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~GENERAL INTRODUCTION
Eallma ool ol ol ownl ominlae et Al ST
. e In the fall of 1988 most .caribou. herds Ain the NWTawere-large
;;;i : ' and healthy (Williams and Heard: 1986,,Heard .and Jackson 1989,
| Heard et al. 1989) ‘and some major :research projects had Just
ended (Don Thomas', Mark Wllllams' McLean and Heard, -and Heard
_and Stenhouse). In fiscal 1989/90 most field pro;ects were
- guspended so that the results of past work could be examined and
a course for tﬂe 1990's could be charted. -
T This review centres on the work done out of Yellowknifé, but
also examiggs some of the work done by regional and CWS
biclogists.

o

The caribou program's ultimate goal was to provide sound and
. - '
convincing management recommendations. In this review, we will
attempt to decide if we were doing "the right things right" to

stmeet that goal.w .o (oowe oo TETLLesn FEC

i
o by

2= .1, Loglc: Were our objectives reasonable? (i.e., were the

 .data collected to meet,ﬁhose objecti&es able to be interpreted as
expected -~ do cow:icalf ratios iﬁ Maréh_iﬁdicate over winter

- survival of calves and provide an index of recruitment - and is

_ that a useful thing to know?)

5. Precision and accuracy: Were the data adequate with

respect to accuracy, precision, and cost effectiveness? How
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preciee do the data (e.g.,'pepdletien estiﬁetes):heed;to be? 3.
Frequency: How frequently are the data required (e.g., what:is
the best survey interval)?

4. Tocation: Were the right populations surveyed? and

5. Use: Were the results translated'into management action

*ﬂor ‘used as a basis for 'some other.decislon?. /i.l =iy o

257 - Caribou project activities were divided into 4-areas; - -

eooa) developing and improving techniques (e.q., aerial

5 photography as a census technique, composition sampling

techniques, urea N as a condition indicator); I

b) monitoring caribou herd status (e.g., periodic census and
recruitment surveys), and ) |

c) increasing our fundamental understanding of caribod and
wolf ecology and behaviour.

d) communicating results, concepts and management

recommendations to the public and the scientific/management

-~

. eommunity. - ' ST LA S A S

Most of our time and money has been spent monitoring the

status of the Bluenose, Bathurst, Beverly, and Kaminuriak herds

- (primarily through periodic census surve§5'and annual composition

; - surveys) and attempting to improve monitoring techniques.

Therefore the first part of thils review will cover caribou
composition surveys and the second will deal with census surveys.

The final section, to be sent later, will cover our suggestions

for future work.



" COMPOSITION SURVEYS !

_ composition surveys have been done at 3 times of year, In
' .spring, March and April, we estimate the calf:icow ratio (CCR):
sthe ratio of calves to one year 0ld ‘and older females, In June,

izon ‘the -calving grounds, we estimate the proportion of parturiént

.

7?;£¢6wsi(9regnant and ‘post-partum females) -to ‘other one year-old -and

P

older caribou. ' During the rut we estimaté the sex ratio in the

N

herd. . - _
o+ 7 1. Logic: We think that spring CCRs and the proportion of
’§arturient cows on the calving ground are worth estimating but
that fall sex fétios are not usually worth the effort.
Because pregnancy rates are relatively constant in cafibou,
recruitment to the population (as indexed by the spring CCR) is a
Jimeasure offthe survival from birth to age one year. First year
»egurvival (is probably the key factor ‘determining the abundance in
caribou. Recé;t increases in the size of the Kaﬁinuriakt”“’*
» Beverly, Bathurst, and Bluenose herds can all be related at least
+=-4n part to increases in first year survival. Caughley éorréCtly
;ﬁpcinted out ﬁhat age ratios can not be interpreted because ratios
_‘COuld change if either (in our case) the number of calves or the
number of cows changed. In caribou, it is hard to believe that
cow survival could change enough to account for the wide range of
CCRs we observe, because if that were the case, we would not get

a relationship between herd growth and CCR. The most likely way

to get high cow mortality and low calf mortality (at least for a



- while) is througk'very‘high hunt}ng. Hopefuily,jwe would know
.about extraordinarily heavy kills as part of our day td éaynr
~activities. - L o

The best way to track herd trend ié by censusing herd size,

'Tﬁhut if census surveys are done only every‘a.or 4 years it could

3ﬁtake 12 years to detect a trend change. Annual éstimates of CCR

.ggﬁareirelatively‘cheapA(i/4-the price of-a census) iand provide an
index ofltrend;fbr the intervening years. Census suxveys cost

about $88,000/yr while spring composition surveys cost between
‘i$15,000'and $30,000/yr. If you accept all of this stuff; then it
’seems to us that spring CCRs are well worth collecting. |
We know tﬁét the proportion of parturient coﬁs on the
calving ground varies considerably among years, depending oﬁ
caribou behgviour. If we estimate this parameter then we can
‘eliminate ;Lconsiderable amount of noise surrounding the calving
.:ground population estimates. The question 1s, are calving ground
classificqtiqﬁg worth the cost? = We think they are.
i.-.- _ The estimation of total population size from calving ground
, estimates requires an estimate of the se; ratio in the total herd

