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IN'lRODUO'.fiOB 

Ever since earl7 chromosome research produced such 

epoch-making studies a those o-r McClung (24, PP• 304•.340), 

Bov$r1 {2, PP• 181-268), Janssens (20, PP• 367-411), and 

Agar (l, PP• l-44), the chromosomes have occupied one or 
the central places 1n evolut1ona17 thought. That tM deter• 

mination of chromosome numbers and morpholog7 might be ot 

value in taxonomic studies of plants and animal has not 

been well recognized howeve~ until comparat1v•l1 recent 

times. Though the early work listed above was done on 

zoological :material most recent advances 1n o,-tology have 

been 1n the main part based on botanical studies~~ The 

morphology and numbers are now known for a large number ot 

plant .fu111ea, but modern cy·tological atwU.es on anlma.le 

are less extensive. Using some ot the special techniques 

developed bJ the botanists, animal students are now be• 

ginning to increase our knowledge of more and more animal 

groups. At the present time the literature revea.la a rather 

large number ot studies on the c,-tology ot insecta, espec­

ially the various orthopteran groups. Vertebrates have 

been much less studied. Makino (26, P• x111) lists only 

108 speciea of amphibians that have had their chromosome 

numbers studied and reeorde4. Careful moJ-Pholos1c stud1 a 

http:revea.la
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1n this and other Yertebra.te group• are 6 however, eyen more 

That an increase in our knowledge ot the chromoaome 

oytologJ ot. all organisms is important cannot be do~bted. 

A• early aa 190.5 Clung (24,, PP• 304•340) professed the 

belief that care.fu.l 0011'.\P&r1son or the g rm c-ella ot nearl7 · 

rel ted species would be at ex.t~m.e value ·1n eEJtabliahing 

volution1117 relationships. McClung •a three lines of 

investigation~ (1) comparison of caryot;rpe-. 1n related 

species, (2) comparison between the earJotJPea of aberrant 

individuals and the normal chromosome set ot the species, 

and {.3) eqerimental alteration of the OarJOtJPe, have all 

proved fru1ttul methods ot inqu1r7 and have set the broad 

outlines tor many ubaequent stucUea. 

In his compilation., An Atlas oE Glu:"omosome Numbers 1n 

Animals, l1akino (26, pp. l-290) lists the chromosome numbeJ-a 

and some other cytological details for 3317 species ot 

animals. Ot these 2754 are 1nv rtebratee (mostlT insects) 

and 56) are studies of vertebrate species. At the time 

Makino's Atlas was published in 1951, 54 apeciea o:f Caudata 

had been 1nYeat1gated. Since 19.$1 a few workers have been 

adding to this list. Here in America the studies of Kezer 

(22J PP• 1-.$.$) have added aignit'icantl7 to the knowledge of 

the plethodontid salamanders. Other families ot Caudata 

h ve not been s7stematicall7 studied however, and data on 

http:Yertebra.te


moat torms are either oo~letelJ lacking or on17 eketcby. 

·Wh1te t ln h1a excellent book Animal C7tolog1 and Evolu• 

t1on ()71 pp.l•4J5), dooumenta the evidence to aupport the 

hypothesis that the oh.romoaomes oonatitute the pbjaical . 

basta ot heredity an4 also turD1ab the material eouroe of 

•volutionaFJ chenaea. Since 'h1a 1a the caee e17 1ntorma• 

tion about 41tte.-enoes ln num.bers and aha»•• ot el'lromoeome• 

between oloael7 related •peoiea tbrowa new 11pt on probleJU 

of taxono-r, In the sam. sense oharacter1at1ca of the 

eb.l-omosemea ot whole poupa have a beart.ns on the dU'.fer• 

ent1at1on of the b1gb.e~ eategor1es ot our ol.ase1:t1oation · 

aa well aa tb problem o~ evolut1onar7 patterns, plaet1o1tr. 

and adapt1'9"•ne••· It wae v1th the belief that a comparative 

study of the obromo•o~a ot a ta.ily·un1t ooour1ns in Oregon 
' 

might help elueidate aoM ot the problema ot oompaPat1v• 

evolution, aa well as the reoogn1t1on ot the need tor 

atud1ee on the 07tolo 1 ot tbeae he:retot'ore un1nveet1sate4 

sp eiea, that the present rea•~ch waa unclertaken. 

A cuet"ul aearoh ot the literature reYeala that onl7 

three ot tbs twent7•two recogn1ae4 ageciea ot tM tam117 

ratom1dae have been investigated •• regard• general 

cll.romoaome mo»phology or chromosome numb••• Studies on the 

axolotl.• Ambzetoma me.xicamua, and on ~· airedon, Allbutoma 

t16[1num1 haYe been con4uetetl b7 a number ot,.,:rken. The 

e&.17 etudl•• euoh •• those ~1 Jenkinaon (21# pp. 408·482), 

http:beart.ns
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Muckerman (llt PP• 233-2$2) • and Mack (2$, PP• 119•127) , 

pr sent eontlicttng data ae to i)he nu:mbe~ or chl'omoaomes 

charaoter-ist1c of theae species. Indeed, in ao casea 1t 

s•ems that eom ot these 1nve t1gators ma:r have bee11 con­

tused aa to whether the7 were actuallJ' stud,-S,ng material 

t:rom the axolotl or the sir don. The methods usecl 'bJ these 

e.r17 workers explain to a gr at ex~ent the Yar1at1ona in' 

their results. Not until 1q19 41d reall7 a1sn1t1cant work 

app ar. At that time Parmonter (3.3, pp~ 169•226) presented 

an exe Uent atu4)" of both obromoaome nwnbere and morpholog 

in the somatic mitoses ot !m!az:•toma t1q1num. Parmenter 

establiahed that the d1plo14 number ot thia species vas 28 

and mad meaa\W,emente and on;>arisone t all th c~omoaome 

pairs• . ~more recent work o£ Galgano (17, PP• 171•200)1 . 

Carr1ck ($, PP• 63·74), and l:Tokot'ieva ()ij.. PP•· 148·164) 

oontu-. P nter•a results tor this epec1e&. Prokot1••• 

reported f1ll41ng variable numbers or chJtgmoaomea tof!! this 

species. 1th r 24 or 281 1n various mitotic f'igus-ea. on 

th - b sis or Par~nte;v • a cEl!'etul stud.7 and the aubae(luent 

diacuaaion bJ W1okboll (lS. PP• 241•.346) ot thit 41screpano,­

1t aeems evidenil that the 24 diploid number which, by the 

w•1 1 was also reported b7 Mi.lckerlUl'l and i•taok 1n earl1e~ 
' . 

atud1 • ' ~ t be due to some misinterpretation ot' . -.te~1•1~ 

A oaretul acrutin1 of the c;ytologioal technique emplo7ed 1n 

these 1nveat1gationa 1n question reveals possible reasons 



tor &J!'ror. 

Wickbolll ()8, PP• 2q.7- 248) and Fankhauser and Hl.lniPhr•J 

<14, pp. ,367•.374.) haYe shown that .A!Jl'bystoma mexicanum. baa , 

like Ambystoma t1sr1num. a diploid somatic number ot 28. 

Ftmkhauser, in a aettiea ot important investigations, has 

shown that polJPloid ind1v1duala occur naturall7 in thia 

apeoiea, although it 1a doubtful that m&ft1 aurY1Ye to 

maturltJ. !he work ot Wickbom haa eetabliahed aome or the 

data1la ot the morpholog7 or the somatic obromoaome set. 

HumpbreJ (19, PP• 33- 66) uaing the axolotl proved in a 

olaaaio genetio atud7 that aex determination in thia apeoiea 

is ot the ZW t,-pe e1'en though mox-pholog1call7 diat1ngu1ah­

able ae.x. chromosomes are abaent. 

In 1938 Creighton (6, PP• 497•504) investigated 

obromoaome structure 1n Amby;atet,a maeu.latum (punctatwa) 1 

but made no chromosome oounta for the apeciea nor 414 ahe 

contribute sign1t1oantl7 to the knowledge ot the groaa 

chromosome morpholog7 ot this species. A cur1oua a1tuat1on 

exists 1n the literature. W1ckbom (J8. p. 2$7) cre41ta 

Creighton with describing a diploid number ot 28 obltomoao•• 

tor this apeeiea, and cites the paper referred to abo••· 

After several careful readings ot: the citation this writer 

could .tind no mention ot any counts b7 Cre1Shton. It would 

thUs seam that Wiokbo ia in error and unless Creighton 

made tn1e count available 1n some unpublished source the 
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credit for determining the chromosome number tor Ambzatoma 

:punctatum should go to Henley and Costello (18, pp. 94-9$). 

