Aerial Cepsus and Classifleation of Mounkain

Goats in Alaskad/

by
Lyman Nichols
Alaska Dept. of Fish and Game

Cooper Landing, Alaska 99572

Replicate saerial counts were conducted of a herd of approximately
200 goats (Oroamops amerioous) using @ Plper PA=18-150 Super Cub,
Counts wWore conducked over a4 4-vear period, In spring, summer and fall,
and under variable weather conditions. Results were compared with those
from ground counts of portions of the herd, and a helicopter count of
the entire hord. When properly done, counts made under good conditions
(l.e., overcast akles, soft Light, no turbulence}, In early to midsummser,
fncluded about 90 percent of the goats found from the gromnd or helicopter.
Besults were lower dnd more {nconsistent when made on clear, sunny days
because of glare and because some goacs were hidden. Helicoprer and
ground counts, thought to include nearly all goars in che aresa covered,

were equal in mccuracy.

1/ A contribution of Federal Ald in Wildlife Restoration, Project
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Grouping, wolting, and physlcal characteristics by sex and age uvere
studied {rom the ground over thres summers., Sex and age characteristics
by vhich goats can be classlfled are listed. Although mo physical

characterlistics vere found by vhich to distingulsh goats other than

kids, yearlings, and "adults" from a fixed-wing airerafe, it vas found
that nunbers of adult males could be estimaced by their grouping patterns
and stage of melt. Kidws, because of their small size, could be classifiod
easily in summer serial counts. Yearlings, again by size, could be
elassified in spring eounts. By mathemarically combining resules of
spring and summer aerial counts, the numbera of kida, vearlings, adult

males, and cotal goats could be eacimated.

To estimate the number of non-breeding I-year-old anlmals, and che
numbet of adolt females, a Second vesr of aerial councs was found necessary.
A slgnificant relationship between overvinter mortalicy of kids-to=-
yearllngs and yearlings-go=Z=year=glds was [ound to exist, and could be
used to sscimate the number of I=year-old goats present in the second
year from the nueber of yearlings present the first year and the observed
kid=-to-yearling mortality between the flrat and second years. Thus,
with 2 years of apring and summer aerial count data, the important sex
and age cohorts can be estimated and population models constructed.

These counts could be made by economical fixed-wing airerafc, and withour
the need for hazardous, close-in flying beyvond that needed for “normal™

EaUnCAin game AUTVEVE.



From the estimated population models, sex and age ratlos per adult
female could be obtained. These ratlos permit comparing reproducticm,
recrulgment, survival, etc. between herds or years. Ratios of kids per
adult female were found to differ significantly between lncreasing,

stable, and decreasing herds.

Although this method of estimating goat populabions appedrs sound,

its abfolute accuracy could not be appraised with the datsa at hend, &nd
further study will be necessary to compare catimated with actual

population composicions.
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INTRODUCTTO8

It has long been recognized that ome of the greatest immediate goat
rescarch needs 1s to develop methods of inventorying populations (Esstman
1877, Hall and Mlbaud 1978, Hebece 1978). A goat herd which occuples
heavily glaciated msountains northeast of Moose Pass on the Kenal Peninsula
was #melected, and Lt was thought toe be econfined to the ares between
Trail Glacier, Snow River Glacier, Ptarmigan Lake, and Trail River.

Nall sheap (Owis dallf) share the range with goats south of Grant Lake,
but are rarely found north of this drainage. Because the area iz relacively
distant from the ocean, the herd is considersd an "interior” rather than

a "eoamtal™ herd,

Inverrigacion during early phases of the present study rovealed
thag some goats In this area were crossing che large lcefield at che
head of Snow River Glacler and utllizing additlonal habitat In che
headwarers valley of Kipg's Bay on Prince Willlsm Sound, The study artea

was then expanded to include this valley (Fig. 1).

Hebart and Turnbull (1977) found differences in population
characteristics between coastal and interior goat herds in Bricish
Columbia. Therefore, to compare data between this “interior” herd and a
true "coastal™ herd, a second study arca was escablished in 1978 at

Storm Mountain in wvhat is now Kenal Flords Matlonal Monument (Fig. 2).
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It has been generully accepted that the most praccleal way to
census goats in remote areas is by means of aerial surveys (Couey 1951,
Ballard 1975, Hibbe 1968, Lentier 1955, and others). Cround surveys may
provide for sore accurate clsssifications of goats seen, but chscrvers
on the ground rarely are able to cover more than small portions of total
goat hablcat (Ballard 1977, Klein 1953). In addiction the problem of
duplication with ground counts 1s greater than for relatively "instantansous"
aerial counts, Although some researchers believe more accurate serial
counts can be cbtained from a helicoprer (Ballard 1975, 1977; Bone 1978;
Hebert dnd Turnbull 1977; Quaedvliieg et. al, 1973}, sost concede that &
flow-flying, mancuverable, flxed-wing airplane is more practical for
Beteral use over large areas because of the lower cost and because goats
are less fearful of fized-wing alreraft (Ballard 1975; Chadwick 1973;

Hibka 1965, 1966).

Although poats are white in color and generally reside in an alpine
or subalpine habitar, they are not always edsy bo see from the air. In
bright sunlight, their dingy white coats blend with the many greyish-
white boulders, and chey oftem rest in the shade and om, or under, snow
banks in warm weather. They also frequently hide under bushes or overhanging
ledges at che approach of a plane. Hibha (1965), who worked extensively
with goats In Colorado, conmsidered it "more difficult co obealn accurate
air counts for mountain goats chan for any of the othar hig game species
observed.” Becausa they live in some of the most rugged and inhospitable
mountain terrain in Alaska, surveys are limited in time by frequent

periods of bad weachar.
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Although acrial goat counts traditionally have been conducted
traditiomally in Alasks and elsevhere, the accuracy of these counts is
unknown. Observed populaciom changes may be real or merely the result
of counting errors. Lentfer (1955) compared aerial and ground counts,
and several agrial counts of the same Hontana goat herd, but muid not
determine the accuracy of elther method. In Alaska, Ballard (1975,
1977) attempted to assess the sccuracy of serial counting by comparing
results of roplicate counts of twe herds by helicopter and fixed-wing

aircraft. His fesulis wers inconclusive,

Previous aerial counts, with the exceptlon of o few conducted at
close rvange by helicopter (Hebert and Turnbull 19770, have provided oaly
nuesrical data or data reflecting the relative proportions of kids to
adules for use as an indicator of productivicty., Because data on the
proportion of kids do not take into considerarion the sex racio of
adules, the survival of previous kid erops, or the numbers of nonbreeding
gubadults prescnt, they are & poor messute of produccivign. Annual
production can be sssesced accurately only Il the proportion of young to
breeding age females can be decermined, and assessment of population
status Tequires a knowledge of year=to=year survival among sex and age
classns. To date, no sethod has been devised to dotermine the sex and

age of mountain goats from a [ixed-wing aircraft.
This study wasd designed [n an attempt Lo assess the accuracy of

aerial counts from a fixed-wing aireraft and to develop, if possible, a

method for classifying goacs from the air.
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HETHODS

Replicate asrial surveys of this goat herd were conducted during
summer 1976 using a wheel-equipped Piper PA-18-130. 1 f[lew all counts
and recorded all observations in a tape recorder; two of the councts were
flown alone, one with an observer. Locations of all goats geen were

recorded.

When it became apparent that extensive, but unknown, Sovesants werte
taking place in spring as pgoats left their winter range, I decided ko
mark & number of animals to ascertain vhether the herd wvas remaining
within the arbitrarily established study ares and aerial counting boundaries,
The method used to mack goats was & modification of that described by
Simmons (1971) for aerially marking Dall sheep in Canada, and which I
had used successfully on a previous sheep atudy (Michols 1973). Red dye
(Caleoeid Searlet 2RIL, Ameriecan Cyvanamid Co.) was mixed with water at &
concentration of 10 1b. (4.5 kg) of dye per &40 gal. (151.4 1) of water.
Up to 60 gal. (227 1) of this mixture were pumped into a modifisd Sorsnsen
belly tank accached co a Piper PA-18-150 Supeér Cub. The tank was equipped
with an elecerically operated dump wvalve controlled by a trigger swicch
on the airplans’s control stick. The valve opened and shut rapidly, end
could be held open as long as desired. In practice, goats were flowm
over at an alticude of 10-15 fr (J.0-4.6 m), and dye wvas dumped on them
In a drenching spray. Marking (lights were conducted in June 1277, and
follow=up flights were made to locate marked anl=als in June and July.
Apparent, but unknown movements to &nd [rom the Eing's Bay area in

summer dictated further dye-marking attempts in late suamer 1978
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Additional replicare aerlal surveys were flown during late spring
and summer 1977, summer 1978, and spring and summer 1979. Because count
Tesulis did not Indlcate cthere vas any advantage in having an observer,
mo#t counts Were conducted alone. The coumt area was expanded to include
King's Bay and {ts inland drainage. A thorough helicopter count of the
eotire dred Was conducted In midsusmer, 1978, using & Bell 206 with

pilot and twd ohiervers.