.. and the propartion‘pf all females that are pregnant. - Because we

.:1§o'not_estimate the proportion of all females that are pregnant,
it is not worth é lot of effort to estimate the sex ratio.
Aééuming an average sex ratio is probably pretty safe because
they vary little. One situation where the sex ratio was

considerably different from the mean was in the Kaminuriak herd

in the early 1980's when survival was very high. It is worth



ﬁéstimating sex!réfio thefe.now,xto see if i%“has retufhéditﬁ'a

Tiefel more typical of the mean.: - E

5.7 2. Precision and accuracy: - Recently, Davis and Adams have
 shown calf mortality does not differ from that of adults after

:_5fall._Their data reduces my concern that differential mortality

_"*mgykoccur after our surveys in 1ate;March;‘eLaté‘Winter?sur§ival

may be different in the NWT but :determining that for oiix herds is

dégll_beygnd the scope of our resources for now."Accurécy ofl |

.CQR'S wag brought into question when McLean and Heard found

_Sésignificant differences between groups selected‘arbitrarily and
éroups selected based on the location of radio collared cows both
years the compa%ison was -done (see_attached repori; Spring
composition summaries for the Kaminuriak, Beverly, Bathurst'and
Bluenose caribou herds, 1986-89). The direction-of the

~: difference was different between years i.e., the CCR from

- sarbitrarily selected groups was higher one year and lower the

ﬂg;ii-,..:f'i‘f\i‘%‘-Xt .

‘ ;Q:SDrinq Classification Surveys

;&25, The results of 1986-1989 composition surveys indicété what
v:we feel were_fhe strengths .and weaknesses of our methods of
~collecting spring CCR's. -~ Nineteen spring composition ‘surveys
| were conducted on the four mainland herds of barren-ground -
. caribou between 1986 and 1989 (Appendix %). Caribou were
classified either from the ground after observers were placed

near caribou using a fixed wing aircraft, helicopter, or

snowmachine or from a flying helicopter. The Kaminuriak surveys
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;;consistently employed observers who used'snowmachines to p}ace |

themselves near caribou that were migrating past Eskimo Point.

. On the other herds, most samples were taken before caribou had

-left the forest.

 Most sample units were selected arbitrarily but some --

nsmpluenose and Kaminuriak .sanpling sites were based on the presence

;waradio-collared cows. .The mean CCR and ‘its ‘standard deviation

'were.originally estimated using Cochran's ratio estimator, but to

avoid assumptions about normality of the data, we switched to

;_using the Jackknife technique; When the number of sample units

was over 20, the mean was the same using both methods and the
Jackknife provided only a slightly higher estimate of the
standard deviation.

The cgmulative mean calf cow ratic was within 10% of the
final .estimate after 21 groups of caribou had been classified in
17 of.the 19 surveys (Figure 1 in Appendix 1). The cumulative -
coefficient og variation (cv) was below 10% (considered to be our

acceptable level of precision) in 15 of 16 surveys when at least |

..26 groups of caribou were sampled (Figure 2 in Appendix 1l). A cv

of less than 10% was not attained .in only three surveys (Kam 87,
Bev 89 and Bat 88) in which 30, 23 and 13 groups were sampled
respectively. Of the 16 surveys in.which a cv of < 10% was
attained, only 5 (Bev 89, Kam 8651, Kam 8682, Kam 87 and Kam 88)
did not reach the 10% cv level after 20 groups.

We conclude that the methods used to estimate calf:cow

ratios between 1986 and 1989 usually resulted in an acceptable
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level of precision pdcause relatively few groups were sampled in

" YFhose surveys where the 10% cv level was not reached. Therefore

it appears as though a cv of 10% can be consistently attained
in'given a sufficient number of samples, using the survey “techniques
'émployed. ~-However,” the fact that 4 of the 5 surveys that did not
;attain ‘a oV of 10% were conductéd’ onthe Kaminuriak herd,ugwﬁ
i”suggests ‘that more sanples are “required ‘when ‘sampling migrating
caribou on ‘the tundra as opposed to sanmpling prior to ‘the: ‘start
“of miqratlon while the caribou are still on winter ranges. ~-The
‘Beverly 1989 survey provided a siﬁilar situation. The migration
' gtarted during the sampling period, and the cv, which had dropped
below .1 after 7 groups, jumped to .2 and then declined slowly.
. More samples are required to obtain precise estimates after the
start of'migration because age and sex classes appear to |
. ‘gegregate immediately prior to and during migration. Therefore -
=2it 'is not- surprising that the variability in calf:cow ratios is

higher initially, and remains higher ‘despite increasing sample

:.z7gizes, as the composition of groups migrating past a fixed point

will continue to change ‘as different herd components move out of
“wintér rande 'in the ‘trees, ~--SwcE - 20T S A
Tt is difficult to establish specific guidelines for
" 'obtaining accurate and predise estimates of calf:cow ratios from
spring composition surveys as each situation will differ.
However, the easiest way to ensure a cv of 10% is reached is to
take a programmable calculator into the field and enter the data

