o~ o ~

THE CHROMOSOMES OF THE NORTHWEST AMBYSTOMID SALAMANDERS
by
DONALD GLEN HUMPHREY

- A THESIS
submitted to
OREGON STATE COLLEGE

in partial fulfillment of
the requirements for the

degree of
DOCTOR OF PHILOSOPHY
June 1956


http:AMBYS!O.M.ID

APPROVEL

Agsocliate Professor of Department of Zoology

Head of Department of Zoolog

In Charge of Msjor

Chairmen of Sehocl CGraduate Committee

Date thesis is presented w?%%k%f éa /95¢
” ,

Typed by Eileen Humphrey



ACKNOWLEDGMENTS

I would like to express my appreciation to my major
professors, Dr. Robert M. Storm and Dr. Ernst J. Dornfeld,
for their advice, assistance, and encouragement during
this investigation. |

To Dr. James Kezer of the University of Oregon I give
my special thenks for making material available to me and
for adviece on certain problems entailed in this study.

Other members of the Zoology Department at Oregon
State College, both graduate students and staff, deserve
my thanks for aid given in many ways, particularly in the
collection of animals,

Finally I should like to express my gratitude to Dr.
Anton Postl and President Roy E. Lieuallen of Oregon College
of Education for making facilities and time available for
the final completion of this work.



TABLE OF CONTENTS

CHAPTER PAGE
I; INTRODUCTION « ¢ o ¢ o o« o s s o o ¢ s o s 9 o 1
II. METHODS AND MATERIALS, o o o o o » o s = s » & 8
IT1I. PRECENTATION OF DATA « o o o o o % o 5 & o s » 16
Observations on Chromosomes. « » » » » » « » 16
Observations on Times of Spermatogenesis . .

IVe DISCUSSION o o« o o o o ¢ s o 5 o o s s o ¢ » »
Chromosome MOYphiolOogYs o o » o o o o o o o &
Jdlogreams. +» « s « o s o o o » & 5 ¢ 9 8 s »

Ratio of Longest Chromosome to Shortest. . .
Chlasmata Frequencys: « « « = ¢ » « » o o & &

V. CHROMOSOMES AND THE PHYLOGENY OF THE CAUDATA .
VI. BSUMMARY AND CONCLUSIONS. o « » » = o « o« « « o 49
BIBLIOGRAPHYs o ¢ o o o o o s v o s s ¢ ¢ ¢« s s « s « 52

ERERNIBRE



LIST OF TABLES

TABLE
l. Chromosome Numbers in Ambystomid Salamanders
2 Chromosome Numbers in Northwest Ambystomids.
3. Formulse of the Haplold Set of Chromosomes .
4o Ratio of ILongest Chromosoms to Shortest

GMQM'O”.Q:....Q:......&

PAGE

28
33



LIST OF PLATES

PLATE PAGE
I. Melotic Figures in Rhyscotriton Olympleus « + » 25
II. The Haplold Chromosomes « ¢ « o « o o » s o o o« 30
III. Chromosome IdiogramBSe « o o o o o » .‘ e v s s e 33
IV. Chissmata at Diplotene. « « « « « » « « « « » » 38
Vo Chiasmatea Prequency « « « s ¢« » o« o » o o » s ¢ 39

Vi. The Phylogeny of the Caudata. « « ¢ « o s o o o h‘z



THE CHROMOSOMES OF THE NORTHWEST AMBYSTOMID SALAMANDERS
CHAPTER I
INTRODUCTION

Ever since early chromosome research produced such
epoch-making studies as those of MeClung (24, pp. 304-340),
Boveri (2, pp. 181-268), Janssens (20, pp. 387-411), and
Agar (1, pp. 1-4), the chromosomes have occupied onme of
the eentral places in evolutionary thought. That the detere
mination of chromosome numbers and morphology might be of
value in taxonomic studies of plants and animals has not
been well recognized however until comparatively recent
times. Though the early work listed above was done on
zoological material most recent advances in cytelogy have
been in the main part based on botanical studies. The
morpholegy and numbers are now known for a large number of
plant families, but modern eytological studies on animals
are less extensive. Using some of the speclal techniques
developed by the botanists, animal students are now be-
ginning to increase our knowledge of more and more animal
groups. At the present time the literature reveals a rather
large number of studies on the eytology of insects, espec~
ially the various orthopteran groups. Vertebrates have |
been much less studied. Makino (26, p. xiii) lists only
108 species of amphibians thet have had their chromosome
numbers studied and recorded. Careful morphologic studies
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in this and other vertebrate groups are, however, even more
rare.

That an increase in our knowledge of the ehromenong
eytology of all organisms is important cannot be doubted.
As early as 1905 McClung (24, ppe 304-340) professed the
bellief that careful comparison of the germ cells of nearly
related specles would be of extreme value in establishing
evolutionary relationships. JMeClung's three lines of
investigation: (1) comparison of caryotypes in related
species, (2) comparison between the caryotypes of aberrant
individuals and the normal chromosome set of the species,
and (3) experimental alteration of the caryotype, have all
proved fruitful methods of inquiry and have set the broad
outlines for many subsequent studies.

In his aom@ilntien, An Atlas of Chromosome Numbers in
Animale, Makino (26, pp. 1-290) lists the chromosome numbers
and some other eytological details for 3317 species of
animaels. Of these 2754 are invertebrates (mostly insects)
and 563 are studies of vertebrate species. At the time
Makino's Atlas was published in 1951, 54 species of Caudata
had been investigated. Since 1951 a few workers have been
adding to this list. Here in America the studies of Kezer
(22, pps 1-55) have added significantly to the knowledge of
the plethodontid salemanders. Other familles of Caudata
have not been systematically studied however, and data on
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most forms are either completely lacking or only sketehy.

‘White, in his excellent book Animal Cytology and Evolu=-
tion (37, pp.l~i35), documents the evidence to support the
hypothesis that the chromosomes constitute the physical .
basis of heredity and also furnish the m@nﬂn‘ source of
evolutionary changes. Sinee this 1s the gui uny mam?
tion about differences in numbers and ‘ ahq%an of ehromosomes
between closely related species throws new light on problems
of taxonomy. In the same sense characteristics of the
chromosomes of whole groups have a bearing on the differe
entlation of the higher cgtogoriea of our e¢lassification:
as well as the problem of wolutiﬁm patterns, plastieity,
and adaptiveness. It was with the belief that a comparative
study of the chromosomes of & family unit eaom in Oregon
might help elucidate some of the problems of comparative
evolution, as well as the recognition of the need for
studies on the eytology of these mmMm unmuﬁgimd
specles, that the present research was undertaken.

