per cent.

Even when the senile period is included the overall average hatchability is at least

80 per cent.

Occasional checks on egg production and hatchability at various ages have been

made during exploratory and control studies by A. R. Whiting (personal communi-

cation). However these data have not been published nor do they include obser-

vations during the senile period. In the published studies with unmated females

(Whiting, 1940, 1945) attention is directed chiefly to the first period of oviposi-
tion in the interest of comparing the radio-sensitivity of eggs in successive stages of

first meiotic pro- and metaphase. Habrobracon furnishes ideal material for such

studies and the results throw some light upon certain of our findings.

The braconid ovary is comprised of four ovarioles of the polytrophic type, thus

containing alternating successions of oocytes and trophocytes for at least three quar-
ters of each tube's length. The anterior end of each ovariole is made up of mitoti-

cally active oogonia subsequently differentiated into cell groups, of which the most

posterior cell becomes the functional oocyte while remaining members of the group
become trophocytes. As an oocyte is moved posteriorly its nucleus passes through
prophase of first maturation division

; eggs ready to be deposited are stored in the

posterior of each ovariole in first meiotic metaphase. These observations from

dissections were correlated with the results of X-radiation experiments (Whiting,

1940) to demonstrate that eggs in first meiotic metaphase were relatively suscepti-
ble to radiation damage, wrhereas oocytes in prophase with diffuse chromatin were

relatively resistant. Radio-sensitivity and radio-resistance were reflected by low

hatchability and high hatchability, respectively. Such differences in sensitivity
could explain the rise in hatchability shown by the present curves during days 6 to 8

wherein the greater percentages hatched of the eggs laid on these days could re-

flect a resistance of prophase eggs to radiation.

It is not settled whether most of the radiation damage occurs shortly after in-

gestion or if injury occurs during an appreciable number of successive days. At

present we lean toward the former, since it is suspected that much radioactive phos-

phorus is lost by incorporation into the eggs laid. Although radio-autography of

Habrobracon has not yet been performed, it is well established in biological material

that the deposition of P32
is heaviest in regions of the greatest metabolic and mitotic

behavior associated with growth and differentiation. Typically, in the adult holo-

metabolous insect, cell division and differentiation take place only in the gonads.

Thus, Irwin, Spinks and Arnason (1950) find that Drosophila gonads continue to

show very high P 32 content in the adult when general growth of all other tissues

has ceased. Consistent with these concepts is the present fact that with Habrobra-
con egg laying prolonged throughout life, experimental results in both egg pro-
duction and in egg viability ultimately approach control values.

There are certain differences between our results and those of A. R. Whiting

especially noticeable in the first day of egg laying on which the number of eggs
obtained by us is consistently lower. This is undoubtedly due to the differences in
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the conditions of the experiment. The animals of the present experiment were

maintained under circumstances which prevent the formation of uterine eggs,

whereas the conditions in the Whiting experiments were conducive to the accumula-

tion of uterine eggs.

Our finding a cessation of egg production after subjecting females to higher

dosages of internal radiation seems another addition to the several reports of the

radio-sensitivity of oogonia in various animals. Four examples have come to our

attention: (1) With higher X-ray dosages Whiting (1940) discovered oogonial

regions vacuolated, fragile and with pyknotic nuclei attendant to a falling-off in

Hahrobracon egg production. (2) A case of total absence of ovaries has been re-

ported for female mosquitoes raised in baths containing P32 at activities of around

200 m/xc. (Bugher and Taylor, 1949). (3) The most spectacular effect of internal

radiations in vertebrates is shown in mice injected with P 32
by reduction in the size

of ovaries (Warren, MacMillan and Dixon, 1950). The immediate size reduction

following injection is due to degenerative follicular changes ; however, a failure to

regain normal size is traceable to subsequent greatly diminished oogenesis. (4)

Ionizing radiations are found to exert a selective and destructive action on the

gonads of round worms (Alicata, 1951). These representative cases from such

diverse phyla suggest a universal consequence to be expected in radiation experi-
ments. It seems likely that numerous other examples may exist in published and

unpublished data on still other types of animals.

When our observations on unhalted egg laying are considered, for comparison
are available the lifetime records of egg laying for birds, especially chickens (Hutt,

1949), and for other insects, especially Drosophila (Gowen and Johnson, 1946).
Records for all forms of life show a decline in egg production with age as do the

present data. In this effect of senescence, as might be expected, the abilities of

Habrobracon more nearly resemble those obtained for dipteran rather than those

obtained for avian egg production. This is explainable on the basis that the nor-

mal egg production by insects is not markedly influenced by cyclic events. Egg
laying as plotted by us for Habrobracon shows smoother day-to-day curves for the

first half of the wasp life period than exhibited by eight different races of fruit

flies considered by Gowen and Johnson. However, by suggesting two peaks, our

curves seem more complicated in their general shape. A current experiment is

being performed in an attempt to estimate whether starvation conditions preceding
egg laying complicate the egg production curve. If not, an alternative explana-
tion may be based on the change-over from eggs produced by oocytes differentiated

before eclosion to eggs produced by oocytes differentiated during the laying period.
Lifetime records of modifications to egg laying, due to experimental effects com-

parable to ours, have not been discovered in available literature. In order to ob-

tain data somewhat comparable, we have gone to reports concerning the effects of

ionizing radiations on cell production, where we find curves which ours resemble.

This is so for diagrammatic presentations of the rate of change in peripheral blood

cells following graduated dosages of penetrating radiations (Cronkite, 1949).
Blood cells are the ultimate products of mitotically active tissues. In turn, this

thought suggested another source of comparable curves, those based upon mitotic

index. Here, too, we note a resemblance, especially in the shapes of our lines

plotted for the period between days 9 and 29 (Fig. 4). These curves are inter-
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estingly reminiscent of certain results obtained by Canti and Spear (1929) in ir-

radiated, cultured chick tissue. Similar consequences of radiation have been dem-
onstrated in other rapidly dividing tissues from such diverse origins as beans, rats

and tadpoles (Lea, 1947). As measured by division activity, higher dosages result

in a drop in cell production with the control level never regained, whereas in inter-

mediate dosages a recovery wave is obtained which exceeds the control level. A
present example of a recovery wave exceeding the control may be furnished by the

12.6 fj-c/g. curve.

An accepted explanation of such recovery waves is that the mode results when
two classes of cells arrive at the same stage at a given time. A class of cells not in

the susceptible phase at the height of treatment, and hence not greatly influenced, is

supplemented by another class of cells which were delayed in division but have re-

covered. In explanation of our lifelong egg production curves we postulate similar

delayed division effects upon the oogonia. It is conceivable that the oogonia form-

ing a mitotically active cell mass would have cells in susceptible phase at the height
of the treatment, which could be delayed in division and development.

SUMMARY

1. Changes in the eggs produced per day and in the hatchability thereof are re-

ported for virgin Habrobracon fed honey containing P 32
at radioactivities ranging

from the tracer level into the intermediate level of internal therapy ( 10 ^c to 1500 ju.c) .

2. Above 200 juc/gm. of ingested mixture, egg laying ceased after a period of a

few days corresponding to a fraction of the supply of unresorbed ova and oocytes
differentiated before treatment. The viability of the embryos from these eggs, as

measured by the number hatched, is correlated with the level of activity in the ma-
terial ingested. A rise in viability in the seventh to eighth day, in experiments in

which egg production continued that long, is interpreted as an indication of the

lesser susceptibility of prophase eggs.

3. Below 200 ^c/gm. of ingested mixture, egg laying continued throughout the

life of the treated females
; however, with higher dosages fewer eggs were produced.

This is traceable chiefly to a decline in the eggs laid daily during the middle period
of life. Curves obtained show recovery waves reminiscent of those found for cell

production from rapidly dividing tissues after irradiation. Viability of the eggs

produced during the first two-thirds of life is correlated with dosage. During the

senescent decline in egg production, typical of both controls and experimentals, no

significant differences in hatchability were obtained.

4. A remarkable radio-resistance was discovered, in that treated animals in all

experiments lived as long as or longer than controls.
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REGENERATION IN ISOLATED AND FUSED PIECES OF
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Modern experimental studies on regeneration in hydroids, as Peebles (1931)

anticipated, have been aimed at elucidating the factors responsible for this dramatic

morphogenetic response. It is well known (reviews of Child, 1929, and Barth,

1940a) that coelenterate hyclranths exhibit axial gradients of metabolic activity and

that distal levels exert dominance over proximal levels. Barth (1938b) demon-

strated that in Tubularia circulation within the gastrovascular cavity is responsible

for the maintenance of dominance, for if an isolated stem was ligatured hydranths

might regenerate at both ends. The same result was attained if circulation in the

coelenteron was blocked with an oil droplet (Barth, 1938b), with a bubble of oxygen
or nitrogen or by means of an inserted glass rod (Rose and Rose, 1941). A series

of recent papers have considered certain extrinsic factors affecting regeneration.

Temperature (Moog, 1941) and the level of oxygen supply (Barth, 1938a, 1940b,

1944; Goldin, 1942b; Miller, 1937; Rose and Rose, 1941)' have been shown to be

important in Tubularia. Accumulation of metabolic wastes (Rose and Rose, 1941
;

Miller, 1942) or lowered pH (Goldin, 1942a, 1942b) prevent regeneration. Zwill-

ing (1939) showed that hydranths could be elicited along the side of a stem of

Tubularia by cutting a window through the perisarc, thereby exposing the coenosarc

directly to sea water, and Goldin and Barth (1941) have investigated the reorgani-
zation of coenosarcal fragments free of perisarc. As background for further work
on the physiology of regeneration, the present paper deals with the potentialities
for regeneration revealed in isolated or fused pieces of hydranths of Clava leptostyla

Agassiz. Papers by Hargitt (1906 and 1911) contain valuable descriptive infor-

mation on this species and a more recent paper by Brien (1943) reports experi-
ments on regeneration in a related species, Clava sqnainata.

MATERIALS AND METHODS

During the summer of 1950 Clava leptostyla was found to be abundant on the

Fucus attached to rocks in the intertidal zone at Salisbury Cove, Maine. Clava

grows in the form of colonies of separate light orange hydranths ( Fig. 1 ) attached

to a mat of hydrorhiza firmly adherent to the substratum. Mature polyps, which
are about 1 cm. in length when expanded, consist of a contractile stalk, a gonosome,
tentacle-bearing region, and hypostome. The gonosome is a region possessing sev-

eral short, branched gonophores bearing clusters of spherical sporosacs, which are

either male or female. There is no free medusoid generation ;
instead a planula

1 Aided by a grant from the Horace H. Rackham School of Graduate Studies, University of

Michigan, and an Ulric Dahlgren Memorial Fellowship, Mt. Desert Island Biological Laboratory..
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larva is released. There is no separate perisarc around the stalk of the hydranth
but the perisarc is represented by a thin, non-living surface layer closely adherent

to the ectoderm. Pieces to be isolated or fused were cut from individual hydranths
with iridectomy scissors. Operations were performed in sea water and pieces were

cultured at room temperature in small petri dishes immersed in finger bowls con-

taining approximately one inch of filtered sea water. In early experiments it was

noticed that isolated portions of the stalk usually rounded up and failed to undergo

regeneration unless one end became attached to the culture dish. Accordingly, it

became routine procedure to secure one end of an isolated piece by pinning it with

a fine glass rod thrust through the tissue (Fig. 2) and into a substratum of 2%
agar. Pieces to be fused were strung on a fine glass rod, then held tightly together

for about 12 hours by means of glass tubing slipped over the ends of the rod and

held in position with flat sections of cover glass resting on the exposed outer ends of

the rod ( Fig. 3 ) . Photographs were taken with a Kodak Bantam camera mounted

above one ocular of a stereoscopic microscope.

I wish to thank Dr. Maria Anna Rudzinska for directing my attention to the

abundance of Clava at Salisbury Cove, and Dr. Philip R. White, in whose labora-

tory this work was done.

EXPERIMENTS

A. Pieces isolated zvitlioitt agar substratum

The first experiments tried were simple tests of the regenerative behavior of

(1) the isolated hypostome and tentacle-bearing region, (2) the gonosome, (3) iso-

lated stalks. Ten days after isolation 7 of the first group had become attached to

the glass culture dish and were putting out hydrorhizal protuberances. Twenty-
four others which remained unattached showed no basal outgrowths. It was noted

by the twentieth day that most of the. unattached specimens had undergone dedif-

ferentiation of the tentacles originally present and had not regenerated. Those at-

tached still showed their distal tentacles as \vell as a regenerated stalk and hydrorhiza.
Isolated gonosomes (group 2) showed a marked tendency to regenerate new
tentacles and hypostome at the apical end. After 10 days this was true in 8 of 23

specimens examined and one of these had regenerated two new oral ends. None

FIGURE 1. View of colony of Clai'a Icptostyla showing expanded hydranths; gonosome
with spherical sporosacs just proximal to tentacle-bearing region.

FIGURE 2. Specimen illustrating method of pinning with a fine glass rod used to anchor

stems to substratum of 2% agar. Here rod is through middle of one member of a fused pair of

stalks.

FIGURE 3. Specimen illustrating method of fusing pieces. Two stalks strung on a single

glass rod are being fused end-to-end through pressure exerted by glass tubes slipped over each

end of the rod.

FIGURE 4. An unusual example showing regeneration of apical structures at both ends of a

stalk isolated for 15 days. Hydrorhizal outgrowth is seen at level of glass rod through original

basal end of stalk ; basal hydranth possibly a result of secondary regeneration.
FIGURE 5. A typical example of primary regeneration showing tentacles at original apical

end and hydrorhizum at original. basal end of stalk isolated for 15 days; pinned through basal

end.

FIGURE 6. Specimen showing stalk of one hydranth fused between basal ends of stalks of

two other complete hydranths. After 19 days no regeneration had occurred at lines of fusion.
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of the gonosomal pieces became attached, hence did not develop hydrorhiza. In the

third group (isolation of the stalk) many of the specimens developed bulbular en-

largements with asymmetrical protuberances at one end, presumably the primordia
of hydrorhiza from the original aboral end. Fifteen specimens, all still unattached,

had these outgrowths after 10 days, but only 7 of the 15 had regenerated new
tentacles. By the twentieth day 4 had become attached. Two of these had regen-
erated oral structures at the apical end of the stalk and one had a new hydranth

growing out from the basal hydrorhiza.

In another group of experiments the regenerative behavior of isolated individ-

uals of Clava in various dilutions of sea water was tested. Dilutions differing by

10% intervals from to 100% sea water were tried. Forty per cent sea water or

less proved too hypotonic, but the organisms showred remarkable tolerance in sur-

viving all dilutions down to 50% sea water. Two groups of complete hydranths,

isolated in 50% and 80% sea water, respectively, survived during 17 days of ob-

servation. It appeared that during this time dedifferentiation of tentacles and

gonosome was more rapid than in controls kept in 100% sea water. After dedif-

ferentiation had occurred, regeneration of new hydranths took place. One speci-

men in 80% sea water had regenerated 8 new hydranths at the end of the 17 days.

The above results and others not reported here indicated that two types of re-

generative response should be distinguished : ( 1 ) primary regeneration resulting in

the differentiation of hypostome and tentacles at the apical end, usually within 3-7

days after isolating pieces of the hydranth; and (2) secondary regeneration, mean-

ing the delayed differentiation of completely new hydranths either from hydrorhizal

outgrowths or from dedifferentiated tissue of any part of an old hydranth. The

former response undoubtedly depends on the apico-basal gradient already estab-

lished, while the latter represents establishment of a new center of organization in

an undifferentiated primordium. The results indicated also that the mechanical

factor of attachment favors both primary and secondary regeneration.

B. Isolated stalks pinned to substratum of agar

After the importance of attachment was realized, a series of experiments on

isolated stalks was performed. Isolated pieces were pinned with a fine glass rod

through one end or through the middle. One end of the rod was then thrust ver-

tically into a substratum of 2% agar in the culture dish. This procedure favored

primary regeneration (Figs. 4, 5) since pieces anchored at one end could elongate.

They were thus saved from rounding up and degenerating, the usual fate of un-

anchored stems. The results are recorded in Table I.

TABLE I

Primary regeneration of isolated entire stalks pinned to substratum

Position of pin
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It is seen that there is a distinct difference between specimens pinned through
the basal end or middle of entire stalks and those pinned through the apical end.

Only 10% in the latter group showed primary regeneration, contrasted with 63-

73% in the former groups. It appears that the apico-basal gradient is not changed
when pinning is basal or central but that the tendency of the oral end to regenerate

apical structures is inhibited by pinning through that end.

C. Fusion of pieces

It was possible by the technique described under Methods to fuse portions of

animals in various combinations, including (1) apical ends together, (2) the apical
end of one against the basal end of the other, (3) basal ends together, and (4) a

portion of one animal between portions of two other animals (Fig. 6). The par-
ticular combinations tried are outlined in Table II.

TABLE II

Fusion of portions of hydranths

Type of fusion
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Several generalizations emerge from an examination of the results recorded

in Table II. The first is that primary regeneration of parts excised did not take

place when portions of hydranths were fused in apical juxtaposition (Experi-

ment A-l). Primary regeneration could have occurred at the apical end if these

parts had been isolated separately. This result illustrates the importance of en-

vironment in determining morphogenesis at the cut surfaces of hydranths. A simi-

lar general explanation would account for the results of fusing pieces between two

other hydranths (Experiments B-l, B-2, B-3 and B-4). Although the grafted

piece did undergo slight regeneration in one series (extra tentacles in Experiment

B-2), generally it merely underwent dedifferentiation. There was no evidence of

an inductive effect of the graft on the differentiation of adjacent regions of the host

stems.

A third result is that obtained in the fusions of stems in apical-to-basal or basal-

to-basal orientation. In these, either one (Experiment A-2) or two (Experiment

A-3) apical ends were freely exposed to the culture medium. One member of the

fused pair of stems was pinned through the middle to the substratum as in the sim-

ple experiments of isolation. In none of the fused pairs, however, was there any
evidence of primary regeneration of tentacles at the free apical end.

Dedifferentiation of tentacular and gonosomal regions in Experiments A- la and

A-lb, B-2 and B-3 appeared to be a response to unfavorable physical and chemical

conditions, perhaps comparable to those accounting for dedifferentiation of isolated

single hydranths exposed to a hypotonic medium or failing to become attached to

the substratum.

DISCUSSION

The experiments ^reported in this paper have raised several interesting prob-
lems. First of all, we should like to understand the differences between what we
have called "primary" and "secondary" regeneration. In primary regeneration
the apico-basal gradient already established apparently is maintained, and a single

new oral end develops within a few days at the apical end of a cut piece. Second-

ary regeneration depends upon a more profound dedifferentiation of existing struc-

ture or upon the outgrowth of hydrorhiza, and therefore takes several days longer
than primary regeneration. Several new hydranths may develop in close proximity
in secondary regeneration, indicating that the dedifferentiated region has become

equipotential. These two types of regenerative response were also encountered

by Goldin and Barth (1941) in their experiments on regeneration of expressed
coenosarcal fragments of Tubularia as compared with stems retaining the perisarc,
and by Brien (1943) in Clava squamata. Further investigations, both histological
and physiological, are required to reveal how the cells actually behave during both

primary and secondary regeneration.
A second problem is to explain why regeneration is favored by attachment to the

substratum. Normally, of course, Clava is attached basally and may elongate or

contract. An isolated stem continues to exhibit these movements, but it frequently
rounds up after a few hours, ceases its motility and after several days degenerates
without any sign of regeneration. Possibly apical and basal ends in rounded speci-
mens are brought so closely together that the apico-basal gradient is abolished;

perhaps internal pressure inhibits differentiation of new oral structures. Attach-
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ment by pinning obviously provides the stem with a practical substitute for its nor-

mal attachment, thereby enabling elongation and contraction, conditions which ap-

pear to be favorable for primary regeneration. As for secondary regeneration,

attachment is a sine qua won. Hydrorhiza must have a substratum for continued

outgrowth and dedifferentiated pieces need to be attached in order to put out new

hydranths.
Two additional problems are raised by the inhibition of primary regeneration in

(1) isolated stems pinned through the apical end or (2) stems fused together. In

the pinning experiments it may be guessed that the glass rod mechanically changed
the environment of the apical cells so that they could not move to the positions

usually taken in regeneration or could not divide so readily. Another possible ex-

planation is that the apical end pinned close to the substratum was deprived of

oxygen or exposed to accumulated waste products in such concentration that re-

generation was inhibited. Experiments on the effect of pinning on the respiratory
metabolism of Clava might help resolve this problem. Inhibition by fusion is not

unexpected in the experiments of joining two pieces with apical ends together or

fusing pieces between two other stems. Cells which, if exposed to the culture

medium, would form part of regenerated oral structures would in fusion be joined
with neighboring cells and mechanically prevented from organizing into a regener-
ate. More difficult to explain, however, is the inhibition of primary regeneration
in stems united in apical-to-basal or basal-to-basal orientation. The data pre-
sented in Table II are too few to give any clear idea of the mechanism of inhibition.

The long (12 hours) process of fusion on a glass rod may have altered the stems in

some manner inimical to regeneration. Unfortunately, the control experiment of

holding a single stem on a glass rod for up to 12 hours before culturing was not

tried. It is possible that under the conditions of the experiments there was an

oxygen deficiency. The experiments ought to be repeated with larger numbers of

animals and with particular attention to environmental conditions known to favor

regeneration, namely, pH, temperature, oxygen and removal of waste products.

SUMMARY

1. Observations have been made on regeneration of isolated pieces of hydranths
of Clava leptostyla, including the hypostome and tentacle-bearing region, the

gonosome and the stalk.

2. Stalks isolated in 50C/C and 80% sea water underwent accelerated dediffer-

entiation as compared with controls in normal sea water.

3. The distinction is drawn between (1) "primary" regeneration, meaning the

differentiation of missing oral or basal ends under the influence of the existing

apico-basal gradient and (2) "secondary" regeneration, the delayed development
of new hydranths from attached hydrorhiza or dedifferentiated tissue.

4. Primary regeneration at the apical end of isolated stalks usually occurred

after anchoring the stem against 2% agar with a fine glass rod thrust through the

middle or the basal end. Regeneration was inhibited, however, if the apical end
was pinned.

5. Primary regeneration of apical ends was repressed by fusion of pieces of 2

hydranths in apical-to-apical juxtaposition or by fusion of an apical piece between
the basal ends of two other hydranths.
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6. Apical regeneration likewise failed to occur in fusions of two stalks in apical
-

to-basal or basal-to-basal orientation.

LITERATURE CITED

EARTH, L. G., 1938a. Oxygen as a controlling factor in the regeneration of Tubularia.

Physiol. Zool, 11: 179-186.

EARTH, L. G., 1938b. Quantitative studies of the factors governing the rate of regeneration in

Tubularia. Biol Bull., 74: 155-177.

EARTH, L. G., 1940a. The process of regeneration in hydroids. Biol. Rev., 15: 405-420.

EARTH, L. G., 1940b. The relation between oxygen consumption and rate of regeneration.
Biol. Bull, 78: 366-374.

EARTH, L. G., 1944. The determination of the regenerating hydranth in Tubularia. Physiol.

Zool, 17: 355-366.

BRIEN, P., 1943. Etudes de la regeneration et de la renovation de 1'appareil sexuel chez les

Hydroides (Clava squamata O. F. Muller). Arch, de Biol., 54: 409-475.

CHILD, C. M., 1929. Physiological dominance and physiological isolation in development and

reconstitution. Arch. f. Entiv., 117: 21-66.

GOLDIN, A., AND L. G. EARTH, 1941. Regeneration of coenosarc fragments removed from the

stem of Tubularia crocea. Biol. Bull., 81 : 177-189.

GOLDIN, A., 1942a. Factors influencing regeneration and polarity determination in Tubularia

crocea. Biol. Bull, 82 : 243-254.

GOLDIN, A., 1942b. A quantitative study of the interrelationship of oxygen and hydrogen ion

concentration in influencing Tubularia regeneration. Biol. Bull., 82 : 340-346.

HARGITT, C. W., 1906. The organization and early development of the egg of Clava leptostyla

Ag. Biol. Bull.. 10: 207-232.

HARGITT, C. W., 1911. Some problems of coelenterate ontogeny. /. Morph., 22: 493-549.

MILLER, J. A., 1937. Some effects of oxygen on polarity in Tubularia crocea. Biol. Bull., 73 :

369.

MILLER, J. A., 1942. Some effects of covering the perisarc upon tubularian regeneration.

Biol. Bull, 83: 416-427.

MOOG, F., 1941. The influence of temperature on reconstitution in Tubularia. Biol. Bull.,

81: 300-301.

PEEBLES, F., 1931. Some growth-regulating factors in Tubularia. Physiol. Zool., 4: 1-35.

ROSE, S. M., AND F. C. ROSE, 1941. The role of a cut surface in Tubularia regeneration.

Physiol. Zool., 14: 328-343.

ZWILLING, E., 1939. The effect of the removal of perisarc on regeneration in Tubularia crocea.

Biol. Bull., 76: 90-103.



AGGLUTINATION OF FISH AND TURTLE ERYTHROCYTES
BY VIRUSES *

IGOR TAMM
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Following the observation by Hirst (1941) that influenza viruses agglutinate
chicken erythrocytes, it was found that several other viruses are capable of agglutinat-

ing erythrocytes from certain animal species (Burnet, 1942
; Lush, 1943

;
Levens and

Enders, 1945; Nagler, 1942; Burnet and Boake, 1946; Mills and Dochez, 1944;

Hallauer, 1949
;
Lahelle and Horsfall, 1949

; Olitsky and Yager, 1949
; Sabin and

Buescher, 1950). Moreover, it was demonstrated that anti- or immune serum

against the corresponding virus inhibits hemagglutination by the agent. As a re-

sult, the hemagglutination reaction became a much used technique for measuring
either viral or antibody concentration and is useful also in the serologic diagnosis of

a number of viral diseases. The reaction of influenza, mumps, and Newcastle dis-

ease viruses with erythrocytes proved of special interest when it became evident that

these viruses are able to elute spontaneously from erythrocytes with which they
combine (Hirst, 1942). As the virus elutes, the erythrocytes lose their capacity to

adsorb fresh virus. This loss is accompanied by a reduction in the electrophoretic

mobility of the erythrocytes (Hanig, 1948; Ada and Stone, 1950; Stone and Ada,

1950). The eluted virus, however, is capable of combining with and agglutinating
fresh erythrocytes (Hirst, 1942). A considerable amount of evidence has accumu-

lated favoring the view that influenza, mumps, and Newcastle disease viruses are ca-

pable of effecting an enzymatic alteration of receptor areas on the erythrocyte sur-

face. It appears probable that the receptors are mucoprotein in nature. It should

be emphasized that none of these viruses is capable of multiplying in erythrocytes.
What role such enzymatic activity has in the series of events leading from virus-

host cell combination to multiplication of viruses in and their subsequent release

from host cells is not established despite interesting work bearing on this problem
(Stone, 1948a;1948b).

The present study was undertaken in order to extend the range of observations in

respect to erythrocyte-virus interaction. Erythrocytes from certain lower classes of

vertebrates were employed. In addition to viruses known to cause agglutination of

erythrocytes from higher classes of vertebrates, other viruses which have not been

reported to agglutinate erythrocytes were studied.

MATERIALS AND METHODS

Viruses. Ten-day old embryonated chicken eggs were inoculated allantoically

with PR8 or FM1 strain of influenza A virus, Lee or MB strain of influenza B virus,

swine influenza, or Newcastle disease virus. The eggs were incubated at 35 C. for

1 Part of the work was carried out at the Marine Biological Laboratory, Woods Hole,

Massachusetts.
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48 hours, then chilled at 4 C. overnight, and the allantoic fluid harvested. Habel

or Enders strain of mumps virus was inoculated in 7-day old chicken embryos and

allantoic fluid harvested 5 days later. The allantoic fluids were dialyzed against 80

volumes of 0.1 M phosphate buffer at pH 7.1, centrifuged at 3800 g for 10 minutes

and the supernatants stored at 4 C. In addition. Lee virus was dialyzed against

0.85 per cent NaCl. Herpes simplex virus, K strain, kindly made available by
Dr. E. D. Kilbourne, was inoculated on the chorio-allantoic membrane of 10-day
old chick embryos. The membranes were harvested after incubation of the eggs
at 35 C. for two days. A 50 per cent suspension was then prepared and homogen-
ized in a modified Waring blendor. The suspension was clarified by centrifugation

at 3800 g for 10 minutes and the supernatant stored at 4 C. Semliki Forest virus

was inoculated allantoically in 10-day old chick embryos. The eggs were incubated

for 30 hours. Allantoic fluid was harvested, dialyzed, centrifuged and stored as de-

scribed above. The infected embryos, too, were collected and a 50 per cent sus-

pension prepared and stored as described above. Columbia MM strain of mouse

encephalomyelitis virus was inoculated intracerebrally in 5-week old white mice.

The mice were killed two days later and a 25 per cent suspension of infected brain

was prepared as described above. Coxsackie virus (Conn. No. 5 strain) was in-

oculated in one-day old suckling mice. The mice were killed four days later. A 10

per cent suspension of the carcasses was prepared, homogenized and centrifuged at

3800 g for 30 minutes. The supernatants were stored at 4 C. Pneumonia virus

of mice (PVM) was inoculated intranasally in three-week old mice. The mice were

killed 6 days later and the lungs collected. A 10 per cent suspension in water was

prepared, homogenized, heated at 70 C. for 30 minutes, and clarified by centrifuga-

tion at 3800 g for 10 minutes. The supernatant was collected and stored at 4 C.

Uninfected control suspensions of each of the various host tissues used were prepared.
In experiments with erythrocytes, untreated viruses or viruses heated at 56 C.

for 30 minutes were employed as described below.

Erythrocytes. Blood, obtained with syringe and needle, was mixed with %
volume of a 2.5 per cent solution of sodium citrate. Two or more representatives of

each species of animals were bled and their RBC tested. Erythrocytes were washed

three times with appropriate diluent (see below) and a 1 per cent suspension pre-

pared in the same diluent. It was found that erythrocytes from dogfish and turtle

sedimented more rapidly in the centrifuge than those from mackerel, sea robin or

tautog.

Dogfish (Mitstelns canis). Blood was obtained from the caudal vein. The

freezing point depression of blood of marine elasmobranchii is -- 1.93 (Smith, 1931)
which corresponds to the freezing point depression given by a 3.26 per cent solution

of NaCl (Roth and Scheel, 1923). Because of the high concentration of urea in the

blood, the diluent chosen for dogfish erythrocytes contained 1.64 per cent NaCl and

2.16 per cent urea (Lutz, 1930) . Other salts were omitted.

Mackerel (Scomber scombrits), sea robin (Prionotus carolinus), tautog (Tau-
togo onitis}. Blood was obtained by cardiac puncture. The freezing point depres-
sion of blood of typical marine teleosts is 0.8 (Smith, 1931). Correspondingly, a

1.37 per cent solution of NaCl was used as the suspending agent (Roth and Scheel,

1923).
Turtle (Pseudeinys elegans}. Blood was obtained by cardiac puncture through

a drill hole in the plastron. On the basis of freezing point depressions reported for
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various turtles (Botazzi, 1908; Burian, 1910), a 0.86 per cent solution of NaCl was
used as the medium for turtle erythrocytes.

Hemagglutination tests. Serial twofold or tenfold dilutions of virus were pre-

pared in 0.4 cc. volumes in the appropriate diluent and 0.4 cc. of 1 per cent erythro-

cytes added per tube ( final concentration 0.5 per cent ) . The tubes were maintained
at 25 or 5 C. for periods of time varying from 10 to 80 minutes, depending on speed
of sedimentation and disagglutination of erythrocytes, as indicated below. The tests

then were read. The last tube showing definite (2 + to 3 +) agglutination was
taken as the end point. Titers are expressed as the reciprocal of the dilution of virus

at the end point.

EXPERIMENTAL

Agglutination of fish and turtle erythrocytes b\ viruses. In the initial experi-
ments with erythrocytes and viruses employed in this study, hemagglutination tests

were carried out at 25 and 5 C. with three final concentrations of virus representing

TABLE I

Agglutination of marine erythrocytes by influenza, mumps and Newcastle disease viruses

Erythrocytes
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sired to determine the range of hemagglutination titers at two temperatures : 25 and
5 C. In addition, hemagglutination titers with viruses heated at 56 C. for 30
minutes were measured.

Table II gives the results of representative experiments of this kind. As can

be seen, the hemagglutination titers at 25 C. fall within a range of 256 to 4026, with

the exception of low titers obtained with Lee virus when sea robin erythrocytes were
used and with MB virus and mackerel red blood cells. In the latter instances the

titers observed at 60 minutes were lower than those at 30 minutes in contrast to the

stable values observed with other virus-erythrocyte combinations within the time

interval indicated.

The hemagglutination titers obtained at 5 C. were within the same high range
as, or in certain instances somewhat higher than, the titers obtained at 25 C. In

TABLE II

Agglutination of marine erythrocytes by Lee and MB strains of influenza B virus

Treatment of
virus
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The Lee and MB strains of influenza B virus employed were dialyzed against
0.85 per cent NaCl and 0.1 M phosphate buffer, respectively. Chicken erythrocytes
washed with and suspended in 0.85 per cent NaCl were used. Preliminary experi-
ments were done to determine the most suitable proportions of virus and erythro-

cytes. If too high relative concentrations of virus are used, the considerable amounts
of uncombined virus in the system interfere with measurement of the quantities of

virus adsorbed or eluted per unit of time. On the other hand, if too high relative

concentrations of erythrocytes are used, the large number of unagglutinated eryth-

rocytes interferes with the counting of disagglutinated cells. These experiments
showed that satisfactory adsorption-elution and agglutination-disagglutination curves

could be obtained when undiluted allantoic fluid (with a hemagglutination titer of

1024) was mixed with an equal volume of 10 per cent erythrocytes.

Preliminary experiments were also done to determine the optimal temperature
for elution, and with Lee virus 14 C. was chosen, whereas with MB virus elution

curves were determined at 37 C. This difference indicates that Lee virus has a

much faster rate of elution from chicken erythroyctes than MB virus.

The adsorption-agglutination and elution-disagglutination experiments were done
as follows : Virus preparation and erythrocyte suspension were mixed at 4 C. in

a 25 X 110 mm. test tube with a side arm. Homogeneous distribution of agglu-
tinated and unagglutinated erythrocytes in the mixture was maintained by mechani-
cal stirring at a fixed rate. At intervals, aliquots were removed with a pipette via

the side arm. The erythrocytes in a part of each aliquot were promptly sedimented

by centrifugation. The supernatant was collected and the concentration of virus

determined by means of hemagglutination titration. The other portion of the ali-

quot was diluted 1 : 5 with 0.85 per cent NaCl and unagglutinated erythrocytes were
counted in a hemocytometer. After a suitable period of time, the reaction mixture
was brought to the temperature at which elution-disagglutination could be followed

optimally and additional aliquots were removed and examined as described above.

Figure 1 gives the results of representative experiments with Lee and MB viruses.

As can be seen, elution of virus and disagglutination of erythrocytes followed es-

sentially parallel courses.

In experiments with erythrocytes from marine species, a large number of in-

stances of spontaneous disagglutination of erythrocytes was observed. The results

with Lee virus and sea robin erythrocytes and with MB virus and mackerel erythro-

cytes were discussed above. In addition, similar evidence was obtained with dog-
fish, tautog and turtle erythrocytes. These experiments were carried out at 25 C.

