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ABSTRACT OF THESIS 

.-\iJ AGE ESTI~:.A.':::'ION '::'ECH!'TIQUE A:\'D SO:"'!'.: \!Q~·L-\l. 

BLOOD V_U,UES FO~ :-:Ou1'"i~ . .\nl LIONS (FELIS CONCOLOR) 

The objectives of this study were: (1) to devise 2 method for esti­

mating the ages of individual, wild-ca ught mountain lions, (2) to iden­

tify che normal ranges of various physiological and morphological 

parameters in the mountain lions, and (3) to de t enn ine whe ther differ ­

ences in the physiological and mo r phological parameters measured exist 

be t ween wild -caugh t mountain lions captured in south- central Co lor ado 

and captive lions in o ther a reas. 

The age- estimation fonnula devel oped f or females included the fol­

lowing blood oarame ters: globulins, blood urea nitrogen, total proteins, 

percentage oonocytes , and zinc ; 2nd morphological measuremen ts: 

reces~ion trc~ the pre~olars and rear :arsal length . 

The age - estimation for.nula de1.1 eloped for sales included the :::ol~o,,;-

ing blood paramete r s : globulins, alkaline phosphatases, and percentage 

neutrophils; and morphologica l measurements: gumline recession from the 

upper canine and total body length . 

2 
Bo t h formulas had an r of about 0 . 80 . 

Blood , ha ir, and v i brissae samples; and t ooth and body measure~ents 

were taken from 46 captive and 31 free - ranging ffiO untain lions . Eight 

animals were sampled each year for three years, 22 for two years, and 

50 only once, for a total of 52 female a nd 34 male cap tive lion sam­

plings, and 21 female and 11 male wild lion samplings . 

The blood sampies ~ere evaluated fo r hema tocrit, amo unt of zinc in 

the plasma, 18 seru..~ parameters, and ~.hite blood cell differentials . The 

hair and vibrissae samples were stretched t~til they bro ke to measure 
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elasticity. Two upper and two l owe r t ee th we r e measur ed for gumline re ­

cession a nd measurements of six body charac t eristics were made. :for:-:-121 

(mean) values and 95 percent conf idence intervals fo r all 38 na r a~eters 

were determined . 

The entire 118 samplings we r e divided into several sets of sub­

groups and selective l y t es t ed fo r significant diffe r ences (P < 0 . 10) in 

each of the 38 parameters. 

Three male mountain lions were r aised fr om age 3 weeks . Eigh teen 

summer and 17 winter blood sa~p les were t aken and tested for sur.u~er­

winter differences . 

Ten blood and two morphological parameters were significantly dif ­

ferent between the wild, and cap tive , non-kitt en mo untain lions . Two 

blood and five morphological parameters were significantly different je -

tween female , and male, non- kitten mouncain lions. Eight blood anci all 

mo rpholog i cal paramecers ~e r e significa~tly different bec~een wild kic -

tens and wild non- kittens. Six blood parameters we re significantly dif ­

ferent be t ween sum,.-ner and winter blood collections. 

Twenty-six parameters (the 12 determined to be significantly dif­

ferent between wild and captive lions were omitted) were initially eval­

uaced for the development of the age- estimation formulas with multiple 

regression analysis. Of ehe eight bl ood parameters found to be signi­

ficantly different between wild kittens and wild non-kittens, two were 

included in the female age-estimation formula and three in the male age­

estimation formula. 

Winter-summer significant differences were probably not seasonal 

differences, tut for the most part due only to restraint or method of 

immobilization. 

iv 



V 

Mary Jean Pfile Currier 
Department of Fisherv and 

Wildlife Biology 
Colorado State Universicv 
Fort Collins, Colorado 80523 
Slli'lUTier, 1979 



ACIOTOWLEDGDfENTS 

I wo uld like to thank my husband, E . Gray Currier , for his support 

and helpfu l COTIDents on ~ y thesis , and my adviser, Dr . Kenneth~ . Russe ll, 

for his help and guidance throughout this study . I would also like to 

acknowledge t he guidance and comments of the other members of my grad­

uate coITLmittee: Dr. Rodney A. Bowling , Dr . Julius G. Nagy , and Gene D. 

Schooenve ld. I am grateful to Dr . David A. Cr amer, who attended my final 

exam in Dr. Bowling ' s stead, fo r his suppor t and he l pful comment s during 

the exam, and Dr . Douglas L . Gilbert for his helpful corrur.ents on the 

thesis . 

This study wo uld not have been possible withou t the aid o the 

following zoos and individual s : Arizona- Sonora Desert Museum , Inc . 

(Charles L . Hanson); Br it Spaugh Park and Zoo (Jerry Tillery , Jan Krouse, 

Dawn Pro tho, Danni Hopsne::-, and Don l-iuslig); Cheyenne :·:ountain Zoolcgical 

Park (Don Davis , Bill Aragon, Dr . Rodney lvalke::-, Dave Allen, and Cli :: 

Myers); Clovis Zoo ( Ra lph Duty , George Newman , and ~1ickey Aguilar); Da l ­

las Zoo (Larry 0 . Calvin, Dr . J .M. Brundrett , and Bucky Hol t) : Denver 

Zoological Gardens (Clayton Fr eiheit and Dr. Lyvere ) ; Dickerson Park 

Zoo (Dale Tuttle, Judy Tuttle (who brough t the t hree moun t ain lion ki t ­

tens for this study t o Col orado ~nd showed me how to ca r e for t hem), 

Paul Price, and Ken Edwards); Glen Oak Zoo (Chuck Wikenhauser and Jim 

Ellis); Gr eat Plains Zoo (Keith Halverson and Mel Elsing) ; Hogle Zoo ­

logical Garden (Lamar Farnswo rth, Gene R. Schreiber, and Dr . Tugaw): 

Jamest own Feline Br eed ing and Research Station (Vic Huddleston) : Hiller 

Par k Zoo (Randall E. Carney , Bill Katthoefer, Val And erson , and Barbra 

Diedrich); Rio Gr ande Zoological Park (Dr. Bruce Stringer, J ohn Roth , 

Dr. Bowman, Sherry Springer, Pauline Touchon, and I ngrid Sc~~id t ); 

vi 



St . Louis Zoological Park (Charles H. Hoessle, Dr . Kent Kane, Dr . Bill 

Boever, Dr . Knox, and Roger Birkel); St . Paul's Como Zoo (John Fletcher, 

Dr . U. S . Seal, and John McKenna) : and Topeka Zoological Park (Gary 

Clarke, Dr . Joe Bielitzki, John Wortman , and Hike Larue) . 

I appreciate the helpful suggestions of Dr . Joseph Tomlinson, the 
.. 

late Dave Gr iffith, and Dr . Maryanna Thrall . I would like to thank 

Dennis Giddings for the artwork in my thesis, Ray Moore for analyzing 

the serum samples, and Dr . Don Mose r for his help with the Instron . 

Finally, I would like to thank the agencies which funded mv project : 

Colorado Division of \Jildlife , Colorado State University, U. S. Fish and 

Wildlife Service, and The iJild lif e ~anagemen t Institute . 

vii 



TABLE OF CONTENTS 

ABSTR.~CT OF T~SS~S 

ACK..NOWLEDGEMENTS 

LIST OF TABLES . 

LIST 0? FIGURi::S 

INTRODUCTION 

METHODS 

Sub j ec ts 
Irr.mobilization 
Blood and urine collection and preparation 
Plasma analysis . . . . 
Serum analysis . . . . 
Triiodothyronine up take 
Urine analysis 
Ha ir and v i brissae 
Gumi i ne recession . 
Body measuremen ts . 
Statistical analvses 

analysis 

Mul:i?le re gression anal~sis 
Analysis of variance 

RESULTS 

Immobilization 
Blood parameters 
Urine analysis 
Morphology 
Age-estimation f ormula . 

Female . .... . 
Male . . ... . . 

Kittens : growth and tooth development 

DISCUSSION . . 

Immobilization 
Blood and urine parameters 

Significance ... . 
Differences ... . 

1 . Wild-captive 
2 . Winter-summer blood collection 
3 . Wild kitten - Wild non-kitten 
4 . Female- male 

Morphological parameters 
Age Estimation models .. 

viii 

iii 

vi 

X 

xii 

1 

3 

3 
6 
6 
7 
8 
8 
9 

12 
13 
13 
13 
13 
14 

16 

16 
17 
19 
21 
24 
24 
24 
?~ 
-J 

33 

33 
34 
34 
43 
43 
44 
46 
48 
49 
50 



Table of Contents (continuec) 

~ethods of age esti~ation 
Physiolo gical changes vith age 

Theories . . . . . . . 
Physio logical changes 

Morpholo gical changes . . 
Age estimation technique 

Needs . . . . . . . 
Techniques develoaed 

Hand-raised kittens 
Weight ...... . 
Tooth e rup tion and r ep l acemen t 
Eye color and pelage changes . 

Estimated ages of unk~own-a ge mountain lions 

CONCLUSIONS 

LITERATURE CITED 

APPENDICES 

A. 
B. 
C. 

Ins truc tions for co llectio~ of the data 
Data Sheet 
Alphabet ical lis:ing of ti1e 

ix 

symbols used 

51 
53 
53 
54 
55 
56 
56 
56 
58 
58 
59 
59 
60 

66 

67 

72 

72 
80 
81 



Table 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

LIST OF V .. BL:S 

Age distribution cf kno,m- age , captive 
mountain lions s&~ ~l2d . 

Classification of the mountain lions studied and 
the testing pattern fo r s ignificant diffe r ences 
between subgroups 

Source and symbol of each blood and morphological 
parameter measured in the study 

Irrunobilizing agent s , r e c owmended dose rates, and 
delivered dose rat es administered during the 
s tud y 

Blood parameters with values that we re signifi ­
cantly diffe r ent be tween wild a nd cap tive 
mountain lions . 

Blood parameters and means , .. ,ith values that were 
significantly dif ferent betwee :1 summer and winter 
collection of blood . 

Blood parameter s a:1d ~eans with values that were 
significanclv ~i~~~~~~t ~ 2 : ~ 22~ wild, kitt e n and 

5 

10 

16 

17 

13 

wild, non - kitt en =o u n :ain l i o ns 18 

Blood pa r ameters with values chat were signifi ­
cantly diffe r ent between non- ki tt en, female and 
non-kitten, male mo untain lio ns . 

Source, normal (mean) values, and 95 percent 
confidence intervals of non- ki tten mountain 
lions . 

Crea tinine clearance in seven male mountain lions 

Morphologica l parameters with values that were 
significantly dif fe rent betwee n wild and captive 
mountain lions . 

Morphological parameters with values tha t were 
significantly diff eren t between non-k itt e n, female 
and non-kitten, male mountain lions . 

Morphological parameters with values that were 
significantly diffe rent between non- kitten , female 
a nd non-kitten, male mountain lions . 

X 

19 

20 

21 

21 

72 



List of Tables (continued) 

• I 
.l.4 

, -
l.) 

1 6 

17 

18 

19 

20 

No rmal (mean) values and 95 per cent confidence 
intervals of mor pno i ogica l parameters meas ured 
fo r non-kitten mountain lions . . . . . . . 23 

We ights of the thr ee hand -raised , male mount a in 
lions during the first 84 days of life 

Weights of the t hree hand-raised , male mo untain 
lions from age 4 weeks through age 62 weeks . 

Too th erup tion and r eplacement schedule of the 
three hand-raised, mal es mountain lions 

Eye color cha nges in th e thr ee hand- r aised , male 
mountain lions 

Pe l age changes in t ~e three hand - raised, male 
mountain lions .. . .. . 

Es timated ages in years of unknown-age , non-
ki tten mo unta in lions ...... . 

xi 

25 

28 

28 

31 

31 

32 



Figure 

1 

LIST OF FIGURES 

Weight,s of the three hand -raised , male 
mountain lions during the first 84 days 
of life . . . . . . . 

2 Weights of the three hand-raised, male 
mountain lions from age 4 weeks through 

27 

age 62 weeks . . . . . . . . . . . . . .. 30 

3 Estimated age structure of the wild mountain 
lions captur ed near Canon Ci t y , Colorado ..... 64 

xii 



INTRODUCTION 

Felis concolor, und er the name mountain lion, cougar, puma, el 

Leon, and many others, has roamed throughout most of the Western 

Hemisphere since about the time of the Pleistocene extinctions 10,000 

years ago (Young and Gold man 1946, Robinson 1976). The subspecies 

once present throughout much of southeastern U.S . (Felis concolor 

co~yi) and northeastern U. S. (Felis conco lor couguar) are bo t h listed 

as endangered by the United States Department of the Interior (Anony-

mous 1974). In the 11 western states, all eight subspecies present 

are listed by the states as game animals (Robinson 1976) . The status 

of the mounta in lion in Canada is much the same as in the U. S .: game 

animals in western Canada, endan gered or rare in eastern Canada ( the 

ran ge of Felis concolor cou2ua r pr obablv originally extended into parts 

or Onta r io , Quebec, and ~eK 3~unsKick (Young and Goldman 1946)). Litt le 

is known about the status of this big cat in South America . It has 

probably been exti r pa ted from heavily populated areas and offered 

little pro tection elsewhere. 

Confusion and misinformation about thi s elusive creature abound. 

Nevertheless, management of the mountain lion is desirable if an opti­

mum level of this species is to be maintained . The principle methods 

employed to directly mana ge mountain lions are harvest r egulations in 

the west and full protection in the eas t . One type of information 

that is important in order to understand the dynamics of a wildlife 

population (and therefore to know which management actions would be 

beneficial) is the sex and age structure of a population in any given 

geographic area . This, combined with reproductive and mortality da t a, 

and popula tion size, can give the manager a clear picture of the vigor 
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and stability of the pop ulation (Eberhardt 1971) . This information 

can be used to calculate the turnove r rate of that population, which 

should form the basis fo r management t h rough ha r vest regula tion. 

Various types of data may be collected for utilization in an age­

estimation technique . Body parts are often collected from dead animals , 

however both physiological and morphological data are available from 

live specimens. No met hod has been re ported that is adequately objec­

tive for estimating the ages of individual mountain lions . 

Physiolog i cal and morphological data a r e also important fo r the 

analysis of the state of health of an individual animal . Baseline 

information of normal (mean) blood and blood serum values wo uld provide 

standards tha t would aid veterinarians and biologists in the diagnoses 

of ailments in individual moun t ain lions. ~!orphological data can reveal 

cart of t he nutritional history of the a nimal . 

The objectives of the study were :hree£old : 

1. To devise a method for estimating the ages of individual, 

wild-caught mountain lions; 

2 . To identify the normal ranges of various physiological 

and morphological parame ters in the mountain lion; 

3. To de termine whe ther differences in the physiolog ical 

and morphological parameters measured exist between 

wild-caught mountain lions captured in south- central 

Colo rado and c ap tive mountain lions in o t her areas. 