1
from each group. One note of caution, is that the cv was observed



';g;to jump up after haviﬁg dropped below .10% in 5 of .19 surveys.
Therefore, several groups should be sampled after the level drops
below 10% to ensure a precise estimate.tf.»

;;;gg: IE a calculator is not available in the field, results from
analyzing the 19 surveys conducted -indicate that -the cumulative
mean calf:cow ratio,: on .average, .is Wlthin 10% of the final

‘nﬁestimate after 18 groups (Figure -1 in Appendix 1),pand in 14 of
ale surveys, -the cumulative cv was below 10% -after 21 groups
~-samp1ed. Therefore it appears that it is necessary to sample a
.,Qminimum_of about 20 groups in each area to ensure that precise
.. estimates are ettained. Our previous recommended minimum was 30
groups., | |
In several instapces the cv jumped after the investiéators
.sampled ig_different areas of the caribou distribution,
ifsuggesting that there may be significant qifferences in calf:cow
;;ratios-in segments of a population'winterlng in different areas.
It follows, tﬁen, that it is not only important to obtain a
-~Qprecisefestimate in a single area, it;is;alse important'to sanple
+.. from all segments of a population in order to ensure_that the
estimated calf:cow ratio is accurate (is close to the calf:cow
ratio in the total population). R
. In theory, sampling effort should be distributed according
to the proportion of caribou in each area, which requires
estimates of the numbers (density) of caribou in all areas

occupied by caribou from the study herd. However, obtaining

estimates of numbers of caribou in winter, especially in the
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‘ﬁgﬁgrest, is difficult and éxpensive; kequiriﬁ§7resdﬁrce- e
expenditures well beyénd those available for spring composition
..surveys. To date, most sampling efforts have been allocated
according to a gut feeling of the relative numbers of caribou in
diﬁﬁerent areas and to logistical constraints (eg. finding and
lﬁilgpging beside groups of caribou on the barrens). We would .. -
_;&ébpreciatg receiving_ippu;_gs to methods to deal with the problem
:u;gf;allgcating sampling effort without accurate estinates of
caribou dénsities in all areas of winter range occupied by a
-herd. | |
_:. We concluded: 1. A level of precisionudf cv = 10% is
consistently attéinable using the methods employed:between 1986
_? and 1989 if enough groups are sampléd. 2. The variabilityviﬁ
calf:cow ratio increases-as caribou age and sex classes segregate
immediately prior to and during migration. Therefore spring
composition counts should be conducted prior to spring migfatioﬁt
»1in the trees, rather than during migration on the tundra. This
.suggestion involves major-changes only on the Kaminuriak fange.
3. Investigators should carry a programmable calculator‘ﬁith then
-to determine when they have sampled enough groups to attain a cv
of 10% or less. Several additional éroups should then be sampled
to ensure that the CCR does not change and that the cv does not
jump back up over 10%. 4. If a calculator is not available, at
~ least 20 groups should be sampled. 5. Sample effort should be

distributed according to density. The more information you can



Léet on relative'densities, the*better.‘“HoweVer,iit is notﬁorth |
Sattempting quantitative denSity_eetimates. " " e
If one wanted to investigate the accuracy of CCR estimatee”
. further we suggest attempting to select eample sites more S
bbjectively. ' one way to do that'wouid be"to carry out spring
|  compoéition work like it is done on the calving ground.” That is,
‘ ffiy predetermined‘tranSéctsfand:claséify'animals*néar the flight
lines 50 that the sample size is proportional to density. < That
would requlre a helicopter. It would involve many hours of
' flying over empty country and for the same cost_nould result in
nany fewer anlmals being classified. The binomial formula could
be used to calculate the CCR and its standard deviation, whlch
would give a precise result. The question remains of how to_
‘evaluate ite accuracy.
To determine the effect of segregation during spring
-migration on the CCR estimate one could sample throughout the
_ w1nter, sampleyat one point over the time that the migration is
passing or, in April, sample along the length of the migration.
- “As we have been recommending for 3 years, it is important to
-~record the sex of calves. Do you think these studies are

r=necessary?