The period of observation was prolonged to four hours by re-suspension of sedi-

mented erythrocytes by shaking at regular intervals. Disagglutination of erythro-

cytes from each of the five species employed wras observed with two or more influenza

virus strains and with Newcastle disease virus. Agglutination of erythrocytes by
mumps virus was followed by spontaneous disagglutination in the case of turtle,

mackerel and dogfish erythrocytes.
In different virus-erythrocyte systems, loss of agglutinability appeared after

strikingly different periods of time. The rate of action of Newcastle disease and Lee
viruses on dogfish and sea robin erythrocytes was found to be considerably faster than
that of other viruses employed, including PR8, FM1, MB, swine and mumps.
Moreover, marked differences were noted in respect to the time required by differ-

ent erythrocytes to lose their agglutinability when mixed with one and the same virus,
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FIGURE 1. Relation of adsorption and elution of virus to agglutination and disagglutination

of erythrocytes. With both Lee and MB viruses, adsorption was carried out at 4 C. Elution was

permitted to take place at 14 C. with Lee virus, and at 37 C. with MB virus. In both experi-

ments the control virus titer was 1024. Chicken erythrocytes, final concentration 5 per cent,

were used.

e.g., employing MB virus, longer periods were required with tautog, sea robin and

dogfish erythrocytes than with mackerel or turtle cells. In no case was evidence of

disagglutination observed when tests were done at 4 C.

It appeared, therefore, that disagglutination wras a regular phenomenon and that

the exceptional instances where disagglutination was not observed may have been

due to experimental conditions used : if temperatures higher than 25 C. and periods

longer than 4 hours had been employed, disagglutination might have occurred in

such instances.

DISCUSSION

The finding that influenza, mumps and Newcastle disease viruses are capable of

agglutinating erythrocytes from teleosts and elasmobranchii is of interest because it

focuses attention on the extremely broad species range of this reaction : the agglutina-
tion of reptilian, amphibian, avian and mammalian erythrocytes by representatives of

this group of viruses has been demonstrated previously (Smadel, 1948). Studies

with chicken erythrocytes have yielded suggestive evidence that in the hemagglutina-
tion reaction influenza, mumps and Newcastle disease viruses combine with receptor

groups on erythrocytes which are mucoprotein in nature (de Burgh et al., 1948;

Hirst, 1948). Strong, although indirect, support for this contention has come from

studies with mucoid components of tissues and body fluids which react with influenza,

mumps and Newcastle disease viruses (Tamm and Horsfall, 1952). One of these

components, a mucoprotein present in normal human urine, has been shown, follow-

ing isolation and purification, to be a single homogeneous substance by electro-

phoretic and ultracentrifugal criteria (Perlmann et al., 1952; Bugher, 1951). The
features which characterize virus-erythrocyte interaction also characterize that be-

tween mucoprotein from urine and influenza, mumps or Newcastle disease viruses :
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combination between the reactants is followed by emergence of free virus and demon-
strable alteration in the mucoprotein. The altered mucoprotein is not able to com-

bine with virus and its electrophoretic mobility is reduced (Perlmann et al., 1952).
As in the case of virus-erythrocyte interaction, the rate at which the virus causes al-

teration of the mucoprotein is considerably faster with certain viruses than with

others. For example, the rate of Lee or Newcastle disease virus action on the muco-

protein is more rapid than that of MB, FM1, mumps or swrine influenza viruses

(Tamm and Horsfall, 1952). The findings reported in this study are in agreement
with these observations.

Thus, it appears probable that erythrocytes from species ranging from man to the

dogfish possess similar surface receptor areas with which influenza, mumps or New-
castle disease viruses are able to combine, and which they alter during the process of

elution. However, within the species range of virus-erythrocyte interaction, in-

stances can be found in which agglutination does not take place, as illustrated by the

failure of PR8, FM1 or Lee viruses to agglutinate mackerel or turtle erythrocytes.

Structural fit as well as adsorptive forces may be factors involved in this phenomenon
for which at present an explanation is lacking.

In contrast to the group of viruses discussed above, pneumonia virus of mice, the

various mouse encephalomyelitis viruses, and Japanese B encephalitis virus are

agents which agglutinate erythrocytes from only a very few animal species. Agglu-
tination of erythrocytes by these viruses takes place under conditions which are

different in each case. These agents do not show spontaneous elution and nothing
definite is known about the chemical nature of the groupings on the red cell surface

with which these viruses combine. It should be emphasized that numerous viruses

have failed to give the hemagglutination reaction with any erythrocytes against

which they were tested.

SUMMARY

1. Dogfish, sea robin or tautog erythrocytes are agglutinable by all strains of in-

fluenza, mumps or Newcastle disease viruses employed.
2. Mackerel and turtle erythrocytes are agglutinable by mumps or Newcastle

disease viruses as well as by some strains of influenza B virus. In the presence of

these agents, agglutinable erythrocytes lose their capacity to be agglutinated by the

same virus and spontaneous elution of the agent occurs. Elution of virus from

erythrocytes and disagglutination appear to occur concurrently.

3. Among a number of other viruses tested, none wras capable of agglutinating

erythrocytes employed in this study.
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RESPIRATORY STUDIES OF SINGLE CELLS. I. METHODS 1
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For a detailed study of respiratory events in single cells, even large ones such
as the commonly used marine eggs or protozoans, a stability of a few /zjul/hour

2

or better and a sensitivity down to a fraction of a IJLH\ are desirable. Only one
method (Zeuthen, 1943) has been described so far that approaches this order of

magnitude. By modifying and reducing drastically the conventional Cartesian

diver respirometer (Linderstro'm-Lang, 1937, 1942, 1943; Linderstr0m-Lang and

Click, 1938; Boell, Needham and Rogers, 1939; Holter, 1943), he was able to

achieve a stability of 0-20 /ijil/hour and a sensitivity of about 20 /xjul. With this

0.1 n\ diver he measured the oxygen consumption of a single polychaete worm
egg and of single amoebae. In another series the method was used in a study
of the single, half, whole and syncytial egg of an ascidian (Andresen, Holter and

Zeuthen, 1944; Holter and Zeuthen, 1944).

Large single amphibian eggs have been studied by means of larger and less

sensitive modifications of the conventional Cartesian diver (Zeuthen, 1946).
In this paper we present a method for micro respiratory studies of single cells

that so far has yielded results with a sensitivity of about 0.2 ^ijul and a stability

(drift) from 0-10 n/A per hour. The method is in some respects simpler than

the 0.1 n\ Cartesian diver and seems to offer possibilities for further refinements.

It is to be hoped it will prove its usefulness among flotation methods for measuring

respiration, the development of which has been so successfully carried out at the

Carlsberg Laboratory.

I. THE RESPIROMETER

In 1911 Krogh developed a method for micro gas analysis which he named

microscopical gas analysis and which consisted essentially of measuring the diam-

eter of gas bubbles under the microscope before and after absorption of the CO 2

and O2 . In 1941, it seemed to one of the authors that it might be possible to

place a cell in a small chamber full of water together with a bubble of oxygen.
The chamber would be in pressure equilibration with the outside water bath by
means of a fine capillary connecting space. The cell would consume the bubble

and the rate of shrinkage could be measured through the microscope. The

stability of a bubble in such a system without a cell was tested, using a chamber
identical with the ones used at present, and was found very good. However, as

the bubble shrinks from the oxygen consumption the surface tension builds up an

increasing gas pressure in it, according to the relation P =
-jr ,

where T = the

1 This work was supported by a grant from the William F. Milton Fund.
2 One nn\ is denned as one millionth of one cubic millimeter = liter X 10~12

.
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surface tension and D the diameter. If T is taken as 73 dynes/cm., the pressure
2200

in the bubble due to the surface tension will be mm. Hg when D is measured

in microns. Hence, a 10 ^ bubble has an overpressure of 220 mm. Hg, a 100 n

bubble an overpressure of 22 mm. Hg, etc. It is therefore clear that this prin-

ciple can only be applied on a manometric basis where the pressure is so adjusted
that the bubble volume is kept constant. As in any manometric method, the

change in pressure will reflect the oxygen consumption when the volume of the

gas and liquid content of the chamber are known. The problem therefore be-

came how to know most accurately that the bubble was being maintained at

constant volume. By microscopic measurement of the bubble the volume could

be estimated with an accuracy of no more than three per cent, which was not

very satisfactory. A much more sensitive way of ascertaining the volume con-

stancy of our bubble would be to make use of the extreme accuracy whereby the

density of minute objects can be determined by flotation (Linderstr0m-Lang and

Lanz, 1938). The problem would then be to stick the bubble in the respiration
chamber onto a hydrophobic minute weight and then to regulate the pressure so

that the bubble would balance the weight suspended in the water.

In the Cartesian diver the constancy of the gas volume of the chamber is

ascertained by floating the whole chamber. In the present system a minute
reference diver is floated in the respiratory chamber containing the cell. The

gas phase is less than one per cent of the water phase, and the pressure effect by
respiratory CO 2 can, at most, amount to about three per cent of the changes in

the oxygen tension, even in acid media. This is due to the much higher solu-

bility of CO2 than oxygen. At slight alkalinity the CO2 pressure will remain

practically zero. Usually, therefore, no special provision for CO2 absorption
need be made.

A. Principle of the method

A minute respiration chamber is filled with a medium which communicates
to the same medium on the outside through a fine capillary space. This space
serves as a diffusion barrier, but permits free pressure transmission to the chamber
from the outside medium, upon which controlled pressure can be applied. The

respiration chamber contains, besides the cell, a little bubble adhering to a minute

hydrophobic weight. The pressure is adjusted so that the bubble always just

suspends the weight to a constant height in the respiratory chamber. We have
then a constant volume system, where the pressure changes, read on the manom-
eter, multiplied by a factor calculated from known constants give the oxygen
consumption. The CO2 is effectively held in solution by the large liquid to gas
ratio of the system and amounts to three per cent or less of the factor.

B. Construction (Fig. 1)

The apparatus is simple and can be assembled in almost any laboratory from

conventional equipment. It consists of the respiratory chamber assembly with

the reference diver, accessories for making the reference diver and for charging
the respirometer, the manometer with pressure control, the water bath, and

optical equipment.
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FIGURE 1. Respiration measurement of single cell by means of reference diver.

1. Respiratory chamber assembly

This consists of the chamber, the chamber tube, and the plastic reference

diver.

a. Preparation of glass tubing. The respiration chamber is made from gently

heated, soft glass.
3 We have not been able to use cleaning solution or detergents

in the finished chambers as this would often produce drastic toxic effects on

Paramecium, even after lengthy boiling and rinsing in water. All tubing is

therefore cleaned before making the chamber. The roundest possible (check by
micrometer) soft glass tubing is selected (2.5-3 mm. OD), and is cut into 50 or

so pieces 10 cm. long. They are then put in a beaker with 2% Dreft (or other

detergent), boiled for a few minutes and left covered by the same solution for

future use.

b. Making the respiration chamber (Fig. 2). A soft glass rod, 2-3 mm. thick

and as round as possible, is heated evenly by rotation in a flame and pulled out

straight to form a symmetrical cone with a long taper, reaching the desired

diameter of about 0.3 mm. while still tapered. The desired diameter is deter-

mined by a micrometer and the rod cut off at that point, with the least possible

chipping. We have found a triangular India honestone to be a better glass cutter

for these dimensions than a sharp Carboloy steel edge (which cuts the finger

better than the glass). The thick end is cut off and flamed to a knob.

3 It was found that in the dimensions here used, a freshly made respiration chamber of Pyrex
glass is highly toxic to some cells, Paramecium, for instance.
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A glass tube is removed from the detergent solution and rinsed first under the

faucet and then with distilled water. The outside is dried and the inside water
is shaken out. The tube is rotated and heated evenly and pulled out to a long

taper. The wide end is cut off and the rod stuck into it as far as it will go.

It is essential to check under the dissecting microscope to see that colored Newton

rings are visible at the end of the rod all around the circumference extending a milli-

meter or more back from the end. This is the only criterion of tightness and hence

of the efficiency of the diffusion barrier between the chamber and the outside.

It is usually necessary to try several glass tubes before a satisfactory fit is ob-

tained. It is useless to try rods or tubing unless they are pulled out straight and
form a symmetrical cone at the thick end. Unless these conditions are fulfilled

the taper will not be round.

The rod is stuck rather loosely into the tubing, which is melted off in a micro

flame4 a few millimeters from the rod end (Fig. 2). In this way combustion

products from the flame cannot enter the chamber. With the chamber still

loosely stuck onto the rod, the sealed end is rotated and melted to form a sym-

HOO FITTED IPITO TUBIM& WHItH f) Ib MELTED OFF

^MEWTOn
SD

CHAMBER FINISHED

FIGURE 2. Making the respiration chamber.

metrical knob. The rod is pressed in carefully and the chamber is measured.

The length should be 1-1.5 times the diameter. If it is too long loosen the rod

and heat the knob again, until the desired length of chamber is obtained. The
sleeve of the chamber is cut off at a total length of about 5-6 mm. The chamber
is now ready for use.

c. The chamber tube (Fig. 1). The respiratory chamber rests during the

experiment in a chamber tube about 0.5 X 12 cm., which is fastened to a clamp
by means of a section of rubber tubing, so that it can be moved in all directions.

The clamp screws onto the front of the water bath. A fine polyethylene tubing,

1.5-2 mm. OD, connects the tube with the pressure system. The tube also

holds a tension equilibrating device, consisting of a piece of Saran filament,

1.5-2 mm. thick, pitted every 3 mm. with a sharp needle point. When the

pressure is lowered to generate the bubble on the diver, bubbles will also form

at each pit and this will facilitate the establishment of the same gas tension in

the water outside and inside the respiration chamber.

d. The reference diver (Fig. 3). A piece of Saran tubing,
5 10 cm. long and

about 5 mm. OD, is rotated and very gently heated 10 cm. or so above a low

Bunsen flame. When carefully done the tubing will turn clear and melt together

4 S. S. White (Philadelphia, Pa.) Orthodontic Burner No. 6.

8 Manufactured by the Dow Chemical Co., Midland, Michigan.
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and form a thinner capillary with a fine hole. One end is quickly clamped and
the other end pulled out and stretched to a length of several meters, forming a
fine filament. A piece 50-60 /z thick with a 1-2 /z hole is selected from the fila-

ment. It is wound on a card for safe keeping. While on the card the filaments

are measured under a microscope and a piece 2-3 cm. long is cut out, having a

uniform, accurately known diameter and a small central hole. The piece is

fastened at one end by Scotch tape to a piece of a white plastic millimeter ruler

attached to the top of a number 10 rubber stopper, which serves as a convenient

"working table." A splinter of a new xylene-cleaned razor blade is twisted off

(Fig. 3) and serves as a knife. Before cutting the diver under the binocular a
little distilled water is run down on the filament and wiped off with clean gauze.

5ARAM TUBING MELTint. TOE-ETHER

READV FOR PULLIrtb DIVER FlUMEnT
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HOLDER FOR DIVER FILAHEtlT
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HMD CUT
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DIVER FOR
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DETERM.
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CUTTIPIb OF FILAMENT FOR SEA WATER DIl/ER

7RAPPEDAIR

O FRESH W.
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OF BUBBLE UNTIL FLOTATION

FIGURE 3. Preparing reference diver and bringing it to flotation.

We have used two types of reference divers. One has the top cut obliquely
to prevent the bubble from hitting the chamber wall, which is hydrophobic in

sea water. The other type has a straight cut top and can usually be used in

fresh water, which wets the chamber walls.

To cut the oblique diver, the holder is placed under the binocular and the

filament held down with a washed and dry finger. The end is cut with the very
tip of the razor blade, slanting it at a 45 angle against the table. The diver

filament must be seen to have air in the central hole where it is cut. The cut
must be clean and sharp, leaving the hole open. Roll the filament over 180
and squeeze the base of the diver flat with the back side of the knife point, so

that it is seen that the capillary closes. Then cut straight. The minute diver

usually adheres to the knife point and is transferred directly into the already
loaded respiration chamber. It can also be stored for some time in a drop of
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water without losing the air that is trapped in the capillary. It can then be
transferred somewhat more readily from the drop by means of a braking pipette

(Holter, 1943; Claff, 1947) or micrometer burette provided with flexible plastic
micro tubing ending in a fine glass tip.

A straight cut diver for fresh water or tension work is basically made the

same way.

2. Manometer and pressure control (Fig. 1)

For the pressure measurements we have employed a closed mercury manom-
eter of the same type as used in the Van Slyke-Neill manometric blood gas

apparatus. With oxygen-charged water it gives a useful scale of about 600 milli-

meters. This type of manometer obviates the need for thermobarometer control

and possesses a large pressure range, which seems desirable for this method.
The manometer is prepared as follows. 6 Suction is applied to the top, and

the mercury is brought all the way up by slanting the manometer. A little

ethylene glycol is run down in the tube on top of the mercury. Most of it is

removed again by tilting and applying suction from the top. With the top stop-
cock closed the barometer is evacuated by the suction pump 7 to get rid of the

gases on the walls of the barometer tubing and in the ethylene glycol. The
ethylene glycol is allowed to collect at the top and is carefully removed by suction

from the top of the tilted manometer. It is necessary to get rid of most of it or

it will collect on the meniscus and interfere with the reading.
Check that the barometer reads the correct barometric pressure by measuring

the distance between the top meniscus and the lower surface in the mercury
container. It should check within one or two mm.

Accurate reading of the barometer is greatly facilitated by the following simple
device (Fig. 1). A white card with black backing at the top is clipped onto the

barometer tube. For a reading the card is slid so that the black backing runs

slightly above the meniscus. The meniscus will then stand out sharp black

against a white background.
The pressure has one coarse and one fine adjustment. The coarse adjustment

is provided either by applying vacuum from a steadily running vacuum pump
or admitting air pressure by turning the two-way stopcock.

Fine adjustment is provided by the 5 cc. syringe arrangement shown in

Figure 1. The syringe is kept lubricated by applying heavy oil around the barrel

seal. The plunger must move smoothly without sticking.

3. Water bath

An ordinary large (40 liter) glass aquarium tank is used as water bath. It is

insulated by Celotex or several layers of corrugated paper, except for the upper
six or seven centimeters front and back. In front of the bath rests a horizontal

binocular, preferably with rack and pinion up and down, and in back of the bath

opposite the microscope a small fluorescent lamp. The water bath must be kept
within 0.01 C. or better of the desired temperature. If an automatic thermo-

regulator is used, it is imperative to check the magnitude of the cycling on a

Beckmann thermometer during an hour's time to be sure that it does not exceed

8 For more detailed description see Peters and Van Slyke, 1932, p. 273.
7 A laboratory suction-blower unit will do.
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0.01 degree. The heating and cooling sources should be as gentle as possible.
An infrared lamp suspended above the water bath and connected with a rheostat

makes an excellent source of heat, and a mere trickle of cool water on the stirring

propeller may serve as a cold source. By regulating the rheostat the temperature
can easily be controlled within the desired limits, even by hand.

4. Optical equipment

For observing the cell and the reference diver, any type of binocular dis-

secting microscope mounted horizontally can be used. It must be provided with
an ocular micrometer scale which can be calibrated against the grid of a blood

counting chamber or even against a millimeter ruler stuck into the water bath.

From 40 up to 100 times magnification has been found satisfactory.
For accurate measurement of the diver filament, egg sizes, etc., an ordinary

microscope with an ocular micrometer is necessary. Another dissecting micro-

scope is used for loading the chamber, cutting the reference diver, etc., and it is

convenient to have it also provided with an ocular micrometer.

II. THEORY

The system is in principle a simple constant volume apparatus, where the

constancy of the gas volume, as in a Cartesian diver, is determined by flotation

rather than by reading a meniscus, but where the CC>2 is held in the medium
rather than being separately absorbed.

A. Equations and constants

The oxygen consumption or CO2 evolution is given by equations 1, 2 and 3,

when only one gas is considered.

The following symbols will be used : VB = volume of gas bubble; VL = volume
of liquid; P = observed pressure; W = water vapor tension; N nitrogen ten-

sion; S = bubble pressure produced by surface tension;
8 T = absolute tempera-

ture; AP = observed pressure change; a =
solubility coefficient for the gas that

changes; F = the chamber constant. STPD means "measured dry at standard

temperature and pressure."
Gas volume (STPD) at start is

273 P - (W + N - S)\ (P-(W + N-S)~ = A
760 76

Gas volume (STPD) at end is

\
)=

273
(
P -- (W + N --

S)
-- AP\

* T \ 760 /

- I
, (3)

8 See page 157.

VB ^Y + VLC\
- I

,
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which is the well-known formula for calculating the flask constant in a Warburg
manometric apparatus.

In a system where CO2 is not separately absorbed, as in our system, an ex-

pression for the oxygen consumption AO2 in terms of the pressure reading AP is

given by the following equations:

(4)

(5)
\ ' VJU /

Assuming RQ

\J2 A)2 \ /

AP = APo 2

- APCo2
. (7)

Solved for A Fo 2
the final equation gives the oxygen consumption :

= AP X F. (8)

273 273
+ VLa0z VB -y

It will be noted that pressures which remain constant, such as those con-

tributed by water vapor, nitrogen and surface tension of the bubble, cancel out

in equations 1 and 2 and are of no influence as long as they remain constant.

(See derivation of equation 3 in Dixon, 1943.)

Besides the pressure difference AP read on the manometer, we must know
T, VB, VL, ao 2 ,

and aco 2
- T is equal to the water bath temperature. VB is

very small and can be estimated closely enough from its measurement in the

ocular eyepiece. It can be better estimated by knowing the volume per milli-

meter of the diver filament and calculating the volume of the diver from its

measured length. With a specific gravity of Saran of 1.7, the bubble volume
will be the diver volume times 0.7.

VL is obtained from measuring in the binocular the diameter and the height
of the chamber, allowing for the rounded upper corners. In order to save re-

peated calculations a chart is prepared, where on a log log paper the diameter
from 0.1-1 mm. is plotted against the volume per millimeter height, which at

0.2 mm. diameter is 314,000 MM! and at 0.8 is 503,000 w\. A straight line is

drawn through these points. The volume/mm, read on the graph multiplied by
the height in millimeters gives the chamber volume in /i/zl. The cell may con-

veniently and without significant error be considered water. The diver volume

plus the bubble volume is usually smaller than the error in the estimation of the

chamber volume and can then be ignored. Usually, therefore, VL can be taken

equal to the chamber volume.
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The absorption coefficient of oxygen, o 2 , for fresh water may be found in any
handbook, and for sea water of different salinities and temperatures it may be

found by interpolation of data given in Sverdrup, Johnson and Fleming (1942).

The absorption coefficient at different temperatures for carbon dioxide (co 2 )

in acid media can be found in standard handbooks and for acid sea water in the

above mentioned book. In neutral or alkaline media the CC>2 retention can

without much difficulty be determined, as described below.

B. The pressure effect of COi production

From equations 1 and 2 it can easily be shown that the ratio
APr

co
depends

upon the ratio of the solubility coefficients and the ratio of the liquid volume to

the gas volume. In an all gas phase the carbon dioxide will of course exercise

A P
its full pressure, so that -

A p
2 =

1, whereas in an all liquid phase the ratio
AP,co-

becomes
APp 2

APCO,
From Figure 4 it will be seen that when the gas volume

gets smaller than 1% of the liquid volume, the pressure effect of the COo gets to

be very near to the lowest possible, namely Po 2
X -

. In a system like this

one we must therefore strive to keep the gas volume less than 1% of the liquid

volume. In most of our work it has been 0.5% or less.

With an increasing alkalinity the pressure effect of CO2 will naturally get

smaller and smaller. Exactly what it will be can be determined in the following

way.

COa PKl&*WAE
OF OKY6IH PRESSURE AT Htt

FIGURE 4. Pressure effect of carbon dioxide production in per cent of the pressure effect of

an equal oxygen consumption when the gas-to-liquid ratio in the respirometer is varied. A. The
entire curve for fresh water with ordinate units to the left. B. The lower part of three curves

magnified ten times, with ordinate units to the right.
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1. Determination of the COi pressure

a. Principle. Increasing, known amounts of CO2 gas are added anaerobically
to a series of syringes containing 10 cc. sea water each. The CO2 is dissolved

quantitatively by chilling the syringes. The charged water is transferred with

negligible gas loss to a long-necked 1 cc. flask in an accurately regulated water

bath (Fig. 5). A micro reference diver is placed in the flask which is connected

to a manometer and pressure regulating device (the same as for the respirometer

chamber). The diver is brought to flotation and the pressure is read. This

represents the total gas pressure plus the surface tension effect. A few cubic

millimeters of strong NaOH are added from a microburette to make the sea water

alkaline. The reference diver is again brought to flotation. The difference in

pressure gives the CO2 effect directly in mm. Hg.
b. Details of procedure. The flask is provided with a spiral depression so

it can be vigorously stirred by twisting back and forth while still connected

with the manometer. The diver is long so that the bubble will completely

occupy the upper surface and hence will assume the same radius after collapse.

TO MANOMETER
KOH FROM MICRO

BURETTE

SPIRAL FURROW

FOR MlXIdfa

BY

DIVER

FIGURE 5. Reference diver technique for direct determination of tension in liquid.

Flotation pressure is established in a few minutes and read. The chamber is

twisted to effect stirring and flotation pressure is read again until it attains con-

stancy. The burette tip is conveniently made from a pulled-out polyethylene
micro tubing. It must be very fine (0.1-0.2 mm.). For 0.7 cc. sea water, 1.50

mm. 3
1 N NaOH sufficed.

The action of NaOH upon the surface tension of water has been found to

amount to a change from 72.8 to 74.6 dynes/cm, at 20 at a concentration of 5%
(Landolt-Bornstein, 1923, p. 240). The amount of NaOH added to the sea water

gives approximately 0.01%, and hence the effect from change of surface tension

is negligible.

c. Results. The pressure effect of CO2 was determined for the different sea

waters which were used (Fig. 6). Carbon dioxide has. greater pressure effect in

acid sea water than in fresh water, because the salinity lowers the CO2 solubility.

The pressure effect decreases rapidly with increasing pH. At pH 8.2-8.4 it is

only half or less that of fresh water. From the curves the average retention of
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the CO2 can be calculated and hence the pressure effect of CO2 for different gas-

to-liquid ratios at different pH and salinity can be estimated (Fig. 4).

It will be seen that in all our experiments with sea water in the chamber, the

pressure effect of the COz has only amounted to 2-3% of the oxygen pressure
effect. This correction is included in equation 8, but can usually be ignored
because the chamber volume, and certainly the volume or weight of the respiring

material, are known with less accuracy.
It is, however, important to know the magnitude of the CO2 effect for the

interpretation of any irregularities or bumps on the curves, and it is then well to

realize that a maximum metabolic change in RQ from 0.7 to 1 will only show up
as a 1% or less error in the oxygen consumption. Similarly, acid formation

must be at least equivalent to the oxygen consumption on a molar basis before it

begins to show up. In other words, the CO2 binding properties of straight un-

buffered sea water, such as used in our experiments, hold the CO2 pressure effect

fin Hs COz PRESSURE DEVELOPED
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FIGURE 6. Pressure developed by adding known amounts of COj to fresh water and
sea water of varying pH and chlorinity.

down to a negligible amount. With less favorable gas-to-liquid ratio, and for

special purposes, it may, however, be desirable to add a buffer to the sea water

(Zeuthen, 1950).
The maximum amount of oxygen that can be used up in a chamber containing

oxygen equilibrated water corresponds to some 2-3% of the water volume. The
maximum CO2 that can be metabolically produced at RQ 1 is then the same,

namely around 20-30 volumes per 1000 water. The pressure effect of this can
be read on Figure 6, and corresponds to 20 mm. Hg. It will usually be less than

10 mm. or corresponding to about 1% CO2 at atmospheric pressure.

C. Diffusion characteristics of the system

This system, like all others, depends upon diffusion equilibrium between the

gas and the water phase. The faster equilibrium is regained after a disturbance,
the faster the system will be able to follow quick changes in respiration. Since

the diffusion distances are very short in all directions (maximum 0.3 mm.) and
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the volumes involved are very small, there is an exceptionally rapid tension equi-
librium within the system.

This can easily be determined empirically. A blank is set up without re-

spiring material and a 10-15 minute run is made in which the flotation pressure
is accurately maintained and plotted every minute. A major disturbance is now
introduced by putting 10 centimeters Hg pressure on the diver until within a

minute the bubble has almost disappeared by dissolving into the water. The
diver is again brought to flotation, and faster than it can be plotted, it regains
its former flotation pressure within a half millimeter Hg. In other words, even

major disturbances, involving the new generation of the gas bubble from the

dissolved gas, are repaired within 30 seconds. Clearly, therefore, we can accu-

rately record even very rapid respiratory changes with very little damping effect

(Linderstr0m-Lang, 1946).

D. Sensitivity

The sensitivity of the system depends upon several factors : (a) on the smallest

increment or decrement of the bubble volume that will move the diver up or

down, (b) on the magnitude of the pressure change necessary to produce this

volume change, and (c) on the total pressure.

a. The method is essentially a "gravimetric" method, and therefore the

greatest sensitivity will be obtained when the forces opposing the buoyancy
changes are smallest. These involve the masses to be accelerated and the fric-

tional forces. By using a reference diver instead of floating the whole respiratory
chamber it is possible at once to reduce very drastically both the mass and the

friction. The mass of the reference diver corresponds to around 150-200 MM!-

The micro Cartesian diver has a moving mass, when floating in the medium of

specific gravity 1.3, of about 2.5 mg., i.e., some 12,000 times more mass to accel-

erate than the reference diver. The viscosity of fresh (and sea) water for floating

the reference diver is only half that of the flotation medium used for Cartesian

divers.

b. The pressure necessary to convey a volume change to the diver gas depends
upon the number of menisci to be moved or deformed. The reference diver has

one meniscus, whereas the micro diver involves four. The present size reference

diver can be held within about 0.2 millimeter Hg, and we have not so far tried

a water manometer. During oxygen consumption, when the flotation pressure
is steadily decreasing, the accuracy of defining the flotation pressure undoubtedly

goes down, somewhat in proportion to the rate of pressure change.
c. The sensitivity bears a direct relation to the total pressure at which the

diver is operated. This is apparent if we consider the least molar amount of

gas added or withdrawn that we can measure. The resulting volume change will

depend upon the ratio of the amount withdrawn to the total amount present in

the system. The sensitivity related to molar amounts of gas, therefore, increases

in an inverse proportion to the pressure. The higher sensitivity at lower pressures
is clearly felt in the manipulation of the syringe.

E. Stability in time

The stability of the flotation pressure is measured by blank runs. It depends
on several factors, the most important ones being: (1) constancy of the tern-
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perature of the water bath and of the manometer, and (2) diffusion of gas into

the chamber from the water trapped in the capillary space between the rod and
the chamber. Other sources which, especially during respiratory runs, could

cause a shift of the base line would be (3) changes in surface tension, (4) changes
in water vapor tension and density of the medium, (5) changes in area of bubble
attachment to the diver, with consequent change in diameter and pressure.

On Figure 7 are given curves of the stability of the flotation pressure as found
in several series of blank runs in fresh water, sea water and some media. The
stability of the flotation pressure seems largely independent of the chamber size.

MM H6

200

150

100

HOU P.S

FIGURE 7. Stability of flotation pressure in blank runs. The number at the end of each curve

plus 70 gives the flotation pressure in mm. Hg at the beginning of the blank run.

The stability in absolute volume units can therefore be taken as nearly propor-
tional to the chamber size, i.e., the factor F (p. 164). On the chart the factors

actually went from 0.7 to 10, i.e., one mm. Hg corresponded to from 0.7 to 10

1. Effect of temperature changes

From equation 1 we may calculate the temperature sensitivity of the system
by knowing the amount by which the gas bubble, the solubility coefficient, the

water vapor tension and the surface tension change with temperature. If we
move from 20 to 21 C, <*o 2 changes from 0.03102 to 0.03044, aCOj from 0.878

to 0.854, water vapor tension from 17.54 to 18.65 mm. Hg, and bubble pressure
due to surface tension from 31.18 to 31.11 mm. Hg. If the bubble volume is
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180 MM! and the liquid volume is 20000^1 and the gas (O2) is at 760 mm., this

rise in temperature will change the pressure by 13.3 mm. Hg. A hundredth of

a degree will change the pressure near to 0.13 mm. Hg.
It may similarly be calculated that when all the O2 of the system (802 nfj.1)

has been used up and 802 nn\ CO2 have been produced, the resultant total pressure
will be 20.8 mm. Hg at 20. A one degree rise will then produce a 2.1 mm.
increase in pressure, and 0.01 therefore 0.02 mm. increase.

If the system were all a moist gas phase it can similarly be shown that the

same rise in temperature would raise the flotation pressure only 4 mm. We see

thus that the temperature sensitivity increases: (1) the more liquid there is com-

pared to gas, and (2) the higher the total gas tension of the system is.

The reason for the high sensitivity of a high liquid ratio lies in the fact that

T 294
the all gas phase changes as =

^r r
,
whereas the all liquid phase tension

J. \ L, s O

0.03102
changes as the ratio of the solubility coefficients = non >

which is a 5.6 times

greater change. Similarly the pressure change of CO2 in an all liquid system is

8.2 times as temperature sensitive as in an all gas phase, when the initial pressure
is the same. In other words, the temperature effect on the solubility coefficients

is much greater than on the gases themselves.

A compensating chamber is very commonly used in gasometric methods in

order to cut down the temperature sensitivity of the system. It should be borne

in mind, however, that a large stationary compensating chamber will not com-

pensate for the temperature effect on the solubility coefficients of the gases. If

the liquid-to-gas ratio in the respiration chamber is 10/1 or 2/1, a temperature

change from 20 to 21 will leave the system uncompensated by, respectively,

40 and 10 mm. water. In such extremely sensitive systems as the Cartesian

diver, it is therefore essential to keep an exceptionally accurate temperature
control, especially so where the liquid-to-gas ratio is high.

We may conclude from the above calculations, which have been verified also

by experiments, that we need to keep the water bath constant to within 0.01

degree to obtain stability of the flotation pressure within 0.2 mm. Hg. If we
were to use a water manometer to be read with the same linear accuracy we
would have to keep the temperature to within 0.001 degree.

It can easily be calculated that the mercury barometer must be kept within

2 C. in order to match the temperature sensitivity of the water bath, i.e., 0.01.

2. Diffusion of gases from the sleeve

The blank curves (Fig. 7) are arranged in a sequence, downwards according
to the initial pressure reading, which is given in mm. Hg at the end of each curve.

It will be seen that the lower curves, with a low flotation pressure, all show an
initial rise, which in the first hour may amount to as much as 10 mm. Hg. This

increase in flotation pressure diminishes, or disappears, as the flotation pressure

approaches atmospheric pressure. The rise is due to gas diffusing in from the

water trapped at one atmosphere's pressure in the capillary sleeve between the

rod and the chamber wall. This can be proved by evacuating the loaded chamber
for several hours, so that finally the sleeve water gets a low gas tension. When,
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now, the flotation pressure is established, gas will diffuse back into the sleeve

water from the chamber, producing a slight decrease in the flotation pressure

(see the three upper curves).

We have not been able to demonstrate any measurable diffusion of gas through
the sleeve. Even such drastic measures as changing the outside water from

vacuum extracted to fully saturated water leave the flotation pressure undis-

turbed. Evidently diffusion through the capillary sleeve is exceedingly slow.

The pumping action produced by the slight volume changes in the bubble

while adjusting the flotation pressure is much too small to effect any water

renewal in the sleeve. It has so far been impossible even with gross changes in

the bubble volume by vacuum to pump any dyed outside liquid into the chamber.

