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ABSTRACT:   This paper discusses the collection and application of moose aerial survey data by
managementjurisdictionsinNorthAmerica.Of17jurisdictionssampled,16flewsurveysandofthese
15didpopulationsurveysandclassifiedcountswhileonedidclassifiedcountsonly.Thefrequencyof
aerial surveys varied from I to 10 years with most flying at 2 to 5 ycar intervals.  Information relative
to how the data are used and criteria for assessing population health ae presented.  Eleven agencies
collectedagedataandtheuseofitispresented.Tenagenciesindicatedthattheyuseapopulationmodel
for sinulating populations.   Twelve parameters for assessing the health of moose populations are
presented and recommended for use.  In the interest of maintaining long term monitoring programs,
parameters used should be simple. stable and cost effective.   These are more likely to be used by
managers.Monitoringprogramsshouldbedirectedatthoseparameterswhichwillbeleadingindicators
of future trends in moose populationso
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Kams cf a/ (1974) and Crichton 0987,
1988)havedealtholisticallywithmooseman-
agementinNorthAmericaandtheassociated
issuesandproblems.andsuggestedthedirec-
tion such management should take. They did
not deal with those parameters available to
assess herd status which are essential in for-
mulating management decisions.   Some au-
thors  (Addison  and  Timmermann   1974,
Bubenik 1971, Bubenik cf a/ 1975, Crete and
Dussault   1987,  Fraser  1976,  Moen  and
Ausenda  1987  and  Mylberget  1988)  have
dealt with specific parameters which can be
used.  A list of parameters cunently used by
management  agencies  in assessing popula-
tion well being has not been compiled.

Crichton (1987) suggested nine impedi-
ments to sound moose management, includ-
ing lack of funding, and he further suggested
(Crichton 1988) that managers must look at
new  initiatives  to  raise  funds  for manage-
ment.  At the  sane  time,  managers  should
demoustrate an ability to fully analyze and
use the available data before new funding is
accepted or is likely to be offered.   Mercer
(1976) suggested that much of the data col-
lected are used superficiauy and this may be
duetoalackofqualifiedpeopletodoin-depth
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analyses.Thereisapressingneedtoutilizean
techniquesforanalysisofdataonpopulation
status. Page (1983) suggested that manage-
ment requires innovative ideas to handle in-
creasingly complex tasks and decisions.  The
difficulty  arises because many of the most
advanced and powerful ideas are commonly
couched in mathematical terms and fomula-
tious that are obscure to biologists.   There
havebeenrelativelyfewattemptsbybiologi-
cal mathematicians to reach field level biolo-
gists.  I suggest that the reverse is also true.

The purpose of this paper is  two-fold.
First, I report on a survey of North American
management agencies to ascertain: (1) if they
flyaerialsurveysformooseandhowtheyuse
the data, (2) if they collect age data on har-
vestedanimalsandhowtheyusethedataand,
(3) if they use a sinulation model.  Secondly,
I  recommend  parameters  that management
agenciesshouldcousiderinassessingthesta-
tus of moose populatious.  Ths compilation
can be added to as new techniques and ideas
are verified as usefu.

METHODS
Seventeenjurisdictionsweresurveyedand

asked the following questions :
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1)   Do you fly aerial surveys for moose?
2)   If yes to  I), what type of aerial surveys

and how frequently?
3)   From  the  survey  data  generated  what

parameters are used to assess population
status?

4)   Do you collect teeth from harvested ani-
mats and what parameters are generated
from this to assess population status?

5)   Do you usea sinulationmodelformoose?

