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Abstract A mark-fecaplure method was used fo estimate the mountain goal population size in the Babine
Mounitains Recreation Area in northwest Briish Columbia. Mountain geats were marked using a Rebel 80
paini-ball gun fired from a helicopter. Marks on indhadual goats ranged from single hits (o flanks marked
by brushing against rocks that were hit with paint balls. A total of 28 goats was marked. The study area
was sunveyed 1 week after marking and poputation size was esfimated wsing the Peterson mark-recaplurs
esiimate, Assumplions of the Peterson estimate with respect to this technique are discussed,

Mountain goats (Oreamnos americanus) are
most often associated with high elevation open
habitat such as alpine meadows, grassy lalus
slopes, cliffs and rocky ridges (Banfeld 1974)
Consequantly, mountain goal inventories typically
consist of censusing goats seen in those open
habitats (Hatler and Hazetwood 1885, van Drim-
melen 1985, Banchaello ot al. 1989). However,
some individiaks use forested or partially forested
habitats (Joslin 1986a, van de Wetering 1989) and
are not counted during census of open termain,
Because the entire population is not censused, a
minimum population size is ohtained,

Correction factors have bean used widely for
wildlife population estrmales to correct for animals
not seen during surveys (Smith and Boves 1584,
Gasaway #l al. 1988, Jones 15388, Seip 1590)
based on bolh qualtatve and quankitative
infermation. An intultve estimate of the proportion
of the population not seen (8 best guess) is often
used when mformation for more gquanbiaive
spproaches & lacking (Jones 1888). Quanbtative
cofrection factors vary depending on the type of
survey being conductad. In Alaska, a sightability
cormecton factar for stratified random block moose
(Alces alces) sunieys was developed based on
intensively resurveying a portion of several blocks
(Gasaway el al. 1988). Mark-recaplure esiimales,
based on the propordion of marked animals seen
during sunveys, are also often used to correct for

anirmals not seen during surveys (3mith and Boves
1984, Seip 1990).

For the mark-recapiuie lechnague, animals may
Iba marked with radiocollars, visual collars, eartags,
jpaint or any other marks that are vaible durng
fufure sunneys. Marking animals with radiocoliars is
desirable since all radio-collared animals can be
Incated, whether they are within or oulside the
survey area, and the proportion of marked animals
in the survey aréa can be delermined. Radio-
collared goats have been used for goat invenltones
in southeasiermn Alaska (Smith and Boves 1984)
and Montana (Joslin 1986a). However, & sample of
radio-collared animaks s expensive lo oblain,
Marking animals with paint or dye = a less
expensive method for obiaining a marked sample.
Aeral application of dye has been used on
mountain goats in Alaska (Nichols 1880), Dall
sheep (Ovis galii dall) in the Northwest Termtones
(Simmons 1971), and canbou (Rangifer farandus)
and mooass in Newfoundiand (Mercer & al, 1989).

For the Babine Mountains Rocreabon Arca
mountain goat inventory, we invostiigaled a
technigue for marking goats with paint, using a
paint-ball gun fired from a helicoplar. The
technique had been tested on moose in cenlral
BErifish Columbia, but marks were too small o be
conspicuous dudng surveys (M Langin, pers
comim,), Mo olhar allempl al ussg a pamt-ball gun
for marking ungulates was found,



Because Terry’ Bme by helicopter from Smithers
{o the Babine Mowntains Recreation Area was only
5 minufes, the area was ideal for economically
testing the marking technigue on mouniain goats.
Thiz papar oulfines the technigues used o mark
mourdain gosts and the mesuling population
sesimate for the Babine Mountains Recreation Anea.

The abjectives of the project wera:
. To test s method Tor marking mountain goats
ustng & pamt=ball gun fired from & hekoopler
To determine the size of the mouniamn goat
population in the Babine Mountains Recreation
Area using the Peterson mark-recapture
estimate.

The survey was conducted by BC Parks in co-
operation with BC Environment, Fish and Wildlhife
Branch. Funding for the mouniain goat inventory
was provided by BC Parks. George 3chultze
operated the paint gun durng the marking
expodifon. Tom Brooks (Canadian Helicoplers)
piloted the helicopbar for the marking expedition and
the surveys. Dave Cidani kindly loaned us his paint-
ball gun to mark the goals. Rick Marshall, Hub
Langin, Dargl Hebert, Jean Carey, Dale Swip, and
Dawe Hatler provided advice on our marking
technique and sufvey design. Kent Jingfors and lan
Hatter prondded comments an an earlier draft of the
manuscaipl.