As the pressure during a run decreases the sleeve presumably continues to

yield a small amount of gas proportional to the decrease in pressure. This will

make a slight error in the chamber factor. Considering that the chamber factor

and the cell volume are not very exactly known, the sleeve error is unimportant.

3. Effect of changes in surface tension

Any change of the surface tension of the diver bubble would change the

bubble pressure, and this change would be reflected as such on the flotation

pressure. During an experiment the medium is continuously changing with

respect to gas tensions, pH, and organic and inorganic solutes due to the presence
of the organism. Ferguson (1914) has shown that one atmosphere of CO2 gas
has very little effect on the surface tension of water, so that the maximum effect

from CC>2 in our system would be entirely negligible. A negligible effect would

also be produced by relevant changes in the concentrations of NaCl, KC1, urea,

glycerine, sucrose, sodium phosphate, ammonium chloride (Landolt-Bornstein,

1923; McClendon, 1917). High molecular constituents of urine, bile and plasma
may, however, significantly lower the surface tension. It would be of no signifi-

cance for the method if a medium had a different surface tension from that of

water, as long as it remained constant. It would not matter, either, if it showed
a slow linear change, as this would only affect the factor converting pressure to

absolute units of O2 consumption. A sudden release of a surface acting substance

(e.g., protein) could give a sudden parallel displacement of the rate curve, but

would then leave the rate unchanged. As surface acting substances are concen-

trated in the surface, they tend to exercise near their full action already at minute

concentrations. If such substances were released periodically, it seems therefore

likely that they would lead to only small periodic changes in the surface tension.

4. Changes in water vapor tension and density of medium

Only a change in the water vapor tension during the experiment will affect

the results. A gradual change would be of no consequence, as both the absolute

rate and the amount of respiring material would be less well known. Measurable
sudden changes in water tension are even more unlikely than sudden changes in

surface tension, and would tend to be counteracted by the density change.

5. Changes in bubble diameter

There is a possibility of a pressure change in the bubble if it changes its

adhesion surface to the diver. This could happen if it does not fully occupy the

whole cut surface.
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The salt water diver has an oblique upper surface with no boundaries set for

the bubble, which therefore could be assumed to vary in its attachment surface,

and hence radius and pressure. In the experiments referred to on page 168,

where the diver was subjected to gross transitory pressure changes, no changes
in the final flotation pressures were detected, and hence there were no measurable

changes in bubble radius. For tension determinations where it is necessary to

generate the bubble twice, the diver is so long that the bubble will always com-

pletely occupy the cut surface.

III. PROCEDURE

1. Preparation of sterile material and chamber

It seems that bacterial contamination is a more conspicuous menace in this

method than in macro methods. It is essential always to keep this in mind and

try to avoid insidious errors from this source. Nutritive media especially, such

as, for instance, hay tea or even sea water, must be very carefully sterilized and
handled. Sea water was filtered through a porcelain candle (Selas, porosity 015)
and then heated overnight in a thermostat of 70 C., allowed to stand at room

temperature the next day, and then heated again to 70 C. The cool water was
shaken with air and poured into two or three covered sterile Syracuse dishes.

All instruments and glass tubes, tips, vials, dishes and respiration chambers
with rods must be boiled or autoclaved immediately before use.

The cell is transferred by means of a braking pipette into the water or medium
of one dish, where it is allowed to sink or swim about. The pipette is rinsed

several times in sterile water and the cell similarly transferred to two more dishes.

2. Loading the chamber (Fig. 8)

The medium is poured into a tube which is placed in a beaker of ice water

and bubbled with moistened oxygen. The tube is kept loosely covered. After

half an hour there will be enough oxygen in the water. The respiration chamber
is "threaded" up on the suction tip, where it is held by the suction. The tube

with bubbler is lifted up submerging the respiratory chamber, which thereby is

filled and rinsed. The chamber is gripped by forceps while completely sub-

merged, and the whole assembly is lowered as one piece down from the suction

tip, leaving the respirometer chamber filled. The chamber is removed from the

liquid and rolled up under a hook on the rubber stopper that serves as a chamber
holder. It is imperative that there be no air bubbles sticking to the walls of the

chamber. This is ascertained under the dissecting microscope. The cell is now
transferred to a dish where it is allowed to sink through a centimeter or so of

sterile medium and is then transferred into the opening of the chamber with a fine

braking pipette. If the cell readily sinks, the chamber holder is put on its flat

end. If the cell swims or does not freely sink to the closed end of the chamber,
the chamber is placed in a simple cork centrifuge which is run very gently from

a Variac. The chamber is then transferred back to the holder under the binocular.

At this point the diver is cut as described (p. 161), or picked up with a braking

pipette from its storage drop.
9 While still on the knife tip it is transferred to the

9 The diver filament will not stand heat sterilization. It may be wiped off with alcohol and

water, or only water.
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meniscus of the chamber where it will adhere to the surface. Using a fine needle,

it is pushed into the liquid, unless deposited by a pipette. The stopper is held

with chamber opening up and a slight tapping is usually enough to bring the

diver down to the bottom next to the cell.

The rod is now rinsed off in the same medium from which the cell was taken.

One of the drops adhering to it is touched to the chamber opening so the meniscus

is convex and the solid rod is now inserted. In case the cell is a swimming
organism like Paramecium, it may be quite a trick to get the rod in, using a

combination of centrifugation and slight advances every time the animal moves
in until the rod is finally seated. It is possible to some extent to feel how the

rod should be rotated to seat deepest. Any quick pull back must be avoided,

SUCTIDM

LOADING. AND CLOSIMfa

OF CHAMBE.R.

GLASb TUBinG FOR

\ CHAMBER

F/LUMb OF
CHAM&ER WITH
OXYGEM. WATER

CHAMBER HOLDER CORK CEMTMFUGE

FIGURE 8. Operations involved in loading the chamber with oxygenated medium, cell and diver.

as this cavitates a bubble onto the diver and a positive flotation pressure may
result.

The chamber, rod down, is now put into the chamber container, which is

filled two thirds with the medium. The bubble fiber (p. 160) is put in and the

container clamped in place on the water bath.

3. Measurement of chamber

At this time it is convenient to measure the chamber height and diameter by
the ocular micrometer, and also the height of the diver from the base to the

opening of the capillary hole. If a measurable cell is being used, like an egg cell,

its diameter is also measured. It is often possible at once to calculate the chamber
volume from the dimensions by using the chart mentioned on page 164, and from
another chart (p. 175) read off the factor which translates mm. Hg to niA O2 .
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Especially if working with an assistant, one can then usually have the readings
calculated and plotted during the run.

4. Floating the reference diver (Fig. 3}

For this step to succeed, it is necessary that the chamber and the rod be

absolutely clean so the diver will not stick. With fresh water the walls are

usually hydrophilic, a straight cut diver can be used and the flotation is easily

accomplished. In sea water the walls become hydrophobic and flotation cannot

be accomplished unless the bubble is kept from touching the glass walls. There
are two precautions taken to make flotation possible: (1) shape of the diver;

(2) orientation of the diver before generating the bubble.

The diver is shaped so that when it sinks and hits the bottom it tends to fall

with the bubble surface upwards, and when it floats the bubble cannot touch the

sides of the chamber.

To orient the diver the tube is rotated and tapped and tilted until- the diver

lands right side up on the bottom with the head end away from the wall and free

from the cell. The tube is now turned so that the diver is seen in side view; it is

connected to the manometer system and a slight vacuum admitted, enough to

suck in the plunger of the syringe. The connection to the manometer is clamped.
The vacuum is carefully increased by turning the syringe knob until the gas
meniscus in the capillary of the diver moves out making a bubble. This will

rapidly expand unless checked by the syringe. While lightly tapping the tube

with a fine glass rod, the bubble is expanded until the diver rises and finally floats

free from the bottom. It must not be allowed to hit the ceiling. When the

pressure is stable, the clamp is barely opened and immediately closed, causing the

diver to rise or sink, this being immediately counteracted by the syringe. If the

diver sinks, the manometer pressure is lowered a few centimeters by the stopcock
and the flotation pressure is again checked until the manometer pressure matches
the flotation pressure and the clamp can be taken off. If the diver floats too

near a wall, it can be brought near the middle of the chamber by tilting the

chamber towards horizontal, bringing the diver up a little and then down when
the chamber is again vertical.

If during these manipulations the diver gets stuck with the bubble against
the bottom, top or side walls, pressure is put on to near atmospheric. The

syringe plunger is pulled half way out and the clamp tightened. By applying

overpressure with the syringe the bubble is made to disappear into the diver

capillary and the diver is again free and can be re-oriented before a new flotation

is attempted. If the diver itself sticks, it can usually be shaken loose if the

chamber tube is removed from the water bath and given a violent shake down.
If the bubble inadvertently should dissolve completely, a new one usually

cannot be formed by simple evacuation. There is still one chance left to save

the run, namely, by cavitating a bubble onto the diver. To do this the chamber
is removed from the tube and is held submerged in a dish of the medium. The
rod is barely loosened very carefully and immediately pushed back in. This

cavitates a bubble onto the diver which then often can be made to float. It is

immaterial where the bubble forms on the diver. The flotation pressure is often

high as a result of this procedure, sometimes even higher than atmospheric

pressure. In such case air must be blown into the barometer flask and the
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syringe must be manipulated with two hands, one continually pressing the barrel

in, while the other regulates the motion.

5. Recording of the flotation pressure

With the reference diver afloat, the measurements can start, and readings can

be taken at any suitable interval. The ocular scale is oriented in a vertical

position, and the middle line of it is placed a little above the middle of the chamber.

The distance between this line and the bottom of the chamber is maintained

throughout the run, and the bubble is held so that the top of it touches the

ocular line.

For most accurate readings, especially if close time intervals are desired, it is

best to have an assistant start calling off every five seconds a half minute before

reading time. 'During this period the diver is held at the mark very accurately

and excursions of the pressure regulation are made as smooth and as small as

possible. It is wise to check the water bath temperature at every reading and

note it down.

6. Re-setting of manometer pressure

The syringe serves as fine regulation and its capacity is soon exhausted,

especially when the total pressure is low. To re-set the pressure the stop-cock
on the barometer flask is rapidly turned past the vacuum connection. This

lowers the pressure by a few centimeters, and the diver rises. It is immediately

brought back to the line by letting the plunger in. The procedure is repeated
until the plunger is far enough in to last for some time.

7. Removing cell and diver from the chamber

It is sometimes useful to be able to remove the cell and diver from the chamber,
so that the same run can be repeated later or with a different medium, or it may
be desirable to measure the cell volume or other properties of the cell that was
used. In order to do this, the chamber is taken out of the tube and is held in

a Petri dish containing the medium. With the sleeve covered by the liquid the

rod is very gently pulled out, filling the chamber with the medium. The chamber
is then placed, opening down, in a small dish of the medium, letting the diver

and the cell fall out.

8. Calculation of results

It is customary in micro respirometry to recalculate the readings as increasing

from the first one, which is called zero, by subtracting all the subsequent readings
from the first. In a detailed study all these figures, showing the change in

pressure as a function of time, must be recalculated to give n/A Oz consumed.

This is done by first calculating the liquid volume as described on page 164 and
then using the formula (8). If the diameter of the diver filament is kept constant

and the diver length reasonably constant, a great deal of calculation can be saved

by computing the factor for four situations, using two different chamber volumes,

of, say, 20,000 p-pl and 100,000 ju/il, and two different diver lengths, one with

height of the diver equal to the diameter and the other equal to one and a half

times the diameter. A graph is prepared with the factors on the ordinate and

VL on the abscissa. The four points are plotted and the pairs connected with
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parallel lines. In the relevant region the function (equation 8) is very nearly a

straight line, and the factor is found by interpolation.
This chart can of course only be used in series where the temperature, salinity

and diver diameter are kept the same.

We are greatly indebted to the officers of the William F. Milton Fund for

making this development possible.

We wish to express our appreciation to Dr. A. Baird Hastings for constant

encouragement and advice. He has forcefully backed the project from its first

vague beginning. Miss Barbara Orski has contributed several blank runs, and
Mrs. Susan I. Scholander has given much technical and secretarial help during
the later stages of the development. We wish to convey to these ladies our

affectionate thanks.

SUMMARY

1. A method for micro respiratory studies is described with a sensitivity down
to 0.2 millionth of a cubic millimeter and a stability of 10-0 millionths of a cubic

millimeter an hour. It is basically a constant volume method, where a minute
reference diver is introduced into the chamber together with the cell. A bubble
is generated on the diver until it just floats. The change in flotation pressure

multiplied by a factor of known constants gives the oxygen consumption. The
CO-2 is effectively held in solution by the high liquid-to-gas ratio. The system
has been used to study the respiration of single protozoans and to follow in detail

the oxygen consumption during cleavage of single eggs of several species, which
will be reported elsewhere.

2. A new micro method is described for direct determinations of gas tensions

in liquids using the reference diver.
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RESPIRATORY STUDIES OF SINGLE CELLS. II. OBSER-
VATIONS ON THE OXYGEN CONSUMPTION

IN SINGLE PROTOZOANS 1

P. F. SCHOLANDER, C. L. CLAFF AND S. L. SVEINSSON

Department of Biological Chemistry and Laboratory for Surgical Research, Harvard University
Medical School, Boston, Mass.

During the development of the reference diver technique ( Scholander, Claff and

Sveinsson, 1952) for studying single cell respiration, many measurements were
made on single protozoans. We are here presenting observations on (1) the re-

lation between cell volume and respiratory rate as determined over a thousandfold

range in size, using individual cells from three species of protozoans, and (2) the

metabolic change occurring at excystment and encystment of Bresslaua.

MATERIAL AND METHODS

Respiratory in easurements

A single animal was pipetted from the stock culture, usually hay tea with a few-

wheat grains, and transferred with a minimum amount of water into a dish contain-

ing sterile Ringer solution diluted 50 times. Two to three additional transfers

were made, where the cell was allowed to swim through, or was moved through,

relatively enormous amounts of sterile solution. If any bacteria were left clinging
to the cell the inorganic medium would hardly support any appreciable growth dur-

ing the time of the experiment. All measurements were made at 25 C. and each

run lasted 60-70 minutes. Our runs confirm the findings by Amberson (1928)
that the oxygen rate stays constant in spite of large changes in the oxygen tension.

After the run the cell was transferred to a dish and the cell volume could subse-

quently be measured.

Measurement of cell volume (Fig. 1, A and B)

The cell volumes were measured by squeezing the cells between two glass sur-

faces spaced at a known distance, and tracing the surface contour. Mast and

Fowler (1935) and Peterfi and Maleci (1938) used a similar method of deform-

ing the cells, by sucking them into a capillary tubing of known diameter and measur-

ing the length.

For the measurements two brass wire frames 1x2 cm. are prepared. Stretched

across the frame on the under side are two platinum filaments - of accurately known
diameter. One frame had filaments of 19 /x, the other of 38

/x.
A 10 X 5 mm.

piece of a microscope slide serves as a thick and heavy coverslip. The frame is

1 This work was supported by a grant from the William F. Milton Fund.
- Obtained from Baker and Co., Newark, N. J.
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placed on a microscope slide, and the cell in a small drop of water is placed between

the filaments. The cover glass is carefully put on. Dust must be carefully avoided

on the spacer filaments. A paramecium can move about slowly even when squeezed

flat to about one fifth or one sixth of its normal diameter. When at rest its cir-

cumference is rapidly traced through an Abbe prism onto a piece of paper which

has a known weight per surface area. The cell tracing is cut out and weighed and

the cell volume is calculated from the surface area and the thickness. In one
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FIGURE 1. Ratio of oxygen consumption to cell volume, both determined in the same in-

dividual cell. The parallel lines indicate the general trend of the data. The slope of the lines

is the exponent ;/ of the equation M = K X Wn
, where M is the oxygen consumption, K is a

proportionality constant and W is the weight. We attach no significance to the empirical value

of n fitting these data. Insert A. Method for measuring cell volume by squeezing cell to a

known thickness under a cover glass resting on two spacing filaments. Insert B. Cross section

showing spacing filaments and flattened cell between the glass surfaces. One /x/4 = one millionth

of one mm 3
.

species of Paramecium several measurements on the same individuals gave an agree-
ment within 6%.

The amoeba Chaos chaos, which cannot be flattened nearly as much as a para-
mecium without rupturing, wa,s squeezed between thicker filaments or even under

the coverslip of a blood cell counting chamber. In order to succeed in the meas-

urement it is necessary to tease the amoeba to contract by tapping the glass and

trace it quickly before the protoplasm begins to flow out at the edges. In the

amoeba the volume measurements are probably not better than 10%.
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RELATION OF SIZE TO OXYGEN CONSUMPTION IN SOME PROTOZOANS

Using the reference diver technique we have determined the oxygen consump-
tion in a series of cells of different species and size. The absolute accuracies ob-

tained are estimated to be within about 10% for the smaller species and 5%
for the larger species.

There seem to be very few cases where metabolic rate and cell volume are given
for the same cell. Holter and Zeuthen (1948) give such data for amoebae (Chaos

chaos), with the respiration measured by the Cartesian diver technique, and the

cell volume determined colorimetrically (Holter, 1945), or estimated from the

buoyancy of the cell in water (Zeuthen, 1948). In another amoeba, Difflngia sp.,

the oxygen consumption was determined individually in seven animals and the

average size is given (Zeuthen, 1943).

There are many observations available where the average oxygen consumption

per individual can be calculated from estimation of the number of cells used in mass

runs, and where the average cell volume can be estimated from linear measure-

ments or a hematocrit technique. These runs have often yielded extremely vari-

able results. The figures given for one of the most studied protozoans, Paramecium

caudatwn, range from 120 ti/Al/hour/cell to 5600 /A/A! (cp. compilations by von

Brand, 1935, and Jahn, 1941). These very large discrepancies are sometimes due

to inadequate methods. In many cases bacterial infection may have been a large
source of error.

Especially in mammals it has been well established that the resting metabolic

rate (M) can be described as proportional to an exponential function of the weight

(W), according to M = K X Wn
. The exponent n has been found empirically

to be near 0.75 (see Brody, 1945; Kleiber, 1947). There are many known excep-
tions to this rule (see Scholander, Hock, Walters and Irving, 1950). A great deal

of similar information has also been collected for poikilotherms (see Zeuthen,

1947; Hemmingsen, 1950). When the metabolic rate and the weight are presented
on a double log plot the exponent will appear as the slope of the line of correlation.

In Figure 1 we have accordingly plotted the oxygen consumption versus the

volume of the cell, and in this material of a thousandfold range in size, the exponent

(slope) is low, about 0.55. If the dotted parallel lines are extended down to the

size of bacteria, we will hit Bacterium coll at a cell volume of 0.5-1 /r and an (X

consumption of 0.1-1 juttl/cell/hour (Martin, 1932; Huntington and Winslow, 1937;

Hershey and Bronfenbrenner, 1938), but we will be about ten times too high for

Photobactermm phosphorescens, which, with a volume of 1.7 /A
3

,
has only 0.06 titil O,

consumption (Harvey, 1928). If we start at the upper end, the data on Chaos
chaos by Holter and Zeuthen (1948) fit well between the lines and so do the data

on Difflugia when the shell is disregarded (Zeuthen, 1943). The oxygen con-

sumption of Tetrahymena geleii, with 15-24
/A/A! cell volume, has been found by sev-

eral investigators to lie between the lines (see Ormsbee, 1942; Pace and Lyman.
1947), but it may rise up to three to four times higher than the upper line when

given suitable substrate. Astasia klcbsii, on the other hand (Pringsheim, 1936;

von Dach, 1940, 1942), was found about twenty times lower than the "coli-chaos"

line when starved, but on the line when fed on acetate (cell volume about 5 /A/A!, CX,

consumption 2-4 ii/il/hour). Sarcina, with a cell volume of near 2 tt
3

,
was found by
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Gerard and Falk (1931) to use about 0.007 ^/xl/cell/hour, which places it about

100 times below the lines.

It seems that these samples of data from careful investigations point towards a

very considerable variation in the relation between size and metabolic rate in the

range of single cell organisms. It would appear impossible to fit the data into any

simple rule, such as the "mouse to elephant" curve (Benedict, 1938), or even the

"beech tree to egg of silkworm" curve discussed by Hemmingsen (1950). When
interpreting the available data on single cells this author arrives at an exponent
near 1

, whereas according to our data and compilation many forms would fit a much
lower exponent. The difficulty undoubtedly lies in the fact that we can only very

poorly define what we are correlating. Although on a volume or weight basis a

large number of more or less "standard" cold-blooded organisms do fit a certain ex-

ponential line, it cannot be expected that the same relation will hold also for forms

that carry vast amounts of metabolically inactive material, such as corals, jellyfish,

eggs, trees, etc., unless possibly some correction for the inert material could be

made. In many forms (seeds, spores, etc.) it is likewise very difficult to define

what is meant by resting rate. These difficulties are certainly no less in dealing with

the single cell organisms.
In our series, we are comparing fast swimming, highly active Parainecium and

Bresslana with extremely sluggish amoebae, and we would not expect that both

would belong on the same line unless the active ones were resting. In our ma-
terial we have not seen any striking changes in O 2 consumption due to locomotion
in the Paramecium, but we have not as yet studied it extensively, and we do not

believe that the 200-300% spread in the data can be explained on this basis. To
what extent locomotion or other activity influences the oxygen consumption in

protozoans can undoubtedly be studied by the reference diver technique. The
lines drawn in Figure 1 are purely descriptive for the material presented, and are

at the present time void of any other significance.

EXCYSTMENT AND ENCYSTMENT IN BRESSLAUA

Bresslaua hisidiatri.r (ClafT, Dewey and Kidder, 1941) will form a protective

resting cyst if left long enough in pure water. It will start to circle and to eject a

protective cyst shell in which it keeps turning for several hours until it finally stops.
It can stay dried up as an undifferentiated, spherical, resting cyst for years. If

this cyst is placed in hay tea it will start to differentiate and will excyst within an
hour or so. A pulsating vacuole is formed, the animal starts circling inside the cyst
shell and finally breaks through.

Gregg (1947) measured the effect of encystment on this organism, using three

individuals simultaneously in a micro modification of the Warburg respirometer.
He observed a 50% decrease in the oxygen consumption when the cells encysted.
The rate of oxygen consumption of the free swimming cell was found to be about

10,000 /x^l/cell/hour at a cell volume which, estimated from the linear dimensions

given, cannot have been more than 500 j^l. This gives about ten times higher rate

than indicated by the present method.

The respiratory events at excystment and encystment were followed in the

respirometer, using single cysts or cells (Fig. 2). The (X consumption in resting
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cysts was immeasurable by this method. In order to effect excystment the cyst

was placed for five minutes in sterile hay tea and then transferred several times in

sterile 1/50 dilute Ringer solution in which it was run. Hay tea is a better medium
for excystment but was found too difficult to maintain sterile.

After the activation by hay tea there is a steady increase in oxygen consumption,
and at the moment the organism breaks through the cyst there is a definite but

often quite small rise. It is conceivable that this rise is merely due to the elimina-
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FIGURE 2. Oxygen consumption at excystment and encystment in single individuals of

Brcsslaua insidiatrix.

tion of the shell, which would act as a limiting factor for the oxygen diffusion at

the high metabolic rate of the fully developed cell.

In Figure 2 three runs are given showing the reverse effect on the oxygen con-

sumption when the cells are encysting.

We wish to express our gratitude to Dr. A. Baird Hastings for much helpful

advice during the work and to the officers of the William F. Milton Fund for sup-

porting this investigation.
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SUMMARY

1. Observations are reported on the oxygen consumption of single individuals

of four species of protozoan using the reference diver technique.

2. The relation of oxygen consumption to cell volume is given for a series of

individual protozoans covering a thousandfold range in size, and the change in oxy-

gen consumption following excystment and encystment in Brcsslaua has been

recorded.
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The reference diver technique (Scholander, Claff and Sveinsson, 1952a) has

made it possible to study in detail the oxygen consumption of large single cells.

In a previous paper (Scholander, Claff and Sveinsson, 1952b) we reported observa-

tions on single protozoans, and in the present study we present data on the oxygen
consumption during the first four cell divisions of the fertilized eggs of two sea

urchins. Strongylocentrotus purpiiratus and 5". franciscanus, a sand dollar, Den-
draster excentricus, and the echiuroid worm, Urechis caupo.

During mitosis a series of events takes place, all of which require energy in one
form or another. These events could conceivably occur within the limits of a

perfectly steady total flow of energy expenditure or they might present themselves

as bumps or cycles on top of a "basal" energy exchange. The gross process of

cleaving one lump of protoplasm into two or more pieces is one phase which could

readily be expected to be associated with such an excess oxygen intake. In aerobic

eggs the energy necessary for mitosis may in the last analysis be oxidative, and it

is therefore natural to look for cycles in the oxygen consumption correlated to the

anatomical events. Many authors have looked for such cycles in the oxygen con-

sumption with both positive and negative results. For a complete survey the

reader is referred to the excellent monographs by Needham (1931) and Brachet

(1950).

Gray (1925) in two mass run measurements on Echinus esculentns, using a Bar-

croft respirometer, found no cycling in the oxygen consumption. By re-calculating

and plotting his data according to the procedure which is described below, it is ap-

parent that in one of his runs there are actually very slight accelerations in the rate

associated with each of the three cleavages.

Runnstrom (1933a), using the Warburg apparatus, in mass runs with Paracen-

trotus Hindus, found an increase in oxygen consumption starting at the appearance of

the cleavage furrow. Brachet (1932, 1934, 1935, 1950), using in most experiments
a Fenn respirometer, found cycling in the oxygen consumption of frog eggs (Rana

1 This work was supported by a grant from the William F. Milton Fund.
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jusca). In 34 runs with some 80 eggs per respirometer, he found that the peaks
of his curves coincided with the appearances of the cleavage furrow.

Zeuthen (1949, 1950a, 1950b, 1950c) found cycling to be of constant occurrence

in eggs of Psammechimts miliaris, Strongylocentrotus jranciscanus, Dendraster ex-

centricus and Urechis caupo, which were run several hundred at a time in modified

Cartesian divers. The cleavage usually took place when the rate of oxygen con-

sumption was at a minimum. In all of the echinoderms mentioned he found

that the cycling increased markedly in intensity after the fifth to seventh division.

Tang (1948) reports similar results on Arbacia punctulata, using the Warburg
technique.

In all mass runs one must depend upon the degree of synchronism of the cleav-

ages of a great number of eggs. There is necessarily some individual variability in

the cleavage rhythm, and one faces the risk of promoting asynchronism by tension

gradients developing in a sedimented cell mass. Whatever the reasons may be for

differences in the individual rhythm of eggs, it would seem likely that the cell divi-

sions would get progressively more out of step at each successive division. As am-

ply demonstrated, especially by Zeuthen, the statistical approach has yielded ex-

tremely valuable information. A certain degree of blurring of the details is inevitable

in mass determinations, however, and it is hence of interest whenever possible to

supplement the information by runs on single eggs. This has hitherto been possible

only for very large eggs, such as that of the frog. Zeuthen (1946) studied single

frog eggs (Rana platyrrhina) in modified Cartesian divers, and found that cycling
was a regular feature, with cleavage beginning at or slightly after a respiratory mini-

mum. Cycling was also found to take place without cytoplasmic division.

In the present investigation we have undertaken to analyze on single eggs the

oxygen consumption during cell division in several marine species. With the ex-

ception of 5". purpuratus, Zeuthen (1949, 1950c) has studied the same forms in

mass runs.

MATERIAL AND METHODS

The echinoderm material was secured at Friday Harbor, Washington, and

Urechis at Pacific Grove, California.

Eggs and sperm from S. purpuratus and Dendraster were obtained either by

spontaneous spawning or by injection of isotonic KC1 solution. The spawning sea-

son was over for S. franciscanits, but enough eggs for our purpose were obtained by

removing the ovary and shaking pieces of it in cold sea water, washing out a dozen

eggs or more. The eggs were then rinsed free of all debris in several dishes of sterile

and cool sea water. All dishes were kept cool.

Dendraster has a thick and colorful "furry" coating on the egg. This was

stripped off from the fertilization membrane by passing the egg repeatedly through
a narrow pipette opening.

The eggs and sperm of Urechis were taken by pipette from the genital pores.

In this species all runs were performed on material from the same two animals,

whereas in the echinoderms new pairs were used each time. Much difficulty was

encountered with the Urechis eggs in the beginning because the egg adhered badly

to the chamber wall and made the diver stick. It required many passings of the egg

through a pipette to get rid of this stickiness.

At zero time the eggs were fertilized by stirring them with a fine glass tip which
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had been touched to a cold and concentrated sperm suspension. The fertilization

was followed under a dissecting microscope and as soon as the membrane had de-

veloped, a perfect-looking egg was picked for the run. This egg was transferred

through two or three dishes of cold sterile sea water and loaded into the chamber,
which was kept cold by having the supporting stopper chilled beforehand. The

centrifuge was kept in the refrigerator. Sterile technique was used throughout (see

Scholander ct al., 1952a).

PRESENTATION OF DATA

In Figure 1 the cumulative oxygen consumption of the Dendraster runs has been

plotted in /^u,l, omitting most readings that are less than three minutes apart. Under
each of these curves we have drawn a straight line representing an average rate

measured in ^l/min. We are particularly interested in seeing to what degree the

observed curves deviate from the straight lines. To find this we calculated a series

of figures for the average oxygen consumption corresponding in time to the observed

consuriPTion
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FIGURE 1. Cumulative total oxygen consumption during cell divisions in single eggs of

the sand dollar, Dendraster excentricus. The beginning and end of each cell division are marked

by vertical lines and the number of cells at the end of the division is indicated. Under each

curve is drawn a straight line taken as the average rate of consumption. The position of each

curve on the ordinate scale is arbitrary.
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figures. The two sets of figures were subtracted from each other point by point,

giving the absolute deviations from linearity in ^u.1. The deviations were plotted at

their proper times and could now be sufficiently enlarged to permit a detailed analysis.
The curve thus obtained is slightly skewed to the left because the values are plotted
at an angle from the original ordinates. This effect is entirely negligible when
the oscillations are as small as those presented. We have chosen this way of treat-

ing the data rather than recalculating the observations as a change of rate from point
to point. The latter procedure has been most commonly used but is wasteful of

good data if the observation points are very close together. The present curves

represent simply the deviations from a straight line re-plotted on a magnified scale.
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FIGURE 2. Cell volume in relation to rate of oxygen consumption in single marine eggs

through the first three to four cell divisions after fertilization. Each point represents data from
one egg. Tp. 15-17.

The results of the oxygen consumption determinations in four species of marine

eggs are given in Figures 3-6. At each division the first appearance of a cleavage
furrow is marked with one vertical line, and the complete separation of the cells

with a second line. Up to the eight cell stage these lines are quite accurate, as all

the cells could be clearly seen by turning the chamber. The beginning of the

cleavage at the 8-16 cell division is accurate to about one minute, whereas the end,

when the last cell finished dividing, is less certain. It is quite difficult to determine

accurately the starting and finishing times for the 16-32 cell division, and for the

next division (32-64 cells) they are even more difficult to see.

In Figures 3-6 the rate is represented by the slope of the curves. At the

average rate they run horizontal. Above the second division a point has been lo-

cated which corresponds to a 10% increase in the oxygen consumption in the period
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FIGURE 3. Deviations from a linear rate of oxygen consumption during cell division in

single eggs of a sea urchin, Strongylocentrotus purpuratus. The average rate runs horizontal.

A 10% increase of rate is indicated by the slope of the dotted lines. The ordinate units represent

the absolute deviations given in w*l. The parallel lines indicate the spread of the observations

and are drawn 1M apart. The beginning and end of the cell cleavages are indicated by vertical

lines and the digit at the end of the division gives the resulting number of cells. The position

of each curve on the ordinate scale is arbitrary. Insert : Section of Curve IV recalculated as a

rate curve.
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FIGURE 4. Deviations from a linear rate of oxygen consumption during cell division in

single eggs of a sea urchin, Strongylocentrotus franciscanus. The average rate runs horizontal.

A 10% increase of rate is indicated by the slope of the dotted lines. The ordinate units represent

the absolute deviations given in w*!. The parallel lines indicate the spread of the observations

and are drawn 2 MM! apart. The beginning and end of the cell cleavages are indicated by vertical

lines and the digit at the end of the division gives the resulting number of cells. The position

of each curve on the ordinate scale is arbitrary.
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between the first two divisions, and the slope of a 10% rate change is given by the

dotted line. The magnitudes of observed changes in rate can hence be estimated by

comparing them with the slope of this line. The absolute deviations are directly

plotted as ordinates.

Two parallel lines have been drawn one on each side of the observed points,

encompassing their scattering. The distance between these lines and hence the

scattering varies from 0.5
JU./A!

to 2
//,/*!. Some of the curves show a slow increase of

rate throughout the experiment. We dare not attach significance to these slow
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FIGURE 5. Deviations from a linear rate of oxygen consumption during cell division in

single eggs of a sand dollar, Dendraster excenlricus. The average rate runs horizontal. A 10%
increase of rate is indicated by the slope of the dotted lines. The ordinate units represent the

absolute deviations given in MM!. The parallel lines indicate the spread of the observations and
are drawn 2 wl apart. The beginning and end of the cell cleavages are indicated by vertical

lines and the digit at the end of the division gives the resulting number of cells. The position
of each curve on the ordinate scale is arbitrary.

trends as they are in magnitude inside the possible limits of a base line drift ( Scho-

lander et al., 1952a, Fig. 7), and the possibility of infection cannot be entirely dis-

counted. A slight steady drift does not, however, obscure the relatively short-

time details in which we are interested.

RELATION OF EGG VOLUME TO OXYGEN CONSUMPTION

The egg cell diameter, not including the fertilization membrane, was measured,

and from this the volume calculated, considering the cell a sphere. In Urechis the



RESPIRATION OF SINGLE CLEAVING EGGS 191

measurement was taken after the caved-in pole had swelled out. In Figure 2 the

egg volume is plotted against the average oxygen consumption during the first

three to four cleavages. It will be seen that there is a very considerable variability

in individual eggs as to both size and rate. In 6\ purpuratus the oxygen consump-
tion varied two- to threefold for the same egg volume and there is on the whole

poor or no correlation with size. Paramecium with the same range of size as these

eggs had a metabolic rate about 5-10 times higher (Scholander et a!., 1952b).
Published data from mass runs for the most part fit well with our data. Tyler

and Humason (1937) found an average O 2 consumption of Dendrastcr excentricus
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FIGURE 6. Deviations from a linear rate of oxygen consumption during cell division in

single eggs of an echiuroid worm, Urcchis caupo. The average rate runs horizontal. A 10%
increase of rate is indicated by the slope of the dotted lines. The ordinate units represent the

absolute deviations given in MM!. The parallel lines indicate the spread of the observations

and are drawn 0.5 w\ apart. The beginning and end of the cell cleavages are indicated by
vertical lines and the digit at the end of the division gives the resulting number of cells. The

position of each curve on the ordinate scale is arbitrary.

of 208 /A/xl/hour at 15. Lindahl and Holter (1940) gave an average egg volume

of 584/x/il and an O 2 consumption (18) of 155
/*.//,!

for Paracentrains livid us.

Borei (1948) obtained an average egg volume of 556
/*/*!

for Psammechinus miliaris,

with an O, consumption (18) of 184
//.jul.