Intensive ground observations of goars in portions of the study
area were conducted during summers 1976 and 1977. Observers wers moved
to various locacions by Super Cub and heélicopter, camps catablished, and
goars at each site repeatedly observed and classified over rime using
binoeulars and teleseope. In 1978, sesmi-permanent camps were established
at the haad of Pearmigan Valley and at Storm Mountain., These were
emanned continually to provide sequential data with the-fewest possihle
geps. Bad weather forced the ahandonment of the Srorm Mountain site and

that casp wvas moved In late summer to Trall Clacier.

After it vas discovered that goats were concentrated In King's Bay
Valley, classificacion counts were conducted there [rom the ground in

summer 1977, 1978, and 1979, but not on & continuing besis.

At [irst, conventiopal spotting scopes were used to classify goats
by sex and age. These were later replaced by Questar and Celestron
lenses whose superior resolution enabled accurate classificacion at 1
mile (1.6 km) or more under good conditions. Each goat vas Identified

és8 to sex and age class and varlous criteria were recorded on unisort
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punch cards. Cords were thon punched and sorted according to data

categories of Interest and the resulting data analyzed.

Horns from hunter=killed goats on the Eenal Peninsula were examined
and mengured by Department personnel in fall 1977 and 1978, Annual
growth Increments were plotted by sex and age to asscss horn growth
rates. Other horn measurements were examined for use as possible criteria

for sex differenciacion.

A method was developed [or mothematically coastruccing populacion
models utilizing dacte [rom both gpround and serial counts from consecutive

vears. Sex and age ratics were estimated {rom these models.

FINDIRGS

Movemants

During summer 1976, it became apparent that goats were moving from
winter ranges alomg the north sides of Grant and Prarmigan Lakes t©o
summeT ranges elsewhere, To learn the extent of these movemants, asrial
dye marking was undertaken in June 1977, before spring migrations
bagan. Dye apraving was conducted on 8, 10 and 19 June along the north
wide of Crant Lake. In all, four belly tank loads of dye were used,
resulting in the marking of at least 33 goats. Hore may have been
marked by rubbing against aerially marked animals which were still wet,
All were marked with red dye; marking ranged from alsost cospletely ved

animals to those with smaller pink splotches.
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Marked animals were located during follow-up flights in late June
and early July in the drainages morth of Grant Lake as far north as
Trail Glacier, Tracks were cbserved crossing the sxtensive upper Spow
River Glacier icefield and subsequent searches revealed a ounber of
marked and unmarked goats in the drainage leading into King's Bay
(Fig. 1). This was a distance of over 15 air miles (24 km) from the

marking site and completely out of the study area boundary.

Other invescigarors have recorded similar movements from winter to
summer range (Anderson 1940, Chadwick 1973, Lencfer 1955, Smich 1976),
while several (Hibbs 1966, Hjeljord 1971) felt chat goats were nonmigratory.
Brandborg (1933) noted movements as great as 15 mi (24 km), and Stovens
and Driver (1978) had one marked 2-vear-old male move at loast 22 miles
{35 k=),

Although no dyed godats were observed after 8§ July (most were shedding
over their backs by then or had completely lost their winter coats which
held the dye), both aerial and ground surveys suggested [urther movements
from King's Bay in mid-August., It appeared that at least part of the
early summer’s "population” had moved elsevhere--possibly back across

the ice [ield into the Trail Glasisr area.

In an attempt to learm more about these sommer movements, [ red
dye-marked 20 goats in King's Bay Valley om 15 and 17 Auguse 1978 in
two drops. On 18 August, I marked another 10 blue on the north side of
Trail Glacier vith one drop. Unfortunataly, it began raining almosat

immediately thereafrer and apparencly washed the dye off. With this
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mathod, the dye dossn't “set" ln che halr but merely tinotures the
sutface of the hairs and remains water soluable. Fow mirked goats vere

observed aftervards, and no movement data were obtalned.

Both Casebeer (1950) and Kuck (1373) noted movements of goats out
of early summer range In August. Much remains to be learned about
mountain geat movements before It can be assymed that given herds will
be found om glven areas at sny particular tlme and thus be usable in

Fear-to=year trend counts.

Becaune of the movesents noted, Lthe ares cousnted in replicate
aeria]l sorveys wis éxpanded to include the valley of King's Bay in 1977
and thersafter. 1 belleve that most movelents Werfe loneloded ion the area
then counted, so the eéntire study ared populacion was subjected to
repedted derlal cepsus. The possibilicy exists, howvever, for further
movements out of the area which would certainly affect count resulrs and

their interprecacion.

Aerial Counts

Problems with weather and aivcraft each summer mide it lspossible
to conduct as many replicace surveys ag desired. In 1977, and again in
1978, heavy swow pack and late runoff left much of the area snow covered
until midsummer., Consequently (in these 2 years), survey [lights
{(except for one preliminary count in late May on winter range) were
delayed until late July and early August on the assumption that coo many

goats would be missed among Che remaining snow banks. Im 1979, replicace
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counts were conducted in May, June, and July. Because of funding amd
weather problems, helicopter surveys were mot conducted In 1976, 1977,
ar 1979, nor were other pllot=-cbserver teams made avallable to assist in
the replicate fixed-wing aerial counts. Ope degalled hellcopter count
was made of the entire study arca on 2 August 1978. All acrial count
results are summarized ln Table 1, which Lists couont results by study

aArea SegEent.

When the study firse began in 1976, nothing was known of the movements
to and from King's Bay and T thought the initial study area boundaries
from Trail Glacier to Prarmigan Lake eéncompassed this entire herd. In
face, 1 amsumed the Trail Glacier to Orant Lake, and Crant Lake to
Prarmigan Lake sepments comprised more or less discrete populations and
s0 could be considerad separately for counting purposes. Subseguent
movemgnt Informition showed Ehat there was an interchange of goats
batwveen the Trall Glacler-Crant Lake segmmt and King's Bay Valley. I
goats crossed freely over the lee [leld between these two areas, there
was oo reascn to dodbt some movemesnt might occur between Prarmigan and
Grant Lakes. Therefore, except in 1976, the study area was considered
as 4 whole for censusing purposes (Area T). Howewver, the sub-areas were

maintained for case in counting (Table 1).

Regreassions wore calculated for the relstionships between number of
goats counted on 4 given coont segment and the time spont making the
count. Ko slgnificant relationships were found; i.e,, a longer, more
intensive count did not necessarily result ip more goats observed. All

counts included were made with appropriate dilligence, 1t is probable
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Tahle 1. Summary of serial goar councs by mub-arsas coumced, 1976-1979,

aresl  pate  Mom-kids Kids Yearlings Total Conditions cerd/

LB/ TR Lk | - g6 Foor
BI&ST0 62 2] - B3 Fairfpoor
915/ T8 79 7 - o= 106  Fairfpoor
2 1126/ 16 36 15 - 31 FPoor
Bf23/76 15 11 - &b Poor
9/5/76 34 12 - 50 Poor/falir
T B/16/77 135 LB - 183  Excellent 1
9f3/77 - - - 120 Poor &
91317 124 ETA - 158  Excellent l
9/ 24-26/77 - - - 126 Fair 3
1 5f21/ 17 83 - 14 81 Good
8l16/17 55 14 - 73  Excellent
913 27 1 - 3 Poor
9/13/17 [ 14 - T8  Excellent
L Tk - - - 55  Fair
2 5f28/717 3 - 3 2]  Fair
1128/ 17 37 16 - 53  Poor
BI16/17 if 16 - 62 Excellent
LT T 38 11 - 49 Poear
9/13/ 7 i 1] 13 - 5 Excellenc
9/26/77 1] 14 - &8  Fair
3 TILBf 77 - - - ¥ Goed
Bfle/17 L 14 - 48  Emcellent
Bf20/77 - - - 31 Poor
9N = - - 41  Poor
9rL3 71 7 - 28 Excellent
af26f77 - - - 23 Cood
T 1/23-25/ 15 135 43 ' 178 Excellent 1
/2> 157 3 . 196  Fair/good
B/19-22/78 105 0 - 135 Poar &
1 5/19-20/78 93 - 13 93 Good
1r23/718 5 15 - 60 Exeellent
Bf2/78(H) 54 B - 67  Falr
grinfie b H - 5 Poor
Bf24/78 48 & = §2 Ppor
2 5/19=20/78 b - 10 &%  Ezesllent
T/ 78 z7 11 - 38 FPoor
7123/ 78 36 14 - 30 Exeellont
8f2/78(H) 42 17 - ¥ Fair
8/19/78 23 B - 3% FPoor
Bf24/78 - - - 33 Foor
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Table 1 {(Cont.).