~-:::'I'HODS 

Sub jects 

Samples and measurements ,,,e r e taken between 1975 ar:d· 1977 fr om 40 

dif fe r ent , known- age , captive :'lounta in lions, and six unknown- age, 

ca ptive mount a i n lions . Si x :: emales and two males were sampled and 

mea sur ed t hree consecutive ye2 rs; 11 females a;d 10 males , two cons ec -

utive years; and 12 femal es and eight males one year only; fo r a 

total of 52 female , and 34 male , captive samplings . The age dis tribu tion 

of the cap tive , knoi;m- age 2.n i :'lals wa s representative (Table 1) . 

Samples and meas ur ements were t aken between 1975 a nd 1977 from 20 

different , free - ranging, fema les mountain lions, and 11 different, f ree ­

ranging, mal e lions . One fem2.le w2.s caught, sampled , and measured in 

t wo cons ecutive yea:c s . The t otal nurnber of wild samplings was , ther-efore, 

21 female anJ 11 male . 

TJ:,e enti r e 113 sacpli:1gs ;-:e~c divided i;1to seve r al sets oi sub-

groups, then tested f or d i f~erences between them in all of the para­

meters measur ed (Table 2) . Appropria te subgroups were then subjected 

to age r egression analysis (see Statistical Analyses for spec i fic 

testing methods) . 

Blood samples were t aken from three captive, hand-rais ed , male 

mountain lions born in the Dickerson Par k Zoo , Springfield, Missouri, 

on 12 June 1977, at ages 6, 8 , 12 , 16, and 20 weeks ; and 6, 7, 8 , 9 , 10, 

12, and 14 months . They were weighed at ages 10, 19, 29, 36 , 40, 45 , 

51, 53, 56, 60 , 76, and 83 - 84 days ; and 14, 16, 20 , 26 , 31 , 36 , 40 , 44, 

53, and 62 weeks . Tooth eruption pa t tern ,vas checked weekl y until age 

1.5 months, t hen monthly . 



T/\13LE 1. Age distribution of known-age , c;.1pl: :i vc' 111 ot rnl:nin lions sampled . 

i\ge (yrs) 
No . 1-1. 9 2- 2 . 9 3- 3 . 9 Li - 4. 9 

'Fc1nale Li 2 1 7 

Nale 3 4 3 3 

--- -----· 

5-5 .9 6-6 . 9 ---------------

7 6 

l-1 t, 

- - · - ---------

7- 7 . 9 

5 

5 

8- 8 . 9 

4 

l 

9-9.9 

0 

0 

-------

> 10 

3 

2 

.r:--



Ti\BLE 2 . Classification of the 111ount<.1in J.j o n s s LudL e cl and the test:i.11g patten1 for signific ant 
differences between subgroups. 

No. srnnr1ed 
once 

No. samrlcd 
twice 

No. sampled 
thrice 

Total 
samples 

A's VS f3 I S 

C's vs D's 

E's vs F's 

C vs . H 

I vs. J 

Wild 
Non-

Kitten kitten 

3 16 

0 l 

0 0 

3 18 

/\ 

C 

E F 

G 

- ---- --------------- ----------------- ----

Female 
~l_~ lVl~--­

No11-

Kit l:en kitt e n 

0 12 

0 l L 

0 6 

0 52 

II 

C 

ll 

-·--------

WUd 

Kitten 

(J 

0 

0 

6 

E 

Non­
kitten 

5 

0 

0 

5 

/\ 

D 

F 

I 

M;:ile 

------~~p tl ve 
Non--

Kit ten kitten 

0 g 

0 l.O 

0 2 

0 J/1 

I', 

J) 

.J 

-- -------

\J1 
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Immobilization 

Three immobilizing agents ,.,e re used at various times : phencyclidine 

hydrochloride, ketamine hydrochlo ride, and tiletamine hydrochl oride. 

The latter two substances are derivatives of the former . Phencyclidine 

a nd ketamine were supplied in liquid form, and til etamine was supplied 

as a powder . Sterile saline or distilled water was used to hyd r a te the 

powder and fill the dart . The tiletamine had been pr ev i ously mixed with 

zolazepam , a muscle r elaxant, and occasionally a musc l e relaxant, either 

acepromazine or diazepam, was used in conjunction with the other two 

immobilizing agents. 

Drug delivery was by one of four methods . They were : darted with 

l 
the dar t shot from a Cap- Chur oistol or rifle , darted with the dart 

propelled from a blow gun, hand - syr::.::ged ~,,ith the animal in 2 squeeze 

cage, or jabbed wi t~ a syri::ie c:: the end o: a po le (jab stic~) . 

Blood and urine collection anc ~~epa ~ati on 

A 10- 15 cc blood sample w2.s dra,m from the dorsal branch of t he 

medial saphenous vein in the hind l eg at about the level of the knee 

(Fi g . 1 in Appendix A) . About 7 cc were put in a plastic tub e a nd al -

lowed to clot . The remainder ~as put in a plast i c tube wi th two drops 

of zinc - free heparin . At least two good blood smears were made from 

e ithe r the blood remaining in the syringe immediately after the t wo 

tubes had been filled , or fr om the heparinized sample . 

The bladder of seven o!: the captive males was catheterized with a 

sterile French size 10 ure t hral ca theter and the bladder emptied. A 

timed, 1-2 minute sample of urine was collected. 

1
Palmer Chemical and Equipment Co ., Douglasville , GA . 
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Both the clotted sample and a l l but 3 cc of the heparinized samp~e 

were centrifuged at about 7000 rpm for five r:iinutes . The serum was 

removed f r om the t op of the clotted blood, labelled , and f rozen . The 

p lasma was removed from the top of the h~parinized blood, labelled, a nd 

frozen. The hema t ocrit was measured by the standard method using hep ­

a rinized blood . 

Blood s mears were stained by t he standard method using Wright' s 

stain (Seiverd 1972 : 233- 240) . Two hundred leucocyted were differen­

tiated into neu trophilic segmented cells, eosinophi lic segmented cells, 

basophilic segmented cells, lymphocytes, and ~onocy tes . Percentages of 

each we re recorded . 

Plasma anal vs is 

Plasma was prepared for zinc analysis acco r di~g to the method 

ror non-lyophilized o l asma of ?rasad sc al . (~963) wi cn t wo e xc eo tio ns : 

(l) t o fully utilize t he plas~a , the er.tire amoun t of plasma, not 

just 1 ml, was used (this also led to use o f vary ing amounts of tri­

chloroace t ic acid to maintain t he proper ratio) , and (2) the samp l es 

were centrifuged 40 minu t es at a time instead of 20 minutes becau se 

the rpm of the centrifuge used was lower than the s uggested rpm . 

Concentration of zinc in t he plasma was determined by use of an atomic 

absorp t i on spectrophotometer . Dilut e solutions of heparin and tri ­

chlo r acetic acid were tested for zinc conten t. 
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Serum analyses 

Seventeen parameters of the blood serum (Table 3 and Append ix C) 

were determined by personnel at the C. S . U. Veterinary Hospital with the 

automated Hycel Hark-17 Dis c r e tionary Multi-Cha nnel Analyzer . Albumins 

were calculated by subtracting globulin values from total protein values. 

Triiodothyronine uptake analysis 

In 11 instances (seven females and four males), 3 cc of heparin-

1?5 
ized whole blood were incuba t ed at r oom temperature with I - - labelled 

triiodothyr onine (T3) , using the methods of Saltz et al . (1963) . The 

hema t ocrit was measured by the standard me t hod, and r ad i oac tivity of 

the washed red blood cells was measur ed with a solid scintillation 

coun t er . The efficiencey of the counting syst em and the effect of 

volrnne on t he count were measured using standard , knm,,,c1- activity 

sol u tio.:1s of var:-ious volu:ues . ?adioac t ivity at t ac~ed t o che r ed bl ood 

cells (percenta ge T3* uptake ) was cal culated as per c entage of that 

added from the following formulas. 

Expected activity: 
- At A= A e , where: 

0 

A = activity/ml 

A = initial activity/ml 
0 

e = 2 . 718 (the base of natural (Napierian) 
logarithms) 

A decay constant 

ln 2 
Ti, 

/ l 

T = half-life 
½ 

t = time elapsed since initial act i v ity 
measur ed 
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Volume red blood cells: V hr b ' wher e : 
\,.' 

,. 
\ volume r ed blood cells 

h he~a tocric (fraction red blood cells) 

System efficiency: 

Percentage T3*~p take : 

Urine analysis 

V volurne wh ole blood 
wb 

EV = \ , where: - , 
A 

E\, = efficiency of s ystem 

\, = activity at V ml 

A = known activity n 

Am 

A = measured activity 
m 

at 

EV efficiency at volume V 

V volume red blood cells 

A = ex?ecte~ act i vity/ml 

V ml 

The following standard formula for renal clearance of creatinine 

was used (modified from Ganong 1973:514 by using seru~ concentrations 

instead of plasma concentrations). 

clearance of creatinine 

UCREA = concentration of creatinine in urine 

3
CREA 

concentration of creatinine in serum 

V rate of urine production 
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TABLE 3 . Sour ce and symbol o : each blood and morp ho l ogica l pa r ame t e r 
measured in this s tudy . 

Source 

Plasma 

R.ed blood 
ce l ls 

\vh ite bl ood 
cells 

Seru~ 

Parau1eter 

Sex 

Age 

Zinc concentra t ion 

Hema tocrit 

Triiodo t hyr onine uptake 

Pe r centa ge neut r ophilic segmented cel l s 

Pe rcentage eosinophl i c segmented cel l s 

Pe r centage lymphocy t es 

Percentage monocytes 

Lactic dehydro genase 

Creatine phosphokinase 

Se rum glutamic- pyr uvic transaminase 

Se rum glutamic- oxal acetic t ransaminase 

Alkal ine phosphatase 

Sodium concentrat i on 

Po t ass i um concentra t ion 

Ch l oride concen tra t ion 

Calcium concen tration 

Phos phorous concentra tion 

Gluc os e conc en tration 

Cholest erol concentrat i on 

Bilirubin concentration 

Creatinine concentration 

Svmbol 

ZN 

HKT 

T3 

NEU 

EO 

LYM 

MONO 

LDH 

CPK 

SGPT 

SGOT 

ALK 

NA 

K 

CL 

CA 

p 

GLU 

CHOL 

BIL 

CREA 



TABLE 3 . 

Source 

Serum 

Hair 

Vibr-issae 

Teeth 

Body 

11 

(continued) 

Pa rame ter 

Blood urea nitrogen concentration 

Total protein concentration 

Globulin concentration 

Albumin c oncentration 

Young's Modulus 

Young ' s Modulus 

Gumline recession fro m upper canine 

Gumline recession from lower canine 

Gumline r ecession from upper premolar 

Gumline recession fro m l ower pr emolar 

Total gumline r ecession f r om both can i nes 

To : al gu~uine recession :ron bo:h premolars 

Bod y wei ght 

Total body length 

Girth 

Skull a r ch length 

Ri ght rear tarsal l ength 

Symbol 

PRO 

GLOB 

ALB 

HA 

WR 

UC 

LC 

UP 

LP 

C 

PR 

PT 

LG 

GI 

SK 

TL 
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Hair and vib rissae 

Hair cut from the hind leg pr i or to bl ood collection was saved in 

an envelope . Six v ibrissae were snicaed off close to the skin a nd 

saved in a straw taped on both ends. 

Three hairs and three vibrissae from each animal were prepared in 

the following way . A loose knot was tied a t eac h end, then the hair or 

vibrissa was glued at the knots to a piece of paper with one or t wo 

drops of epoxy glue . Af t er the glue had thor oughl y dried, the sample 

d i ameters were mea sured with a microme t e r and t est ed for tensile 

strength and stretch properties on an Instron Universal Testing Instru­

ment . Load Cell A, capable of measuring up to 500 g t ension, was used 

to test the hairs, and Load Cell B, capable of measuring up to 2000 g 

tens i on, was used t o t est c: he v ibis sae . Ihe hair of v i bri ssa was 

mounted in the holder, t hen stretched ac: a rac:e of 0 . 2 i~/min u2cil 

a br ea~ occurred . Young ' s Modulus , a meascre or elasticity , was cal -

culated from the f ollowing formula (Hodgman et a l . , ed . 1 96 0 :3087) . 

Young's Modulus of Elasticity: M m0 1 3" , wheYe : 
TIT S 

M Young's Modulus N/m 
2 

= 

m = mass, kg 

0 = gravitational acceleration, 0 

9 . 8 m/ sec 2 

1 = length of hair or v i brissa 
before stretching , m 

r = radius of hair or vibrissa 
before stretching , m 

s = elongation, m 
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Gumline r ecession 

Measurements were taken from four teeth on one side of eac h ~oun­

tain lion ' s r.iouth: uppe r canine , lower can i ne, second uppe:- premolar 

(the first upper premo~ar is vestigial), and first lower premolar (Fig . 

4 in Appendix A) . A stainless steel periodontal probe graduated in mil -

limeters was used t o take measurements . All measu r ements were from the 

cemento-enamel junction midline, repres ented by a l a teral ridge on the 

tooth (Fig . 5 in Appendix A), to the gingiva (gumline). If the gingiva 

extended ove r the cemen ta-ename l junction , che measurement was recorded 

as positive. I£ the gingiva had receded beyond the cemento- enamel 

junction, it was recorded as negative . 

Body measurements 

Six body measurements were made : ~eigjt, total body length , tail 

lengt h , girth, :-ear tarsal ~22gth, and sk~~~ arch . De t ails on how 

each was measured are included in Appendix A. 

Statistical analyses 

Multiple regression analvsis 

Two computer pr ograms were used . One was entitled "STAT 40R : 

Regression Sc:::-een" f r om the Colorado State l'niversity Statistical 

Laboratory . The other one was entitled "STAT 38R : Stepwise Regression­

Version of Nov. , 1972, originally BMD02R" also from the Colorado State 

University Statistical Labora tory . Outp ut of STAT 40R is an ordered 

list of then best k- variable regr essions ror k = 1, 2 , ... . , n, where 

n is the number of independent variables . It helps determine the least­

biased model. The outpu t of STAT 38R is a stepwise series of regres ­

sion equations . First STAT 38R was run to determine correlat ions, 
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then STAT 40R was run with the 19 variables that were most highly 

cor related with age (Stat 40R wil l not accept more chat 19 independ­

ent variables). STAT 38R was run again with those variables forced 

into the stepwise equations that STAT 40R had indicaterl would lead 

to the least biased model . Thirty- eight variab les were initially 

evaluated (Table 3 and Appendix C) . The dependent variable was 

age . The maximu.111 number of steps for STAT 38R was 76 . F-v2lue 

for both inclusion and deletion was 3 . 84. Three regressions were 

run: females, males, and females and males together. STAT 40R 

was also used to determine if any ond source of data (blood or mo r­

phological measurements) could be used to predict age . 