He found Asterias glacialis to have a

very large egg of 2520
fj.p.1

with an O 2 consumption (18) of only 250^1. Arbacia

pu-nctulata, with an egg volume of 190-260
/x/xl (Tang, 1931), has an oxygen con-

sumption between 34 and 100 wA (Krahl, 1950).

The oxygen consumption in our material of single fertilized eggs varies greatly
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FIGURE 7. Generalized curves of cycling in the oxygen consumption of marine eggs.

Upper : Curve showing the deviation from a linear rate of oxygen consumption such as obtained

in the present investigation (Figs. 3-6). The region where cleavage occurred is given by hori-

zontal lines. "Excess" oxygen consumption is indicated by a distance. Lower : This curve

represents the upper curve recalculated as a conventional rate curve. The horizontal lines repre-

sent the regions where cytoplasmic cleavage started and ended, as found by different authors

(B Brachet, R = Runnstrom, T = Tang, Z = Zeuthen). The arrows (frog data) denote

the region where the furrows started. "Excess" oxygen consumption is indicated by the shaded

area.

individually with a poor or no correlation to size, and on the whole it seems doubtful

that a near linear relation such as indicated by Smith and Kleiber (1950) exists.

RELATION OF OXYGEN CONSUMPTION TO CELL CLEAVAGE

The deviations from an average linear oxygen consumption have been plotted
for fertilized eggs of four marine species (Figs. 3-6). Data pertaining to these

runs and not given in the figures are presented in Table I.

Strongylocentrotns pnrpuratus. This species has very slowly cleaving eggs.

Figure 3, curve IV showr
s a considerable cycling with total rate changes of about

20-25 %. In this run the third cell division seemed delayed and showed poor

synchronization, leaving one cell undivided. The cyclings decrease strongly in

amplitude with time. If we interpret the increase of rate after, for example, the

second division, as an "oxygen debt", it would, according to the construction given
in Figure 7, amount to about 10-15% of the oxygen consumed during the period
between the divisions. The rate increase by the cell division may well have other

causes. In the insert on Figure 3 we have given the data before, during, and after

the second cell division, recalculated from curve IV of Figure 3 as a conventional

rate curve. The abrupt increase of rate at the cell division and the subsequent
slow decline are clearly visible. We have not been able to find any clue from the

data presented in Table I as to why this egg. IV. showed such a strong cycling.
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Curve III shows an increase of rate at the first cell division of about 8%, suggestive
of cycling. Curve II shows also an increase of rate at the cell divisions. Curve I

exhibits a steadily increasing oxygen consumption and is inconclusive as to cycling.

5". franciscanus. In Figure 4, curves II, III, and IV, there are slight rate in-

creases at the first and second divisions suggestive of cycling, but later there are none.

When the single cell in curve III divided directly into four cells there was about

a 15% increase in rate, or about twice that seen in II where the egg cleaved only
into two. In curve IV the single cell sprang directly into eight cells with no more
increase, ho.wever, than the cell which cleaved into two. It would seem likely that

splitting into eight would represent more of a disturbance than splitting into two,

and that it would show up in the oxygen consumption if the eggs were otherwise

the same. This discordance may be explained by the fact that different eggs may

TABLE I

Oxygen consumption in marine eggs

Data pertaining to Figures 3-6

No.
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cycle to a very different degree (cj., S. purpuratus}. The later cell divisions in

both runs, III and IV, were of normal appearance. At the end of these runs the

cells were taken out of the chamber and placed in dishes, where they developed into

perfectly normal-appearing plutei.

Dendraster excentricus. This is the only egg tested that seems to cycle regu-

larly. The cycling is strongly damped and almost vanishes after the third division

(see Figure 5, V and VI). The cleavage takes place after a low rate and is im-

mediately followed by a rise. In curves I, V, and VI the cycling is superimposed

upon a general increase in the oxygen consumption, which gives the impression of

a persisting, stepwise increase at each division. It cannot be definitely excluded

that this general increase may have been caused by baseline drift or possibly in-

fection. Most cleavages were recorded with observations every minute, in order

to see if any relatively rapid changes would take place immediately at the cleavage.
No such changes were found.

Urechis caupo. This animal has a slowly metabolizing egg and great care was
taken to minimize the spread of the observations, which in the later runs (Figure 6,

III, IV, and V) were within 0.5/x,jul. No cycling could be observed except in

number II, where it appears rather clearly.

As a result of the above described runs on single eggs we may say that the cell

division in many cases takes place without any visible change in rate of oxygen

consumption. When a change does occur it is most commonly seen as a rather

abrupt increase of rate at the first cell cleavage. Sometimes this increase subsides

and is repeated at the next cleavage. We then get cycles in the oxygen con-

sumption. These were clearly present only in S. purpuratits and Dendraster, and

of inconstant occurrence in both. The cycles have a shape usually like the one drawn
in Figure 7 (upper), rather than a regular sine shape. This generalized curve has

been recalculated into a rate curve (Fig. 7, lower). It will be seen that this im-

plies that the rise of rate is much more rapid than the decline (rf. insert of actual

curve in Fig. 3). The cycling is in all cases strongly damped and usually vanishes

after the second or third division. What happens after the fourth or fifth division

we have not followed.

In the cases where we see a clear cycling in the O 2 consumption it seems that the

cytoplasmic cleavage is closely associated with an increase in the rate of oxygen

consumption (shaded line in Fig. 7). The elevated rate may persist for 30 minutes

to one hour after the division is through and has been termed an "excess consump-
tion." It may reflect an oxidative debt left over from the cleavage, although this

took place under perfectly aerobic conditions. Direct calorimetry has 'so far not

yielded sufficiently detailed information to clarify this point. Rogers and Cole

(1925) found a 10% drop in the rate of heat production at the first cleavage of

eggs of Arbacia punctulata. Trurnit (1939) found that eggs of Psammcchinus

miliaris cleaved during a temperature maximum. His technique has been questioned

(Zeuthen, 1946).

The earlier data on mass runs where cycling has been found appear on the whole

to agree with our findings, in that most authors have observed cleavage to start at

or near a low oxygen consumption (Fig. 7). Zeuthen (1949, 1950c) states for

all his marine eggs that the cleavage furrow appears when the respiration is de-

creasing. His drawings actually show a relation more like that presented in our
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Figure 7. By comparing his Figures 1 and 3 (1950c), the cell division in Urechis

evidently did not correlate well with the cycling, but occurred as we have plotted

it in Figure 7, one position seemingly contradicting the other. He also found pe-

riodicity in a frog egg that did not divide, and hence considered that the extra oxygen

consumption was not closely connected with the cytoplasmic cleavage. We have

observed two 6\ purpuratus eggs that did not divide and these did not show any

change in O, consumption at the time when they should have normally divided.

INFLUENCE OF Low OXYGEN TENSION UPON THE RESPIRATORY RATE AND
CLEAVAGE

Experiments were made to find out to what extent lowering of the oxygen ten-

sion during an experiment would influence the rate of oxygen consumption. For

this purpose the water was saturated with air instead of oxygen, so that the egg
would actually run itself out of oxygen. Figure 8 shows that the oxygen consump-
tion keeps on at normal rate until the last one or two minutes, when it abruptly

stops. If the egg uses 180 //,/tl/hour or 3 /x/xl/min., and uses up all of the oxygen,
then the consumption would not start to drop until there are only 6 /u^l left. Six

L OXYGE.M CONSUMPTION
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FIGURE 8. Oxygen consumption in single cells : experiments where the chamber water
was charged with air instead of oxygen. At the sharp bend the cell has used up all of the oxygen.
In the upper curve the oxygen ran out just as cell cleavage started. The cleavage continued

without any oxygen consumption. The irregularities during this division are artifacts due to

sticking of the pressure control, produced by the excitement of the operator. The position of

each curve on the ordinate scale is arbitrary.
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^1 oxygen will exert a pressure of 1/100 atmosphere when dissolved in 20,000

water, and hence the oxygen consumption did not start to drop until a pressure of

7-8 mm. Hg was reached. This is in good agreement with Amberson's data on
Arbacia punctitlata (1928). In this species normal respiration keeps up until

about 20 mm. O 2 tension is reached. The abrupt cessation of the oxygen consump-
tion in our experiments is satisfactorily explained by the low O, capacity of the

system compared to the relatively high rate of O 2 consumption.
Two of our curves showed a slight increase in flotation pressure after the cessa-

tion of oxygen consumption. This may be a sign of fixed acid formation with conse-

quent release of CO 2 . Perlzweig and Barren (1928) found lactic acid formation

in Arbacia punctitlata and Runnstrom (1933b) and Borei (1934) found fixed acid

formation at fertilization in two other echinoderms. In two other curves we found,

however, a slight decrease in the flotation pressure.
In one instance (Fig. 8, upper curve) the cleavage furrow appeared during the

very minute when the egg ran out of oxygen. The division went on to full com-

pletion, however, in spite of a complete cessation of the oxygen consumption. Evi-

dently, therefore, cell division in this species can be completed without oxygen con-

sumption and in spite of a presumably very low oxygen tension. E. B. Harvey ( 1927)
showed that complete absence of oxygen would stop the mitosis in Arbacia, and like-

wise in Echinus inicrotnberculatus and Strongylocentrotus livid us. Amberson

(1928) found Arbacia eggs unable to divide below an oxygen tension of 4 mm. Hg.
Arbacia punctulata will continue cleavage after the addition of KCN (Blumenthal,

1930) and Orstrom (see Runnstrom, 1933a) found that Paracentrotus livid its

would continue cleavage if brought into a pure nitrogen atmosphere at or after the

diaster stage. Our observation may therefore be taken as a direct demonstration

of what previous results have strongly indicated, namely, that cytoplasmic cleavage
can proceed without oxygen consumption. The anaerobic energy may well be fur-

nished by adenosine triphosphate, as Barnett (1951) found that this substance

would produce cleavage in Arbacia eggs that had been stopped by anoxia.

CONCLUSIONS

The presented facts may be interpreted along the following lines. The cytoplas-
mic cleavage is associated with a relatively sudden transformation of energy. Since

the cleavage, when started, will proceed anaerobically, the energy needed is not

supplied directly by oxidation. As indicated by Barnett (1951) it may be provided

by the breakdown of adenosine triphosphate. The increased oxygen uptake at or

following the cleavage would then be indicative of a restoration of the ATP. There-

fore the actual time interval of the extra energy demands of cleavage may be much
shorter than the period of extra oxygen consumption. Since the conditions are at all

times thoroughly aerobic, the rate of oxidative recovery would seem to be limited

rather by the amount of oxidative enzymes present in the egg than by an inability to

obtain adequate supplies of oxygen. It is possible that cycling may depend upon a

certain excess of enzyme, not present in a non-cycling egg. It may also be that

the excess oxygen consumption reflects directly the energy requirements of the

mitotic nuclear processes that take place throughout this period before the next

cleavage. Some of these processes may well be associated with an increased energy
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exchange and could hence produce cycling of the oxygen consumption even if the

cytoplasmic cleavage failed to occur, such as observed by Zeuthen (1946).
In our experiments the cycling is always strongly damped. It almost vanishes

after the two or three first divisions. Zeuthen (1949) has found that later on cy-

cling increases very markedly. Even if it can be demonstrated that this late cy-

cling also occurs' in single eggs, there will still be a minimum of cycling after the

second or third division, and hence there can be no simple correlation between the

wave amplitude and the steadily increasing number of cell divisions. It seems

reasonable to believe that in later divisions the synchronism gets progressively poorer,
and the exact nature of the late cyclings, therefore, needs further clarification. We
must emphasize, however, that cell division in individual cells very often takes place

without any demonstrable cycling. Quite regularly, therefore, the energy require-

ments for the different phases are apparently fitted nicely together within the limits

of a steady constant flow of oxidative processes. It seems necessary to await much
more detailed information before we can form a consistent picture of the energetics

of cell division.
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SUMMARY

1. In the present investigation we have analyzed the oxygen consumption during
the first two to five cell divisions in single eggs from three echinoderms (Strongylo-
centrotus pitrpuratns, S. jranciscanus, Dcndrastcr excentricus) and from the

echiuroid worm Urcchis canpo, employing the reference diver technique (Scho-
lander. Claff and Sveinsson, 1952a).

2. There is poor correlation between the cell volume and the oxygen consumption
in individual eggs, both of which vary considerably.

3. The oxygen consumption during cell division may proceed without measur-

able change in rate (usual in Urechis, S. jranciscanus) or it may show cycling cor-

related with the cell divisions (Dendraster and 5". piirpnratiis). If cycling occurs,

the cytoplasmic cleavage is associated with an abrupt rise in the oxygen consump-
tion.

4. The cycling, if present, is strongly damped and often disappears after two to

three divisions.



198 SCHOLANDER, CLAFF, SVEINSSON AND SCHOLANDER

5. When started, cleavage can proceed without oxygen consumption (S.

jranciscanus) .

6. Our runs on single eggs reflect in some respects the results gained by mass

runs, but we are able to supply a more exact picture with respect to timing, curve

shape, and variations in individual cells.
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THE MECHANICS OF FLIGHT MOVEMENTS IN DIPTERA 1

EDWARD G. BOETTIGER AND EDWIN FURSHPAN 2

Department of Zoology, University of Connecticut, Starrs, Conn.

Although the muscles that move the wings in flies and certain other insect groups
are activated by the central nervous system, the individual wing movements are not.

The wing rate is determined by the load on the flight muscles and was found to bear

no relation to the action potentials in these muscles (Pringle, 1949; Roeder, 1951).

Two theories have recently been proposed to explain the peripheral control of wing
rate in flies. According to Pringle (1949) nerve impulses produce an alteration

in the flight muscles so they may be excited on being stretched. By means of the

thoracic skeletal connections between them, the shortening of one set of muscles

stretches, and so excites, the antagonistic muscles. Boettiger and Furshpan (1950)
considered the antagonistic muscles to be under constant tetanic stimulation during

flight, the mechanical action at the articulation altering the muscle load so as to

produce the oscillation. Both theories suggest that the mechanical action of the

thorax controls the physiological response of the muscle.

In spite of the considerable morphological work on the thorax of the fly, rela-

tively little attention has been given to the movements of the articulation induced

by the contraction of the large indirect flight muscles. The studies of Lowne ( 1893)
and of Ritter (1911) on the blowfly are the most complete. Mihalyi (1935/36),

studying the house fly, has extended the interpretations of Lowne and Ritter to in-

clude a more accurate description of some of the mechanical features of the thorax and

their relation to flight.

Although Lowne (1893) gives the most detailed description of the articulating

structures, in several important aspects his interpretation of their action was in er-

ror, for his methods did not show how the parts changed position during flight. The

study of living flies treated with CC14 has revealed these movements of the articula-

tion and enabled us to obtain a better understanding of flight mechanics. No at-

tempt is made here to produce a complete morphological study. Most of the struc-

tures discussed are illustrated in the papers referred to above. Our purpose is to

determine how the mechanical features of wing movement are related to the opera-
tion of the neuromuscular mechanism.

THE ACTION OF CCL4

In a short abstract (Boettiger and Furshpan, 1950) the effect of placing flies

in CC1 4 fumes was described. There are first violent muscular spasms involving
the whole body, with an apparent stiffening of the thorax. Usually anaesthetic

flight, a well recognized phenomenon in certain insects, appears. With increasing

1 Supported by a grant from the Graduate Research fund of the University of Connecticut.
2 Graduate student, California Institute of Technology, California.
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action of the CC1 4 ,
the flight tone (wing frequency) increases; then it becomes lower

and irregular. Suddenly the wings stop in either the up or down position, usually

the up position. That this abrupt stop is due to a mechanical inhibition to movement
can be shown quite readily. If the fly is immediately removed from the CC14 and

the wings moved toward the horizontal position, they will be pushed beyond the catch

and will start to beat normally again. After longer exposures, normal movements
will not start when the wings are depressed. Instead, when a critical point is

reached, the wings will click without further effort into the opposite position and

remain locked. In this movement the wings essentially follow the normal flight

path with proper changes in angle of attack, indicating that the articulation is set

by CC1 4 in the same manner as in normal flight. The most effective way to move the

wings down from the up position is by pressure upon the scutellum. Pressure upon
the posterior lateral region of the scutum will click the wings up. Small move-

ments of the scutellum in a fly under CC14 will produce much larger movements

of the wings than rather extensive squeezing of the thorax of an untreated fly.

Evidence was presented (Boettiger and Furshpan, 1951) that this click phenome-
non is part of normal flight, and so the action of CC14 becomes a new tool for study-

ing the mechanics of flight. The wings can be frozen in the up or down position
and the relations of the parts studied. Furthermore one can click the wings up and

down, thus revealing the dynamic aspects of the mechanism.

All observations reported here have been made on the large flesh fly, Sarcophaga
bullata Parker. Other species of Diptera studied gave the same response to CC14 ,

but the anatomical details of their articulations have not been investigated.

THE ACTION OF THE PRINCIPAL PARTS OF THE FLIGHT MECHANISM

The scutellar lever and the action of the indirect muscles

The dramatic movement of the wings produced by pressure on the scutellum

of a fly whose wing articulations are set with CC1 4 depends upon the action of the

scutellar lever illustrated in Figure 1. This consists of the scutellum (a) and two
lateral anteriorly projecting arms (b). These are strongly attached to the scutellum

by the scutellar bridges (s) and the thickened ventral triangular pieces (t) hollowed

out for articulation with the postnotum. The lever rests upon two earlike lateral

projections of the postnotum which fit into special grooves (r) to make an articula-

tion allowing rotation. Between these points the scutellum connects with the

postnotum by a flexible membrane. The attachment of the lever dorsally to the

main part of the notum is through the scutoscutellar suture and the thin flexible cu-

ticle (1-h, Fig. 1) along the lateral arms extending to the clefts between the lever

arms and the lateral scutum. The ventral border of each lateral arm is greatly

thickened and bears the posterior notal process (not illustrated). The lateral arm
extends to the axillary region on each side as a process (c). The x-shaped first

axillary sclerite (e. Fig. 3C) sits upon this process. The outer ventral process of

this sclerite fits into a special groove (u, Fig. 1C) in which it slides as the axillary

sclerite twists on process (c).

The scutellum is so constructed that the movements of the lateral arms are

identical. Damage to the thin cuticle forming the dorsal surface of the scutellum

allows the two wings to be manipulated up and down somewhat independently.
Flies so treated cannot sustain themselves in free flight.
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The arms of this lever were called the great alar apophyses by Lowne (1893)
and given equal importance with the anterior notal process (p, Figs. 1 and 2)
in moving the wings. Ritter (1911) also described the action of the lever arm and
termed it the postalaris, the anterior notal process being the prealaris. The terms

A

r-

FIGURE 1. A. Left side of thorax of Sarcophaga biillata. B. Ventral view of scutellar lever

dissected free from the thorax. C. Detail of lever arm and attachment to scutellum, outside

above and inside view below, a, scutellum ; b, lever arm ; c, process articulating with the first

axillary sclerite ; d, anterior parascutum ; e, posterior parascutum; f, junction of prescutal ridge,

transverse ridge and parascutal hinge ; g, end of parascutal hinge ; h, point in line of attachment

of notum with lever arm ; i, point of rotation of the scutellar lever on the postnotum ; j-k, fulcrum

of the notum lever in the action of vertical muscles ; 1-m, line of attachment of notum with

lever arm ; n-o, lateral vertical cleft ; p, anterior notal process ; q, transverse ridge ; r, articulating

groove for attachment of postnotum ; s, scutellar bridge ; t, triangular structure supporting
articulation of lever and postnotum; u, groove for a process of first axillary sclerite.

anterior and posterior tergal levers were used by Mihalyi (1935/36) who also de-

scribed the rotation at the junction of notum and postnotum. These investigators
all recognized the opposing action of the anterior notal process and the lever arm.

In recent English literature the nomenclature of Snodgrass (1927) has been adopted.
He does not describe the action of the lever arm. Pending some settlement of the
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nomenclature by morphologists, the term scutellar lever is used here as it best de-

scribes the action of this part of the notum.

The scutellar lever by its simple rotary action and strong construction is designed
to transmit the power of the indirect muscles to the wing root sclerites. In the

downstroke the longitudinal muscle moves the hinge points (i, Figs. 1 and 2) for-

ward, closing the lateral vertical clefts (n-o, Fig. 1A), while the upward movement
of the notum opens the cleft (k-f). Mihalyi (1935/36) first explained the impor-
tance of these clefts in allowing proper movement of the thoracic parts. At the

same time there is also a lateral expansion of the notum, especially at f (Figs. 1 and

2). The notum rides up and back as the hinge points (i) move forward
; the scutel-

lum tips down, and the lever arms move upward. If there is a definite fixed axis

on which this rotation occurs, it must lie between points (i) and (1) for (i) moves
forward.and (1) moves back.

The part played by these structures in the upstroke is as follows. The vertical

muscles reverse the rotation produced by the longitudinal muscle. In this action the

whole notum anterior to the scutoscutellar suture serves as a lever with fulcrum

at j-k (Fig. 1A) and moves the scutellar lever down by action at the attachment

/i

FIGURE 2. Horizontal section through the notum. Structures labeled as in Figure 1 with

the following additions : v, prescutal ridge ; w, chitinous supporting structure ; x, anterior hardened

plate; 1, first dorsoventral muscles; 2, second dorsoventral muscles; 3, oblique dorsal muscles;

4, tergal remoter muscles ; 5, longitudinal muscles.

line (1-h-m, Fig. 1A). The first dorsoventral muscles shorten very little and move
the lever at considerable mechanical disadvantage. They are effective, however, in

producing lateral expansion at point f and stiffening the thorax. The second dorso-

ventral muscles act upon the lever with greater mechanical advantage and may also

produce lateral expansion. The oblique muscles attach to the notum just medial

to the lever arm at point L (Fig. 1A), and, although they are small muscles, must

be quite effective in rotating the lever arms down. The vertical muscles, especially

the oblique muscles, are arranged to pull posteriorly as well as downward and so

tend to force the hinge points (i) back, opening again the vertical clefts (n-o) with-

out at the same time straining the fulcrum region (j-k).

The generally accepted theory of the production of the up and down movements
of the wing suggests that the longitudinal muscles expand the notum laterally on

the downstroke, and the vertical muscles draw the notum inward on the upstroke.
The recognition of the part played by the scutellar lever eliminates the necessity

of assuming this action of the vertical muscles. A study of the insertion of these
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muscles on the notum makes it unlikely that they could move the lateral notum in-

ward. In fact Lowne (1893) suggested that the longitudinal and vertical muscles

are only partly antagonistic in action, as both tend to produce lateral expansion of

the thorax. There must be a continuous outward force produced by the notum and

transmitted to the articulation through the anterior notal process. The significance

of this force in flight mechanics is discussed in the next section.

The spring mechanism of the anterior notum

The strengthening of certain regions of the thorax was well illustrated by

Mihalyi (1935/36), although he does not comment on its significance in flight.

Referring to Figures 1 and 2, one can see these structural re-enforcements. Point

f is joined to a similar point on the opposite side of the thorax by means of the strong

transverse ridge extending over the notum. From f two parallel ridges (prescutal)

connected by a stiff membrane (v, Fig. 2) arise and extend anteriorly. A sup-

porting structure (w) connects them with the anterior boundary of the thorax where

it joins a hardened plate (x). The transverse and prescutal ridges strengthen the

anterior notum so it will resist any force tending to move point f inward.

The attachments of the longitudinal muscle and of the anterior vertical muscles

to the anterior notum are so placed that as these muscles shorten, the thorax is

put under tension and point f tends to move outward. The thorax and the muscles

act together to form a powerful spring. If the outward lateral force produced by
this spring is greater than any opposing force, point f, the parascutum (d), and

the anterior notal process (p) move outward. As shown below, during the first

part of each stroke, an opposing force produced by the scutellar lever moves point f

inward, thereby storing potential energy in the spring. At a critical point in the

movement of the articulation, this opposing force is suddenly removed. The re-

coil of the spring completes the movement of the articulation and the wing. The

snap action of the scutellum in wingless flies executing flight movements, as pre-

viously described by Boettiger and Furshpan (1951), demonstrates the operation of

the spring mechanism. The click phenomenon seen in living flies under CC1 4 also

results from its action.

The movements of the scutellar lever and of the lateral notum are transferred to

the articulating portions of the notum and to the axillary sclerites of the wing base,

and thus produce the characteristic pattern of wing movement. The wing cycle

then results from the interaction of the anterior parascutum and the anterior notal

process, the first and second axillary sclerites, and the mesopleural wing process.
Their functions will now be described.

The anterior parascutum and the anterior notal process

The anterior notal process arises, as shown in Figures 1 and 2, from the thick-

ened outer border of a shelf-like structure, formed of the anterior parascutum (d)
and the posterior parascutum (e) (terminology of Lowne). Dissecting from the in-

side, one can see that the anterior parascutum articulates with the main part of the

scutum by a concealed hinge (f-g), which allows the shelf to be moved easily up and

down. Posteriorly the shelf is connected with the lever arm at h-m. The cleft be-

tween the lever and the parascutal shelf, called the tergal cleft by Mihalyi, allows
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somewhat independent movement of these two structures, a fact which is important
in the production of the basic movement cycle.

As noted above, contraction of either the longitudinal or the vertical muscles

will produce lateral expansion of the thorax at point f. This force is transmitted

to the articulation by the anterior notal process. In Figure 3 (A and B) the con-

nection between the main part of the notum and the articulation is shown. The
existence of the flexible hinge connection (h), not previously described, makes the

presently accepted theory of the cause of the down movement of the wings highly

B
FIGURE 3. Cross sectional view of thorax showing details of the articulation of the right

wing. A. Wing in up position, anterior view. B. Wing in the down position, anterior view. C.

Posterior view of the axillary sclerites of right wing showing their relation to the mesopleural

process, the lever arm and the anterior parascutum. a, mesopleural process ; b, pleural apophysis ;

c, anterior pleurosternal muscle ; d, anterior parascutum ; e, first axillary sclerite ; f, second

axillary sclerite; g, base of radial vein; h, hinge; i, radial vein; j, hook articulation; k, point
of articulation of anterior notal process, first axillary sclerite, base of radial vein and second

axillary sclerite ; 1, end of the lever arm.

unlikely. Lateral expansion of the notum cannot possibly move the articulation

from position shown in Figure 3A to that in Figure 3B as this theory predicts.

Expansion of the notum, laterally, would move the hinge outward. However, due
to rotation occurring at the hinge, the anterior notal process would not be moved
out or up and the wing would remain in the up position (see Fig. 3). Through the

anterior notal process the lateral force is focused on the wing articulation. The

change in direction of this force necessary to wing movement is produced not by al-

ternate flattening and arching of the notum, but by the scutellar lever. The lever
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acts upon the anterior notal process partly through the connection between the lever

arm and the parascutal shelf (m-h, Fig. 1) and partly through the first axillary

sclerite (e, Fig. 3C).

The first axillary sclerite

The transformation of the movements of the lever and the anterior notal process
into the complex wing cycle depends upon the action of the first and second axillary

sclerites. Figure 3 (B and C) shows the relationships of the sclerites when the

wings are down. The lever exerts its main effect upon the articulation through
the first axillary sclerite. The large inner dorsal process of this sclerite hooks into

the anterior notal process at k so that as the lever moves up and down, both k and

the parascutal shelf are also moved. The second axillary lies between the two dorsal

arms of the first axillary. The movement of the second axillary is largely deter-

mined by the first axillary.

The second axillary sclerite and the mesopleural iting process

Lowne (1893) described the relation between the second axillary and the meso-

pleural process in the blowfly. He stated that it is difficult to assign any function

to this relation. Ritter (1911) believed the second axillary strengthened the joint

by tying together the upper and lower parts. Snodgrass (1927) noted that the

second axillary sclerite usually articulates at the side of the mesopleural process, but

did not discuss the implications of this fact.

The second axillary is hooked to the side of the mesopleural process (Fig. 3C)
and does not disarticulate as suggested by Lowne. The connection is a very strong
one and acts almost as a universal joint to allow the complex wing cycle. The
second axillary, through its relation to the radial vein, plays an important role in

directing the wing. As shown in Figure 3, the base of the radial vein (g) articu-

lates at k along with the anterior notal process and the first axillary. It also makes

secondary membranous connections with the second axillary so that rotation of this

sclerite moves the wings up and down.
The relation of the base of the radial vein to the second axillary is controlled in

part by the direct muscles that fold the wing back over the body and bring it for-

ward into flight position. As the wing folds back the base rotates forward. This

arrangement allows some folding of the wing during flight without essentially dis-

turbing the second axillary, the position of which plays an important role in the

basic movement of the wing.
As noted above the outward force produced by the notum is transmitted to point

k by the anterior notal process. This is opposed by the contraction of the anterior

pleurosternal muscle (c, Fig. 3), which is one of the direct flight muscles. As this

muscle draws the mesopleural process inward, a force is transmitted to articulating

point k by the second axillary sclerite. The inward movement of the mesopleural

process is of prime importance in setting the articulation for flight. It occurs in

CCl4-treated flies and is necessary for the production of the click phenomenon.
The position of the mesopleural process determines the range of movement of

the lever arm. This is why the movements of the wings of CCl4-treated flies are

more extensive than those of untreated flies. The two lateral arms of the scutellar
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lever must move the same for they are strongly connected through the scutellum.

Therefore it is important that the muscles exert equal forces on the t\vo mesopleural

processes. A provision for this appears to be present. The pleurosternal muscles

have a common origin on the flexible sternal apophysis and they tend to act as a

single muscle, the ends of which are attached to the two mesopleural processes.
The mesopleural process with its articulating second axillary sclerite opposes

the lateral notum with its hinge-attached parascutum. When these structures are

properly set by the action of the indirect muscles and the appropriate direct muscles,

the basic movement cycle can be produced by the action of the scutellar lever. It is

the action of these structures that controls the loading of the fibrillar muscles and

makes possible the fast flight movements.

THE PRODUCTION OF THE BASIC FLIGHT MOVEMENTS

Two conditions are required for the production of the basic flight movements :

(1) the activation of the spring mechanism by tension in the indirect muscles, and

(2) the inward movement of the mesopleural processes. At the beginning of flight,

forces are developed to move the hook articulation of the second axillary inward, and
the hinge of the parascutum, which is attached to point f, outward. In a resting

fly, point k, Figure 3, is above a line connecting the hinge and the hook articulation.

Consequently, as these structures approach one another, point k will move up and
the wings down. Records of movements of the scutellum show that in a typical

start, a small down movement, which is relatively slow, occurs first. Then the wings
are suddenly and rapidly brought up. Subsequent movements occur at a frequency
normal for the wing load. The flight mechanism requires a starter, and it is prob-
able that the initial fast up movement is caused by the tergal remoter (4, Fig. 2).
This muscle is a vertical muscle but is not fibrillar in structure and responds as

normal tubular muscles do.

The positions of the articulating elements when the wings are in the up position
are shown in Figure 3A. As the longitudinal muscle shortens, the scutellar lever

moves the first axillary sclerite (e) upward. This acts on point k, which can move

up only if the mesopleural process and the parascutal hinge are forced apart. By
this means, potential energy is stored in the spring mechanism, to be released when
point k rises above a line connecting the hook articulation and the hinge. This oc-

curs at the critical point. The recoil of the spring drives the wings down and the

articulation into the position shown in Figure 3B. On the up movement of the

wings the scutellar lever brings point k down. Again energy is stored in the spring
mechanism and released at a critical point.

The critical point on the downstroke occurs when point k rises above the line

of force between the hook process and the hinge and on the upstroke when point k
moves below this line. Referring to the discussion of the action of the indirect mus-
cles and the movement of the notum, it can be seen that the parascutal hinge must
move up on the downstroke and down on the upstroke. This movement alters

the position of the line of force between the hook and the hinge. The critical point
therefore is at different wing positions on the up and down strokes. The elastic

recoil force takes over at least part of the muscle load before the midpoint (resting
length of the muscle) is reached.
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At the critical point during the movement, the recoil force is maximum, but

the major component of the force is not directed to produce rotation of the second

axillary. As the movement continues, however, a greater and greater component
of the recoil force is in the direction of rotation, while at the same time the force

is becoming progressively less as the elastic energy is used up. Vertebrates in their

skeletal movements make use of this same mechanical principle (Elftman, 1941).
In flies under CC1 4 an excessive force is produced by the direct muscles (and

perhaps the indirect muscles). The indirect muscles are unable to overcome

the force and the wings stop in one of the two stable positions, up or down. A
similar condition results from high frequency stimulation of the ganglion (Boettiger
and Furshpan, 1951). The fast stops in tethered flight reported by Boettiger and

Furshpan (1950) and Roeder (1951) can be explained in the same way.

THE WING CYCLE

To sustain the fly in free flight, the basic movements just described must initiate a

cycle of wing movements aerodynamically designed to generate a propelling force,

the magnitude and direction of which are adjustable by the insect. In this action,

the indirect muscles, the direct muscles, and the structural features of the thorax

are all concerned. Several authors have concluded, from the histological differ-

ence between the direct and indirect muscles, that the direct muscles cannot pro-
duce the rapid phasic changes of a single cycle. The observation that the wings of

CCl 4-treated flies can be moved through a cycle by simply moving the scutellum is

additional eviden for this idea, as no adjustment of direct muscle tension is pos-
sible during this me 7ement. Mihalyi (1935/36) suggested that the indirect mus-

cles, through the special arrangement of the three main articulating structures, can

produce the complex wr

ing cycle of straight level flight. He lists these structures

as the mesopleural process, the anterior notal process and the lever arm process.
The relative movements of these structures determine the movements of the axillary

sclerites. These movements are able to produce a normal cycle, however, only
when the articulation is set by the action of both the direct and indirect muscles.

The base of the radial vein of the wing is locked into the joint at k, Figure 3A,

along with the first axillary and the anterior notal process. The important second

axillary, although not articulated at k, is closely tied to this point and to the first axil-

lary. The movements of point k govern the wing cycle. Through secondary mem-
branous connections with the plate-like part of the second axillary, the wing moves
with the rotation of this sclerite produced by the movement of k. Point k can move
in the three directions, up and down with the lever, forward and back with the an-

terior notal process, and in and out with the rotation of the parascutum and the move-
ment of the lateral notum.

Referring to Figure 3, one can analyze to some extent the movements that pro-
duce the wing cycle. When the wing is in the down position, it is held at the extreme

forward point of the cycle in a vertical plane along side of the thorax. The articu-

lation in this condition is shown in Figure 3 (B and C). As the vertical indirect

muscles shorten, the scutellar lever process (1, Fig. 3C) starts to move down.
The parascutum (d) does not move much at first, as it is held by the tension be-

tween the mesopleural process (a) and the parascutal hinge (h). Therefore, the

second axillary first tips back, rotating the base of the wing so as to raise the an-
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terior margin and depress the membranous part. As the lever continues to move

down, point k moves more rapidly. The wing flips up and back in an effective stroke

with the anterior margin of the wing leading. Before coming into the up position,

a rotation of the wing base depresses somewhat the anterior wing margin. This

is shown by the fact that in CCl4-treated flies the wing locks into the up position

with the anterior margin of the wing leading in a position to begin the downstroke.

This rotation during the upstroke is due to the forward movement of point k, pro-

duced by the anterior notal process, and the twisting of the second axillary, result-

ing from the inward and downward movement of the lever arm.