Avesl!  page  Non-kids Fids Yearlings Total Conditions go12/
3 7/10/78 &0 L4 - 5 Fajr
T8 54 14 - 68  Exgellent
82/ Ta{H) 56 14 - M Good
8/11/78 L 12 - Y Fair
Bf22/718 £ 13 = A Poor
- 8/30-6/5/79 158 - 20 158 Fair 1
6/15/79 172 49 - 221  Excellent 1
1/27-29/79 94 18 - 132 Fair 1
1 5/30/719 83 = 11 83  Poor
&6f15/ 19 7 27 - 101 Exzellent
e/ 42 0 - 62 Fair
2 3/18/79 9 - = 3 Poor
3730/78 39 - 5 ¥  Poor
6/15/719 a7 10 - 47  Excellent
7/29/79 24 b = 33 Fair
3 &S5/ 19 36 = 36 Good
6/15/7% 81 12 73 Excellent
TiX0iTe 8 L - 17  Poor
7/30/79 24 B - 32 Poor
1/ T King's Bay=Trail Glacier-Grant Lake-FPrarmigan Lake (encire study area)
1 Teail Glacier=Grant lake segment
2 Grant Lake-Ptarmigan Lake segment
3 King's Bay sermont
2/ Councing conditions index; applied only to counts of entire study area:
1 Excellent
2 Good
3 Fair
& Poor
3/ Helicopter count
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that on ageuragcy=time relacionship could be demopsgrated b¥ comparing

quick, careless counts with longer, wmore carefully conducted flights.

At First 1 thought that ¢lear, calms days would be best for aerial
sutveys, but it soon became evident that goats often were difficult to
distinguish from thelr background in bright sunlight or harsh shadow,
and that greater numbors were seon on diys with a high overcast, producing
a soft, even light. Regardless of light conditions, turbulent afr
prevented safe flighe (nte dewnwind eirques or close to slopes and
ridges affected by severe downdrafrs, further reducing observational

effecrivencas.,

Counting conditions during each aerial survey were prouped into
four paneral classes, and each given a ceuncing conditiom index (CCL).
These indices were: 1. Excellemt - high overcast, calm air, even light;
2. Good = good light but somé minor turbulence or cccapiomal clouds on
the higher peaks; 3, Falr = some bright sun and glare, some aroas of
moderate turbulence, some lov clouds obscurlng higher ridges, patches of
new snow on higher terrain above norwal goat habltat--or a combination
of such conditionk; 4. Poor - hot with bright sun and harsh light, with
or Without turbulence. Thess indices sre shown In Table 1 for the

surveys conducted on the entire study area.

Using enly chose counts from fixed-wing aircraft which included the
entire study area, and which should have been unaffected by intra-area
povements, total goats counted, total adules (non-kids) counted, and

total kids counted were compared with the CCI for each count by linear
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regression. A highly significant relationship (r = B35, OF = 6, P.01;
F1l, 6 = 13.32, P<.01) vas {ound between totals counted in 1977, 1978,
and 1979 énd the counting conditions of each coumt, with more goats
belng counted under beatter conditioms. Im 1977, the only year in which
enough counts were made for a within-yvear comparison, d sinflar, bubt
nonsipgnificant relacionship was found (P4£.DB). Similar trends were
noted for the non-kid and kid segmencs of the population, but the relarionships
were not statistically significant (probably because sample sizes were
amaller; kids were not classified in all counes). Fowever, testing of
the regression slopes showed a sipgnificant difference between thar of
the non-kids and B=0 (F 1.6 = 10.33, P<.025), but no difference hetwsen
that of the kids and B=Q (F 1,4 = 5.32). These results indicate that
counting conditions do have an effect on the number of non-kids obaserved,

while having liccle effect on the total number of kide seen.

Mean total numbers of anlmale counted on the potal mtudy are on
days having other than calm, high overcast conditions were 68 percent of
those found under excellent conditlons (x = 67.8%, n = 4, s = 6.65). It
was possible to compare results between two counts made under execllent
conditions only In 1977. The later of these was made In mid=Seprember
and produced o total count of only 86 percent of the earlier, mid=Aupust
survey. These Tesults probably are not ttuly indicative of the variagion
normally to be obtained under equally good counting conditions because
the lower count was obtained so late in the season. Also, during this
gurvey, 92 percent as many non-kids and 71 percent ax many kids were
found as during the best count. Although this appears to show that moro

kids than adults were misscd, and that relative accuracy of adulks
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cpunted sas high, Lt wos more Likely the result of difffculty In classifving

kids that late in the vear.

On other than calm; overcast days, the non-kid and kid portions of
the count averaged 67 and 74 percent, respectively, of the numbers found
on the best days. This suggests thar more adulets than kids were missed
when conditions were mot ideal. Croups of females with kids were usually
large enough to be cbserved despice viewing conditions, while under poor
light or turbulence conditions, single adults and small groups would he
more difficult to spot. An exception was found during the early season
{30 May-5 June 197%) survey, when 92 percent as many adults were scen

under poor countlng condlcions as during the best count lacer in June.

Fixed-wing counts could be compared with a helicopter survey only
in 1978, The helicopter survey was made presumably because it would be
almost 100 percent sccurate and provide a basis of compariszon for other
gurveys. During the best fiwed-wing census, 91, B6, and 110 percent as
many goats (nom-kids and kids), vers observed as during the helicopter
flight, That more kids were seen from the Super Cub than the helicopter
is most likely due to the much stronger fear resction caused by the
helicopter. Groups of goats tended to bunch up with kids erowding under
nannics, Chus being more difficult to sec. The [ixed-wing count om a
poor day produced only 6%, 67, and 77 percent as many goats (non-kids

and kids) as during the hellicoprer survey.

Counts made from the ground were compatred with those made from

fixed-wing airerafc and che helicopter on several portions of the herd
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as well ag on goats outside the main study area. Ground classifications
vere limited to those arsas where ohservors presumably could view all
goats uslng those areas. Prarmlgan Valley and King's Bay Valley goats
vere teadlly vigible from vantage points. The Ptarmigan Valley goats
appeared to remain In the ares most of the symmer, while those in King's
Bay Valley appeared to be relatively stable only for a short period.
Therefore, comparisons were made only using asrial counts that were
conducted within & short time span of the ground counts in King's Bay
Valley, Because of the terrdain in Prarmigan Valley, it wvas nor always
possible to ses all goars on a given day. Therefora, in 1976 and 1977,
populacion estimares were based on a number of replicate censuses from

the ground and on the sex/age classificatrions made,

The Storm Mountain population was also counted from both ground and
air, as was 4 herd wintering above Tern Lake along the Sceward Highway.
Results of these ground ve. aerial counts by herd segment, date, method
used, aerial counting conditiens encountered, and serial count accuracy

relacive to the ground counts are presented In Table 2.

The observers f[elt that the ground surveys produced wery nearly 100
percent Accuracys L.e., that all goats in the area under observation
were observed and counted. However, [t is possible, particularly in

Prammigan Valley, that a small nusber were missed.

It is worch ment{oning at this poinc that surveys from the ground
are only practical where the ohserver cian cover all the area Invelved.

Many portions of goat habitat in this region cannot be counted From the
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ble 2. Aerial vs, grouond counts for selected goat herds and daces.

Area Date Type count Nom-kids hy Kids &  Total A  Conditiona
arnigand’  7/24/76 Fixed-wing 22 .96 § 1.3 1 1.00 Feor
Valley 8/23/76 Flxed=wing 22 .96 7 .88 P 9  Fair

" 8/5/76  Fixed=-wing 24 1.04 3 1,13 13 1.06 Fair

" (composit)d CGround 23 = B n -

" 1/28/77 Flaed=-wing 21 L6 11 .85 2 .1 Poor

o Bf16/77 Flued=wing 29 91 11 A5 &0 8% Excellent

" 8/3/77  Flaed-wing 29 .91 10 .17 kL A7 Poor

b 91317 Flzod=-wing 27 « 59 8 62 3o 07 Excellent

" 9/26/77 Flxed-wing 22 69 11 .85 33 7Y Gopd

b (composit) Grownd 12 13 45

" T/10f78  Fixed-wing 27 T 11 1.00 B .97 Cood

" 218 Fixed-wing ki 1.47 10 A1 49  1.03 Exeellent

i 8/2f78 Helicoproer 29 1.04 12 1.08 41 1.03 Fair

" Ef17/78 CGround 28 11 3

1 B/26/78 Fixed-wing - - 32 «82 Foor

’ 6/15/79 Fixed-wing i « 5 o « 50 k1] 53 Ezeellent

" 7/19/79 Cround 32 10 43

Tra8/78 Flzed-wing 23 i ] 50 n «76  Fair
s Bay  7/10/78 Fixed-wing 40 87 1% 108 54 .92 Fair
fallew 7/25)78  Flxed-wing &0 .87 12 .92 52 88  Bucellent

" 7/29/78 Cround 1 13 59

" B/2f78 MHelleoprer Rl .96 12 + 5 1] 9%  Fair

M 772679 Cround iR q n

M WINT  Flxed=wing 22 - 10 9 1.00 k| B4 Poor
arm M. B/19/78 Cround 25 15 &0

" 5/28/78 Fixed-wing 24 . 13 .87 37 .91  Good
o Laked)  S/5/78  Plusdwing 18 .86 2/ 100 20 .87 Good

" 5/13/78 Fixed-wing 19 .a0 2 1.00 21 .91  Exeellent

a 5f17/78 Cround b | 2 21

Accuracy &g 4 percent of the ground count.

Only those areas covercd by the ground counts.

Best éstimate based on several counts on different dates.

1977 dara nor used; unable to compare aerial ve. ground area coverages.

Gutside regular study area but readily visible from the highway; winter-spring-populatien.
Yearlings: no lamba born by this date.
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ground without inkotwmnm overlap and mlssed areas due to the extrese
ruggedness of the terrain. Hence, for general population census in this
part of Alaska, ground surveys are impractical. They are useéful,
howover, In obtaining sccurate counts and classifications of certain

dpcessible suob-populstions.

