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Abstract: Data from chemical immobilization of
Alaskan moose (Alces alces) from 1968 through 1981
at the Moose Research Center was compiled and asses-
sed. Immobilizing drugs tested during that period
were succinylcholine chloride, CI 744, xylazine hy-
drochloride and etorphine hydrochloride. Other ad-
junct and reversing drugs were discussed. From 1968
to 1975 succinylchocline chloride was the routine
drug used for immobiIlization at the Moose Research
Center with 1258 moose darted and 908 immobilized.
Mean induction time was 8.5 minutes and mean time
immobilized was 25.7 minutes. Hyaluronidase added
to succinycholine ckhloride decreased induction time
by 33% with no ircrease in mortality. Mortality
rate for succinylchcline chloride was 5.5% of moose
immobilized, however only 72.2Y% of moose dartz=d were
immobilized. Etorphine hydrochloride became the
routine immobilizing drug in 1975 and is used rout-
inely. To date 138 adult moose and 98 calves and
yearlings have Dbeen immobilized. Mean induction
time for etorphine was 11.4 minutes, and time immob-

ilized was dependern: upon time of antagonist injec-
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tion. The mortality rate using etorphine on adults
was 8.7Y%, but nearly all moose darted went down but
many required supplemental doses. The mortality
rates were inflated because these figures include
data from early experimental work with the drugs.
Familiarization with the drugs and the conditions
for their use has decreased mortality significantly.
Etorphine with xylazine is the drug combination pre-
sently preferred, but it is far from the ideal drug
as presently available. The conclusion is that the
ideal drug or drug combination tco immobilize moose

has not been found.

Chemical immobilization for capture of free-ranging
animals became an accepted procedure during the 1950's with
development of efficient projectile systems and drugs. The
history and development of chemical immobilization has been
documented (Harthoorn 1965, 1975; Young 1975). Franzmann
(1982) reviewed and assessed chemical immobilization of
North American moose (Alces alces). This paper outlines our
experiences with chemical immobilization of Alaskan moose
(Alces alces gigas) from 1968 through 1981 at the Moose
Research Center (MRC) on the Kenai Peninsula, Alaska. Sev-
eral reports and papers have provided information from vari-
ous segments of our research (Franzmann and Arneson 1974,
Franzmann et al. 1974, Franzmann and Schwartz 1982), but a

compilation and an assessment of our data are lacking.
STUDY AREA
The MRC is located within the Kenai National Wildlife

Refuge (KNWR - Formerly the Kenai National Moose Range) on

the Kenai Peninsula in southcentral Alaska. Several papers
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have described the topography and vegetation of the Kenai
Peninsula (Oldemeyer and Seemel 1976, Oldemeyer et al. 1977,
and Sigman 1977). Research facilities at the MRC were des-
cribed by Franzmann and Schwartz (1982). Figure 1 is a

schematic drawing of the MRC.
METHODS
Approaching Animal

Most moose captured at the MRC were initially trapped
using rectangular corral traps (LeResche and Lynch 1973)
located strategically along 24 km of MRC fenceline both in-
side and outside the 4 enclosures (Fig. 1). The traps
measure 30x5 m and when a moose was caught it was approached

on foot and subsequently immobilized.

In a few instances it was necessary to utilize a heli-
copter to approach a moose in the enclosures when specific
animals were required. All free~ranging moose outside the
MRC enclosures which were not caught by perimeter traps were
approached by helicupter (Bell Jet Ranger). Helicopter use
was limited to immobilization with succinylcholine chloride
(Anectine, Burroughs-Wellcome and Co., Research Triangle
Park, NC).

Tame and semi-tame moose have been maintained at the
MRC in various numbers and in most cases have been approach=-
ed to immobilize with a hand-syringe.

Projectile System

The projectile system used for nearly all MRC moose
immobilizations was the Cap-Chur system (Palmer Chemical
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Co., Douglasville GA). The only exception was the use of
hand-held syringes to inject tame or semi-tame moose. Pro-
jectile dart body size varied from 3 to 15 ml depending upon
drug used and the internal charge was adjusted accordingly.
The firing charge used was primarily green or low for moose
in the traps and moose darted from the helicopter. Occasi-

onally a brown or extra low charge was used in a trap.

Drugs

The principal immobilizing drugs used at the MRC were:
succinylcholine chloride, which is a paralyzing drug acting
at the myoneural junction; etorphine hydrochloride (M-99,
Lemmon Co., Sellersville, PA) a synthetic narcotic and
potent CNC analgesic; Xylazine hydrochloride (Rompun,
Haver-Lockhart, Shawnee, KS) a non-narcotic CNS sedative,
analgesic, and muscle relaxant; and CI-744 (Parke-Davis and
Co., Detroit, MI) which is a 1:1 combination of tiletamide
hydrochloride (CI-634) a CNS depressant and diazepionone
(C1-716) a trangquilizer.

