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THE RESOURCES DEVELOPMENT INTERNSHIP PROGRAM 

The µrecedi ng report was completed by a WICHE intern during the sunmer of 197 3 

This intern's project was part of the Resources Development Internship Program 

administered by the Western Interstate ColllTiission for Higher Educat ion (WICHE). 

The purpose of the internship program is to bring or9anizations involved in com­

munity and economic development, environmental problems and the humanities togeth­

er with institutions of higher education and their s tudents in the West for the 

benefit of all. 

For these organizations, the intern program provides the probl em-solving ta :en t s 

of s t udent manpower while making the resources of universities and colleges more 

available. For institutions of higher education, the program provi des relevant 

field education for their students while building their capacity for proo:em-solv ing. 

WI CHE is an organization in the West uniquely suited for sponsori ng such a program. 

It is an interstate agency fonned by the thirteen wes tern sta tes for the specific 

purpose of relating the resources of higher education to the needs of western ci t! ­

zens . WICHE has been concerned with a br uad range of co~nunity needs in the Wes· 

for some time, insofar as they bear directly on the well-being of western peo~l es 

and the future of higher education in the West. WICHE feels that the intern~ hi p 

program is one method for meeting its obligations within the thirteen wt sten , 

states. In its efforts to achieve these objectives, WICHE appreciates having rP­

ceived the generous support and assistance of the Economi c Development Admini stra­

tion, the Jessie Smith Noyes Foundation, the National Endowment for t he Humanities, 

the Nat ional Science Foundation, and of innumerable local leaders and col!lTiuni ty 

organizations, including the agency that sponsored this intern project. 

For further information, write Bob Hullinghorst, Director, Resources Developmen t 

Internship Program, WICHE, Drawer "P", Boulder, Colorado, 80302, (303) 443-6144. 
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Tn Rdd1tl0n t. 0 the finnl r()n,, rt . n "l t'·t.r"•\l ..,,:~g,-. rt.:1 t'1L' l1 

r;reBte P scone will he su~'Y!itt.f,d nt ~ i·d .f' " dBtf' . 

NRti0na] neorrrAnh:lc 1~ c.nrr·entl :i' c ,1n :,' nf't'inr.: incL1dinr.-: 

0 lethodon neomex ·lc~rnu~ in A hook nl0ng wltr1 t.f1~ riro,i~r t w~ t.h wh ic h 

WP- nrc cnr.rently in volved. 

n at a w hi ch ha l'l he flt n co 1 l e c t ('II d t n c l u de ~ t- ii~ ,:i c t ; v 1 t y r y c 1 e ·, • 

air ~nd hab1tat te~perAture~, hRbitat descr1rtion, an~ snout- 0nt 

len~ths of over 600 sal5~andprs of ~0th species. Histolorrical ~e rk 

on ma les and females has been concluded, but ti"l'le has not allc,Wl') '1 

RnAlysjs of th1s t n h~ c0~~leted. 

A hi be rnation study has ~flen sta r ted, an~ data will hP. co1le,tf>3 

evp;ry other month froit 0r1 ober. lf)TL to Anf\ust, 197:J. ~0 .~'· of th~ 

s11rnmer was <ievoted t0 the dii::-~inp; of these 12 sites each of which took 

up to 5 days to complete. 

An electl'onhoret1c study analyzed h species of Aneides and 

7 species of Plethodon. This data i$ currently be.in~ anAlyzed at 

Syracuse Fni versity. 

A study us1n~ radioactive tsntAlu ~ wire has been delayAd by 

thP Ato:-n1c P.nergy Co'1'!·Tdssjnn. 'T'hey re1111 ire a pilot laborat o;>-r s t·.;,,~· 

and this :J s curr@llntly 1 n proi:rress. A h1 story of the use 0f r· .di oc· ,. 

material for fiAld studies has been included. 

F5na11y, the c-11r-rent distrlhntion of Pletr10don nAomexic• .nus 

has ~een 1 nc l 11d~~. 
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In the follow:lna re p('rt 1 will explain w11at \.ipg ~-- · . .1 '1e, •. 

delays we have encoul'\tered, e ·. 1d wha t we ·..i:I 1 ·. acco'npl 1.i: b,. or·. t.:1e 

c ompletion of the project. 