This discr pano;r in the liter tUM should be clarified; 

previous similar mistakes have led to contusion both in 

priority and in accuracy. Henley and Costello investigated 

this species during a study of natural polyploidy 1n 

SJqph1b1an populations. From a number of mitotic figures in 

tail clips a diploid number of 28 was recorded. Unless it 

can be shown otherwise, these investigators should rightly 

be credited with this discovery. Kezer (22, P• 39) re• 

ported a haploid number of 14 tor Ambystoma Jefter~on1an~ 

Thus, previous to this atudJ .onlJ Amb:rstoma tisrinum, 

Ambzatoma mexicanum, Ambzstoma Jeffersonianum, and Ambz­

atoma maculatum had been investigated c;rtologically and of 

these the l at two named only as to chromosome number. fhe 

other two North American genera, Dicarnptodon and Rhyacotri­

ton ha.d not been studied.-
The paper of Carrick (.$1 pp. 63-74) has been the onl7 

one to date that dealt with meiotic chromosomes. Carrick 

did not use the methods e.mplo,-ed in this investigation 

however, and th1a may in part explain some of the raulty 

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 famil7 

of salamanders, and represents the first in a series of in• 



1 

veatigations to b Wldertak n ot the cytologJ of the entire 

ubystomicl poup. 
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CHAPTER II 

'!here ~· tive apeclea ot amb7atordd ealaundera tol.U14 

within the cont1nea of the atate ot Oregon. one ot thea• 

apec1ea, Amb:rstom.a t18£1nwn, 1a. found onl7 1n lWted nllJI'14o 

bera 1n the extreme northeast oorner ot the state.. Since 

the atu41ea or Parmenter {33, PP• 169- 226), and Cantok 

{$, PP• 63-74) deal v1th the oytologJ ot thia epeo1••• and 

since !t 4oea not oocv 1n the ftatern part oE the atate it 

vaa omtted h-o• the study. 

lfhe tour anib7atomid se.la.m.andera occuring regu.J.arl7 ·in 

western Oregon are the northwestern salamander (Ambzatoma 

paoil~}, the lona•toed aal.IJUD.Clv (t\J!bzatoma Morodaotzl~) , 

the Pac11'1o giant aalll.II&O.der (D1c!JIR!odon enaatua), and the 

Ol7JDP1• aalamand.er (ftbJacotriton oll!!£1cu) . These tour 

apeciea co~Jt1ae4 the eatmala uae4 tor the preaent atudJ• 

The group conaiated ot t~ee gene.-a and th:Lla preaented the 

opportunit7 to eompare animals ot d1tf~r1ng genera aa well 

aa two or the same geaua. !heae apeciea presented the 

further advantage that the7 had. not yet been 1nveat1gated 

and that theJ ab.owe4 a var1et:r ot a4tptat1ona to d1tterent 

ecolog1e niches. Detailed apeoiee deac~lptiona or this 

group can be round in the recent work ot St bbina (.36, PP• 

)2-41) . 

http:aalamand.er


Collecttons we~e mad·e by the wr1ter an4 otheJt •JUbera 

ot the Zoolog7 Depvtment of OJ~>eson State College ove~ a 

pe:riod of eight montU. beginning in Febt-u&r7 ot 19.$.$ and 

continuia& throueh September of that SSltiS -,ea:r. S1noe the 

ehief aourc• of chX"omoao · matellial waa the me1ot1• male 

teat1a it was nece•aa%7 to collect o'Y r thie apan ot t!Jaft 111 

order to determine th~ ttmea ot apermatogeneaia. After eaoh 

collection eome of the anima.la were examined c;JtoloaicallJ• 

Freah collections we;re made at per1o41o intarv.als~ All 

apeoim.ena were ,.. erved, oataloged~ and eoded. ·Indtv:lduala 

that provided faYorablo material eould be reterred to b7 

meana o£ a code system ~1tten on the al1de preparation• 

with a diamond pencil. Females,. .and ales not 1n apermato­

genea1s1 can be found in tbo Oregon State Colle;• Natural 

Histo1J7 MUseum herpetological oolleetioJ'lf apecit'letUJ fJ'Olll 

which alidee were made ~ in the investigator' a poasasaion. 

~he mateJ~1al uae4 tor this stu4J conaiated. ot ambl'Joa , 

teatea, and r generating llYer tissue rro the above listed 

•pecie• ae f'ollovat 

saeoiea Humber 2£ Sf!otee~ fiaaue 

Ambzato!! Slllil! 6 Embryo 'ail ol1pa,
wbo~• aoun.ta 

" • 6 BmbrJO tail olipa, 
aquaehea 

" .. 3 Reg•nerating liTer 
'1eaue, aect1ona 

http:anima.la
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Spectea .. lfum.ber,c 2!. Specimens T~aaue : .• 

~zatgma srao11, 8 f••t• , ••ot1ona 
and aquaahea 

6 Embr7o tall ll~pa,
who+e l!J)unta . . 

6 Em~ryo ~ail cllpa.
aquaahea 

.. ' ' 
8 !estes. aeot1ou 

and equaahea 
' . 

. 11 '!'estes, section• 
and aquaahea 

D1!!!Rtodon enaatua l Teatea; ••~tiona 
end. ~ aquaahee 

• 1 Regenerat1ng ,l1ver 
tiaaue. aqua8hea 

. ; - ,;. ·. • .. .r 
In the ca•e ot Am'!!rato• !!!croda.ctzl;u.m the eatabl1ab• 

•nt o~ a laboratol-,- 'olo!q psaoved to be helpful aa the ' 

colony could be sampled at regU1ar 1ntel"Yala an4 a larie 

stock collected when these antmala were ~lati••l7 . eaa7 to 

obt&in. Squash preparations of teatia material were alao 

made available bJ J. ' Kezar of the Un1Yerait7 ot Oreaon. . 
. , · ' ' .,

The larval tail clipa used in th1a etu 7 were handled 

ln tvo dlt.ferent wa7a. One, attar the metbo4 ot Fankhauser 

{131 PP• 22·23). consisted ot r•mo•ing the tails ot larvae 

at the hlnd. limb bud atage and £1x1ng them 1;o Bou.J.nia tl.uicl; ' 

then staining with either b-on hematoXJ11n or •oeto-oroeirk , , 

!he other method cona1ated or re v1ng the tail and placln& 

it direot~7 on a llide in aceto•orcein and removing the 

spinal cord ao that onl7 the thin tail epidermis remained. 



ll 

Squashes were then made by a modification of tbe .aceto• 

orcein. squash method tor chromosomes as outlined b7 Darling• 

ton and LaCour (8; p. 120). This sq~ash method proved. to 

be best tor well epread mitotic t1g~ea. 

fest1s material was prep red in two ways. Fir t, whole 

testes wer fixed in Newcomer's t'lu1d; then imbedded in 

paraffin, and later sectioned at lS microns an4 atained with 

iron hematoxylin. Secondly, the whole test s o:r parts ot 

testes were macerated to form a suspension of oells whieh . ' 

were 1n ·tul"n prepared bJ the aceto•orce1n squash l'llethod ot 

Parlington and La Oo~ referred to above. Some excellent 

squash preparations were also obtained with an 1ron h&ma• 

toxyl1n stain. fhe method used tor these · il"on hematoxylin 

squashes was as followsa 

fbe teat1s material w s macerated to torm 
a auspenaion ot cells and th:la suspension was 
then fixed in a 10% ace,tie ac14 solution and 
squaehed between a sl14e and an albumen1ze4 
cover slip. The cover alip waa then eoaked 
ott in a lS% aolut1on ot acetic acid. ~be 
squashed cells remained fixed to the cover 
slip. The material was then washed in two or 
tJ:wee chang.es of water and then stained b7 the 
usual regressive iron hematox,-lin staining
method. Tbe chedule 1nclu4ed tive minutee 
1n iron mor-dant .followed bJ several rinses 
and then ten minutes 1n l:le1Unhe1m's heme.• 
toxyl1n. After rinsing and allowigg to blue 
up the material was deste.1ned tor .five to ten 
minutes 1n picric acid. Th1a waa followed b7 
rinsing, dehydration. and mounting in balaam. 
The results proved to be ver, satistactorJ• 

In an e.t:rort to obtain m1tot1o materi.a.l hom species b 

which the larYal tail clip method seemed 11u,praet1cal expert• 

http:chang.es
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menta were carried out to determine the feasibility ot us­

ing regenerating liver tissue as a source or mitotic 

figures. The method proved to be ot some success and can 

be summarized as follows: 

Neotenic Ambzatoma gracile larvae and 
adult D1c£!!todon •naatua were used tor the 
experiman s~ first an Incision about 1 centi• 
meter 1n length was made ventrally 1n tbe 
region ot the liver. The liver was then 
partially exposed t,..om the body cavity and 
approximately 7~ by weight was snipped ott 
and the remaining liver was returned to the 
bod7 cavity. The wound was then stitched 
and the animal returned to the aquarium. or 
the refrigerator. At tnree- da7 intervals 
the animals were injected with colchicine 
and after a ten-hour lapse the liver was 
removed and either fixed in Bou1n 1 s fluid 
or prepared by the aceto-orcein squash
method. 