The primary antagonist used to reverse the effects of
etorphine was diprenorphine hydrochloride (M50-50, Lemmon
Co., Sellersville, PA). Cyprenorphine hydrochloride (M285,
American Cyanamid Co., Princeton, NJ) was the first antago-
nist used with etorphine but was replaced by diprenorphine.

Adjunct drugs used were: hyaluronidase (Wydase, Wyeth
Laboratories, Philadelphia, PA) which 1is an enzyme that
breaks down connective tissue at the injection site hasten-
ing absorption of the immobilizer; and xylazine which was
used as a sole immobilizing drug and as an adjunct drug with

etorphine. Occasionally a tranquilizer such as acepromazine
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maleate (Acepromazine, Fort Dodge Laboratories, Inc., Fort
Dodge, IA), or promazine hydrochloride (Sparine, Wyeth Lab-
oratories, Inc., Philadelphia, PA) were used after immobili-

zation for their tranquilizing effect.

Adult (36 months +) female moose from MRC had a mean
weight of 339.2 kg (n=81). Non-MRC moose had a mean weight
of 400.5 kg (n=66). Adult males from the MRC averaged 402.3
kg (n=21) body weight and non-MRC weighed 454.6 kg (n=5)
(Franzmann et al. 1978). Yearling moose immobilized in late
summer/fall ranged in weight from 200 to 275 Kkg. Moose
calves immobilized in late summer/fall ranged in weight frém
90 to 175 kg (Franzmann et al. 1978).

RESULTS AND DISCUSSION
Approaching Animal

Fenceline traps at the MRC were useful to catch and
hold moose for subsequent immobilization. From 1969 to
1974, during the most intensive trapping period, 824 moose
were trapped during 4322 trap nights (trap success = 0.19).
Generally, moose in traps were easily approached and darted.
On occasion, however, some were hyperactive and would charge
or flee from the person darting making dart placement more
difficult.

Moose escaping from the trap by jumping and breaking
through the trap walls was more prevalent in traps on the
outside of the MRC enclosure than those inside (Fig. 1)
(3.5% escaped from outside traps and 1.4% from inside
traps). Moose within the enclosures were free-ranging, but
had more experience with the fenceline and some had been
trapped repeatedly. Male moose under 3 years of age were

the most excitable in a trap of all sex and age classes.
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The use of a helicopter to approach moose was effective
with a good pilot and in most instances the animal could be

" forced into an open area for darting. Occasionally moose

would enter a stand of large trees and could not be forced
out; in such cases they could be darted if the overstory was
not too thick.

Dart placement was extremely important and the heavy
muscles of the hind limb was the site of choice. This was
relatively easily accomplished with moose in MRC traps.
Moose darted from a helicopter could be darted in the hind
limb musculature under ideal conditions. Often the top of
rump and loin had to be selected and if the moose did not
have a heavy subcutaneous fat layer the injection was absor-

bed more rapidly.

Moose immobilized with a hand held syringe were gener-
ally injected in the neck muscle dorsal to the juglar

furrow.
Projectile Systems

Cap-Chur guns and darts were generally satisfactory for

immobilizing moose. The advantages of the system were:

1. Simplicity of design which afforded less opportuh-
ity for mechanical failure.

2. Availability of a variety of dart sizes to accom-
modate various drug volumes.

3. Interchangeabiljty of dart components with dif-
ferent dart body sizes.
Availability of supply.

S. Darts could be reused if not damaged.
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No system is without fault, and the major disadvantages

of the system were:

Errant flight of the dart.
Variability in projecting charge.
Swelling and distortion of dart body.

O R N

Incomplete injection - primarily with large (7 ml
or greater) darts.

Other systems became available during the studies, but
were not evaluated because the system being used was satis-
factory, conversion would be costly, and volume of drug
needed limited our choices. Blow dart systems have a great
potential for darting moose in the MRC traps, but were not
used for moose because the mazimum volume of the darts is 3
ml. The drugs being used for moose after development of
blow~-darts required much larger volumes. If an effective
and safe drug becomes available for moose in North America
whose total dosage volume is 3 ml or less, it is believed
the blow-dart system would be the projectile system of
choice for moose in MRC traps.

Drugs and Immobilization

Succinylcholine chloride (SCC) used in the concentra-
tion of 10 mg/ml was the first immobilizing drug used at the
MRC, and it was routinely used until 1976. Hyaluronidase
(HD) was added to SCC (9 N. F. units/mg SCC) for 510 of 838
moose immobilized. Tables 1, 2, and 3 list the mean induc-
tion time and time immobilized for the various dosages of
SCC and SCC/HD for adult moose inside MRC,.outside MRC and
free~ranging. Dosages varied from 12.5 to 25.5 mg SCC/adult
moose. This variability was primarily influenced by condi-
tion of moose which is a function of season. Lower dosages
were used during late winter and spring for both sexes and
during the late rut (October) for bulls.
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Combined sex and drug mean induction time was 8.5 min-
utes (n = 838) and mean time immobilized was 25.7 minutes (n
= 505) (Table 4). We were unable to record all times up for
moose thereby explaining the lesser sample size on time
immobilized. Likewise, some of the down times for free-
ranging moose were recorded when the animal was observed
down. In some cases the helicopter would return late to the
immobilized moose and the moose may have been down for a few
unknown minutes.