A careful search of the literature reveals that oaly
three of the twenty~two recognized species of the family
Ambystomidae have been investigated as regards general
chromosome morphology or chromosome nwnber. Mudiﬁ on the
axolotl, Ambystoma mexiecanum, and env the siredon, Ambystoma
tigrinum, have been conducted by a number ofwrkers. The
early studies such as those by Jenkinson (21, pp. 408-482),
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Mueckerman (31, pPpe 233-252), and Msck (25, pp. 119-127)
present conflieting data as to the number of chromosomes
characteristic of these specles., Indeed, in some cases 1t
seems that some of these investigators may have been cone-
fused as to whether they were actually studying material
from the axolotl or the siredon. The methods used by these
early workers explain to a great extent the veriations in
their results. Not until 1919 did really significant work
appear. At that time Parmenter (33, pps 169-226) presented
an excellent study of both ehromosome numbers and morphology
in the somatic mitoses of Ambystoma tigrinum. Parmenter
established that the diploid number of this species was 28
and made measurements and comparisons of all the chromosome
pairs. The more recent work of Calgano (17, pps 171-200),
Carrick (5, pp« 63-74), and Prokefieva (3h, pps 148-164)
confirm Parmenter's results for this species. Prokofieva
reported finding variable numbers of chromosomes for this
species, either 2l or 28, in variéua mitotie figures. On
the basis of Parmenter's careful study and the subsequent
discussion by Wieckbom (38, pp. 241=3i6) of this disecrepancy
it seems evident that the 2j diploid number which, by the
way, was also reported by Muckerman gnd Maek in aur;&uw
studies must be due to some misinterpretation of material.
A careful serutiny of the eytological technique employed in

these investigations in question reveals possible reasons



for error.

Wiekbom (38, pp. 247-248) and Fankhauser and Humphrey
(14, ppe 367=374) have shown that Ambystoma mexicanum has,
like Ambystoms tigrinum, a diploid somatic number of 28.
Fankhauser, in a series of important investigations, has
shown that polyploid individuals occur naturally in this
species, although it is doubtful that many survive to
maturity. The work of Wickbom has established some of the
details of the morphology of the somatic chromosome set.
Humphrey (19, pp. 33-66) using the axolotl proved in a
classie genetie study that sex determination in this species
is of the ZW type even though morphologiecally distinguish-
able sex chromosomes are absent.

In 1938 Creighton (6, pp. 497-504) investigated
chromosome structure in Ambystoma meculatum (punctatum),
but made no chromosome counts for the species nor did she
contribute significantly to the knowledge of the gross

chromosome morphology of this species. A curious situation
exists in the literature. Wickbom (38, p. 257) eredits
Creighton with deseribing a diploid number of 28 chromosomes
for this species, and cites the paper referred to above.
After several careful readings of the citation this writer
could find no mention of any counts by Creighton. It would
thus seem that Wickbom is in error and unless Creighton
made this count available in some unpublished source the
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eredit for determining the chromosome number for Ambystoma
punctatum should go to Henley and Costello (18, pﬁ. W~95).
This diserepancy in the literature should be clarified;
previous similar mistakes have led to confusion both in
priority end in sccuracy., Henley and Costello investigated
this species during a study of natural polyploidy in
amphibian populations. From a number of mitotic figures in
tail eclips a dzploid-nunbor of 28 was recorded. Unless it
can be shown otherwise, these investigators should rightly
be credited with this discovery. Keszer (22, p. 39) re-
ported a hapleid number of 1l for Ambystoma jeffersonianum.

Thus, previous to this study only Ambystoma tigrinum,
Ambystoma mexicanum, Ambystoma jeffersonisnum, and Amby-
stoma magulatum had been investigated eytologically and of
these the last two named only as to chromosome number. The
other two North American genera, Dicamptodon and Rhyacotri-
fon haed not been studied.

The paper of Carriek (5, pp. 63-T4) has been the only
one to date that dealt with melotlie chromosomes. Carrick
did not use the methods employed in this investigation
however, and this may in part explain some of the faulty
conclusions contained in his paper. These will be discussed
in more detail later. This study, then, presents the first
use of modern squash preparation techniques on this family

of salamanders, and represents the first in a series of ine
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vestigations to be undertaken of the eytology of the entire
ambystomid group.



CHAPTER IIX

There are five species of ambystomid salamanders found
within the confines of the state of Oregon. One of these
species, Ambystoma tigrinum, is found only in limited num-
bers in the extreme northeast eorner of the state. Since
the studies of Parmenter (33, pp. 1694226), and Carriek
(5, ppe 63-7h4) deal with the eytology of this species, and

‘sinee it does not occur in the western part of the state it
was omitted from the study.

The four smbystomid salamenders oceuring regularly in
western Oregon are the northwestern salamander (Ambystoma

gracile), the long-toed salsmander (Ambystoms macrodsetylum),
the Paeifie gient salamander (Dicamptodon ensatus), and the
0Olympie salamesnder (Bhyacotriton olympicus). These four
species comprised the animals used for the present study.
The group consisted of three genera and thus presented the
opportunity to compare animals of differing genera as well
as two of the seme genus. These species presented the
further advantage that they had not yet been investigated
and that they showed a variety of adeaptations to different
ecologie niches. Detailed species deseriptions of this
group can be found in the recent work of Stebbins (36, pp.
32-h1).
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Collections were made by the writer and other menbers
of the Zoology Department of Oregon State College over a
period of eight months, beginning in February of 1955 and
continuing through September of that same year. BSinee the
chief source of chromosoms material was the melotle male

testis 1t was necessary to collect over this span of time in
order to determine the times of spermatogenesis. After each
collection some of the animels were examined cytolegleally.
Fresh collections were msde at periocdisc intervals. All
specimens were preserved, cataloged, and coded. Individuals
that provided favorable material could be referred to by
means of a code system written on the nliﬁi preparations
with a diamond penell. Females, and males not in spermato-
genesis, can be found In the Oregon State College Natural
History Museum herpetological collection; specimens from
which slides were made are in the investigator's possession.