The downward movement of the wing is also initiated by the scutellar lever

as it is moved up by the shortening of the longitudinal muscles. The first axillary

is lifted in such a way that the second axillary twists to tip the anterior margin of

the wing down. Then point k flips up and the wing, held at the proper angle of

attack, moves down. During the down stroke, the backward movement of point

k and the forward movement of the lever arm process twist the second axillary,

thereby insuring the full forward sweep of the wings. In CCl 4-treated flies the wing
locks in the down position with the anterior margin closer to the body than the

membranous portion as shown in Figure 3B. The wing is set as at the end of a

downstroke, instead of ready for the upstroke. At the beginning of the upstroke
the anterior margin of the wing must be raised while the membranous portion is

depressed, as noted above. The upstroke is more complicated. The articulation

is set to raise the anterior margin of the wing at the beginning of the upstroke and

depress it at the end. Records of movements of the scutellum during a quick

stop reveal a basic asymmetry in the articulation. In a quick stop on the down-

stroke there is some movement of the scutellum before the stop point is reached.

On the upstroke the stop occurs almost at the extreme down position of the scutel-

lum (Boettiger and Furshpan, unpublished).
The base of the wing makes secondary connections to the driving mechanism.

The most important one is with the posterior notal process, which arises from

the ventral border of the scutellar lever arm. This undoubtedly aids in tipping

the wing and supporting the base against the effects of air pressure. However,

cutting the posterior notal processes on both sides does not destroy the fly's ability

to maintain itself in free flight.

THE MECHANICAL LIMITS TO MOVEMENT

Normally, more energy is released than is necessary to complete the movement

(Boettiger and Furshpan, 1951). The freely moving lever is stopped by definite

mechanical limits, which appear, however, to have some elasticity. The kinetic

energy of the moving wings may be partially recovered by this means, as suggested

by Chadwick (1951). The lever arm can move down without hindrance until its

ventral ridge contacts the pleural sclerites. This first occurs quite near to point
i (Fig. 1), as the arm is set at an angle so that it moves inward as it moves down.

The second axillary sclerite seems to limit the up movement of the lever. As the

lever pushes against the first axillary, the second axillary moves into the position

shown in Figure 3C. The hook articulation with the mesopleural process pre-
vents any further upward movement of the second axillary and hence of the first

axillary and the lever. The presence of mechanical stops may increase the effi-
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ciency of the mechanism by eliminating the necessity for doing negative work in

stopping each movement (Fenn, 1930).

THE STEERING MECHANISM AND THE CONTROL OF AMPLITUDE

The movements of the lever arms and therefore of the articulation must have the

same amplitude on the two sides. The construction of the scutellum does not allow

one arm to move more than the other. If the wings are not drawn forward into flight

position when a fly is under CC14 ,
the amplitude of the wing movement when the

scutellum is depressed is quite small. Even though the wings merely tip down, the

click action is present and the lever arms move the full limit. The first axillary

does not twist outward and forward as it does on the downstroke when the wings go

through their full amplitude. As the wings are brought forward by direct muscles,
the amplitude increases. Frequently, mounted flies will show erratic movements
and hold one wing back while the other moves with normal amplitude. They spin
around toward the side of the smaller movement. In a similar manner, a free flying

insect can alter its direction without changing the action of the indirect muscles or of

the scutellar lever. Should the fly wish to rise or fall, the tension in the proper
direct muscles is adjusted, altering the wing cycle equally on both sides and again

requiring no change in the driving mechanism.

Chadwick and Williams (1949) and Chadwick (1951) have made a quantitative

study of wing movements in Drosophila at various air densities. Reducing the

density of the air lowers the wing load and increases both frequency and amplitude.
The increase in frequency is proportional to the increase in amplitude. This pro-

portionality may be interpreted to mean that the increased amplitude observed at low

air density is the result of the greater momentum of the faster moving wings. With

greater momentum the articulation moves further into the elastic mechanical stop.
In addition, each wing will also bend more when its articulation is suddenly stopped
and this would be recorded as an increase in amplitude. Changes in frequency and

amplitude may, therefore, be produced experimentally without alteration in the

action of the basic neuromuscular mechanism. Roeder (1951) has found that

reducing muscle load by removal of the wings results in a decrease in frequency of

thoracic potentials. This suggests that receptors, responsive to w<ing load, can exert

some control over the indirect flight muscles.

The amplitude of wing movement must be controlled to some degree by the

central nervous system. In the first place, the wings may be held forward or back

as described above so that their amplitude is large or small. Secondly, the tension

between the mesopleural process and the parascutal hinge which determines the

spring action of the notum can control wing amplitude. If this tension is large, the

indirect muscles must, in overcoming this force, store a great amount of energy in

the spring mechanism. The recoil action will then throw the articulation to the

limit and so give maximum wing movement. On the other hand, if the tension is

small, less energy is stored and the recoil may not move the articulation to its limit.

In a normal stop there is a progressive decrease in amplitude of wing and articula-

tion. This is apparently due to the relaxation of the direct muscles controlling the

position of the mesopleural processes. Records show that during continuous flight

under constant conditions, the amplitude of movements of the scutellar lever is re-

markably uniform. Occasional changs in amplitude may be accounted for by al-
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tered tension between the mesopleural process and the parascutal hinge. The in-

direct muscles by controlling the spring action of the notum may contribute to these

amplitude changes.

SUMMARY

1. The mechanics of insect flight are usually studied by squeezing the thorax so

as to imitate the action of the indirect flight muscles. In flies certain elements of

the articulation are not properly set in such experiments, so the interpretations made
are not accurate. That CC14 sets the articulations of flies as in normal flight is shown

by the dramatic wing movements easily produced in these insects. This report is

based on the study of CCl4-treated flies and outlines the main features of the me-
chanics of wing movement. Much additional physiological evidence for the inter-

pretations given here has been accumulated and will be reported separately. The
abstracts referred to state some of the experimental results.

2. The secret of the peripheral control of wing rate certainly lies in the indirect

flight muscles. These muscles are the power plants of the wings, operating in es-

sentially an all-or-none fashion. It is shown here that they play little part in steer-

ing or in amplitude changes. They operate between definite mechanical limits and
so do not halt each other's movement as in a conventional antagonistic system.

3. The anterior notum is shown to have a spring action which unloads the muscle

at a critical point and so plays a basic physiological role. If the recoil of the notum
alone is capable of completing the movement, the indirect flight muscles would not

be required to exert any tension at their resting or shorter lengths. The energy
would be put into the mechanism almost isometrically and it would not be necessary
to assume high tension in a rapidly shortening muscle.

4. By a combination of the mechanical properties of the thorax and the physio-

logical properties of the fibrillar muscle the peripheral control of wing rate is

achieved.
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HORMONAL REGULATION OF THE DISTAL RETINAL PIGMENT
OF PALAEMONETES
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Dept. of Biological Sciences, Northwestern University^ Evanston, Illinois, and Marine

Biological Laboratory, Woods Hole, Mass.

There have been several investigations (Parker, 1897; Welsh, 1930; Bennitt,

1932; Kleinholz, 1936) of the control of the migration of the distal retinal pigment
of the prawn, Palaemonetes. Bennitt demonstrated that when one eye of Palae-

monetes was covered and the other eye illuminated, both eyes assumed to a greater or

lesser extent the light-adapted state. This suggested a hormonal control of the

retinal pigments. Later, Kleinholz (1936) induced the distal retinal pigment of

Palaemonetes to assume the light-adapted position by injecting eye-stalk extract

into dark-adapted prawns, thus suggesting the existence of a light-adapting hor-

mone whose source was the eye-stalk. That this was the normal controlling mecha-

nism was indicated by the fact that eye-stalks of light-adapted animals were more

bountifully supplied with this factor than those of dark-adapted ones.

The results of the experiments of Brown, Fingerman and Hines (1952) and

Brown, Webb and Sandeen (1952) in which dark-adapted prawns are exposed to

250 ft.-c. light flashes both with and without earlier conditioning stimuli have not

only given strong support to the hypothesis that there is a light-adapting hormone

normally active in regulating the position of the distal retinal pigment of Palae-

monetes, but have also indicated the action of a dark-adapting hormone. Prawns

kept in darkness overnight exhibit quite a different rate of re-dark-adaptation when
returned to darkness following a one-minute, 250 ft.-c. light exposure early in the

morning than do prawns which earlier the same day had received the normal stimu-

lus of dawn illumination before being placed in darkness and later submitted to the

one-minute light exposure. Such a difference was postulated to be due to different

degrees of availability of a dark-adapting factor.

The present experiments were undertaken : ( 1 ) to establish more definitely the

presence of a dark-adapting hormone, (2) to determine the sources of the light- and

dark-adapting hormones within Palaemonetes, and (3) to elucidate further the nor-

mal roles of these hormones in light- and dark-adaptation.

MATERIALS AND METHODS

For the following experiments specimens of the common prawn, Palaemonetes

vulgaris, wrere usually collected daily from the Eel Pond in Woods Hole. Massa-
chusetts. In the laboratory the stock supply of animals was kept in aquaria in

running sea-water from which the animals for each experiment were randomly
taken without regard to size or sex. The experiments were conducted during the

months of June and July.

1 This investigation was supported in part by a research grant from the Graduate School of

Northwestern University.
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The influence of the various experimental procedures on the distal retinal pigment
in the eyes of these prawns was observed through the use of a method of direct

measurement of the position of this pigment in the intact, living animal (Sandeen
and Brown, 1952). The method consisted essentially of holding a prawn on the

stage of a dissecting microscope and viewing the eye under a relatively high magnifi-

cation using transmitted light. With an ocular micrometer the width of the trans-

parent area, which is a direct function of the degree of light-adaptation, can be

measured from the cornea to the distal margin of the pigment. Since the animals

varied considerably in size, the degree of light-adaptation was always expressed as

a ratio of this width to the total distance from corneal surface to the proximal edge
of the retina using arbitrarily as a marker the black spot, or ocellus, which is apparent
on the dorsal aspect of the eye-stalk. This ratio will be referred to as the distal

pigment index.

In all experiments in which Palacnionctes were placed in the dark room or ex-

posed to various light intensities, white enamelled pans with a bottom diameter of

approximately 7 inches were used. Sea water was placed in the containers to a

depth of about !}> inches. To prevent overcrowding no more than 12 to 14 ani-

mals were ever placed in a single pan. The various illuminations which were used

were obtained with incandescent lamps placed at adjusted distances directly above

the animals. The resultant illuminations were measured with a Weston photometer.
In the experiments in which prawns were injected with extracts of various or-

gans the extracts were prepared in the following manner. The organs were re-

moved with the aid of a dissecting microscope, from normal animals taken from the

stock supply, and transferred to a small container of sea water. When a sufficient

number of the organs had been obtained they were placed with a minimum of water

in a glass mortar with a finely ground surface and while still moist were triturated

as completely as possible with a glass pestle. Sea water was then added to make up
the desired concentration, mixed thoroughly, and the extract drawn into a one ml.

hypodermic syringe graduated in hundredths. The whole procedure was carried

out very rapidly and the extracts used immediately. In no case did more than 30

minutes elapse between the beginning of the dissections and the injections.

COMPARISON OF THE RESPONSES OF ONE-EYED AND NORMAL ANIMALS

In the first series of experiments the influence of the removal of one eye on the

distal retinal pigment of the remaining eye was determined. In each of six experi-

ments five Palaemonetes were taken at random from the stock supply and placed in

a small amount of sea water in a white enamelled pan at an illumination of 25 to 50

foot-candles. One eye-stalk was carefully removed with a pointed scalpel under

a dissecting microscope and the eye-stub cauterized immediately. The position of

the distal pigment of each eye to be observed in the experiment was determined prior
to the operation and then at 5, 10, 15, 30, 60, 90, 120 and 240 minutes following the

operation. The first three of these experiments were conducted in the morning and

the last three in the early afternoon. No significant difference in responses was
found for these two times of day.

The average distal pigment index of the five animals in each experiment was
calculated for each time that a determination was made. These averages were

used to calculate a final distal retinal pigment index for each time that a reading was
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made for all six experiments. Therefore, each final index at any given time repre-
sents an average of the condition for 30 animals. The final average indices of the

six experiments were used to prepare Figure 1(A). It can be seen that the distal

pigment index drops from 0.18 to 0.16 in 30 minutes and remains at this lower level

for the duration of the experiment, a period of four hours. It had previously been

determined (Sandeen and Brown, 1952) that at this illumination the distal pigment
index of normal animals has a value ranging between 0.18 and 0.20. This is repre-
sented in Figure 1 (A) by the broken line above the curve just described. Thus,
under conditions of equal illumination the distal retinal pigment of Palaemonetes
with only one eye-stalk is maintained at a lesser degree of light-adaptation than that

in normal animals with their two eye-stalks.
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FIGURE 1. A. Change in the degree of light adaptation of the distal retinal pigment follow-

ing removal of contralateral eyestalk. B. Comparison of rates of dark-adaptation in one-

stalked and normal prawns. C. Comparison of rates and degrees of light-adaptation in one-

stalked and normal prawns.

In a second series of experiments the rate of dark-adaptation of one-eyed

prawns was compared with that of normal prawns. Approximately twenty-four
hours before each experiment specimens of Palaemonetes were taken from the

stock supply of animals and one eye of each was removed and the eye-stub cauterized.

These animals were then returned to an aquarium with running sea water until the

experiment was conducted the following day.
In each of the two experiments which were performed, 10 one-eyed Palaemonetes

were placed in each of five pans. Similarly, normal animals were taken at random
from the stock supply and 10 were placed in each of five pans. The distal pigment
indices of 10 one-eyed animals and 10 normal animals in one of the pans of each

group were determined. These two pans together with the others in each group
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were then placed in the dark room. In the first experiment distal pigment indices of

one-eyed and normal Palaemonetes were determined at 15, 30, 60 and 90 minutes after

being put into the dark. In the second experiment distal pigment indices were de-

termined only at 30, 60, and 90 minutes. At each of these times one container from

each group was removed from the dark room and the distal pigment indices of the

animals were determined. Following the determination these animals were dis-

carded
;
a different container of animals was used for each successive determination.

The average distal pigment index for 10 animals of each group at each time

that a determination was made was calculated. Average values were then obtained

for both experiments and these were used to prepare Figure 1(B). Since a distal

pigment index determination was not made at 15 minutes in the second experiment,

the average index shown in the graph is that obtained in the first experiment.
It can be seen from Figure 1(B) that there is no significant difference between

the rates of dark-adaptation of these two groups of animals. The presence of one

eye-stalk is sufficient to permit an animal to dark-adapt at the normal rapid rate.

In a third series of experiments the rate of light adaptation of one-eyed animals

was compared with that of normal animals. In each experiment a group of six

pans containing 10 normal animals each and a group of six similar pans with 10

one-eyed animals in each were left in darkness overnight and then brought abruptly
into an illumination of 250 ft.-c. where the course of light-adaptation of the animals

was followed.

The distal pigment indices of 10 normal animals and 10 one-eyed animals were

determined at the time the two groups were brought into the light and at 15, 30, 60,

120 and 180 minutes thereafter.
'

The average value at each time of index determina-

tion for three such experiments was calculated. Since the determinations in the

first of the three experiments were not continued beyond 120 minutes, the average
value for 180 minutes was obtained from the last two experiments.

The average distal pigment indices obtained from the three experiments for

each time that a determination was made were used to prepare Figure 1(C). It

can be seen from this graph that the rate of light-adaptation and the final degree
achieved with one-eyed animals are less than that with normal animals. The distal

pigment index reached by the one-eyed animals is quite comparable to that seen

following the removal of one eye from normal animals in light. It appears, there-

fore, that both eye-stalks are essential for the normal rate and degree of light-

adaptation of each eye under these conditions of illumination.

INFLUENCE OF A BRIEF LIGHT EXPOSURE

The extensive light-adaptation in the dark which results from the interruption of

a long dark period by a one-minute exposure to light at 250 ft.-c., described else-

where (Brown, Fingerman and Hines, 1952), suggested the operation of a light-

adapting hormone. It appears that an adequate stimulus for secretion of such a

substance is a brief, bright, light flash and that the activity of the substance long
outlasts the duration of the original brief stimulus. Prawns with a single eyestalk
and in darkness responded to a one-minute, 250 ft.-c. flash by substantially less

light-adaptation than that seen in normal prawns subjected to a similar stimulus.

It was desired further to determine whether a second substance might be op-

erating in dark-adaptation as postulated by Brown. Fingerman and Hines (1952).
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Since a change from darkness to light is evidently an adequate stimulus for the re-

lease of the light-adapting hormone it seemed reasonable that a change from light
to darkness would be a normal stimulus causing secretion of a dark-adapting hor-

mone. In order to test this possibility an experiment was designed in which re-

sponses to a brief light flash were compared following different durations of dark

periods.
Palaemonetes were taken at random from the stock supply and distributed among

six groups of five white enamelled pans. Approximately 12 animals were put into

each pan. The first group of animals constituted the control group. Distal pig-

CONTROL
I5MIN. DARK
40 MIN. DARK
60 MIN. DARK
120 MIN. DARK
240 MIN. DARK

0.0

20 180 240
TIME IN MINUTES

300 360

FIGURE 2. Responses of the distal pigment to a one-minute, 250 ft.-c. light flash after different

intervals in darkness.

ment indices of 10 animals from one of the pans of this group were determined at

9 A.M. and the remaining containers were placed immediately in darkness. The
course of dark-adaptation was followed by removing a pan from darkness and de-

termining distal pigment indices of 10 animals after 15, 30, 60 and 120 minutes.

The remaining five groups of pans were also placed in darkness at approximately
9 A.M. At 15 minutes one group of five pans was subjected to a one-minute, 250

ft.-c., flash of light. Immediately following the flash the distal pigment indices of

10 animals from one pan were determined. The course of dark-adaptation of this

group was followed by determining distal pigment indices of 10 animals after

30, 60, 120, and 180 minutes. Similarly, of the other groups, one was dark-
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adapted for 40 minutes, one for 60 minutes, one for 120 minutes and the last for 240

minutes. At the end of each of these periods the group of animals was treated in

a similar manner to that described for the 15-minute group.
In all the groups for each time that a determination was made an average distal

pigment index of the 10 animals was determined. These average indices were used
to prepare Figure 2 where the distal pigment index is plotted against time in min-
utes. In Figure 2 zero time represents that time at which all groups were put into

darkness for the first time.

It is apparent from this figure that both the amount of light-adaptation induced

by the one-minute flash and the rate of subsequent re-dark-adaptation are influenced

by the duration of the dark period. By examination of curves C, D, E, and F,

representing 40, 60, 120 and 240 minutes of exposure to darkness prior to the light

flash, it can be seen that the longer the period in darkness the greater the extent of

light-adaptation resulting from the flash and the more rapid the subsequent rate

of dark-adaptation. However, it can also be seen that 15 minutes of exposure to

darkness is not sufficiently long to yield a result which is entirely consistent with this

generalization. This group light-adapted during the first 15 minutes following the

flash to a state almost equivalent to the fully light-adapted state shown by all groups
when they were removed from the aquaria at the beginning of the experiment, as

illustrated by the initial index of the control group. The rate of dark-adaptation
was, however, somewhat less than that shown by the controls.

These results strongly support the hypothesis of the operation of two hor-

mones, one inducing light-, and the other, dark-adaptation. Since greater degrees
of light-adaptation result from a one-minute flash of light as the animals are left

longer in darkness, it would appear that the ability to secrete the light-adapting

principle increases, at least for a few hours, in darkness. On the other hand, the

increase in the rate of dark-adaptation with increasing time in darkness can be ex-

plained in terms either of an increase in ability to secrete the dark-adapting principle
in response to return to darkness or to the presence of a higher titer of this material

in the blood for the normal maintenance of the dark-adapted state.

INJECTION EXPERIMENTS

In an attempt to obtain some information regarding the sources of the substances

which function in the light- and dark-adaptation of Palaemonetes distal pigment,
experiments were designed in which extracts of eyestalks and of central nervous or-

gans were injected into animals under various conditions.

The first type of experiment consisted of injecting extracts of eyestalks of

Palaemonetes into animals which had been previously dark-adapted for a minimum
of three hours. These animals were taken at random from the stock supply
and five were placed in each of four white enamelled pans partially filled with sea

water. The extract was prepared by triturating freshly removed eyestalks in a

sufficient quantity of sea water to yield such a final concentration that each animal,

receiving an injection of 0.02 ml., received the equivalent of one eyestalk. The ex-
tracts were centrifuged. The animals were injected in the dark-room under a red

photographic light which had previously been tested and shown to produce no light-

adaptation. At 30, 60, 120 and 240 minutes one pan of animals was removed from
the darkroom and the distal pigment indices of the five animals determined. An
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average distal pigment index was calculated for each time that a reading was made.
Two experiments of this sort were performed and the results averaged. The aver-

ages of the two experiments were used to prepare Figure 3.

It can be seen from Figure 3 that the injection of eyestalk extract produces

light-adaptation comparable to that produced by the interruption of a dark period

by a one-minute, 250 ft.-c. flash of light. The maximum degree of light-adaptation
achieved occurs in 30-60 minutes following injection. The dark-adaptation which
followed was not quite complete at the end of 180 minutes.
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FIGURE 3. Response of dark-adapted prawns in darkness to injection of an extract of eyestalks.

Preliminary experiments in which sea-water extracts of various central nervous

organs were injected into similarly dark-adapted Palaemonetes yielded inconsistent

results. In some cases no light-adaptation was obtained while in others distal pig-

ment indices of the order of 0.03 were obtained, suggesting the presence of light-

adapting substance in nervous tissue.

Another method of assay of the extracts was used. A study was made of the

influence of injection of extracts of eyestalks and of central nervous organs on the

response of dark-adapted prawns to a brief exposure to bright light. For each ex-

periment Palaemonetes were taken from the stock supply and distributed among
three groups of five pans with five animals in each pan. These animals were all

placed in the darkroom overnight and then about 6 the next morning brought

abruptly into an illumination of 250 ft.-c. for a period of 20 minutes. During this
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period of light exposure one group received injection of an extract of the brain,

connectives and ventral cord. The second group received extract of eyestalk, and

the third received only sea water. Each animal was given a dose of 0.02 ml.

The extracts of the central nervous system were prepared by dissecting the brain,

circumesophageal connectives, and thoracic and abdominal cords from normal light-

adapted animals and extracting them in sea water in such an amount that an animal

receiving a dose of 0.02 ml. received the equivalent of half a total nervous system.
The extract was centrifuged. The extract of the eyestalks was prepared as pre-

viously described, such that each animal received one eyestalk or half the equivalent
of the complement of a normal animal.

Two experiments of this sort were performed. In the first, distal pigment in-

dices of five animals in one of the pans were determined immediately following the

exposure to light while the rest of the containers were placed in the darkroom.

Successive determinations of distal pigment indices were made at 30, 60, 120 and

180 minutes, using a different pan of animals for each determination. In the second

experiment determinations of the distal pigment indices were made at 30, 60, 120, 180

and 240 minutes from the time the pans were returned to darkness. Averages of

the distal pigment indices of five animals for each time that a determination was made
were calculated and average values for the two experiments were obtained. Since

the initial and 240-minute determinations were made in only one of the two experi-

ments, the average obtained in one experiment was used as the definitive one.

The average distal pigment indices for the two experiments were used to pre-

pare Figure 4. It can be seen from this figure that, compared with the sea-water

controls, extracts of the central nervous system as well as those of the eyestalks sup-

plement the amount of light-adaptation which occurs as a result of the exposure to

light. Furthermore, there is a significant increase in the subsequent rate of dark-

adaptation over that seen for the controls. The extracts, therefore, appeared to

contain both light- and dark-adapting principles.
In an effort to determine whether the two hormones are differentially distributed

within the central nervous system further experiments were designed in which ex-

tracts of various parts of the nervous system were compared with extracts of the

eyestalks. In preliminary experiments of this sort it was found that extracts of

the abdominal cord, thoracic cord, circumesophageal connectives and the brain all

behaved qualitatively like an extract of the total nervous system. However, this

seemed not to be true for extracts of the tritocerebral commissure.
In two experiments sea water extracts of eyestalks, tritocerebral commissures,

and sea water were injected into three groups of overnight-dark-adapted Palae-

monetes while they received a ten-minute exposure to an illumination of 250 ft.-c.

at about 6 A.M. The extract of eyestalks was of such concentration that an animal

receiving a dose of 0.02 ml. received the equivalent of half an eyestalk or a quarter
the equivalent of the complement of a normal animal. The extract of tritocerebral

commissure was prepared by removing the brain and circumesophageal connectives

from several animals in such a manner that the tritocerebral commissures were not

damaged. As they were removed, these organs were placed in sea water in a Syra-
cuse watch glass until the desired number had been obtained. The commissures

were then carefully removed by severing them with a scalpel at their junctions with

the circumesophageal connectives. They were then transferred to a microscope slide
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with a minimum of water and triturated as completely as possible with a small

glass pestle with sea water to yield a concentration such that an animal receiving

the usual dose of 0.02 ml. would receive the equivalent of % of a commissure.

Each extract, including sea water as a control, was injected into five groups of

10 animals. After the light exposure and simultaneous injection of the three groups
the animals were returned to the darkroom and the course of dark-adaptation was

followed by making distal pigment index determinations for 10 animals of each

group at 30, 60, 90, and 120 minutes from the beginning of the light flash.
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FIGURE 4. Comparison of the light- and re-dark-adaptational responses of prawns over-

night in darkness to a simultaneous 250 ft.-c. light stimulus and injection of extracts or sea

water. CNS central nervous system; ES eyestalk; SW sea water.

It can be seen from Figure 5 that the injection of extract of tritocerebral com-

missure during the light flash resulted in a light-adaptational response which was

significantly less than that achieved by the animals receiving only sea water. The
animals receiving extract of eyestalks responded in a manner essentially similar to

those in the previous experiments. The extent of light-adaptation was substantially

greater than that shown by the sea water controls. These results suggested that in

the tritocerebral commissure the dark-adapting hormone was present without the

light-adapting one.

In order to establish further the character of the influence of the extract of the

tritocerebral commissures a final experiment was designed. This one continued

for a period of time long enough to follow re-dark-adaptation. In this experiment
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three groups of three pans containing 10 animals in each were given a one-minute,

250 ft.-c. flash of light at 6 A.M. and then returned to the darkroom. At the end

of an hour in the dark when the animals were expected to be maximally light-adapted

as a result of the flash, they were brought into 250 ft.-c. illumination again for ten

minutes during which time one group was injected with extract of tritocerebral com-

missure, the second group with an extract of eyestalk, and the third group with sea

water as a control. The extracts were prepared in the usual manner. Following

injection the three groups of pans were returned to the darkroom and distal pigment
indices of 10 animals in each group were determined at 30, 60, 150. 210 and 270
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FIGURE 5. Comparison of the light- and re-dark-adaptational responses of prawns over-

night in darkness to a simultaneous 250 ft.-c. light stimulus and injection of extracts or sea

water. Trito. Comm. tritocerebral commissure
;
ES eyestalk ;

SW sea water.

minutes following the beginning of the second light period. Since there were only
three containers of animals in each group, each container was returned to the dark-

room after each distal pigment index determination so that it could be used for

another determination. Thus, container 1 was used for the 30-minute and the

210-minute determination while container 2 was used for the 60-minute and the

270-minute determination. It had previously been determined that the brief ex-

posure to the microscope light during a determination for animals in this experi-
mental state was not significantly effective in inducing light-adaptation. This is

substantiated also by the response of the control group of this experiment.

Averages of the distal pigment indices of the 10 animals for each time that a de-

termination was made were calculated and plotted in Figure 6. Zero time in this
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figure indicates the beginning of the second light period. The probable index for

all three groups at this time was estimated by extrapolation of the control curve.

It can be seen from Figure 6 that the influences of the extracts of tritocerebral

commissure and eyestalks are qualitatively the same as in the previous experiment.
Tritocerebral commissure depresses while eyestalk supplements the degree of light-

adaptation following equal light exposure. However, the rate of dark-adaptation
of the animals receiving extract of tritocerebral commissure is substantially the

same as for those receiving extracts of eyestalk, and, furthermore, this rate is much

x
LJ
Q

Z
UJ

o
0.

_J

<
00

Q

0.2

0.0

60 120 180

TIME IN MINUTES
240 300

FIGURE 6. Comparison of the light- and re-dark-adaptational responses of prawns over-

night in darkness to a simultaneous 250 ft.-c. light stimulus and injection of extracts or sea

water. Trito. Comm. tritocerebral commissure; ES eyestalk; SW sea water.

greater than that shown by the sea-water controls. Dark-adaptation of the two

experimental groups was essentially complete in 270 minutes while the sea-water

controls were still significantly light-adapted (distal pigment index of 0.068) at this

time. It appears, therefore, that the tritocerebral commissure contains the dark-

adapting principle but no significant amount of the light-adapting principle, while

the eyestalks contain both principles.

DISCUSSION

The experiments involving the comparison of responses of animals with a single

eye and eyestalk with those of normal animals clearly indicated that both eyestalks
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are essential to the normal regulation of the retinal pigment of a single eye. This

phenomenon appears to be reasonably interpreted, if taken as an isolated observation,

in terms either of ( 1 ) loss of one of the two major photoreceptors of the organism
or (2) loss of an eyestalk source of an endocrine factor concerned in light-adapta-

tion. In terms of the former, there would be expected to be a reduction in the num-
ber of afferent pathways activated by light and consequently of impulses passing into

the central nervous system. There could conceivably, therefore, be a reduced ex-

citation of any endocrine gland located anywhere in the body in response to any

given intensity of illumination. Although this possibility is a real one, it is rendered

less probable by the observation that removal of one eyestalk and eye does not sig-

nificantly alter the rate of dark-adaptation of the remaining eye in response to a

light-to-dark change.
The alternative interpretation, that the removal of one of the stalks has removed

a major source of a light-adapting hormone, is equally likely, and this one has the

added support that it is completely consistent with the view held for several years
that the sinus glands of the eyestalks are the most important sources of a light-adapt-

ing hormone for the distal retinal pigment. This view is also given support by the

experiments involving injection of extracts reported in this paper. The eyestalks
are far more effective than any other organ of the body in light-adapting action.

By similar reasoning, using the failure of the removal of one eyestalk to alter

the rate of dark-adaptation of the remaining eye, there is support for the view that

the eyestalks are not, relatively, as important sources of a dark-adapting principle.

This also is strengthened by the results of injection experiments.
The work reported here has substantiated earlier work (Brown, Fingerman and

Hines, 1952) that following one complete discharge of light-adapting hormone, some
hours are necessary before there is a regeneration of the capacity to respond as

strongly again to an equivalent stimulus. Here it seems quite evident that the

endocrine sources become recharged through synthesis or accumulation of the hor-

mone and discharge it again only in response to appropriate stimulation. This

conclusion appears quite secure in view of the fact that the light-adapting hormone
exercises a dominance over the dark-adapting one. That is, when both are present
in substantial titers, the light-adapting principle appears to exert an action which is

only very slightly depressed by the presence of dark-adapting hormone. Only
when the conditions are such that there is a reduction in the quantity of light-adapt-

ing hormone present can the dark-adapting hormone exert that action which is then

a function of its concentration.

On the other hand, the interpretation of the increase over some hours in dark-

ness of the capacity to re-dark-adapt following the light-adaptational response to a

one-minute, 250 ft.-c. flash is more difficult because of the aforementioned domi-
nance. There may be either (1) a recharging of the endocrine glands concerned

with the production of the dark-adapting hormone which is later discharged in

response to the light-to-dark change which terminates the light flash, or (2) there

may have been a gradual increase in blood titer of a dark-adapting hormone hav-

ing such properties that it disappears only slowly from the blood over a period of

some hours.

There is still too little information to permit one to reach a decision as to whether

the dark-adapting hormone becomes stored in the glands of its origin in darkness.
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The results do suggest, however, that there is no accumulation of light-adapting

hormone in the sources in animals which are maintained for some hours in constant

light at 250 ft.-c. Such animals, immediately following dark-adaptation during
which it is presumed there would be no induced liberation of light-adapting hor-

mone, have but little power of responding to a brief light flash by light-adaptation.

On the other hand, there is the suggestion that the sources of dark-adapting hor-

mone are provided with accumulated dark-adapting hormone when they are taken

from constant illumination or during the day from the laboratory tanks where they

have been subjected to the normal daily variation of illumination. Such animals

can dark-adapt rapidly. However, immediately following induced dark-adaptation,
these animals are unable to respond to a light-to-dark change with other than a very
slow rate of re-dark-adaptation of their distal retinal pigment.

As was done by earlier investigators, attempts were made during the course

of this work to induce dark-adaptation of the distal retinal pigment in light-adapted
animals maintained in light by injection of various extracts. It might be pre-

sumed from the work reported herein that extracts of tritocerebral commissures

would have yielded such results, but this was not the case. There are two reason-

able explanations for such failure. One of these is to be seen in the dominance of

the light-adapting hormone and the fact that all of the experiments were performed
at intensities of illumination producing complete or nearly complete light-adaptation.
At such intensities the state of the pigment would be expected to be determined pre-

dominantly by the light-adapting hormone. A second possible explanation is that

the regulatory powers of the animals to illumination are such that the animals com-

pensate for any alterations due to the injections by the secretion of more of the

dominant light-adapting principle. It is interesting, in this latter connection, that

the only condition under which it was possible in this work to demonstrate the

presence of a dark-adapting hormone by injection was under the environmental con-

dition of complete darkness. This condition would be expected to call forth maxi-
mal reduction in the blood titer of light-adapting hormone, and furthermore this is

a condition to which there could not be expected to be any active adjustment.

Finally, it is evident from the experiments which have been described that, at

least in darkness, injected light-adapting hormone disappears more rapidly from
the blood than does injected dark-adapting hormone.

SUMMARY

1. After removal of one eyestalk the distal pigment of the intact eye of

Palaemonetes light-adapts more slowly and to a less extent for a given illumination ;

dark-adaptation is unaffected.

2. The eyestalks are the chief sources of light-adapting hormone
;
lesser amounts

are found in brain, connectives and ventral ganglia.
3. The eyestalks and central nervous organs are sources of dark-adapting hor-

mone. The tritocerebral commissure possesses dark-adapting, but no light-adapting
hormone.

4. Both light- and dark-adapting hormones can be elaborated and stored, to be

discharged in quantity upon appropriate stimulation.

5. Light-adapting hormone is elaborated and stored during a few hours in dark-
ness

; no store appears to be present in prawns kept in light.
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6. Dark-adapting hormone appears to be stored in animals in light; following

transfer to darkness, the store is depleted but the capacity to re-dark-adapt following

response to a brief light flash gradually increases during a few hours in darkness.
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EFFECT OF ADRENAL PREPARATIONS ON TUMOR GROWTH

K. A. BROWNELL, I. MOORE AND SR. FRANCIS JEROME

Dept. of Physiology, The Ohio State University, Columbus 10, Ohio, and Marine Biological

Laboratory, Woods Hole, Mass.

Evidence has been accumulating in the literature for an influence of the

adrenal cortex on malignant growth. Beck and Diller (1946) and Diller et al.

(1948) reported definite degenerative changes and decrease in size of transplanted

mouse sarcoma 37 following intraperitoneal injections of 0.5 to 1.0 cc. of a potent

adrenal extract.

It seemed of interest to us, therefore, to investigate the effects on sarcoma 37 of

more extended treatment with adrenal extract and with certain fractions obtainable

from the adrenal. The effect of desoxycorticosterone acetate (DCA) was ob-

served for comparison only since this substance is not an adrenal hormone.

METHODS

All animals used in this study were adult albino mice of the Carworth Farms

strain, 10 to 12 weeks of age. A number of animals bearing sarcoma 37 were ob-

tained from the Lankenau Hospital Research Institute through the courtesy of Dr.