The most accurate induction time data was provided by
MRC immobilizations where the moose were in traps and were
observed through the entire immobilization process. The
mean induction time for inside MRC moose was 10.0 minutes (n
= 105) for SCC and 6.5 minutes (n = 148) for SCC/HD (Table
1). Outside trapped MRC moose had a mean induction time of
10.2 minutes (m = 55) with SCC and 6.9 minutes (n = 94) with
SCC/HD (Table 2)/ The combined mean induction time for all
MRC trapped moose was 10.1 minutes (n = 160) with SCC and
6.7 minutes with SCC/HD.

Mean induction time was lessened with the use of HD by
3.4 minutes (33%). We reported the decrease in induction
time with HD (Franzmann et al. 1974), but also reported an
increase in mortality using HD. Additional data disputes
this finding with 28 of 704 (4.0%) moose killed with SCC/HD
and 22 of 554 (4.0%) killed with SCC (Table 5). The mortal-

ity rate was the same for both drugs.

Lowered dosage did not decrease induction time (Tables
1, 2, 3). Lowered dosages were used on animals in poor con-
dition. The major influence on induction time wals the addi-
tion of HBD. Sex and location did not influence dosage other
than that which could be attributed to condition of the

moose.
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The most disturbing data are that only 72.2% (908 of
1258) (Table 5) of moose darted where immobilized. This
quickly converts to time, and when darting is done by heli-
copter, it converts to money. It was necessary to observe a
darted moose for 20 minutes before repeating a SCC dose
which meant much additional time and money. It was this
characteristic of SCC along with its very narrow range of
tolerance by moose which made us search for another immobil-

izing drug.

Experiences using CI-744 to immobilize moose were
reported by Franzmann and Arneson (1974). The test was
limited and results inconclusive. However, moose success-
fully immobilized requi{ed 2.9 to 5.3 mg CI-744/kg body
weight. The drug is noﬁ\presently commercially available
thereby its use in moose immobilization is limited. If the
drug becomes commercially &available further studies on its

use in moose are warranted.

Xylazine was wused at the MRC as an immobilizer
(Franzmann and Arneson 1974) but it has been limited to use
for procedures when the animal can be closely monitored for
long periods of time. Ataxia during recovery may last up to
2 hours. Immobilization was produced in moose using dosages
of 2.2 mg/kg. body weight. Xylazine has been primarily used
at the MRC as an adjunct drug to etorphine.

Etorphine was first used at the MRC in 1969 but not
routinely until 1975. All data are from trapped MRC ani-
mals. In 1976 we began combining xylazine with etorphine to
alleviate some problems experienced with etorphine alone
such as; hyperthermia, muscle tonus, and incomplete immobil-

ization. Tables 6 and 7 summarize the results with
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etorphine and xylazine. In adult moose (Table 6) the mor-
tality rate was 8.7% (12 of 138), but most occurred with
dosages under 8 mg etorphine (9 of 78 - 11.5%). Adult moose
receiving 8 mg or more of etorphine experienced mortality
rate of 5.0% (3 of 60). The proportion of moose not immob-
ilized was also greater for those receiving less than 8 mg
etorphine (11.5% vs 1.7%). Supplemental doses required for
moose receiving less than 8 mg was 23 of 78 (29.5Y%) but for

those receiving 8 mg or more was 5 of 60 (8.3%).

The da.ta clearly indicate that the major problems
experienced with etorphine and etorphine/xylazine mixtures
(supplemental doses needed, not down, mortality) were rela-
ted to underdosing. It is further indicated that induction
time is lessened with etorphine/ xylazine mixture when the
etorphine dose is less than 10 mg. For 5 mg etorphine dose
the mean induction time is lessened by 10.5 minutes, for 7
mg by 1.8 minutes, for 8 mg by 2.6 minutes, and for 9 mg by

2.8 minutes.

It is recommended that the minimum dosage for adult
Alaskan moose weighing approxﬁ'.mately 400 kg should be 10 mg
etorphine (0.025 mg/kg body weight) when used alone and 8 mg
etorphine/200 mg xylazine when the combination is wused.
Moose in extremely poor condition may require a lesser dose.
There are definite indications that higher doses may be
needed for moose in extremely good condition. Franzmann and
Schwartz (1982) reported that doses of 12 mg etorphine and
400 mg xylazine were needed to immobilize adult Alaskan
moose in excellent condition during late fall. Body weights
were not available for these moose but were estimated
greater than 400 kg.
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The major benefit from using xylazine with etorphine
appears to be lowered induction time based upon data presen-
ted. However, from our experiences we believe that moose
receiving xylazine with etorphine were less stressed. This
is an intangible that was not evident in the data, but
rather an opinion. The wuse of HD with etorphine and
etorphine/xylazine mixtures was not tested at the MRC; how-
ever, decreased induction times may result as was experi-
enced with the HD and SCC mixture.