Analysis of variance 

The Statistical Package f or the Social Sciences (SPSS), Vers ion 

7 . 0 - March 15, 1973 , comuucer prog ram from t he Colorado State iiciver-

sity Statistical Lib r a r y was used for the analvses of variance . In 

addition to the 40 variables listed previously, two more variables 

were added: status (wild or captive), and kitten or non-kitten (non­

kitten mountain lions are those without obvious spots and with an adult 

set of teeth; probably all animals greater than one year of age) . 

Six differences wer e tested (Table 1) : 

Wild, non-ki tten mountain lions vs. captive, non-kitten 

mountain lions; 

All non-kitten females (wild and captive) vs . all non-kitt en 

males (wild and captive) 

Wild kittens vs. wild non-kittens; 



1 -_ :; 

Wild females vs. captive females if both wild-captive and 

fe~ale - male significan t d iff e r ences ex ist ed in the mo rpho-

~ogical me asur emen t; 

Wild male vs. captive male if both wild- captive and female -

male significant differences exist ed in the morphological 

measu.:-ement; 

Summer (16 April through 14 October) blood collection vs . 

winter (15 October through 15 April) blood collection 

from the three cap tive, hand- r a ised moun t ain lions . 

The hypothesis that the two sub- groups in each case were drawn from the 

same population (null hypothesis) was tested, and the probability that 

the difference was due to chance was calculated with the computer 

program. 



RESULTS 

Immobilization 

The 77 animals were i mmobiliz2d llS times . Thir:y- cwo wild and 

22 captive lions were immobilized with tiletamine hydrochloride, 41 

captive lions with ketamine hydrochloride, eight captive lions with 

phencyclidine hydrochloride, and 14 captive lions with various drug 

combinations (Table 4) . Fifty-nine were immobilized wi th one dose, 

44 with mo r e than one, and 14 with an unknown dose (part of the dose 

was sprayed into the air , or o t herwise not delivered). 

Tiletamine usually acted within 3- 5 minutes , ketamine within 5-10 

minutes, and phencyclidine within 15-20 minutes. No drug- att ributed 

mo r talities occurred . 

TABLE 4 . L:nmobilizing agents , recor..mended dose r a t es , aQd del i ve r ed 
dose r a t es adninistered during :he stud; . 

Act ual 
Planned Effective 

Immobi- Dos e Dose 
lizing Ra t e 

Status Ra t e 
Agent (mg/lb) (mg/lb) 

Tile ta-
mine 3 .0-3 . 5 wild 2 . 3- 5 . 5 

captive 2.4-5.5 
Ke t amine 7 captive 5 . 0- 8 .7 
Phency-
clidine 0.5 captive 0 .5-0. 8 

Combination : 
Phencyclidine-

Ketamine captive 0 . 3P+2 . 2K-
0 .8P+l. 7K 

I(e t amine-
Xylazine captive 8 . 6K+0 .1X-

8 . 8K+0.1X 

Total numbers : 

Initial 
Ineffective 

Number Dose 
of Ra te 

Animals (mg/ lb ) 

23 1.2- 6 . 6 
11 2 . 5- 4 . 7 
17 4 . 8-10.0 

3 0 . 3-1. 0 

0 . 3P+l. 3K-
3 0. 4P+l. SK 

6 . 6K+0.1X 
2 

59 

Number 
of 

Anima ls 

9 
8 

15 

4 

7 

1 

44 

Number 
Animals 
Unknown 

Dose 

0 
3 
9 

1 

0 

l 

14 
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Blood Parameters 

A significant difference (probability that the differ en~e is due 

to chanc e is less than or equal to 0 .1 0) existed between the non-kitten, 

wild and non-kitten, captive mountain lions sampled for 10 blood para-

meters (Table 5) . 

TABLE 5. Blood parameters with values that we re significantly dif ­
ferent between wild and captive mountain lions. 

Number in sample* 
Parameter D Wild . Cao tive .. 

SGOT 0 . 0000 17 68 

NA 0 . 0000 17 68 

CL 0 . 0000 17 68 

BIL 0.0001 17 68 

CHOL 0 . 0027 17 68 

HKT 0 . 0040 18 - ? 
:J -

K 0.0072 17 68 

CPK 0.0081 17 68 

p 0 . 0675 17 68 

LDH 0 . 1046 17 68 

*The number of samples might vary in each case due to some 
incomplete sampling . 

A significant difference (P ~ 0 . 10) existed between summer (16 May 

through 14 October) and winter (15 October through 15 April) collection 

of blood from the three male, captive, hand-raised mountain lions for 

six blood parameters (Table 6). 
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TABLE 6. Blood parameters and means with values that were significantl y 
different between sUI!Uller and winter coll ec tion of blood . 

Number in sample ~1ean 
Parameter p Winter Su!Il!!ler ~.Jinter Summer 

K 0.0007 17 18 4 . 6 mEq/1 5.5 mEq/1 

CPK 0.0016 17 18 71 U/1 144 U/1 

p 0.0086 17 18 6 . 6 mg/dl 7 . 6 mg/dl 

LDH 0.0129 17 18 137 U/1 255 U/1 

CREA 0.0154 17 18 1. 53 mg/dl 2 . 66 mg/dl 

NA 0.0451 17 18 146 . 8 ;nEq/ 1 148 .4 mEq/1 

A significant difference (P 2 0 .10) existed be tween wild kittens 

and wild non-kittens for eight blood parameters (Table 7) . 

TABLE 7 . Blood parameters 2nd means wi ch ,,alues that were significantly 
different be tween wild, kitten 2nd wild, non- kitten mount2in 
lions. 

Number in sample Mean 
Parameter p Kitten Non- ki tt en Kitten Non-kit ten 

ALK 0.0000 8 11 25 . 48 U/ 1 7.58 U/1 

GLOB 0.0090 8 11 3 . 13 g/dl 3 . 65 g/dl 

MONO 0.0205 8 11 0 . 7 % 1. 5 % 

LYM 0.0339 8 11 50.7 % 35.4 % 

NEU 0.0388 8 11 46 . 4 % 61.3 % 

LDH 0.0354 8 11 241.63 U/ 1 166 .09 U/ 1 

CREA 0.0782 8 11 1. 59 mg / dl 2 . 51 mg /dl 

CA 0.1019 8 11 11.81 mg/d l 10. 96 mg/d l 
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A significant difference (P ~ 0 . 1 0) ~~isted between non-kitten 

females and non- kitten males for t wo blood ?aramete r s (Table 8) . 

TABLE 8 . Blood parameters wi t h values that were significantly dif ­

ferent between non- kitten , femlale and non-kitten, male mountain lions . 

Parameter 

K 

GLOB 

p 

0 . 0074 

0 . 0 679 

Number in sample 
Female Male 

so 29 

so 29 

The correlation coeff icient between triiodothyronine uptake and 

age in the 11 mo untain lions tested was 0 . 105. 

The normal (mean) value a ~d the 95 percent confidence interval 

of each blood par ameter evalua ted are listed in Table 9 . In t he cases 

where a significa nt difference ~ isted be tween wild a nd captive , or 

female and male , the normal value and confidence interval fo r each 

a r e given . 

Urine Analysis 

Catheterization of the bladder was not possible in t he females , 

and quite difficult in the males . The results in Table 10 were obtained 

from the seven males in which it was accomplished . 
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TABLE 9. Source , no r mal (.Jean) values, a:1d 95 percent confidence in­
tervals of blooc pa :ra..11eters o;: rion - kitten mountain lions . 

Source Parameter 

Plasma ZN 
Whole blood HKT 

White NsU 
blood EO 
cells LYM 

MONO 
Serum LDH 

CPK 

SGPT 
SGOT 

ALK 
NA 

K 

CL 

CA 
p 

GLU 
CHOL 

BIL 

CREA 
N 
PRO 
GLOB 

_.;LB 

uriics 

\J g/cl 
<1 

" 

<1 
le 

% 
e · 

" 
l'. / 1 

C/ 2. 

CI , 
' ... 

l;/1 

l'./1 
mr:q / 1 

mg / dl 
mg /d l 

mg/dl 
mg /d l 

r..,; / dl 

rr:g / dl 
mg / dl 
g/dl 
g / d 

g / cil 

Status '.'1ean 

all 1 . 66 
wild 46 . 9 
captive 41 . 8 
ali 60 . 7 
all 2 . 3 
all 35. 1 
all 1 . 9 
wild 165 
captive 141 
w:::..ld 108 
captive 62 
all 52 
wild 68 
captive 
all 
'\,.'ild 

44 
6 . 1 

144 . 6 
captive l:'.;7 . 5 
v:ild .!+.6 
ca::itive 
:e:nale 
male 

captive 
all 
'ls'ild 
captive 
all 
wild 
captive 
wi ld 
captive 
all 
all 
all 
female 
male 
all 

4 .2 

.:,. . 1 
~ l:'.i . 2 
118 . 3 

10.8 
5 . 6 
4 . 8 

145 
167 
203 

0 . 3 
0 . 6 
2 . 77 

33 . 0 
7 . 2 
3 . 83 
4 . 06 
3 . 16 

95% 
Confidence 
Interval 

1. 18 - 2 . 14 
44 . 9 - 48 . 8 
38 . 9 43 . 7 
58 . 5 - 52 . 9 

1.9 - 2 . 7 
32 . 7 - 37 . 5 

1.6 2 . 2 
133 - 197 
128 153 

82 - 135 
46 78 
48 - 5 7 
58 - 79 
40 47 

4.9 - 7 . 3 
143.4 - 145 . 7 
147.0 - 148 . 0 

4 . 4 - 4 . 7 
4. 1 4 . 3 
4 . 3 - 4 . 6 
3 . 9 - 4.2 

111.9 - 116 . 5 
117 . 6 

10 . 6 -
4 . 8 -
4.4 -
135 -
148 -
192 -
0 . 2 -
0 . 5 

2 . 46 -
30 . 0 -

7 .1 -
3 . 70 -

119. 1 
11. 1 

6 . 3 
5 . 2 

154 
185 
214 
0 . 3 
0 . 7 
3 . 07 
36 .l 

7 . 3 
3 . 98 

3 . 85 - 4 . 27 
3.03 - 3 . 30 

*The number of samples mav va r y in each case due to some 
incomplete sampling . 

Number 
in 

sample* 

85 
18 
52 
85 
92 
92 
92 
17 
68 
17 
68 
85 
17 
68 
85 
17 
68 
17 
68 
50 
29 
17 
68 
85 
17 
68 
92 
17 
68 
17 
68 
85 
85 
85 
50 
29 
70 
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TABLE 10. Creatinine clearance in seven male mountain lions . 

Aoe (vears) Clearance (ml/min) 

1- 2 494 

3- 4 248 

4- 5 30 

5-6 4 . 6 

6-7 405 

7-8 200 

12- 13 7 

Morphology 

A significa nt dif f e rence (? ..:_ 0. 10) exisced between non- !.<it t en, 

wild and non<·ic::en, captive ocu::.cc.i:1 lions :oc n,-o cnorphological para-

meters measured (Table 11). 

TABLE 11 . Mo rphological parameters with values that were significancly 
different between wild and captive mountain lions. 

Parameter 

GI 

WT 

p 

0 . 0000 

0.0218 

Number in sample 
Wi ld Caotive 

21 

21 

68 

68 

A significant difference (P .::_ 0 .10) e...'{isted be tween wild kittens 

and wild non-kittens for five mor phological parameters measured 

(Table 12). 
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TABLE 12. Morphological parameters with values that were significantly 
di f ferent between wild , kitten and wi ld, non- kitten mountain 
lions. 

Number in s ample 
Parameter p Kittens Non- kittens 

WT 0.0000 8 11 

LG 0.0001 8 11 

GI 0 . 0015 8 11 

SK 0.0042 8 11 

TL · 0 . 0114 8 11 

A significant difference (P ~ 0.10) existed between non-kitten 

females and non- kitten males for five morphological parameters 

(Table 13) . 

T..\BLE 13 . f'forpholog ica l parameter s i,ith values that ';Jere significa~tly 
differen t be t ween non- ki : ten , female and non- ki tt en , male 
mountain lions. 

Number in sample 
Parameter p Females Males 

WT 0 . 0000 50 29 

LG 0 . 0000 50 29 

GI 0.0000 50 29 

SK 0.0000 50 ')Q 
L., 

TL 0 . 0000 50 29 
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The normal (mean) value and the 95 percent confidence interval of 

each morphological parameter evalua ced a:-e listed in Table 14. In the 

cases where a significant d ifference exisced between wild and captive, 

or female and male lions, the normal value and confidence interval for 

each is given . 

TABLE 14. Nonnal (mean) va lues and 95 ~ercent conf idence intervals of 
morphological parameters measured for non- kitten mountain 
lions. 

Parameter Units Status Hean 

9 5}~ 
Confidence 
Interval 

:-Iumber 
in 

1 Sample 

WH 
HA 
UC 
LC 
UP 
LP 
C 
p~ 

\v'T 

LG 

GI 

SK 

TL 

2 
N/m? 
N/m-

mm 
mm 
rr.m 
mm 

cm 

cm 

cm 

cm 

captive 
captive 
all 
all 
all 
all 
all 
211 
wild 

i:enale 
male 

captive 
female 
male 

female 
male 
wild 

female 
male 

captive 
female 
male 

female 
male 
female 
male 

6 
2 . 0xl06 
2 . 7xl0 
(- 0 . 7) 
(- 0 . 6) 
( - 0 . !i) 
( - 0 . 5) 
(-1.3 ) 
( - 1. O) 

40 . 5 
61. 6 

45 .5 
61. 6 
199 
222 

69 .9 
76 . 0 

78 . 3 
85 . 7 
17 . 4 
20 . 7 
17 . 7 
19 . 4 

6 6 l.5xl0
6

- 2 .5xl0
6 2 . lxlO - 3 . 4xl0 

{- 1.1) - (- 0 . 3) 
(-0.9)- (- 0 . 3) 
( - 0 .7)-(-0 . 2) 
( - 0 . 7) - ( - 0 . 3) 
( - 1.9 )- ( - 0 . 6) 
( -1.5)-( - 0 . 5) 

36 . 4 44 . 5 
57 . 7 - 65 . 4 

42 .1 - 48 .9 
57.7 - 65 . 4 
195 - 203 
218 - 226 

66 . 7 - 73 . l 
73 . 7 - 78.3 

7 5. 3 - 81. 2 
83 .7 - 87 . 8 
17 .1 - 17.7 
20 . 1 - 21.2 
17 . 3 - 18 . 0 
19 . 0 - 19 . 8 

68 
68 
91 
91 
91 
91 
91 
91 

392 
31 
so 
29 

16 
4 

39 
27 
so 
29 
so 
29 

1The number of samples may vary in each case due to some incomplete 
sampling. 