The material used for this study consisted of eumbryes,
testes, and regenerating liver tissue from the above listed
species as follows:

Speeies Bumber of Speeimens Zissue
Ambystoma gracile 6 m{p‘gﬁ,ﬂma
" . 6 Embryo tail e¢lips,
_ squashes
v . 3 Regenerating liver

tissue, sections
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Species - Number of Specimens - Tissue
Ambystoma gracile 8 . Testes, sections
' ‘ and squashes
Ambystoma macrodactylum 6 . Embryo tail elips,
. whele mounts
. . . 6 Embryo tall elips,
squashes
. " | 8 ‘ Testes, sections
and squashes
Bhyacotriton olympilcus 11 Testes, sections
and sq:luhu
Dicamptodon ensatus 3 Testes, sections
y : . . and, squashes
Ll o | 1 ‘Regenerating liver

tissue, squashes

In the case of Ambystoma mecrodactylum the establish=
ment of a laboratory ecolony proved to be Vialpm as 'the
colony could be sampled at regular intervals and a large
stock collected when these animals were relatively easy to
obtain. Squash prepsrations of testis material were alse
made availsble by J. Kezer of the University of Oregon.

The larvel tail elips used in this study were handled
in two different ways. Ome, after the method of Fankhauser
(13, ppe 22-23), consisted of removing the tails of larvae
at the hind limb bud stage and fixing them in Bouin's fluid,
then staining with either iron hematoxylin or aceto-oreein.
The other method consisted of removing the tail and placing |

it directly on a slide in aceto-orcein and removing the
spinal cord so that only the thin tail epidermis remained.



Squashes were then made by a modification of the aceto=
orcein squash method for chromosomes as outlined by Darlinge
ton and La Cour (8, p. 120). This squash method proved to
be best for well spread mitotie figures.

Teatls material was prepared in two ways. First, uhoi.
testes were fixed in Newcomer's fluld, then imbedded in
paraffin, and later sectiomned at 15 miecrons and stained with
iron hematoxyline. Secondly, the whole testes or parts of
testes were macerated to form a suspension of cells which
were in turn prepared by the aceto-orcein squash method of
Darlington and La Cour referred to above. Some excellent
squash preparations were also obtained with en iron hema-
toxylin stain. The method used for these iron hematoxylin
squashes was as follows: |

The testis material was macerated to form
a suspension of cells and this suspension was
then fixed in a 10% acetic acid solution and
squashed between a slide and an albumenized
cover slip. The cover slip was then soaked
off in a 15% solution of scetic acid. The
squashed cells remained fixed to the cover
slip. The material was then washed in two or
three changes of water and then stained by the
usual regressive iron hematoxylin staining
methods The schedule ineluded five minutes
in iron mordant followed by several rinses
and then ten minutes in Heidenheim's hema-
toxylin. After rinsing and allowing to blue
up the material was destained for five to ten
minutes in pierie acid. This was followed by
rinsing, dehydration, and mounting in balsam.
The results proved to be very satisfactory.

In an effort to obtain mitotic material from species in
which the larval tsill c¢lip method seemed impractical experi-
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ments were carried out to determine the feasibility of us-
ing regenerating liver tissue as a source of mitotie
figures. The method proved to be of some success and can
be summerized as follows: .

Neotenic Ambystoma gracile larvae and

adult inﬁggto‘ n ensatus were used for the

experiments. rst an incision about 1 centi-

meter in length was mede ventrally in the

regilon of the liver., The liver was then

partielly exposed from the body cavity and

approximately 70% by weight was snipped off

and the remaining liver was returned to the

body cavity. The wound was then stitched

and the animal returned to the aquarium or

the refrigerator. At three-day intervals

the animals were injected with colchicine

and after a ten~hour lapse the liver was

removed and either fixed in Bouin's fluid

or prepared by the aceto-orcein squash

method.

This regenerating liver yielded good metaphase plates
and was suitable for chromosome counts. This meterial was
also useful in making comparisons of mitotic and meiotie
figures as well as comparisons of spermatogonial mitoses
and regular somatic mitoses. Colechicine seemed to cause
some shrinking of the chromosomes leaving these specimens
unsulitable for morphologic studies,

Slides prepared by the sbove cytological methods were
all coded for easy reference to the source animal and then

analyzed. For all of the examinations of the slide material
a Tiyoda Zeiss-type research microscope was used. Koehler
illumination was provided by a Spencer Advanced Research

Illuminator. A Spencer camera luclda was used for drawing



and photomicrographs were made on mierofile film with a
35mm camera, Photomlerographs and camera lueida drawings
were made at an original magnification of eilther LOOx or
1000x.

The ecytolegical date collected for thit study were as

follows:

omosome numbers. At least 100 counts
were made for each species gnd the results recordeds In
each case counts were made from both mitotic and meiotie
material and included diplotene, metaphase I, anaphase I,
metaphase II, and anaphese II figures. Mitotlie metaphases
or anaphases were also examined., The majority of the
materiel used in establishing chromosome numbers for the
various species was from the testisj however other tissues
gave identical results. |

2. General chromosome morphologye. Individual sets of
chromosomes were either photographed (when well spread) or
drawn out by camera lucida. } Thus, the general pattern of
longer and shorter chromosomes, . ineluding centromere posi-
tion, could be established. From a number of such sets a2
representative group of idiograms portraying the length and
relative position of the centromere for each member of the
caryotype was prepared for analysis. Measurements were made

by the use of an occular micrometer to establish the actual

size of the chromosomes.



e g_q_g.g. ef longest ghromosome to shortest. From the
idlogrems deseribed above it was possible to establish s
comparative ratio of the longest chromosome member and the
shortest for each species. This was found %o show a signie
ficantly constant relationship and thus seemed to be a
suitable disgnostie tool for purposes of species comparison.
The velue of this ratioc agrees with the work of Makino
(27, ppe 153=160).

o Chissmate frequency. From material showing the
diplotene stage of the melotie prophsse I, chiasmeta fre-
quency could be determined end used for comparative pur-
poses. Twenty-five counts were made of comparable diplotene
stages and the average of these counts as well as the |
variational range was graphed, Furthermore, it was thought
that the number of chromosomes showing a minimal number of
chiasmata (in this case, two)might be of comparstive value
80 thies was established for each member of the group., Some
general observations on the degree of terminalization at
metaphase I were also recorded.

The above data were eastablished for each specles
studied and used to determine what patterns of caryotype
change might have tsken place within this group,

The idiogram prepared by Wiekbom (38, p. 251) for tho»
species Ambystoms mexicanum end those prepsred by Parmenter
(33, po 249) for Ambystoma tigrinum were studied and im-



cluded-in a limited way in the final snalysis of . the
materiale.