.. National Geo~ranhlc Society t hr-) 1J 1'l'l-\ Jan Clarkson hf\ t~ exnr l' .?Sed 

In terest 1n our resAarch pro .1ect. ThAy would like to i nclu de Pe 

SAlamander, 0 1Pthodon neomex1canus , in their book on v~n1shin~ 

wildlife. We have sent the~ facts of 1nterest about the salamander 

and have included onr resf'llarch pro.1ect outUne sponsored by th e 

Por~s t Service in conjunction with WTr HR. They have accepted 7 of 

our slidee of the salamander ann the projeC't, and 3 s Uc~s take r- 't·,v 

Joseph Shaw who has written nopula r art1c1ee on the sala"n;:;nde r in 

New ~exico Ma~azine and Animal Kingdom. We hope to receive n ews 

concern1n~ acceptance hy September, 1173. 

The acti vity cycle of both e~ecies has been concluded. Air and 

habitat temperatures, habitat descr1ption, and measurements have be ~n 

taken from over 600 sala~anders of both species. From the recorded 

tel'lipera.tures and habitat descripti ( ,. 1 we can deti::,rmine habitat 

preferences. From the measurements ( snout to the Anter ior t ip , -i. 

the vent) we have used a matheme.tjcal technique published by : 1 ~ding 

(1949) to detf'llrrnfne nu.,,.,her and average lengths of the age c l :-•.sses up 

to the Adu lt. 'rhis w111 also show the rete of ::rrowth of t r;e a ~e 

classes from birth to adu lt. ~epr~eentativee of both snac i ea h8V€ 

be en collected every other week durj n~ the act:1 ve season, R.O{, t he s 

have b~en preserved in t1e lab or~tory. One testis fro ~ each male 

and the sper?natheca from each female he11e 'been !=lect.ioned and stained 

hi st01og1 ca lly and :no11nted on s 1 ides. I ha •re not yet had t i me to 



study th9s~ slides, hut , ~·<:". ( ~l cv ·1 wa 1-J!ll le ~\rn th" 1·ei, r·c ~i1;{"t ~ •. 

cyc1f's Hnd wh.en '1lattnp: Ar., ·. c-v \ post ti oo of P~?r. ocrur-. 

·rop:Ath~r wtth t.he ~r t i vt l. y cyclA , ha h1tA t nr"9ferencAs, r f' ri r od u :--t. iv~ 

c y~le, and Hard1n~' s Analy~ls one rAn . chart thls a~Rinst mont~ly 

rain fall and tempereture t o ~a i n 1ns~~ht into the ov~rall picture 

of na t u ra 1 history of both or~,i rd S'T\S . Ane ides ha rdyi 1 s !'111lch 'l\O r e 

abundant ths.n P. ne o,nexicam,s and hopefu lly so,ne reason s fo r this 

may be ascertained 1n th1s comnarison. 

To avoid extremes of t he environ~e nt many sa l amander s ret reat 

under~round. In areas wl t h 1 onct cold wi nters ea lamande T' s wi 11 

hihernste until the sprln~. '1'h1 s 1s Jl. typical pattern !'o ' 1:1 alamA :1de rs , 

but 1 t is not an absolute rule. On the west r.oas t anci 1.n st · ~,e rn 

areas with mild win t er! t h6se an1~als do no t h ibernate. Neill 

(1948) published a list of salamanders from Georgia end most did 

not hibernate. Many s pecies of Ambystoma are a~tive in cold winte r s . 

Deevey (1943) found Ambyatoma tigri num movin~ tn snow during March 

toward their brt'9ed1n&2: pond. These ." .l amanders have been known t o 

,nate under the lee in a pond, and o viposit ea~s there. 