In comparing the accuracy of the Super Cub counta relacive to the
ground counts, it was found that in these relatively aceensibls arean
eounting conditions did noc aignificantly affect results. Therefore,
aprinl census results were lusped regardlesa of counting conditions. It
vas also found thar there wers no statiacically significant differences
in accuracy between the four muh-populations counted, nor between echorts
counted (non=kids, kida, total goats). The average composit accuracics
of the fixed-wing counts and their 95 percent confidence limlcs were:
non-kids 87.6 + 6.0 percent; kids 92.6 + 6.3 percentc; cotal goars
88.1 *# 5.1 percent. Thu$, the average accuracy of the Super Cub counts

on these sample herds was about %0 percenc (B9 + 3T),

Similar comparisons could be made betwesn ground counts and helicopter
counts only on the Kings Bay Valley and Ptarmigan Valley sub-populations
in 1978. A strong, but not statistically mignificant, difference (P<.06)
was found in accoracy levels attained between the two areas, with relative
accuracy being higher in the Prarmigan Valley count. However, too few
samples 4Te dvailable for meaningfol analysis. Average reldative accuracies
of the two areas combined were: non=kids 100.0 percent (n= 2, & = 5.66);
kidas 100.5 percent (n = 2, s = 12.02); toral goats 100.0 percenr (n = 2,
8= 7.07). In the two areas compared, the-average relative accuracy

between helicopter and ground counts was 100 percont (CI93 x = 100 + 7Z).
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Sexing and Aging Criteria

Most goats observed from the ground were classified by sex, and all
by age class. KEids-of-the-vear were not sexed, nor were some vearlings.
Age clagses used were: kid (those animals horn during the current
susmer), yearling {animals born during the previous summsr), 2-year-old
{animals 24 months old on or about 1 June), and adult {all animals over

36 months of age).

Thix classlflicatlon system appears logical from the standpeints of
reproductive ability and asscsssent of population dynemics., Wearly all
investigators agree that godts do not breed until approximately age
2 1/2 years (Chadwick 1973, 1979; Foss 1962; Hebert 1978; Holrovd 1967;
Lenefer 1955; Peck 1972). Thus, animals older than 3% months can be

contidered adultrs.,

Dhuring summer 1976, we used urination posture (Brandborg 1955,
Hibbs and Denney 1965) and direct observations of the genitalia for
positive sex idencification and to confirm idencification hased on more
readily visible criceria such as horn shape and hody size and shape.
Others have noted tho difference in thickness and shape of the horns
between sexes in adults (Brandborg 1955, Casebeer 1950, Cowan and McCrory
1970, Klein 1953, Lentfer 1955, Vaughan 1975). Homns of adulr males are
more mastiive, thicker at the base, and follow a smoother curve from bagse
to tip than those of adult females. The latter have horns with smaller
bases which; are relatively narrow; and which are somewhat straighter

for approximately the lower 2/3 of their length, then curve rearward
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with 2 more angular appearance, and usually are more divergent than

those of males.

In an attempr to quantify these differences, goat horns taken in
the 1976 hunting season were mgur_ﬁl by Deparcment persennel and summarized
by mean circumference at the base, mean length, sex, and age (Alaska
Dept. of Figh and Gamg [i{les, uppub.). T compared mean base circumferences
and medn lengths between sexes by age using the pafired t-test. Moan
civeumference at all age levels wvas significantly greater in miales than
in females (P<.001), but length was so different. A rough approximation
of the mean basal dismeter was obtained by assuming the bases to be
eircular (goat horns are roughly oval in cross section) and dividing
gach mean circumference by Pi. The mean basal diamerer for males was 27

percent greater thanm for females.

Horns taken In the 1977 and 1978 huncing seasons were measured for
length berween anouli over the fromtal eurve £o obtain an estimage of
growth by vear of age. Basal diameters, both [ront=to-rear and side=to=

side, were also measured in 1978, as were the spaces between horn bases.

Wo significanc differences In length were found berween 1977 and
1978 data, except in length of the firsc vear's growch, so daca from
bhoth years were pooled. No distinct snnulus occurs at che end of che
first growing season so measurements of this segment undoubredly contained
many errors; probably asccounting for the noted difference berween data

Years.
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Ho staciscically significant differences were found in segment
length by age between sexes, again excepting year 1 in which male horns
vere significantly longer than those of females (P<.0053). This difference
may be real or the result of measurement errors. Foster (1978) alwo
noted problems with first-year measurements for the same reason. He
found that horn growth was greater for males thin for females during the
firet 2 years, and that growth varied between sexes in total length, as
wall as by year. Becaose | could discern no such differences, and
Boasurements (rom the Micst segment and observed differences were
questionable; T pooled the length measurements of boch sexes. Resules
of chese measurements for both years and asexes are plocted by mean
segment length in Fig: 2; ranges and sample sizes are also indicaced.
Beyond age 10, voo few measurements were obrained to he useful. Mean
gsegment lengths by age and sex, including relaced scaciscies, are presented
in Table 1.

Avallable data were only sufficlent for comparisen of horn fromt-
to-rear bhasal dlametors between sexes, by year, through age 7. Basal

diomoters for males wore slgniflcantly larger tham those of Females,

with the average diaseter belng 27 percent greater for males than females.

Basal slde-to-8ide widths were compared by sex through age 7, and

Found to be 33 percent greater for males than females.

Rarios of horn-base widths to the distance bhetween bases were
significantly lems in mnlos than in females, with the average space
betvesn horn bases on males being approximately 30 percent of the width
gf the horn base, and that of Temales being obout 75 percent of the

haral wideh.
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Table 3. Goat horp segment lengths in wm by age and sex, and related statistics, 1977 and
1978 data pooled.

Horn segment Mean teoral Standard Bample Significant Mean total lengt
(age) Sex Llength deviation size DF ¢ difference? o and ¥ combined

1 a 4.7 33.2 5% 82 341  Pe.00S 67.2
$ 52.1 15.6 28

2 & 170.9 13.3 (51 93 0.21 - 171.2
2 171.7 21.5 3%

3 d' 201.8 15.2 57 81 0.45 - 202.3
b 203. 3 14.7 28

4 'y 215.2 15.8 43 67 0.19 - 215.4
2 215.9 15.0 2%

5 al 223.3 14.2 £} 49 0,32 - 222.7
3 221.9 16.9 20

& d" 226.1 14.0 22 W 0,15 - 226.4
? 226.9 18.5 14

7 & 230.4 15.9 16 24 0,41 - 219.3
4 227.6 19.3 10

B d 233.3 16,7 12 17 0.72 - 230.9
$ 226.9 22.5 7

9 a 231.8 15.2 8 10 0.67 - 229.0
¥ 223.5 28.5 4

10 d 229, 4 11.5 5 5 1.53 - 23,3
% 246.5 19.1 2
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Thus, horns of male goats werc lound €0 be significantly thicker,
ng viewsd from both side and front, than those of females, and the space
betwsen horn bases was less in relatlion to the hase widths in males than
females. These differences are obvious to the trained eye, and we found
that horns, alone, were nearly always an adequate criterion for decermining
the sex of 2-year-old and older goacs. When horna were clearly visible
and gex was not in doubt; I later dropped my initial requirement of

viewing urination poscure or genitals for nex identificarion.

Horn length in relation to ear length was wseful in fdentifying
kids and yearlings. Foster (1978) found that the hora-to-ear ratle
(HER) In early summer wag about 0.7 for yearlings. In late summer, this
ratio veached about 1.4 for yearlings, and 0.7 for kids., Our observations

confirmed these relationships.

Body shape and size are also useful criteria for gex differentiation
in adulr goamts. Hibbs (1966) found that adult nammies were generally
10-20 percent smaller than adult billies. Lenefer (1955) was able to
group kids, yearlings, 2=-year-olds, and adults on the basls of shoulder
liglght, and our ohservations agreed with his. In addition, we noted
that nannies usually had thinner necks and less massive shoulders than

billies.
Female poats alwayes exhiblic black wulval patches when the tafil is

ralged but mo gimilar dark area is vislble on males. In summer, the

males' scrogums are readlly visible; in winter, long hair generally
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covera these organs. However, adult males mearly always liave a Jdirt=

smeared rump in fall and winter, while (emales and young goacs have

ralacively elean eoacs.

Table 4 summarizes external, visible characteriscice which may be
uged to classify goats by sex and age vhen viewed from the groumd. We
were able to classify them from a distance of a mile or more using a

fuestar or Celestronm telescope on days with Few lieat wavos.

Grouping by Sex and Ape

Male goats are usually solicary fin summer, or are found in small
groups of one to five (Brandbhorg 1955, Cascheer 1950, Chadwick 1973,
1977, 1979; Hibbs 1965, Holroyd 1967, Lencfer 1955). They nommally
remain segregated from the adulet females, Z-year-olds, yearlings, and
kid groups, although they do occasionally mingle wich chem for a short
time. However, they are not sctually a part of these groups when chey
do 80, and go their separate way at the slighrest disturbance (Heberc
1967). Young males remain with the female groups until alter thoy reach
2 1/2 years of age when they begin a relatively solitary existence

{except during the rut) (Chadwick 1973, Hibbs 1965).