This regenerating liver yielded good metaphase plates 

and waa suitable tor ohromoaome counts. fhia material waa 

also useful in making comparisons ot mitotic and meiotic 

figures as well as comparisons ot spermatogonial m1toaea 

and regular somatic mitoses. Colchicine seemed to cause 

some shrinking of the chromosomes leaving these specimens 

unsuitable tor morphologic studies. 

Slides prepared by the above cytological methods we~e 

all coded tor eu7 reference to the source ailimal and then 

analyzed. For all ot the examinations o£ the slide material 

a Tiyoda Zeiss-tJPe research microscope waa used. Koehler 

illumination waa prGvided by a Spencer Advanced Research 

Illuminator. A Spencer camera lucida wae used tor drawing 



and photomicrographs were made on m1erot'1le · film with a 

.3Smm camera. Photomiorosraphs and cauU&ra lue1~ drawina• 

were made at an original ~1tic t!on ot either 400z or 

lOOOx. 

The cytological data coll•ct&d tor this stud7 were as 

follows; 

1. Counts ·s£ ph£oJQQaome aWJl! ra. At l•aat 100 count• 

were made tor each species and the naults recorded. In 

each case counts w re made tl"'m bot mitotic and meiotic 

material and included diplotene. metapba e I. anaphase I, 

atapbase li, and anaphase II figures. Mttot1c metaphaaea 

ox- anaphase s wer also e.;x;amined. the major1t7 of the 

material used 1n ••tabliahing chromosome numbers for the 

various species was trom the testis; however oth&r tissues 

gave identical reaulta. 

2. General ohromosome morpholosz. Individual sets ot 

chromosomes were either photographed (when well spread) or 

dl-awn out bJ ofll.1Wra lucida. Thus, the general pattern ot 

longer and ahort r chromoso••• including centro•r• poa1• 

tion, could be eatabl1'8hed. From a num.ber or aucb. seta a 

repr aentative group of idiogram& portraytng the length and 

:r lat1ve poa1t1on of the centromere tor each melliber or the 

CarJotype was prepared to-r analyaia. Meaa\U'Iementa were made 

by the use ot an ooular micrometer to eatabl1ah the actual 

a1se or the ohromosomea. 



J. lJatio ot lopgest chromosome tQ shortest. · From the 

1d1ograms described above 1t was possible to establish a 

comparative ratio of the longest chro osome member and the 

shortest for each species. !his waa toun4 to show a sign1• 

£icantl7 constant relationship and thus seemad to be a 

auitable diagnostic tool for purposes ot apeciea Coli'JPar1aon. 

the value ot this ratio aptees . with the work o~ Makino 

(27. PP. l$Jwl6Q) . · r 

4- ghilutmata tresuecy;, hom material Showing the 

diplotene stage of the meiotic prophase I. chiasmata tre... 

quenoy could ·be determined end ueed tor comparative pur• 

poses. Twenty•tive coUBta w re -made ot ·com.pal'able diplotene 

stage and the verage ot these counts as well aa . the 

variational . range was graphed. Furthermore, 1t was thought 

that the numb r ot chromosomes showing a minimal num.'be:r or 
chiasmata (in thls case, two )might be of comparative value. 

so thls was established tor each mel11ber of ttut group. So• 

general observ tions on the degree of term1nal1sat1on at 

metaphase I were al o 7eoo~ded. 

The above <lata were _••tablished foP e.aoh epeciea 

atudied and used to determine what patterns or C&l'Jotw­

change m1ght have taken place within this group. 

'the idiogram prepared by W1ckbom (38, P• 2$1) tor the 

apeo1e1 ¥.bzeto}U mex1cenum and those prepared bJ Pal"JJlenter 

(.)), p. 249) to~ AmbntoJD8 teez~um were etud1ed and iB• 



l$. 

c'luded' in a limited· WaJ in the final analysis of· the 

material. 

( 
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OllLPilm IIl 

For purposes of comparison the following data we~• 

obtained .ror each or the spee1es 1nvest1gate4.t 

1. Chromosome numbers 

2. . Ohro:ntQ~otde morphology of the haploid ,eet 

). Ohromo•ome icUo{;J"~ .for the haploid sat 

4• fhrtios of tha lollgest ehrozooso:ms . to th& shortest 

$. Chiasmata frequenoy 

6. Times of spe~togenesis 

1. Ambzs~o-, :macrQdactzlum .. The haploi.d chro:r110aome 

nlUllb•r for tb,is speoiee t1as 14, tho diploid 

number 28. !hese numbers were determined from 

over one hun~ed counts fPom both mitoses and 
' 

meioses. No evidence tor heteroc.hroJ.W:>sontea was 

round. ~8 species has nine met•cent,-.io chromo• 

somes and .five submetaeentric ones.. It the 

htq>lo1d aet is arbitrarily d1v14ed into longer 

and shorter gl"'o~s .a l'ormula of SM, .2s, 4m, )a 

can be obtained, whe" M stands tor meta~entric, 

and S stands for submetacent•1c ehromosomtta. 

fhe :ratio or the loDgest chromosome to the 

http:met�cent,-.io
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shortest chromosome ot the set is 3.9. From 

twenty-five counts the average chiasmata 

frequency was found to be 59.9 with a range 

ot variation at ,middle diplotene from 58 to 62. 

2. Ambzstotpa gracile ... The haploid chromoeome 

number tor th1a · apec1es was 14, the diploid 

number 28. As in the precediq species no 

evidence tor heterocl:U"omoeom.ea was found. 

Ambzatol! sraeile has nine more or lese 

metacentric chromosomes and tive detinltelJ 

submeta.centr1c ones. The set has a torDNla 

ot $M, 2S, 4m, )a. !he ratio ot the longest 

chromosome to the shortest is 3.7. The aver­

age chiasmata frequency was 59, with a range 

ot variation from SS to 6). 

). D1c!J9Ptodon ensatus - For this speo1ea the 

haploid numbe:r was also 14, the diploid 

number 28. Once again no evidence tor 

morphologically distinct ee~ chromosomes 

was found. This species possesses nine 

metacentric chromosomes and five sUbl'll8ta• 

centric ones. The torntUl.a 1a SM, 2S, 4:m1 

Js. For Dicemetodon the ratio of the 

longest chromosome to the ahorteat is 4~0. 

The average chiasmata frequency waa 58.2 

w1th a range of variation from 54 to 6). 

http:heterocl:U"omoeom.ea


4• Rn:•cotFi~on olzmeicus - Unlike the , t~e . 

species listed above Eaz•cotr1ton has a 

haplo14 c~omosome number or ·lJ, and a 

diploid number ot 26. Like the species 

above no evt.dence of heterochromosomea . 

was found. The moJ-phology o£ ~he haploid 

set reveals eight metaeentsaio ohromosomea 

and five submetacentric ones. The tormu~a 

tor this speci•s ta Q.M, .as, 4m, )a. The 

ratio ot the longest cllrom.oeom.e to the . 

shortest is 2.9, s1gnit1cantly lower than 

the other apec;1ets.. The ohiasma1;a t .l'4'(!Uenc7 . 

was also lower, being .39, w1th a ~ange '· Qt 

variation from }6 to 42. The numb•r ot . 

b1valents showing only two or chiasmata 

was tive. 

'the main part or these cytological data is pre.aented 

1n graphic fashion · in Plat.es II, III, IV, and V !n Ohap• 

ter IV. For each obaraeteriat1c 1t can be noted that 

~hzacotr:tton oll!Ricua 1e cU.vergent trom the other apec1ee 

o:r the grol4P• 

Qbaenations on Times !!. s;eermatogenee,ia 

In addition to the cytologieal data just prot;taented• 

1ntormat1on on the time of spermatogenesis and the meiotic 

CJ'ele in. the fO·l'mll investigated should proYe o~ interest to 
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an)"one contemplating further atud.ies on these species. 

One ot the most vexing problems or this entire atu4J was 

the detei'JJ11nation ot the proper time t ·o collect animal• in 

order to obtain testes 1n florid me1os1s. Data tor times 

ot spermatogenesis in these western rorma were enti~ely 

lacking in the literature. In fact, the oillf diacues!on 

ot spermatogenesis in the am.bJstom1ds was that .of Carrick 

(.$, PP• 63•74) on Ambystolll8 t1gt1num and his atudJ emploJed 

laboraton animals from a colonj 1n England. 