2Wild male values were not significantly different (P < 0 . 10) from 
captive ma l e values. 
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Age- Estimation Formula 

Femal e 

Va lues of 25 pa r amete r s f r- om 39 kno·A-n-2.ge, captive , non- kitten , 

female mountain lions were used to construct a model from which the 

ages of individual, female mountain lions Lould be estimated . None of 

the parameters tha t were significantly di f fer en c be tween t he wild and 

captive mountain lions were used. The following is the least - biased 

model that r esulted . 

Y = (- 7 . 39)+3 . 63GLOB+O . l2~-l . S6PRo+0 . 37~0~0+0 . 31ZN- 0 . 71PR+0 . 27TL 

blood teeth body 

Y = age estD~ate in year s 

The coefficient of multiole de t e nnination ( r
2

) , or the percent of 

variab ilit y i n age due t o the inde?e:.1 de:.1t variables in the mode l (PR , 

GLOB , e cc.) is 81 ~ercent . :he stanjard error o;: the estimate is 1 . 55 . 

The l east - biased I:OITJula • , • .. 4 - 1 

usi:.1g on.L:: J.!.OOc ?2. ra.n:ec:e:-s Oi: cne female 

2 moun tain lions resulted in an r of only Sl percent . Using only mo rp ho-

logical parameters ( teeth, body , vibrissae, and hair measu r ements), the 

2 r was only 56 per cent . 

Hale 

Values of 25 paramete r s from 29 know~- age, captive , non-kitten, 

male mountain lions ~ere used to construct a illOdel f r om which the ages 

of individua l, male mount ain lions could be estimated . None of the 

parameters that we r e significantly differ ent between wild and captive 

lions were used . The foll owing i s the least - biased model that r esulted . 

Y = 3.43+0.12NEU-0.28AL~+2.07GLOB-0 . 85UC- 0 . 06LG 

blood teeth body 

Y = age estimate in year s 
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,., 
The coefficient of determination (r-) is 80 percent. The standard 

error of the estimate is 1. 45. 

The least-biased formula using only blood parameters of the male 

? 
mountain lions resulted in an r- of only 39 percent. Using only morpho -

2 logical parameters, the r was only 49 percent . 

Kittens : Growth and Tooth Deve lopment 

The following tables and figures (Tables 15, 16 , 17, 18, and 19; 

Figures 1 a nd 2) can be used to illustrate the weight increases , tooth 

development, and eye color and pelage changes in the three hand-raised , 

male mountain lions from ages 10 da ys to 14 months. Mitzli , Schunta, 

and Radar are their names . 

TABLE 15 . Weights of the thr ee hand - raised, male mountain lions during 
the first 84 days of life . 

',iei 0 hc C,\;) 
A0 e (da vs ) :1i.tzli Sc hunc a Radar 

10 l. 48 l. 31 l. 36 
19 l. 65 l. 65 1. 65 
29 2 . 00 2 . 10 2 . 05 
33 2 . 55 
36 2 . 45 2 . 72 2 . 45 
40 2 . 98 3.15 2 . 83 
45 3 . 22 3.20 3 . 20 
51 3 . 80 3 . 80 3.70 
53 4. 05 4 . 00 4 . 00 
56 4 . 40 4 . 30 4 . 25 
60 4 . 95 4 . 80 4 . 80 
64 5 . 20 5 . 00 5.10 
76 6 .3 5 6.30 6 . 25 
83 7 . 40 
84 7 . 60 



Figur e 1 . \,]e i g ht s of th e tl1rcc !1ancl - ra i sed , ma l e mo untain l ions 
dur i ng the fir st 84 days o f lif e . 
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TABLE 16 . Weigh ts of t.he th r ee hand-raised, male mountain lions from 
age 4 weeks t hrough ag e 62 we eks . 

Weigh t (ko) 
A0 e (weeks ) Mitzli Schunta Rada r 

4 2 . 0 2.1 2 . 1 
8 4.4 4 . 3 4 . 3 

14 10.0 9.5 9 . 5 
16 11 . 8 11.8 12.7 
20 16. 4 16.4 15 . 9 
?" - 0 25 . 5 25 . 0 25 .0 
31 30 . 9 30.9 30. 9 
36 35.5 33 . 6 36.4 
40 39.5 38.2 41.8 
44 42. 7 40 . 9 43.6 
- ,., 
J.) 50.9 50 . 5 48 .2 
62 54 . 5 56 . 3 52 . 7 

TABLE 17 . Tooth eruption and repl acement schedule of the three hand­
r aised, ma le mounta in lions . 

A_o::> 
'.j-

17 days 

23 day s 

30 days 

33 days 

S½ :non t hs 

8 months 

8½ months 

Erupted t eet '.1 

upper and l ower inci s o r s 

upper and lower canines 

lower premolars 

upper premolars 

upper and lower ( j ust e rupting) 
incisors 

lower canines 

upper canines (for a short time, 

Tyoe oE tooth 

primary 

pe rmaner-t 

both primary and oermanent remained) 



Figure 2. Weights of the three hand-raised, male mountain lions 
f rom age 4 weeks thco uRh age 62 weeks. 
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TABLE 18 . Eye color ch2.nges iIL the three har;d - r aised, male mountain 
lions. 

A e Color 

Bir th Entire iris blue 

3 months Approximately 3mm next to contracted pupil bro~u 

4 months App roximately 5 rmn next to concracted pupil brovm 

? months Entire iri s brown 

9 months Approximately 3 mm gold ring around brown 

T_<\BLE 19. Pelage changes in the three hand- raised, male mountain lions . 

Age Colo r 

Birth 

12-14 weeks 

l year 

Dark gold wich vivid black spots 

3pots zad ed , still visible 

Spots on body barely visible, but leg stripes still 
obvious 
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TABLE 20. Estimated ages in years of unknown,.--age, non-kitten mounta in 
lions . 

1975 1976 1977 
Age est. Age est . Age esc . 

Numbe r Status formula Appearance formula Appearance formula Aopearance 

Females 

107 captive 

108 captive 

109 captive 

11 2 captive 

l* wild 

2* wild 

4* wild 

5* wild 

8 wild 

9 wild 

10 wild 

11 wild 

12 wild 

l r _.J wild 

17 wild 

20 wild 

21 wild 

23 wild 

29 wild 

32 wild 

Males 

llO captive 

6 wild 

7 wild 

16 wild 

18 wild 

19 wild 

4 . 7 

9 . 1 

3.9 

6 . 4 

3 . 3 2- 3 

9 . 5 9- 10 

4 . 2 

9 . 6 

8 . 9 

5 . 3 

7.5 

3.7 

8 .0 

0 . 5 

6.5 

3.0 

8 . 0 

2 . 1 

10.l 

13 . 4 

4.9 

13.8 

9 . 7 

6 . 9 

6 . 6 

8 . 4 

6.8 

2.6 

5-6 

2-3 

6- 7 

2-3 

9-10 

3- 4 

3- 4 

9-10 

2-3 

8- 9 

6- 7 

9-10 

8-9 

2-3 

2-3 

*incomplete data, some variables estima t ed 

8 . 3 

3. 9 

5.8 

4 . 5 

5-6 

2- 3 

4- 5 

3-4 



DISCUSSIO~l 

Irrnnobilization 

Unlike many anesthetic drugs, phencyclidine hyd r ochloride , keta­

mine hydrochloride, and tiletamine hydrochloride do not depress res ­

pi r atory or cardiac functions . They may cause hallucinations . 

Phencyclidine , the parent compound , is the most potent anesthetic 

of the group . We used a dose rate of 1 . 1 mg/kg of phencyclidine, 4 . 4 -

5 . 1 mg/kg of tiletamine (it was combined with a muscle relaxan t in a 

ratio of 2 : 1 , for a to t al dose r ate of 6 .6 - 7.1 mg/kg), and 15.4 mg/kg 

of ketamine . The volumes of drugs in solution necessary to immobilize 

a 45 kg mountain lion were 0 . 5cc phencyclidine , 2cc or less tiletamine 

(the tiletamine-muscle r elaxant was supplied as a powder, so we mixed 

it with enou gh distilled wate r or sal i ne to fill a 2cc da rt ) , and 7cc 

ke t amine . 

The drugs of the phenc yclid ine family are central nervous s ystem 

exciting agents. They caus e t he an imal to go through an excitation 

phase, then into a hallucinatory and catatonic phase, Central nervous 

s ystem depressants cause the animal to go through the excitatory and hal ­

lucinatory (ca tatonic) phases, then into one or two depressant phases 

( these are the phases in which respiratory and cardiac functions are af ­

fected) . Increased doses of phencyclidine family drugs result in further 

exc itat i on rather than depression, so convulsions can result . 

Phencyclidine and its derivatives caus e excess salivation , but 

they do not affect the pharyngeal or laryngeal r eflexes (Cor ssen et 

al , 1968). The animal can still swallow . 
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Sometimes a tra nauil izi n~ (~uscle r elax a nt) agent, acepromazine. 

was us ed in con junc ti on with ohe ncyclid ine or ketamine. The pur pose 

wa s t o f or estall poss i b l e c~n~~ ! s i ons . 

Tiletamine combines the f avorable qualities of the o the r two drugs: 

a low volume is required like phencvclidine, thus allowing be tter accu­

racy and mo r e dis tance wi ch t he da rt, but it is fast acting like keta ­

mine, so the animal is not abl e to travel very far after administration 

of t he drug (not as important in a captive situation, but possibly the 

d i ff e renc e between success or fai lu re in finding the animal in the wild) . 

Blood a nd Urine Parameters 

Significance 

Each of the 23 bl ood or ur i ne pa r ame ters evalua ted reflected some 

conditio n o f t he in ce rna l e nv iro~~e nc o f che mountain l i on' s body . Be-

f o r e ~h2 dif f e r ences ~etween ~ii~ a nd ca~ci~e , fe~ale a nd ~al e , kitten 

a nd non- kitt en, ca n be in te r preted , t he r o l e or each oa r a~e t e r must be 

understood. 

Zinc , a mineral essential to ma:llillals in trace amounts , is incor­

po r a t ed in sever al me t a l oenzymes, such as carb,)nic anhydrase (imporcant 

in the blood buffer s ystem ) . Although tra ce amounts are necessa r y in 

the diet, excessive ingestion of zinc does not seem to r esul t in exces ­

sive uptake of zinc from t he gut . Low level s of zinc in the olasma in­

dicate either a zinc-deficient diet or a pr oblem with zinc abso r p tion 

from the diges tive tract . (Bos et al . 1977 , Bro1m et al . 1978, Kang et 

al . 1977, Deeming and We ber 1977). 

The thyro id gl a nd secr etes two main hormones: thyr oxin a nd triiodo­

thvronine (T3 ) . Most of the secreted TJ is bound to plasma protein, but 

red bl ood cells also have T3-specific binding sites. Both hormones have 
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very widespread, general effects on the body : thev s timula te oxygen con ­

sumption in almos t all metabolically active tissues and a ffe c t g r ow th 

and maturation . Soltz et al. (1963) have shown that ~ 3,·, un ta k e by the 

r ed blooJ cells increases during the growth phase of rat s . then decreas­

es steadilv thereafter; in humans, the red blood cell uptake of T3* was 

higher in yo ung adults than old ones. In both cases a negative c o rrela-

tion existed between age and T3* uotake in adults . In t he 11 mountain 

lions tested in this study, almost no correlat i on between age and T3* 

uptake was obse rved (the small posi tive correlation was or obablv a sam­

pling artifact) . U. S . Seal (Veterans Administratio n Hospital, Minneapo ­

lis, Personal communication) found that thy roid activity varies more with 

coat molt changes in the carniv ores he has studied, than with age . 

The cir c ulating whi te blood cel l population is composed o f five 

cype s o f cells : neutrophilic ~ranulocvtes (also called neu cro?hili c 

segmented cells) , eos inophilic granulocytes (sei;TI:enced cells) . baso -

philic g ranulocytes (segmen t ed cells), lymphoc y tes, and monocytes . 

Neu trophil s quickly phagocytize bacteria in the blood stream . An in­

creased percen tage of neutrophils is seen during acute infections, such 

as pneumonia o r abcesses, and g r a nulocy tic leukemia. Nonocytes also 

phagocytize bacteria and debris, but are usually slower in acting than 

neutrophils . An increase in the percentage of monocytes is seen in 

tuberculosis, monocytic leukemia , and subacute endocarditis . Eosino ­

phils apparently phagocytize antigen- antibody complexes , so increased 

levels of eosinophils a r e often seen when an animal has either an 

alle r gic reaction o r a parasitic infection. Daily and seasonal fluc ­

t~ations in eosinophils have been noted in humans (Diem , ed . 1962) . 

Basophils contain heparin, but their functio n is not well understood . 
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An i nc r ease of circula ting bas ophils is seen in ch r onic gr anu locytic 

leukemia, polycy themia vera (a dis ease which causes an increase in 

red cell mass and total blood vo lume), irradiation, hemolytic anemia, 

and af t er r emoval of the spleen . Lymphocytes contain antibodies, and 

are increased in lymphocytic leukemia and in acute infectious lympho-

cytosis . (Diem, ed . 196 2) . 

The hematocrit is t he volume percentage of red blood cells in the 

whole blood . It is increased in acclimitization t o high altitudes . 

Polycythemia (an increase in the total number of circulatin g red blood 

cells) can cause an increase in the hematocrit, and anemia can cause a 

reduction in the herr~tocrit. The hematocrit is affected by the size 

and shape of the r ed blood cells, so any disease which alters th e size 

or shape of the red blood ce lls, geneti c or o therwise (suc h as sickle 

cell anemia) . wi l l a f fec t the hema t ocr~ t . Dehvd r a tion (of t en th e res ult 

of exces si ve vomitting or diarrhea , or diseases causing a high bod: 

temperature) causes an elevated hematocrit. In humans, women generally 

have a lower hematocrit than men possibly due to menstrual bleeding, 

which doesn 't occur in other animals. At birth, the hernatocri t in 

humans is quite high, then it drops until about age 1 year, a t which 

time it begins a steady rise until maturity . (Diem , ed . 1962) . 

Lactic dehydrogenase (LDH) is an enzyme found in most animal tis­

sues , but the highest concentration is in the heart, liver, kidne y , 

and skeletal muscle . If any of these tissues are damaged , LDH is 

released into the blood stream. The serum LDH level will begin to 

rise two to three da ys after a heart attack, and wi ll remain elevated 

for about two weeks. Liver and kidney diseases also cause an e l evation 
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of serum LDH leve ls, as does cancer . Strenuous exercis e increases LDH 

release from skele t al muscl e . (Anonymous 1976d, Diem, ed. 1962 ) . 