STUDY AREA

The Bablne Moumaing Fecrealon Ares m
lncated in nodfnweestem B.C., 18 km northeast of
Smithers (Fig.1). K covers 32400 ha of the
soulthern Babine Ranges in the South Skeena
Mountsing Ecosecthon (Demarchi 1883}, The
Recreation Area consists of primarily Alpine Tundra
(AT} and Engelmann Spruce-Subalpine Fir (ES5F)
bicgeochmabc zones, and the mountaing rise up o
2400 m from the Babine-Stuart Plateau o the easi,
and the Nechako Plateau to the south and west
(BC Parks 1881). Vegetation in the ESSF zona
consists prmarly of subalpine fir  (Abios
lasfocarpa), Engelmann  spruce  (Plcea
engeimanm), black huckiehery | Vaccinium
membranaceurn) and false azalea (Menziesia
ferruginea), The AT rone ks characlerized by
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krummholz and alpine serub at lower slsvations
and herb meadows, dry alpine communibies, grass
slopes, exposed rocky slopes and glaciers at highar
elevations, A forested valley (Harold Price Creek
and north Reiseler Creek drainages) separates the
southem Babine Mountains from the northemn
Babine Mountains which [ north of the Recreation
Area. For survey purposes, the Recreabon Area
was divided into 2 zones separaled by the Driftwood
and Cronin Cresk drainages.

METHODS

Marking Technigue

Goats were marked in the Babine Mountains
Recreation Area bebwean 0700 and 1000 on June
16, 1981, 1 week pror fo the survey. A Bell 206
helicopler was used to locale and mark goats in
alpine and parfially forested areas throughoul the
Recreation Area. Single goats and ndividuals
within groups were fargeted. Marking was
vonducted by finng oil-based, Nelson "007" paint
balls (The Melson Paint Company, 48 |ndusirial
Park Cros., Saulte Ste. Marle, Oni., PGB SP2} from
a pump-action, Rebel 90 paint-ball gun (Rebel 20
paint-ball gun based an Nelson paint gun design),
from the helicopter. The paint-ball gun was
powered by a 200 gm (7 oz) CO, tank and firing
vlocily was sel &l approdately 140 misec. Goats
were marked sither by a direct hil with red or
arange paint balls, or by brushing againsl nearby
racks thal had been hit by paint balls. Each group
was sxamined mmedialely afler marking o
determing the number of goals marked and the
marking patterns on each animal,

Survey Technigue

The Racreation Area was divided inlo 2 rones
for sunseving (Fig.1). Zone 1 was censused haice
(July 22 and 24) and Zone 2 was censused once
(July 231, Each zone was surveyed between 0630
and 1100 to minimize missing animals which
moved below treeling dunng the heat of the day
(Nichols 1880). All open and somi-open areas
wore searched, Surveys wire conducied by Boll
206 halicopter with 3 obsarnvers, using the mathod
described by van Dammelen (1985). Locabons of
groups were plotied onto a 1:50 000 mapsheet and
indeddual goats were classified as adull makes,



adult females, yearings or kids. Classification was
based on pelage and marphological characteristics,
and presence or absence of a vulval patch (Hatler
and Hazebwood 1985 van Drimmelen 1885, Smith
1988).

Populstion Estimation Using the Peterson Mark-
recapiure Estimate

The size of the mouniain goat populabion in the
Babine Mountains Recreation Area was estimated
using the Chapman estmator of the Polerson
mark-recapiure esimate (Sobor 1982).