RESULTS

Ofl7jurisdictious(9Canadianprovinces,
2  Canadian territories and six states in the
United  States)  surveyed,  16  indicated  they
flewaerialsurveys,oneagencyindicatedthey
wouldnolongerdothesestartingin1990,one
did not.  Of the 16,15 did population surveys
and  classified  counts  while  one  did  only
classified counts.    The frequency  of aerial
surveys  varied  from  1  to  10  years  with  3
indicatingsurveyswerenotonasetschedule.
Eleven indicated that surveys were flown at
intervals of 2 to 5 years.  Statements relative
to the use of these data are as fouows:
•     to justify license quotas and allocations

for commercial use.
•     to set population objectives and harvest

levels.
•     used in population models.
•     to  detemine  recruitment  (calves/100

cows).
•     to ascertainpopulation size (density) and

composition.
•     to examine the ratio of large versus small

antlered bulls.
•     to detemine the annual allowable har-

vest.
•      in public discussions to explain manage-

ment decisions or need for action.
•      to identify key areas formoose that are

used in land utilization discussions.
•     to detemine success of specific hunting

strategies.
•     to detemine moose sighted per hour of

survey time (trend data).

12

•     thedata arenotused.
Eleven agencies collect teeth, detemine

agesoftheharvestedaninalsandusethedata
in the fouowing marmer:
•     to examine age structure of adults har-

vested(aninalsoneyearofageandblder).
•     used along with harvest and survey data

to construct a picture of population dy-
namics of specific herds.
as a public relations gesture by advising
hunters of the age of their aninal.  The
presenceofhuntersinDeparmentoffices
allows  for  communication  between
managersandthepublicwhichotherwise
would not occur or be minimal.
to detemine pereentage of 1.5 year old
animalsinthepopulationandfemales2.5
years of age and older.
when reproductive tracts are submitted,
to ascertain age of females.
to ascertain if hunting seasons occur too
early.

•     to ascertain success of selective harvest
Systems.

•     examine  along  with  antlers  to  look  at
antlerstructureinrelationtoage®articu-
1arly the difference between  1.5 and 2.5
year old animals) which is done because
of strict hunting regulations.  Ten of the
17  agencies  indicated  that  they  used
population models.  Four indicated they
did not have access to one.  Models were
usedforsettingharvestquotas,todevelop
an index of population condition and to
assess populatious trends.

DISCUSSION/RECOMMENDATIONS

Given the variation that can occur annu-
ally in specific parameters, it is essential that
monitoring  of moose  populatious  be  done
with as many parameters as possible.  It is by
this method only that managers can have a
realistic chance of quickly detecting changes
in  populations.  to  detemine  if population
objectives are being met, and to enact reme-
dial measures.   In addition, monitoring pro-
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grams which give direction for management
of moose should be directed at those param-
eters which managers believe win be leading
indicators  of  future  trends  in  moose
populatious.

Inintelpretingdata,anadequatebaseline
must be established if monitoring results are
to be correctly intelpreted; this exemplifies
thevalueoflongtermmonitoring.aassified
counts,forexample,flowneverythreeorfour
yearsrepresentnttlemorethanpointestimates
intimeandarenotreliableindicatorsoftrends
in a population because of annual variations.
It  is  suggested  that  managers  should  also
gather data on those factors which have the
potential to impact the management param-
eters being used.

Because of current fiscal restraints and in
theinterestofmaintaininglongtemmonitor®
ing programs, the indicators collected should
besimple,stableandcosteffective.Theadded
benefit is that simple measurements require
less complex analysis and interpretation and
are more likely to be collected and used by
managers.    Stable measurements  are those
that are not sensitive to small variations in
technique®   For management purposes  it is
suggested  that  a  set  of  sinple  and  stable
measurementsbeidentifiedandconectedover
thelongtermtoprovideabasisfordetecting
critical changes in moose populatious.

Irongtemmonitoringprogramsformoose
management are an essential aspect of man-
agemept recognizing that in some cases ex-
pensive programs such as aerial surveys may
notbepossiblenorneededonanannualbasis
(this was suggested by an agencies who fly
surveys).  The availability of computer pro-
grams  for  monitoring  annual  changes  in
populatious negates the need for annual sur-
veys.Inaddition[ocomputermodeling,other
opportunities to augment management data
must be examined.   Population counts may
only  be  needed  every  3-5  years  for  most
populatiouswherehunanharvestandpreda-
tion are known variables®   Where bull only
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seasonsexistclassifiedcountsmaybeneeded
more frequently and peinaps on an  annual
basis.