F'riedmann et al. (1'169) propoaen that 'I'a.richa granu l osa 1 0 1-!eNJ 

ita red blood cell count and he•o~lobin content while in htbernation 

and under~oea a va.s c 11 lar en~or~e'Tlen t w1 thin two weeks Bfter coming 

out. This su~geets the mammt1lian definition of hibern~tion, b1Jt 

hie re sults are hi~hly auest i onable. His critical conclusion was 

baeed on one l abora tory animal. nr ohably the only phystol ~~! cal 

changes that sala'1landers undergo ara 1n response to one or ~o re of th e 

• 
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f o llcwinp:: dehydra tion, starvation, abnoMally co l rl t. e~pr,r~ u1 :. . , 

and fluctuation in 'l'linerBls with vBryinR depths in t hA ~ 0 i ] . Wi ll 

tho salamanners rh0ose R low t.ei'l'ltwretnre in l 'ASponso t.o l .'l <.'k of 

food in order to slow their own 'l'lAtaholis'l'l? Ts there enouih 

storAd food to allrw the..,, to ex1st at a 'l'loro opti~um te'l'lp~returA? 

8ncounters with hi~~rnat!n~ spAc5es of ~1ethodontidae have 

been made by nu'Tlerou~ authors: '8lanchard (1933), Crrizzel.l ( 19t:'J), 

VArnberR (1953), Cooper (1156), and Taub (1Q61). M0st of th e so 

studies have included Plethodon c inf' reus. net a j led studies wi t l1 

distribution of salemand~r~ w1t~1n the soil were conducted us in~ 

Aneides lpgubris (Rosenthal, 1q5R), ~. cinereus and ~uryc ~~ 

bislineata (Vernber~, 1~53), and P._cinereus (Taub , 1961). 

A field experi~ent has been started us1n~ enclosures in each 

of the two study a r~as. The enclosures a re at.'Proxima te ly 3 feet 

s o UA re and 4 feet deep. To 1 nsu re Mini mu~ dis turbancA of the soi) 

the enclosures W<"re ...,ade by r.f'l'l'lov1nf'Z soil a.r•0und the:-n leaving a s c,J t 

of 1sland. This .,,Athod wns nett qd after Vernberg (1953). 

A wire scre~n WRS wrsnpe~ ar~unrl the encl0sure and the top was 

sealed with screening. Th~ exit fro.,, the areR is the bottom. 

'T'href'l ther!Tlistor nro'l)~s were set at 1 foot, 2\ foot, and Lt "' oot 

levels. Durin~ Sente~ber, 1973, 2 0 salamandArs renresentjng All 

known e>1:e classes 1.J111 be toe - clioped, measurAd, And placed in 6 

cages in each study area. Beg1nnin~ in Ortohnr soil ~o1sture, so11 

pH, temperatures of air and th~rm!stors w111 he rerorded , And one 

trap will be es~avated. Number 0f an~.,,al, dP.pth, and measurement 
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be preserved for re nrod 11 r-tiv~ datA . S ix tri:l rs w~ll be e!H'!lV'tted 

from OctobP. r (1 )7)) to Au11-ust (11711) Pr V"'ry othe.r 'Tlonth. 

A p i l ot study h·:is heen ~cnd11~ted 1 n thA twn study ar~ns . Two 

onclosures had heen hu ilt in each study area. ~scR vation of one 

ca~e in each Araa su~gested the feaRjhility of thA p ro posed 

technique . ~o ~ortality had been recorded in e ither ca~e . Lack 

o f rie pth in other ~tudies - 36 inches in VPrnher~ (175)) and 12 

inches in 'J'a 11 b (.1961) - had led to over C,01, mortal i. ty in both 

studies . 

"'1uch dAta 1s e::r:Dected f r om this study. ·~rowth r Ates in 

enclosur~s over the su'Tlmer w\Jl bA ro'TlparPd to those in natural 

populAtions . ~~~A ~nst~ht into ~rowth retP.~ ov~ r t he winter wil l 

he ~Ain~d. The mAle And femAle renrodurt1ve cycles which s how 

tAndenc1es not tyn•cnl of ryletbcdon in the case of r. neomexicanus 

qnci which are only h:,,p(~thAs1 z ed j 11 · th soeci es shou ld '!:>"' romple tP-d . 

ra. 11 i.ti.e s hot.h tn tynP and depth fnr deoos1.tlon of e,;,A;s shou ld be 

des c ribed. t-Jo one has found e~~s of_!:. neo'TlexirAnus and only s 

r~w clutches ln rottinR lo~s in A. hardyi have heen f ound . A 

complete descrjpt1on of hoth eP,~ clutches fould be concluded . Do 

the ~nimals feed at all undAr~round in the winter? 