M = {n+ ]]m & j] =1
(m+ 1)

whaore:
M = tofal number of goats in the population
n = number of goats counted during the sunmey
M = number of goats marked
m = number of marked goats counbed during the

SUMVey

and an approximately unbiased estimate of the
VAMANCE 5.
Var (N) = (M=1}{n+*1){M-m}{n-m)
(rm+1Y(m+2)

A 95% confidence interval for the esBimate was
calculaled as:
M £ 1.96 x (Var[N])**

Assumplions associated with the Petersan
mark-recaplure estimate that must be satisfied by
the marking and survey techniques for the
population estmate to be valid are addressed in the
discussion

RESULTS

Marking

Alotal of 28 goats (26 adults, 2 yearlings) from
& groups was marked in 2.3 hours of helicoptor
time, for a marking rate of 1 goat / 5 minutes of
helicopter Eme (Table 1, Fig.1). HeBicopter ime
included Tarry’ time betwean groups and ‘fery’ time
to and from the study area, Marks on individuals
included mingle hits, mulliple hits, and flanks
brushed agains! rocks that wore hit with paint balls
{Fig 2). Accuracy was greatest when the halicopter
was 20-40 m away fram the goats, and when the
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halicopter was positioned directly beside and at the
same level as the goats. Paint balls fired at goats
abova, balow, in frant, of behind the helicoptar werne
deflacied by ‘prop wash®,

Survey

The weather durning all 3 days of the survey was
sunmny or slightly overcast. Table 2 summarizes the
number of geals counted during the surveys. Only
& marked animaks were observed in Zone 1 on July
22, out of @ possible 13 that were marked in that
zane, Wa bolieved that we missed seeing some
marks on goats in larger groups duo o
inaxpafence of some obsanvers with the surey
procedure, Therefore, we resunveyed Zone 1 on
July 24,

Data for Zone 1 from July 24, and foar Lone 2
from July 23 were combined io eskmate the lotal
populalion sire (Table 2).  Using the unbimsed
estimator, the summer populabion size was
estimated at 283 £ 64 (95% CL) and the adult and
yearling population was estimated at 253 £ 53 (85%
CL).

Mot goats wore counted in Zona 1 on July 22
than on July 24 (Table 2). Data for Zone 1 from
July 22 and for Zone 2 from July 23 were combined
for &8 minimum population size of 236 goats. Zone
£ contained proporBonally more males  and
yearlings and fewer fomales and kids than Zone 1,
bast, the ratio of kids: 100 females was consistent Tor
both rones and for both days of surveys in Zone 1,
and averaged 345 kids100 females (Table 3).
The age/sex ratio of goats marked (7 adult males:
18 adult females: 2 yeadings) did nol differ from the
age/sex ratio of goats counted during the survey (51
adult males: 95 adull females: 16 yearkngs)
(X*=0,86, p<0.05),

DISCUSSION

Marking Technique

Marking mountain goats with a paini-ball gun
from a heficopier was an effective and cost-efficiant
method for marking goats for shof-lerm purpases.
As the shooter and pilot became mara familiar with
the behaviour of the paint balls in the 'prop wash®,
marking success and efficency increased, Marking
frequency of 0.2 goats/minute was lower than the
marking frequency of 1.1 canbow/mibnule in



Table 1. Summary of goats marked with paint in the Babine Mountains Recreation Area, July 18,
1991.

f.‘-mu.p No.goats
Mo, in group Sex Location of mark
1 40-50 Female :
Female
Female -
Female Top front shoulder
Femala Laft rump
Femala Laft neck
s A0-50 Femala Laft flank
Famala Laft shouldar
4 & Mala Left shoulderineck
Male Head
Mtabi Haad
Male Lot shoulder and side
Mals Head, head, left Aank
4 10-15 Famale Right rump
Femala Right side
Female Right side
Female Right side
Female Left side
Female Left side
3 8-10 Female Top shoulders
Famaba Laft neck
Femiala Left nisck
Male Lasf rizck
Femala Laf rump
6 B Mala Left shouldenupper leg
flal Right shoulderfupper leg
r 2 Female Back, left frant leg
8 1 Male Rt shoulder

; qu numbers cormespond fo numbered lecations in Fig. 1.
“ lecation of marks on the first three goats was not recorded

Table 2. Total number of goats counted during helicoptar surveys in the Babine Mountains
Recreation Area, July 22-24, 1991.