Creatine phosphokinase (CPK) is involved with ATP formation. It 

cataly zes formatio n of creatine a nd ATP from creat ine phosphate and ADP . 

CPK is found mainly in skele t a,l muscles, a nd is r eleased into the blood-

str eam following injury or di s ea se of the mu scles a nd dur i ng exercise . 

Muscular dystrophy is such a disease that ca uses an increase in CPK levels 

in the serum . CPK also increases after a hea rt attack , beg inning~ to 6 

hours l ater, and peaking 24 to 36 hours after the a tt ack . I t r eturns to 

normal in about three days . (Anonymous 1976a ) . 

Glutamic - pvruvic tr ansaminase (SGPT) i s present in the liver a nd , to 

a lesser extent, the kidney , heart, and skeletal muscle . Elevated SGPT 

levels ind i ca te liver damage . (Anonymo us 197 4b, Di em, ed . 1962). 

Glutanic - oxalace t ic tr2.nsa:!in2.se (SGOT) is a widelv - dist ri bu t ed e:1 -

zyme , out c~e greatest concen~rations of it are :ound in ~he heart anc 

liver, with slightly lower concentrations i ~ ske l e t a l Duscle , kidney , 9an -

creas, spleen, and lung . Grea tly elevated SCOT levels indicate liver or 

Duscle damage (if SCPT is also elevated, it is liver damage , otherwise 

probably muscle) . Mode r ately elevated SCOT levels r esult f r om muscle in­

juries, muscular dystrophy, pulmonar y emboli (obstruction of the pu lmon2.ry 

artery), or pancreatitis . (Anonymous 1 97 6e, Diem, ed. 1962) . 

Sever al enzymes are gr ouped under the t erm alkaline phosphatases 

(ALK), but they a ll catalyze the conversion of organic phosphat e es t ers 

to alcohol at an alkaline pH . ALK levels a r e normally highes t in grow­

ing animals wi th a lot of bone deve lopmen t and during pregnancy. Patho ­

logically high levels of ALK are found in obstructive jaundice (blockage 

of bile flow), bone cancer , os t eomalacia (softening o f full y- f ormed 

bones), parenchymal liver disease, and hyperthyroidism. (Anonymous 1977a, 
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Diem, ed. 1962). Serum levels rise in cases of vitamin D deficiencv 

(Searcy 1969), and fall with zinc deficiency (Bos et al . 1977) in humans . 

The ma jo r cation of the extracellular fluid is sodium . Lowered se­

r um l eve l s of sodium result from diabetes insipidus, me t abolic acidosis 

(in s ome cases , in other cases metabolic alkalosis causes it) , Addison ' s 

disease (hypofunction of the ad rena l cort ex), diarrhea, and renal tubu ­

l a r d i sease . Elevated serum sodium levels are f ound in hyperadrenalism, 

sever e dehydration, and certain t ypes of brain injury . (Anonymo us 1974a) . 

Potassium is the major intracellular cation . Prolonged diar rhea or 

vomi t ting , hyperadrenalism, and some types of alkalosis result in l owe r ­

ed serum levels of potassium . Addison's disease, oliguria (reduced urine 

secr etion), anuria (no ur ine secretion), and urinary obstruction cause 

eleva t ed s erum potassium levels . Any change in the ser um level of po ta s -

sium causes a distu r bance in myocardia l function . C...\nonvmous 197 4d, 

Diem , ed . 1962) . Po t assium le,: les a :- e low in the ser um of malnou ri soc:d 

infan t s (Searcy 1969) . 

Chloride is the major extracellular anion . High serum levels are 

seen i n dehydra t ion and conditions causing decreased renal flow (such as 

congestive heart failure or r enal tubul a r disease) . Low chloride l eve ls 

are found in cases of salt - losing nephritis, metabolic acidos is (and in 

some cases me t abolic alkal osis), and pr olonged vomitting . (Ano nymou3 

197 5c, Diem , ed . 1962) . 

Calcium exists in the serum in three forms: a pro t ein- bound frac -

t ion, a f r action complexed with ions such as citrate or phosphate , and 

( ++. 
an ionized frac t ion Ca ) . Calc i um levels are high i n gr owi ng mammals , 

t~en level off as growth stops . Hyperpara thy r oid isrn (overpr oduc t ion of 

t he para thyr o i d glands) causes an initially eleva t ed level of ca l cium in 

the serum, bu t as the body's supply of calcium is exhausted , Lhe s e rum 
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level may fall below nonial. Too much vi tam in D, mu l tiple mye l oma 

(cancer of the bo ne ma rr ow) . and s ome o the r cancers of the bo ne al so can 

cause high l evels o f se r um calc ium. Low leve ls a r e obs e r 1ed in h\·oo ­

para t hyr oidism, steatorhea (excess fa t in the feces), nephrosis , nephri ­

tis (bo t h diseases of the kidney), and pancreatitis (inflammation of the 

pancreas) . (Anonymous 197 5b , Diem, ed. 1962 ) . Calcium lev e ls in the 

ser um decreased in nutritionally deficient wolves (Seal et al. 1975) . 

Most of the body 's phos phorous is present as calcium phosphate in 

the bones. The remaining phosphorous i s involved in carbohyd rate meta­

bolism, phospholipid and nu c l e ic acid fonnation, ATP production, and 

other important processes . Phospholipids and inorganic phosphorous are 

present in the serum . A decrease in the calcium in the serum is accOQ-

pani ed by an i nc r ease in se :- um inor gan i c phospho r ous . Theref or e , coo 

cuch vi t c1illin D, hypoparath•:roidism . and renal ::'ailure :-esult in an in -

crease in inorganic phosphorous i n che serum as well as a decrease in 

serum calcium; and rickets and hyperpara tl1yroidism initiallv result in 

lowered inorganic phosphorous levels . Later, as calcium supplies are 

exhaus t ed and t he calcium level drops, the phosphorous levels rise. 

(Anonymous 1976c, Diem, ed . 19 62) . fullOunt of phos phorous in the diet 

has a slight effect on serum levels (Sear cy 19 69) . 

The ser um glucose l e~el is regulated by insulin a nd va r iou s other 

ho rmones . The liver is t he majo r site of serum glucose regu lation . The 

serum glucose level is elevated during diabetes, and lowered during Ad -

di.son' s disease . It is also slightly higher after eating . (Anonymous 

1976b, Di em, ed . 1962). 

Cho l ester ol is t he pr inciple animal sterol, c27 H
46

o. Many t hings 

affect the c ho les t e r ol level in the serum , including age , sex, diet, 

r eproductive status, stress , time of day , and season . I t is decreas ed 



~o 

by thyroid hormones a nd estrogens. It is elevaced by obs truc t ed bilia r y 

flow , by untreated diabetes ~ellitus, a nd by hypothyroidism . (Anonvmous 

1977b, Diem, ed . 1962). Seru~ levels of c hol este rol increased in swine 

fed diets hig h i n fa t and vitam in o
3 

(Hu a n g e t a l , 1 977). Ca l ori c r e ­

s trictio n r educed serlll11 cholesterol in chi l d r en (1:·hdha lm e t a l. 1 978) . 

Bilirubin is a pigment ~roduced by the degradation of hemoglobin in 

the r e ticu loendot helial cells (highl y phagocytic cell s fo und i n the liver, 

p ituita r y a n d s uprar enal glands, and elsewhere) . Se r um bi lirub in levels 

are usually elevated after bir t h , but rapidly d rop . Obstructive jaundice , 

hemo l y tic jaund i ce, neonatal ~~undice , and hepatitis cause eleva t ed se r um 

l e v e ls o f bilir u bin . (Anon ymous 1 975a , Diem , ed . 1962). 

Crea t i n i n e is formed fr om c r eatine phosphate dur i n g mu sc l e contrac -

tion . It is passively removed from the blood plasma by g lomerula r fil -

tration and excreted in t~e 2o~ntain lion (in humans, it is also actively 

r emoved fro~ the blood) . 2i?j ? r otein i~take increased creatinin e in 

hlll1lans (Sear cy 1 969) . Se r ~~ levels of creatinine do no t i ncrease until 

k idney f un c t ion i s g r ea tly i mpaire d . Cr ea tinine l eve l meas ur ement i s 

the mo s t unrelia bl e measurement of the Hycel ma chi n e , so not to be 

depend ed u po n unless it is f ound to be very elevated i n sever al t rials . 

(Anon ymous 1975d , Diem, ed . 1962) . 

Amino acids a r e d eaminat ed by the l iver t o fo rm ur ea , wh i c h i s t hen 

~a r ried by the blood t o the kid ney . Ther e it is f iltere d thro ug h t h e 

g l omerulus, then partial l y r eabso r bed . Se rum ur ea ni trogen l evels a r e 

di r ectly r ela t e d to p r o te i n intake. The se rlll11 level trip led within 12 

hours aft e r ingestion of 230 g of r ead ily d i ges t ed p ro t ein in humans 

( Searcy 1 969) . I nc r eased s e r um ur ea nit r oge n leve l s a r e seen in cases of 

renal i n sufficie n c y . (Anon ymo us 1 975 e , Di em, e d . 1 9 62) . 



Two t ypes of serum proteins exist : albumif'.s and globulins . The\· 

se r 01e as part of the 1:Jody ' s 2::1:.:10 s.cid oool and can be broken dmm and 

used to build new proteins, o r br oken dotm for energv . o r trans f or~ed 

into carbohydrate s or l ipids . Some s erum pro t e ins carry v ita l i ons, 

ho rmones, or lip ids from one pa rt of t he body t o ano t her. Thev a r e 

al s o impo r tant in maintaining osmo ti c pressure and pH o f the blood . De-

hydration causes an inc r ea se in t he concen trat i on of se r um pr o t e i ns (Ar-

harmner e t al. 19 72, Sea l et al . 1975) . Va r ious d i seases and inj uri es 

cause a decrease in serum protein levels : kidne y disease causes albumin 

l oss through the kidneys , and severe burns or bleedin g also cause a droo 

in serum pr o t e ins . I nadequate in t ake of pr o t ein i s a l so r ef l ec t ed in 

t he s e rum pro t e in l evel . (Anonymous 1976f , Dien, ed . 1962) . 

Glob ulins are one of :: :ie t'.·-'O fr actions of serum proteins . T':'le y a :- e 

further subdivided into~ , 2nd', g~obuli;:is . :ranv of the glc1:,u -
"'-

lins are sythesized in the ii·.· 1c: :- . Serum glooul i n Levels are moder2. : elv 

inc r eased i n many infect i ons , mainly due to increased an tibody for.nation 

( antibodies a r e y- g l obulins) . La r ge eleva t ions of se rum gl obulins a r e 

caused by multiple myeloma (a type of bo ne ca ncer ) . Globulins increa s e 

during pregna nc y and stress . (c\nonynous 197t+c, Di em, ed . 1962) . 

Album i ns , t he second fr 2ction of serum pro t ein , a r e r educed i n the 

serum in animals with cancer, but co l lect ab undantly in the cancer cel l s 

themselv es (Diem, ed . 1962). 

Healthy kidneys a r e impor t an t in ma i ntain ing a prop e r balance i n 

the internal environment 0£ an a nimal . Sever a l me t hods hav e been deve -

loped to a scertain the sta t e of health of the kid ney without actual ly 

examining it, but in orde r to unde r s t and t hose methods, one mus t f i rs t 

understand how the kidney f unc tions . Bl ood comes i nto intimate contact 
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with the kidneys at the glornerulus . The r e , it is passively filter ed , 

and a fluid r esembling plasQa is carried on down t~e renal tubules . 

Some substances , such as glucose , are then remo ved from the filtrate 

and r e turned to the blood in capillaries surrounding the tubules while 

other substances, such as hvdroxyindoacetic acid (the prinicple meta ­

bol ite of the vas oconstrict or, serotonin) , are actively removed fr om 

the blood and secreted int o the filtrate . (Ganong 1971) . 

To measure the efficiency of glomerular filtration, a major 

detenninant of kidnev healt~. one can measure the concentration in 

the plasma or serum of a substance that is neither activelv reabso rbed 

nor secreted in the kidney, and compare it with the concentration in 

the urine . Such a substanc e in many animals , including the mountain 

lion, is creatinine . Unfortunately , there are ~hree difficulties in 

using creatinine clearance. 4e could not :a t ~ete r ize the females ( t~ e 

opening co the ureter was : oo recesse~ i~ the vagina) . As state~ ~r 2-

viously, the Hycel machine is fairl y unreliable as rar as creatinine 

measurements are involved. It is also very difficult to completely 

empty the bladder, so fault y measurements are often made . Therefore, 

the test was discontinued after seven tr~als . Macy (1978) used a mo re 

r eliable method to test renal function . It involved intravenous admin-

istration of sodium sulfanilate, then collection of blood samples 30 , 

60, and 90 minut es after injection . The sulfanilate clearance half ­

time was then calculated, and used as an indication of renal function . 
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Differences 

l . Wild - Captive 

Although nine of the 22 blood parameters evaluated in the wild 

moun t ain lions studied wer e significantly different from those of the 

captive mountain lions, the only one that is of great biological signifi­

cance is cholesterol. It is probably due co a differenc e in diet and the 

sedentary life of the captive lions. Further difference might be due t o 

a difference in a~ount and frequency of meals . 

In domestic cats, SCOT levels can go as high as 100 r / 1 without 

being abnormal, so the difference between the means of 68 U/ 1 (wild) and 

44 U/1 (captive) is not rea lly remarkab le . Likewise the differenc es in 

CPK (108 U/1 in the wild lions and 141 U/1 in the captive lions) are not 

very significant fr om a biologica l disorder s candooint . Several f acto r s 

a re ?robably i nvo l ved in ca~sing cje ~i~~ erences . !he wild lions ~ere 

subjec: t o ~ore strenuous e~ercise prio r co darting ~hich caused el2va-

tion in CPK and LDH . Since serum levels o f all three enzy,r:es gradually 

rise after muscle damage (which the dart certainly caused), the slightly 

elevated serum levels of SCOT, CP~, and LDH probably also reflected the 

greater amount of time that elapsed between darting the wild lions and 

drawing their blood (the darted lion would of ten lea~ from the tree and 

run, so often 15 to 20 minutes would be spent in r elocating it). Another 

possible facto r could be the injection procedure : all wild lions were 

darted with a Cap- Chur gun, while several of the capt ive lions were in­

jected with a hand - held or ?Ole svringe, which would presumably be less 

damaging to the muscles . 
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Sodium levels in the serun have a normal range of about 20 mEq/1 

in the domestic ca t, so once again , the difference be t we en the wild 

(14 4 . 6 mEa/1) a nd cap tive (147 . 5 mEq / 1) mountain lions does not see~ to 

be ve r y great. The difference migh~ be a ttr i butable to diet, and a 

similar difference in chloride levels in the serum 1,10uld be expected . 