5
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CHAPTER IIX

PRESENTATION OF DATA

For purposes of comparison the following data were

obtained for each of the species investigated:

1o
2.
3e
lie
Se
6.

1.

Chromosome numbers

Chromosome morphology of the haplold set
Chromosome idiograms for the haploid sat

Ratios of the longest chromosome to the shortest
Chiesmata frequency '

Times of spermatogenesis

Observations on Chromosomes

Ambystoms macrodsctylum - The haploid chromosome
number for this species was 1ll, the diploid
number 28, These numbers were determined from
over one hundred counts from both mitoses and
meloses. HNo evidence for heterochromosomes was
found. This specles has nine metacentric chromo-
somes and five submetacentric ones. If the
haploid set is arbitrarily divided into longer
and shorter groups a formula of 5M, 28, lm, 3s
can be obtained, where M stands for metacentrie,
and S stands for submetacentric chromosomes,

The ratio of the longest chromosome to the
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2.

3.

17

shortest chromosome of the set is 3.9, From

twenty-five counts the average chiasmata

- frequeney was found to be 59.9 with a range

of variation at middle diplotene from 58 to 62.
Ambystoms graeile - The haploid chromosome
number for this species was ll, the diploid
number 28, As in the preceding species no
evidence for heterochromosomes was found.
Ambystoma graclle has nine more or less
metacentric chromosomes and five definitely
submetacentrie ones. The n#t has a formula
of 5M, 28, hm, 3s. The ratio of the longest
chromosome to the shortest is 3.7« The aver-
age chissmate frequency was 59, with a range
of variation from 55 to 63.

Dicamptodon ensatus - For this specles the
haploid number was also 1, the diploid
number 28, Once again no evidence for
morphologically distinet sex chromosomes

was found. This species éosaoaaoa nine
metacentric chromosomes end five submeta-
centric ones. The formuala is 5M, 28, im,
3s. For Dicamptodon the ratio of the
longest ehromosome to the shortest is l.0.
The avcragi chissmata frequency was 58,2
with a range of variation from 54 to 63.
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4o Rhyscotriton olympicus - Unlike the three.
species listed above RBhyscotriton has a
haploid chrb&naﬂma number of - 13, aéd a
diploid number of 26, Like the species
sbove no evidence of heterochromosomes
was found. The morphology of the haplold
set reveals eight metacentrie chromosomes
and five submetacentric ones. The formila
for this specles is M, 28, hm, 3s. The
ratio of the longest chromosome to the
shortest 1s 2,9, significantly lower than
the other species. The chiasmata frequency .
was also lower, being 39, with a rnagcﬁéf
variation from 36 to 42, The number of
bivalents showing only two of chiasmata
was five.

The main part of these cytological data is presented
in graphie fashion in Plates II, III, IV, and V in Chep-
ter IV. For each charascteristiec 1t can be noted that
Rhyscotriton olympieus is divergent from the other species
of the group.

Observations on Times of

In addition to the eytological data just presented,
information on the time of spermatogenesis and the melotie
eyele in the forms investigated should prove of interest to
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anyone contemplating further studies on these specles.

One of the most vexing problems of this entire study was
the determination of the proper time to collect animals in
order to obtain testes in florid melosis. Data for times
of spermatogenesis in these western forms were entirely
lacking in the literature. In fact, the only discussion

of spormntégonnzia in the ambystomids was that of Carrick
(5, ppe 63-74) on Ambystoma tigrinum and his study employed
laboratory animals from a colony in England.

Dr, James Kezer of the University of Oregon reported
that he had some material on Dicamptodon ensatus, Amby-
stoma gracile, and Ambystoms maerodactylum which had been
prepared in August, 1952, and which showed more or less
meiotie activity. This meterial was taken from higher
altitudes snd it was suggested that late June or early
July might be a good time to procure specimens. However,
some of the plethodontid salamanders undergo spermatogenesis
in the early or late spring. Because of the possible
variability of the species and because it was of eritical
importance to make all the collections by Fall, 1955,
collecting was begun in late February, 1955, and continued
through September of that year. This colleeting experience
revealed the following:

l. Ambystoms gracile - During the early spring
the testes are reduced in size and the sperm



ducts are full of mature sperm. By May the
testes begin to enlarge and smears reveal
some spermatogonisl mitoses., Material
c¢ollected from Owl Creek nesar Corvallis
showed little activity during May and June.
However, by the middle of July the meiotie
wave had entered the testes and good squashes
could be made from the neoteniec larvae used.
At this time the testes are enlarged and

- prominent. Until the males show the full

size testes, which are approximately 12 mm.
long and 3.5 mm. wide, there is little

likelihood of finding meiosis. Specimens
collected from the middle of July until the
middle of August showed meiotic activity.

By the end of August the meiotic wave had
passed through the t&at&alsnd only spermatids,
sperm, and Sertoli cells were 1n.avid~nao.

An adult male collected in January, 1956, had
an enlarged testis gorged with mature sperm.
Evidently after the breeding season in early
spring the toutna degenerate until June when
they begin to enlarge again. The best time,
then, to collect and utilize Ambystoma gragile
for cytological studies is during July and
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the first part of August.

Anbystons macrodastylum - As in Aubystoma
gracile squash preparations were made from
enimals over a long period of time before
good material was found. The testis is
greatly reduced in the early part of the
spring and is not at full size until the
latter part of June, At this time the
testes enlarge, reaching a size of approx-
imately 10 rame in length and 3 mm. in width.
July is the best month for obtalning material
for cytological purposes. However, this is
not a favorable time of the year for finding
these animals in the Willamette Valley.
During April while the animals were lesving
the breeding ponds the writer eollected a
number of adults and placed them in a
colony that was kept out-ef-doors in a
special box filled with molist soll. Earthe
worms and insects were introduced for food
and the colony was sampled at weekly or bi-
weekly intervals, Stomach analyses showed
that the animals were eating well and eon-
ditions seemed fairly normal. By the first
of July these animals were in spermatogenesis



3.
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and excellent material was obtalned from .
this source. Once again; July and August
are the best timees for utilizing Ambystoma
mecrodactylum for studies of spermatogenesis.
Dicsmptodon ensatus - No Dicamptodon ensatus
was collected before the latter part of July.
At that time nine animals were collected
from Parker Creek on Mary's Peak. Such are
the vagaries of research that eight of the
nine turned out to be females and the ninth
en immature male. On the fifth of August
twelve animals were collected from the same
site and three were in spermatogenesis {(only
three were adult msles). Of these three,
one was just completing the meiotiec wave,
one just beginning, and one showed a high
degree of melotic setivity throughout the
testis. The testes aversged sbout 23 mm

in length and 45 mm. in width., It would
seem that July and August would be m best
times for obtaining this specles also.
Neotenicsz of this form might alsc be
utilized since they may be easier to ob~-
tain in many places.