Marked Adult Adult
Zone Dhate (poats Seen rriabias females Wrigs Kids Total
1 2207 mE 5] 14 BO 8 28 130
2 2300781 g 35 47 14 14 106
1 2407 m 10 15 o3 2 18 a8
241 23+24 18 51 65 iB 33 195




[P I g R

09
e e——— ———— ]

: |
(1 i n i n.___n_m_.w W siauini dnoif o puodsauos siaquingy _.r’.r——ﬁ“ -—— EHIHLH
U paxsew speol jo voneaot ‘| ainbBiy ,..u L
L

LB L "Bl ANQ 'eany LORRALIRY SURIUNOW BUIGEE Y] 1 SI[EG I8

MNOIL¥Y3IRIFY
SHIVLNNO M

ANIEYE




LS

1661 AP ‘Bany USEIDSY SUIEUNOW Bulgeg ‘sEq jured yuwm pasuew seos 2 ambig




Table 3. Agelsex class percentages and ratios of goats counted during helicopter surveys in the
Babine Mountains Recreation Area, July 22-24, 1831,
B %
Aciull Adult T b Kids:

Zone  Dale males fermnales Yearlings Kids Tatal 100 famales

1 22107 108 615 6.2 215 130 350

2 2307491 340 39.6 132 13.2 106 333

1 240781 16.8 1 X 21 213 BY a5g

¢ 2+ dd 4 i ] 5.7 84 i7.8 238 344

£2+1 23424 26.F 487 B2 16.8 185 4.7

Mewfoundiand using a paint spray apparatus
(Mercer et al. 1989). However, the density of
canbou (4.7 canboukm’) was greater and the size
of the study area [20 km”) was smaller than for the
Babine Mountains goat population (0.8 geatskm’,
324 ko), which Bkely contributed to higher marking
efficiency. Marking efficiency of the paint ball
fechnigue on the Babine Mountains goat population
wias comparable to the paint spray technigue (0,15
canbouminute) on carbou in Newfoundland when
ihe density of unmarked caribou dropped o 1.0
carboukm’,

Red and orange painl marks were highly
vizible an both smooth and shaggy animals during
surveys: however, both sides of aach goat had to be
obearved sincs individuals may have had marks on
aither sde. In large groups (=20 goats), both sides
of indnidual goats wers sametimes difficult to
observe. Conseguently, moré fime was spent
laoking far marks than would have been i all
indhaduals had been marked an the same side
Filtura aftempts 1o mark mountain goats with paint
balls should focus on marking all indviduals on the
same side to increase survey efficency.

Paterson Mark-recapture Estimate

The population estmale based on  the
Paterson mark-recaplure equation must satisty a
number of assumpbons in arder for the astimate (6
ba valid (Krebs 1989)

Assumplion 1: The population & closed.

The population is closed if no  natality,
morality, immigration of emigration occurs bebween
marking and recapturé. Becauss the Recrealion
Area 5 fanked by low elevabion plateaus lo the
wasl, south and east, and is separaled Irom the

norfhern Babine Range by a forested wvalley,

immigrabon and emigration dunng the week
between marking and the survey likely did not
occur, Also, since most kids are born by mid-June
(Banfield 1874), natality was negligibde. No kids
less than 1 week of age were observed during the
SNy,

Although mortalty was more difficult to assess,
no evidence of recent goat morality was cbserved
during the intensive survey, Because the infenal
between marking and recapture was short, soma
evidence of mortalty should have been observed
had maortality occurred. Kid mortality during the
marking and survey periad for the present survey
was lkely neghigible. No kid moraliies were
reparted (6F & sample of radic-collaned Kids in wasd
central Alberta priof ta August 18 (Smith et al
1992), or for kids associaled with radio-collased
female goats in Montana prior to July 28 (Joslin
1986h)

Assumplion 2: All animals have the same chance
of being marked,

During the marking expedition, individual goals
{males and females) and goats in groups were
targeied throughout the Recreation Area in alpine
and subalpine parkiand habitat. Also, the agelse
rabla af mafked goats did net differ (fom the agaises
ratio af goats counted during the sunvey, indicating
that the marked sample represented the
populaton.

Although kids were not marked, the population
estimate derived from the yearing and adult
populaton and factorng in the proporion of kids
(283) was Ihe same as the population esbmale

including kids.

Assumplion 3: Marking individuals does nol affect
ihair catchabiliby.