The grouping of all goats classified in summers 1976 through 1978
is listed in Table 5, and plotted graphically in Fig. 3. Mo significant
differences could be detocted botwoen data years, wo data were pooled.
Theoughout the susmer, about 95 percent of all adult billles woere [oind

in male-only groups; the remaining 5 percent were seen In assoclation
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Table 4, Useful criteria for distinguishing sex and age of mountain goats

during susser.

Age class Bk Characterigstles

=
&

fmall slze obvious En warly summer, but grow rapldly

!

and require more careful observacion From the air by
late swamer, Horme barely visible early su=mer to
less chan approximacely 0.75 times the car length
by fall. Face very juvenile in sppearance. Nearly
alvavs following an adult female.

Male: Urination posture: stands in stretched position
during urination.

Female: Urination postute: squats during urinatiom.

Yoarling Size larger than kid, considerably smaller than adult
fomale in early summer; srill ohviously smaller in
late symer. Horns in early summer less than ear
iengch to up to 1.5 times the ear lemgeh by Eall.
Face gtill juvenlle in appearance. Horns generally
with ragged-rough surface vexture (later lost, becomlng
very smooth), Sub-dominant behavior; frequently
"plcked on” by all older animals. Occasiomally solitary
in late summer and winter, but most often with female-

Juvenile groups during sSummer.
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Table 4. {cont.)

Male:

Female:
2-year-old

Mule:

Female:

Urinactlon pesture; serotum visible whon halir Le shore.
Worns usually appear heavier than Temales' and

more mascullne.

Urnination -pu-itul'r; black wulval patch visible when
tail raiwed; horns uwsoally slightly thinner than

majes'.

Size smaller than adult female in carly summer to
nearly equal by fall: Horns longer than cars.

Face no longer juvenile im appearance but not quite
an long and angolar in mizzle as adults. Diffieult
to distinguish from adults in lagte summer cXcopt by
careful observarion.

Urination pesture; scrotus visible in summer coat.
Borns obviously thlcker than females' with less space
between bases as seen [rontally, ssoother curve from
base to clp as geen laterally, may look longer In
properclon to head leagth than adult males. Body
slightly larger and heavier over neck and shoulders
than females. Usually still in company of female-kid
groups during summer,

Peination pesture; black valval patch wisihle when tall
ig raised. Horps thivner and slightly more angular
(not always) thon males as viewed laterally: more
space boetwecn bises a8 Vlewed [eentally. Hoeek and

glioulders oot 46 sadsive oo malos, Body obwiously smiller

- 553 -



Tahle 6. ({cont.)

chan adulc fomales in spring; stil] slightly smaller in
fall. Difficult to distinguish from adult females-

wichour=kids by late summer.

Full grown animals; faces long and angular, especially

:

females; horns much longer than ears.

Hale: Uripation posture; ascrotum very vislble In summer codat.
Rump progressively more dirt-sscared in late summer and
into winter. Horns more massive than females', vapering
and curving smoothly from base to tip as viewed laterally.
Horn bases heavy and space between bases as viewed
frontally ls about 1/2 the width of the base and
obvlously narvower than [emales®. Horns may appear
proporeiomally smaller than those of females or 2-year-old
males due to larger body and head slze. WNeck and shoulders
magsslve with crest lipne forming pearly soooth, comvex
curve [rom back of head to lumbar region; body larger
than adult lemale. Deuslly elesn shed by early July
and starting to grow winter coat by early August. Only
rarcly found In association with female-kid groups
during summer; often solicary.

Female: Urination postura; hlack vulval pateh obvious when rail
tuised; may have kid at heel. Hornd thimmer thon =aloes
and more angular, often diverge In "v" shape as viewed

froncally. Space berween horn bases is obvigusly
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Takle 4.

{cont. )

wider than mules and is abour equal eo 3/6 the wideh
of horm bise. Appear "ewe-necked” before molt is
complete with thin necks and long, angular muzzles.
After molt, dorsal crest lime appears sllightly concave
or less convex then males. Shoulders and entire body
legs massive than adult males. Rusp clean in fall

and winter. Usually In groups with other females

and juveniles.
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Table 5. Growp size by colort. CGombined data (rom all atudy arvas and years.

Rith groups

including
females-with-kids

Cohort Teemlets. B T 2 T 3 2 ¥ I M. 1
Adult o 103 41 40 21 20 15 15 % A5 5 3
2-yr. 0 103 5 & 2 2 3 31 8 8 %0 a7
2-yr, ¥ 51 2 4 1 2 - - 48 88 48 9
Trig. 189 f 3 & 31 1 4 11 2 1N B4
A wfo k133 7 5 W B 5 4 11 8 109 82
s Fue 2 1 <1 1 & 10 3 2 92 12 100

1/ CGroup slze when anlmal flrst observed.



Fig.? . Group sizes of mountain goats by sex

and age clans.
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with Femile proups.  Dosever, thils assoclotlon appeared temporary and
the adule billies would usually ledave the [emale groups In a short tlime
or vhen disturbed. Only rarely vere adult males found in groups as
large as [our or five; 75 percent were found In groups containing three

or less.

About 90 percent of all 2-year-old male and female goats observed
wote found In grtoups of four or more and [n grouwps with adult nannies
and kids. Ninety-foour percent of yvearlings were in groups containing
adult females wieh kids, and 92 percent vere in groups largsr than
three. About 83 perceat of adult Females withour kids were ohserved in
groups larger tham three, and in groups containing females with kids.

We noted that 2-vear-old femalee and yearlings remained in the female-
with-kid groups all summer, but & (ew of the l-year-old males and adult
fomales without kids and on occasional voarling, left these groups afcer
early August. The grouping of all cohercts except adulc males wich che

fomale=with=kid aggregacions was most pronounced in late June and July.

In Momtana Chadwich (1977) [ound that adult males were in "mixed
groups” 27 percent of tho time during July and August, and either solitary
or With dther males 73 percent of the time. He also found that 2-year-
olds were in "mixed groups" 84 percent of the rime, and yvearlings 94
percent during the same season. Him grouping definitions were not
pxactly the same a5 mine, so these data are not directly comparable.

They do, however, indicate a simllar pattern.
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Molr d Aga

In early to midsusmer, goats molt their heavy winter coats, a
process that is very comspicuous because of cthe concrasting portions of
thelr bodles covered with eicher thick or very thin pulage. During this
molt, pacches of loose halr adhere to the animals, [lopping In the
breeze or during movement. Contrast is very marked between cleanly shed

and unmolted animals.

Molting dops not occur at the same time for all sex and age classes,
a distinction which has been noted by other researchers. Host agree
that adule males complete their molt first, and adult females with kids
last. However, Holroyd (1967) believed that yearlings were the first to
molt in Bricish Columbia, whercas Hibbs (1966) and Casebeer (1950)
reporced thar yearlings were the last toe molt in Colorade and Montana,
respectively., Chadwick (1973), in Montana, and Hebert (1967), in Bricish
Columbia, found that sdult males molted {irsc, adult females without
kids and voung animals (presumably 2-vear-olds) next (with young females
slightly later than young males) and adult females wich kids much later.
Heberr (1967) believed thac che molr pattern and sequence by gex and age

clasx was 8 fixed physioclogical process.

In thiz study, all animals classified by sex and age class were
alas eclassified 8% bto stage of molt to see whelher the sequence could be
quantified and used as a4 eriterfon For determining the scx of goats

during aerial surveys. The sequénce appearad to be similar in all chree
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susmers and botween coastol and Interlor populaticos, so data were
comblned (Flg. 4). Doth adult and 2-ygar-old males completed their molt
by 20 July. Two-vear-old females began molting later and had not
completely shed untll 9 August. Yearlings of both sexes had not finished
untll the same date. Adult females without kide followed the same
pattern s 2=vear-old females. MHannies with kids were the last to shed;
none had completed their molt before 20 July, but all had completed it

by B Soptember.

Population Composieion

The populations observed in Prarmigan Valley and King's Bay during
ground observations in 1977, 1978, and 1979 are listed by sex and age
clags in Table %, Hunrer harvest, as reported by mandatory hunter
report cards, is alse included in the table so it could he considered
when calculating over-winter mortalicy. Caleulated rvatioa of the various

eohorts Lo adult females are also shown.

Froblems encouncered in conscruccing chese observed sub-populacion
mode s Included some obvious misclassilicacion (7 vearlings could noc
incrpase to 8, 2-year-olds as listed [or Ptarmigan Valley between 1978
and 1979), difficulty in observing the entire Ptarmigan Valley population
at one time (and so avoiding any posaibility of duplication), and sarly
movements of part of the summering population out of King's Bay. Im
addition; small sample sizes--a problem in almost any Alaskan ground
survey for goats——can exaggerate small errors into large differences in
proportion. | suspect similar problems are encountered in ground surveys

conducted elsewhere.
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Fig.s . Time periocds before which no goats of given
sex/apge class have completely molted, and after
which all have molted. Conbined waﬂmﬂlﬂﬂiﬂm
cbaervations grouped by l0-day perioda.
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Table 6. Populations ohserved by sex and age class during cbaervations
from the ground in summer.