Dr. James Kezer ot the University of Oregon repol'"ted 

that he had some material on DicamRtodon ensatua, Amb7• 

stoma sracile, and Ambzs~oma macrodactz1~ which had been 

prepared 1n August, 19$2, and which showed mQre or leas 

meiotic activity. !his material was taken trom higher 

altitudes and it was suggested that late JUne or earlJ 

IUl7 might be a good time to procure apectmens. However, 

some ot the plethodontid salamander• undergo ape:MU.togenes1e 

in the earl,- or late spring. Becau8e of the possible 

variab111tJ or the species and beoauae it was of critical 

importance to make all the collect1ona b7 Pall, 19S5, 
collecting was begun in late FebruarJ, 1955, and continued 

through Septeml)er ot that year. This colleot1ns eltpefl1enoe 

revealed the tollowingt 

1. Ambzstom.a eacile - During the earl7 spring 

the testes are J'edu.oed in size and the sperm 
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ducts are tull of mature eporm. B7 May the 

testes begin to enl.al'ge and smears 1-eveal 

some spermatogonial mitoses. I4ater1al 

collected trom Owl Creek near Oorvallia 

showed little activity dUring May and June. · 

However, b7 the middle of' Jul7 the meiotic 

wave had entered the testes Jllld good squashes · 

could be made from the neotenic lanae used. 

At this time the testes are enlarged and 

prominent. Until the males show the full 

s1se testes, which are approximately 12 ~ 

long and .)• .$ xmn. wide, there is little.. 

l1kel1boo~ ot f'!,nd1ng meiosis. SpeoU.n.e 

eolleete4 trom the middle of' JulJ until tne 

middle of August showed meiotic activity. 

87 the end ot August the meiotic wave had 

passed through the testee and only apermaticia, 

sperm, and Sertoli .cella were 1n evidence. 

An adult male collected 1n JanuarJ, 19.$6, had 

an enlvged testis gorged with mature .sperm.. 

Evldentl7 after the breeding season 1n earl7 

spring the testes degenel'ate until June when 

they begin to enlarge again. 'l'he best time, 

then, to collect and utilise Am~zatome. sraeile 

tor cytolog1cal atudlea ie during July and 
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the first part .or August. 

2. ~xstomf mac~Q~etzlum • As 1n .A!bzetoma 

gracile squash preparations, were made trom 

animals over a long period or ttme before 

good material was found. The testis is 

greatl~ reduced in the earl,- part of' the 

apriDg and is not at f'ull a1ze until the 

latter part ot June. At this time the 

testes enlarg•1 reaching a size of app~ox• 

imatel;y 10 mm.. 1n length and 3 mm. in v14th. 

Jul7 is th~ best month tor obtaining mate~ial 

ror o,-tological purposes. However, this 1a 

not a favorable time of ~he 7ear tor finding 

these an1uals in the Willamette Vall•J• 

During April while the animals were lea~ing 

the breeding ponda the writer oo1lected a 

number ot adults and placed them in a 

colerq that was kept out-et'• doors 1n a 

special box tilled with moist soil,. Earth• 

worms and. 1ruseots wex-e intttoduced to't' food . 

and the colony was sampled at weekl7 or b1• 

weekly intervals,. Stomach analys•a eb.o..ct 

that the animals vel" eati.Dg w ll and con­

ditions seemed ta1rl7 normal. B7 the first 

of Jul7 tbeae animals were in. apermatogenesta 
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and excellent· l'll8t&r1al was obtained·from· 

tb.ia source. Once again.t July and. Aupat 

a;oe the best t1mett tor ut111ztns Ambz•tOIIta 

maero"actzl.um tor studies ot spermatogenesis. 

3. D.ic!!JRtodQn e~ea~l ... No Dicetodon enaatu.s 

was collected betore the lattev pa~t of IUlT• 

At that time nine animals WJ'e collected 

tPOm Pwkett Cnek on Mary' t s Peak. . suoh are 

the vagaries of nse•rch tb$t eight ot the 

n1ne turned o~t to be temalea and. the ninth, 

an immature mal$. On the titth ot A~at 

twelve anima;La were eolleeted trom the •ame 
.. 1 ' 

s1te and tbrfte were . 1n spermatogene•1• (onlJ' 

t~·ee were adult l1'lllles). Of these tm-.e, 

one was Just completing tn. ~1otic wave, 

one just beginning, and one showed a high 

d.eg~e ot meiotic act1v1t7 throughout the 

test!a. 'fhe testae averaged about !) mm. 

in length and 4.$ mm. in. width. It . would 

seem that JulJ and August wouldbe the beat 
' 

timea tor obtainins this speoiea alflch. 

leoten1es ot this form might also be 

util1ze4 ainee they may be easier to ob-­

tain in man7 plaoes. 

4• mg:acotr1ton. Olz:mR1oua • 'l'his. •pecd.es shows 

http:�pecd.es
http:maero"actzl.um


a much earl.! r time o~ meiotic activity 

than aJl"1 ot · the otht)r species and also ·a· 
longer and .more varied period during which 

individuals maybe in spermatogenesi•• 

In gener-..1 the older 1nd1Y1duals are 

through the meiotic c7cle about the time 

the younger males are entering it. In• 

div1duals studied in early Apr1l , showed 

sperm pl'esent but no meiotic activity. 

The testis does not seem to regress !n 

s!se to the extent it does 1n the otha. 

species. ln this spec!ea the teet1• 1a 

darkl7 pigmented and more ovoid. The . 

average s1z is S mm. in length and 2 mm. 

in width. By' the first or May the ' animala 

ue in permatogenea1a, moat 1nd1v:td.uala 

e:.ltal1.11ned being 1n the height of act1~1t7 

b:r June 1. Some animals sampled on July-·· 13 

showed various ategee ot development, froom 

thoeo in apermatogene is· to those in whlch 

the proce a w a completed. One animal 

collected b7 Dr. Storm 1n Novemb•r, 1954. 
who•e testes had been t1xe4 1n .NewcomerJ• 

t'luld bJ' Dr. Dovnfel4, was .found to . ehow 

no meiotic activit7 but "did &bow a g~eat 

deal or sperm. It can be concludK from 



the above that this species can beat be 

studied during Ma7 and June; somewhat 

eul1 r than any ot the other species 

stttdiecl• 

Plate I shows the florid nature o:£ the meiotic :£1sure · 

made available tor study by the aoeto-orcein squash method. 

Since meiosis appeared to follow the usual pattern 1n all 

ot the species studied no further observations need to be 

presented here• Spermatogenesis has been described: in 

detail tor maQJ amphibians; the work ot Burger (3, PP• 450· 

488; 4, PP• 489-513), Janssens (20, PP• J87-4.J,l}t Carrick 

(.$, PP• 63-74), and Wickbom ()8, pp. 34l-J4.6) is espeo1all7 

applicable to these tor.ma. No differences were tound: to 

exist 1n my- ot the present species. 
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MEIOTIC FIGURES 
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CHAPTER IV . ' . 

:DISCUSSIOli 

Ot the twenty-two reeogn1ae4 species of the tamilJ· 

Ambystomidae the caryotypes ot fc:ntr species had been deter... 

mined previous to this investigation• . These are · summar­

ized in ~able 1. 

TABLE 1 

OBROMOSOMB NUMBERS IN AMBYS'.rO.MID SALAMANDERS 

Haploid Diploid
Speo1aa Number Number 

Ambzstoma mexio!A'!J!! -- 28 Wickbom 

Ambystoma tisrin!!!J 14 28 Plli"J1J.ente.rJ 
Oarr!ek 

Ambzatoma magulatum 28 HenleJ an4-· Costello 

·- Kezer 

Tbe use of meiotic material in tbis investigation baa 

established the haploid numb r of .14 tor Ambzstom~ sracile. 

Ambzstoma macrodactzl~. and Dic!!Rtodon enaatus, · Rhzaco­

tr1ton olmicu.•, however, has a haploid number of lJ. Bo 

evidene for heteroehl"omosomea was found 1n either meiotic 

or mitotic materia~. Carrick($, P• 6.$) repoztted, · "l have 

tound the haploid number (of Ambzsto.toa· t1£inWll~ to be 14.. 
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with the addition or an X•ohromoaome which normallJ 41v1dea 

in the £1rat maturation division and remains whole 1n the 

second. • Elsewhere in this paper CU"X"ick talks or a 

queat1onable.autosome and of diploid number of 28 tor 

this species. the fact that no sex chromosomes were found 

1n the present studJ sheds considerable doubt on Carrick's 

obaenation of them in such a closelJ related apec1ea. Aa 

a matter ot fact, l.t supports the opposite Tiew or W1ckbom1 

Matthe7; end others that the Caudata do not ·show morpho• 

log:tcall7 distinct sex chromoaom.ea. The excellent atud7 

bJ HumphreJ (19, PP• JJ-66) 1n Ambzatou mexioa.num gives 

genetic proot ot a ZW tJPG of aex inheritance in these 

forms and supports the t 1nd1nga ot the present stud7 on th4t 

question of heterochromoaomea in this group. 