Table 7 summarizes the results of immobilizing moose
calves and yearlings. Two dosages were used for calves (2
and 3 mg). Although a higher proportion of mortality (2.8%)
was experienced with the 3 mg dosage, the important statis-
tic is that with the 2 mg dosage 40% of calves had to be
given supplemental doses, while only 8.3% of calves with the
3 mg dosage required supplementation. The calves were immo-
bilized during fall and wi:ter and weighed from 90 to 175
kg. The recommended dose for these calves is 3 mg etorphine
(.017 to .033 mg/kg body weight). Mean induction time for
the 3 mg dose was 9.2 minutes. Adding =xylazine may lower
the induction time and should be considered as an adjunct to

etorphine for calves.

Data (Table 7) relative to immobilizing yearling moose
(200 to 275 kg body weight) indicates that the minimum dos-
age of etorphine should be 5 mg (0.018 to 0.025 mg/kg body
weight). An etorphine/xylazine mixture may lower induction
time and minimize stress'’the combination was not tested on
yearlings. It is interesting to note that as the dosage of
etorphine was increased from 5 to 7 mg the mean induction

time decreased from 9.1 to 7 minutes.
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Etorphine has been a satisfactory immobilizing agent
for both moose calves and yearlings. The mortality rate has
been low (3 of 82 - 3.6%), the need for supplemental doses
has been minimal (7 of 82 - 8.5%), and only 2 of 82 (2.4%)
calves and yearlings did not go down when properly dosed.

Etorphine and/or etorphine with xylazine appear to be
effective immobilizing drugs for moose. Nevertheless, sev-
eral important aspects of their use have not been presented:
(1) etorphine is an extremely dangerous drug if accidentally
injected or absorbed by humans; (2) etorphine is highly reg-
ulated because it is a narcotic; (3) etorphine and =xylazine
are not cleared for use in food animals; (4) neither drug is
available in an adequately concentrated form for wuse in.
large ungulates such as moose. Etorphine 1is available in
the United States in a concentrate of 1 mg/ml only. Xyla-
zine is available in the United States in a concentration of
100 mg/ml. For moose requiring 12 mg etorphine/400 mg xyla-
zine, the volume of drug is 16 ml. This means that the ani-
mal must be double darted adding to cost, hazard to oper-
ators, and to health and safety of the animal.

The conclusions reached are that etorphine and
etorphine/xylazine mixture are the drugs of choice for moose
at this time, but to increase efficiency, reduce hazard,
reduce stress on animals and operators, reduce cost, and
provide for an aesthetically acceptable immobilization tech-
nique the drugs must be made available in a more concentra-
ted form. New drugs that become available for moose immob-
ilization will be tested at the MRC, because the ideal drug

for immobilizing moose has not yet been discovered.



ALCES VOL. 18, 1982

106

ACKNOWLEDGEMENTS

We thank S. Peterson and K. Schneider who reviewed
early drafts of the manuscript and all the Alaska Department
of Fish and Game personnel who have assisted us over the
years in building and repairing traps and facilities and
capturing moose. The Moose Research Center 1is a cooperative
project between the Alaska Department of Fish and Game and
the U.S. Fish and Wildlife Service. This work was supported
in part by Federal Aid in. Wildlife Restoration Project
W-17-R.

LITERATURE CITED

Franzmann, A. W. 1982. An assessment of chemical immobili-
zations of North American moose. Proc. N. Am. Sympos-
ium: Chemical Immobilization of Wildlife. Wisconsin

Humane Assoc., Milwaukee, WI.

Franzmann, A. W. and P. D. Arneson. 1874. Immobilization
of Alaskan moose. J. Zoo Anim. Med. 5(2):26-32.

Franzmann, A. W. and C. C. Schwartz. 1982. Evaluating and
testing techniques for moose management. Alaska Dept.
Fish and Game P-R Proj. Final Rep. 45pp.

Franzmann, A. W., P. D. Arneson, R. E. LeResche, J. L.
Davis. 1974. Developing and testing of new techniques
for moose management. Alaska Dept. Fish and Game, P-R

Proj. Final Rep. 54pp.

Franzmann, A. W., R. E. LeResche, R. A. Rausch, and J. L.
Oldemeyer. 1978. Alaskan moose measurements and
weights and measurement-weight relationships. Can. J.
Zool. 56(2):298-306.

Alces

107

Harthoorn, A. M. 1965. Application of pharmacological and
physiological principles in restraint of wild animals.
Wildl. Monogr. 14, The Wildlife Society, Washington
D.C. 78pp.

Harthoorn, A. M. 1975. The flying syringe. Geoffrey Bles
Ltd. London.

LeResche, R. E., and G. M. Lynch. 1973. A trap for free-
ranging moose. J. Wildl. Manage. 37(1):87-8S.

Oldemeyer, J. L., and R. K. Seemel. 1976. Occurrence and
nutritive quality of lowbush cranberry on the Kenai
Peninsula, Alaska. Can. J. Bot. 54:966-970.