What is the tynicRl hibP.rnatin~ temperature , ~oisture, ~nd 

nreA? VArnber~ (19S1) found no tend~ncy to a~~regate in~. cinereus 

nnd '~urycea bislineata. Most were \found with b.<1c ks a~ainst the 

\ 
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wire in a r. sha ped oosture. 'T'hf' R n i'1'1H1f w~re not. fo11 nn ~t ·: ~10 

bottom of th~ 3 foot caP:e, but at. cert :•i n derit h~ in rf's r;,on:,;1° 1 ,, 

certain te~peratur~ and ~oisture relationship. Taub (1161 ) fou nd 
0 

no P. cinereus below 4 C llnd felt the :, would a·,oid temperatures 
0 

below 10 C if a hi~her te.,.,peratur~ existed. ~hey also avoided 

levels be low the water ta tile, and Taub ( 1961) nos tula ted that Utt: v 

may bA forced to the surface nurinp. heevy ra i n~ .,,~ich like e::-irt.h wor'1'Js. 

Tn a le.hora.tory s tudv Roic1en thA l ( 1158) varie~ t~.,..re rature nnd 

moisture of thP- SC"dl, and he found thRt. ~. lug:11:->rls flh0wec1 diff'r, ·--r:nt 

patterns of selection end b!9hav1or r: e l"'enn1n, .. en t . l1P. e 0:n'hi n8 ticr. ,,f 

these two factorR. Por example, 1n d ry conditions they, r·rs e : h~ 
0 

lowest temperature (it ranQ;ed frorrt 2 to 12 C) and a ~.~re~a t e.:., 

Relat5ve hu~idity is greatest At low te~p~raturAs ann a~~re~Bt\on 
0 

also decreases evaporation. At R ~onstant te'TloArRture (12 C) 1· 

lugubris a voided ~xrese J ve 1y wet ann dry cond : ·t 10n s. "'he 'Tio re 

dehydrated the animAl the wetter the conditions it chose. 

Tn t he proposP:'1 study mois tu , ' t , t emoer~ ture, and nrof"i les of 

the soil will be measured and analytically c o~,9 red to the dept~ 

and condition of the animal. These results will hA co'Tlp n red witn 

the abilities 6f the two species to withstanrl deslcca.tion (:· ,, e 

Whitford, 1968) and with similar data on temperature and moisture 

in the ~~cies of the two genera in particular and within the famil y 

in gene ra 1. Many different combinatio~ of so i 1 :noisture and 

temperature are ava1lable in the enclosure, and it ~ay prove 

very revea11n~ which condition has prdority if any. Moisture is 
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probably t~e more rritical factor Rnd accordin~ t0 Spi~ht (1q68) 

"amphibians expose '.11ore wet surface directly to the air, per i::rram 

of body wei p.;ht, than do any other terrP.striql vertebrate." 'rhorson 

(1955'), Ray (1958), and Littleford et al. (1947) feel that there is 

a direct correlation ~etween the ability to withst~nd desiccation 

Rnd the "Tlicrohahitat. Amphibians secrete larp:e <111antities of dilute 

urine; they rarely a r1 nk; t.hey cannot take up wn ter fror,, ss turR ted 

Air; ~nd their evaporative water lnss '.118.J be ~r~ater than that of 

from onen water (Thorson, l~S5). 0 lethodon neo"Tlexicanus experiences 

a drier hah1tat than A. hardy1 ano should have a hi~her tolerance 

to water less. This is indeed the case fro"n the results of 

Whitford (1968). However, patterns for the two genera show th~t 

Aneides is more xer1c, has thicker skin, and is ~ore tolerant to 

water loss (Ray, 195Q, and Rosenthal, 115A) th~n n1ethodon. It is 

interest:1n~ fro'l'I an e1rolutionary point of view that this reversed 

relationship exists. 

Rlectrophoreats i!! a techniqw: . riAt studtes diff'f'rential rates 

of migration of proteins in an elertrir. field. This is a form of 

taxono~y which is more soohisticated and may be ~ore revealin~ than 

counting grooves or scales. Aneides hardy! was or~inally na~ad 

0 lethodon hardyi and "Tlany have difficulty distinguishing the two 

species. There also has been disagree~ent about the origin of P. 

neo~exicanus- whether 1t came fro"Tl an eastern ~r western for~. We 

have collActed data on A. hardvi ~nd 0 • neo"Tlextcanus alon~ with 3 

other s peci~s of Aneides fro~ tha WAst, 2 species of 0 lathodon fro~ 

-
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the eest, and 4 snAr 1es of r1 etho~on ~ro~ the west. ~his data is 

curr en tl y being analyzed by Dr. Ronald r~r chino of Syracuse 

University in Utira, New York. 

