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Executive Summary:

During the last quarter of 2017 a sample of %ildys was accumulated for the
Longevity Survey. About 88% are Havanese Club of America (HCA) member
owned. The results of the Longevity Survey indicate that male and female
Havanese live on average to approximately 13:0-8 years of age. There is no
significant difference in the average lifetime of males and females. The lifetime
distribution exhibits two distinct peaks; the first (with about 20% of the
population) is narrow and centered near 9.6 yeawhilethe second is broader
and centered near 14.%ears. While somewhat more evident in males than
females, it shows that dogs and bitches making it past tHeir 8" birthday
exhibit lifetimes much longer than daverage. A dog alive at age 12 for example
will have an average lifetime of almost §&ars and overall,lmosta third of all
dogs will survive to between 15 and 19 years.

The distribution of 7 year and older living dogs independently corroborates this

observation.There we seea dip in the number of living 8 to 9 year olds, compared
to the expected number, and again it is somewhat more prominent in the males.
Year to year changes in AKC registrations do not appear to account for this dip.

Whilethe agreement of thawo observationss compelling, the overall statistical
significancas still too weak to claim a definitive effect. However, taken together,
the evidence from the shape of the lifetime distribution and the distribution of
older living dogs, paints a picture of a generally long lived breed with some yet
unknown factoror factorscontributing to the earlier death of a small percentage
of the population.



Motivation:

The Health Committee of the ACGecommended to the HCA Boardthe

summer of 2017that a short survey be conducted to estimate the lifespan of
Havanese.Thisisdreedt hat 1 s sai d ttooutkeowlédgemomg | i v
quantitative dataexiststo demonstrate it. The Health Committee also wanted

data that could be used to estimate the costs of targeted health studies in the

future. TheHCA Boardpproved a short survey be conducted in tastquarter

of calendar year 201 estimate the average lifespan of Havanese, and the

distribution of theage of the current population of older living Havanese.

Methodology

The survey was conducted in a manner that was largely anonymmsponders
had the option to remairtompletelyanonymous if they chose to do so.

Data collection starteat the 2017 Havanese NationdSept. 2017and data
additions endedec 31, 2017The initial survey was passed out in paper form at
the registration desk at the National#t the end of the Nationals we had
information on about 40 dog#\fter the Nationalswe asked for input via email to
the HCA membes list and also made the sy available on the HCA website.
Eventually we expanded theput to the surveyto all the regional clubs asking
input from their memberships. Finally we solicited input frdme online

Havanese Health and Show forumAt the end of the survey we had gabn512
living and deadHavanese.

During the process, evasked that responders be careful not to duplicate
information if the dog(s) were cowned.

The Surveyas very simple andsked only that the doghat werereported were
AKC registeredThsallowed us to use AKC registration numbers by year, to check
for any systematic biasegane Ruthford has been our intermediary with the AKC
gettingthat registration data.

Next, we asked ithe owner was atHCA member, or a member of@gional or
other AKC clubData from non- HCA members was initialkept separatebut
later combinedas it was not inconsistent with the member data.



Thesurvey askedwo specificquestions

1) the age at natural death of any Havanese for which you were the primary
owner or coowner. Please indicate the sex (M or F) and exclude those that
died from unnatural causes (accidents, etc.). If uncertain, briefly describe
the cause of death.

2) the age and sex of all living Havanese, 7 years or older that you currently
own or ceown.

In order to encourage participatiome did not ask for detailed informatioon
health issuesgause of death, et@although a number of responders proffered the
information. As stated earlier, responders had the option to remain anonymous.

Statistics of the Response

We receivedl43 surveyresponses.Of those 28 responders (2.6% of the total)
were nd HCA oiRegional club membersr other AKC breed club members

total of 513 dogs were reported.Onefemaledog under the age d months was
removed as death resulted from a clear congenital defethat left512 dogs in

the survey.The average number of dogs reported per survey regpors 36
(=512/143) although some of the responders had significantly larger numbers of
dogs toreport -- notably breeders or individuals who weseme of theveryearly
Havanese owners.

Table 1 shows the breakdown of the respons@sout 88% of all he dogs are
owned and reportedby HCA membersThe ratio of male to female in the two
sampleqQuestion 1 andQuestion 2)are very closeeachapproximately40%

male and60% femaleThis ratio is notably different than yearly AKC registrations
(see the last section) by seKhe registered male to female fraction between 2008
and 2016 is about 46%:54% m AKC statics. The lower male fraction in the HCA
sample may be due to thgreater breederepresentationin the HCA sample
(breeders often keep fewer males than females).