Ares Year aY 8 ¥ 2w wi. A o m
Prarmigan 1977 4 T 8 12 1 R
w9 w2/ (.33) (.67) (.67) (1.08)
1978 3 S S 7 14 ou w
(Re¥) W (.21) (.43) (.50) (.79)
979 2 5 3 8 5 11 W n
(rs¥) (.15) (.62) (.69) (.77}
King's Bay 1977 8 7 1 8 B 20 14 44
(8:%) (.42} (.42) (.4D) (.70
1978 H 3 i | s 9 n 13 46
(Ri¥) W (.41) (.27) (.41) (.59)
1974 1 3 1 & [ 11 o 28
() (. 64) (.36) (.55) (.82)
1/ A= Adult males A¥ = Adult female
2¢' = l-year-old males K = Kid
2+ = 2-year-old females TA = Total non-kids

2T = Combined 2-year-olda T = Total
Yrl. = Yearling

2/ H = Reported harvest by hunters.

i (R:E? = Ratio : Adult female, In parenthesis.
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Hevercheless, 1 believe the populations, as llsted; are closg o
thelr actual sizea in the areas at the cimes chey were comsused. The
1979 King's Bay popularion had hegun leaving thisw valley belore the
gount was made and, when classifled, was obviously smaller chan the
"normal" summering herd. Whether the proportions of sex and age cohorts

were altered by the movement 1s unknown.

Study Area Alze and Populagion Density

Becauge Bountain goat populdtions dppesr to be limited in aumber by
the size dnd quality of thelr winter vange (Brandborg 1955, Chadwick
1979, Hibhs 1965, Vaughan 1975), population density on winter ranges
possibly a4 useful eriterion for judging populatlon status. Howewver,
unti{l true extent of winter range can be accurately delincated by ongoing
studies of radio-collared animals, density cannot be determined for the
populacion under study. Thersfore, 1 have merely estimated the denuicy
over the entire range known to be usod by this herd by planlmetering the
area, less all glaclers and lakes, on 1:63,380 topographlc maps, and
dividing by the estimated herd size. Using this rough method, the
approximate total ares of usable habitat is 138 mi? (360 km®), the
estimated herd size In 1979 was 246 animals, and the estimoted depsity
was 1.8 goats/mi (0.7/kal). This compares with dennities of 3.1/mil
(1.2/km%) Eound by Chadwick (1979) in Glacier Mational Park, Montana and
1.4/mi? (0.6/kn?) found by Moorhead (1977 enpub. ms) on the Olympic

Peninfula, Washington.
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Aceiviey by Time of Day and Wearher

Reportedly, mountain goats are active early in the morning and late
in cha afternoon. During wmid=day, most may be found bedded and resting
or ruminating (Anderson 1940, Brandborg 1955, Chadwick 1973, Lentfer
1955, Ridegut 1974). The observod activity pattern In this study agreed
with thowe Tindings (Fig. 5). No differcnces could be discetrmed hetween
daily activity patterns In 1976, 1977, or 1973. Most morning activity
occurred hefore 1000 hours, and most afterncon aceivicy afrer 1600

hours,

An interesting phenemenon I observed, and which was alse mentioned
by Casebeer (1950), was what he called the “evening ger-together."” Thia
did nor cecur every day, nor can | say wvhat triggered it except that ic
appearod most frequently after very warm, sunny days during vhich activity
was minimal, Just about sundown, nearly every goat on the slope under
observation would bugin to move coward some cholee feeding arca. Scattered
animals and small groups would form one large band, all moving purpesefully
toward their goal. The most accurate clasgification counts could be
made during such gatherings, and these "get togethers” were usually

worth walting several dave Lo ohserve.

Dehers have found goars to be more active followving storms or rainy
periods than on clear, hot days (Casebeer 1950, Fox 1977, Richardson
1971, Saunders 1955). Goats ohaerved in this atudy during 1976, 1977,
apd 1978 were clmanified o sceive (feeding, moving) or inactive (hedded,

standing). Mo differences could be found when comparing aceiviey by

- 564 -



Fig, P+ Fercent of goats active by time

of day.
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weather elthor betveen voars or begween the Interior and coastal study
dreas. Mo diffeconces ore appacent that would be of use in detetaining
the best conditions Tfor conducting surveys. These results afe not
necessarily comparable with those of the previously mentioned authors

since we did not note weather preceding the observation periods.

During Auvgust, when most goats were beginning to grow a heavier
coat following the molt and wete thus wmable o lose heat teadily,
Chadwick (1973) and Peck (1972) found that they preferred shade for all
activities, and were more prone to use cooler, north facing slopes. 1
did not Ackempt Eo quancify accivity as to use of shaded or open habitar,
and che terrain invelved did nor permit ground observers to obrain
gufficient observations to quancify goac use by direction of mlope.
Puring serial surveys, it was apparent that goats were more difficult to
find on hot, clear dave In August, and many of chose seen were in che
shade of Tocks, cliffs, overhanging snow banks, or glacial crevasses.
Mapy were observed lylng on spov banks or glaciers. While tracking
radlo-collared goats during an ongoing study, T found that 35 percent of
my collared goats were out of sight under everhanging snow banks or
upder glacler caverns on 4 hot day In late August. On coaler, overcast

days goats wers more conspicoous and appeared to be more in the open.

DISCUSSION

Dhzerved and I[nferred Intra=cange movements during summer showed chac
the study hoerd could not be broken dowm Into sub herds for accurate

census comparisons, ac least umcil further knowledge of movements s
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obteined. 1 suspect that similar sitvations occur in other goat ranges
in Alaska. Thus, blologists atctemspting to establish crend-count areas
ghould be coutlous In Interprecing vear-po-year results entll they are
awvare of the entire tanges used by thelr herds and count each as a

whale.

Once the overall spring-summer range of a herd is known, it appeara
posslble to obtaln reasonably accurate population data by use of slow-
flying, fixed-wing alrerafr under suitable wvearher condicions. Hallard
(1975) felt that a Cessna 180 was an appropriace aireraft for goat
cenausing, 1 disagree scroaply, as did Hibhs (1965). Such an airerafr,
while cercainly more comforcable thanm a Piper Super Cub, is toe fast for
adequare viewing, and is not maneuverable enough to get into the =mall
canyons occupled by many goats. A slow, highly munsuverable plane with
good vigibilicy and an ample power margin f[or safety is requited to
pperate ln the very rugged hablcat ubillized by mountain goats. The
Super Cub 130 is the most commonly available alrcrafc o meecing the

required performance characterlscles.

In conducting aerial counts in sumer, it was found that, in this
area at least, vismibilicy conditions were all=important. Goats have
been found by miny investigators to be more active in early morning and
late afternoon on warm sumer days; and some have suggedated those
periods as the best times for aerial census (Chadwick 1973, Fox 1977,
Hibbs 1965, Vaughan 1975). Fox (I1977) also found that godts weTe more

active, and hence more visible, on warm, clear days following periods of
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bad weatrher, and suggesced such dayvs as the bost [or surveyu. In this
study, however, I found that many goats wers not seen because of sun
glare despiee the probabilicy of greater animal movemenr o0 such clear
days. Goars certainly were more viaihle just before sumrise and juste
after sunser, but the Eime spans involved were too shore to be very

usaful for census purposes.

Furthermore, on warm, sunny dave from about mid=July untll the
firut snowfall, 1 found that many goats were not visible at all during
the maln part of the day because they sought relief from che heat under
snowbanks and glaciers, and In rock crevices, Ochers have also moted
similar behavior in late susmer op hot days (Chadwick 1973, Peck 1972,

Smith 1976).

Ballard (1977) noted in his study that more goats were counted when
cloud cover exeeaded 20 percent. Broken clouds might provide some heat
relief to goats, but contrasting light conditions would still preclude
satsifaccory viewing. He believed, and T agree, that variability in

count resules is elesely related to obsarvabilicy of goats,

Throughout this study, summer gerial survevs counducted on overcaat
days produced the highest tetal counts and most conslstent results. An
overcast results im soft, even light without glare or stromg contrast.
Under such conditions, goats were found to be very visible against all
backgrounds, whether up apnd feeding or bedded, Furthermore, they appeared

more &ctive snd remained more in the open, behavior which was also noted



by Chadwick (1973) and Saunders (1955). This faccor was found to be
particularly important as susmer progressed, days became warmer, and naw
pelage thicker. Results of replicate summer merial surveys on clear,

sunny days were found to be low and gemerally incomsistont and unpredicrable.

The ideal conditions for summer aerial surveys thus consist of
overcast conditions which scill allow cnough light for good wisibility,
and air calm enough for safe, low=altitude flying. T believe that
summer counts conducted under ocher than good viewing conditions producc

inconeistent results and are cherefore, not worth doing for census

PUCPOEES .«

Various seasons have been cecomsended as best for aerial goat
surveys. Some Investigators recommend wintet for total counts because
goats are generally concentrated; the sexes arc more or less mixed; and
the goats can be located by tracks in the snow (Brandborg 1955, Hibbs
1965, Hibbs and Denney 1965, Vaughan 1975). However, under conditions
prevailing in this part of Alaska, goats are simply too hard to see In
winter. They blend with th¢ broken pattern ol snow and rock, and many

ukillze heavy timber or brush vhere they are hidden beneath che canopy.