A study usin~ radioactive tantalu~-182 wire has been postponed 

un til the summer of 1 ')74 . We have run :into a mountain of red tape 

i n thi s as pect of our project. We have not yet received permis ~ion 

to do a pilot study i n the laboratory. Los Alamos Scientific 

Laboratories has loenAd us a scintillation counter and probe, and 

Sandi a Laborator1es have Riven us the tantalum wire. ~he wire 

is currently bein~ 1rradiated at the O~ega 8eactor in Los Alamos . 

0 rovided the A. ~. r. anproves this study we hope to learn 

activity patterns on a daily, weekly, ~onthly, Rnd seasona l basis. 

Tn addition, ~rowth rates and hibernation sites will be deter~ined 

fro~ this. Studies usin~ radioactive material for ta~~in~ organisms 

are c o'1'll't1on. ~he followin~ is a list which I have co~niled of the 

mor~ important field studies usin~ a variety of radioac t ive material s . 

tant.e 1,P11-1R2 

Jordan's s~lamander (~adison and Shoop, 1970 ) , Manitoba 
toad (Rreckenrid~e and Tester, 1961), and skink (Nelson 
in Tester, 1963) · 

cobalt-60 

Dusky sala'l'lander (Barbour et a l., l16g), toad (Karlstro~, 
1957), chorus fro~ (Kramer, 1971), garter snake (Smith, 
1971), fjeld vole (rrodfrey, 1~5~), ~ole (rrodfrey , 1955 ) , 
vole (Harvey and ~arbour, 1965), Alaska herring 
(Wili~ovsky in Tester, 1963), shrew (Linn and Shillito 
in TestAr, 1963 ) , and wire wor~ (Arneson et al., 1950) 

p;old-198 

mice (Kaye, 1960, 1961) 
" 
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mice (Johannings~eier in 1ester, 1,63} , and bat 
(Giffcrd and Griffin in Tester, 1963} 

phosphorus-32 

mosquito (Bur ~er and Taylor 1949} , sturgeon fry 
(ShekhAnova i n Tester, 1)63~. 'Tieadow mice (~illAr, 
1957), nnd le'Tt'!T'in.,. (.Tenkins , 19S1.d 

antl.,,ony-121.i 

bat (Punt et al., 11S7) 

zinc -65 

plovsr (~riffin , 1q52) 

calcium-LS 

ring necked oheasant {Mc r abe and LePage in ~Aster, 1963 ) , 
and fish (Ro~oiavl enskaia in Tester, 1963) 

iron- Sq 

trout (Scott in Te ster, 1963) 

strontium- Ag 

'.'llOS<1uito (Bur~er and -•n:-, lor, 1941} 

s tront 1 u:'Tl - ·)o 

'1'lAllard (Dzubin in Test e r , 1~6)) 

rubi <iium-86 

blue ~rouse (Rendell i.n Teste r , 1963} 

radium ~ulfate 

'l'he known distribution of P. neo'Tle Xl C"anus ha~ ~e~n included in 

~y account in the Am~riran ~atalo~ue nf A~phih!Ans and Reptiles now 

In pres .ci . 'l'h is di.str1hut1on is far fr0'1'l rnmp1ete ann thf'll summer of 

.. 

-
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117~ will be need PJ to add to thi s . ~he ~oil 'T'IOisture and pE 

will be co~parAd f r o~ Ar oas thAt have sala~andars wit t Brr P f 

thRt once had sala'T'IRnder~ And have now bee n l n~~ed . We h0ne to 

11,A'3n some 1.ns1'7ht into t l-i e e ·r 1·ert rr log1;,:1ni:,: fro 'Tl t his study. 

The scone of the nr o ~ec t was such tha t all of the areRs of study 

c011ld nt"t hRVA bon n c 0 'llpl fllt.~ d 1.n one: surrirr" r. 
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