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A survival guide to sirvival rates
by J.D. van der Toorn

Introduc tion

The survival of marine nramals in captivity is oftenhte subject of haad discussions.
Interesingly, these disussionsisuallyfocus on etaceans. Thaiscus®ns are den

complicated by aepneral lack of understangjof the subject mat. This can result in

incorrect representation of the available data and comparisons of unrelatedtpesaiie
terminology involved is notiightforward and can be confusing (Fad, 1996).

In this paper, Will discuss theerminologyinvolved, tle calculations that must bergoto

derive survival rates and life expectancies and | will look at the presentation of the data and
how that can influence the message. A few examples will be given.

Some definitions
First, let's fave a look asome of th erms. All he® terms are derived from population
dynamics modelling.

. Daily Survival Rate (DSR): the esimated proportion of animals aive on day d that is
still alive onday d+1 (DeMasér and Dregnak, 1988)The DSR calso be trdad as
a probabilty: then it isdefined asthe probahili ty that an anmal alive on day d will still
be dive ondayd+ 1.
. Daily Mortality Rate (DMR): This is the reverse of the DSR it is the estimated
proportion of animals alive on day d that will have died before day d+1.
. Annual Survival Rate (ASR): the estimatedrpportian of animals alive in year that is
still alive inyeart+1 (Olesiuk, et al., 1990). The ASR can, like the DSR, also be
treated aa probabily: then it is éfined ashe probabity thatan animal alive in yedr
will still be alive in yeart+1.
. Annual Mortality Rate (AMR): This is the reverse of the ASRt is the estimated
proportion of animals alive in yeathat will have died before yetr 1.
. Life expectancy. this is the aerage agea membe of a certain population can be
expected to reach. The life expauty is a function of the ASR.
. Longevity: the maximum age a memberatertain population can reach.is’fs dso
sometimescalled the maximum life expectancy.
. Average age: this is the avege of all the ges of membersf @ population at a certain
point in time (a "snapshot” of the population).
. Animal days
. For individud animals: the numberfodays between the timée animal first
appearedn the populationad ether its death or the last day of the sample, if the
animal is 8ll alive.

. For populations: thesum of the amnal daysfor all the nembers of Hat
population.

. Animal years: the same as animaags, but expressed in years insteadays.
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Note that allthese peameters are calculated for non-calf or non-pup animals (age > 1 year)
(Small and DeMaster,1995) The survival of calves and pups is incorporated in the
calculation of reproductive rate The focus of this papeis on suwvival rates. The
reproductive parameters will b e discussal only briefly.

Sone baclground on repgroductive rates

The following terms can bencountexd in discasionsabout reprduction, asnentioned
in ? Olesiuket al (1990) and) Wells and Scott (1990):

. Fecundity rate (FEC): This is thenumkbker of viable calves bormper year as a
percentage of the numbeof mature émales or # proporion of matue females
giving birth to viable calves?

. Fertility rate (FER): This is thetotal number of calvesborn per yearas a pecentage
of the number of mature females or the proportion of mature females, giving bifth

. Recruitment rate (REC): Thisis the numeéer of vialle calves born per year as ja
percentage of the total number of animals in the populdtion.

. Birth rate (BR): This is the number of calves born per yasra prcentage of the
total number of animals in the populatién.

. Neonate mortality (MR ): This is he percentage of ca&s that dieprematurelyi.e.
beforethe age of 0.5 yeafsor before lyear ofage®. In the following | will use the
one-year iterval.

Mathematical background

In the following calwlations, it is assmed hat the ASR and DSR are independent of the
acual age ofthe animals. This is probably not completely accurate. It is likely, that the
surviwal rates difér for diferent ag classe (Barlow andBoveng,1991). Howeegr, the data
availableto date is insufficient toeliably determine age class dependent survival rates for
most marine mammal species (due to a limited sample size) (Small and DeMaster, 1995).

The DSR @n becalculated s follows (DeMasta and Drevenak, 1988):

DER=1- f (yz) .I'IIEK (Iz)
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where:

. K is the totahumber of aimals in thesample

. y; is 1 if animali died during the reporting period and O mimal i is still alive at the
end of the reporting period.

. X is the number animal dayor animal.

Or, in a smpler form (Small and DeMader, 1995):
DSR = 1~ ($#deathsHanimal dayz)

The annual survival rate ASRan be derived fromhe Daily Survival Rate DSRy raising the
DSR to the power 365.26he average number of yiin a year), as follows:

ASE = DSR™

The annwal mortality r ate AMR is, by ddini tion:
ASR =1- AAMR

If we want to estimate the life expectancy for the poplation (the average number of years
survived),we first need to calculathe total amnal years. If we start out witN, animals, we
needto know how manyf them ae left after one year, two yearsice After one year, we
have:

N, = 5% N,

In this and the followig equations s is the ASR. After two years:
Ny = s* N, =5 * I,
And aftern years:

— .k — o0k S
N, =s*N_|=5"* N _,=..=5 *}N

x

If we add them all tagther, we get:
Total Years = Ny + Nj+..+ N, = 5SS Ny + s' Ny +.. 45 I,