62



Marking individuals must nof predispose them
o being more or less detectable than unmarked
animals. For example, in this case, because the
goals were marked from a helicopler, the marked
goats may have been more prone than unmarked
goats (o hiding when they heard the helicopter
coming during the survey. To les! for equal
calchabilty, & minimum of 3 recaplure or survey
sossions B required (Krebs 19889), Becausa the
study ares was surveyed only once, we were
unabie to lesl this assumpbion, However, bacause
the whole survey area was searched intensvely,
{.2. a iotal count rather than a sample cound), bias
associated with not seeing marked animals was
minimezed.

Fewer goals were seen dwing the second
survey of Zone 1 than during the first. Factors
which may have contribuled o the decroase in
number of goals seen include avoidance or hiding
from the helicopter due 1o exposure to the
helicopter during the first survay, and weather
conditions. If unmarked goats hid from the
halicopter bacause thay were exposed fo it during
the first survay, then marked goats would have
hkely avoided the helicopter even maore, A amaller
proporon of marked goals than unmarked goats
observed during the second survey would have
bean sxpecied. However, more marked goals were
seen durnng the second survey. Because we
atirnibuted that increase to not seeing all marks
during the first survey, we assumed that the
maximum possible number of goats present in
Zone 1 during the first survey was eguivalent o the
number of goats marked in thal zone (13). No
difference was deiecied between the ratio of
marked goats (10/13) and the ratio of lotal goats
(89/130) saen during the first and second surveys
respoctivaly (=040, p=0.05), suggesting that tha
decrease in lotal goats sean was proportional o the
decrease i marked goats sean, snd likely did not
affect the population esimate,

Waeather conditions may have also affecied
goat disinbufion. The firs! survey of Zone 1 was
canducled on a sunny day ollowing several days of
cloudy and rainy condiions. The second surney of
Zone 1 was conduclted on a sunny day following
two sunny days. Fox (1877) observed that goats
moved more immediaiely following rainy weather
than during clear weather. For the Babine
KMountaies goat survey, goats may have baen mone
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wvisible while moving during the first survey of Zone
1 than during the sacond survey

Assumption 4. Mo marks are lost between marking
and recapture.

Becouse the paint used was oil-based, and
because the interval between marking and
recapture was shor il & reasonable 1o assume that
all marks were retained. Also, losses due io
maortality werns unikely (see Assumiplion 1).

Assumplion 3: Al marks encountered dunng the
survey ara mcorded,

Due (o the inexpanence of some observens with
the survey procedure, we believed thal this
assumplion was violated during the first survey of
Zong 1. Mol all goals in large groups were
observed from both sides so the area was
resurveyed, All goats were observed from both
sides in Zone 2 on, and during the resurvey of
Z2one 1. Marking goats on only one side would
increase survey efficlency and reduce bias
associated with nol salisfying this assumplion.

Overall, the marking and survey techniques
umad to estimale the Babine Mouniaines Recreation
Brea goal populstion were elfecive in satmfying the
assumpbons of mark-recaplure estimates, The
survey technique was weakest in salistying equal
catchability. However, because there did not
appear o be any movement bebween the two zones
in the Babine Mountaine Recreation Area, equal
catchability may be tesied cconomically in fulure
sunveys by resunveying one of the zones 3 times

Population Estimate

Tha Babine Mounimine Recreaion Ares
mountain goatl population was estimaled al 283 £
64 (5% CL). Dunng a survay in 1985 the
populabon was estimaled sl 2489 goals [van
Drimmalen 1985); howevear, thal estimate was not
cerrected for animals not seen duning the survey.
During the presant survey, a total of 236 goats ware
counted on Day 1 and Day 2, withou! correching for
animals nol seen, The 1385 estmals =
comparable to the 1881 minimum populabion count
and lies within the 85% confidence Emits of the
population estimate. The population appears to
have remained stable between 1985 and 1991



MANAGEMENT RECOMMENDATIONS

The markng and survey techniques used o
esfimala the mountain goat population in the
Babine Mountaing Recrealion Area were cost
effective and generally salisfied the assumplions
associated with mark-recaplure estmates, We fes!
this procedure could be used for delermining
raliable estmates of other mountain goat
populations,

Survey efficlency and reliabilty could be
increased by marking geats on only one side of the
animal, tesling for equal calchabdity by resunveying
8 portion of the survey area 3 times; or marking
goats from different zones with different coloured
paints to idenbfy movements befween zones.
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