Oldemeyer, J. L., A. W. Franzmann, A. L. Brundage, P. D.
Arneson, and A. Flynn. 1977. Browse quality and the
Kenai moose population. J. Wildl. Manage. 41(3):533-
542.

Sigman, M. J. 1977. The importance of the cow calf bond to
overwinter moose calf survival. M. S. Thesis, Univ. of

Alaska, Fairbanks.

Young, E. (Ed) 1975. Capture and care of wild animals. U.S.
edition. Ralph Curtis Books, Hollywood, Fl. 224pp.



ALCES VOL. 18, 1982

109

108

‘(8161 ‘1B 13 uuewzuedq)
{12=u) by §£°20h sem 3ybjam Apoq ueaw asoow ajew {(L8=u) B3 2'6£f sem Iyb|am Apoq ueaw asoOW 3|ewWay 3 |NPY €

‘ou)ioauy bu J4ed B8sEPAM SA|UN 4N 6 - Vd ‘BiydjepBi|U4 ‘'IU| S$B1J103BIOQRT] YIIAM- 3SEPAM 2

"ON ‘dJed 81busjal youBesay ‘'0) pue BwodI||8M sybnouung - au|Id3UY 1
(€£2)5°92 (£62)0°8 uesw paujquwol bn.ug pue xas
(o£L)g 82 (goL)s €2 (gnL)s 9 (601)0°01 ueaW pau)quoy xas
(86)6°62 (2£)9°62 (8L)z e (s2)§ 12 (oLtL)9"9 (ge)n"9 (6L)z2701(92)n76 ueay
0 0 0 (i)o'ne 0 0 0 (L)o'6l nz
4 0 (€119 0¢ 0 0 0 (gL)L it 0 €2
0 (1)o"81 (6)6° L2 0 (€L)6°h (1)o'ii (61804 0 22
0 (1)o'hn 0 0 0 (1)o"n 0 0 sie
(ni)6 92 (2)o'8e (9)orot (1)o"1€ (61199 (£)0°L (9)L 0L (1)0°8 12
(f1)8'2¢ (2)g et (n)6'22 (2)8-LL (ni)n-9 (£)8°¢ (6)9 21 (2)o°sL [
(g2)8'0¢ (6)0'92 (9)g0f (2)g 8¢ (82199 (9)2°¢ (9)e Lt (2169 61
[¢] (1)0'6¢ 0 [¢] 0 (L)o 8l 0 [ (311
(ni)L'9e  (s1)L'se (n)g 61 (1)0°6GL (21)9°L (8L)€"9 (nin'e (2)s 0L 81
(1)o"12 0 0 0 (1)o°6 0 0 0 [
0 (L)g L 0 (£)£°61 3} (L)o"e 0 (f£)€°9 L
(1)o'tg (t)o"1e o (2)o"92 (1)o°9 ()09 0 (2)oé 9t
0 (1)o"ee (2)5°91 0 0 (1)o'g (2)s 01 0 [
(L)o" Lt 0 (1)o"6z (g)L°GL (1)o"9 0 (1)o6 (g)L'6 1)
(6o 02 (L) nt (6)9°8L (L)1°6 (6)2°¢ (1)S n (6)6°8 (L)L°6 yL
(2L)nng (1)0°22 (g2)n-0z2 (g£)s"Ln {gL)e'g (1)g-2 (£2)9°01L {(g)g L [N
(1)o'nl 0 {1)o-ol 0 (1109 0 (1)0°8 0 €1

EXCLER] EXKT CIECER] BN EXIEES] EIL] EXIEE] S1ey (eu|id3auy JO buw)
8s BPAR A 8uljoduy EINEEEDY] 3sepAM A aul10auy ~ B®ujidouy abasaog

{Tujw) pez|||qouw| awjl ueay (Tujw) awy)]l uo)IdINpU| UBDY

*{s1sayiuased u; 8z|s
a)dwes) *9261 03 8961 ‘SBUNSO}OUS (DHW) JBIUa] YOJBaseY SSOOW |BUBY 8y UIYI|M 3soow ueyse|y /T 3 |npe
poddusl 031 pousiIsjujwpe /Z (93BPAM) 9sep|uodnjeAy pue /1 (8u)3dauy) B9pI1JOjYyd U] |j0UYd|AUIIINS JO $308JJ3 L dl1qeL

1%1U0) Ydivesey sr00p

IT iy I 24084

171, j [aams} w P8O0 888238 —cemo.
m eImso|oxe o]

desy CLLL)
90uUe) —o o

£ <

]
n ua” ey gy i
i
A10}vi0qu { ~.
mm sueg Bujprol ™ _ N m~
g aRED| Of.b._.\.l.l..h .
wiajienbpeey —~ m _
L !
/
-
ooy \
— si040p
O

ﬁlAhﬂﬁxefllf::eﬂ




11

110

‘2 @iqel uy peis|| esoow usyl 63 QG Jo wnuwjuiw Aq Jebue| palew|isd dnosb sjy3l Ing ‘a|qe||eae siyb|aA Apoq oN