Timing of such monitoring activities is
critical and can severely impact the results.
Lynch (1975) has suggested the importance
offlyingpopulationsurveysinlateNovember
or  early  December  because  of  post  rut
movement characteristics. Aerial surveys must
be done within appropriate tine horizous to
minimizevariatiousandmaximizetheuseful-
ness that can be attained over the long term.

It is inportant to examine each manage-
ment scenario and use those factors  which
willassistinassessingpopulationwellbeing.
In  Quebec,  a  set  of  11  factors  have  been
identified as essential in assessing the popu-
lation dynamics of specific herds.

Advancedplanningisnecessarytoeusure
all issues are evaluated.  This provides man-
agers,  administrators  and  the  public,  when
appropriate. the opportunity to be proactive
rather than reactive.   A proactive approach
allows managers to enact a planned manage-
mentstrategyfortheresoureeassuggestedby
Crichton (1987) whereas the latter generally
leavesthemreactingtodailyissueswithlittle
timeforindepthplanning,dataanalyses,and
setting  a course of action for dealing with
contemporary i ssues/concerns.

Thechallengeistodevelopasetofcriteria
for use by managers which will iuustrate that
datauseisbeingmaximizedandthatmanage-
ment is being conducted at the highest pro-
fessional level.   It is important in managing
moose that changes and the potential impact
ofsuchchangesbeidentifiedearlyenoughso
that  remedial  action  can  be  undertaken  to
overcome identified concerns.

Myrberget(1988)hassuggestedthatyield
statistics may indicate major changes in the
population levels of large mammals. Hunting
and/or kill statistics are essential for proper
managementofmanyganespeciesbutshould
be supplemented with data on age, reproduc-
tionandsexratiosinordertoobtainanadequate
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picture of the health of moose populatious.
Successfulmanagementofmooseisbased

upon a good inventory of living animals and
the number of animals which have been har-
vested or died due to various causes.` Bubenik
(1971)  and  Bubenik cf al (1975) have sug-
gested  that  in order to  manage  moose  for
optinum social weu being managers should
relynotonlyonnumericalcensuses,butmust
alsohaveaninventoryofpopulationstructure.
Bubenikhasstimulatedinterestinageandsex
specific harvesting.   He recommends a bat-
anced age and sex structure to reduce social
strife and produce healthy moose with better
antler growth.

Population data can be useful in demon-
strating  the  impact  and  merits  of assorted
management  programs.     Crete   (1987),
GasawayandDubois(1987),Page(1987)and
VanBanenberghe(1987)haveillustratedhow
our understanding of moose population dy-
namics and management has been enhanced
by improving population data.

Irecommendthefollowingparametersto
assess the health of moose herds.
•      meanageofadults.
•     percentage of 1.5 yearold animals in the

harvest.
•     harvestbyarea.
•      moose seen per hourofsurvey time.
•     percentage ofadult males and females in

the population.
•      ratio of calves/100 females.
•      ratio ofbulls/loo females.
•      estimates of animals removed by poach-

ing, subsistence users and predators.
•      sex of calves in the population.
•     productivity offemales 2.5 years of age

and older.
•      percentageof 1.5 yearold females breed-

ing.
•     moose seen and/orharvested per day by

hunters.
Thoseapplicableineachjurisdictionwill

depend on the type of hunting strategy em-
ployed  and other factors unique to specific
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populatious.  These factors may include non
hunting mortality, uncontrolled harvest, sex
variability  in  foetuses,  predation,  access.
habitat maturation and logging activities.  Al-
though these parameters are recommended,
each jurisdiction  should  develop proactive
management programs and use these criteria
toascertainifpopulationobjectivesarebeing
met and herds are sociany balanced.  Hope-
fully, jurisdictious win view these as a basis
for developing suitable parameters for their
respective  management  programs.    Those
referencedarepresentlyusedbymanagement
agenciesbutitisnotimpliedthateachisused
by all.

Individual parameters used alone are of
littlevaluebutwhenusedinconjunctionwith
others may give the manager an indication of
trends and/or health of the population.
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