Rhyacotriton olympicus - This species shows

22
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a much earlier time of meiotic amctivity
than any of the other species and also a
longer and more varied period during which
individuals may be in spermatogenesis.

In general the older individuals are
through the meiotiec eycle about the time
the younger males are entering it. Ine
dividuals studied in early April. shéwo,d
gperm present but no meiotic sctivity.

The testis does not seem to regress in
slze to the extent it does in the other
species, In this species the testls is
darkly pigmented and more ovoid. The
average size is 5 mm in length and 2 umms
in width. By the first of May the animals
are in spermatogenesis, most individuals
examined being in the height of asctivity
by June 1. Some animals sampled on July 13
showed various stages of development, from
those in spermestogenesis to those in which
the process was completed: One miml
collected by Dr. Storm in November, 1954,
whose testes had been fixed in Newcomer's
fluid by Dr. Dornfeld, was found to show
no meiotic aetivity but did show a ‘.gru.ut
deal of sperms It can be conecluded from



the above that this species can best be
studied during May and June, somewhat
earlier than any of the other species
studied.

Plate I shows the florid nature of the meiotic figure
made avallable for study by the aceto-orcein squash method.
Since melosis sppeared to follow the usual pattern in all
of the specles studied no further observations need to be
presented here. Spermatogenesis has been described in
detail for many amphibians; the work of Burger (3, pps 450
468; I, pp. 489=513), Janssens (20, pp. 387-411), Carrick
(5, ppe 63-74), and Wickbom (38, pp. 341-346) is espeecially
epplicable to these forms. No differences were found to
exist in any of the present specles.
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CHAPTER IV
DISCUSSION

0f the twenty-two recognized species of the family
Ambystomidae the caryotypes of four specles had been deter~
mined previous to this investigation., These are summare
ized in Table 1.

TABLE 1 .
CHROMOSOME NUMBERS IN AMBYSTOMID SALAMANDERS

Haploid Diploid

Speeies | Number  Number Investigator
Ambystome mexicanum - 28 . . Wiekbom
Ambystoma tigrinum i 28 Parmenter;

_ Carriek
Ambystomas maculatum - 28 Henley and
Costello
m;ﬁg& Jeffersonienum 14 - Kezer

The use of meiotic materiasl in this investigation has
established the haploid number of 1l for Ambystoma graecille,

Ambystoma macrodsctylum, and Dicamptodon ensatus. Rhyaeo-
triton olymplcus, however, has a haploid number of 13. No

evidence for hetercchromosomes was found in either meiotie
or mitotic material. Carrick (5, p. 65) reported, "I have
found the haploid number (of Ambystoms tigrinum) to be 1i,
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with the addition of an X-chromosome whieh normally divides
 in the first maturation division and remains whole in the
Aaoeond.* Elsewhere in this paper Carrick talks of a
questionable autosome and of a diploid number of 28 for
this species. The fact that no sex chromosomes were found
in the éroaont study sheds considerable doubt on Carrick's
observation of them in such a closely related species. As
a matter of faect, it supports the opposite view of Wickbom,
Matthey, and others that the Caudata do not show morpho=
logietliy distinet sex chromosomes. The oxaollént study
by Humphrey (19, ppe. 33-66) in Ambystoms mexicanum gives
genetlie proof of a ZW type of sex inheritance in these
forms and supports the findings of the present study on the
gquestion of heterochromosomes in this group.

~ As was pointed out in an earlier chapter the previous
work dons on ambystomld chromosome numbers has shown a high
degree of varisbility. Review of the methods used by
previous investigators does much to explain the discrep-
ancles that exist in the literature. The methods used here
give eclearly spread figures which leave no doubt in their
analysis. For this resson it seems there can be no ques-
tion that the numbers shown in Table 2 are the correct
numbers for these species. The term "fundamental number”
as used in this table refers to the number of chromosome

arms. Metacentrie chromosomes have two arms; acrocentrie
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are considered to have only one arm. In these specles all

chromosomes are mta«cantrim

TABLE 2
S IN NORTHWEST AMBYSTOMIDS

Haploid Diploid Fundmgtll

Species Number Number Humber
Ambystoma gracile i} 28 : 56
Ambystoms macrodsctylum 14 28 56
Dicamptodon ensatus 1 28 56

Rhyscotriton olympicus 13 26 | 52

In view of the fact that Matthey (28, pp. 167-169) has'
stated that differences in numbers of chromosomes in sala-
manders correspond very well with familial differences, the
diploid number of 26 with the corresponding hapleid 13
established here for Rhyacotriton glm icus is of importance.
Two hypotheses seem to present themselves when this chromo-
some number for Rhyacotriton olympieus is econsidered.
Perhaps this speciles belongs in a new and np#ratg family
group since this is the £irst time the diploid number of 26
has been recorded for any Caudata, On the other hend, 1t
may be that this merely represents an evolutionary offshoot
not divergent emough to snjoy a separate family status but
still indicating a genus rather remote from the mezin group
of ambystomids. A qguestion that immediately arises at this
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point is how importent is chromoscome number to yhylngenz-
In many groups of organisme variation of chromosome number
even within a single genus iz not uneommon. This does not
seem to be true of the Caudats however. The question of
the taxonomle status of Rhyacotriton olympicus will be con=
sldered in more detall in the next chapter, after other
data have been examined.

Matthey (29, pp. 18i~185) reports that the general
pattern of caudate chromosome morphology is one of large
two-armed or V-shaped figures at the metaphase plate. In
the more primitive families there is nlua,'m,mr group
of micro-chromosomes, In more specislized families the
micro~chromosomes are lost and chromosome number is udm
The material studied here is not at varlance with this
general deseription of the entire group. Flate II shows
nicely spread anephase II figures for esach species and
gives a good picture of the haploid set of each species at A
a comparable meiotic stage. Since this stage shows the
morphology of the condensed chromosomes more clearly than
any other it was used for the morpholegical analysis..

One problem inherent in the method used was that of
varisbility due to different squash presaures and the possie-
bility of comparing slightly different stages. Fixation
did not seem to be always constant either; sometimes the
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chromosomes seemed more swelled than other times. This
variability thus diminishes the chances for and the vali-
dity of any microgquantitative comparisons.