Table 1: Survey Statistics

Questions Number Number Total | Non — HCA
of Males | of Female Fraction

Q1: Age at Natural Death 59 (38%) |97(62%) |156 |12.2%

Q2: Living and 7 yrs or older | 148 (42%) | 208 (58%) | 356 | 12.1%

Total dogs or bitches 207 (40%) | 305 (60%) | 512 |12.1%

Mortality Findings

Figure 1shows the distributions ahe age atnatural death for males, females
and the total. The horizontaxis ighe age inbins of 1 yearfor examplethe
first binare theageO but less than 1 year of ag#bgs The youngest dog was a
female that died between But less thar3 years ofage The oldest dog was a
male that died betweeiits 18th and 19" birthday.

Table 1l shows themean oraverage lifetimeand thestatistical @ror on the

average. Therror is mathematicallyestimatedfrom the width(RMS)f the
distribution (see nexparagraph) and the number in the populatioks nany
respondersstated justthe agein years, we placed the age in the center of the age
bin, and introducedn additional systemttic error of +/0.3 on the average agse
death

The average lifetime of mad€12.9+/-0.5yearg and femaleg13.0+/-0.3yearg is
consistentwithin the measurement errorasbeingidenticat 13.0+/-0.3(+/-0.3
systematicyears

Also shown imablell is theroot-meansquare(RMS) of thenortality
distributions. The RMS givemou the width(or spread of the distribution.
Roughly, if you take the averagge+/- twice the RMS, you will have capéaar
about 95% of the populatiorizor examplefor females, the average is 13y8ars
and the RMS is.3years. Accordingly, Bout 95%of the female population
shouldlie between 7.4 (=13:2x33) years and 19.(=130+2x33) yearsWe see
from Figure 1 tha6 females out oB7total lie outside that window, or “®% lie
within the window as expected



Sometimes people prefer tquote the median lifetime rather than the average.
The median lifetimes the point in the distribution where half the population lies
below and half the population lies above that age. If the distributiainsst
symmetric about the average, the mediand the average will correspond
closely. Br males and femalethe medians ar@pproximately 13.9+/-0.3) years
and 13.5 (+/0.3)years,respectively. Theombinedmedian is about 13.6 (+3.3)
years. These are a little larger than the averagsshe sampleddistributions are
skewed slightly towards earlier deathmjllingdown the averageThe skewness
will be discussed below.

Figure 2 shows the survival probability for males, females and both. The survival
probability is defined here abe probablity of still being alive at the age value of
the lower edge oéach bin on the horizontal axig-or example, the first two

points correspond to 1 and 2 years of age and we see that they are all 100%
because the first death (1 female) occurs later, beaw@yearsbut less than 3

years of age. The death is reflected in the next point corresponding to 3 years of
age, which hagemale survival probability of 99% (=1 female out of 97 died
earlier),male survival probabiftof 100% (=no males out of 59 died earlier), and
combined probability99.4%(=1 male female out of 156 died earlier).

Because statistics are so low, one has to take the results cautiously. The overall
scale error in males females is- 8 percent. Butin age bin by age bjnhe error
Is much greater as you go out to older ages, because our sample is so small.

Figure 3a puts that data in a more interesting format. It shows the average
expected age of death if the dog has already survived to a catgnWe have
included the error bars on the male + female points to show how the uncertainty
Increases as you go out in years, because the number of remaining dogs used to
estimate the lifetime diminishes much faster than the RMS of the remaining
population.

To read this plot, note that curves start off at ~13 years for the first few years

since no dogs have died yet. Asimplee x a mp | e, I f you’ve sur
age, then your average lifetime is predicted to be approximately D43 Aears.

Thisis not unexpected, because as you go up in age, young dogs are removed

from the population and the average lifetime from the remaining population

rises
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Figure 1: Age at Natural Death
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Table Il: Average Lifetime and RMS Width
Sex Number Average Error on RMS Width
Reported | Lifetime Average | of Distribution
(years) (years) (years)
Male 59 12.9 0.5 3.6
Female 97 13.0 0.3 3.3
Male+Female 156 13.0 0.3 3.4
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Figure 2: Survival Probability
Survival Probability (156 Dogs) To A Given Age
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Figure 3a: Average Age at Death if a Dog Has Survived to a Given Age
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Thesubtle feature of the measured curse Fig 3as thattheir slopes appearto

change (the rate of thrises) —the slopes appearto increasen severalstepswith

age. As we will show next, tHesatureis expected if the underlying distribution is
“bi-modall meaning it exhibits two distinct