" -Calving CGround Classification Surveys
Analyzing calving ground classification data with the

Jackknife method did not result in sufficiently precise estimates
of the proportion of parturient cows on the calving ground (see

Appendices 3, 4, and 5). Because we know the density of animals



. within.each stratuh, we sampled so that saople size was e
'-; proportional to denSLty. We believe that helicopter flight, lines
- | resulted in sampling effort being distributed so that all animals
~-had an equal probability of being sampled. Therefore the ...
.'binomialrformula (sd=FPC*(pq/n)A0.5)'should‘an appropriate,way to

y yestimate the mean and standard deviation -of the proportion :of

.parturient cows on the calving ground.‘-Using the binomialfﬁt
':lformula, rather than the jackknife method would result in
Dneglig;ble differences in the estimate of -the proportion of
parturient cows, but the binomial would produce much smaller
.;standard errors. For example the proportion of partutient
females in stratum 1 on the Beverly herd's calving ground in 1988
was 0.911 + 0.2513 using the Jackknife estimate and 0.916 +
0.00574 usiog the binomial formula. Using the binomial formula
would allowaor substantial éavings in survey cost, because if we
stick with the Jackknife we must increoso our sample size to
obtain an acceﬁtable level at precision, but if we go with -the
Ji'oinomiollyeﬁcpuld decrease sanpling effort.*f(see.Qzapleﬁski,
erowe”and McDonald.1983, Sample sizes and confidence;intorvals for
| wildlifo\population ratios. Wildlife Society Bulletin 11: 121~

128,) .Comments?

P T AT
3. Frequency: We have recommended composition be done annually as

,an index of trend in the years between surveys. If it is not
done annually it's usefulness as a trend index declines

considerably and therefore may not be wofth doing at all,
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>4, "Location: ' °If populations ‘are not surveyed"periodically then
srcomposition work is not going o provide useful monitoring B
information and is worth doingﬂonlynunderwspecific circumstances
depending on the objectives.® We fee1~that ‘annual composition

r“surveys ‘should be continued on the-Bluenosé}*Bath tf Beverly

'foand Kaminuriak herds and begun on'Banks-Island. D dmeluudTay
wb eiiwes nipmwe Godive SYIsNnst pe¥ pady vadtay | siuaT.’

5. Use: Commercial -caribou guotas were increased on the™
’Kaminuriak "and Bathurst herds because we believed those: herds
were (and still are) large and healthy. CCRs were definitely a

- ‘factor supporting the census results and justifying those

increases.
Z .
I S S 3
"CENSUS SURVEYS  =i. 0 a7 0 ofe Thes o ax
: N |
Cmdd Axiwoop e S0 Do 0aRldeTi o Jw BECIREFR AN ST I S

l;fLogic:mThe'cenSusiCOmponentfof-cariboupopUlation.

o monitoring‘maf be designed tofprovidé’iﬁEOrmation"on'borh
fpopulation’siné“énd population trend.*: HoweVer the emphasis
varies. The primary objective of Bathurst, Beverly and
Kaminuriak herd calving ground surveys was herd trend and the
secondary objective was herd size. Almost everywhere else, the

primary objective was herd size and the secondary objective was

herd trend.



qu:-;_,Those oriorities may change. The_Bat;ﬁrsfﬁﬁanagemenﬁplan
calls for decisions to be made on the basis of total hefd size.
It says nothing about trend. Is trend worth‘eStimat}pg? What we
+need to know is if herd size is between certain limits. But
trend is also important because it'may fo:etell‘when.herd size
| -will pass -a critical poundary. If ourrmanagement'decisions.were
“made immediately after each new estimate of population size were
..:obtained and if those management decisions controlled subsequent
changes in herd size (e.g., determined herd trend) then herd
trend would be meaningless. But we know that oeither of those
- conditions aoply. We are not so much managing herd size as
monitoring whaf nature gives us and trying to taﬁe maximum
advantage when times are good andqminimize adverse impactsfwhen
times are oad. Put another way, because we know pooulation size
will fluctaate regardless of what we do, a worthy management
. objective would be to reduce the amplitude of.those,fluctuations
:Qso that even tﬁe,minimum herd‘size will be high enough to meet
A~peop1e's needs., . To do those things we need to know he:d t:end.
...If we always use the same formula to extrapolate numbers of
-parturient females to total hexd size then there is no need to
measure the required variables unless we have reason to think

they have changed drastically (see Composition Section).

2a. Precision: A €V of less than or equal to 0.1 for all

surveys has been our objective for years, and we think that



:"“remains an obtainable and worthwhile objective. It is probably
nhever worth the effort to try to get the CV below 0.05,

The elimination of the stratified visual strip traneect :
survey during calving ground surveys means that composition can
‘be detetmined concurrent with the pﬁotography (thus'increasing
d%‘taccuracy), ‘and more time could be spent collecting composition

- data ‘(thus improving precision). : There has not always ‘been :

*””sufficient time available to sample as intensively as we would

have desired.

