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a similar series of observations on the leopard frog, R. pipiens,’
was published (DoNaLDSON and SCHOEMAKER "00).

In 1902, utilizing the data in both of these investigations, I
was able to show that the weight of the central nervous system
in both of these species could be calculated by a formula based
on the body weight and on the total length of the frog (DonaLDsON
‘oz).

For comparison with these results the observations of Fusini
(*81) on the European frogs were alone available.

An examination of Fusint's tables, which are discussed in part
in my paper of 1898, referred to above, showed that his findings
were so irregular and so different from my own, that it was fair
to conclude that he had not worked with sufficient care.

In order to test this conclusion, I obtained in the spring of 1898,
through the courtesy of the Zotlogical Institute at Zurich, Switzer-
land, a series both of R. esculenta and R. temporaria (fusca),
all the specimens having been fixed in formalin by a uniform
method. A comparison of these specimens with the fresh R.
pipiens on the one hand, and on the other with R. pipiens fixed
by the same method, indicated that the central nervous system in
R. pipiens was heavier than in the European species, and at the
same time did not support any of the peculiar findings of Fusini,
such as the relatively great weight of the spinal cord. Neverthe-
less, limitations in the range in size of the Zurich series and the
possibility that the European and American species were differ-
ently affected by the fixation treatment, led me to delay publica-
tion on this point until fresh material could be examined. The
opportunity to do this came in the summer of 1go4. In July of
that year, through the courtesy of Professor SHERRINGTON, I was
able to examine a series of R. temporaria (fusca) in the physio-
logical laboratory of University College at Liverpool, England;
and in August, through the courtesy of Professor GAULE, a cor-
responding series of R. esculenta was examined in the Physio-
logical Institute of the University at Zurich, Switzerland.

In order to eliminate as far as possible, the influence of season
on th_ls comparison, Dr. HaTAl examined for me, also in August,
a series of R. pipiens in the Neurological laboratory of the Uni-

';[n previous papers on the leopard frog, published from my laboratory, this epecies has been
designated as Rana virescens brachycephala, Cope. It now appears that this name is not correct, and

that the species in question should be designated Rana pipiens (Schreber) as given above (DonaLpson,
Seience, vol. 26, p. 655, 1907.)
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versity of Chicago. It is the results of these three series of obser-
vations which are now to be compared.

As the foregoing shows, this investigation was undertaken
primarily to test the correctness of Fupint's observations. It
has resulted however in bringing to light several differences be-
tween the nervous systems of the species compared, and these

differences seem worth recording. At the same time, Fupint’s
observations have been found untrustworthy. This, however,
is a matter of smallimportance, and the brief discussion of Fusint’s
work will be deferred to an appendix.

Before presenting the data on the nervous system, it will be
desirable to record some of the characters in which these three
spemes of frogs closely resemble one another. The resemblances
important for our present purpose are enumerated below:

(1) In external appearance and shape; color markings excepted.

(2) In the range in body weight (the heaviest specimens are
always females).

(3) In the ratio obtained by dividing the body weight by the
total length, that is, the average amount of body weight for each
running millimeter of rotal length.

It will be necessary to interrupt the enumeration for a moment
in order to elaborate this point (3).

In the full tables are given the body weight and the total length
of each individual examined. In the condensed Table 10, these
same data are arranged to give the averages for groups of tfrrf&_
Thus for each species in the latter table there are four entries,
and in each entry both the average body weight and the average
total length are given. If the former be divided by the latter

Body weight
Taotal length

we obtain a number which represents the average amount of
weight for each running millimeter. Since the increase in body
weight is more rapid than the increase in total length, this value
of course changes with the absolute weight of the frog, increasing
as the frog becomes absolutely heavier. ‘The values thus obtained
are given in Table 1. -

These values are better understood when thrown into a curve,
as in Chart 1.

It appears from the chart that the curves are nearly parallel,
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of note that the results obtained on R. pipiens in August, 1go4,
correspond with the /owest weights found during August, 1go1, in
the case of the unpublished series.