As was pointed out 1n an earlier chapter the pre'Yioua 

work done on ambystomid chromosome numbers baa shown a hish 

degree ot variability. Review or the methods used by 

previous investigators does mueh to explain the discrep­

ano1ea that exist in the literature. fhe methods ueed here 

give clearlJ spread figures which leave no doubt 1n their 

analJais. For this reason 1t aeema there can be no quea• 

tion that the numbere ahovn in Table 2 are the correct 

nwabers tor these epec1ea. ~e t n "fundamental number" 

aa used in this table retera to the number or chromosome 

arm • Metacentric chromosomes ha.ve two uma; aerocentriOo 

http:chromoaom.ea
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are considered . to have only one arm. In these epee1es all 

chromosom s are metacentric. 

fABLE 2 

CHROMO&OMB lWMBERS D IORTtnf.ES'l' AMBYSttOMmS 

Haploid Diploid Fundamental 
Speeiee Number Wllb•r llumbezt 

Alnbzatoma sracil• 14 28 $6 

Ambzato.- macrodactzlum 14 26 S6 

Di!!!!lPtodon enaatll$ 14 28 S6 

8el•2otrlton o11m21e~• 13 26 S2 

In view or the tact that MattheJ (26, PP• 167-169) hd ·· 

atated that ditter ncea in numbers ot chromoaomea in aala• 

man4era correspond TerJ well w!th familial d1tf renoee, t~ 

diploid number of 26 with the corre•pond1ng haploid 13 

eata'blished here for !!9Zago,t1r1ton ~ll!JR1C1:'8 is ot importance. 

!wo hypo-theses seem to p~eaent themeelTes when this chromo• 

aome number for !Y:gacotr1toa olmteue 1a cona1dere4. 

Perhaps th1 apec1ea belongs in a new «nd eparate tamilJ 

~oup atnce this is the first time the 41ploid number ot !6 

has .been recorded tor arq Caudata. Oft the otheP hand, 1t 

1lUl7 'be that tbia merely represent• m eTolut1onaJ'7 ottahoot 

not divergent enouah to enjo7 a separate i'amilJ atatua but 

still 1n41oat1ng a genua rather remote rrom the u1n poup 

or mb7atom14a. A question that 1.JI&D»diatel7 ariaea at th1.a 
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:po4lt is how ir.Jpo:rtent is c~omosome nUJII'be:r to phrlog•DJ• 

In.. many gll"oupe ot organisms vaz-iation ot ,obromosox. number 

even within a single genua !a not uncommon. ~..is doea not 

aeem to be true ot the Oau4ata howev r. The qu.eat1on ·ot 

the taxonomic •tatua o£ ~~cotr1ton olzmp1~~~ w~ll be co~ 
- I . 

a1deJ-ed 1n more detail in the next chapter, after other 

data have been eJtamined. 

M.atthe7 (291 PP• 184·18.$) reports that the general 

pattern o~ caudate chromosome morpholog is one ot large 

two•arated or V•ahapecl figures at the metaphase plate. in· 

the RJ.Qre primitive tam111es there 1a also an .J.rmer group 

ot micro-obrom.o•omee. In l'IOl"e spee1al1ze4 tem111ee the 

m1cro-cbrom.oao e are lost and chromoaome number ·1• reduced. 

!he material studied here is not at v~itmc• with th1a 

general description of' the entire group,. Plate II show• 

n1oe17 spread anapha•e II t!gurea tor each apec1et ~d 

g1vea a good picture of the haploid aet of each apeoiea at 

a oomparab~e me1otio stage. $1noe thia stage sbowa the 

morpholoQ ot the oondenaed ehrcmosomes moro clearlJ than 

arq othes- it was uaed foP the morphological P.lllal]'aiat. . 

One pttoblem inherent 1n the :method uaed was · th.at ot 

variability due to d1tterent squash press~• and the posa1­

b1l1tr ot comparing slightl7 dUterent stages. F!nt1on 

did not seem to b alwa7a constant e1thel"J sometJ.me• the 
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PLATE II 

THE HAPLOID CHROMOSOMES 

Ambystoma gracile n = 14 Rhyocotriton olympicus n = 13 

A~nbystomo mocrodoctylum n = 14 Dic:amplodon ensotus n = 14 
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chromosomes seemed more swelled than other times. Th1a 

variability thus d1m1n1shes the chances for and the vali• 

dity of any microquantitat!ve comparisons. 

A formula- comparison of the haploid set of each 

species is shown in Table J . The formula emplo7s the 

letters M and S to indicate longer metacentric and sub­

metacen.tric chromosomes and the same letters 1n lower case 

to indicate shorter ones. 1'he set was arbitrarilJ divided 

as to longer clU'omosomes and shorter ones. 

TABLE 3 

FORMULAE OF '1'IfE HAPLOID SE'l' OF CRaOMOSOMSS 

Species Fol'll\lla 

Ambrstoma gracile 

Amb;rstoma m.acrodactzl,Wif. 

pic!!'!2todon ensatua 

Rhzacotriton olJ!eicua 

.$M, 2S, 4m, J• 

SM.. 2S, 4m. J• 

SM. 28, 4m. 3• 

4,M, 28, 4m.. )8 

The results reported here are in fairly good agreem.nt 

with the work of :Parmenter (33, pp. 169· 249), Wickbom 

(38, PP• ZS0-2$4) 1 and lrokofieva (~, PP• ~8-169) . lt 

should be remem.bel"ed however that this previous work done 

on the genua Ambystoma utilized mitotic metaphase figures. 

Perhaps the squash method used here gives more accurate 

results when used to study morphology. For example, 

http:agreem.nt
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attempts by W1ckbom and P~okofieva to to~mulate the hap~ 

lo1d set to'J' Anlbzat2ma mexto•Mm reveal divergent morpho• 

logic patterns. How real th.ese divergences are is 

d11".t'1cult to determine because ot the 41.f.fer1ng te4bn1quea 

emplo;rec:l. In the future comparisons should l)e made trom 

material that has been treated in a Uniform ~r. 

F:rom photomic7ographa and eameJ>a lucida dltawing8 an 

1c11ogram .for each species was prepared to ahow the dilnen• 

alons of the chl-omoaomes and the positions ot the centro,.. 

mere in an average haploid set. These id1ograms, as well 

as one adapted from Parmenter (J), P• 2q.8) tor fY!.bzstoma 

t~sz.ing and one from Wickbom ()6, p. 2.$1) tor A:nsbzatoma 

ll'lfUtiomum, are presented in .Plate III. In each caae the 

chromosomes ue arranged and llUlftbered in ordel' ot descend• 

ing chromosome lengt~ !his plate illustrates a .fundamental 

character:!atio of' caudate chromosome morpholog)'. 'When 

uranged in this fashion the chromosomes tom a ateadilJ 

falling etU"Ve. Sal1e:nt1a, on the other hand, ehow a sharp 

step in the middle ot the cvve , possibl7 indicating an 

incipient division ot the set into a group of large chromo­

•omes, and a group o.f small onea. fide haa been d1acuaaed. 

1n detail b7 W1ck'bom (J8, P• )26) . 

As will be seen from the 1diograms the chromosomes ot 

the species stud.ied are largeJ indeed, the Oaudata aa a 
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group possess some of the largest of all known chromosomes. 

'J.'he length rans • to almost .30 microns at the stage 

measured. The 1d1ograms also clearl7 show the relative 

lengths ot: the arms of each chromosome. 

From the 1d1ograms it was possible to make a number ot 

comparisons both within the set ot each species as well aa 

between species. fhe most s1gn1t1oant of these was the 

ratio ot the lollgeat cbromosome ot the set to the shol'test. 

'!'his is shown in Plate III and also in '!'able 4• It may be 

noted that while the other species studied are ver7 similar 

1n this ratio, 19!zacotr1ton olmpioulf ·is signiticentlr 

lower. 