Irene Corey Diller. The tumor was kept growing in our own laboratory by trans-

planation into female mice every 10 to 14 days. This material provided the stock

tumor for all experiments. Since sarcoma 37 sometimes shows spontaneous re-

gression, experimental and control groups were always implanted and run simul-

taneously in the following manner, after the method of Dr. Diller (Diller, 1947).
Viable tumors were removed from the host aseptically, divided into fragments and

drawn into a number 15 trocar for implantation. Inoculations were made subcu-

taneously into the ventral surface of the recipient, the skin having previously been

defurred and cleaned with 70 per cent alcohol. Transplants were routinely allowed

a seven day development period. The tumor-bearing mice were then divided into

three groups on the basis of tumor size as determined by palpation, i.e., large, me-
dium and small tumors. When animals for the experimental and control series

were chosen, equal numbers were taken from each of these groups. In most cases,

except as noted below, they were injected twice daily with the various preparations
for periods ranging from 5 to 7 days. The age of the tumors at the time the ani-

mals were cancelled was 15-17 days. On the day following the injection period ex-

perimental and control groups were killed with ether. After being measured with

calipers along two axes, one in a right angled plane to the other, the tumors were

carefully removed and the living tissue separated from necrotic areas with the aid

of a binocular loupe. The living tissue was weighed in a glass-stoppered weighing
bottle either from individuals or from experimental groups. In some cases as

noted, dry weight was also determined. The following preparations were used
in experiments as designated : 1. Upjohn's whole adrenal extract, 1 cc. = 60 g. tis-

sue
; 2. Whole adrenal extract prepared in our own laboratory, 1 cc. = 60 g. tis-
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sue; 3. DCA x in oil, 1 cc. = 5 mg. ;
3a. DAC in 15% alcohol, 1 cc. = 5 mg. ; 4. so-

dium hormone in 10% alcohol prepared in our laboratory by Dr. J. S. Thatcher, 1 cc.

= 300 g. tissue; 5. 17-hydroxy-ll-dehydrocorticosterone
2 in 10% alcohol, 1 cc. =

0.6 mg. ; 6. 11-dehydrocorticosterone
3 in 10% alcohol, 0.6 mg./cc.

RESULTS

Effect of whole adrenal extract

The results with adrenal extract, though variable, were so pronounced as to

leave little doubt of its power to inhibit the growth of sarcoma 37 in female mice
when adequate dosage was used (see Table I). Thus, one injection of 0.5 cc.

TABLE I

Effect of whole adrenal extract on tumor growth

Group treatment
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in male mice (Group 6). This effect is remarkable since in males this tumor has

been found notably resistant to adrenal preparations (Diller et al., 1948). Another

batch of adrenal extract was found to have no inhibiting effect at daily dosage levels

of 0.4 and 0.6 cc., but at a level of 0.8 cc. daily the inhibition of sarcoma 37 in fe-

male mice was marked (Table I, Group 3), amounting to 42%. This extract at the

same dosage level caused an actual increase in tumor growth in male mice. It is

interesting to note that extract seems to reduce tumor size not so much by inhibiting

growth as by accentuating the processes leading to necrosis. The data on degree
of necrosis show this. In the group of 7 animals treated with 0.2 cc. extract C daily

(Group 5), two showed a moderate degree of necrosis ( + + ) while in five necrosis

was complete ( + + + ). In the controls of this series two exhibited a moderate de-

gree of necrosis ( + + ) while in five necrosis was very slight ( + ). Again in

Group 3 about the same relationship obtains as to degree of necrosis observed,

there being 6 out of 17 tumors completely necrotic ( + + + ) in the extract-treated

group while only one tumor out of 20 in the control series showed total necrosis.

This observation is further substantiated by tumor measurements on this group
at the time of killing. The average

'

measurements on the control tumors were
91 X 127 mm. while those on the experimental group were 98 X 125 mm. or ap-

proximately identical. However, on weighing the living tissue from each group,
the average value for the treated animals was found to be 0.076 g.. 40 per cent

below that of the control animals (0.131 g.).

Effect of sodium-retaining substances

Because of the small amount of sodium hormone available, this treatment was
tried in only one group of 15 animals (Table II, Group 5). It resulted in a

questionably significant reduction (26 per cent) in living tumor tissue when com-

pared to the control group. As in the case of whole adrenal extract the reduction

appeared to be due to more rapid progress of necrosis rather than to direct

TABLE II

Effect of sodium-retaining substances on tumor growth
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TABLE III

Effect of some crystalline gluconeogenic substances on tumor growth
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significantly increased, and Dobriner and co-workers (1950) found urinary

ketosteroid excretion low in patients with neoplastic disease. Haven et al. (1949)

observed somewhat increased steroid content of the adrenals of rats in which Walker

tumor 256 either did not take, or in which it took and regressed.

Of the direct, inhibitory effect of adrenal grafts, adrenal tissue extracts, syn-

thetic adrenal hormones or synthetic products possessing some properties similar to

adrenal hormones, most observations seem to be on lymphoid tumors, or leukemia

(Law and Speirs, 1947; Murphy and Sturm, 1944, 1950; Woolley, 1950V These

authors all observed at least temporary regression. Their results are in line with

the well known observations of involution of the thymus and lymph nodes when

additional cortical hormones are administered to normal animals. Of such effects

on sarcoma 37, the only evidence of which we are aware aside from our own (Table

I) is that of Beck and Diller (1946) and Diller et al. (1948) using small amounts

(0.5 to 1.5 cc.) of Upjohn's adrenal extract as noted in the introduction. In our

hands one injection of 0.5 cc. Upjohn's extract had no effect on growth (Table I,

Group 5) as measured by weight of viable tissue five days after the treatment.

There are two possible reasons for this difference. First, we were using a different

batch of extract and second, we cancelled our animals five days after the injection

while Diller et al. (1948) noted the greatest incidence of tumor disappearance 17-35

days after treatment.

Our results using, cortisone (Table III) are at variance with those reported in

the literature in that with sarcoma 37 it produced an actual increase rather than

decrease in tumor growth. Heilman and Kendall (1944) working with lymphoid
tumors, Higgins et al. (1950) using transplanted rhabdomyosarcoma and Burchenal

et al. (1950) observing leukemic mice obtained results in the direction of inhibition

or regression. All of these workers used massive doses of cortisone.

Both large and small doses of DCA (Table II) also stimulated the growth of

sarcoma 37. The work of Lipschutz and Zanartu (1942) showed this substance to

be anti-fibromatogenic in female guinea pigs treated with estrogens. On the other

hand, Kupperman and Greenblatt (1946), working with transplanted sarcoma in

rats, obtained results comparable to ours (Table II), namely an enhanced growth
of the tumor in animals treated with DCA. It will be noted (Table II, Group 3)
that the increase in tumor tissue is considerably greater on the wet (75 per cent)
than on the dry weight (55 per cent) basis. This is in line with observations in

the literature on other tissues taken from animals treated with DCA (Zuckerman
et al., 1950). Although the sodium hormone acts like DCA in causing sodium re-

tention it is unlike this substance in other respects (Thatcher and Hartman, 1946,
Hartman et al., 1939). It is interesting to note that the tw^o compounds also differ

in their effect on sarcoma 37; DCA caused a marked increase in growth of the

tumor while sodium hormone caused a questionably significant reduction in amount
of viable tissue present at autopsy and more rapid progress of necrosis than occurred
in controls. The sodium hormone used on these animals was not a pure substance.

It was purified only to the extent that it contained no gluconeogenic hormone and
therefore presumably no compounds with oxygen in the C 1X position. It is note-

worthy that such an adrenal fraction possesses some power to inhibit the growth of

sarcoma 37 and to promote necrosis. There is, in the finding of Dobriner et al.

(1950), that steroids with oxygen in the Cn position are not decreased in the urine
of patients with neoplastic disease while other steroids are, a further suggestion that
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other adrenal hormones are more important in this condition than those with

gluconeogenic properties. Further investigation of the sodium hormone fraction

is planned.
SUMMARY

1. The effects of adrenal extract, sodium hormone, DCA, 17-hydroxy-ll-de-

hydrocorticosterone (cortisone) and 11-dehydrocorticosterone on transplantable

mouse sarcoma 37 have been investigated. More than 250 animals were used.

2. Injection of adrenal extract for 5 days caused as high as 88% decrease in

viable tissue and marked necrosis of the tumor as compared to controls.

3. Sodium hormone caused a questionably significant decrease in viable tissue

(26%) and marked increase in necrosis.

4. DCA increased tumor growth in all doses employed.
5. Both cortisone and 11-dehydrocorticosterone in single relatively small doses

(300y) enhanced the growth of sarcoma 37.
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THE LARVAL DEVELOPMENT AND ECOLOGY OF THORACO-
PHELIA MUCRONATA (TREADWELL)

R. PHILLIPS DALES

Sir John Cass College, London, E. C. 3, England

The Opheliid polychaetes are well known for their localized distribution. Most

species are restricted to soils with a relatively narrow range of particle size, some

characteristic of fine muds, others of relatively coarse sands. Thoracophelia mu-

cronata, like the common species of Ophelia, is found in sands subjected to a rela-

tively heavy wave action, occurring inter-tidally in beaches experiencing fairly heavy
surf on the Pacific coast of North America, from Vancouver Island (49 N) to the

Punta Banda region, Mexico (3130' N). The ecology and life history of such

species are particularly interesting, since the larvae, which in all known instances

are planktonic, settle on a relatively restricted and unstable substratum.

The development of only one species of Opheliid, Ophelia bicornis Savigny, has

been worked out in any detail (Wilson, 1948), and although the larval development
of Thoracophelia mucronata follows a similar plan, there are a number of interesting

differences. McConnaughy and Fox (1949) give a brief account of the early de-

velopment of Thoracophelia mucronata. Feeding, and certain aspects of the bio-

chemistry of metabolism, have been studied in this species by Fox, Crane and

McConnaughy (1948), and McConnaughy and Fox (1949).
The present study was made over a period of rather less than one year from

October, 1950, on the same population studied by Fox and his co-workers at La

Jolla, California (3252'03" N, 11715'11" W).
"

I am glad of this opportunity to thank Professor Martin W. Johnson, and Pro-

fessor Dennis L. Fox, of the Scripps Institution of Oceanography, University of

California, for many courtesies.

REPRODUCTION AND DEVELOPMENT

The species is dioecious, males and females occurring in approximately equal
numbers. Externally alike, they can be distinguished only by the character of the

coelomic germ cells. Coelomic oocytes are colorless, biconvex discs 65 p. in diameter,
and 25

ju, 30/t thick at the center (Fig. la, a'). The ripe spermatozoon (Fig. Ib)
has a dark acrosome, and a tail about 45 ^ in length. As in other polychaetes, the

spermatozoa arise from "sperm plates" in the coelom. The worms are apparently

atoquous, spawning taking place in or on the surface of the sand.

Fertilizations were easily achieved with really ripe gametes, by slitting open the

adults and mixing the eggs and sperm in shallow dishes. Surplus sperm could be

washed off, and the larvae which eventually swam to the surface transferred to

larger vessels.

Development was extremely rapid (at 15 C. 18 C.), most of the eggs having
reached the 16-cell stage within 2 hours after fertilization. Polocytes are large and

232
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clearly distinguishable during the early stages of cleavage (Fig. Ic, e, f). The
blastomeres of the 4-cell stage are approximately equal in size, so that the direction

of rotation of the subsequent cleavage could not be determined merely by inspection.

After about six hours an equatorial prototroch has developed, and the young larva

swims off the bottom soon afterwards (Fig. Ig). An apical tuft of filaments and a

single filament slightly dorsal to the vegetal pole are also distinguishable in the

swimming trochophore (Fig. Ig). The larvae at this stage are positively phototac-

tic, and are vigorous swimmers. After about five days the larva (Fig. 2a, a') has

reached a length of about 100 /A, and has become distinctly asymmetrical. The

prototroch is more prominent, is composed of several rows of cilia, and completely

0-1 mm.<
I

FIGURE 1. Early development, (a), (a') ripe coelomic oocytes in surface and edge view;

(b) spermatozoon; (c) fertilized egg with 2 polocytes ; (d) 2-cell stage; (e) 4-cell stage; (f)

8-cell stage; (g) trochophore.

encircles the larva. By this time a telotroch has also appeared, and the mouth
and anus have opened into the gut. The anterior apical tuft and the posterior fila-

ment remain unchanged until they are lost at metamorphosis.

Throughout the remainder of its planktonic life the larva is markedly asymmetri-
cal, the head region projecting ventrally, forming a large overhanging ciliated lip

so that the mouth eventually comes to be directed posteriad, and the stomodeum and
the anterior part of the gut are twisted so that the buccal cavity lies slightly to the

right, the precursor of the proboscis to the left of the mid-line. Thus at this stage,
and in older planktonic larvae, three distinct regions of the gut may be identified :
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O.1mn.<

FIGURE 2 Larvae, (a), (a') 5 days old, ventral view, and view from the left side; (b)

7 days old, view from the left side; (c), (c') 9 days old, ventral view, and view from the right

side.
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(1) a ciliated channel opening into (2) a large non-glandular sac, the precursor of

the eversible proboscis, and (3) a straight glandular part leading to the anus.

Because of the rapid growth of the anterior part of the gut, it becomes not only
bent and slightly twisted, but pushed forwards into the prostomium. This condi-

tion is apparently only temporary, since young bottom stages (Fig. 3a) show a

relatively straight tube leading from mouth to anus.

As will be seen from Figures 2a', b, c', additional tufts or short bands of cilia arise

from the ventral region of the larva, and in many larvae form a virtually continuous

midventral ciliary band. One pair of rather irregular eye-spots has appeared by
the fifth day after fertilization, and in later larvae, three or even four eyes may be

seen. By the ninth day two chaetigerous segments have been formed, each at first

bearing a single chaeta on either side (Fig. 2c, c'). The two pairs of chaetae ap-

pear in rapid succession, the anterior pair projecting well beyond the tip of the

pygidium when the chaetae are held against the body while swimming. The first

chaetae always appear to be simple capillaries, but winged bristles (Fig. 3b) com-

monly occur in later larvae. When the larva is nine or ten days old, transverse folds

in the cuticle appear between the segments. A very definite division appears be-

tween the mouth and prototroch, and the first chaetigerous segment. This region

just anterior to this groove may represent the first true segment ;
this problem is

discussed below.

By the tenth day slight projections from the corners of the pygidium may be

seen, apparently related to the cement glands which by their secretions enable the

larva to adhere strongly to the substratum. Although attempts to rear larvae be-

yond this stage have not been successful, this almost certainly represents the stage
of development at which the larva settles out of the plankton and becomes bottom-

living. The apical tuft of filaments and the terminal filament are lost, while the

pygidial cement glands aid the larva to maintain its position on a suitable substratum

when once found. The planktonic life of these larvae is, therefore, probably not

more than about ten days. The head is distinctly darker than the rest of the body
at this stage. The trilobed proboscis characteristic of the adult is already differ-

entiated in a larva with ten chaetigerous segments, and is eversible by the time the

larva has attained a length of 1.0 mm. At this stage the prostomium is still

rounded (Fig. 3a) and similar to other Opheliid larvae which have been described,
and it is not until the larva is about 2.0 mm. in length that the prostomium has be-

come pointed, and has coalesced with the first two chaetigerous segments (Fig. 4).
These segments become cut off from the thoracic region by a transverse septum, the

septa between the succeeding segments being absent or ill defined. The sac which

opens dorsally through this transverse septum into the anterior or "head" coelom and
\vhich extends back to the fifth or sixth chaetigerous segment is already well defined

in a young worm 2.5 mm. in length. The whole apparatus is probably an adaptation
for burrowing, as McConnaughy and Fox suggest.

The four anal papillae associated with the cement glands (Fig. 3a) are posterior
and ventral to the anus. None of these papillae represents the single large ventral

cirrus of the adult (as McConnaughy and Fox have stated), since in young worms
between two and four millimeters in length the four larval papillae may clearly be

seen on the tip of the adult cirrus as it grows out from the pygidium (Fig. 3d) . The
dorsal cirri are similarly derived from the pygidium, although the last few
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O.2 mm.-

FIGURE 3. (a) Young bottom stage; (b) winged chaetae; (c) side view of the head region

of a bottom larva 0.6 mm. long; development of the pygidial region; (d) condition in a

young worm with about 26 chaetigerous segments ; (e) in a young worm with 36 chaetigerous

segments (4 mm. long).
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chaetigerous segments become closely associated with it, the chaetae of these seg-

ments eventually projecting beyond the anus (Fig. 3e).

DISCUSSION

It is interesting to compare the larval development of Thoracophelia mucronata

with that of Ophelia bicornis as described by Wilson :

Ophelia bicornis Thoracophelia mucronata

Ripe females metallic green in color
;
males Ripe males and females similar, the adults

white or pale cream containing so much hemoglobin that sexually

mature individuals appear only slightly

whiter than immature or recently spawned
worms

Mature coelomic oocytes oval plates 150 M X Mature coelomic oocytes biconvex discs 65 M

130 /" X 25 fj-

Trochophores produced within 24 hours Trochophores produced within 6 hours

Common features :

Trochophore rounded or slightly conical with an apical tuft, and a single filament projecting

from the vegetal pole.

Larva at the time of settling with 2-3 chaetigerous segments ; the head rather darker than

the rest of the body, and the pygidium with adhesive papillae. Eyespots rather irregular in

shape and number. Winged chaetae present.

The eggs are distinctly smaller than those of Ophelia bicornis described by
Wilson, and this, together with the higher temperatures under which the Thoraco-

phelia mucronata normally develops, accounts for the more rapid development in

the early stages. Even so, the larvae of Thoracophelia mucronata do show a cer-

tain acceleration in the development of some structures as compared with Ophelia
bicornis. The structure of the adult Thoracophelia is more specialized than Ophelia
in the possession of an anterior "head coelom" in relation to burrowing, separated
as its name implies from an aseptate "thoracic" region. The proboscis is somewhat

precocious in its development, the anterior region of the gut becoming pushed for-

wards and coiled almost within the prostomial region as already described. Owing
to surf action on the shores on which the larvae settle, the early development of

burrowing structures would probably be of advantage. The shape of the curve in

Figure 5 may also be interpreted as a tendency for a relatively rapid delimitation

of segments early in development. It will be seen (Fig. 5) that a Thoracophelia
mucronata larva has twenty-five chaetigerous segments when 2.0 mm. in length,
while Ophelia bicornis larvae do not possess this number of segments until they
have reached a length of 5.0 mm. By the time young Thoracophelia mucronata
have reached a length of 5.0 mm. the number of segments usually found in adults

(38) has been attained, although old worms may be ten times this length.

Wilson describes in Ophelia bicornis the fusion of the first segment with the

prostomium, though remaining separated by a groove. The existence of this seg-
ment is not clear in Thoracophelia mucronata, and is certainly not recognizable in

later larvae (Fig. 3a). However, in larvae with two chaetigerous segments there

is a clear demarcation between the mouth opening and the first chaetigerous seg-
ment (Fig. 2c). It is suggested that this region between the mouth and the first
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chaetigerous segment represents the first true segment, which in Ophelia bicornis is

achaetous but distinct, but which in Thoracophelia mucronata becomes almost ob-

literated. That this is likely is shown by the fact that the foregut does develop so

far forward as already described, and that the precursor of the eversible proboscis
does at first lie anterior to the first chaetigerous segment. Since in most polychaetes
the proboscis arises almost entirely within the first segment, it is reasonable to as-

sume that the first chaetigerous segment of Thoracophelia mucronata represents the

FIGURE 4. Young Thoracophelia mucronata
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FIGURE 5. Relation of length to number of chaetigerous segments.

second segment, and is homologous with the first chaetigerous segment of Ophelia

bicornis.

ECOLOGY

The breeding period of Thoracophelia inneronata is prolonged during the sum-

mer, probably owing indirectly to the equable and relatively high temperatures ex-

perienced throughout the year (the temperature of the surface water at high tides

varying from a summer maximum of about 22 C. to a winter minimum of about

13 C.). Consequently, the mean length of the worms comprising the population

did not vary appreciably from month to month.

Another factor to be considered is the stirring of the surface sand by the surf.

Large worms tend to burrow down under such conditions (McConnaughy and Fox,

1949), but a certain proportion are moved after each tide. After rough seas whole

areas of the shore normally heavily populated will be depleted of individuals which

will be found in immense numbers in channels and pockets where the current loses

speed or changes direction. Thus, in spite of the tendency of the larger worms
to burrow down, there is an efficient shuffling of the population from time to time,

and it is difficult to decide how far the distribution of the worms in the beach is due

to purely mechanical agencies. The large amount of hemoglobin which they con-

tain probably acts as an oxygen-store during the periods when the worms burrow

deeper to avoid being swept away. When uncovered by the tide, the worms burrow

upwards, a small hole appearing on the surface above each worm. This habit is

probably respiratory in function, since the worms are usually found head downwards

under such conditions, the rectum being used as a kind of lung. The great develop-

ment of sensory papillae around the anus may thus be understood. The elongate

chaetae of the most posterior segments may play some part in breaking the surface
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and preventing the sand from falling in around the anus while respiration is in

progress.
The general pattern of zonation is shown in Figure 6. The six stations were

spaced at intervals of about 6 meters between high and low water marks. Samples
were taken each month using a square frame with sides 25 cm. in length (enclosing

an area of 625 cm. 2 or %<} in.-), the sample being passed through a sieve with round

holes 0.5 mm. in diameter. It will be seen (Fig. 6) that worms extend from low

water mark to almost high water mark of ordinary tides, and are not restricted

to a relatively narrow belt as McConnaughy and Fox have stated. This belief was

due to the restriction of the larger worms to the upper part of the shore, the popu-
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FIGURE 6. Zonation of Thoracophclia mucronata at La Jolla. Filled circles = number
; empty

circles = length.

lation being most dense just above mid-tide level, while the younger worms which
are usually overlooked in the sand owing to their transparency are restricted al-

most entirely to the lower part of the shore. A clear division is apparent between
the size distribution of worms taken above the mid-tide level where a certain degree
of drying out takes place at low tide, and below mid-tide level where the sand re-

mains at or near saturation point (Fig. 7). Two explanations of this division are

possible. The larvae may settle over the whole intertidal zone but those above mid-
tide level either do not survive owing to the rise in temperature or drying out of

the surface sand, or are carried down the beach by the surf. The larger worms are

not washed out because of their greater size and weight and ability to burrow be-
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FIGURE 7. Size-distribution of worms at six stations from just below high water mark (1) to

just above low water mark (6). Station numbers as in Figure 6.

neath the stirred layer. Secondly, the larvae may settle only below mid-tide level

and later migrate upshore. However, it is clear that the optimal zone for the

adult worms is appreciably higher than that for the younger stages, but the reason

for the relatively sharp division in the mean length of worms from the two zones is

not known.
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Although there is no doubt that large worms may be redistributed by wave action,

under normal conditions there is a certain degree of aggregation as in most poly-

chaetes. The mean density of population at the optimal level was about 10,000-

11,000/m.
2

,
but within an area of two or three square meters 625 cm. 2

samples might
contain between 500 and 900 individuals (8000-14,000/m.

2
, approximately). Since

fully grown worms wT

eigh about 0.04 gm. (McConnaughy and Fox, 1949) and are

continually passing sand through the gut, their effect on the mechanical structure

of beaches wThere they occur may be appreciable.

Owing to the large amount of hemoglobin which these worms possess, their

food-value for other organisms is considerable, and they constitute an important
item in the diet of many shore birds, especially the marbled godwit Limosa jedoa.

From a study of the figures obtained from the samples made throughout the

year, and from observations made under laboratory conditions, it seems likely that

these worms take more than one year to mature, and it is probable that each indi-

vidual lives for a few years, possibly spawning several times.

SUMMARY

1. The larval development of Thoracophelia mucronata follows the same pat-
tern as that of Ophelia bicornis, but is much more rapid, the eggs being less than a

quarter of the volume of those of 0. bicornis when mature.

2. The larval development shows differences in the formation of the anterior

segments and the anterior regions of the gut.
3. Larvae of both species show the development of the adhesive papillae at the

time of settling, and this is regarded as an adaption to settling on an unstable sub-

stratum.

4. The great development of hemoglobin in Thoracophelia mucronata may be

interpreted as an adaptation against surf action, the hemoglobin functioning as an

oxygen-store wThen the stirring of the surface layers of sand causes the worms to

burrow more deeply.
5. Attention is drawn to the development of sensory papillae, and the elongated

chaetae of the most posterior segments in relation to rectal respiration which is

carried on near the surface when the sand is not being disturbed.

6. The optimal tidal level for adult worms is above that of the younger stages ;

the relation between zonation and the size of the worms is discussed.

LITERATURE CITED

Fox, D. L., S. C. CRAXE AND B. H. MCCONNAUGHY, 1948. A biochemical study of the marine
annelid worm Thoracophelia mucronata, its food, biochromes, and carotenoid metabolism.
/. Mar. Res., 7 : 567-585.

MCCONNAUGHY, B. H., AND D. L. Fox, 1949. The anatomy and biology of the marine poly-
chaete Thoracophelia mucronata (Treadwell) Opheliidae, Univ. Calif. Publ. Zool, 47 :

319-340.

WILSON, D. P., 1948. The larval development of Ophelia bicornis Savigny. /. Mar. Biol.

Assoc., 27 : 540-553.



IRON ASSIMILATION BY MARINE DIATOMS x

EDWARD D. GOLDBERG

Scripps Institution of Oceanography, La Jolla, California

The relationship of marine productivity to the availability of iron has been dis-

cussed by Gran (1933), who suggested that organically combined iron introduced

into coastal waters from terrestrial run-off is responsible for phytoplankton abun-

dances. He substantiated his argument by demonstrating that the growth of the

neritic diatom Skelctonenw costatum was stimulated by soil extract containing 0.2

micromole of iron per liter, although the iron bound into oxyhemoglobin molecules

had no effect. Hopkins (1930) has indicated that ionic iron is necessary for the

growth of Chlorella, and Rodhe (1948) defines the available iron for utilization in

culture by fresh water algae as that which has been stabilized by combination with

citrate.

Harvey (1937a) has demonstrated that diatoms are able to assimilate ferric hy-
droxide or ferric phosphate in colloidal or participate form and to utilize it in their

growth. He has further shown, using the calculated saturation concentrations of

ferric and ferrous ions in marine waters, that diatoms accumulate 10,000 times more
iron than could possibly be obtained from diffusion of iron ions from the environ-

mental waters. His treatment considered a stationary spherical living cell with

respect to the environment, whereas a falling diatom would encounter and take up
somewhat more iron.

Continuing an investigation of the minimal quantities o'f mineral nutrients needed i

for optimal growth of the marine diatom Asterionella japonica (Goldberg, Walker
and Whisenand, 1951), an assessment of iron uptake presents the following ques- /

tions. What is the minimal content of iron per cell needed for further division?

What constitutes available iron? Finally, inasmuch as the concentration of iron

in marine waters has been found to be highly variable (Cooper, 1948), can iron

content be one of many possible parameters in the nutrient index of the productivity

equation of Riley, Stommel and Bumpus (1949) ?

CULTURE TECHNIQUES

The culture techniques used in the following experiments, unless otherwise indi-

cated, have been described previously in the work on phosphate uptake (Goldberg,
Walker and Whisenand, 1951). To maintain symmetry with respect to these in-

vestigations the same culture of Asterionella japonica, which was isolated from the

plankton samples in the winter of 1950, was used. The initial phosphate level

was adjusted to 2.5 to 3.0 micromoles of phosphate per liter.

1 Contribution of the Scripps Institution of Oceanography, New Series No. 572.
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IRON ASSAY

The iron determinations were made either by the colorimetric method of Buch

(1942) or through the use of radioactive iron. In the former procedure the ex-

tinction of the alpha-alpha' bipyridyl complex of iron was measured at 522 m/u. in

100 mm. cells in a Beckman Model DU Spectrophotometer. The method deter-

mines both ferric and ferrous iron, but only a portion of the organically bound or

particulate iron.

Iron ~

containing the radioactive isotopes Fe55
,
which decays by K capture, and

Fe59
,
a beta and gamma emitter, was employed as a tracer for this element. The

f. fadio iron was plated from aliquots of sea water samples onto 10 cm. 2

copper
I planchets following the procedure of Ross and Chapin (1942). As assayed under

an end-window Geiger-Muller tube with a window thickness of 1.8 mg./cm.
2

, the

specific activity was 2500 counts per minute per micromole.

IRON PARTITION IN CULTURE BOTTLES

In the first experiments with radioactive iron it was found that 80 to 90 per
cent of the iron added initially as the ferric citrate complex was adsorbed within one

day to the walls of the culture bottle. To eliminate this adsorption, the culture

bottles were coated with "Desicote," a polymer of silicon (manufactured by Beck-

man Instruments, Inc., South Pasadena, California). The coated bottles had no

adverse effect upon diatom growth, as was evident from control runs in both treated

and untreated bottles. The bottles retained their coating for periods up to one

month. At the end of an experiment the bottles were washed with a detergent and

thoroughly rinsed with distilled water.

Radioactive ferric citrate, freshly prepared, was introduced into sea water of

pH 8.00 to give an iron concentration of 2.2 micromoles per liter. Aliquots of 10

ml. of the solution were centrifuged for thirty minutes and the supernatant liquid

assayed radiometrically for iron. The results are listed in Table I. It is ob-

served that hydrolysis of iron citrate occurs to a considerable extent in a period of

four days.
As is noted in the table, the decomposition was noticeably accelerated both by

light and by stirring. The light effect is probably similar to that reported by
Peltz and Lynn (1938) who found that iron citrate complex was partially decom-

posed in sunlight to CO 2 and a soluble ferrous ion. The ferrous ion formed in this

way can readily be oxidized to give the ferric hydroxide. The more pronounced
effect of stirring upon the hydrolysis is undoubtedly due to the formation of large

particulate masses by collisions of smaller iron hydroxide particles, and to more

rapid oxidation of any ferrous ion formed.

As pointed out by Harvey (1945), iron ascorbate has less tendency to become

hydrolyzed in saline media, if the solution is freshly prepared. On standing, stock

solutions of iron ascorbate, originally tinted but a very light green, assume deep
brown colorations. It was found that ferric ascorbate was not decomposed for

periods up to one week, but after longer periods the formation of centrifugable iron

hydroxide followed the course of iron citrate solutions. lodoform tests on both the

- The radioactive iron metal used in this investigation was supplied by the Oak Ridge Na-
tional Laboratory on allocation from the Isotopes Division, U. S. Atomic Energy Commission.
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TABLE I

The hydrolysis of iron complexes in sea water solutions

Complex of ferric ion
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TABLE II

Iron uptake by Asterionella japonica

Culture bottle
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the supernatant solution. To confirm this finding the diatoms were filtered, di-

gested in the 3 : 1 nitric : perchloric acid mixture and the iron activity was deter-

mined radiometrically. The cell content of the accumulated radio-iron averaged
1.9 X 10~9 micromoles per cell. This is about 2% of the minimal iron content as

determined from the uptake experiments previously described. The initial amount
of participate iron in the culture flasks was 1.8 micromoles per liter added as ferric

chloride solution.

One final experiment was undertaken to confirm the observation that in the

absence of complexed ferric iron and in the presence of participate iron, diatom

growth could proceed. Cells from a growing sub-culture were placed in a dialyzing
sac which held 50 ml. of nutrient solution such that there was an initial diatom

population of 800 cells/ml. The sac was held in place by a rubber stopper in a 250

ml. volumetric cylinder which contained 210 ml. of solution. Freshly prepared
iron citrate was introduced into either the dialyzing sac or the cylinder to give an

iron concentration of 2.2 micromoles per liter. In the former case the ionic com-

plexed iron penetrated the membrane to give a concentration of 0.01 micromole

per liter after 2 days, i.e., 20% of the iron diffused into the outer cylinder. Here
normal exponential growth occurred, whereas when the diatoms could receive only
the complexed iron as in the latter case, no population increases were noted.

DISCUSSION

From the above experiments it is evident that the organic iron complexes used

were not available as a growth nutrient to marine diatoms, whereas participate

and/or colloidal forms of iron are utilized in their metabolism.

Cooper (1935) found that the ratios of iron to phosphorus, in plankton samples

consisting almost entirely of diatoms, were 4.2 and 4.4 in two separate determina-

tions. From the experiments of phosphate uptake by Asterionella japonica, 5 X
10~ 8 micromoles of phosphate per cell were necessary for division. Combining this

with the minimum iron content of 10 X 10~ 8
micromoles/cell, we calculate for our

cultural populations

55. 85 X IPX 10-8

30.98 X 5 X 10-8

The striking agreement between these values suggests that this method of study of

cultural diatom populations represents a fair simulation of ocean growth.

Cooper (1948) attributes the extreme variability in iron content in the upper
layers of marine waters as due to the random distribution of particles of a large
size (i.e., 160 /*), as large as some sand grains. It would be of interest to know
what size of iron hydroxide particle might be necessary for diatom division. We
may assume a density of the particle as 1.1 and an iron content of 50 per cent.

Since 1.0 X 10~ 7 micromoles or 55.85 X 10~ 13
grams are needed per cell we have,

where r is the radius of the particle,

55.85 X 10- 13 = lirr
5 X 1.1 X i or r = 2 X 10~4 cm. = 2M .

From the above relationships it is noted that a particle of 4 p. radius would furnish

enough iron for three divisions.
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The use of iron content as a parameter in a nutrient index of a productivity

equation now presents itself. However, unlike necessary ionic species, the absolute

concentration of iron does not reflect its availability. A direct study is needed of

the number of participate iron particles and their size distribution. One possible

approach to this problem has already been initiated in this laboratory. Sea water

is filtered through a cellulose membrane filter which retains particles of 0.1 p. in

diameter. Following the filtration the membrane is washed with distilled water and

dried. The membrane is then cleared with polyoxyethylene sorbitan monolaurate

which is saturated with potassium thiocynate and is acidified with 3 drops HC1 per
100 ml. The typical red iron thiocyanate color is produced about any iron particle.

By the use of this technique, a study of the size distribution of the iron particles in

the euphotic zone of Pacific coastal waters will be made.

SUMMARY

1. With the use of radioactive iron it was found that the marine diatom Asterio-

nella japonica utilized only participate and/or colloidal iron as a growth nutrient,

whereas ionically complexed ferric ion as the citrate, ascorbate, or artificial humate

was not available for uptake.

2. A minimal content of iron per cell needed for further division was established

as 10 X 10~ 8 micromoles per liter. The ratio of the minimal iron to the minimal

phosphate agrees substantially with the iron-to-phosphate ratio in natural plankton

samples.
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Myogenic hearts are, in general, inhibited by acetylcholine whereas neurogenic

hearts are accelerated by it (Prosser, 1942). Similarly, myogenic hearts are less

sensitive to ether than are neurogenic hearts (Needham, 1950). No vessels of

echinoderms have previously been studied in respect to contraction mechanisms or

pacemakers. The haemal vessels (lacunar system) of certain holothurians contain

a fluid which is rich in protein and hemoglobin-containing corpuscles. In Stichopus

caUjornicns, a species often 18 inches long when extended, two large vessels serve

the intestine
;
these are the internal vessel and the larger external vessel which is con-

nected by many small branches to the intestine and in its lower portion also to the

respiratory tree. The internal vessel appears not to be spontaneously contractile

but the external vessel and its branches to the intestine contract rhythmically. The

contractions are very weakly peristaltic but appear to be predominantly local, like

segmentation in a vertebrate intestine. Circulation in the ramifying haemal system
has not been studied in detail but the rate of flow of fluid must be very slow.