‘BuU308UY "Bw J8d @SEPAM SI|UN IN 6 - Vd B|UD|BPBI|Ud ‘'OU| $8|403BIOQET UYIBAM - OSEpPAM

‘ON N¥Jed @|bue|d] youEISAY ‘°0) puB SWOI||BM SYBNOJING - BU|IJBUY

(621)9°'22 (95h)0°6 UEBSW pauIquwo) bnug pue xas
(68)g°22 (on)z €2 (892)8°8 (891)€°6 uUBSW pau|quo) xa8s
fLg)9-22  (2¢elg L2 (he)9-nz2 (9)e 02 (181)8°8 (28)9°8 (seLle6 (eeIn-6 ueay
0 0 (1)o"91 0 0 0 (1)on (1)o"gl §62
(zu1g ne (n)g h2 (¢)g 0t 0 (h2)L e (8)n'g (¢)z'8 (1)o'e G2
0 0 (1)0°s2 (1)o"0¢ 0 0 (t)osst (L)oal $'he
(11)g st (2)o 12 (1) Lg Q (h2)6°6 (€)0°9 (22)L L 0 ne
Q 0 (n)s 02 0 0 0 (S)nnt 0 [ ¥
(L1)9 €2 0 (619 L1 (L)0"0n (ng)z-e (Ln9 (1n)9'6 (8)9 0L £2
0 (2)0°g2 0 0 0 0 (£)L°q (21651 522
(8)9'¢2 {1)0"hL (h)z L1 0 (161671 (g1)1°8 (t)Le 0 22
(L)g 91 (£1)6 12 (2)0°9¢ (2)0°nt (0£)2 6 (9£)0°6 (mye-tL 12
(2)g 92  (01)67°6L ()£ 0t (1)0"6 {81168 (82)L°6 (oL)g 1L (9)9- 0L 02
3|eway 8] 8l o] ews o] BY ajewsy 3 ey ajeway ajey (8u|i1dauy jo bu)
EH xﬁHZ A U mD&C( 8u | 303Uy 9SEpPAM A aujidauy 3au)1deuy abesoQ
UjW) pozZ[[|qouli| W]l Uean T (‘Ujw] AWl UCJ3IONpU| UEBAK

*(st1sayiusued u| az)s ajdwes)
"9L6L 03 8961 ‘S3JNS0|OUB {JYW) 4BIUSD YIueasay BSOOW |BUBY 8yl @p)sSIno asoow uewse|y /§ 3|npe buibued

-8044 01 paJelsjujuwpe /Z (8SBPAM) @sep|uocan|BAy pue /T (BuU}138uy) 8p|JO|yd 8U| [0Yd|AU|IINS JO 53103343 £ 81498

*(8L61 “1e 313 uuewzuedq)
(G=u) 6% 9°nGh sem 3yb)am Apoq uesw asoow 88w {(99=u) By ¢ Q00K Sem 3yb)em Apoq ueaw asoow J|eway 1 |npy

*Qu) 303Uy Bl J43d BSEBPAM SIJUN 4N 6 - V4 BlYd|@pe|JYd ‘ OU}| S3|a018J0QRT YIAM - OSEPAM

‘ON M48g 9(BuBjL] y2JBOSOY ‘0D puek Owod||aM sybnosung - ou|3Jauy

ALCES VOL. 18, 1982

(gnL)e’9z (6hL)L'9 ueal pau)qwo) Bnug pue xasg
(16)8°92 (2616792 (h6)6°9 (6612 0L wveal pauiquo) xes
(18)n°92 (0L)0'0¢ (1n)9-92 (5)8°62 (ng)o-L (0L)9°¢ (0g)2 oL (glo’olL ueay
(L)o"LL 0 0 0 L)g L 0 0 o nz
(g)In6¢ Q (h)g ot Q S)IL°s Q (h)g gL 0 £2
(0L)6°0 (L)o'2 (£1)9°n2 0 1)Lt (L)0"9 (n1)g'6 0 22
(9)0°62 (2)o 92 (2)o-62 0 9)9°6 (2)o"s (9)0'0L Q 12
(02)9°62 (2)g 22 (6)G°ne [4] 2)5°9 (2)s'9 (01)6'L [] 02
(1)o-o¢ ()€€ 0 (L)o-s¢ 2)9°s (€)£°¢ 0 (1)o'9 61
(G1)862 (2)g a2 (£)8 12 (1o 2t 169 (2)6°¢ (4)0o'9 ()04 i
0 0 {1)ont 0 Q 0 (1)o 0 91
(2)s nt 0 0 (L)o o2 (2)0°6 0 0 (1)orol [T
(2)s n 0 (2)0°22 (1)0°s2 (L)oot 0 0 (u)o"6l ht
(1)o‘ge 0 (g)e2t (L0 cx (1)o"st 0 (€)eeL (L)ool St
[ 0 (s)n-z2 0 0 0 (g)g et Q £l
0 0 {1)o he Qo 0 0 (1)o"2t 0 §°21
mlnEuu 3] el 3)ewsy B 8 8|ewaq BT 8| eWa4 aleW (eur3ioauy Jo bu)
3sepAM A aui3oauy EVIREERE BSBPAM A Buiidauy ~_aurjoeuy abesoq
{"ujw) ps8Z||)QoWwW| 8uw|| UESW {"ujw] 3w}l uo|3dNpu| uéey
‘(syisoiueaud u| BZ2'S