RATIO OF LONGEST CHROMOSOME TO SHORTEST CHROMOSOME 

Longest chromosome Shortest chromosome 1 
Species in microns in micro~a R•tio -s 

·f 

R. olzmeicua 19 6.S 2. :·9-
D. ensatua 18 4-S 4.0 -
A. erac1le •. 20 S.4 3· 1-
A. macrodactzlum l9. S s.o 3· 9-
A. tiqinum )9 9. 8 4·0 -
-A. mexicanum 26 $. 0 s.2 



3.$ 

It is interesttns· to observe that while the material 

of Wickbom and Parmenter is from mitotic material this 

ratio is rather close to that obtained tor the species 

studied here. A check was made ot this comparison tor 

mitotic metaphase tor DiCIUDRtodon ensatus, and tof! meiotic 

anaphase 11 metaphase II, and anaphase II tor Rhlacotrlton 

ola!cua and Ambzstollf& meu:rodeotz~u.m. In each case, 

although the actual length ot the cl.'ll"omosomes varied with 

the dege• at torshortenJ.n8 in the various stages, thia 

ratio remained within plus or minus o. J ot the valuea re• ­

corded in the table above. The results as presented appe~ 

significant without aub3ect1n.g them to statistical anal;rsis. 

One of the tools that has proven to be of value in 

eo:mparative c7to.logy studies is the compas-1aon ot the 

eh1asmata frequency ot the car1ot7P• ot eaoh species 

studied. Ciilsmata frequenc7 at metaphase I was used b:y 

KezeJt (22, PP• l -$5) in his studies ot the plethoclontld 

salamanders. Wickbom ()8, PP• 241- 346) used chiasmata 

trequencJ at diplotene in his investigation. In some 

apeo!es it has been shown that as diplotene progresses the 

chiasmata terminalize and at metaphase or the tirat div1• 

sion are- greatl7 J"c.cluced in number. In other apec1ea 

terminalization before metaphase is negligible, although 

chiasmata aomet1me• shift more diatallJ in the bivalent. 

http:torshortenJ.n8
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The apeciea studied ·her show no great reduction in ch1a.s­

mata from diplotene to metaphase I . ~ no case was any 

s1gn1ricant reduction in chiaamata from ar11 to late · 

diplotene demonstrated. ' For this study only· chromosome seta 

in middle diplotene were used for comparing chiasmata ·tre,. 

quency. In making counts ot chiasnxata frequency great · care 

mu..st be used to guarantee that the material is 1nterpr&ted 

correct17. It is the author ' s opinion that at . leaat in 

some studies overlaps in long diplotene b1Talents ,have been 

mistaken for chiasmata. !his would lead to a report. o!' 

high chiasmata frequency. For example , it counts in !Y!l!• 
ootriton ol:ymP1ous are made 1n lata diplotene or diald.neaia 

five synaptic figures dist1nctl7 show a minimum number ot 

chiasmata or two per bivalent. This is characteristic tor 

this species. Studies of earl7 diplotene do not always 

show thes:e five characteristic tiguree; ·1nate d some biva­

lents appear as figure- eights. Oaretul analysis of these 

bivalents reveals that they are not b1valents with three 

chiasmata but- onl7 apparently so. 'l'hia sort ot -overlappins 

is common througho~t the set and it misinterpreted could 

lead to much higher counts of chiasmata frequency than 

actuall7 exiat. 

The d terminations made here were done under oil at a · 

magni.fioation ot l$00 diameters and camera ~uc1d.a drawings 

were made of a characteristic oarrotJP• tor each speoies 
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(see Plate ·IVh Since some val'1at1on ,in chiasmata does 

exist from cell to cell at least twenty•tiYe : deten.uina~ 

t1ons were ma.de from as many different tndividuals •• 

possible and the•e determinations averaged. !l'he average 

tor each apeetes as well a.s the limits of v~1at1oa was 

graphed tor anal7Sith 'fhe Pesu.lts can be seen 1n Plate v. ' 
~7 seem to su.bstantiate the other tindingll! et this in­

vestigation tn showing that !!!Ja~otr1ton olzmp1cnl• has a 

aignU'icantly lower chiasmata frequenC'J than any ot :the 

other three ·species studied. .Since none ot the ·eu11er 

studies on Amb71tom~ has included an anal,-ais of chiasmata 

fPequenc7 no oo~UPru:-i•oua with earlier work could .be made. 

'the lW1ter hopea to continue the analysis of th!s · family 

and in time should have all the memheJ~>a of tlut group ln.• 

vestigated. 

Future work .sbculd also include subs~tecitic .anal7e1a 

aa regards chiasmata trequene7. For the present it · is ·'1n· 

t$reet1ng to note that the material h-om lpqacotl'iton 

plJ1.S?1eue which was obtained 1n the aone o:t 1nterp•dation 

between the two subspecies of this species from such widiilf 

separated places as Ma%"7ts Peak,. Falls CltJ. and the. 

Columbia River Gorge failed to show al'l7 d1tterencea. !his 

was also true of material f'rom Dicemtodon easattu• .which 

cultne from l4U7's Peak and the O~gon Caves, and tor fptibl• 

!tom' JlU.\croda<1tzlu.m from the Willamette VaUe7 M4 Crater 

Lake. ~ther euauat1ve m1eroqu.ant1tat1ve studies mrq 
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PLATE IV 

CHIASMATA AT DIPLOTENE 

Oicamptodon tnsatua X:to • !58 fthyocotriton oltmpiCYI X: to• 40 

A'l"'byo1tomo 9roc 1l r X: to:: 60 Ambystomo mocrodactylum X:to a '9 



PLATE V 

CHIASMATA FREQUENCY 

NUiiltBER of X: ta 

4!5 !!p sp~' 

I 
A. macrodactlflum 

I 
A. Qracilt 

I 
D. enaatua 

I 
R. Ollfmpicua 

I AVERAGE NUMBER of CHIASMATA 

RANGE of VARIATION per 2!5 NUCL.£1 
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ohed more light on the value ot this determination in the 

cytological analysis of subspecies. It is ot utmost im­

portance in speoi~s comparisons. 

The number or bivalonts shoWing a minimum of chias­

mata might also prove to be a valuable comparative quan• 

t!ty. In the present investigation it proved to be ot 

value. As previously recorded RJ:!lacotr1to~ . qlVW1cua had 

t:tve blval nte showing this tdn111Nl11 numbe~• . flUs varia• 

t1on alone did. ~ch to explain the lower chiasmata fr6quenOJ 

1n Rbzacotr1ton, though the. tact that tbJ.s species had o.ne 

less bivalent also helped to aecount for the lower number. 

'lhe use of bivalents with a mtn.ina:tnl at ehias-mata . tor com• 

parative purposes had the further advantag• that this 

d&tum was easy to det&rmine and thus tul.f'"1lled the require• 

msnt ot e good and. simple diagnostic character. 

It can be noted from. the discussion in this chapter 

that lt}lze,t.eot:r1ton ols.icus :t.e di\fergent from the other 

species of the unit tor each characteristic ·studied. 
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CHAPDB V 

CBROMOSOHBS AND THE PHXLOGBJIY OF 'tHB CAUDAfA 

Speculation. on the Ph7logenr of the Oaudata have 

been made b7 Dunn (10, pp. 1-441) and b7 Noble ()2, PP• 1­

577}. Noble haa proposed a scheme baaed on lite biator,r, 

oo~aratlva anatoDJ71 an4 a1m1lar1tJ ot habits. hom these 

~ta he felt that the Hynob1idae are the aoat primitive of 

all the living salamander groups. ~• Oryptobranchidaa 

are cloaelJ related to the hJnob114e, perhaps repreeenting 

"permanent larvae" ot eome Wllmown h711obiid- The Amb7• 

stom1dae are also rather primitive and oould have e't'olved 

direotl7 from the hfnob11da. The Salamandridae do not 

show close relationships to anJ existing genua of hynob11d 

or amb7stomtd and probabl7 arose from some pre-bJnob114 

stock. Nevertheless, the7 are related to these two tam!• 

l:lea. Whiuma, although perhaps 110re similar to the 

aalam.an<il'1da than to any other tam117, 1s not direet17 

deri'f'ed from anJ recent genua. The Plethodont1dae have 

u1sen from early mountain brook salamandride, and. the 

Proteidae seem to ocoup7 an ieolated poa1tion among the 

aalamandera. 'fhe phrlogenet1c relat1onah1pa ot the Siren1• 

dae to any ot the above groupa are unknown a1noe the7 have 

no oloae att1n1tiea to an7 other modern group. For a 

diagrammatic representation ot this proposed achem4t aee 

Plate VI. 
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PLATE VI 

THE PHYLOGENY OF THE CAUDATA 
ADULT ORGANIZATION LARVAL ORGANIZATION 

1---­--­---­---· -· -·----­
ON LAND IN WATER 

EGGS -0 
- ~ 
~ 
~ 
~ 
§ 
~ 

EGGS- 0 

Cll JYphlomolge
Plethodon, etc. ~ j 

Plethodolltidae 

Amphiumidae
0, ...~~,.-'-------
~---// 

SaloJnon'dridae 

Proteidoe 
o( 0 

Y Sirenidae 
y I o( o 

?~ohrand!ido6 
; .~··j /IiynovJJuoe 

1-"i<;. l ·l.i. l> i:tl-':r:tllt illtl~tr:ttilll.! tlw pltylllgt•Jt.\' llf tlw lll"ll<it-lt·~. Tht· lw:t\·y 
ld:wk :tffiJ\1':-i i ttrl it·:lft• tht· Jd t.\'[llgt• l!t 'tit· n·l:ttillll~. Tli<'ll:IITII\1 , i i!IT' it. <>lll:tl :t!T<o\1~ 