METHODS

Contractions of the external vessel were observed with a dissecting microscope
and contractions indicated on a kymograph by a signal magnet. Some observa-

tions were made in situ, some with the' vessel attached to pieces of the intestine, but

most with isolated pieces of the vessel, approximately 5 cm. in length, mounted in

a wax chamber through which sea water and appropriate solutions of drugs in sea

water could pass at a constant rate of flow.

Rates of beat were obtained from records of a minimum of 5 contractions after

equilibrium wras attained with each application of a drug. Isolated preparations
varied in their activity, but many continued to beat actively for several hours.

RESULTS

The frequency of beats in the external haemal vessel of Stichopus is low, rang-

ing from 4 to 5.5 beats per minute at 18 to 20 C.

Acetylcholine strongly inhibits the beat of the haemal vessel, reversible inhibi-

tion of 16 to 36 per cent in rate occurring in three preparations at a dilution in sea

water of 1O12
. At 10~ 14 two of four preparations showed 25 per cent inhibition. A

dilution of 10" 16 was without effect as ascertained with four preparations. At higher
concentrations (10~

10 to 10"6 ), the beats became irregular, amplitude was markedly
reduced and in the higher range the heart stopped in a relaxed state. The magni-

249
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tude of the effect in the concentration range 10~ 10 to 10~G varied considerably and

it is not likely that the Stichopus vessel, despite its high sensitivity, would make a

satisfactory assay material for acetylcholine.

Physostigmine in moderate concentrations inhibited the vessel, but a concentra-

tion of 10~ 10 in sea water had no effect alone
; however, after treatment with this

concentration of eserine, acetylcholine at 10~ 1G
,
which had previously been ineffective,

caused a 25 per cent slowing.
Nicotine inhibits the Stichopus vessel. Thresholds varied, but in two prepara-

tions, significant inhibition was observed at a dilution of 10" 11
. One preparation

gave the following percentages of inhibition at the dilutions indicated: 10 9
,
15 per

cent; 1O 8
,
43 per cent; 10~ 7

,
57 per cent; 10~c

,
total cessation of beat.

V- '* *
.-"' *

* f
w*

PLATE I. Sections of vessels of Sticliopns californicits. X 80. E epithelium; M cir-

cular muscle ; C connective tissue
;
B region of formation of blood cells.

FIGURE 1. Cross section of small branch vessel.

FIGURE 2. Longitudinal section close to edge of wall of large vessel.

FIGURE 3. Longitudinal section through center of vessel.

FIGURE 4. Longitudinal section in region of hemopoiesis.
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Tetramethyl ammonium bromide likewise inhibited the Stichopus vessel at con-

centrations of 10"8 and higher.

Tetraethyl ammonium bromide antagonizes the nicotinic action of acetylcholine

on the heart of Venus and in mammalian sympathetic ganglia (Welsh and Taub,

1950). On the Stichopus vessel tetraethyl ammonium in concentrations which

might have been effective against acetylcholine proved toxic. Dilutions of 1O 4

stopped the vessel, 1O 5 slowed it and 1O6 failed to cause recovery from acetlycholine

inhibition.

The electrocardiogram of myogenic hearts usually consists of slow waves, while

that of neurogenic hearts is often oscillatory (Prosser, 1950). Electrocardiograms

from the haemal vessels of Stichopus were recorded with a Sanborn electrocardio-

graph. The vessels were mounted in mineral oil and contact made by wicks soaked

in sea water. Results were extremely variable and inconstant but in several favor-

able preparations single slow waves of negativity were correlated with contractions.

In none was oscillatory activity observed.

Histological examination of the external haemal vessel showed an outer epithelial

layer, the cells of which have small protruding processes (Figs. 1,3). These pro-

jections give a villous appearance to the epithelium and greatly increase the surface

exposed to the body cavity. Beneath the epithelium is a single layer of circular

muscle fibers but no longitudinal muscle fibers (Figs. 1, 2, 3) ;
this observation ex-

plains the segmental nature of the contractions. Most of the vessel is composed of

large, loosely-packed connective tissue cells which contain regions of blood-cell manu-

facture (Fig. 4). The lumen is lined with a thin unicellular layer of endothelium.

It cannot be said positively that nerve cells are absent from the vessel, but certainly

no aggregations of them occur.

CONCLUSIONS

The external haemal vessel of the holothurian, Stichopus calijornicns, beats

spontaneously. It consists of villous epithelium, circular muscle, and connective

tissue with regions of hemopoiesis. The rhythmic contractions are inhibited by

acetlycholine with a threshold concentration of the order of 10~ 14
. Physostigmine

potentiates the response to acetylcholine while both nicotine and tetramethyl am-

monium chloride inhibit the beat of the vessel. The action potential appears to be

a simple wave of negativity. By analogy with the pharmacology of other hearts it

is tentatively concluded that the Stichopus haemal vessel is myogenic.
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The formation and secretion of mucus, sometimes of great importance to physi-

ologists and ecologists, are poorly understood. A few studies have been made of

mucous glands and of their activity in various organisms. Thus, Re (1951) has

studied secretion of mucus in the amphibian oviduct, and Patten (1950) has de-

scribed some aspects of histogenesis in mucous epithelia of a urodele and two rodents.

Vaubel (1933) observed the behavior of mammalian synovial cells in tissue culture.

Studies on invertebrates have included observations on some cytological aspects of

the secretion in vivo by an oligochaete (Millott, 1948). The mucus-producing

ability of mollusks is well known
;
the pallial mucous cells of a pelecypod, Anodonta,

have recently been studied by Defretin and Riff (1948). The prosobranch (gas-

tropod) hypobranchial gland contains masses of large mucus-producing cells, and

for this reason deserves special attention (Ronkin and Ronkin, 1951). Thus
Tarao (1935) described the hypobranchial gland of the abalone, Haliotis japonica,

and attempted to analyze the time-sequence of the secretion using Hirsch's (1931)
methods for the classification and analysis of secretory activity. An earlier morpho-
logical description of the gastropod hypobranchial gland (Dakin, 1912) includes

some reference to previous work. The present study is largely cytochemical in

nature and is directed mainly toward an understanding of the chemical processes

leading to formation of mucus in the hypobranchial gland of Busycon. Since this

gland has not been adequately described, it is necessary to include a brief morpho-
logical survey ; this adds to our meager knowledge of molluscan histology.

MATERIALS AND METHODS

Obtaining the excised gland. Bitsycon canaliculatmn (Linnaeus), a large marine

snail, is easy to handle and was readily available during most of the year by dredging
near Woods Hole, Mass. To obtain the fresh gland the animal was held on a board,
with the columella vertical and apex pointed downward. The outer whorls of

shell were cracked with a hammer; then a dulled axe blade was inserted into the

external groove separating adjacent whorls, and twisted. After one or two whorls
of shell were removed in this manner the animal was grasped at the operculum, its

columellar muscle worked loose with the fingers, and the intact snail then "un-
screwed" from the remaining shell. One could now make out the pallial organs

1 This work was supported by the Faculty Research Committee of the University of Dela-
ware and by a contract between the Office of Naval Research, Department of the Navy, and the

University of Delaware (NR 160-015).
2 With the technical assistance of Elizabeth P. Ronkin.
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(rectum, hypobranchial gland, ctenidium and osphradium, from the midline to the

animal's left), through the translucent roof of the pallial cavity. The portion of

the mantle bearing the hypobranchial gland was excised for study.

Preparation of material for microscopic study. The excised gland was easily

maintained alive in sea water at room temperature (20 to 25 C.) for five days, dur-

ing which time ciliary activity and secretion of mucus were evident. Attempts to

obtain separate, living mucous cells and to observe them with the compound micro-

scope failed, probably because of the fragility of these cells. For the same reason, at-

tempts to obtain fresh-frozen sections with the freezing microtome also failed.

However, it was possible to obtain frozen sections (at 25
/*,)

of glandular epithelium

which had previously been fixed in 10% neutral formalin for 8 to 24 hours. Some

attempts to stain the living cells with dilute solutions of neutral red, Janus green B,

and toluidine blue O were also made, but the dye failed in each case to penetrate the

mucous layer surrounding the cells. For most histological and cytological studies

the gland was placed in a fixative solution immediately after excision.

Gilson's mercuric-nitric solution gave good fixation most often when compared
with other fixatives (acetone at 5 C., alcohol-formalin, Formol-Zenker, /-pentane

at 170 C., lead acetate-formalin, 5% mercuric chloride, osmic-sublimate. 3
pro-

pylene glycol at - 20 C., Regaud's, Susa's, and toluene at - 20 C). Ethanol

was used for dehydration, followed by clearing in toluene and infiltration and im-

bedding in paraffin. Sections were cut at 7 to 10
/j..

For general studies of histological and cytological features, sections were stained

with toluidine blue O (0.1% aqueous) followed by potassium ferrocyanide (1%
aqueous), Weigert's hematoxylin, and metanil yellow (0.25% in 0.25% acetic acid),

with the usual intermediate rinses and subsequent dehydration, clearing, and mount-

ing. Mayer's mucicarmine was occasionally used as a substitute for the toluidine

blue O-potassium ferrocyanide combination, and was satisfactory for many purposes.

Mallory's triple stain was used for histological features.

In addition to these, and to certain special methods described in the literature,

the following methods are referred to in this paper :

a. Alcian blue 8GS. 4 This stain, whose use for mucus has recently been sug-

gested by Steedman (1950), was employed in 1% aqueous solution; metanil yellow

was used as a counterstain.

b. Amylase digestion. Hydrated sections were incubated in human saliva at

37.5 C. for one hour, then for an additional half-hour in distilled water to remove

the salivary mucus.

c. Bauer-Feulgen stain. This procedure for demonstrating glycogen and mucus

follows the schedule outlined by Click (1949), using 4% chromic acid.

d. Hyaluronidase digestion. Hydrated sections were incubated in 0.01%
bovine testicular hyaluronidase

5 at 37.5 C. for the desired time. They were then

rinsed several times in distilled water before further treatment.

3 Ludford-Mann-Kopsch method (Bensley and Bensley, 1938).
4 A new dye derived from monastral fast blue B (Haddock, 1948). Samples were kindly

furnished by Dr. H. A. Lubs of E. I. du Pont de Nemours and Co., Inc., and by Dr. H. F.

Steedman of the University of Glasgow. It has recently become commercially available as a bio-

logical stain in the United States.
5 Worthington Biochemical Sales Co., Freehold, N. J.
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FIGURE 1. Semi-diagrammatic transverse section through a portion of the mantle of

Busycon bearing the hypobranchial gland. CO, connective-tissue layer ; DE, dorsal epithelium ;

DL, dorsal longitudinal muscular layer ; DT, dorsal transverse muscular layer ; FI, fibrous tis-

sue ; GL, glycogen cell
; HY, hypobranchial gland ; PM, pallial muscular layer.
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e. Nacli test. This procedure for demonstrating cytochrome oxidase, using

a-naphthol and />-amino dimethvlaniline, is described by Click (1949). Tissues

were fixed in 10% formalin and sectioned with the freezing microtome, stained, and

mounted in Apathy's gum-syrup (Lillie, 1948).
f. Prussian-blue test for intracellular iron. Hydrated sections were immersed

first in ammonium sulfide, then in potassium ferrocyanide solution (0.75% in 0.25%
HC1), and finally counterstained in eosin Y, with intermediate rinses in distilled

water.

When available, Commission-certified stains were used. Unless otherwise

stated, stained sections were dehydrated in a series of ethanols, cleared in xylene and

mounted in Clarite. When enzymatic digestion was used, comparisons were made
with undigested sections from the same block.

OBSERVATIONS

General structure of the hypabranchial gland (Fig. 1). The glandular and

ciliated epithelium which faces the pallial cavity consists of a single layer of long,

slender cells, arranged normal to the free epithelial surface, and is bounded dorsally

by a basement membrane. Above the basement membrane is a relatively thin sheet

of fibrous and muscular tissue, with fibers arranged parallel to the free surface.

The thickest layer of the mantle comes next and consists of a loose network of

fibrous connective tissue. Most of the spaces bounded by the fibers are filled by
cells which contain glycogen in large amounts. Next dorsally is a muscular and
connective-tissue layer. Finally there is a very thin layer of glandular epithelial

cells which bounds the dorsal (outer) surface of the mantle.

Examination of the inner epithelial layer (i.e., the hypobranchial gland itself;

Fig. 2) revealed that it is composed of ciliated cells, several types of mucous cells,

and some rather interesting cellular fragments. The ciliated cells are conical. The
bases of the cones pave the surface of the gland and their apices are prolonged as

slender stalks whose extremities probably attach to the basement membrane. The
nucleus of each ciliated cell is to be found about half the distance from the surface

to the basement membrane.

Types of mucous cells. The following working classification of mucous cells is

proposed :

Mucous cells of type 1 frequently extend only part way from the basement layer
to the free surface of the gland. The mucous vacuole is slender and usually spindle-
or club-shaped ;

its contents appear gray and foamy in unstained material, dark red

with Mayer's mucicarmine, and frequently blue (i.e., without metachromasy) with
toluidine blue O.

FIGURE 2. Cell types in the hypobranchial gland. BA, basement membrane; CI, ciliated

cells
; MV-1, 2, 3, mucous vacuoles of cells of types 1, 2, and 3, respectively ; NU, nucleus of a

type-2 cell. Note the masses of nuclei about two-thirds the distance from the basement mem-
brane to the ciliated surface.

FIGURE 3. Semi-diagrammatic drawing of the distal end of a type-2 cell. CY, cytoplasm;
EX, extruded mucus; MI, mitochondrion (mitochondria are cross-hatched and are omitted from
the right half of the drawing) ; MV-2, mucous vacuole; NA, nadi-positive granule (stippled) ;

PI, pigment granule (omitted from the left half of the drawing) ; SU, sudanophilic granule
(solid black). Golgi material is not represented.
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Mucous cells of type 2 generally extend the full depth, or nearly the full depth,

of the glandular layer. The large mucous vacuole is club-shaped, and usually can

be followed from its distal enlargement almost to the base of the cell
; although one

or two broad regions may be seen, usually the vacuole tapers rapidly and terminates

in isolated granules close to the nucleus. In some cells the nucleus is at some dis-

tance from the basement membrane; in such cells all the mucus is distal to the

nucleus, and the cell is connected to the basement layer by a slender stalk. The
mucus stains metachromatically (reddish violet) with toluidine blue O and bright
red with mucicarmine

;
it appears gray and foamy in unstained material. One may

suggest that cells of type 1 include the youngest in a series of mucous cells of different

ages, and that type-2 cells are older; evidence in support of this relationship will

be offered elsewhere in this paper.

TABLE I

Staining and other reactions of mucous-vacuolar contents in the various kinds of

glandular cells described

Stain and condition

a. Mayer's mucicarmine
b. Alcian blue 8GS

c. Toluidine blue O

d. Toluidine blue O, pre-

ceded by 24 hours hy-
aluronidase digestion

Bauer-Feulgene.

f. Bauer-Feulgen, pre-

ceded by 24 hours hy-
aluronidase digestion

Type 1

Reddish violet

Blue-green, but parts of some vac-

uoles unstained

Some blue and nongranular; some
blue with fine or coarse meta-

chromatic granules; the latter

having decreasing amounts of

blue-staining interstitial mate-

rial; some with metachromatic,

foamy contents with optically

empty interstices

Metachromasy in granules, but

paler; blue color faded or absent

Red granules, of uniform size with-

in each cell

No visible change on exposure to

enzyme

Type 2

Red

Blue-green

Reddish violet

(metachromatic)

Pale

metachromasy

Red and finely

granular
Pale pink

Type 3

Like type 2

Like type 2

Like type 2

Like type 2

Clumps of fine,

pink granules

Optically empty

Mucous cells of type 3 have very large, ellipsoidal or irregular vacuoles whose

contents, when present, appear to have the same staining properties as those of type

2, but seem to be less dense or more open in texture. They are found close to the

basement layer but may extend most of the distance to the surface. Whether cells

of type 3 are part of the same series as those represented by types 1 and 2 cannot be

stated for lack of evidence. However, the similarity between types 2 and 3 with

respect to staining reactions and susceptibility to hyaluronidase (Table I) suggests
chemical similarities in the mucus.

Usually the mucous cells are normal to the free surface, but some portions of the

gland (especially those at its left, or ctenidial, edge) are thrown into folds which
bear a superficial resemblance to the gastric crypts in vertebrates. In such locations

the mucous cells usually appear to be of type 2, but they are much shorter than
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elsewhere in the gland and seem to pour their secretions into the crypt rather than

directly into the pallial cavity.

Masses of nuclei, paler and more elongated than those found at the bases of

mucous cells, were frequently seen occupying clusters of cytoplasmic strands, at

positions about halfway from the basement membrane to the free surface. Many
nuclei were also encountered in the secreted mucus lying on the surface of the

gland. Some of these nuclei belong to ciliated cells, but none could be traced to

mucous cells. It is possible that the remaining nuclei and cytoplasmic strands are

remnants of former mucous cells whose distal portions have become emptied or lost.

The contents of the mucous vacuolcs. In formalin-fixed material, frozen-

sectioned and unstained, the contents of the mucous vacuole are gray, refringent,

and appear foamy in texture. In toluidine blue-, alcian blue-, or mucicarmine-

stained cells the appearance is slightly distorted, probably owing to the preceding

dehydration, and the contents tend to look fibrous. It is the fibrous phase, cor-

responding to the continuous or suspending phase of the "foam," which becomes

stained with uniform intensity throughout the vacuole. It is thus unlikely that the

suspended spheres in the mucous vacuole, which remain unstained, are of mucous

nature. The mucus in the three types of mucous cells stains differently with the

various staining methods used, as indicated in Table I.

Cytoplasmic inclusions other than mucus (Fig. 3). The fresh gland appears

yellowish brown to the unaided eye. Microscopic examination of portions of the

gland fixed in 10% formalin and sectioned with the freezing microtome revealed

that the scanty cytoplasm of the stained or unstained mucous cells of all types con-

tains many canary-yellow granules. The yellow color which they confer upon the

cytoplasm is visible under low power. These granules vary widely in size, the

largest being about 5 ^ in diameter and the smallest at the limit of microscopic reso-

lution in white light. The larger granules appeared to be concentrated about the

distal, more bulbous portion of each type-2 cell. The following description refers

to type-2 cells, which are those most commonly found.

Mitochondria were demonstrable with Regaud's hematoxylin. Spherical baso-

philic granules, 0.4 to 2.1 /A in diameter, were concentrated and more easily dis-

tinguishable in the distal half of the mucous cell than in the proximal, or basal, half.

They were not as easily demonstrated with Altmann's aniline acid fuchsin.

The possible presence of Golgi material was shown by osmiophilia in the mucous

cells of deeper portions of the "crypts" at the left edge of the hypobranchial gland.

The densely packed, intensely brownish-black granules occupied the distal portion

of the cytoplasm of each cell, outside the mucous vacuole. Since these sections had

been bleached with potassium permanganate subsequent to osmic-acid treatment,

the distribution of osmiophilic granules may indicate the location of Golgi material

(Lillie, 1948).

Formalin-fixed, frozen-sectioned glandular material stained with Sudan black

B (Wislocki and Dempsey, 1948) revealed blackish-green granules distributed

throughout the cytoplasm, but concentrated especially in a broad belt encircling the

distal portion, but not the tip of the mucous vacuole. Most of the sudanophilic

granules were 0.4 to 1.3/i in diameter, with a few as large as 2.5 ^. Several belts

of granules measured were 4 to 12 ^ wide, compared with mucous-vacuolar diameters
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of about 17 p in this portion of the cell. Sudanophilia is presumptive evidence of

lipid nature.

Similarly fixed and sectioned material was treated with the "nadi" reagent for

the determination of cytochrome oxidase. Treated sections showed intense, blue

granules, usually varying in diameter from 1.7
/j. downward, throughout the cyto-

plasm. Near the expanded distal portion of the cell, granules up to 3.5 /A in diameter

were found.

Iron was not present in any of the mucous cells in amounts large enough to be

detected by the Prussian-blue test. Prussian-blue granules were present, however,

in the ciliated epithelium of the adjacent ctenidium, portions of which were some-

times included on the same slides with hypobranchial-gland material.

Attempts to demonstrate glycogen in the mucous cells with the Bauer-Feulgen
test were unsuccessful. The presence of Bauer-Feulgen-positive material in the

underlying connective tissue, and its absence in control sections which had been

subjected to digestion with salivary amylase, suggested that glycogen was absent

from the mucous cells.

Observations of secretion. A few cells were observed in which the secretion of

mucus had been stopped by histological fixation. The freshly extruded mucus

usually appeared as a small wisp protruding from the center of the distal tip of the

cell, but occasionally as a small rounded cap or button covering the tip of the cell.

There was no evidence of a large amount of mucus being extruded from a cell in a

short time, suggesting that the production of mucus is a slow and continuous type
of activity, probably varying in rate from time to time, and with secretion occurring

only occasionally. Millott (1948) has seen sphincter-like structures surrounding
the mouths of mucous cells in Lumbricus; no analogs of these structures could be

seen in material studied here. It is possible that the ciliated cells, by the lateral

exertion of pressure, may aid in mucus secretion in Busycon in the way Millott has

suggested for the oligochaete, but no evidence for this mechanism was observed.

DISCUSSION'

If one defines a mucous cell for the purposes of this study as one whose secretion-

vacuolar contents stain metachromatically with toluidine blue O, then it is probable
that all kinds of secreting cells observed were mucous in nature. In Haliotis, how-

ever, Tarao (1935) found several kinds of non-mucous, secreting cells which he was
able to classify according to the types of secretion granules. The non-mucous cells

were intermixed with mucous, ciliated, and sustentacular cells in the hypobranchial

gland. In Busycon all the observed glandular cells appear to be associated with

mucus production, and no sustentacular cells could be distinguished, though these

may have been represented by some of the massed nuclei referred to above.

The probable involvement of the nucleus in mucus formation, suggested by Tarao,
is supported by the location of the nucleus near the slender base of the mucous
vacuole in Busycon. Painter (1945) has suggested that formation of secretory ma-
terials is related to nuclear metabolism in Drosophila and in the honeybee. Wilson

(1928) has referred to the earlier literature on nuclear function in relation to secre-

tory activity in protozoa.
The genetic relationships of the different kinds of glandular cells in Busycon do

not seem as clear as those described in Haliotis bv Tarao. The observations re-
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ported here suggest that mucous cells of types 1 and 2 are earlier and later stages in

the maturation of cells of a single type. The position of cells of type 3 is uncertain ;

they may constitute a separate category, or they may represent an older stage than

type 2, in the same series. The evidence for the relation between cells of types 1

and 2 lies in ( 1 ) the generally greater length of type-2 cells, compared with type 1
;

(2) the failure to observe extrusion of secretion from type-1 cells; (3) the hetero-

geneity of vacuolar contents of type 1, with respect to its staining reactions with

alcian blue and toluidine blue, suggesting a transitional state.

The last observation confirms those of Vaubel (1933), who found that young

synovial cells in tissue culture contained granules orthochromatic to toluidine blue,

whereas older cells contained metachromatic granules. In Bitsycon the acquisition

of metachromasy by the mucous-vacuolar contents, which is apparently in progress
in type-1 cells, reflects a chemical change in the mucous precursor. The property
of metachromasy is correlated in general with the binding of sulfate in polysac-
charides (Lison, 1933; see also Michaelis and Granick, 1945, and Masamune et al.,

1947), and it seems likely that sulfate binding may be an important step in the for-

mation of mucus in progress in cells of type 1.

The reported presence of glycogen in the mucous cells of A nodouta (Defretin
and Riff, 1948) indicates a difference between Bitsycon and this pelecypod mate-

rial. The failure to detect glycogen in the hypobranchial mucous cells and its pres-
ence in the overlying tissues suggest that the mucous cells may obtain their carbo-

hydrates by diffusion from the neighboring cells. The presence of galactose in other

molluscan tissues (Bell and Baldwin, 1941
;
Masamune et al., 1947) may mean that

galactogen is of general importance in this group of animals, in addition to glycogen ;

galactokinase and galactose-isomerase systems might well be sought.

Finally, the peculiar distribution of lipid material in relation to the mucous
vacuole in type-2 cells suggests that lipid metabolism may be involved in the forma-

tion or secretion of mucus, or both. Although the granules which appeared in these

cytochemical tests may well be crystalline precipitates and may not exist in the living

cell, their locations suggest the distribution of constituents present in life. The dis-

tribution of mitochondria and that suggested for cytochrome oxidase may indicate

the loci of biochemical systems involving aerobic syntheses. Studies on lipid trans-

formations and respiratory metabolism in these cells and further studies of the spatial
distribution of the participating substances may clarify the mechanisms of the for-

mation and secretion of mucus.

SUMMARY

1. The hypobranchial (mucous) gland of Bitsycon canaliculatinn (L.) is located

in the pallial cavity. It contains ciliated cells and three types of mucous cells.

2. Mucous cells of type 1 are thought to be precursors of type 2 because of the

relative sizes and positions of the two types of cells, and because mucous vacuoles

of type-1 cells appear to have varying degrees of resemblance to those of type-2
cells. Evidence concerning the relationships of type-3 cells is lacking.

3. The commonest type of mucous cell (type 2) is long and slender with a bulbous

tip, one or two swellings along its length, and a basal nucleus. Most of the cell is

occupied by a mucous vacuole, whose contents stain metachromatically (reddish

violet) with toluidine blue O, red with mucicarmine, blue-green with alcian blue

8GS, and are partly digested by hyaluronidase. The surrounding cytoplasm con-



260 R. R. RONKIN

tains yellow pigment granules, mitochondria, Golgi apparatus, and nadi-positive

granules. The distribution of sudanophilic material is peculiar in that a belt of lipid

granules surrounds the sub-distal portion of the bulbous tip of the vacuole. No

glycogen could be demonstrated in these cells.

4. It is possible that the activities of mucous cells require diffusion of carbohy-

drate materials from adjacent cells. The results of the cytochemical tests suggest

that aerobic utilization of carbohydrates (possibly galactose) or lipid materials, and

the binding of sulfate groups may be of importance in the formation of mucus from

its precursors.
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NEUROSECRETION. XI. THE EFFECTS OF NERVE SECTION ON
THE INTERCEREBRALIS-CARDIACUM-ALLATUM SYSTEM

OF THE INSECT LEUCOPHAEA MADERAE 1

BERTA SCHARRER

Ih-pai-lincnt of .Inntoiny, University of Colorado School of Medicine, Denver, Colorado

In the course of a histological study of the intercerebralis-cardiacum-allatum sys-

tem in specimens of the insect Lcncophaca inadcrac in which the nervi corporis
cardiaci had been sectioned (B. Scharrer, 1946a), it became evident that this system
offers a favorable material for the investigation of a question of general importance,

namely that of the transport of neurosecretory material along nerve fibers.

The intercerebralis-cardiacum-allatum system of insects is in many ways analo-

gous to the hypothalamo-hypophyseal system of vertebrates (Hanstrom, 1941 ;

M. Thomsen, 1943; Scharrer and Scharrer, 1944; Cazal, 1948). In both cases

histological observations suggest that the stainable material produced by the neuro-

secretory cells of the pars intercerebralis and the hypothalamus, respectively, passes

along the axons of these cells into organs in which it is stored. In the insects these

axons form the nervi corporis cardiaci (nervi corporis cardiaci I, Hanstrom) and

reach not only the corpora cardiaca but in part also the corpora allata. The corpora
cardiaca act in the capacity of storage organs for neurosecretory material, in at least

a number of species (B. Scharrer, 1951
; 1952c) ;

in the vertebrates the neuro-

hypophysis fulfills a corresponding function (Bargmann and Scharrer, 1951).
If the neurosecretory substance actually "migrates'' along the axons of the

cells from which it originates, it might accumulate when its flow is blocked, as for

instance by section of the nerve fibers. Hild (1951), working with frogs, and

Stutinsky (1951), using frogs and rats, were indeed able to demonstrate the accumu-

lation of neurosecretory material in the pituitary stalk proximal to the site of section.

Scharrer and Wittenstein (1952) reported corresponding observations in dogs in

which the pituitary stalk had been severed. However, when compared with in-

sects, vertebrates do not offer equally favorable conditions for the study of this prob-
lem. In the operation on vertebrates not only nerve fibers, but also blood vessels

must, by necessity, be severed. It is difficult to assess the part played by the inter-

ruption of the vascular channels in causing histological changes in addition to those

following the severance of the nerve fibers. In the intercerebralis-cardiacum-allatum

system of insects the effect of the interruption of the fiber tracts can be studied

without reference to changes that might be caused by interference with the blood

supply. A further advantage is that the intercerebralis-cardiacum-allatum system
is paired in many insects, including Leucophaea. Consequently, the neurosecretory

pathway can be sectioned on one side without damage to the other side which serves

as control in the same animal. The effects of the interruption of this neurosecretory

1 The work was supported by grants from the American Cancer Society and The Anna
Fuller Fund.
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pathway were studied, therefore, in Leucophaea with regard to (a) the transport of

the stainable material produced by neurosecretory cells along the axons of these

cells, (b) the storage function of the corpora cardiaca, and (c) the reaction of the

corpora allata.

MATERIAL AND METHODS

Nerve sections were performed in 124 nymphs and in 115 adults of Leucophaea
of both sexes. The nervi corporis cardiaci which enter the corpora cardiaca soon

after emerging from the postero-ventral surface of the brain are not easily accessible.

The most suitable approach was found to be through a window cut anteriorly in the

head capsule ; the brain had to be somewhat tilted so that the nerves could be severed.

As a rule the operation was performed in nymphs at the beginning of an intermolt

period and in adults shortly after emergence. The operated specimens were allowed

to survive from 5 days to 10 months. The heads were fixed in Zenker-formol or

Bouin, and serial sections of 5 micra \vere stained with Gomori's (1941) chrome

alum-hematoxylin-phloxin method or with Foot's (1933) modification of Masson's

trichrome stain. While the Gomori technique is not more specific for the identifica-

tion of neurosecretory material than the Masson method, it affords a more precise

characterization of this substance in both vertebrates and invertebrates than the

Masson and other previously used methods and is, therefore, preferable. The sec-

tions on which the present study is based include cases with unilateral and with bi-

lateral interruption of the nervi corporis cardiaci.

Since the amount of neurosecretory material normally present in the inter-

cerebralis-cardiacum complex varies to some degree with age, physiological condi-

tions, etc., the cases with unilateral nerve section are particularly instructive for the

determination of the histological changes resulting from the interruption of the

neurosecretory pathway.

OBSERVATIONS

The effects of the severance of the nervi corporis cardiaci on the histological ap-

pearance of the intercerebralis-cardiacum-allatum system of Leucophaea are two-

fold. One result of this operation consists in marked effects on the distribution of

the neurosecretory material, the other concerns a structural change in the corpora
allata. Male and female animals respond to the operation in the same manner.

The topography of the organs in question as well as the levels at which sections

for photomicrographs (Figs. 2-9) were selected are indicated diagrammatically in

Figure 1. The paired nervi corporis cardiaci which originate from the neurosecre-

tory cells of the pars intercerebralis cross before leaving the brain. Their axons
enter the elongated corpora cardiaca where they can be traced on each side for a con-

siderable distance as a well defined nerve bundle. In all probability some of the

fibers reach the corpora allata, but since in Leucophaea the corpora allata are di-

rectly attached to the posterior end of the corpora cardiaca, there is no distinct nervus

corporis allati.

As has been pointed out previously (Scharrer and Scharrer, 1
(

H4) the distinc-

tive feature of the nervous pathway connecting the pars intercerebralis of the brain

with the corpora cardiaca-allata is the presence of varying amounts of neurosecretory
material throughout its course. Within the corpus cardiacum this material, which
stains deep blue with the Gomori technique and bright red with the Masson stain.
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PARS INTERCEREBRALIS OF BRAIN

FIG. 5

FIGS. 6-9

ACCUMULATION OF NEUROSECRETORY
MATERIAL PROXIMAL TO SITE OF

NERVE SECTION

NERVUS CORP CARDIACI WITH
UNOBSTRUCTED FLOW OF
NEUROSECRETORY MATERIAL

STORAGE OF NEUROSECRETORY
MATERIAL IN CORP. CARDIACUM
OF NORMAL SIDE

DEPLETION OF NEUROSECRETORY
MATERIAL IN CORP CARDIACUM
OF OPERATED SIDE

NORMAL CORP ALLATUM

..LARGER CORP. ALLATUM OF
OPERATED SIDE

FIGURE 1. Diagram of the dorsal aspect of the intercerebralis-cardiacum-allatum system

of Lcucophaea inadcrae. On the left side the nervus corporis cardiaci is severed with the result

that neurosecretory material is increased proximal to and depleted distal to the site of nerve sec-

tion. On the operated side the corpus cardiacum is decreased, the corpus allatum increased in

size. Levels of the photomicrographs shown in Figures 2-9 are indicated ; the sections illus-

trated in these figures were made from paraffin-embedded material, cut at 5 micra, and stained

with the chrome alum-hematoxylin-phloxin method of Gomori.

follows in its distribution the course of the fiber bundles of the nervi corporis cardiaci.

This topographic relationship is particularly evident in the anterior portion of the

corpora cardiaca. Masses of neurosecretory material are usually confined to this

nerve bundle for some distance and, farther distally, "fan out" into the cardiacum

tissue. Neurosecretory material is, as a rule, more abundant in the marginal zones,
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FIGURE 2. Neurosecretory cells of the pars intercerebralis of Leucophaea on the unoperated
side with conspicuous cytoplasmic inclusions. The operated side of this case shows very little

neurosecretion. Adult female, fixed in Bouin 5% months after operation. Photomicrograph,
x 1000.

FIGURE 3. Brain of adult female fixed in Bouin five months after operation. Level of

decussation of nervi corporis cardiaci. At the arrow the tract of the operated side, which con-

tains an increased amount of dark staining neurosecretory material, crosses the almost empty
tract of the intact side (compare with Figure 1). Photomicrograph, :< 100.
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particularly those facing the lumen of the dorsal vessel which is surrounded by the

corpora cardiaca. In the same sections the corpora allata are free of neurosecretory

substance.

I. The effect of the severance oj (he nerri corporis cardiacl on the distribution oj

neiirosecretorv material

If the neurosecretory pathway is interrupted in the manner described, the re-

sult is an accumulation of neurosecretory material proximal to the site of operation
and a marked depletion of this substance in the distal portions of this system (B.

Scharrer, 1952a). These histological changes suggest that the normally occurring
How of neurosecretory material along the axons of the cells in which it originates
must have been blocked by the nerve section.

The accumulation of neurosecretory material at the proximal end of the cut

fiber tract is particularly noticed in cases where the interval between the operation
and the fixation of the tissues is short, i.e., several days. Figure 4 shows a cross

section through the nervi corporis cardiaci near the ventral surface of the brain a

short distance from their exit. On the side where the operation was performed the

nerve contains considerable masses of neurosecretory material, while the nerve on

the unoperated side contains only a small amount. In cases where the interval be-

tween the operation and the fixation of the organs is several months, the accumulated

neurosecretory substance usually extends to a more proximal point with the result

that the severed tract, throughout its course within the brain, shows an increased

amount of inclusions as compared with the control side (Fig. 3). This phenomenon
of accumulation of the substance is also observed in cases of bilateral nerve section

which serve to corroborate the results of unilateral operations. In specimens which
had been allowed to survive for the longest period of time in this series of experi-
ments (up to 10 months) the accumulation effect may be absent. It is to be as-

sumed that the neurosecretory cells whose axons have been cut eventually cease to

produce, or produce a smaller amount of the material which is normally trans-

ported to the corpora cardiaca. This assumption is supported by the observation

that in some of the long interval cases studied the cells of the pars intercerebralis

contain more neurosecretory material on the normal than on the operated side

(Fig. 2).