A formula-comparison of the haploid set of o#ch
species is shown in Table 3. The formula employs the
letters M and 8 to indicate longer metacentric and sub-
metacentric chromosomes and the same letters in lower case
to indicate shorter ones. The set was arbitrarily divided

as to longer chromosomes and shorter ones.
TABLE 3

FORMULAE OF THE HAPLOID SET OF CHROMOSOMES

Speecies Formula
Ambystoma gracile 5M, 28, Lm, 3s
Ambystoma macrodactylum SH, 28, 4m, 3s
Dicamptodon ensatus 5M, 28, Lm, 3s

Rhyacotriton olympicus LM, 28, m, 3s

The results reported here are in fairly good agreement
with the work of Parmenter (33, pp. 169-249), Wickbom
(368, pp. 250-254), and Prokofieva (34, pp. 148-169). It
should be remembered however that this previous work done
on the genus Ambystoma utilized mitotic metaphase figures.
Perheps the squash method used here gives more sccurate

results when used to study morphology. For example,
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attempts by Wickbom and Prokofieva to formulate the hap-
loid set for &mhxétema mexicanum reveal divergent morpho-
logic patterns. How real these divergences are 1is
difficult to determine because of the differing technigues
employed. In the future comparisons should be made from
material that has been treated in a uniform mammer.

Idiograms

From photomicrographs and camera luclda drawings an
idiogram for easch species was prepared to show the dimen~
sions of the chromosomes and the positions of the centro-
mere in an average haploid set. These idiograms, as well
as one adapted from Parmenter (33, p. 248) for Ambystoms
tigrinum end one from Wickbom (38, p. 251) for Ambystoma

mexicanum, are presented in Plate III. In each case the
chromosomes are arranged and numbered in order of descend-
ing chromosome length. This plate illustrates a fundamental
characteristic of ceudate chromosome mmvphglegy. When
arranged in this fashion the chromosomes form a steadily
falling curve. Salientia, on the other hand, show a sharp
step in the middle of the curve, possibly indicating an
ineipient division of the set into a group of lnrga chromo=
somes, and a group of small ones. This has been discussed
in detail by Wiekbom (38, p. 326}.

As will be seen from the idiograms the chromosomes of
the apecies studied are large; indeed, the Csudata as a
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group possess some of the largest of all known chromosomes.
The length ranges to almost 30 microns at the stage

measured. The idiograms also clearly show the relative
lengths of the arms of each chromosome.

Ratio of Longest Chromosome to Shortest

From the idiograms it was possible to make a number of
comparisons both within the set of each specles as well as
between species. The most significant of these was the
ratio of the longest chromosome of the set to the shortest.
This is shown in Plate III and also in Table 4. It may be
noted that while the other specles studied are very similar

in this ratio, Rhyacotriton olympicus is significantly
lower, ' ' '

TABLE 4

RATIO OF LONGEST CHROMOSOME T0 SHORTEST CHROMOSOME

Longest chromosome  Shortest chromosome

Species in miecrons in microns Ratlo %
Be olympicus 19 6.5 2.9
D. ensatus 18 | 45 e O
A. gracile 20 Sely 3.7
A. maerodactylum 19.5 5.0 3.9
A tigrinum LI 9.8 a0

A. mexicanum 26 5.0 5.2
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It 1s interesting to observe that while the material
of Wickbom and Parmenter is from mitotic material this
ratio is rather elose to that obtained for the species
studied here. A4 check was made of this comparison for
mitotic metaphase for Dicamptodon ensatus, and for melotie
enaphase I, metaphase II, and anaphase II for Rhyascotriton
olympicus and Ambystoma msercdactylum. In each case,
although the actual length of the chromosomes varied with
the degree of forshortening in the various stages, this
ratio remained within plus or minus 6,3 of the values re- .
corded in the table above. The results as presented appear
significant without subjecting them to statistiecal analysis.

Chiasmats Freguency

One of the tools that has proven to be of value in
comparative cytology studies is the comparison of the
chissmata frequency of the caryotype of each species
studied., Chismata frequency at metaphase I was used by
Kezer (22, pp. 1=55) in his studies of the plethodontid
salamanders. Wickbom (38, pp. 241-346) used chlasmats
frequency at diplotene in his inveatigation. In some
species 1t hes been shown that as diplotene progresses thg
chiasmata terminalize and at metaphase 6t the first diwi*v |
sion are greatly reduced in number. In other specles

terminalization before metaphase is nsgligikls, although
chiasmata sometimes shift more distally in the bivalent.
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The species studled here show no great reduction in chlas~
mata from diplotene to metaphase I. In no case was any
significant reduetion in chlasmata from early to late
diplotene demonstrated. For this study only chromosome sets
in middle diplotene were used for comparing chissmata fre~
qﬁancy. In making counts of chiasmata frequency great care
must be used to guarantee that the material is interpreted
correctly. It is the author's opinion that at least inv’
some studies overlaps in long diplotene bivalents have been
mistaken for chiasmata. This would lead to a report of
high chiasmata frequeney. For example, if eounzi in Bhya-
cotriton olympicus are mede in late diplotene or diakinesils
five synaptic figures distinectly show a minimum number c:
chissmata of two per bivalent. This is characteristic for
this specles. Studies of early diplotene do not always
show these five characteristic figures; instead some biva-
lents appear as filgure-eights. Careful analysis of these
bivalents reveals that they are not bivalents with three
chiasmata but only apparently so. This sort of overlapping
is common throughout the set and if misinterpreted could
lead to much higher counts of chiasmata frequency than
actually exist.

The determinations made here were done under oil at &
megnification of 1500 diameters and camera lucida drawings

were made of a characteristic caryotype for each species
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(see Plate IV). Since some variation in chissmata does
exist from cell to cell at least twenty~five determina-
tions were made from as many éirfer@ns‘inﬁiviéakla a8
possible and these dnturminaﬁians sveraged. The average
for easch specles as well as the limits of varistion was
graphed for snalysis. The results can be seen in Plate V.
They seem to substantiste the other findings of this in-
vestigation in showing that Rhyacotriton clympicus has a

gignificantly lower chiassmata frequency than any of the
other three specles studied, BSince nons of the earlier
studies on Ambystoma has ineluded an snalysis of chiasmata
frequency no comparisons with eerlier work could be made.
The writer hopes to continue the enalysis of this family
end in time should have all the members of the group in-
vestigated.