I"!'J>fl'~t · llt tltt' '•llt()gt·ll.V .,f t lw , . :tri<~tl~ f:trllilit·"· Till' dt •!!r<'<' "f lllt't :t ltH•rJ.lt•• .-i .- ,,f 
ti ll' lty<d,r:llwlti:tl :q.p:tr:llll :-i i~ t•rttpl<~.\ ·l' d :1 .~ t lH' ··hit·f <Titt•rillll .,f rtwt :tlll''fi'l ''' '"i­
ill tlti ~ di :t!!f:tll t . Tlw .. JH'l'lll:tllt ' lll l:trY:tt'" :ll"t• ntll ,.J,,,-1'1.\· n·l:t!l ·d L11t lta\· l· J,t'l'lt 

dvrin~ d fr,,r,, dilft·rt ·llt g r''''''~· {Adapted from Noble) 
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Koble has further speculated that among the Amby• 

atomidae, the genera Dio!!Ptodon an4 JP!:raootr1ton are more 

cloael7 related to each other than to any members ot the 

genus Ambtatoma. He states that Rhzacotr1ton olJ!9ious, 

the onl7 sp c1es ot th1a genus 11 1s a dwarf der1vat1Ye ot 

Dio!§?todon. 

!'he c,-tolog7 ot the various :tam111ea ot Oaudata ia 

leaa than oo1!l,plete. Howe•er some d.ata on the major1t7 of 

the families are available. In manJ cases this consiate ot 

onl7 chPomosom.e counts without an,- detailed. atucl7 ot the 

chromosome morpholog. The S1ren1dae, Pr-ote.tdae, and .. 

Amphiumidae have been studied acarcel7 at all. Matthe7 

(2811 P• 168) summarised the knowledge to date 1n a abort 

listing as follows: 

Pa.m1lr 2n Fundamental H~ber-
lqnob11dae 76 
cr,.ptobranch1dae 74 
Prote1dae · 
AmbJatomidae ' 
Salam.andridae ~~ 
AD.\'phiumidae 
Pletbod.ontidae 56' 
Aa was mentioned in Chapter IV the term "fundamental 

number" retera to the number of chromosome arms. · 'l'his te1'J'A 

has been proposed by Matthey (29, PP• 176•185) to e~baa1Ce· 

that in ~oupa where cbromoso• number aometimes va:riea the 

number ot chromosome arms 1s nevertheless constant. Thua 

ottent1mea this "nombre tonda:mental• is ot valu. 1n as­

certaining rel.ationahipe that · otherwise might be unclear. 



It is interesting to note that the D1pno1 have a tund• 

amental number ot 16$ the same as the supposedly pr!mitive 

hplob11ds. ' It is assumed from th!a and other evidence tb.at 

t~re has been a reduction ot the number of chromosomes 

and of the fundamental number 1n the evolution from the 

pr1m1ti•e to the more specialized to:rma. Both lo sea ot 

obl-omosomes and centric tus1ons have been U$ed to explain 

possible mechan1su bJ which the changes 1n chromosome 

numbers have come about. It wUl be noted. from ·the above 

listing that up to the time of Matthe7'• paper. which waa 

published 1n 19$1, 1ntrafma111al variatlona had been £ound 

onlJ among the Hynobiidae~ GrJPtobranoh1dae1 and Salamandr1· 

dae. and tor the t1rst two fam111ee at least centric tua1one 

aeemed to be a good e~lanat1on ot theee variations e1nee 

the fundamental number was constant. All other famdliea 

were characterized bJ a single modal number. On the baa1a 

or this evidence Mat\be7 (28, p. 169) atatee, "A chromo­

aomal diacont1nuity corresponds to the familial 41eoon... 

t1nuit1 of the ftJ temat1c1ans; within the :tam111es1 the 

t\lndamental homolog~:~ of the chromosome are respected; there 

have been no great ehl-.omoaom.e mutation• but eeeenttaU7 s•• 
mu.tationa. !he chJ:tomoaomal .t'ormula gives an objective value 

to the notion or th tam117· " 

These statements 111llst be kept in mind when the a1gnU."i­

cance ot the cllJ'omosome number round to be conatant 1n 

IU;g:a.cotr1toa oll!9R1cua 111 coneiderecl. the two Mmbera ot 



the genus Amb;ratoma, and Dicwtodon enaatus studied here .. 

have ca17otypes verJ .similar to each oth r and aa tar as· 

can be ascertalned trom .the literature, ve~7 similar .to 

other ambyatOlldds investigated. When . these pec.1•s ~· 

compared with fihle.cotr1ton olwicua however, 1t can be 

noted that there are tundam ntal d1tf'erenoea 1n chro1110•om.e 

number1 · ratios of longest eh:Pomosomes to shortest1 chias­

mata f_.equency, and timing ot spermatogenes1•· . Here then, 

the cytological evidenoe would point to a ohl'omoaomal 

d1scont1nu1t7, which 1n turn migb.t point to an actual 

familial discont~1t7• It this were the ~ ae ~•n it . 

would ·seem the R!g'aootr1t..?n cq:wtcu.a. aho\\14 be separated 

from the tamil7 Ambrstomidae, and placed 1n .a .new one. In 

th light or the 1ncon;>let ness ot our present knowledge 

it would be wise however to investigate this Whole line ot 

reasoning 1$1Cb more thorough17 betol'e ·1Ul7 t~nold.c cbu,tgee 

are ·att•mpted. 

At this point 1t might be ot some s1an1t1c.ance it ..• 

t w ob ervat1ona on the comparative anatol!lJ and eeoloQ ot 

then apeciea were preaente~ !hen are several cb.l.r· 

acter1at1cs in which the t1rat three named. anblala etucl1e4 

are more aimllar and in which f!.hl•cotr1ton olJP!I!icu.a pro••• 

to be divergent. Por ex~l•, the teatea ot Amb7atoma 

~crodactzlu.m, Ambzatoma sraoile, and Dic59Ptoclog. enaa~ua 

are all n.on•P1smented ancl though ot 'Y&rJinS e1ae a.ll u• 

o£ the same general s~pe and appeu~•· I!J•eotrl~oa 



olJl9R1oua, on the ' othe~ ·band~ has more onl testee ' that 8M 

darkl7 pigm.entect. - -Whereas the time ot spe·rmatoseneeia 1s 
J'uly to August ro:r the first thl-ee epe..,,le.a, Bhxsootrtson 

Ol.l!£10U.a ente:ra spermatogeus~a 1n M•7• !!g:aoo*J'~t.Qn 

~lm'•ws has only rt,~dlmen.tUJ lung•. ~ no ~·••?--• ·• t:tl• . lP"'Vae 

lack a bod7 tin, •all have ••1!7 short busb.J _g1U•J _t,be 

adults haYe a mo;re tu.bv.le t•il 1n•teacl ot the lat~rallJ 

oompre:aaed on• oharaote..1at1o ot the o~r . spe,eies, the •1~ 

1a aucb. lal'ger in p~opo_J>t1on to the he~, and _i;be 1111.1• 

poeseasea promil'lent lobea on e1thv aide ot tb.tJ ven-. fh••• 
recttl1near lobes are not toun4 to the other apeet••• _ 

hom the above _ln0rpb.olog1c aa vall_ ae o~log1cal 

eYidcn:use 1t can be deduced that lfo'bleta suppoa1.
. 

t1on 
·~ ) 

t)ul1l
' , ' 

Dlc92t~do,n Brl4 !9;racot~t1tog are mora cl.?-ael;r related to ­

eaoh other than to arq of the •mb•r• ot the genua Ml?ZB~I! 

doe• not seem pl~ai'ble. In tb• light ot the new evid(UlGe 

presented hel"e. there is also no goo4 Peaton to support ala 

h.JPotheeis that l!ll•oot•l)op olumlcua 1e a dwarf" tol"m ot 

~1Q!!!tod.~n enaatua. In tact the!'e 1a no ev14enca that 

these two species ~ closel,-. related at all·· 

'!'he attin1t1es or OicMeto4op. and il'lzeootl'iton weH 

explored from. a comparative anatonq point .ot view_b7 Eat(!)n 

(U.- P• lBah Baton pointed out that !!zao~!£:1tgn hae 

little •upert1c1al reseJl'll)lanoe to picampto!@n and thalt 

!,ga.q-o;trlton 1e "struotul"allJ one or tbe moat p•culiu ot 

all salamander••" Eaton pHsenta tw:ther ·••14~-nce whi~b 

http:tu.bv.le
http:g:aoo*J'~t.Qn
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he considers to be proof tha~ these two . species. are not at 

all· closely related. In fact he feels .that Rh.yacotJ:titon
I 

olPJR1cua has evolved aa a genus trom one ot tbe.· two north.. 

wes·t&rn 4m!?;y;stoma. !he pres tlt stuq ·s\lpp<Jrts tbe ·first 

oonclu:;ion of Eaton but not the second. On the ' basis or 
the c:rtologica1· evidence th1 writer would. su.ggeD-t ·that 

Rhtaootrltol) ollml?1Cllf? must have evolved at an ·earl,- tille · 

and 1a not elo el7 relat$d to any other living ambya-tom!cl. 