In one sense this is perhaps fortunate, because it shows that the
values here reported for R. pipiens are minimal, and if those for
the European forms are also minimal, then the differences are
approximately normal. If, on the other hand, the values for the
European species are higher than the minimal, then the differ-
ences here given are less than they should be. In any case, and
this is the main point, it follows that the differences here given are
not exaggerated. I conclude therefore that the European species
have a central nervous system which weighs from 11 per cent to
12 per cent less than that of R. pipiens.

As the Chart 2 shows, the curves for the weight of the central
nervous system run nearly parallel, and as in a previous study
(DonaLpsoN ’02) R. pipiens has been found to conform to the
formula for the determination of this weight, which 1s based on
the body weight and total length of the frog, it follows that the
European species would also conform to this. same formula.

The formula contains a constant, C., which 1s different for
each species, and which is modified by the general condition of
any series. In the series of R. pipiens of 1goz2, the value of the
constant C. was 28. In the present series of R. pipiens which,
as has been noted, yields a low weight for the central nervous
system, the value of C. is 26, and we should anticipate that it
would be less for the two European species.

On making the calculations, I find the following values for C.

e T e o T e . o T e e SR i G e e e C= 26
o T s e 2 e gt e C= 24
AT T T L s e A e e Cerigy

Our expectation then that the formula for the European species
would have smaller values of C. is shown to be warranted.

On separating the weight of the brain from that of the spinal
cord, and recording them separately, we have the relations given
in Table 11.

Presenting these results in a form of a chart (Charr 3) 1t 1s seen
that the brain weights for the several species follow the same order
as that of the weight of the entire central nervous system, the
superiority of R. pipiens being even more marked. The weights
for the spinal cords however run much closer together.
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The brains and spinal cords of R. esculenta dried and weighed
at Zurich, were left in the original weighing bottles from the summer
of 1904 to the spring of 1907, when, after careful redrying, they
were weighed at the Wistar Institute in Philadelphia.

The last series of weighings made at Philadelphia, differed
from those made in Zurich in 19o4, by an average of plus 0.1 per
cent. The fact that there was a trifling gasn, is probably to be
credited to the different balances used. But whatever the expla-
nation of this gain may be, it seems to show that the drying in
Zurich was complete, and thus to warrant the use of the values
for R. esculenta and R. temporaria as entered in Table 13.

Assuming that in any given locality, the humidity of the atmos-
phere might be a factor influencing the amount of water in the body
of a frog, I made an examination of the humidity records from
July 1 to September 1, 1go4, taken by the weather bureaus at
Liverpool, Zurich and Chicago. For the data with which to do
this, I am indebted to the officials of the U. S. Weather Bureau,
whose courtesy I desire to acknowledge with thanks.

The matter 1s far too complex to permit us to make here more
than the most general statements, but I feel justified in stating
that the humidity conditions at Liverpool in July, 1904, and at
Zurich and Chicago in August, 1go4, were not unusual. Further,
that broadly-speaking, the humidity 1s greatest at Liverpool, inter-
mediate at Zurich, and least at Chicago. It 1s to be noted that
the percentage of water in the several species follows the inverse
order, being most in the Chicago specimens, where the humidity
i1s lowest, and least at Liverpool, where it 1s greatest; a suggestive
result which invites further inquiry.

Two more comments are however desirable before leaving this
general topic.

From previous studies, we should expect that the percentage
of water in the brain and in the spinal cord would diminish with
increasing age, for the measure of which we here take the body
weight.

This decrease is clear and regular for the brain of R. esculenta
and R. temporaria, is indicated though less regular, in the case of
the spinal cords of these two species, but in R. pipiens is regularly
reversed in the case of the brain, and irregularly reversed in the
case of the spinal cord. This makes it highly probable that

some disturbing influence has modified the percentage of water in
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For the foregoing comparison of the central nervous system
and its parts, together with the determination of the percentage of
water, data on all three species have been available. But before
commenting on the results just given, I wish to present some obser-
vations based on the comparison of two species only.