Future work should alse inelude subspecific analysis
as regards chiasmata frequency. For the present it‘is'inﬁ

teresting to note that the material from Rhyscotriten

olympicus which was obtained in the zone of intergradation
between the two subspecies of this species from such widely
separated places as Mary's Peak, Falls City, and the
Columbia River Gorge failed to show any differences. This
was also true of material from Dicamptodon ensatus which
came from Mary's Peak and the Oregon Caves, and for Ambye
stoma macrodsctylum from the Willamette Valley snd Crater
Lake. Further exhaustive microquantitative studlies may
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ghed more light on the value of this determinstion in the
eytological asnalysis of subspecies. It is of utmost ime
portance in species comparlsons.

The number of bivalents showing & minimum ei‘ chiagw~
mata m:.ght also prove to be a valuable comparative guan=
tity. In the present investigation 1t proved to be of
value. As previcusly recorded Hhyacotriton .W had
five blvalents showing this minimum number. This varia-
tion alone did much %o explain the lower chiasmata frequency
in Rhyacotriton, though the fact that this specles had one
less bivalent also helped to sccount for the lower number,
The use of bivalents with a minlmm of chiasmata for com=
parative purposes had the further advantage that this
datum was' easy to determine and thus fulfilled the require=-
ment of a good and simple diagnostic character.

It can be noted from the discussion in this chapter
that Rhyscolriton olympicus 1s divergent from the other
species of the unit for each characteristic studied.



CHAPTER V
CHROMOSOMES AND THE PHYLOGENY OF THE CAUDATA

Speculations on the phylogeny of the Caudata have
been made by Dunn (10, pp. 1-4ijl) and by Noble (32, pp. l-
577). Noble has proposed a scheme baiod on life history,
comparative anatomy, and similarity of habits. From these
data he felt that the Hynobiidse are the most primitive of
all the living salamander groups. The Cryptobranchidae
are closely related to the hynobiids, perhaps representing
“"permanent larvae" of some uniknown hynobiid. The Amby-
stomidae are also rather primitive and could have evolved
directly from the hynobiids., The Salamandridae do not
show close relationships to any existing genus of hynobild
or ambystomid and probably aerose from some pre~-hynobiid
stoek. Nevertheless, they are related to these two fami-
lies. Amphiuma, although perhaps more similar %o the
salamandrids than to any other family, is not directly
derived from any recent genus. The Plethodontidae have
arisen from early mountain brook salamandrids, and the
Proteidae seem to occupy an isolated position among the
salamanders. The phylogenetic relationships of the Slireni-
dae to any of the above groups sare unknown sinece they have
no close affinities to any other modern group. For a
diagrammatic representation of this proposed scheme see
Plate VI.
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Noble has further speculated that among the Auby~-
stomidae, the genera Dicamptodon and Rhyacotriton are more
closely related to each other than to any members of the

genus Ambystoma. He states that Rhyacotriton olympicus,
the only specles of this genus, is a dwarf derivative of

Dicamptodon.

The cytology of the various families of Caudata 1s
less than complete. However some data on the majority of
the families are availeble. In many cases this consists of
only chromosome counts without any detalled study of the
chromosomeé morphology. The Sirenidase, Proteidae, and
Amphiumidae have been studled scarcely at all. Matthey
(28, p. 168) summarized the knowledge to date in a short
listing as follows:

Family 2n Fundamental Number
Hynobiidae -62 76
Cryptobranchidae 2-6l Th
Proteidae 4 L £
Ambystomidae 28 6
Salamandridae 22-2l 8
Amphiumidae ? ?
Plethodontidae 28 56

As was mentioned in Chapter IV the term "fundamental
number” refers to the number of chromosome arms. This term
has been proposed by Matthey (29, pp. 176-185) to emphasise
that in groups where chromosome number sometimes varies the
number of chromosome arms 1s nevertheless constant. Thus
oftentimes this "nombre fondamental" is of value in as~
certaining relationships that otherwise might be unclear.
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It is interesting to note that the Dipnoi have a funde
amental number of 76, the same as the supposedly primitive
hynobiids. It is assumed from this and other evidence that
there has been a reduction of the number of chromosomes
and of the fundamental number in the evolution from the
primitive to the more tpéaialiaod forms. Both losses of
chromosomes and centric fusions have been used to explain
possible mechanisms by which the changes in chromosome
numbers have come about. It will be noted from the above
listing that up to the time of Matthey's paper, which was
published in 1951, intrafamilial variations had been found
only smong the Hynoblidae, Cryptobrenchidae, and Salamandri-
dae, and for the first two famlilies at least centric fusions
seemed to be a good explanation of these variations since
the fundamental number was constant. All other families
were characterized by 2 single modal number. On the basis
of this evidence Matthey (28, p; 169) states, "A chromo-
somal discontinuity corresponds to the familial discon~
tinuity of the systematicisns; within the families, the
fundamental homologs of the chromosomes are respected; thoﬂl
have been no great chromosome mutations but essentially gene
matations. The chromosomal formula gives an objective value
to the notion of the family."

These statements must be kept in mind when the signifi-
cance of the chromosome number found to be constant in

Ehyacotriton olympicus is considereds The two members of
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the genus Ambystoma, and Dicamptodon ensatus atudi..d here
have caryotypes very similar to each other and as far as
can be ascertained from the literature, very similar to
other ambystomids investigated. When these species are
compared with Rhysecotriton olympicus however, it csn be
noted that there are fundamental differences in chromosome
number, retios of longest ehromosomes to shortest, chiase-
mata frequenecy, and timing of spermatogenesis. Here then,
the eytological evidence would peoint to a chromosomal
diseontinuity, which in turn might point to an actual
femilial discontinuity. If this were the case then it
would seem the R ton olympicus should be separated
from the femily Ambystomidae, and placed in a new one. In
the light of the incompleteness of our present knowledge

it would be wise however to investigate this whole line of
reasoning much more thoroughly before any taxonomie changes
are attempted, _ y : ;

At this point 1t might be of some significance if a

few observations on the comparative anatomy and ecology of
these species were presented. There sre several char-
acteristics in which the first three named animals studied

are more similer and in which Rhyacotriton olympicus proves
to be divergent. For example, the testes of Ambystoma

macrodactylum, Ambystome gracile, and Dicamptodon ensatus
are all non-pigmented and though of varying size all are

of the same general ﬁ!upt and appearance.
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olympicus, on the other hand, has more ovel testes that ave

darkly pigmented. Whereas the time of sperma%agsncui: is
July %o August for the first three species,

olympicus enters spermatogenesis in May, ! trito

olympicus has only rudimentary lungs, no aunnln, the larvae
laeck a body fin, and have very short bushy gills; the
adults have a more tubular tail instead of the laterally
compressed one characteristic of the other species, the eye
is muech larger in proportion to the head, and the male
possesses prominent lobes on either side of the vent. These
rectilinear lobes are not found in the other species.