Spring has also been proposed for total counts (Bome 1978, Smith
1976). 1 have found that good results could be obtalned on warm days In
late April to mid-May vhen most goats move onbo open slopes seeking
pewly emerged vegetatlon, and so become very vislble. Since they are

uvsually found on open, snow-free southern exposures, they are readily

- 969 -



seen deapite sunlight whieh 5 not yet bright oneugh this far morch to
produce bad glare on south-[acing slopes. At this cime, all ages and
sexes are still more or less together, not yet having scattered onto
summer Tanges. Furthermore, this 1s cthe only cime after winter is over
when yearlings are still easy to recognize from the alr, Spring counts
should be conducted before parturition hegins because gravid females
seek the solitude of rugged terrain, and are, again, difficult to

locate.

Some investigators have suggested early summer (late June to mid
July) as best for estimacing tocal numbers (Lentfer 1953}, or for
ohtaining kidfadule ratios (Hall and Bibaud 1978, Hibbs 1965, Vaughan
1975}, while Klein (1953) thought that in Alaska late summer would be
best because of lack of anow banmks. [ balieve that the best cotal
counts can be obtaincd in carly to midsummer, from mid-June through
July. Addicionally, kids are easiest to recognize from the alir during
this period; by late summer, they are often confused with vearlings or
agults when In large groups. Group size also is greatest during this
period (Chadwick 1973, Hebert 1967, Hibbs 1965), suggesting that fewer
of the more solitary adult males would be confused with small grooups of

other cohorts.

By late summer, deapite reduccd snow cover, goats are more difficulr
to locate excopt on cool days (for example, I found one radio-collared
adult male to be out of sight under a snowbank on & sunny day in lace
summer degpite an alr temperature of 0 degrees centlgrade at chat elevation).

By late sumser kids are becoming difficule to recognize.
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Thus, to obtain the most accurate estimate of the toral mmber of
goats prasent in a given herd, and the number of kids-of-the-yéar présent,
serial census by slow-flying, fixed-wing afrcraft should be conducted
during the early to midsummar period when light and wind conditions are
optimal; 1.e. overcast and ressonably calm. (Under these conditions, and
wich due diligence in searching all habltat, an aceurncy level of approximately

80 percent can be expected.

In addition to accurace and comparable vearly estimates of total
herd s8ize, which can be obtained by summer aerial survovs under good
wisibility conditions, the game manager needs 0 kmow che condicion of
the herds as indicated by reproduction, survival, and sex-racio daca.
The usual kidiadult ratio obtained from gerial surveys provides liccle
useful informarion. As with other spucies, reproductive success can
best be evaluated by determining ratios of young to breeding age females,
Recrulemenc into a herd depends on survival of young to breeding age;
hence the need to learn survival rates. Successful reproduction depends
in pare, on the relacive abundance of breeding-age males, so sex ratios

must be mopltored.

Because it is generally recognized thar goacs do nor firsr breed
until age 1.5 years, and bear young untll their third year, adult goats
can be considered as those 3 years old and older. HRecruirment inco a
breeding herd is the mmber of apimals surviving te breeding age or, for
practical purposes, the mumber of Z-year-old goats present in the summer
population. Initial reproduction is Indicated by the nusher of viahle

kids produced per adult female, while survival to hreeding age is shown
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by the aumbers of yearlings and Z-year-ovlds present in relatlon to kids
and yearllngs of the provious year. Thus, to correctly enderscand
populacion starus, the numbar of kids, yearlings, I-year-olds, adulc
females, and adult males must be determined. The ratlies of the various
cohores to adule females ore wieful in comparing vears amd herds, This
informacion can be vstimated from agerial surveys, but mot from one

gurvey or on the basis of one year only.

Te begin complling data by vwhich to esgimate herd composition, an
initial acrial count must be conducted in spring, preferably in early
May, to obtain the percentage of vearlings in the herd. A "total®™ count
of the herd ls unnecesgary, but the larger the sample size, the better,
Yearlings are relatlvely easy to recognize from the air at this time,
belng much smaller than adults and generally still following their dams,
If the count {8 conducted in late May or early June, yearlings are
rarely with their mothers, but are still recognizable by their size.
However, they are easisc to identify and count before parturition begins
in late May. Also, pregnant nannies have not isolated themselves yet

and so are more apt to be secen and ifncluded in the total tallied.

A second aerial count is needed in late June (after parturition) or
July to obtain the best estimate of votal herd size and the number of
viable kids present. By early to mid July, goats scem to be more or
less established on their summer range, and aggregations have become
relacively stable. I belleve the Firac 2 or 3 weeks In July are best

for this count.
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During this survey, the number of goats in cach group countod Sust
be noted, as well as vhecher the groups contain any kids or obvlous
vearlings. This survey should produce the fellowing informacion: 1) the
herd size; 2) the mumber of kids pressnt; 3) the composition of groups;
(i.e. whether the groups contain kids or yearling, or only adult animals) ;
and 4) the size of each group. In examining groups without kids or
vearlings, it should also be nocted vhether the animals are molting or

clean shed {(or nearly so).

At this time of year, nearly all adult males have boon Tound E6 be
completely, or almost cospletely molted. Furthermore, nearly all large,
single godats, or lacge goats in groups of up to three with no kids or
yvoarlings present, will be adult males. If such goats are only partly
molted, they might be considered as adult females or Z=yeoar-olds;
howevwer, 1 have seen few goats fitting this category which wers other

than adult males during this time period.

Since it has been shown that the average accuracy level of an
aerial count conducted under good viewiog conditions in carly sumsmer i
approximacely 90 percent, a correction factor should be applicd o the
observed totals counted to obtain an estimate of the "true" populacion
size. This may be accomplished by dividing the total number counted,
the total number of kids counted, and the total number of "adulr males"
(all adult, clean, or nearly clean, shed animals in groups of three or

less) by 0.9.
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A Tuther vorreetion lactor should be applled to the estimaced total
el aduly males slnee Ic wvas found that approximacely 75 percent were
found in groups of three or less. By dividing the estimated number of
males by 0.75, a better estimate of the actual number of adult males

presont is obtained.

An estimate of the number of yearlings present may be obtalned by
multiplying the total number of nen-kids seen by the percentage of

vedrlings observed to be present in the spring cownlt.

Thus, an estimate will have been obtained of the toral herd size,
and the number of adult males, vearlings, and kids present. Remaining
unitlassified will he the adule femnles and asub-adult 2 year old animals.
Mo waoy was found to differenciace hetween these two classes from the air
with any degree of success, and a second year of data must be obtained

before this can be done mathematically.

Both of the above describod surveys are relatively simple to conduce;
neicther requires dangerous, low [lying since the cohorts, as defined,

¢an be recognized from a relacively safe distance.

The problem of cstimnting the number of Z=vear=old animals can be
wolved mthematically (rom data obtained in thie first vear's survey
combined Wwith that from successive years of similar surveys. By comparing
the numbers of kids, yecarling, and 2-year-olds over a 2 yvear petriod In

the Prarmigan Valley and Eing's Bay herd segments (as classified from
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the ground), estimaces of overwinter morcalicy were obtained. Similar

mortality dats were obtainod from other studies and are listed in Table 7.

Analysis of these darta showed that although the morcalicy races
were significantly different (P<.01Y berween kid-to-yearling and yearling-
to-2-year-old classes, there was a statiscically significant relacionship
between that of kids-cto-yearlings and yearlings-rto-2-year-olds over the
same winter (r=.737, 13DF, P<.01). The average overwinter mortalicy of
kids=to-vearlings was 41.9 percent, and that of yearlings-to-2-vear-olds

was 26.6 percent.

By using the method described by Sckal and Hohlf (1969) to determine
the confidence limits of the difference hotween means, [ Tound the
average mortalicy of yearlings-to-2-vear-olds equalled approximaccly b4
percent of the wortality of kids-to-yearllings that same wlnter, with 95
percent + 23 percent confldence limits, Thus, if the numbers of kids
and vearlings are known for 2 comsecutive years, the number of Z-year=—
old animals can be estimated for the second year based upon the kid-to-
vearling mortality rate as observed, and the number of yearlings present

the firsr year.

The formula for the estimated number of ?-yoar-olds, and {ts

minimum and maxims confidence llmits arve:

Lee: Mky = observed kid-to=-yedarling mortality In porcent
Y1 = observed number ol wead] Dags daelomgg UF esl somiie e

E2 = parimated mumber of 2-yvear-alds during sccond summer.
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Talhle 7. Ohsorved mortalities botwesn yoors by cohort.

Suuree Arca

Dane lg?? L e

Chadwick 1979 Montana

Nichols 1980 FPrarmigan
Kings' Bay

smich 1976 Honcana

Rideour 1974 Honcann

Vears

1967-68
196669
1970~-71
1971~-72
1974~75
1975=76

1974-175
197576
13771-78
1378719
1377-78
1978-79
197374
197475
1971-72
1972-73

Kld=¥rl.