While the section of the nervi corporis cardiaci results in an increase of neuro-

secretory material in the proximal part of the system, the portions distal to the level

of transection show a reduction in the amount of this substance. Figure 5 demon-
strates the difference between normal and operated side in that the corpus cardiacum
whose nerve has been severed contains practically no material stainable with the

FIGURE 4. Cross section of nervi corporis cardiaci (arrows) in postero-ventral part of

brain near site of their emergence. The severed tract on the left side, shown proximal to the

level of operation, contains considerably more dark staining material than the intact tract on
the right side. Female fixed in Zenker-formol five days after nerve severance. Photomicro-
graph, X 160.

FIGURE 5. Cross section of corpora cardiaca of female with unilateral severance of nervns

corporis cardiaci, operated five months before fixation in Bouin. The corpus cardiacum on the

operated (left) side is smaller and contains very little neurosecretory material in contrast to

the normal control gland on the right side which shows dark masses of this substance in the
medial zone. Photomicrograph, X 210.
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FIGURES 6-9. Corpora allata of Leucophaea with unilateral severance of the nervus corporis
cardiaci. The organs on the operated side at left are "swollen" with more cytoplasm and looser

arrangement of nuclei than those on the normal right side. Figure 6: Female fixed in Zenker-

formol five days after nerve severance. Photomicrograph, X 100. Figure 7 : Female fixed in

Bouin five months after nerve severance. Photomicrograph, X 100. Figures 8 and 9 : Male
fixed in Bouin six months after operation. The contrast between "severed" (Fig. 8) and normal

(Fig. 9) corpus allatum is particularly marked. Photomicrograph, X 375.
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Gomori technique. It also shows that the corpus cardiacum on the operated side

is smaller than on the normal side. This effect of nerve severance on the corpus

cardiacum is different from that observed on the corpus allatum (see below) and

may be the result of prolonged inactivity as a storage center. The posterior part

of the corpora cardiaca of specimens with unilateral operation may contain neuro-

secretory substance on both sides, but since the organs are continuous at the posterior

end the material on the operated side probably is derived from the intact side.

11. The effect of the severance of the nervl corporis cardiaci on the structure of the

corpora allata

In histological preparations, the corpora allata of normal specimens of Leucophaea

are, as a rule, conspicuous by the density of their nuclei which make the stained

organs look dark. After severance of the nervi corporis cardiaci the histological ap-

pearance of the corpora allata changes markedly. The organs appear larger and

lighter in color. This effect is brought about by an increase in cytoplasm relative

to the number of nuclei per unit of area. The nuclei are especially loosely arranged

in the periphery of these organs. It seems that the number of nuclei per gland

remains the same after nerve severance, and that the increase in organ size con-

stitutes an increase in cytoplasm, which may be due merely to uptake of water or may
indicate an actual production of cytoplasmic material. The nuclei also differ from

normal ones after nerve severance; in the operated organs they tend to be more

vesicular and their nucleoli are more distinct.

The difference between a normal corpus allatum and one whose connection with

the brain has been interrupted can be particularly well demonstrated in cases of

unilateral nerve severance. The illustrations (Figs. 6 to 9) show organs from ani-

mals which had been allowed to survive the operation for five days, five months, and

six months respectively. The structural change is already evident a short time

after nerve severance ;
it is especially marked in the case with an interval of six

months after the operation.

The size difference between these normal and "severed" corpora allata was

roughly estimated in the following manner. In 5 micra serial sections of the organs,

camera lucida outline drawings of every fourth section were made. In the case of

an imperfect section the one preceding or following it was substituted. The areas

in square millimeters were determined planimetrically and the values were added

up for each organ measured. The figures for three representative cases \vere as

follows :

Normal Operated

Case 737 9 (int. 5 ds.) 5,954.83 sq. mm. 10,335.46 sq. mm.
Case 424 9 (int. 5 ins.) 6,148.37 sq. mm. 8,148.37 sq. mm.
Case 465 o" (int. 6 ms.) 1,122.58 sq. mm. 5,729.02 sq. mm.

The differences between the values for the normal and the operated side indicate

a substantial increase in the size of those corpora allata whose nervous connection

with the brain had been severed.

DISCUSSION

The observation that the distribution of neurosecretory material in the inter-

cerebralis-cardiacum complex of Leucophaea changes in the manner described after
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the nervi corporis cardiaci are severed, clearly indicates that normally a transport
of this material takes place along the axons of the neurosecretory neurons. This

conclusion is further supported by the corresponding data in vertebrates as stated

in the introduction. In frogs (Hild, 1951), in rats (Stutinsky, 1951) and in dogs

(Scharrer and Wittenstein, 1952) the accumulation of neurosecretory material

proximal to the site of severance of the pituitary stalk is evident soon (several days)
after the operation and disappears after a longer interval. The same is true in

Leucophaea. A depletion of this material in the portion distal to the transection,

such as that observed in Leucophaea, has so far not been clearly demonstrated in

vertebrates, but attention should be called to the fact that the observation of such

quantitative differences is more difficult in animals where the organ system in ques-
tion is unpaired and consequently no comparison can be made with a control organ
in the same animal.

As far as other insects are concerned, a comparable transport of neurosecretory
material from the brain to the corpus cardiacum must be assumed to take place in a

variety of species where, as in Leucophaea, the occurrence of this material in the

nervi corporis cardiaci can be demonstrated (Cazal, 1948; Stutinsky, 1952).
The concept of the transport and storage of neurosecretory material in the corpus

cardiacum makes understandable the physiological result observed in Leucophaea
after the interruption of the nervi corporis cardiaci (B. Scharrer, 1946a). These

experiments gave no indication of an acute hormone deficiency and no deficiency

should be expected since the operation does not result in the immediate depletion
of neurosecretory material in the components of the system. The extent to which

the evaluation of the corpus cardiacum as a reservoir for hormones originating in

the brain can explain other known physiological observations has been discussed in

some detail elsewhere (B. Scharrer, 1952b, 1952c).
The interpretation of the hypothalamo-hypophyseal system of vertebrates (Barg-

mann and Scharrer, 1951) and of the intercerebralis-cardiacum-allatum system of

insects (B. Scharrer, 1951; 1952b; see also Scharrer and Scharrer, 1944) in this

new light has led to a re-examination of a comparable situation in the eyestalk of

crustaceans. In this group of arthropods the sinus gland has long been considered

as the source of a number of hormones, while the functional role of the X organ re-

mained obscure ever since its discovery by Hanstrom (1931). Recent investiga-

tions show that hormones known to be present in the sinus gland, especially the

molt-inhibiting hormone, are only stored there
; they actually originate in the neuro-

secretory cells of the X organ from which they are transported to their reservoir via

the sinus gland nerve (Passano, 1951a, 195lb; Bliss, 1951; Travis, 1951; Frost,

Saloum and Kleinholz, 1951).

Morphological evidence of the presence of neurosecretory material in this nerve

has been obtained in a number of brachyurans (Enami, 1951
; Bliss, 1951

; Passano.

1951a). Nerve section in crustaceans (Passano, 1951a) seems to have an effect on

the distribution of the neurosecretory material comparable to that in insects as re-

ported here. The information available now is sufficient proof for the existence of a

third neurosecretory system (X organ-sinus gland system) which corresponds in

many details to the neurosecretory systems in insects and in vertebrates.

As to the effect of nerve section on the corpora allata, one may inquire into the

nature of the structural changes observed in these organs after their connection
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with the brain has been severed. Do they represent a specific reaction attributable

to the absence of nervous or of endocrine (neurosecretory) stimulation and, if this

is so, does the histological response to this operation reflect a change in the physio-

logical activity of the corpora allata ?

The reaction to the severance of the nervi corporis cardiaci cannot be explained

as an unspecific effect, possibly brought about by the surgical procedure, because if

this were true unilateral transection would have to affect both corpora allata in a

similar way. Whether the interruption of the nerves in itself or the disturbance in

the flow of neurosecretory substance along these nerves causes the change, cannot

be decided at this time. There is information, however, regarding the physiological

activity of "severed" corpora allata. It has been previously reported (B. Scharrer,

1946a) that the separation from the brain does not render the corpora allata of

Leucophaea functionally incompetent. Bilateral section of the nervi corporis car-

diaci neither prevents egg maturation nor nymphal molting, both being processes

governed by corpus allatum hormone. This result is not unexpected in view of the

fact that allatum implants can substitute for the intact gland in allatectomized ani-

mals (B. Scharrer, 1946b, 1946c). In these cases the isolated corpora allata react

like intact glands, i.e., they furnish hormone which reaches the circulation in suf-

ficient amounts to be effective.

A physiological difference between normal and "severed" organs which may
concern hormone release rather than hormone production can be observed in last

instar nymphs. It is generally assumed that, in the course of insect development,

metamorphosis takes place because the corpora allata in the last larval stage no longer
release an adequate amount of juvenile hormone. The manner in which this pre-
sumed restraining influence on the corpora allata is mediated has not been deter-

mined. The effect of the cutting of the nervi corporis cardiaci shows, however, that

this regulatory mechanism requires the intactness of the nervous pathway. Last

instars of Leucophaea in which the corpora allata are severed from the brain may
undergo supernumerary molts and become "nymphoids" instead of adults (B.

Scharrer, 1946a), an indication that the severed corpora allata can release a sig-

nificant amount of juvenile hormone at a stage when the}- normally would not do so.

This result can be interpreted in several ways. Under normal conditions the brain

may regulate the release of corpus allatum hormone by means of the nervi corporis
cardiaci. In view of the peculiar nature of this pathway the action on the corpora
allata can be either nervous or neuro-endocrine in character. Another possibility

is that the potency of the severed corpus allatum is increased to such a degree that

the juvenile hormone released during the last stage reaches the threshold necessary
for an additional nymphal molt, while normally this level is not reached.

In the latter case the histological changes following nerve severance would have

to be interpreted as a sign of increased glandular activity rather than of deficiency.

This has been done by some authors who observed structural differences similar to

the ones described here in Leucophaea, when they compared the corpora allata of

specimens in inactive and active phases of their development (Wigglesworth, 1934;

Mendes, 1948), of males and females (Pflugfelder, 1938, 1948; Schrader, 1938;

Hanstrom, 1942; Palm, 1948) or of normal and castrate specimens (Pfeiffer, 1940;

E. Thomsen, 1942; Day, 1943; see also Vogt, 1942) of certain insect species.

An effect of nerve severance on the structure of the corpus allatum has been
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reported only in one other instance. Day (1943) observed an increase in the size

of the corpus allatnm comparable to the one in Leucophaea, when the "recurrent"

nerve of the fly Sarcophaga was cut. In the adult flies this nerve contains both

nervi corporis cardiaci at the level of the operation. Therefore. Day's experiment
constitutes a denervation of the corpus allatum, while the severance of the nervi

corporis cardiaci in Leucophaea does not deprive the corpora allata of fibers they

may receive from the stomatogastric system. \Yhether or not this anatomical dif-

ference, determining different degrees of denervation. accounts for the differences in

the physiological effects observed in Leucophaea on the one hand and in Sarcophaga
on the other is not certain. "While the stimulation of the ovaries of Leucophaea by
the corpora allata continues after section of the nervi corporis cardiaci this is not the

case in Sarcophaga where, according to Day, nerve severance has the same effect as

extirpation of the corpus cardiacum-allatum. \Yith respect to Leucophaea one may
assume that the physiological effect which parallels the morphological change of the

corpora allata following nerve severance constitutes an increase rather than a de-

crease in glandular activity.

SUMMARY

1. The interpretation of the intercerebralis-cardiacum-allatum system of insects

as a functionally related group of neuroglandular organs, in which the corpus car-

diacum serves as a reservoir for neurosecretory material, is supported by the re-

sults of severance of the nervi corporis cardiaci. The insect. Leucophaea inadcrac,

in which the components of this organ system are paired is favorable for the study
of these relationships since one side can be left intact and compared with the op-
erated side.

2. Following the interruption of the neurosecretory pathway at the level where

the nervus corporis cardiaci enters the corpus cardiacum. the distribution of the

neurosecretory material changes markedly in comparison with the normal situation.

Proximal to the site of nerve section there is an accumulation, and distal to it there

is a drastic depletion of neurosecretory material. This result offers conclusive evi-

dence that in the intact system the neurosecretory substance originating in cells of

the pars intercerebralis of the brain is transported via their axons (forming the nervi

corporis cardiaci) to the corpora cardiaca where it is stored. This interpretation of

the morphological situation makes it understandable that no physiological indica-

tion of hormone deficiency was observed as a consequence of the nerve transection

(B. Scharrer. 1946a).
3. Severance of the nervi corporis cardiaci also results in histological changes

in the corpora allata. The organs become larger and seem to contain more cyto-

plasm than normal glands. Their nuclei are more vesicular and the nucleoli more
distinct. These changes do not indicate an organ deficiency, since "severed" corpora
allata of Leucophaea are functionally equal to, or perhaps even more competent
than, normally innervated glands.
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THE EFFECT OF SALTS AND ORGANIC SOLUTES ON THE
MIGRATION TIME OF THE SLIME MOLD

DICTYOSTELIUM DISCOIDEUM 1
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1'nk'ersity of Illinois, Vrbana, Illinois, and Deft, of Biohijy, Princeton University,

Princeton, New Jersey

As Raper (1935) showed when he first described the amoeboid slime mold

Dictyostelium discoidemn, this particular species is unique in that it possesses a

migration stage in its life cycle. The independent, separate amoebae of the vegeta-
tive stage stream together to form cell masses or pseudoplasmodia, and these pseudo-

plasmodia migrate over the surface of the substratum until the final culmination stage.

In culmination there is both a rising into the air and a cell differentiation
;
the re-

sult Js a fruiting body in which a delicate stalk made up of large vacuolate amoebae

supports an apical mass of encapsulated amoebae or spores.
The duration of this migration period has always been known to be extremely

variable, from a matter of a few hours to approximately two days, and Raper (1940)
demonstrated that low temperature and high humidity favored prolonged migra-
tion to some extent. While these observations have been confirmed we have also

found that the concentration of solutes in the medium proves to be a far more im-

portant limiting factor, and by varying this environmental condition it has been pos-
sible to control and to greatly extend the duration of migration.

METHODS

The organisms were cultivated on standard medium (Bonner, 1947 )

2 with Esch-
erichia coli at room temperature for two days, at which time the amoebae had usually

begun to aggregate. Plugs of the standard agar covered with the aggregating
amoebae were cut out with a glass ring 10 mm. in diameter and placed on a circular

coverslip of equal diameter, which was then set on the medium to be tested. The
coverslip was used so that no diffusion could take place between the plug of stand-

ard medium and the test medium. All the test plates were incubated at 17 C.

The technique thus far is essentially similar to that used by Bonner et al. (1950).
After 24 hours a sufficient number of migrating pseudoplasmodia had moved on

to the test medium so that the plug and coverslip could be removed. Each of the

migrating pseudoplasmodia that remained was marked by placing a drop of ink on
the bottom of the petri dish at 24-hour intervals until fruiting occurred. In cases

where the pseudoplasmodia split longitudinally all the parts were followed.

1 The preliminary experiments of this study were carried out at Princeton University with
the help of a grant from the American Cancer Society.

2 There is an error in the formula of the culture medium in Bonner (1947) and KH,PO 4

should be substituted for the incorrect K.HPO,.

273



274 M. K. SLIFKIN AND J. T. BONNER

The test media were prepared by adding the different solute concentrations to

2% Difco Bacto-Agar and each solute was tested separately. All solutes were

chemically pure.

RESULTS

First a test was made using the standard medium. As can be seen from the

table, in 137 cases the mean migration time was 2.0 days ( a standard deviation of

1.3) and the range extended from 1 to 5 days. This is in keeping with the previous

reports in the literature, but if the migrating pseudoplasmodia were allowed to mi-

grate in 2/c agar alone, the mean time was extended to 10.3 days (see table) and

in one instance the migration lasted 20 days. As a matter of fact the mean value

is in this instance of dubious significance because 29% of the pseudoplasmodia disap-

peared completely, presumably from a combination of loss of cells by straggling in

the posterior track and the loss of protoplasm used in the energy of locomotion.

The smaller the original size of the pseudoplasmodium, the sooner it would disap-

pear, but there was no evident correlation between duration of migration before

fruiting, and the size of the pseudoplasmodium.
As can be seen from the table and from Figure 1, if any solute was added to the

2% agar, the- greater the concentration of the solute the shorter the mean duration

of migration. This was true for the three organic non-electrolytes tried (dextrose,

sucrose, dl-alarrm<) and thjpree electrolytes (NaCl, Na 2HPO 4 , CaCU). None
of the non-electrolytes w^rs"significantly different from any other, but as a group the

salts were from ft to 6 times more effective at a given concentration. Among the

salts, NaCl ancNtaCL were very similar in their effectiveness, while Na 2HPO 4 was
twice as effective.\

If concentrations\of solutes higher than those given in the table were used, only
a few pseudoplasmodia crawled off the standard medium plug even though they

readily left plugs from the same standard plate when put on media of lower con-

centrations. There was one exception to this : in the case of the 6% dextrose a

good number of pseudoplasmodia migrated off the plug, but as soon as they touched

the surrounding medium they fruited. This happened in 78 cases without any
deviations and represents a condition of minimum migration. It was also noticed

on repeated occasions that prolonged migration never occurred over the surface of

glass, but that if the pseudoplasmodium reached the side of the petri dish, it fruited

shortly thereafter.

DISCUSSION

The cessation of migration and the onset of fruiting is a major step in the differ-

entiation process of Dictyostelinm. It is of interest therefore to observe that the

concentration of the solutes can play a part in the initiation of differentiation.

Considering the importance of concentration, the effect would appear to be an os-

motic phenomenon, but this would neither account for the more effective nature of

the salts, nor the fact that the salts differ among themselves when their effective

osmotic pressure is calculated. In the future it is hoped that by testing other sub-

stances it will be possible to understand more thoroughly the mechanism of initiation

of fruiting and the basis for the variability of effectiveness of different substances.

There is a parallel to the phenomena found here in the work of Smith and
Grenan (1949), who have found that the concentration of the medium will affect
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TABLE I

The effect of solutes on the migration time of Diclyostelinm discoidcnm

% Weight of solute in 2% agar
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SUMMARY

1. In the life history of Dictyostelium discoidcnm there is a period of migration
in which the aggregated cell mass wanders about in the form of a sausage prior to

the formation of a final fruiting body.
2. The period of migration was known to be variable, and now a limiting factor

has been demonstrated. It was possible to show that in the absence of solutes

migration will occur for long periods of time, and that the duration of migration
decreased approximately exponentially with the concentration of added solute.

The effect cannot be accounted for entirely as an osmotic phenomenon because

different substances have different degrees of effectiveness, electrolytes being more
effective than non-electrolytes.
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THE EFFECT OF PARROT FISH THYROID EXTRACT ON THE
RESPIRATORY METABOLISM OF THE WHITE RAT * -
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The discovery of a discrete, encapsulated thyroid gland in the parrot fish

(Matthews, 1948) made possible studies on the teleost thyroid which had hitherto

been undertaken only with the greatest difficulty. Extracts of the fish thyroid be-

came obtainable for the first time with relative ease. Such extracts, when injected
into white grunts, significantly elevated the oxygen consumption in a certain pro-

portion of the fish so treated (Smith and Matthews, 1948). The thyroids of parrot
fish were found to concentrate iodine in a manner reminiscent of similar behavior in

the glands of mammals (Matthews and Smith, 1948). There was thus established

a certain parallelism between the action of teleost and mammalian thyroids and it

was thought worthwhile to investigate the effect of parrot fish thyroid extract upon
the respiratory metabolism of the white rat.

METHODS

The extracts used in these studies were prepared from thyroid glands collected

in Bermuda and Bimini. With rare exceptions, the glands were taken from Pscudo-

scarus guacamaia. As previously described (Smith and Matthews, 1950), the

thyroid glands were removed immediately after the death of the fish and were placed
in either acetone or absolute alcohol. Dehydration and defatting continued for at

least two days with alternate changes of acetone or absolute alcohol. At the end of

this period the glands were dried in partial vacuum and stored, either powdered or

whole, in a desiccator until prepared for injection. The final average weight of the

glandular material was 17 per cent of the wet weight of the gland when removed
from the fish.

Extracts were prepared by dissolving the desired amount of dried glandular tis-

sue in 2 cc. of 2N NaOH and bringing the resultant solution to neutrality with con-

centrated HC1. This procedure usually precipitated most of the dissolved material,

but the resultant suspension was fine enough to be drawn through a 20 gauge needle

and injected into the test animal. As a rule approximately 100 mgm. of dried

gland were prepared in this manner. The final volume of solution injected amounted
to about 2.0 cc. This solution was injected intra-abdominally into adult male white

rats, bred from laboratory stock. The rats stood the injection well and showed no

sign of distress immediately afterward or at any later time. The animals were

kept in individual cages under laboratory conditions during the time necessary to

complete the experiment. During this period they were given the usual food and
water ad libitum.

1 With the support of a grant from the American Philosophical Society.
2 Contribution No. 173, Bermuda Biological Station for Research.
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Mammalian thyroid extracts were prepared in the same manner, the necessary
amount of commercial desiccated mammalian thyroid (tablet form) heing dissolved

in NaOH and neutralized with HC1. The synthetic thyroxine used in these experi-
ments was prepared by Roche-Organon, one cc. of the solution containing 2 mgm.
of thyroxine. Material for control injections was prepared by adding to the

required amount of NaOH sufficient concentrated HC1 to bring the pH of the solu-

tion to about 7.0.

Oxygen consumption was determined by placing the rat in a desiccator (volume
9500 cc.) through which air was forced under a slight positive pressure sufficient to

give a flow of 500 to 670 cc. per minute. The flow was adjusted so that CO 2 con-

centration at equilibrium usually fell between 0.7 and 1.3 per cent. The animals

quickly became accustomed to the apparatus and after briefly exploring their sur-

roundings settled down and usually spent most of the time sleeping throughout the

remainder of the test. Samples of air were taken after the rats had been in the

chamber for two hours. They were analyzed with a Haldane-Henderson gas

analyzer to determine the amount of oxygen which was removed and the amount
of carbon dioxide which was added to the air during its passage through the chamber,
the rate of flow at the time of sampling having been previously determined. It

was then possible to calculate both oxygen consumption and CO 2 production during
the test. The respiratory quotient and the oxygen concentration per hour per gram
of body weight were then determined. The validity of the method is predicated,
of course, on the assumption that no sudden change in oxygen consumption occurred

during the test period, particularly within 10 minutes before collection of the

sample.
The tests were run in the morning, after the rats had been left overnight in

their cages with food and water. They were not fasted, therefore, prior to the test,

since it is well known that rats under laboratory conditions usually feed at night
and spend the daylight hours in sleep. Since repeated tests were desired on suc-

cessive days extending over a period of a week or more, depriving the rats of food

for this period would have produced such abnormal behavior as to invalidate the

results. The relative constancy of the oxygen consumption of each rat over a period
of several days prior to any experimental procedure indicated that the metabolic con-

ditions prevailing during the tests were reasonably similar.

RESULTS

The purpose of the experiments was to determine the effect of parrot fish thyroid
extract on the oxygen consumption, respiratory quotient and weight of adult male

white rats and to make a comparison with the effects produced by synthetic thy-
roxine and desiccated mammalian thyroid powder.

Table I gives the results of 86 determinations of oxygen consumption and R.Q.
in 22 non-treated rats. Their weights ranged from 250 to 500 grams (average 300

grams). Average oxygen consumption was 0.98 cc./gm./hr. and the average R.Q.
was 0.84. As may be seen from an inspection of Table II, the values for the

various test series before injection of thyroid preparations were in every instance

close to these figures.

In Table II are shown the results of injecting various substances, known or

suspected to contain active thyroid hormone, as compared to the effect of injecting
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TABLE I

Oxygen consumption and respiratory quotient in non-treated white rats

Number of determinations

Os consumption (cc./gm./hr.) Mean SE\i

Respiratory quotient Mean SE\i

86

0.98 0.0129

0.84 0.0070

TABLE II

Oxygen consumption and respiratory quotient in treated rats



METABOLIC EFFECTS OF FISH THYROID 281

neutralized NaOH. These experiments are divided into four series, each of which

is discussed separately below.

Neutralized NaOH solution. As a control on the handling and injection of the

rats, neutralized NaOH solution was injected, in the same amount and manner as

were the thyroid preparations. Six rats were so treated and in no instance was

there any significant change in R.Q. up to 7 days after the injection. A slight fall

in oxygen consumption during the experiment was probably attributable to adapta-

tion.

Thyroxine. Synthetic thyroxine (Roche-Organon) was injected into 5 rats

at two dose levels, 1.0 mgm. and 0.2 mgm. There appeared to be no appreciable

difference between the effects of these two doses. Maximum effects on oxygen con-

sumption and R.Q. were seen within two days after the injection.

Mammalian thyroid extracts. Commercial desiccated mammalian thyroid was

extracted and injected in the manner described above. In two experiments 130

mgm. were given each time. There was a marked elevation of oxygen consumption,
and a fall in R.Q. on the first day after the injection which continued until beyond
the fourth day.

Fish thyroid extract. Extracts of parrot fish thyroid glands prepared in the

manner already described were injected intra-abdominally into seven rats. The
amount of dried gland extracted for this purpose varied between 69 and 110 mgm.
In rat No. 8, 69 mgm. failed to produce an elevation in oxygen consumption or a

fall in R.Q. by the second day after injection. Possibly this dosage was too small.

On the second day after the original injection, therefore, the same animal was rein-

jected with 98 mgm. of dried extracted gland. Two days later it showed a marked
rise in oxygen consumption and a fall in R.Q. In all other instances an elevation

in oxygen consumption and a fall in R.Q. were observable within the first or sec-

ond day after injection. In most cases oxygen consumption was still elevated on

the seventh day, although the R.Q. usually had returned to the pre-injection level

by that time.

Figure 1 shows graphically the average percentage changes in oxygen con-

sumption and R.Q. All thyroid preparations produced increases in oxygen con-

sumption and decreases in R.Q., while those rats injected with neutralized NaOH
solution showed no percentage change in R.Q. and a perceptible decrease in oxygen

consumption. This decrease is undoubtedly due to the adaptation of the animal

to the respiratory chamber. As might be expected, the effect of synthetic thyroxine
on oxygen consumption is more marked and of shorter duration than are the effects

of extracts of fish and mammalian thyroid. Fish and mammalian thyroid injec-

tions increased oxygen consumption about 25 per cent at the maximum and the

effects persisted for at least 10 days. There is a suggestion that fish thyroid has

a somewhat more prolonged action than has mammalian thyroid. This also seems
to be true of the effect on R.Q., which was still depressed 10 days after fish thyroid

injection, but after mammalian thyroid injection it had returned to the pre-injec-
tion level within 7 days. The quantitative differences in the effects of synthetic

thyroxine and extracted mammalian and fish thyroid are undoubtedly due to vari-

ations in the rate of absorption of the injected material.

No attempt has been made to determine the relative strengths of fish and mam-
malian thyroid. Since the amounts of the two extracts producing similar effects
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were of the same order of magnitude, they are probably of the same approximate

strength.

Figure 2 shows the effect of fish thyroid extract upon the weight of injected rats

as compared to the effect of neutralized NaOH. In the four cases graphically por-
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WEIGHT RECORDS OF ANIMALS BEFORE AND AFTER INJECTION

FISH THYROID EXTRACT CONTROL INJECTIONS
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FIGURE 2. Showing effect of parrot fish thyroid extracts on the weight of white male rats.

trayed, fish thyroid extract invariably produced a marked fall in weight on the

first or third day after injection, the fall persisting for at least 4 days. In most

instances the weight was not recovered until at least one week after the injection.

In those rats which were injected with NaOH solution, the weight of the animal

following injection was, beyond the random variations, no different from the pre-

injection value. While the effects of synthetic thyroxine and mammalian thyroid
extract are not shown in this figure, their effects on weight are the same as that

of the fish thyroid extract.

DISCUSSION

Data on the effect of thyroid extracts derived from the glands of lower verte-

brates are virtually non-existent. The work done, however, is adequately con-

sidered in three excellent reviews on the comparative physiology of the thyroid
which have appeared recently (Fleischmann, 1947; Goldsmith, 1949; and Lynn and

Wachowski, 1951). These papers cover the subject so thoroughly that there is

little point in reviewing the literature here except to summarize it briefly. Fleisch-

mann (1947) notes only the effect of transplanted amphibian glands on amphibian
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metamorphosis. There seems to be nothing else in the literature on the effect

of amphibian extracts and nothing on the effect of reptilian extracts. Concerning
the effects of fish thyroid extracts on fish, the only experiments reported are those

of Smith and Matthews (1948) on the effect of parrot fish thyroid extracts on the

oxygen consumption of white grunts. As to the chemistry of the thyroid hormones

of lower vertebrates, we have only the data of Wolff and Chaikoff (1947) on shark

and turtle thyroids, which give the thyroxine content in per cent of total iodine in

sharks as 27.9 and in the turtle as 31.8, figures which are similar to those found in

warm-blooded forms.

Sembrat (1927) reported acceleration of metamorphosis of tadpoles when im-

planted with bits of thyroid taken from either the dog-fish or the carp. Desiccated

parrot fish thyroids (mixed with flour to form a paste) when fed to tadpoles will

also produce premature metamorphosis according to Matthews and Ash (1951).

Thyroid extracts prepared from glands taken from fish treated with propylthiouracil

had no such effect. Thus, there is no doubt that the factor from the fish thyroid

producing metamorphosis in amphibians is a true thyroid hormone.

While it is useless to speculate on the function of the thyroid in fishes because

of the paucity of experimental data, it is not necessary to assume that it must serve

a respiratory function associated with the regulation of body temperature. All at-

tempts to increase the oxygen consumption of fish with mammalian thyroid extracts

have failed (Drexler and Issekutz, 1935; Etkin, Root and Mofshin, 1940; Hasler

and Meyer, 1942; Smith and Everett, 1943; and Matthews and Smith, 1947).

However, extracts of parrot fish thyroid have been shown to elevate oxygen con-

sumption in white grunts (Smith and Matthews, 1948). Since the increase was
not consistently found in all injected grunts, there is some doubt as to the physiologi-
cal significance of the elevation observed. It is not impossible that the respiratory
stimulation is due to some sort of toxic reaction of the injected material. Neverthe-

less, the implication remains that teleost thyroid extract can elevate oxygen con-

sumption and mammalian cannot. Matthews and Smith (1947) were unable to

observe any change in oxygen consumption in Fundulus when injected with thiourea

over a period of 5 to 6 days. It is possible, of course, that longer treatment with

thiourea might have produced a different result. Further studies are necessary, in-

cluding observations on the effect of fish thyroid extracts and thiourea on the R.Q.
of fishes, before a final conclusion can be drawn.

There seems little doubt that the increase in respiratory metabolism observed in

white rats after injection of thyroid extracts of the parrot fish thyroid is due to in-

creased cellular oxidation. The exact parallelism between the effect of thyroid ex-

tract of mammalian origin as compared to that of fish origin leaves little room to

question that the two are much alike in their physiological effects in the mammal.
This view is strengthened by the fact that synthetic thyroxine behaves in the same

way. The rise in oxygen consumption, fall in R.Q. and decrease in weight all fol-

low the same pattern, regardless of the source of the thyroid hormone. This finding,

coupled with the observations that (1) both desiccated fish thyroids and extracts

of these glands will produce premature metamorphosis in amphibians, (2) the fish

thyroid will concentrate iodine, and (3) chemically the thyroids of those lower verte-

brates that have been studied (the shark and the turtle) are very similar to the
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glands of higher vertebrates, makes it likely that the thyroid hormone of all verte-

brates is much the same. It is, therefore, obvious that the teleost during the course

of evolution has not sufficiently changed the nature of its thyroid hormone so that it

may be distinguished from that of other vertebrates by ordinary physiological tests

on amphibians and mammals. Whether the hormone still serves the same function

in teleosts that it did in ancestral forms is at present unknown, just as it is not known
whether the function of the hormone in mammals is a recent adaptation. The

adaptation, if true, would appear to be on the part of the mammalian tissue to the

hormone, rather than the other way around.

This work was generously supported by a grant from the American Philosophi-
cal Society. The parrot fish thyroids used in these experiments were collected both

in Bermuda and Bimini. We are deeply indebted to Mr. Louis S. Mowbray, Di-

rector of the Bermuda Government Aquarium, and to the staff of the Bermuda

Biological Station for the fish they obtained for us. We are also most grateful to

Dr. C. M. Breder, Jr., of the American Museum of National History for placing

the facilities of the Lerner Marine Laboratory at Bimini, Bahama, B. W. I., at our

disposal, and for the invaluable aid of Mr. Michael Lerner in helping us to procure
fish.

SUMMARY

1. The effect of injecting extracts of parrot fish thyroid into adult, male white

rats was to increase oxygen consumption, decrease respiratory quotient and decrease

weight.

2. Injections of synthetic thyroxine or extracts of desiccated mammalian thyroid

produced similar effects in respect to time of onset, intensity and duration of the

responses.
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SERIAL LIST

A serial list of the holdings of the Marine Biological Labora-

tory Library has been published as a separately bound supplement
to the February issue of THE BIOLOGICAL BULLETIN. This sup-

plement lists with cross references the 2680 titles of journals in the

Library. Titles are listed alphabetically to conform to the ar-

rangement of the stacks in the Library itself, as well as an aid in

securing microfilm copies of articles. Each subscriber receives

one copy of the list, and extra copies may be obtained at cost from

the Marine Biological Laboratory. \Yoocls Hole, Massachusetts.



BIOLOGY MATERIALS
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BIOLOGICAL LABORATORY
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This revision of the list of the journals now in the Library of the Marine Bio-

logical Laboratory has been prepared by the Library staff for the use of the many
investigators in biology and related fields who continue to benefit from the .unparal-

lelled facilities for research at Woods Hole. There are 2680 titles with holdings
in the list (of which 1432 are current titles), and 604 cross references.

Increasing use is being made of the Library during the winter months, as well

as in the summer when the Laboratory is utilized to its maximum capacity. A
microfilm service maintained by the Library makes available to investigators away
from Woods Hole parts of any book or journal, within copyright limitations,

promptly and at small expense.
Editorial Board of The Biological Bulletin



FOREWORD
The Library of the Marine Biological Laboratory consists of an unusually com-

plete collection of serial publications in biology and cognate sciences as well as

monographs, text books, encyclopedias, maps, and reports of expeditions. Included

in the Library is oceanographic literature of the Woods Hole Oceanographic Insti-

tution. In addition there is a large collection of reprints and separata shelved as

author collections. Current journals and new books are available in a large reading
room.

The Library is open to all investigators working at the Laboratory. Also there

are desks available for library readers who wish to use only the Library. Desk

space is assigned upon approval of the Director and on payment of a fee.

There is a staff of librarians in attendance, but laboratory investigators and

library readers have free access to the stacks. The journals are arranged in the

stacks, alphabetically according to the precise titles, as they appear in this list. The
most recent titles are used, with cross references from the preceding titles.

PHILIP B. ARMSTRONG, Director of the Laboratory
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