2b. Accurady: Every study of aerial survey techniques has
demonstrated tﬁ;t visual counts are inaccurate. éightability
'pias, the difference between the observed and the true counés,
can be corrected for if there is a consistent and known
relationship between variables that affect visibility (e.g.,
'strip'Width, fiying hight, airspeed, per cent tree cover etc.).
The problem we/face is that aerial photography has demonstrated
“that sightability bias of caribou on ealving grounds is ﬁighly
variable (Appendix 4), suggesting that it is not poseibie to
" Gorrect for sightability bias under those conditions. ‘What other
‘ways are there to deal with survey inaccuracies resulting from
éightability bias? |
Four survey designs are being used to census caribou in the
NWT. On mainland calving grounds, density is estimated by counts
of caribou on aerial photographs. On Banks Island and in the

central and high arctic, caribou are counted visually on belt




traqggqtsiffqp either fixed wing aircraft (where the transect

boundaries are delimited by wing strut markers) or from a
- ﬁﬁﬁhgliqoptgr, where a clinometer is used to measure the distance of
animals from the aircraft. On Southampton Island we used
.Gasaway's moose survey technique; counting caribou from a
“_' helicopter within randomly selected blocks. We attempted to.:
.{"measure caribou. sightabllitqu~Total counts of caribou. on -y
photogragnsaqflﬁluenose post:calving_gggrqgations has been
successfﬁi on two occasions.
Sightability bias is still.a factor in counts from both
;,calving ground and post-calving aerial photographs. We have not
been able to measure how many animals we are missing, but
counting accuracy appears to be much higher (and therefore must
.be lgss_vgr%able) than visual counts of transect strlps.‘
on So&ﬁhampton Island, our attempt to measure Qisibility
Jbias failed because caribou moved too far during the interval-
-y - petween pursinifial survey and the high iqtensity recount. That
occurred even though the recount was carried out immediafely
after the completion of the block count. . There appears.to be no
way aroupd_;his proplem_unlessﬁcaribqp_can_be counted when they
_31é§;gule$§.xe§ctive‘and“thergforqqless_likely to move (e.g., in
,yp;ylcolq_weather, during the rut, etc).
.. We have spent 10 years and over a half million dollars in
survey costs demonstrating the inaccuracies of visual transect

strip surveys. However that technique is still being used and

results are interpreted as if they are accurate or consistent
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" Griderestinates.  Why are Gasavay's moose siirvay Procedures 17
followed to the letter but ﬁig-procedures to'deterﬁinékéFE?ﬁﬁ

© ‘gightability bias ignoééd? ‘We suggest that;fésistancé'tdfchahge
T'is strong because: i

ﬁl);In spite of overwhelming evidence otherwise, ‘wé cannot

' béliéve sightability is a problem. We may be willing'to bdsé

' managemént ‘decisiors ofi survéy data knowin§ ‘that we Sust be
.Lﬁi'ﬁndéféstipating population size because ‘our errors *favour o
conservation. | E
. X0 2) Accurate techniques are so much more expensive.
' -3) Accurate surveys are difficult to design ;nd we are too
rushed (hopefuliy not too lazy) to spend the time-required.a
- - '4) Research on sdfvey methods is not very glamorods..
5) Inaccurate surveys are easy to pass off to non-technical
. _peoplé ‘as good stuff.
L VWe can:deg} with high costs if we want to, by doing fewer
l2¢gurveys or by taking money from other projects. Alternatively we
can give up and use the”hdhey.that would have been Spent “on a
“* poor census for something we can do well. " |
il U Because we were unable to measure sightability on +*+ =i
Southampton Island, we would like to try Mercer's "spray dyé”mark-
3 recaptﬁre technique in 1991. Obviously one of the big hurdles

Wwill be getting community approval but there is no reason not to

try .

k=
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.  We are still trying to assess‘biases'ofpcountsaof}calﬁinq

ground photographs, possibly by using concurrent video

..+~ subsampling. -

.. The biggest question, which we have found difficult to
evaluate, ‘concerns the pros and cons of post-calving vs calving

ground census methods. We do not believe you can determine the

. accuracy of .the post-calving technique unless -a.relatively high'
‘portion of animals of both sexes are radio-collared. . That
-excludes the Bathurst herd as a candidate for that technique

_because political con51derations ‘do not allow us to collar

animals. The Kaminurlak herd does not appear to aggregate
sufficiently to’ obtain a total count most years. A post-calving
estimate was obtained in 1987 but it required some assumptidas
and was not’a total count. Thomas insists that the Beveriy herd
can be cens&sed using post-calving photography but he has failed
every time he has tried it. Bruce has had apparent success with
post-calving céﬁnts in that he is able to find most of the radios
and photograph the groups, but he has not been able to aasess how
many bulls he is missing. At this time we think Bruce should
continue with“post—calving photography and the other herds should
be counted on their calving grounds. ’

3. Frequency: The most cost efficiant survey interval can
be determined using the methods described by fim Gerrodette
(1987. A power analysis for detecting trends. Ecology 68: 1364-