The wild lions had slightly lower chlo r ide levels (114.2 mg / dl) than the 

captive lions (118 . 3 mg /dl) . A sligh t, but opposi te diff erence in potas ­

sium would also tend to balance t he dif fe rence in sodium leve ls . Indeed 

it is sligh tly higher in the wild lions (4 . 6 mEa/ 1) chan in the captive 

lions (4 . 2 mEq/1) . Diet might also be involved in the difference in in ­

or ganic phosphorous levels in the serum of the wild lions (5 . 5 mg/dl) 

a nd ca ptive lions (4 . 8 mg/d l ) . It is obv iously not a serious difference, 

or a diffe r ence would also be seen in the ser:-um levels of calc ium. 

In domestic cats, any ser:-um bi:irubin ~evel less ~han 1 . 0 mg /dl is 

not cons i der:-ed very abnoc.::al. so t'1e di::::erer.ce betwee:1 the ,,,ild (0 . 3 

mg/dl) and captive (0 . 6 m~ /dl) lions is not as conseauential as it may 

at first seem . Perhaps choles terol and diet lead to a minor obstruction 

of the bile flow , causing a slightly higher level of bilirubin in the 

captive mountain lions. 

The difference in hematocrits probably reflected the difference be ­

tween the elevations whe r e t he wild mountain lions were found (most of 

them above 2100 m (Currier 197 6)), and the elevations where the captive 

lions were located (mos t of them in the ~idwest below 500 m) . 

2 . Winter - Summer Blood Collection 

The three ma l e mounta in lions raised bv hand were restrained, but 

no t immobilized, when their blood was t aken until age 20 weeks . There­

fo r e , 12 of the 18 summer samples and three of the 17 winter samples 



were obtained without any drug influence . From age 20 weeks until 10 

months, they were restrained brieflv and injected bv hand . For the 

final two summer dates on which blood ,Jas ta ke!l. a t ages 12 and 14 months, 

it was necessary to use a co 2 pistol. It is possible that restraint 

results in bruising the animal's muscl es a nd is therefore more damaging 

to the muscles than the quick immobilization with a hand -held syringe. 

A dart almost certainly causes more muscle damage than a hand- held 

syringe. Therefore, the difference in the CPK and LDH levels is probably 

no t a reflection of seasonal differences, but rather due t o the level of 

muscle damage : the dart is the most damaging, restraint less damaging 

but nonetheless bruising, and the hand-held syringe the least damaging. 

Summer values were all obtained in the two most damag ing w2ys (six with 

darts and 12 with restraint), while wi~t e r values were c btained i n the 

two least damaging ways (three wi t h rescra~~c a~d l~ ~i th hand - hel~ sv -

r inge ) . Further support f or th is hyoothe-is is the fact that the va lues 

fo r these two enzymes from the wild lions (collected in the winter) were 

higher than the values of the captive lions (collec ted in the summer ) . 

The reverse of the situation with the captive kittens: win ter values were 

lower than summer values . 

LDH is also significantly different be tween wild kit t ens and wild 

non- kittens. The mean of the LDH levels for the first t hree months of 

the hand - raised ki ttens' lives was 306 U/1 , then dropped to a mean of 

142 U/1 for the final 11 months . Therefore , LDH leve l s appear to be 

v2 r y high during the first three months or so of life , then drop off 

sharply . 
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The creatinine diffe cence could be due to t he Hycel nachine . Such 

a small d i::ere nc e (1 . 13 m~ / dl ) is not biologically very significant . 

~~e s odi~~ and potass ium dif f ec ences a r e a l s o not biologically signifi-

cant (the difference in sodium is 1 . 6 mEq/1 , and the normal range in the 

domestic cat is 2o rnEq/1) . The sodium difference might be a seasonal 

difference because the level is hi ghec in both summer and the captive 

lions . The potassium difference might be due to use o f an im..-nobilizing 

agent to obtain 14 of the 17 winter samples, but onlv six of the 18 sum­

mer sa-nples Seal et al . ( 1<?7 2) noticed a dec reas e in serum po tassium 

following phencyclidine administration in white- tailed deer . The final 

difference to be discussed is inorganic phospho r ous in the serum. Since 

phosphorous leve ls a r e close ly tied t o calcium levels, ' . ..rh ich are not 

significantl~ different, ne can assu~e the phos phorous d ifference is 

no t b i olog ~ca l ly im po r tan c. 

3 . Wild litcen - Wi ld Non- kitten 

Differences between wild kittens and wild non- kittens were tested 

fe r significance to help clarify whether some blood parameters do in­

deed change with age . Two (GLOB , MONO) of the five blood parameters 

that appear in the female age- estima tion formul a a lso a?pear on the list 

of significantly different wild kitten / non-kitten blood pa rameters . 

Globulins in humans a t birth are about 1 . 78 g/dl, increase t o 2 . 01 g/dl 

at 5- 6 months, and a r e 2 . 34 g/dl for adults (Diem, ed . 1962) , so one 

could antic i pa t e the noted di ff erence between kittens a nd non- kittens . 

In huma,1s, the percen t age of monocytes in the blood gr adually decreases 

wi th age (Diem, ed. 1962). All th r ee bl ood par ame t ers (GLOB , ALK, NEU) 

that appear i n the male age- estimation fo nnula also appear on the wild 

kitt en/wild non-kitten significan tly d i ffe r ent lis t . Serum alkaline 



phosphatase levels are increased in the presence of growth hormone 

(Diem, ed . 1962), so one would expec : a difference between growing kit ­

tens and non- kittens . The ?recentage of ne utroohil s in human blood is 

high at birth (53 - 82 .5 percent) . It drops rapidly t o 18 - 46 percent 

a t nine to 11 days, and then gradually rises t o about 66 percent in 

adulthood (Diem, ed . 1962 ) . Ly.:ip hoc\·tes anci neur-rnph ils generally make 

up about 95 percent of the circulating white blood cell population, so 

a change in one is generally reflected by a change in the o t her . One 

would not expect them both to a ppea r in an ag ing eq uation ~ecause after 

the first has been added, the other can give no add itional information . 

It is to be expected that ii one shows a significant difference between 

two groups, the other would reflect tha t diffe rence . 

A possible r easo n f or the ~itten /non- ki t ten significant difference 

in LDH leve ls has been mentioned ?rev i ousl~: LJE l eve l s appear t o be 

qui t e eleva t ed ciuring the first cnree ~on : js oi li f e . :hey chen ~rop 

and level off at about half of the f o rm.er level . The reason could be 

that LDH is made in different amounts in different t i ssues at different 

stages of development (Balinsky 1965) . Some final organ development 

(such as the kidney ) could be occurting during the first three months 

of the mountain lion's life, af ter which only gr owth t akes place . 

The creatinine difference between wild kittens and wild non- kittens 

is not biologically significant, a lthough statis tically significant. 

It might be only an artifact due t o the unreliab ility of the Hycel 

machine . Calcium levels , as stated earli er, a re high in growing mam­

mals , so one would expect a significant difference between wild 

kit tens and wild non-kittens. 
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~orse and Follis (1974) took blood samol e s eve rv two ~eeks from . . 

two African lion cubs, starting ac ag e t wo weeks . a nd end ing a t abouc 

age 32 weeks . Their serun1 analyses c over ed 19 o:.: the 22 blood para-

me ters that we r e measured in this stud y . Seven. o f the eight pa rameters 

that were different between wild kittens and wild non- kittens were 

measured (only the globulins were not), buc in t~e African lions, onl y 

two appeared to change with age : creatinine increased, and alkaline 

phosphatase decreased . At 22 months of age , blood Sci~ples were again 

taken from the African lions. At this time, the calcium levels 

had dropped . The four other parameters chac were different between 

wild mountain lion kittens and wild mountain lion non- kittens (percen-

tage monocytes, lymphocytes, and neutrophils; and LDH) did not appear 

to change as the two African lions aged . 

L :ec.ale- :!:1le 

Only t wo o~ t he bl ood pa r a~e t e r s ~e r e signi~icantly d i f~ere nc be-

tween non- kitten fema l es and non- kitten males : potassium and globulins . 

The difference between mean levels of potassium (0.3 mEq/1) is even less 

than that between captive and wild mountain lions (O . & mEq/1) or between 

win ter and summer (0 . 9 mEq/1) and is pr obably o f little biological sig -

nificance . Globulins are a fraction of the plasma protein . Testoster -

one , the male sex ho rmone , has a greater anabolic, or protein- forming 

ac tion,than es trogens, th e female sex hormones (Diem et a l. 1962) . The 

sligh tly highe r mean level of gl obulins in the senm1 or the males 

(4 . 06 g/dl) than the females (3 . 83 g/dl) might be the r esult of t his 

a,;abolic effect . 
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Morphological Parameters 

The classification of Felis concolor into subspecies is based ~ainly 

on characteristic patterns of cranial scructure (size , and rela tive pro ­

portions of other measurements), although body size is grea ter for the 

subspecies occupying the northern and southern limits of the mountain 

lion range than in the central portion of the range, and slightly dif-

ferent colors in the pelage have been noted (Young and Goldman 194 6) . 

Since the only skull measurement made in this study was skull arch, and 

most of the captive mountain lions ,,ere of mixed or unknown ancestr-y , 

one would not expect a significant difference between wild and caotive 

lions in morphological measurements unless they are greatly affected 

by nutrition, exercise, or both . Non-kitten female/male differences 

are expected for all non-coach body measurements since males are r e0uced 

t o be 50 pe r cent heav i e r : han :emales . :~ ~s indeed s ee~ed co be t he 

case . ~one o~ the t ooth meas ur ~ments we=e significantly different . 

He ight was significantly different both bet~veen wild and caotive lions, 

and females and males . Although when wild males were compared with 

captive males, no significant difference was noted, it could have been 

due to the small (five) sar.iple size of wild, non- kitten males . The 

captive females weighed an average of 12 pe rcent more than the wild 

females. Wild males weighed an average of 52 percen t mor e than wild 

females, but captive males weighed only an average of 35 percent more 

than captive f~~ales . 

Differences in g irth generally tended to follow the differences in 

weigh t with one notable exception: the average,captive female girth 

was thr ee percent grea t er than the average,wild male girth . Differences 

in both weight and girth illustrate the difference in nu trition and 
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exercise. In the wild, a premium is put on the lion ' s ability to ma~e 

a quick, powerful dash at its prey . That :;;ovement demands strong leg 

muscles. One would expect a lion in the wild to have more we ight con­

cetrated in the muscular legs, ~,ith less body fat . Therefore, even 

though wild males outweigh captive females, the average gir th of a 

captive female (78 .3 cm) is greate r than that of a wild male (76 . 0 cm) , 

and much greater than a wild female (69 .9 cm), in fact a 12 percent 

difference . The girth of t he average captive male (85.7 cm) is 13 

percent grea ter than that of the average wild male . Non- kitten males 

were on the average 12 percent longer, hac a 19 percent larger skull 

arch, and a 10 percent l onge r rear tarsal measurement than non - kitten 

females . 

Sinc e k i tt e ns d o not have peroane~ t : ee : n , guml i n e r e ces sio n 

r.1ea s ur e men ts ,-,er e n o t r-i o.de f o r thee . .-,. .:;_ .:_ ,J i' :he o c her ;no r? ho logica _ 

measurements predictably show a significa nt ciff e rence between wild 

kittens and wild non-kittens. Means of kitten size were not compared 

wi th non- k ittens due to the great increas e in body size during the 

first year of life, making such a compar~s on of little value . 

Age Estima tion Models 

Aging can be defined as the effect of the passage of time on an 

organism : conception, growth, maturity, physical decline, and death . 

Different species age at different rates . To make the matter even 

more complicated, different organs, and even different cells within 

0rgans , age at different rates . Fortunately, much of the aging pro­

cess is gene tically determined, so individuals of the same species tend 

to age at similar rates, and generalizations can be made . 
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Age es timation is important t o the study of pop ulation dynamics, 

and the scudy of population dynamics should be a fundamental part of 

any management program . Population dynamics involves conception , birth . 

growth and maturation, onset of sexual maturity, periodicity of repro ­

duction, fecundity , decline of reproductive capacity , and death . The 

thread linking all of these is the passage of time . Without knowledge 

of the average age at which these events occur in a species , and without 

knowledge of the age structure of a population, the studv of that pop ­

ulation becomes static, not dynamic, and predictions made as to what 

can happen to that population become more subject to error . Reduction 

below desirable levels or even extirpation of that population can 

result. 

~ethods of Ag e Estimation 

?.:1r.ners have locig used tooti.1 we2.r as :1 21::t:-iod or esti:riating the 

age s of i nd i v i dual hor ses . This met hod was (and co some ext en c. scill 

is) also used to estimate the ages of individual white - tailed deer, 

mule deer, elk, moose , bison, pronghorn antelope , caribou, reindeer . 

and coyote (Taber 1971) . Unfortunately , tooth-wear is highly dependent 

upon several factors not directly related to age: individual habit 

(diet selection, deg r ee of mastication, etc . ), substrate (if sand is 

usually on the food, t ee th will wear down quicker), and so on. D. Ash­

man (Nevada Fish a nd Game Department, Personal communication) ages 

mountain lions based on tooth wear and tooth staining . Tooth -wear esti ­

mation has largely been replaced by counting cemental a nnuli. Periodi ­

cal changes in the rate of calcification of the tooth root tissue cause 

annual layers to be laid down, much like tr ee rings (Klevezal ' a nd Klein­

enherg 1967). This method has been found to be effective fo r deer 



(Erickson and Seliger 1969, Low and Cowan 1963, Thomas and Bandy 1973), 

elk (Keiss 1969), moose, bison , seals, bats , rabbits, beaver, rodents, 

cetaceans (except those without teeth), bears, wolves, and foxes 

(generally) (Klevezal' and Kleinenberg 1967) , and bobcats (Crowe 1972) . 

,·1. G. Hornocker (University of Idaho, Personal connnunication) found that 

mountain lions do not consistently form cemental annuli . 

Annular rings also are often laid down of horns . Counting these 

rings is a method used to estimate the ages of individual big horn 

sheep and mountain goats (Taber 1971) . Other bony structures are also 

used in age estimation , but often only to separate juveniles from adults . 

Montana Fish and Game Department personnel a r e developing an age- estima-

tion method for mountain lions based on cleaned skull characteristics 

(K . Greer, ~fontana Fish and G3me Department , Personal communication) . 

Ye i ght o f t he eye lens has been used t o estimate the age s o f indi-

vidual seals, co cc ont3il rabbits , jacirabbit s , a nd moo se (Ta be r 197 1) . 

The e ye lens ha s also be en used to determine age even more accurately 

by the determination of the amount of insoluble pr otein in the lens . 