From the above morphologic as well as eytological

evidence it can be deduced that Noble's supposition that
Dicamptodon and Rhyacotriton are more closely related to

each other than to any of the members of the genus Ambyst
does not seem plausible. In the light of the new 0v1étnno

presented here there is also no good reason to support his
hypothesis that Rhyacotriton olympiecus is a dwarf form of
Dieamptodon ensatus. In fact there 1s no evidence that
these two specles are elosely related at ell.

The affinities of Dicamptodon and Rhyscotriton were
explored from a compsrative anatomy point of view by Eaton
(12, p. 182)., Eaton pointed out that B
little superficisl resemblance to Die

2ll salamanders.” Eston presents further evidence which
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he considers to be proof that these two specles are not at
all closely related. In fact he feels that Rhyacotriton
olympleus has evolved as a genus from one of the two northe
western Ambystoms. The present study supports the first
conelusion of Eaton but not the second. On the basis of
the eytologieal evidence this writer would suggest that
Rhyscotriton olympicus must have evolved at an early time
end is not closely related to sny other living ambystomid.
At a falrly early stage in this investigation an
attempt was made o explain the difference in the chromo=-
some number of Rhyacotriton glympicus on the basis 7 of a
centric fusion of two chromosomes of the usual ambystomid
1, thus giving 13 %to this species by this process. In
view of the laek of any acrocentric chromosomes and because
of other difficulties there seemed to be no basis for such
an explanation. When chiasmata frequeney was compared it
seemed to point to the fact that Rhyacotriton olympieus was
fundamentally different from any of the other specles and
any splitting off from the pronnt-_-dny ambystomids would
have to be discounted. It was not possible to explain this
chromosome dlfference by proposing a loss of one ehromosome
elther. For in each case i1t would be hard to explain the
great difference in chiasmata frequency. This 1llustrates
that chiasmata frequeney is a most valuable eytological
tool, for without the knowledge of the difference in the
frequeney of chiasmata, one might be tempted to conatruet a
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rather pat explanation of chromosome evolution. From the
evidence at hand 1t is probably most prudent to state only
that Rhyacotriton clympicus is the most divergent cytologie
eally of the unit here sbtudled, and that possibly its
taxonomle status should be reviewed.

- This investigation should aanelusiv&ly'el&i& up snothe
.er problem that is found in the literaturs. In 1917 Gailge
{16, pp. 1-3) deseribed a new salamander from the state of

The present study supports the evidence that this species
is definitely not one belonging to the genus Ranodon since
Henodon is & genus in the family Hynobiidee, a family which
ghows a much higher chromosome nuﬁber‘thna‘iaavuif‘*

olympicus., Thus the cytelogical evidence supports the
work of Dunn.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

1. Ace#c-oar«_m and iron hematoxylin squash prepars-
tions and tissue sections were used to study the chromosomes
of four Northwest ambystomid salamenders. The primary
souree of chromosomes was the melotie testls, but larval
tall clips and rsguizomting liver tissue were also used,

2. Ambystoms gracile, Arbystoms macrodsctylum, snd
Dicamptodon ensatus have a haploid number of 1}, and a
diploid number of 28. Rhyacotriton olympicus has a haploid
number of 13, and a diplold number of 26,

3« No evidence was found for heterochromosomes for
any of these specles.

e Pormulae for the haploid set of sach species have
been presented,

5« The ratio of the longest chromosome of the hapleid
set to the shortest 1z almost the same for each species
with the exception of Rhyecotriton olympicus which has a
significantly lower ratio.

6. Chiasmata frequeney at middle diplotene averages
about 60 per caryotype in Ambystoma gracile, Ambystoma macro-
dactylum, end Dicamptodon ensatus. For Rhyascotriton olympi-
cus the average caryobtype has a chiasmata of 40.

7+ The number of bivalents showing & minimum of
chiesmata is two for each specles except Rhyacotriton
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olympicus in which the number of bivalents showing a mine
imum of chissmate is five. .

8. The times of spermatogenesis for ‘em‘h species
except Rhyacotriton olympicus are July snd August. In
Rhyscotriton ammﬁngtmsia occurs earlier, m_ May and

9 Ambystoms maerodsetylum, Ambystomwa gracile, and

Dicamptodon ensatus all possess the characteristic modal
number of chromosomes reported for the family Ambystomidae

The morphology of the chromosome set and the chilasmata
frequency during diplotens sre all similar, In sddibion,
the ratio of the longest chromosome to the shortest chromo-
some of the set ls approximately the seme for each of these
specles, All of these species have only two bivalents
ﬁwwmg a minimum (2) of chiasmate. Thus, the evidence
points out thet these species are fairly closely related
and most differences between them have been due to gene
mitations, rather than ehremm changes.

10. Rhyscotriton olympicus possesses a new and uniq\w
number of chromosomes as compared to other Caudata. The
chlasmata frequency at diplotene is simiriamﬁly lower
than that of any other member of the group gtwdm&. The
ratio of the longest chromosoms to the shortest chromosome
of the set is significantly less then that of the other
species, It has five bivalents showing a minimm (2) of
chiasmata. All of ma aﬂﬂémn Miaitu that 1y
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olympicus 1s highly divergent when compared to other amby-
stomids, TIn faet this information indicates the need for
a possible revision of the taxonomic status of this genus.

1l. Contrary to Noble, there seems to be little or
no evidence to support the hypothesis that Rhyecotriten
olympieus and Dicamptodon ensatus are more closely related
to each other then to the members of the genmus Ambystoma.
Furthermore, his speculation that Ehyscotriton is a dwerf
derivative of Dicamptodon seems untenable. Both cytologle-
cal and morphological evidence confirm this.

12, On the point above, Eeton's idea ‘that the two -

abow-mnﬁz.amd species are not closely relsted is supported

but his further speculation that M_gg olympicus

ovolvad from elither Ambystoma mac um or w
gracile is not. ‘

i3 The evidence from the chromosome number of Rhyse
cotriton eonfirms the earlier decision of Dunn that this
species did not belong to the genus m which was the
genus ﬁa which it was first assigned.
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