1372). To determine the optimum survey frequency we need to know

1) what precision we can expect from the survey design, 2)



acceptable‘level of risk-of“makingftype;one andatype two errors

and 3) the 1ike1y rate" of change in ‘the: size of the study
population. The optimum surVey interval was considered to ‘be the
-longest survey interval (and therefore the fewest' total surveys

srand lowest total cost) to detect a trend over. the shortest

tﬂu

'*{feopossible time. *GV_%v’; ¥

* *'ﬁ‘. e

34 q;We'canfexbectétﬁedpq__h io Mof surveys to & 'rage eV =0.15

“with improvements‘to calving ground composition techniques as
discussed under Composition Surveys above.nuWe-suggest that we
adopt .the same‘significencefstandards as ‘have 5een accepted for
moose surveys. In-all calculations we have assumed that two-

" talled tests %ould be done and that we want to be 90% sure of not

‘making a Type 2 error (i.e., concluding no trend when in ract

‘~there was one).
I
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'Q:Ea_eit is difficult to;know;what;rate,of-change‘to use as a-

— oo

"
sabasis for calculating survey intervals.r'$ma11er-rates of change

s.are more efficiently detected by longer survey intervals (Figure

ja)ﬁbecause greater absolute changes in numbers occur over -longer

1ntervals.”;. EDN S CLas vl i

Optimum survey 'Fractionaldrate of

a~dnterval taini s declinel per yyear wIaIol gstotum TIEY

2 >.240
"3 .164 -~ .240 -
4 .125 - .164

i 5B 102 - .125

’ 6 .085 - .102
7 .075 - .085
8 ,070 - .075

. etc... - :

UShort survey 1ntervals will not detect small rates of change as
'efficiently as longer ones., All survey intervals will detect
1arge rates of change, but with 1onger survey intervals, the

population willfhave declined further before detection.

:*.\: ﬁ o5 -
, Regardless of the survey interval, with a CV of o. 15 the

.mfpobulation has to decline by about half in order to get a
s;énificant dlfference between any two surveys.. Two surveys 3

-~ 4 -

years apart would detect a decline of at 1east 53% whereas “two

P ;o= art

surveys 6 years apart would detect a decline of at 1east 57%.
Thus the absolute dlfference in the percent change in herd size

before detection is not great.

If you can predlct the rate of change then the above table

gives you the optimum survey interval. But the average rate of
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.H‘change is not easy‘to'predict. "If ‘one wants to err oh the side
:"of reduced efficiency rather than having 2 decline go undetected
:lcnger than necessary, the maximum expected decline rate should
7 be used to choose the optimum survey interval. ~Tﬁé Kaminuriak

- herd declined at only about 3%/yr. The greatest_decline rate we

:_ know of occurred on Banks Island at -about 15%/yr.- Thus a four

Fo s IAnnITaaY VBT i R O

year survey interval -would be most efficient.at detecting the
15%/yr decline, our worst case scemario.
Because there are no other examples of consistently high
rates of decline'that we know of (excluding st. Mathew Island),
' it seems unlikely that caribou would decline at such a
consistently high rate. Assuming_that a more plau51b1e long-term
average rate of decline is lb%/yr (or less)then,, aeé year.survey
| interval would be sensitive and efficient. Therefore we think
serious consideration must be given to 4, 5, and 6 year survey
intervals. - U
The biggest risk of long survey intervals is, if we ever had
rapid declines, that the population would decline further before
detection than if survey intervals were shorter. Therein lies
the value of annual recruitment estimates.: If we suspect a
-;decline w1thin a“given herd for any reason (near significant
'trend, poor recruitment high level of hunter kills, etc), we
”could survey that herd ahead of schedule to confirm the trend and

reduce absolute declines in herd size. A six year survey

interval would permit that kind of flexibility.
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‘In conclusioh therefore, we recommend that the caribou

£

survey intervals be increased from once every .2 ‘to 3 years to:

‘once every 6 years.

Where a herd is threatened with extinction (e.g., "‘Banks

. :Island) and if more data will aid conservation efforts (i.e., the

- cost of ignorance is high}, then the survey interval :could be’

*ﬁredﬁced.

4. Lecation: Southern Ellesmere is the only place we know

.Of where caribou were, or are_declining_and the decline went

undetected 1onger than necessary. This resulted because it was
considered a low priority -area and was not surveyed. However,
there may be undetected declines occuring in other unsurveyea
areas (e;g.,;parts of Baffin Island). A six year survey interval

would free up money to survey other areas.

-~
-

5. Use: Suxvey results are relied on heavily for management

decisions. The Kaminuriak decline was real and led to the

formation of the Beverly/Kaminuriak Cariobu Management Board and

its actions. pocumentation of herd size increases has led to

increased GHL, commercial, resident, and non-resident quotas when

and where appropriate.