81dwes) 961 03 P9EL ‘SBUNSO|JUB {LUW) J33U8D YIJJEOSBY 8SOO0W |BUSBY SYl 8p|SIN0 8SO00W uvdse(y /T 2 |npe
paddes3 03 poJeis|ujupe /2 (BSBPAM) esepjuosn|BAYy puB /1 (SUjIDBUY) BPIJO|YD BU) |OYD|AU|IINS 4O $3I08333 "2 @|qel




ALCES VOL. 18, 1982

113

12

*au)303uy "bw Jad esepAM s31un JIN 6 - V4 elydjepe|ugd

(806 30 0G) %G'S = paz||i1qoww| 3sOOw jO P3| |}y 8beilusdsad f

J493U3) Y2Jeassy 8S00KW - OJHW €
“*ou| $3]4018J40Q8T YI8AM - 8SEPAM 2
*ON YJded @16uB|J4] ydae8say ‘*0J pue ewod(|8M sybnoisung - su|IdBUY s

(8521 40 05)

(8521 Jo 806)

ue3aW paulquold

/hon 2reL 6nuQg puw xas
(noL 40 82) (tgg Jo 22) (oL 40 116) (€114 ;o L6€) ueay
o'h o'n 9°2L ‘1L pauiquwo) xos
(915 3o €2)(88L 40 g)(2¢eh Jo L1)(22L 40 §) (91g 4o nge) (981 3o r2L)(2en Jo Gtg)l22L s0 28)

[ L2 6'¢ ] hhL 9719 6°2L 2719 ues

(€12 30 n1) (€21 40 ¢)(€s2 ;o @,wﬂmo 40 6) (€42 40 16L)(€21 J0 6L)(£52 40 981)(89 J0 |G)
1°4 n'e A 0'0L 2'h9 [ 9] 0°6L 6u)6uey-09. 3

(901 Jo €£) (2L 40 0) (2L 4o L)(LL 4o 0) (901 Jo n8) (21 Jjo ot) (2L Jo 05) (L1 4o &)

8'2 i noy 0 2 6L £°€8 n'69 [T} DHW ©p)sIN0
(LE1 30 9) (£§ 40 2) (LOL 40 0)(£h Jo O) (LEL 30 60L)(£S JoO mmvghor Jo 6L)(En Jo 92)

h'n 8¢ 0 0 9°6L L 89°€L $°09 /T JuW episu|
3jewajy ) ewW 3| Bwaj 91el 3| BWa4 3| eW 3| eway 3leW dnoao
3s mvﬂz M OC_JUOC< 3u131J3uy EITEEEN 3S00KW

palJeq 8so0y 40

Paii1% abeiusdlag

Pa37eq 95004 JO POz 1qowu]

ELCETEREES]

821s a|dues)

"(s1seyiusued u| "9L61 01 9961 ‘9S00W
UBYSB|Y 3inpe Q2L U0 /Z (@sepAM) asepjuodnjeAy pue /T (8u)id8uy) oplJO|Yyd BU||OYD|U|DINS 40 $31233343 ‘G B|qeY

*8uyidauy "buw sed asepAM sI(UN IN 6 - vd Blydjepeiiyd ‘"OU| S8|J0IBL0QR] YIBAM - 3SEPAM 2z

‘ON Y4Bd 8|b6ug)d] YdJBEsSaY ‘°0J pue swod||8M sybnosdng - 8uIIOBUY 1

(g05)L°52 (8€8)5°8 uesl pau|quoy bnag pue xas

(oL€)%°92 (661)6°h2 (oL5)e"L (82£)9°6 UB3SW paulquo) X33
(9£2)6°92 (tL)9 n2 (6sL)0°s2 (9¢)h-2e (gLele L (GEL)6°L (n92)L°6 (h9)n'6 ueay

(L6)9°22 (2e)8 12 (he)9 n2 (9)g 02 (L8L)e"e (L8)8°8 (SEL)E°6 (€£)N'6 6u)bues-994y

(18)h°92 {oL)o ot (Lh)9'92 (518762 (ne)o- L (0L)9°g (0g)e ot (g)o oL JUW 8p|sang
(86)6°62 {2g£)9-¢2 (8L)2 nz (21612 (o1L)9°9 (8£)n"9 (6L)2 0L {92)hn°6 OUW ®8pjisu|
o] owo ) 0] bl ajuwo ) ale a1 vy 0 uy Al uwo | [T dno.g
85¥pAH A dUj 300UV BU 106U 8 dU | 138UV TeuYIIeuy T asoup

uju uoN___no W] W]l UEdW UJW] ew|[ UG[IINPU| UEAW

‘(s]sayrussed u| az|s a|dues)
‘916l 03 8961 ‘esoow uexse|v Bu|bues-83uy pue peddedl 8p}SINO PUB BPISU| (DYW) 4OIUBD YIJEISBY ISOOW
|BUBY 031 peJdlIs|ujwpe /Z (8sepAM) 63ep|UOINIBAY pus /T (BU}IDBUY) BPJJIO|UYD BU| |OYD|AU|IINS JO S3I08443 "h B(qey