At a 1."n1rl-, early stage 1n this investigation an 

attempt was made to explain the dit:terence in the c~:mo­

some number ot lijllaootriton olwieu on the baaia or a 

centric tuaion ot two cJ.u:iomoeomes ot the ueual a:mb7atom14 

14, thus giving ll to this specie b7 this p~cess. In 

view ot the lack ot G'f aerocentJ-ic cbro.tDOaoMa and because 

ot other diftieultie.s there a emed to be no basis tor such 

an ·explanation• When chiasmata trequ.enc7 waa compared 1t 

seemed to point to the tact that !9llaootri!ron ol;micua was 

tundamentallJ dif.t rent fro anJ or the other speciea and 

any splitting ott fPOm the present-day amb;retomids ,would 

have to be discounted. It was not possible 'to explain this 

chromosome d1f.ference b7 proposing a lose .ot one 4hromoaome 

e1the:r. Por 1n each case 1t would be hard to explain th• 

~ at d1tter-ence 1n chlasmata fraequency. 'fhis 111uAtratea 

that ehiasl1Ulta .frequenc7 is a moat valuable cytolostoal 

tool, tor without the knowledge ot the ditterence 1n ttw 

trequ.enc,- or chiasmata, one Xl'dght be t 11Q)ted to oonatruct a 



x-athe:r pat explanation of' chromosome evolutlo~ From the 

ev1denee at hand. it · is probably most prud.ent to state .QnlJ 

that !!Jacot~iton olm&cum is tho moat d1vergent 'C1tolog1• 

eally or the unit here studied, and that possibly its 

taxonomic status should be reviewe~ 

This investigation shoUld conclus1vel7 clear up anoth­

'~r problem that is found 1n the literature. In 1917 Gals• 

(16, PP• l·l} described a new sa.lamander from the state or 
'Washington wh1eh was put into the genus ·Raa!edol1.• In 1920 

Dunn {11, PP• .$$-$9) put th!s sal8lf.l8l1der in the · l'.urdly ­

.Ambystord.<lae and t-ev1s&d ita name to R9Y'Mcrtritge: olmipu•· 

The pltesent stud.J supports the e'V'idence that th1s ' spee1ea 

is def1n1tel1 not one belongtna to the genua P..a.no4on since 

Ranodon is a genus in the fawil7 Bynob11dae, a tamilJ Which 
-

shoW$ a m.tl.Ch higher> Ch:ttC1l.t1080D!e number than swacotrt.ton 

e>ll!fR1oua. Thua the cytologieal evidence suppo:t-ts tM 

wo~k o£ Dtm.n. 



CHAPTER VI 

SUMMARY AD OOlfOLVSIOBS 

1. Aceto•oroe1n and 1l'on hematoql!.n aquash prepara­

tions and tiss~e sections were used to studJ the chromosome• 

o~ four Northwest ambystomid salamanders~ !he pr~rJ 

souree ot chl'omos<.unes was the ll161otic testis 1 but lG'Val 

tail cl1pe and regenex- t1ng 11ver tissue were also used. 

2. f\n\bzstoa Eac1le, Anibzstpma mac,rod,aot;rlum, and 

Dic!Pl!todon •ntairu have a haploid number ot 14, and a 

diploid nUl1lber or 28. Jtb:raootJtiton olnwlouc has a haploid 

num.b&t> or l), and a diploid number or 26. 

). llo evidence vas .round for heterochro:mosomes tor 

an7 ot th&se spee1es. 

4• Formtllae f'or the haploid set ot each spt1tc1es have 

been presented. 

S. 'the ratio ot the longest ohro1t10some ot the haploid 

set to the shortest is almost the same tor each apec1ea 

with the exception ot Rhzaootritqn olmicus which has a 

aigni:f'lcantl7 lower ratio. 

6~ Chiasmata fr quenc7 at middle diplotene aver•ges 

&bout 60 per OQ1TOtJP8 in Aml>-z!tO,pl8 S£&01let .AlllbJ:!tOrn.ll l!!OI"g• 

dactY:ll.Uil1 and D1csto$!Qn ensatu,.. P·or @gacotr1ton olai­

cua the aver·age oaryotJPe has a chiasmata ot 40. 

1· !ht> number of bivalenta showing a minimum ot 

chiasmata 1e two tor each species except Bhzacotriton 
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olmt~ua in which the munbe:r- or b!va:tents ~hoving a m1n­

1111Ul1 ot ch.iaamata !s t1Ye. 

8. The timea of epematogenea1~& tor each ap$etea 

e:xo•pt.. RhzacotJ!1ton olmtolts ax-e. July and August. Ip 

pbzeootl"1~o.! aper:ma:boge~e~t1$ occurs eal"11el', tn M•Y ·and 

.rune. 
9. Ambzstoma !P!J!O.de.etzlu~, Ambzatqg £U'lt , _, $tld 

,!?i,~!l!PtQdon ensatu• all posae11s the oheracterta·t1c-modal 

numbeP ot e~m.oso•.s raported for tb.e tard.1): .~l•!omtdae. 

'Ph• morphologr of the ebr\i>:maa~me ••t and. the c\'l:lasmata 

tl"equ~ntey dv1ns d1Plotena ·~· all eimila;. ~ ln. •d41tion,. 

the .ratio of) the lonse:•~ chr;omosome to t)la sno:rtest chromo• 

eo• ot the eet 1a apps-oxlmatelJ the same .tor eaoh pt .th••• 
' ' ' '. . , 0 • N '· I. 

apee1ea. All ot th.e~e a.peeiea have onl.7 two b1¥'elenta 

ehow1~ ami~ f2) o£. chiasmata.. !hua, the ev1c:l•noe 

points out tha,~ these epeetee ue td~l7 cloaelJ relat•« 

and most d1t:feJtenoes be-tween them have been dae to s•• 
J~~.ttationa, rather than elu'olftDaome ctumgee. 

10. !Q.zecotrl~on o1mtcn<t• poaeeaaea a new ,~d unique 

number ot ohromoeomet as ooDJPared to othcu.' Oa.udata. !he 

ehiasmat• trequeno7 at diplotene 1a a1p1tloan'bl.J le~r 

thm that e£ anJ other member ot the pooup studied,. fhe 
+ 

ratio ot the longest ohromoaome to the ahorteat ebromou• 

ot the aet ia s1gntt1cantl7 leal th.n that ot the other 

apee1ea. It has t1ve bivalenta shoving a rrd.nimum (2) ot 

chiasmata. All ot this evidence lDd1oatea that .fl9l!Ootir1ton 



olm'-eus is highl¥ divergent when compared to other amby;.. 

stom1ds. In tact this :f..nt'ormation indicates the ne$d tor 

a possible revi ion ot the taxonomic status ot this genua. 

11. Contrary to )}Joble .a thepe seeins to be l:1t'tle or 

no evidence to support the hypothesis that PJ::qac,otr1ton 

olnJd.cus and Dic!!!lptodon enauttus are more closely related 

to each other than to the members or the .genus Ambzstoma. 

F-urth~;r.more ~ his speculation that Rhz"co,triton is ·a dwar£ 

de:r;tivative of Diauu:mto(lon eeems untenabJ.e. Both cytolog1- ; 

cal and morphological evidence confirm this. 

12. On the point above, Eaton's idea (tbat the two 

above-mentioned species .at"& not closely related :1$ suppopted 

'but his fUrther specUlation that tp;qacotr!to!} olzmp1eus 

evolved from either Ambzttoma magro492tz1um or Ambtst9ma 

gracile is not. 

13. The avidenco r~om the chromosome numbeP of Rhza• 

cotr1ton confirms the ewl1er decision of Dunn tbat this 

species did not belong to the genus Ranodon which was the 

genus to which 1 t was first assisned. 
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