Appendices
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Figure 3, Relat__.ship between the rate of | pulation decline and
the number of surveys required to detect a trend. curved lines
represent 3, 4, 5 and 6 year survey intervals. Survey precision
was assumed to be cv = 0.15. Although the relationship between :
o the number of surveys and ‘the rate of ‘decline is plotted as a
curve, it is impossible to do a fraction of a survey so the

' number of surveys declines in steps e.d., if 2 3 surveys are

o i i s

. required to detect a trend then 3 surveys must be done, Heavy
curved 11nes indicate the otimum survey intervals for decline
. rates exceeding 0. 085.; All survey intervals would detect a
! . " decline after two surveys when the rate of decline exceeds 0.164
but a 3 year interval is the most efficient because only the
decline will be detected after only 3 years. At rates between
0.085 and 0.164, a three Yyear interval is less efficient because
"r"fﬁbre surveys are required (3 or 4 vs 2) which usually means more
f;é;ﬁtutal time is required and therefcre a greater total decline
before detection. For example, at a decline rate of lot/vr the
~—m—decline would be detected after 2 surveys 6 years apart.for a
total time of 6 years and a total decline of 47%, after 3 surveys
5 years apart for a total time of 10 years and a total decline of
65%, after 3 surveys 4 years apart for a totel time of 8 years
and a total decline of 57%, and after 3 survevs 3 years apart for
a total time of 6 years and a total decline-of 47%. Although the
3 and 6 year survey jintervals give results over the same, the 6

year survey interval was more efficient because only 2 rather

than 3.surveys were reguired.
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1986 Kaminuriak, Beverly, Bathurst and Bluenose Caribou Herd Spring Classification Statistics.

Mwmcmm . cal mwﬁ*Ede of Minimum sample
: . % calves % calves Sex ratio size based on the  Wolv :
Survey classified® CCR! &2 CV in sample in herd?Z in mmaugmw ng mw wwmﬂsu
_ _ 5 4
| ) ~ CCR cv
- v Kamfnariak TS 2T PR I § E ) 8 18 Al =
. Kaminuriak'2. .5 | 32 27-29. 45 30 44 .
L W Croge e e W : o L‘: A RSN T
- Kaminuriak, 1&2; 31 ... 92325 7 oo T -
- (Conbinedy, 2 B 20 25 21
S wm<m«.._k v P Nm N._ B R RN R wm_‘. ot ._L. 130
e ae s A : S R
. w.m.ﬂr:«.m.ﬂ T wwprolboay 4 29 - 2Tee s B0 10 -
Bathurst 2 < 21778399 L0822 2 e 15 -
‘Bathurst 182 36 - 58 . 3.64 - .06 27 26" 54 9 10 -
_mnosuw;maww SR E AR o it w i
P Bluenose 18 29 Sz 2.97 .06 29 2%- 6 - 10 12 -
" Bluenose 27 29, 64 4.98 .08 32 28 35 - 18 26 -
" Bluenose 142 58 .58 3.10 .05 31 26 31 30 26 24
" (combined) . ) .

1 calf-cow ratio; calves:100 one year old and older females \(cows); Jackknife mean.

2 Assuming herd sex ratio of 66 males:100 females {mean of 6 NWT fall composition surveys - Parker 1972, Brackett
et. al. 1982, Williams et al in prep) except for the Kaminuriak herd in 1986 when percent

calves was calculated based on 66 and 83 males:100 females (Heard and Calef 1986).

One year old and older males:100 one year old and older females.

Minimum sample size above which CV remained below 0.10. '

Minimum sample size:above which CCR remained within 10% of the final estimate.

Group selection based on the location of radiocollared caribou.

Group selection was arbitrary. ,

Excluding groups which were made up of bulls only.

~ standard deviation''based on Jjackknife technique.
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1987 xma*=:1Aux. Beverly, Bathurst and Bluenose Caribou :m1a,mu1*=m Classification Statistics.

| No, of, .:: . Estimate of Minimum sampTe
: : \u1o=umzmq o 9 % calves % omd<mmm,”. Sex ratio, - 'size based on the Wolves seen:
Survey classified®:-CCR' : s CY 1in sample in herd®: . in mmavamw, R . 100 hr flying
: R , AT TS I ¥ S T B N - i S B 5. 4
- P LR o o - +.CCR cv
Kaminuriak -~ 30" 4,00 .11 22 S b A ) S R B N/A 0
e ey .
“mm«mwmké,x - 20 3.53 .10 21 ny 30 18 20 143
‘Bathurst - 30 2.60 .07 21 8 4 o 7 94
Bluenose 1° 30 85 4.94 .09 26 .25 57 2] 14 -
Bluenose, 2 24 .41 3.09 .07 21 20 55 19 20 -
Bluenose 182 54 47  3.08 .07 23 22 56 48 14 -~
1 Calf-cow ratio; calves:100 one year old and older females {cows); jackknife mean.
2 Assuming herd sex ratio of 66 males:100 females (mean of 6 NWT fall composition surveys - Parker 1972, Brackett
et. al. 1982, Williams et al in prep) except for the Kaminuriak herd in 1986 when percent
calves was calculated based on 66 and 83 males:100 females (Heard and Calef 1986).
3 . One year old and older males:100 one year old and older females.
? Minimum sample size above which CV remained below 0.10. '
m Minimum sample size above which CCR remained within 10% of the final estimate.
wa;mwo:nﬁmmdmoﬂﬁosvcmmmn on the Tocation of radiocoliared caribou.
8 Group selection was arbitrary.
mthxodznmso groups which.were.made up of bulls only.