This method has been successfully used for field mice (Dapson and Irland 

1972) and other vertebr ates (Otero and Dapson 1972) . 

Sometimes age-estimation methods are needed for humans , t oo . 

Furukawa et al . (1975) used multiple r egression analysis to develop 

such a method . The best formula they obtained was as follows . 

Age in years= 95 . 232 - 0 . 138 HT - 0 .130 WT+ 0 . 142 SBP - 0.072 DBP 
- 0.003 VC - 0 . 252 PSP - 1 . 433 OAR - 0 . 816 OAL + 
0 . 262 VSR + 0 . 315 VSL, where: 

HT height 

WT weight 

SBP systolic blood pressure 
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DBP = diastolic blood pr e ssure 

VC = vi t al capacity of t he lungs 

PSP = percentage phenosul fop hthalein excret i on in 15 minut e s 

OAR= ocula r accornodat ion on righ t 

OAL = ocu lar accomodation on left 

VSR = threshold of vib r atory sensation on right 

VSL = t hreshold of vibratory sensation on left 

The st andard er r o r of this model is 5 . 1 5 . 

The only completely accurate met hod for aging a mountain lion or 

any other animal is by capturing and marking it when it is still quite 

immature, then recapturing it in lat er yea rs. 

Phvsiological Changes with Age 

Theories 

Various theories have been pro~ose~ : a ~x?la in why an an imal ages . 

Five of the mos t popular are : tissue wear and ~ear , random mutations, 

au t oimmunity , the accumulatio~ of harmful substances , and cross linkages 

fo rming between macromolecules. Kohn (1971) conside r ed the mos t l i kely 

cause to be a progressive i nt ermolecular c r oss - lin kage of collagen, a 

substance that makes up 25 - 30 perc e nt of the total body protein in 

most mammals , and which is found throughout the body . Cross - linkage of 

the collagen would t e nd to make tissues inflexible , making it more 

difficult a nd less efficient fo r t he heart and other muscles to con-

trac t, and the r efo r e pe r f u sion of , and diffusion into , the organs of 

the body would b e reduced . In short, the whole physiological machine 

would gradually s low to a halt . This seems to be the case in humans, 

but very few an imals in the wild have the opportunity to r each that 

stage of debilitation. As long as an animal is gr owing , new collagen 
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is being laid down . This syn t hesis of collagen effec tive l y ceas e s when 

growth ceases , and a t t hat st a ge the cross - linkage process begins . An 

increased metabolic rat e could increase t he enzyme ac tion that ac ::: ually 

causes the cross- linkage . An increased illetabolic r ate would also 

increase the amount of stress on the tissues, which wo uld also lead 

to increased cross - linkage . Therefore, one would expect animals wi t h 

high metabolic rates to age faster than t hose with slower ones . 

Physiological Changes 

No matter whic h theory is correct, physiological changes do occ ur 

with age . Riegle and Nellor (1966) have shown tha t ave rage percentages 

of neutrophils increased, and percentages of l ymphoc ytes decreased , 

with age in dairy bulls, dai r y and beef cows , s hee p and r a ts. To cal 

leucocyte coun ts dec r eased with increasing age in dairy bulls , and 

dairy arrd beef co~s, but i~creased ~ich i~c=easing age in =a:s. :~e 

average percentage of eosinophils was significantly higher wi t h increas -

ing age in sheep . Levels of plasma protein increased with increasing 

age in all of the mentioned species, a nd percentages of gamma glooulins 

increased with increasing age in dairy bulls, dairy and beef cows , a nd 

goats, but decreased in r ats . Percentages of albumins decreased "n dai r y 

bulls . 

Soltz et al . (1963) found that r adioac tive triiodothyronine (TJ *) 

up t ake by the r ed blood cells increased during growth in r at s, then 

leveled off a t sexual maturity , and gradually decreased with advancing 

age . They also found that TJ* uptake by the red blood cells was higher 

in young people than old ones . Lindemann et al . (1971) have shown tha t 

plasma levels of zinc are higher in men than women, and that there is a 

s i gnificant linear decrease of plasma zinc with incr easing age . Red 
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blood cell zinc concentrations were similar for men and women, and had 

no correlation with age. Threatt et al. (1971 ) found a brain-reactive 

antibody in the sera of old mice. This antibody attacked neurons in sec­

tions of brain from both old and young mice. The sera from young mice 

contained no such antibody . This finding tends to support the autoim­

mune theory of aging. 

Physiological changes have been noted in other parts of the body , 

too. Rosenquist and Rosenquist (1974) studied uptake of the dye Alc ian 

blue by sections of the kidney in spider monkeys. They found that up­

take increased until maturity was reached, then decreased thereafter. 

Schmucker et al. (1977) found that the surface area of the hepatic 

endoplasmic reticulum increased in rats from one to 20 months, then 

decreased fron 20 to 30 months. 

Morphological Changes 

Morphological changes also occur as a result of aging. Glickman 

(1964) reported the following periodontal changes: tissue dessication, 

reduced elasticity, altered cell permeability , thinning of dermis and 

epidermis, recession and diminished keratinization of the gingiva 

(gumline), and reduced oxygen consumption in the gum. Viidik (1969) 

found that the tensile strength of collagen in the skin increased 

with age, but became less elastic (the stress-strain curve became 

steeper). 
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Even if an age estimation model is very accurate, it is useless if 

it is not applied. For the technique to ga in acceptance, the data neces­

sary fo r it should not be too difficult to collect and handle in the 

field . If data treatment and analysis are too complex, the amount of 

time necessary to utilize the techni que will be too great, and bo th the 

time delay and the expense migh t stymie its usage. The technique should 

be fairly inexpensive to apply. The technique should be reliable, and it 

is helpful if the data for the tec hnique can come from either live or 

dead specimens . 

Techniques Developed 

The age est i~a tion techniques developed in this study fulfill most of 

the =equire~ents . The ~ield data ccllect~an is not coaplex. a~e body 

measurement and one or t~Jo tooth measurements a r e mad e , one blood sa~ple 

is drawn and is put in e ither one or two test tubes, and blood smears 

are made. Later, the test tubes of blood must be centrifuged, the 

serum and, for females, plasma drawn off and frozen. Practically all 

hospitals and large veterinary hospitals have automatic se rum analyze rs 

(the two most common brand names are HYCEL and SMAC) . Price varies 

from hospital to hospital ; our cost was $9 per sample . An added bonus 

from the serum analysis is that the state of the individual's health 

can be determined . White blood cell differentials and plasma zinc 

analysis can be done b y any competent laboratory technician. Al though 

a ll of the data collected during the study was from live animals, it is 

possible that fresh-killed animals could also be used . 
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Both physiological a nd morphological data are preferr e d for the se 

age-estimation formulas. The coefficient of variation (r 2 ) is a measure 

of the reliability of the formula . Using both phys i ological and mor -

2 
phological paramete r s , the r for the female formula is 81 percent . If 

only physiological (blood) pa r ameters are used, the r
2 

drops to 51 per-

cent. If only morphological parameters are used, it is only 56 percent . 

The same situation holds for the male fonnula: 80 percent with bo th, 39 

percent with just physiological parameters, and 49 percent with jus t 

morphological parame ters. A great deal of reliabilit y is lost wi thout 

use of both types of data. 

Further testing of the formula with k nown-age , wild mountain lions 

would help substantiate its accurac y . Although no parameter was 

used tha t was significantly different between the wild and captive moun-

t ain lions, it i s possible that soITe pa r ameter used in e ither t ~e 

- 1 - l :::2r:12_e or r.1a 2 for~ula changes dif~erencly wit h respect to :.,_ge in wild 

as opposed t o captive mountain lions. Another unknoi,n quality is the 

effect of pregnanc y on the blood serum parameters in the females. No 

known- age, captive females that were used in the study were known to 

pregnant . Pregnancy probably affects the globulins , and possibly the 

t o t al pro t eins of blood urea nitrogen, or both. It might ve possi -

ble to calcu late t he effect, and alter the fonnula accordingly . 

Two additional sources of error are possible in this technique: hu -

mean and machine . The human e rror can be minimized if pe r sonnel are 

properly t r ained , if there is a low turnover of personnel used, and if 

care is taken in data collection and processing . Machine error can usual-

l y not be minimized, but can be calculaterl using duplicate samples . 
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Future research needs are as follows . 

1. The f o rmulas sho uld be tested with use of known-age , \,ild 

mountain lions, both alive and dead . 

2. Other age indicators should be tested, such as testing renal 

function using ~acy 's (1978) method . 

3 . Blood values of pregnant , female mountain lions should be 

compared with tho se of non- pregnant females . 

Hand-Raised Kittens 

Weight 

Weight gains during the fi rst 11 weeks of life of the three kittens 

hand-raised for this study were about 10 percent greater than for the 

kitten with the highest weigh t gain of the six kit tens reported by 

Eato n and Verla nder (1 97 7) (weight gain was onl y reported to t he 

second ~eek ~or two ki::e~s, thi r d week fo r one, eighth week ~o r : wo . 

and e l e venth wee k f o r the kitt e n wit h the highest weigh t ga i n) . Lace r 

weight gain of our three was also greater than that predicted by the 

graph of Robinette et al . (1961) . They p r edicted attainment of 10 kg 

at about 20 weeks (ours reached 10 kg at about 14 weeks), 20 kg at 

about 32 weeks (ours : 23 weeks) , 30 kg at about 44 weeks (ours : 30 

weeks), and 40 kg at about 58 weeks (ours : 36 weeks) . The variation 

is probably due to both genet ic and nutritional differences . 

The gr aph developed by Robinette et al . (1961) was based on a few 

r eco r ds of known-age mountain lions in zoos , plus the probable weights 

at sexual maturity . All three sources (Eaton and Verlander (1977) , 

Robinette et al . (1961), and this study) are based eithe r entirely or 

mainly on known- age, captive mountain lions . The situation is probabl y 
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similar in the wild . Possibl y similar genetic and nu tritional variation 

occur, but with an additional diffe r ence f rom captive lions : amount of 

exercise. The kittens start following their mother to kills as soon as 

they start eating meat (probably at aLout two months of age) . 

Tooth Eruotion and Re?lacement 

Volf (1972) reported initial eruption of the incisors of two moun­

tain lion kitten s from 18 to 34 days . The incisors o f the one kitten 

repor ted by Eaton and Verlander (19 77) erupted between 13 and 15 da ys . 

The three kittens hand-raised for this study had all of their incisors 

by 17 days . Uppe r and lower =anines for Vo lf ' s kittens erupted between 

30 a nd 34 days . Our three had bo th sets of canines by 23 days . l ower 

premolars in Volf ' s study erupted on day 45 , and upper premolars between 

days ~8 and 53. Lower premo l a rs eru ? ted by the 30th day, and upper ?re-

~ola r s by t i e 33 r d day i n our : ~ree . These r esu _t s indica te t hat p r e -

cocious weight g a in was acc ompanied by p r e cocious too t h developCTent in 

the three kittens hand- raised for this study, and was probably due to 

similar genetic and nu tritional differences . 

Eye Colo r and Pelage Changes 

The kittens were bo r n weighing about 0 . 4 kg, covered with black 

spo t s , and with the i r eyes closed . A female mountain lion probably 

gains more weight f r om gorging at a kill than at full-term pregnanc y . 

A large weight gain would be quite detrimental to her hunting, since 

speed and balan ce may often be the deciding factors between making a 

kil l o r no t. Spot t ed coats would help camouflage the kittens while 

the mother is away hunting . Blue eyes in neonates usually indicate 

vis i on is no t fully deve l oped . Good eyesight is not necessary for the 
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kittens until they s t art t o follow their mothe r. The spots ra p idl y 

fade between the 12th a nd l~th :veeks, ?robao ly abou t the time t he kittens 

start t o accompan y their mother on he r hunts (not j u s t foll ow her t o a 

kill), and a tawny moving coat would oe less conspicuous t han a spotted 

one. 

Estimated Ages of Unknown - . .\ge '.·fountain Lions 

Two o f the five unk nown-age , capt i ve lio ns had es timated ages of 

almost exactly o n e yea r differe nce when t hey were sampled one yea r 

apart. A t hird female lion (No . 107) deve lo ped renal pro blems t he 

second yea r a nd had a high blood urea n itrogen , which made the ag i ng 

formula unreliab l e . If he r N would have been aver age , her es timated 

age would have been 6 . 7 years, o r an es tima t e-d age diffe r ence o f t wo 

years instead of the one that it was . Anothe r female (no . 109) was 

estir.1ate d to Ce abou L t he sa:J.e ag ,~ 1Jcc:"': years (she ':·.tas knO\·.iTI t o be olC , 

which could have led co less accurate aging) . T~e male (~o . 110) was 

aggressive and res is t an t to t he d rug the firs t yea r, a nd neve r was som­

pletely immo b ilized, so I was unable t o ob tain accurate measurements . 

This led t o what was probably a n inaccur ate age es timate. The age es­

timate fo r the second year was p r obably closer to re a lity . 

The one wild lion that was captured in two separate years (No . 17) 

was aged as 1 3 the first year, and 8 the second. She was accompanied 

by seven- t o e ight - mon t h - old kittens (acco rding to the grap h of Rob inett e 

et al . (1961) ) the second yea r, so wa s pr obab l y ? r egnant when cap tur ed 

1 0 mon t hs ea r lier the firs t ye ar . This could have cau sed the e levated 

blood urea nitrogen (11 mg/dl highe r the f irst year ) and globulins (0.7 

U/ 1 higher the first year, ~hich wo uld have added al~os t f o ur (apparent) 

y e a rs to her age . 



61 

Of the rema ining non- kitten, wild lions, the e stimated a~es of 

six are wi thin the r ange o~ the age est imat ed bv appearance, seven a ~e 

within a yea r of that ran2e . three a re within two a nd one-half years 

of that range, three are more than three years different from that range . 

The age of one was no t estimated by appear ance . Of the three with 

la r ge diffe r ences bet,,7een estimated ages , the ages of t wo females 

(Nos. 15 and 21) es timated by the form ula developed in thi s stud:" are 

greater than those based on appea r ance . Palpa tion of the abdomen of 

No . 21 r evealed a t leas t t hree fe t uses . Fema l e No . 15 also could have 

been pregnant . This migh t have led to elevated blood urea nitroqe n and 

globulins. This would result in an over-estimateion of age . One 

male was estimated by t he study formula t o be 6 . 8 years old, but only 

t wo to three yea rs old by a.::,pe2rance . The latter estima t e is more 

likelv r.o be correct sinc2 ::2 still ha::: strires on his le?,s (the·: 

orob2blv remain until tje a~i~al is two or three years old) . \is 

blood serum analyse s r evealed possible live:- problems , s uc:1 as hE?a ­

titis (LDH and ALK were ~reatly e l evated , cholesterol depressed , and 

globulins elevated). 