— 45%
-100%
— 14X
- 29%

- 50%

— 8%
- 43X
— 463
- 18%
- 36X
— 54X
- 33X
- 29%
- 73X
- 28%

Yrl-2-yr-old

-0
—67%
—25% -
-173
-25%

-&2%
—3E
-25%
+142
=253
-56%
-0
-33%
—503
- 2z
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E2 = (1=.B7 Mky)(Y1l) < (1=-.64 Mky)(Y1) < (1-.4&1 Mky)(¥Y1)}

This method was applied to the observed populations In the combined
King's Bay and Prarmigan Valley arcas co compare calculated and observed
nunbers of Z=yvear=old goats in this sample (Table ). The cstimatod

nunbers of Z=year=olds sgreed closcly with those actually coumtod.

Using tesults of the best aerial counts flown closest in time Co
the ground counts of the combined King's Bay and Prarmigan Valley herds,
population models were constrfucted utilizing the estimation methods
described. These models are compared with ground surfvey resulbs in
Tahle 9. Only those portions of the asrial surveys which overlapped che
areas covered by the ground surveys were used. Discrepancies betweon
the observed population cohorts and those estimated from aerial counts

are obvious.

Major sources of error include: yearling percentages wore estimaced
from asrial surveys of a larger portion of the study herd in
which the sex-age cohorts were presumably homogenous while on early
spring range (and, therefore, not be applicable ro the largely female
subadult groups in the sample areas); the acrial and ground counts were
not conducted close enough in cime and unknown movemencs may have occurred
into or out of the areas berween counts. Unfortunacely, it is not
possible, with che availahle dara, to determine where errore may lle.
My [eeling (s chac the escbmac fon sevhods are sommnl, and dwee probilem s

in attempting to compare serlal and ground counts of sub=lwrds wiydch may
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Tabli B Ubgerved pumborg of kld, yoaeling, and 2=yeur-old goats, obgervod
morcality rates, ond valculated numbers of 2-vear-old goats in
combined Prarmigan Valley and Eing's Bay populatlens based upon
ground classificacions.

Year
1977

obasrved
1978
Obeerved
Calculatedd/
197%
Observed

Caleculatod

2-year-old ¥Yearling Eid
27
-zﬁt,f*’ -41%

/ -
L / -38% /

12 15 19
1242

1/ Mortaliety of yoarlings to Z-year-olds calculated as b64+23% of
observed kid to vearling mortlalty (95X confidence limies).
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Tabhle 9. Combined King's Bay and Ptarmigan Valley goat populationx ax 4
ohaerved [rom the ground and as estimated (rom serlal ruuqtn] L

Year  Method ada/! 2yr Yrl A A y
1977 Ground 12 16 16 27 17 e
(ractos)?  (,38) (300 (50 (.84)
Alr 3 - 124/ 28 -— 70 98
(ractlos) -- - i i
1478 Ground 12 12 16 24 £ 76 100
(ratios) (.33) (.33) (. a4} (.67)
Adr 1 B41 11 24 Sh41 78 102

(ratios) (. 02+0) (.14+.02) (.2340) (43, 01)

1979 LEaund % 12 L5 19 2 il 79
(eatios) (.38) (.50) (.63} (.79)
Alr 10 742 7 20 2642 50 70

(racios) (.39+.03) (.28+4.10) (.264.02) (.77+.06)

1/ Ineludes only areas covered botli ground and serfal counts, eXcept
= P
yearling percentages obtained From aerial count of entire study area.

2/ Rarios per adult female.

3/ Ad'= adult male; 2 yr = ZFeypar-ald; Yrl = yearling; K = kid; A¥ - adule
female; TA = raral adules (non-kids)d: T = raral.

4/ Earimated (rom pereentages of TA na sheorved In wpring acrial counts.
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not be comparable Jue to differences In counting times and to unknowm

LU LS .

The cstimation methods have bhesn -'li:pli!d to the serial surveys of
thie whole study orea fo consbruck populstion modelds of the entire herd.
A parclal model Tor 1977, 1978 apd 1979 was [irst constructed for each
yoar to obtain esbimites of herd sige;, number of adult males, Yearlings,
kids, combined ndult femilea and 2-year-olds, and kid-to-yearling morcalicies
(Table 10). The kid-to-yearling sortalicy (MEY) between 1977 and 1978
ix close to that observed in the King's Bay-Prarmigan Valley sub-samples,
but that between 1978 and 1979 is considerably smaller. This is probably
becouwse the entire herd wos ineluded in the models under discussion,
eliminntiing—-a8 far as iy kndwi--inter-ared movements, and inereasing

the sample slfe.

After e proliminary models wore constructed, numbers of yearlings
eacimatoed, ond morcalicy rates dotermined, complete populacion models
could be calculnted for 1978 and 1979 by the mothods described. These
madels, with estimated confidence limies and racios of the various
pahores par adult female, ace shown In Table 11. These ractios, in
addicion to total herd size as an Indicator of trend, are che ultimace
poals of herd classlficaclon councs. They provide the manager wich a
buaxis for agsessing reproduction, recrultmentc, survival and sex ratios.
Thoey also plve him megans [or comparing herds and yoars which ore more

meaplngful thian nombaerss ol ome .
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Table 10. Partial population models of entire study herd as obmerved
during spring dnd sumser aerial surveys with eorrecelon
factors applied, and cohserved kid-to-yearling marcalle los,

—— e EeE—————

Date adt zyr M vel K ™ T

8716717 52 (&) - 256 53 150 203
_s1z

7/23-25/78 39 (85) 2 48 150 198
=4 8X

6/15/79 39 e L1 B E 25 55 191 246
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Tabklas 1l.

Populacion models of eatire study herd based on spring and
summer aerinl counts, applied correetion factors, and
2-yvar-old poats caleulated from kid-to-vearling morctalicies.

Year
1978
ey

{racioes

1979

{raclioa)

Ao 2yr M X T

a9 17+3 G843 20 48 150 198
(.57+.03)  (.25+.05) (.38+.02)  (.71+.03)

a9 1E+] B9+] o a5 191 246
(a064,03)  (.20%.04) (.28+.01) (.62+.02)

1/ Raclos per adult female, Including 952 confldence limits,
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For example, the status of this herd, as expressed as ratios of
cohores to the adult female constant, can be compared wich other herds
in othar areas whore similar raclos can be caleulated. Chadwick (1973)
chtained usable population data on an increasing huerd in the Swan Mountains
of Montana, and on a stable or slowly decreasing hord in Glacier National
Park (Chadwlck 1979). Dape (1977} studied a rapidly declining poat hord
in British Columbia. From their data, | calculated mean sex and age
ratios comparable to mine (Table 12}, then compared medns stobistically.
I have agsumed, from the J=yoar trend in total numbers, that sy population

is increaxing.

Ho statistically significant differences could be detceted hervesn
any of the ratios (Ac:A® : 2 yre:A® : yri:A¥® ; k:A%) from Chadwick's increasing
herd and my herd. The ratios of AotAT and k:ﬁi wvere significantly
higher (P<.05) in my population than in Danc's rapidly decrcasing herd,
while the kiA+ ratio was significantly higher in my herd chan in Chadwick's
atable or slowly decreasing herd. All ratlos excopt y:]:hﬂ wvere significancly
higher in Chadwick's increasing herd than in Dame's decreasing hoecd,
while theo hu:hﬂ and k:A+ ratios were significantly higher in Chadwick's
stable or slowly decreasing herd than in Dane's population. Chadwlek's
increasing and stable or decreasing herds showed no differences except

that the AotA% ratio was lower in his incroasing herd.
Thus, it appears that che racio of k:Ag can be used as an Indicator

of populacion trend, and T suspect that, wich another year or 2 of data

to work wich, the 2 yr:ni and yr]:ﬂi ratlos would also hovie proven
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Tabkle 12, Means and assoclated statistics of ratios hetween sex and
age cohorts and adult females of two increasing and two
decreasing herds.

Source ﬁn:i 2 fr:i Trl:i H:E Papulation status
This study X .62 w23 .33 67 Apparently increasing
5 636 L0354 L0707 0636
n 2 2 2 2
Chadwick 1973 % .38 .38 .50 .69 Increasing
5 1531 1709 « 2597 « 2281
i 3 3 3 3
Dane 1977 x .14 .17 .23 .28 Strongly decreasing
3 L0404 L0800 A T46 1867
h 7 7 7 7
Chadwick 1979 x .73 «1B . 36 .56  Moderately decreasing
g « LABd « B0 0351 D100
n 3 3 1 3
I.i = IEEn

£ = grandard deviatlion

n * pumber of vears of data
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significant as indicators. The 2 yr:hi ratio should be of particular

interesr as an indicator of recruirmonr since it shows the rate of

breeding-age animals entering the lerd.

Mo way has been found to check the accurancy of my composition
estimacesn against the actual population. Although the mothods appear to
be usable, their true accuracy Is as vet unknown, and could only bhe
inferred by comparing the serially estimated and ground censused King's
Bav=Prarmigan Valley sub-herds, Including their assoclited problems as
mentioned. 1 believe the estimated classifications of the total herd to
be more accurate tham those for the sub-herds since the problem of
unknown intra herd movements was largely eliminated ax far as is known.
Further work is necessary to corroborate these [indings. Current studies
of radio=gollared goats should provide considerahleo informatien om the
geasonal and within-geason Sovements of thiz herd, while (urther campariaocnd
betveen ground dnd acrial counts should help clarlfy the accuraey of Ehe

mothed of estimiting sox and age coborts.
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