These additional observations are on the peripheral nervous
system and relate first, to the number of medullated fibers in the
spinal nerve roots; comparing R. esculenta with R. pipiens (there
being no corresponding observations on R. temporaria). Second,
to the length of the internodal segments; comparing R. temporaria
with R. pipiens (there being no corresponding observations on
R. esculenta).

T he number -::-f medullated nerve _ﬁ.ﬁfﬁ in the .S'PI'IHHI nerve roots
-:Jf R. p:p:fn: .r:ﬂmparm’ with the number in R. esculenta.—In a
female R. pipiens weighing 48.2 grams, HARDESTY ('99) reported
14,5827 medullated nerve fibers in both roots of the ten spinal
nerves of one side. This was a much larger number than had
been found by BIRGE ('82) in a specimen of R. esculenta of greater
body weight. To reduce Birce’s figures for the specimen of
R. esculenta, weighing 63 grams, to those for a specimen weighing
only 48.2 grams, we have proceeded as follows:

The smallest frog in BIrGE’s series, with a body weight of
1.5 grams, in which he enumerated 2992 motor fibers in the ven-
tral spinal roots of one side, was selected as one limit, and to this
frog the same proportion of sensory fibers as was found in the 63
gram specimen, was allotted, a concession which probably makes
the number of sensory fibers somewhat too large.

The number of fibers corresponding to each gram of body
weight between 1.5 grams and 63 grams was then determined.
By this method, it was found that when the number of fibers in the
spinal nerves of the 63 gram frog was reduced to the number for a
48.2 gram frog, it amounted to 2.8 per cent of that found in the
63 gram frog, or 8925 fibers. Thus the difference between the
two species is (14,582 —89g25) 5657 fibers, or put in another way,
R. esculenta has only about 61 per cent as many medullated nerve
fibers in the spinal nerve roots as has R. pipiens. On rtducmg
the original observations of BirGE for the number of fibers in the

1 By a clerical error the number was printed on p. 78 (Haroxsty *99) as 14,783, It should be 14, 531
and consequently I shall use the corrected number subsequently, even when referring to Harpesty's

paper.
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2. A heavier brain and spinal cord.

3. A heavier brain in proportion to the weight of the spinal
cord.

4. A greater percentage of water in both the brain and spinal
cord.

5. A larger number of both sensory and motor medullated
fibers in the spinal nerves (when compared with R. esculenta).

6. A slightly greater proportion of sensory fibers in the spinal
nerves (when compared with R. esculenta).

7. Shorter internodes, and therefore a greater number of sheath-
ing cells (when compared with R. temporaria).

With the possible exception of the percentage of water, the
interpretation of which is not yet clear, all these characters may
be counted to the credit of R. pipiens as indicating a higher devel-
opment of its nervous system, and if we may make these charac-
ters a basis for physiological predictions, we should expect the
American leopard frog, R. pipiens, when compared with the Euro-
pean, R. esculenta and R. temporaria, to give (1) more perfect
general reactions associated with (2) less perfect reflex ones, and
also to be both (3) stronger and (4) more sensitive.

APPENDIX.

T he observations of Fubini,’81.

In 1881 Furini published, under the title *Gewicht des Cen-
tralen Nervensystems im Vergleich zu dem Korpergewicht der
Thiere beir Rana esculenta und Rana temporaria,” a study of
the weight of the brain and spinal cord in the two European species
commonly used for experiment. His data are comprised in eight
tables, each sex being represented by four tables, and the records
on twelve specimens entered in each table. His main object in
this study was to show that in the female frog, the weight of the
central nervous system was less than in the male. As I have
elsewhere explained (DonaLpsoN and SCHOEMAKER, '00), he
does not show this, having fallen into error by reason of his failure
to appreciate that the relative weight of the central nervous system
diminishes with the increasing body weight of the frog.

Despite this failure in the interpretation of his records, 1t was
desirable to examine further his original tables in order to deter-