It appears that t he a ?, e es timation fo rmulas developed during this 

study are probably rel iab le unless a femal e is pregnant (it might be 

possible to use an early pregnancy t est kit to determine if a female 

is pregnant), or the other blood serum values indicate illness . 

The age structure of t he moun t a in lions caugh t all three years 

is shown in Figu r e 3. These age estimates are based on the assumption 

that all of the age estimates from the formulas developed in this study 

are correct except the f our with gr eater than 2.5 years difference 

between the s t udy formula and appearance method. The four with large 
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differences in estimates have been put e ither in the age class of t~e 

appearance estimate, or between the apoearance and study estimates, 

depending upon the possible reasons :or the differences . All four 

are marked differently on the grap h so can be distinguished . Assuming 

the mortality of the two kittens caught the seccnd year that ,vere or o­

bably orphaned by a hunter, and the known ~orralit y before ~ay 1977 

of the two males Nos . 7 and 19, a composite graph of 1977 has been 

drawn (also assuming that each of the remaining lions aged one year 

from 1976, and two years from 1975) (Figure 3). 

Several possible conclusions can be drawn from the graph . Non­

ki tten females outnumber non- kit t en males by five to one in the caorured 

animals . Either this reflects the actual ratio in the population, or 

females are more likely t o be caught than males. Sitton et al. (1976, 

?-R Job Prag . Rep ., ?roj . W- 51 - ~, Calif. D2p t. ?is~ and Game) hyoor~e -

sized cha t males travel more, and are nore lije~v ~o 62 caug~ r . :~is 

might be true on their stud y area , but there is pr obajly a differe~ce 

in lion movement and tracking conditions between the damp, coastal 

study area in California , and the arid study area in Colo r ado . It is 

probable that females do indeed outnumber the males on the Colorado 

study area due to hunter pressure on the males (only male mountain 

lions are usually considered '' trophy" animals) . In the three years 

corresponding to the field study (1975, 1976, and 1977) 42 males and 

21 females were repo r ted killed on the Big Game Units containing the 

study area where the wild lions were caught (Colo . Div . Wildlf . 1975- 77, 

Fed . Aid Proj . W-121 - R) . 



Figure 3 

Estimated age structure of the wild mountain lions 
captureci nea~ Canon City, Colorado . 
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Although no non- kitcen, male mountain lions were cau~ht in 1977 , it 

is r easonable to assume s ose o! the ones caught in 1976 sur vived the 

yea r (although some might have been killed illega lly ) , but t he pauci t y 

i n numbers is caus e for concern . The females app eared t o be doing wel l . 

The composite graph indicates that the r e is a peak in the fo ur t o seven 

yea r o l d age r a nge, which is presumably when a female i s most produc t ive . 



CO:!CLCS IONS 

The three objectives of the st:ud·,: ,-,e re fulfilled. Normal ranges 

of various blood and mo ruho l og ical par ameters were identified fo r the 

mountain lion. These can be used to gauge the sta t e of health of 

indiv idual mountain lions both in zoos and in the wild . 

Some minor differences in blood and morphological values between 

wild-caugh t and captive mountain lions were found . These were probably 

due to diet and amount of exercise, but not due to a differing state 

of health of either group as a whole . 

Two formulas, one r o r females and one for males , were develoned 

for estimating the ages of individual, wild - caught mountain lions . 

Hith both formulas I have utilized combined information from blood 

samples and ffiOrphological data . If c~ese formulas are field - tesced 

with known - age , wild lior.s arid :01.1ad ::o be accurate, their application 

can lead co more compre~ensive a~alyses of mountain lion popula tion 

dynamics in the wild state . 
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APPENDIX A 

Instructions for collection of the data. 

A. Field methods after i mmob ilization 

1. Record on the data sheet the date ar.d lion's identification 

number, date initially captured, and es timated or known age 

at that time . 

2 . Blood and hind leg hair collection . 

a . Apply pressure t o the inner hind leg just above the knee 

(see Fig . 1) to block blood fl ow and rais e the ve in. 

b . lfuen the vein is located, release the pr essure momentarily 

and clip off a patch of hai r about 1.5 inches in diameter 

along the vein with scissors. Save the hair in an envelope 

and mark t he aniQal ' s number, sex . age , a ~d t he data of 

captu re on : he envelope . 

c . Either have an assistant a??ly pressure above the lion's 

knee , or apply a t ou rnique t . After the vein has risen, 

stabilize it in the clipped patch by placing the thumb and 

finger of one hand on either side of the vein and sp r ead 

them slightly apa rt (don't spread hard e nough to cause the 

vein to disappear!) . with the other hand hold the need l e 

with the syringe attached pa rallel to the vein at about a 

15 degree angle from the lion ' s skin surfa~e (see Fig . 2 

and Fig . 3) . With a swift, shallow jab, puncture the vein 

with the needle , beveled surface up, still keeping it fairly 

parallel to the vein . Do not insert the r.eedle so deep as 

to go th r ough the vein . Hold the needle and base of syr inge 

s t eady wi t h the ha nd used to s t abil i ze t he vein and app l y 
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sl i gh t su ction by pulling t he pl un ge r ou t with the other 

hand about 1/ 2 in ch . I f t he blood does no t en t e r th e 

sy rin ge , feel fo r t he tip of t he ne ed l e ~ith your f i nge r 

t o dete r mine if it has gone through the vein, not far 

e nough , or s lipped to the side of the vein . If it has 

go ne t h r ough t he ve in, withdr aw t he need l e s l owl y , still 

a pplyin g slight suction , until the blood rushes in. If 

the needle ha s not gone far enough, or is off to one side, 

try t o ge t i t i nt o the vein ( by swif t, short j a bs) but 

without wi th drawin g it fr om the l eg . hThen blood enters 

the syringe , continue to pull th e plunger out slowl y (if 

i t i s pull ed too quickl y , t he blood ce lls will burst and 

th e vein ma y co ll apse) . Collect abo u t 10 cc of b l ood . 

Have th e ass~s t an t rel ease the oressure, or release the 

tourniquet befo r e you r emove the needle from th e vein , or 

a he ma tome (b lood clot unde r th e sk in) will fo rm. Remove 

the needle from the syringe . Slowl y squirt abou t 6 cc of 

the blood down the side of a plastic t est tube. Label with 

t he a n i mal' s numbe r , age , da t e and the wo rd "serum". Slowly 

sq uirt all bu t a few dr ops of t he r emaining b lood down the 

side of a plastic t est tube contain ing two d r ops of heparin; 

cap t he tube and s l owly mix the blood by tilting t he tube 

from side t o side about 20 times . Label with the an i mal' s 

number, sex , and age, the date , a nd the wo r d "plasma ". 

Immedia t ely, put a drop of blood from the syrin ge on th e s l ide 

(same side as the roughened surface) . Place the crop close 

to but not on the r oughened part . Ho l d ano th er slide at 
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about a 30 deg r ee angle, t ouch t he edge of the drop of 

jlood, and cake a ful l second to dr aw it down t he s l ide . 

:he slide i s not usa ble i f the blood is drawn off che end 

of the slid e . Three good slides a re necessary. Mark th e 

animal ' s numbe r, age, sex, and the date in pencil on the 

r oughened surface and place t he sl id e in the carrying 

conta iner. Be careful not to let anything touch the blood 

smear itself . 

3. Gum line recession measurements 

a . A mountain lion ha s one molar, one large premolar and one 

ve r y small premola r on each side of its upper jaw, and one 

molar and t wo large premolar s on each side of it s lower jaw . 

You wi ll be measuring th e large premolar on bo th the upper 

and lower jaws (that means che l arge premolar i n the u~per 

jaK, aad tn2 ~irst oremolar in che lower jaw, see Fig . ~) . 

and the corresponding canine , or f our teeth in all . The 

side of the mo uth measured is not important unless some 

abnormality is appa r ent. 

b . Close t o t he gumline on all of the t eeth is a ridge . This 

rid ge can be fel t b> running the dental probe up and down 

the buc cal (cheek ) side of the t oo th. Sometimes i n yo un g 

mo unta in lions the gumline covers the rid ge , but the den tal 

pr obe can be slipped between the gum and the tooth fo r 

measurement . 

c . The dental probe is linerl up parallel t o the tooth axis, pre­

?endicular t o the gumline . The prcbe is marked in mm. 

Th e distance f r om the g~~line to the c r est of the ridge 
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p; o- 4. Tee t h f r om • . .:hich gumlin,2 r ecessio n meas ur ements 2re -~,:, · ~ 

obtained i~ che mo u~: a in lion. 
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Fig. 5 . Guml i n e recession measurements in the mountain lion . 
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is measured (see Fi g . 5). If the gum covers the ridge , 

the dis t ance is recorded as (+) . I: the gum line has 

~eceded to the point where the ridge is uncovered , the 

dis tance is r eco r ded as (- ) . (Hint : the rid ge is 

gene rally more pronounced on the pr emolar s . ) Record all 

measu r ements in the space provided on the da ta sheet . 

4 . Snip off six whiskers close to t he sk in and save th em i n a straw 

with the ends cove r ed with tape and the lion's numb er , sex, and 

age and the date writt en on it . 

5 . Weigh the lion and record its weight in t he space pr ov i ded on 

the data sheet . 

6 . Measure the following with a tape meas ur e gradua t ed in cm : 

a . To tal bodv length : measure from the end of the nose, down 

the cen:er o ~ the hack (be tween shoulder blades) . to th e 

bony tip of th e t ail; 

b . Gi rth: measur e a r ound the anima l ' s chest, di r ec tly behind 

th e forelegs; 

c. Skull arch : measure from the t op of zygomatic arch on 

one side of the skull, over the skull t o the top of the 

zygomatic arch on the o ther side (from the bony rid ge caudal 

to one eye over t he bony ridge caudal to the other eye); 

d . Right rear t arsal leng th: measure the distance f r om t he 

base of the h in d pad (op posite the toe end of t he pad and 

not inc l uding the pad) to th e "heel" of the foot (see Fi g . l); 

e . Tai l lengt h : measurement from the tip of the bony tail t o 

the point where t he t ail vertebrae join the pelvic gi r d l e . 
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B. Processing methods at ca~p 

1 . Ko mo re than 6 hours shoul d elapse before r ef r igeration, but 

do not let t he blood freeze (the red cells ~ill burst anc r i~ 

the serum or plasma). No mor e than 24 hours (hopefully only 6 

or less ) should elapse before centrifuging the blood . Gently 

mix the blood labelled " pl asma " . Fill a hema t ocrit tube with 

that blood and centrifuge in a hematocrit centrifuge . Run a 

pippette around t he edge of the test tube without heparin to 

loosen the clot . Cen trifuge both " seru1::" and "plasma" test 

tubes at about 7000 rpm for about 5 minutes . Af ter the elapsed 

time, stop the machine and draw off the serum (the non - red 

part) from the test tube labelled "serum", and plasma from the 

test tube labelled " plasna " with a pipette and put it into 

other plas tic tub es l.a::,elled \,'::.th the animal ' s numbe r, age, sex . 

and the date the saIT,?l.c: \.:as taken and either " serum" or " plas::ia" 

as appropriate . There should be approximately the same amount 

of serum or plasma and red blood cells. If there is very 

little serum, mash t he clear clot and recen t rifuge. 

2. Dip the slides in methanol and let dry. Re turn to a slide 

holder . 



APPENDIX B 

Data Sheet 

Zoo: 

Mountain lion number : 

Age : 

Sex: 

Date (Day , Mo, Yr) 

Time (24 hr) 

Yes No Female pregnant 

Yes No female lactating 

Estimated weight (lbs) 

Actual weight (lbs) 

LOtal body length (cm) 

Gir t h (cm) 

Skull crch (cm) 

5lood Uptake Time 

Urine Collected (Min . ) 

RR tarsal ln (cm) 

Tail ln (cm) 

Yes No 4 vibrissae collected 

Yes No Hind leg hair collected 

Yes ~o Photos taken 

Yes No Right hind foot prin ted 

+ Tooth No . 

__l:!_p_ Lo mm from gum edge 

t o cemento- enamel 

junction 

Co l o rado Cooperativ e Wildlife 
Research Unit 

Mountain Lion Studv 

Drug 

Volume 

Rate (mg/lb) 

Injection site 

Injection time 

Ataxia time 

Immobilization time 

Down time 

Acepromazine time 

Acepromazine volume (ml) 

At ro pine time 

At r op i ne volume 

An tibiot i cs volume 

Pulse rate -------
Pulse rate -------
Pulse rate -------

Resp. rate 

Resp. rate 

Resp. rate 

Rectal temp. 

Rectal temp. 

Rectal temp. 

Ambient temp. 

Injection site 
Number 

1 Hip or hind leg 
2 Abdominal region 
3 Tho r acic re g ion 
4 Back 
5 Neck 
6 Shoulder or fo r e leg 
7 Head 
8 Tail 
0 Unknown 



Svr.1bol 

ALB 

ALK 

BIL 

C 

CA 

CHOL 

CL 

CPK 

CREA 

EO 

GI 

GLOB 

GLU 

HA 

HKT 

K 

LC 

LDH 

LG 

LP 

LY~1 

MONO 

N 

81 

APPE DIX C 

Alphabe tical listing of the symbols used 

Va r iable 

Albumin concentration 

Alkaline phosphatase 

Bilirubin concentration 

Total gum.l ine r ecess ion from upper and lowe r canines 

CalciuR concentration 

Cholesterol concentration 

Chloride concent ration 

Creatine phosphokinase 

Crea[inine concentration 

Percen t age eosinophilic segmen t ed cells 

Gir:: r. 

Glob ulin concer.tration 

Glucose concentra tion 

Young 's Mo dulus for hind leg hair 

Hematocrit 

Po[assium concen trati on 

Gurnline recession from lowe r canine 

Lactic dehydro genase 

To t a l body len gth 

Gumline recession f r om lowe r premolar 

Perc en ta ge l ymphocytes 

Percen t age monocy tes 

Blood urea nitrogen concentration 



Symbol 

NA 

\'SL' 

p 

PR 

PRO 

SGOT 

SGPT 

SK 

T3 

TL 

UC 

UP 

Wn 

WT 

ZN 

82 

Variable 

Sod ium concentration 

Percentage neutrophilic segmented cells 

Phosphorous concentration 

Total gurnline recession from upper and l ower premolars 

Total protein concentration 

Serum glutamic - oxa lacetic transaminase concentration 

Serum glutarnic- pyruvic transaminase concentration 

Skull arch length 

Triiodothyronine uptake 

Right rear tarsal length 

Gurnline recession from upper canine 

Guml ine recession froill upp e r premolar 

Young 's ~odules for vibrissa 

3ody we i gh:: 

Zinc concentration 