Figure 3b showan example o& hypotheticalmodelof abi-modal distribution
which isnot unlikethe realmeasured oneseenin Figure or males Itis
manuallyconstructedto make the features clear, with two Gaussiampeaks near
where we see possible peaks in our dédeound9-10and 1415years)andwith a
similarrelativearea. If onecalculatesthe average lifetime, it is 13 years, like our
data. Figure 3c shows the same model distribution scaled to 59 er(thes
number of malesn the survey, along with the real data from the 59 males in
Figure 1.By construction,tiere is fairly good agreement in shape, there are
somewhat more early dehs (below ~7 yearsin the real data, than in il simple
hypotheticalmodel.

Figure 3b: Hypothetical Example of a Bi-Modal Distribution
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Figure 3c: Bi-Modal Model Compared to Data from 59 Males
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In Figure 8 we take this model and calculate the average age at deatbuf
survie to a given ageaswas done in Figure 3a withe real data). We see again
that the modelstartsflat at ~13 years and rises slowhjith two changes in slope.
Fora directcomparisorwe addedin blue,the curve from theactual male data
(Fig 3a). Unfortunately,our statistics are smalinaking these subtle features
harder to discern,but the features andshapeare not-dissimilarto the curve for
males. The differences are largely caused by not includmnipe hypothetical
modelthe early deathsand more exact positios and widths of the two peaks



Figure 3d: Average Age at Death Calculated from Hypothetical Bi-Modal
Model and Compared with Male Data
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Finally, we try to formalize this and understand the actual uncertainties. We take
the mortality data fromFig 1 ofour survey and perform a f(a simplechisquare
minimization)to that data using thecorrectstatistical errordrom the measured
data.

The fitting functions composed of two Gaussian probability distributions (each
have 3 parameterghe area under the curve which gives thamberof dogs the
position of the peakand the widthof the peal. In addition, we add a flat
distribution from 0O to 7.5 years of age to accommodate the few early deaths we
observe in the data. Finally, we impose a constraint that the total area of the
combined distribution equals thactualnumber ofsurveyeddogs. Irtotal there

are 7 parameters to the fit, and we have 21 bins of data2(-8 degrees of
freedom).



The results are shown in Table Il for each of these fits, along with the errors on
the fitted parameters. Plots of the data and the fitted distributi@re shown in
Figures 4a, 4b and 4a&ll the fits all havenigh probability (the fit chi

square/degree of freedom is low)

Table lll: Results of Fits to the Mortality Distributions for Males, Females and
the Sum of Males and Female

Parameter Male Female Male+Female

#in Lower Peak 13.4+,6.6| 12.3+F4.2 29.1+/6.7
Mean of Lower Peak (y) | 10.1+/0.7| 8.9+/-0.2 9.6+/-0.3
Lower Peak Width (y) 1.1+/-0.6/ 0.6+/-0.3 1.1+/-0.2
# in Upper Peak 39.6++6.8| 77.4+F4.9| 114.3+£6.9
Mean of Upper Peak (y) | 14.9+/0.6| 14.1+/0.3 14.5+,0.2
Upper Peak Width (y) 1.7+/0.4| 2.1+/-0.3 1.9+/-0.2
Flat Background if <7.5y 0.74/-0.5| 0.9+/-0.5 1.6+/0.5
# In Fit Area (Constraint) 59 97 156

We see from the fits thathe lower and upper peaks in males and females are
both consistentwith about 9.6+/-0.3and 14.5-/-0.2years, respectively. The
width of theupper and loweipeaks arelso consistent between males and
females the lower peak is narrower{ year)andthe upper peakwider (~ 2
years).Statisticallythe peaksare both distinct in position and width.

About 20% of the population lies in the lower peak. Within errors that fraction is
the same for males and females, albeit the fit is somewhat higher forsriabn
females, becausthe fitted lower peak is naower for females than males.

Finally, the flat background suggests that about-8% of the population dies
somewhat earlier than 7.5 years.

In Fig 4d we repeat Fig 3d, but now with the fitted longevity distribution for males
from Table Ill. The agreement with the data is newen to beexcellent.