Standard deviation-based on’ jackknife technique.

L , o , C t




.,.dmmm mmamarnwﬁw.hmm<mwd%. Bathurst and Bluenose Caribou Herd Spring Classification Statistics.

" No. of | i Estimate of Minimum sample
groups o 1 9 % calves % calves Sex ratio size based on the Wolves seen:
Survey classified™ " 'CCR $ CY 1in sample in herd? in mmau_mw 100 hr flying
P ol : 5 q

L | CCR cv

Kaminuriak® =% 52 11673 09 21 e (el 14 wosigg 25 0

‘Beverly 17 s 375 .8 2 oz s 157 17

Bathurst 1381409 .26 24 26 92 12 N/A 17

i - Bluenose 29 - 4 3.8 .07 24 22 48 17 7 45

EiaY oy

W Calf-cow ratio; calves:100 one year old and older females {cows); jackknife mean.
Assuming herd sex ratio of 66 males:100 females (mean of 6 NWT fall composition surveys - Parker 1972, Brackett
et. al. 1982, Williams et al prep) except for the Kaminuriak herd in 1986 when percent
calves was calculated based on 66 and 83 males:100 females (Heard and Calef 1986).
"One year old and older males:100 one year old and older females.
Minimum sample size above which CV remained below 0.10. w
Minimum sample size above which CCR remained within 10% of the final estimate.
Excluding groups which were made up of bulls only: - o
Standard deviationibased?on”jackknife technique. = " A
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ﬂmmmmxmﬁmucﬂ*mwﬁ Beverly, Bathurst and Bluenose Caribou Herd Spring Classification Statistics.
No. oﬁ+ o Estimate of , R Minimum sample
mwocum_mm 1.7 % calves ﬂ.nmd<mmm Sex ratio size based on the Wolves seen:
L Survey  classi JCCR" s CV in sample  in herd“ - in sample3 100 hr flying
ﬁnl.' ' . ) . ! R A ’ - , ”.¢ o . , . ’ . ., ,. ..- . o ,v‘. “ . . ' ' nn”m . O<hv
~¢ Kaminuriak' ' 387TA%Yeit 1075 04 27 7 -
i Beverly 23 .m..mmmm. 448 N2 2 N/A 0
' Bathurst 6 36 1.98 .05 21 18 32 4 4 46
-+ 'Bluenose 56 .45 '3.04 .07 25 - 21 38 42 18 0
W Calf-cow ratio; calves:100 one year old and older females (cows); Jjackknife mean.

Assuming herd sex ratio of 66 males:100 females (mean of 6 NWT fall composition surveys -~ Parker 1972, Brackett
et. al, 1982, Williams et al in prep) except for the Kaminuriak herd in 1986 when percent
calves was calculated based on 66 and 83 males:100 females (Heard and Calef 1986).

One year old and older males:100 one year old and older females.

Minimum sample size above which CV remained below 0.10.

Minimum sample size above which CCR remained within 10% of the final estimate.

Excluding groups which were made up of bulls only. _

Standard deviationi‘based’ on. jackknife technique. =~ - -+ = o TR
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1986 Kaminurialk, BReverly, Bathurst, and Bluenose caribou herd
spring composition data (F = female, M = male, U = unknown sexl

5'_': ._SurVéy © Number of calves _Numberﬁof ﬁérisﬁa' fﬁtals
. : R 1 yr old %
_.-F, spaR e MRSy a5
N O e e ORI
Kaminuriak 1 37 49*“1558‘ﬁ1654**§*£?34§4 4
Caminuriak 2 0] 0 0 1176 1693 757 - 3626
Kaminpuriak 1 .
, & 2 combined 37 49 1568 =830 5127 1045 2002
Beverly 333 B804 232 1963 4333 1510 7818
, Bathurst 1 ‘ge 73 721 880~ . 1448 20 . 3048
' Bathurst 2 71 S0 to01 @22 461 308 - 931
Bathursf 14 ‘ _ _
% 2 combined 157 123 822 1102 1309 1028 4037
Bluenose 1 o o 794 403 2730
CBluenose 2 7 0 0 1076 581 3331
_;Eluenase 1 ;«f :
% 2 combined 0 -.0 1870 984 E061