@
QO
Q
~
<




ALCES VOL. 18, 1982

115

114

'V ‘8111ASJB113S ‘0D uoWWaT - 66-W |
—-

2 L (02) w'oFeL (22) 2 orfnm (h2) h'8¥0 il £ 92 VL0l
(1) oz (€) 2°970°0L (€) 0°130°L € bu £
1 (2) 0" (£) 1'8%0°62 (n) 8-€79°8 9 bu 9
(0L) 6 0%€"L (2L) B 0LFL L1 (2L) 0°6%L°6 2 hi bu g
L (L) 0"L (2) 6°nL¥G"hL  (£) 8°8BL¥FL G2 | £ 6w n
L (2) 071 (2) 0216 Gt (2) 66741 € bu ¢

(3yb1eA Apoq by &12-002) SONITWV3IA
2 2 (16) 97e¥e"2 (66) 9°mFe 02 (95) 9°9%n'6 6 oL IVi0L
2 2 (nm) rr2¥n"2 (Ln) 2°9%6°22  (8n) 2°9%2°6 9 09 bu ¢
(L) 171391 (8) L°630°S /2 (8) €'L%9°0L f ot buw 2
pazj||qouwd] EITNY {uTW)paz | rqoun {ujwjawr | S950Q SaA|B] j0 abesog
$8}11)183JOW 20N AJ0A003Yy ew|] uesW UO|3IJNPU| uedy |BIU3WA|ddng 189qunN au|ydio13

(3ybjam Apoq bx GZ1-06] SIATVI

40 Jaguny

/T (66-W) eujyduoie Y3 |A J193U8) Youaeesay osool oyl e sbujjaesh pue

“{sysayijussed uj
SOA|BD 3S00W JO ULO|IBZ||)qQou|

8z|s o|dwes)

‘L 8iqel

‘(palewi3se) b3 00§ 03 ¢2¢ woay pebued siybiam Apog ¢

‘S) “@8umeyS ‘3JBYYD07-J3ABH - undwoy 2

B ZERCTRRVCREINEN

‘10) UoWWa - 66-W |

2l oL (€4) h'€%9°F (89) 2°BLFG €2 (60L) L 6Fhn"4L 82 €1 V101
bw 00hR UNGWOY

L {€£) L'0%6'6 (E) £ 13£'9t (€) 0°130°8 ] 6w 2y 66-4
bu 00f undwoy

(1) o°¢ (1) o8 2 Su 01 66-H

bw (02 unduoy

(h) 2'9¥6°11L (h) 0°1%2'6 [ 6w 0t 66-W

L (g) 6°238°¢ (8) 9'971°L1 (0L) 9°2%8°9 2 [H 6w o1 66~W

b Q0( undwoy

(L) 6°8370°21 L 6 bu 6 66-W

(n) 171302 (n) 9°9F€°91  (S) ¢ 21¥8'tL 9 6w 6 66-H

“Bul 00¢ unduoy

L (g) g°132°¢ (1) @-ge¥6°2¢ (6) n°9¥2°01 2L 6u g 66-4W
(OL) 8°€FL°h (6) 6 un30°GE  (LL) n 63821 2 2t 6u g 66-W

Bu 00¢ unduioy

L L (8) 8 t¥L°¢ (8) 8°21%¥8°62  (Mmt) h'632°0l 2 02 bu 4 66-1
L] 2 (91)9°2%5°2 (02) L°9%L°8L  (12) §'8%0°21 S €2 bw ) 66-H
1 (6)8°979°9 (9)6°670°02 (9) 0°838°01 t L bu 9 66-W
bu 00¢ C:mEDm

(1) o'oL () n'65%2°99 (€) 9-0%€"G L £ 6w ¢ 66-H

2 S  (51L)9°€¥h’2 (91) h'21%9°12 (SL) 6°LL1¥8°GL 21 €2 6w ¢ 66-W
bw 00K unduny

L L (1) 0 2 2 6w b 66-W
pazZ] | jqouuy aw) ] {ujwjpazy|iqouww] (IR ETIY $350J OSO00W Jo ebesoq pue m:gc.

$8}11)18IJONW J0N AJeaodey

ow|| ueaW

uojlonpu| uUesK

| ejuswe | ddng /T JaqunnN

‘{stseyjussed u|] 92)s 8dwes)
yi)A eujydiols pue /T (66-W) eulydiyoia Y3 |A Jo23ua) YOJRasSey 9S00 B8Yl I8 8500W I |NpE 4o uo|lez

“/2 (undwoy) auize|Ax

qoww| ‘9 siqey