Figure 4: Data & fitted curves for (a) 59 males, (b) 97 females, and (c) 156
males and females. Figure 4d: Average age at death as predicted by fit,
after survival to a given age.
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Findings On Living Dogs, 7 Years and Older

Thedistribution of the age 0856 living dogs- 7 years and olderis shown in
Figure5. For example, the first binof youngest dogsorresponds to dogs at least
7 years old, butess than 8 years and contains 17 males 26demales, for a total
of 43.The oldest reported dogs are a male and female between 18 anéd@y
old.



One of the interesting featuresf the distribution is the apparent dip in the
number of8 to 9 year olds in what we would otherwise expect to be a smooth
distribution.

From a statistical standpoint, if we assume the parent distribution is continuous
andsmooth, the chance of seeing 9 males (in the 8 to 9 yeataig when you
expect 18.5 (the average of the adjacémiver and uppetins) is about 1 chance

in 155. The chance of seeing 19 females when you expect 26.5 is 1 chance in 36.
The dip appears ibhoth males and females, but is more significant in males than
females.

Figure 5: Age of Living Dogs (7 years and older)
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When you combinehltem,the chance of seeing 28alesplusfemales when you
expect45is 1chancein 546. We have used Poisson 8iics to calculate thee
probabilities Statistically this is &3.6 standard deviatioreffect. This is



interesting, but not yet significant enough ttaimthat something is going on.
Sientific studiestypically demand standard deviatios or moreto claim an
unexpected effect in a single measuremevore statistics are neededt the
effect existed at the current rate afccurrence we would needat leasttwice
more data(or a total of ~ 700 living dogg) demonstratethat it isreal and not
just a statistical fletuation.

Recall howevethat the longevitydistribution (Figure 1providescompletely
independeninformation. Therewe saw evidencethat the distribution is bi
modal,--- one peakaround9 to 10 years and one later arouridito 15years.
The effectwasmore prominent in the malegust like we see in Figute

Takenm combination, thewo pieces oindependentinformation suggest that

one or moreprocesseseault in earlier deaths in ~ 20 of the population But
one must be catious drawing conclusionbecause the statistics are very low.

Comparison With AKC Registrations

According to the AKC, there were close to 64,000 Havanese registered between
1999 and 2016They believe that only about half the dogs in these litters actually
get registered. To complete the curve through 2@1& havetaken the 2017
registrations as the average of the previous two years, as an estimate. Adding in
the 2017 estimate, we come tose to 69,000 registered dogs. Fig@rghows

the registrations per year, and algadividual male and female numbers that were
availablefrom 2006 to 2016 As indicated earlier, the avega number of

registered malessisomewnhat igher (~ 46% malgs4% femalgthan we see in

our survey (~40% male)

Using the AKC registration data from 1999 forward, we can combine it with our
survival probabilitydata from Figure 2 to estimate th@urrentpopulation of living
registered Havanes@t the end of 20T). To do this, we have weighted the data
in the aurvival rates we have measuréad reflect the actual male to female ratio

in the AKC registrations. Where unavailable, we have also taken the male to
female ratio as the average from 2006 to 2016. Botthefe are small
corrections.



Figure 7shows the resultant predicted age distributionlaing AKC registered
Havanese at the end dthe year 2017. We expect there to be over 58,000 living
registered Havanesat that time. In detail, we predict foexample, 6 registered
dogs at least 18 but less than 19 years of age, and 79 that are at leastr$7 yea
old, but less than 18 years of age. Notable is the lack of a dip r@arsof age,
suggesting thaannualregistrationnumbersdo not account for lhe dipseenin
oursurvey s .dat a

Figure 6: AKC Registration Data
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Finally, in Figur& below, we replotted Figuré data, adding(in blue)the AKC
population curve from Figure 6 and scaling the entries to our total sample size
(356) of #year orolder dogs. In Figure &egreyandblue bars should be
compared, as they are both the male and female combined populatiote that
because the male to female ratio is slightly different (40% males in our sample
and 46% males in the AKC sample)might expect some small differences.



We see from the comparison that the living AKC population as a whole appears
younger than the dogs in our survesich are largely HCA member owned and
weighted towards breedeor showhomeowners They also do not appe to

extend as far out in age as the dogs in bi@Asample. Also notable again is the
lack of the dip near-8 years of age, suggesting that AKC registrations alone
cannot account for the dip we see in our HCA survey.

Figure 7: Age Distribution of Living Havanese at the end of 2017
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Figure 8: Comparison of Age Distribution of Living Havanese in the
Longevity Survey and the Predicted AKC Population
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