Total Years = ), (8' * Ny) = Ny * 2 (5)
i=1 i=]

If we take infinitely small steps, we can rewrite this formula to:

Total Years = NQIS"d:: NQJIE"MS)JI
0 0
This results in:
gL e - - N,

Total Years = N,

nG . e e
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To get the life expectancy, which is the average number of years, wéoneetide thetotal
number of gars bythe numberfoanimals inthe sample:

_ Total Years (%) -1
Lo Bxp = = T T gy
4] 4]

If we play arand abit with this formula, we can seethat the life expedancy is very sesitive

to errors. If theres only a small error in the estimate of the ASR, this can result in an error of
severalyears in the derived estimate for the life expectancythairreasonlife expectany
shouldnot be used wheoompamg populations, captive or wild (DeMaster and Drevenak,
1988). See the table below for some survival rates, the corresponding life expectancies and
theincrease in both compared to the previous value in the table. You'll see that a&®deinc

in survival rate results in Buge increase infi expectang estimate for higher ASR values.

ASR ASR increase Life Expectancy LE increase

0.920 11.99

0.930 1.09 % 13.78 7.26 %
0.940 1.08 % 16.16 17.27 %
0.950 1.06 % 19.50 20.67 %
0.960 1.05 % 24.50 25.64 %
0.970 1.04 % 32.83 34.00 %
0.980 1.03 % 49.50 50.78 %

Sofar, we hag not yetmentioned t@ longeity or maximum ag. The reasofor thisis that
thereis no diret correlatiom between wgvival rate and lageviy. Longewty is basicallyan
incidenta finding: it is determined by the oldest animal you find aurysample. Yowan
only determine té longeity of a goup of animals dter all the menbers d that group have
died (Duffield and Wells, 1991).

Sometimes,average age is used in compg wild and captive pagations Duffield and
Wells, 1991). The averagage is calculated adding the agesf all the animals n the
populationand dividing this by the numbef animals.This is havever ofa verylimited use
Sucha comparison wlilonly yield useful data if both populations have been stable for a long
period of time (noincrease ordecline) (Brlow and Bverg, 1991). Onlyin a stable
population,the calculation of the average age will yield the same result as theataloudf

the life expectancy. If the size of a population is changingewer, the average age can shift
either way.
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The reproductive rates

The neorate survival is thecompement o neonate mortality:
SR, = 1- AR,

>N

From this we can calculate the relation between uedity rate and fertility rate an
betweenbirth rate ard requitment rate

FEC= FER*SR, = FER*(1- MR))
EEC= FER*SR, = FER*(1- MR))
Where:
. SR, is the neonate suival rate, the peragage of pup®r calves suviving to theage
of 1 year
. MR, is the neorte mortalityrate
. FEC is the fecudity rate
. FER is the feitity rate
. REC is the recriiment rate
. BRis the birh rate

Let's consider a declining population. There can be a number of reasons é&clies such

as:

. increasein mortality of dder animals. In tht case the number of (adudt)imals dyig
will be hgher than the number of calves being born into the population. As a result, the
younger age classes will be ovepresented and the average age will go down.

. declinein birth rde. In thatcasean underepreseration of theyoungr age classs can
be expectel and theaverage willincrease as hadeen noted in the Alaskan Northern
sea lion population (York, 1994).

Also increasesin population size canshift the avelage @e ether way:

. if the increase is caused by increase in birth ratehe populatio will hawe an
increasing number of young animals and consequently, the exaggagvill go down.
. if theincrease is caused layreduction in mortalitymore older animals witemain in

the population and the average age will go up.

So, a higher average age does not necessarily mean that a cepdatipo is aing betér
than anothepopulatiorwith a lowe averag age.
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Presenting the data

Now let's look at some numbers. Consider a population with an annual survival @a® of
(this value is in the same range as the survival rates for a mwhlmearinemammals (@e
below)). All the following statemestare correct, but the impadttbe message can beitgu
different.

The annual survival rate is 95%

The annual mortality rate is 5%.

The life expectancy is 19.5 years.

The majority of the animals will become older than 13 years.

Within 5 years, 23% of the animals will have died.

One third of the animals survives no longer thaedy.

Within 14 years 50% of the animals will be dead.

NoohkwhE

Statementsl and 2 are fairlyneutraland "scientiftally correct” If you want to paint a
positive picture, you will use statements liBeand 4, whees statemes 5 throgh 7 hae a
negaive ring to them. To paraphrase an old sortgAifit what you sayit's the way thatgu
say it'

Sone real nunbers

Now that we know how we caralculate the numbers and howe can preserthem, let's
look at sone published dag thé is avalable for wild and cagtive populatims. Trere have
been2 detailed stdies done v captive ppulations one dealingvith all thedata aailable
until the time of publication (covering captivity data fraf840 to 1985 (DeMaster and
Drevenak,1988) and a more recent one, evaluating the previous study and concentrating on
the data from 1988 to 199&knall and DeMastef,995). Both stdies took the datkom the
MMIR (Marine Manmal InventoryReport), naintained byhe NationaMarine ksheries
Service. The MMIR has ben slown to be quite acaurate (Temte, 1993):

"Overall, the Marine Mammal Inventory Report is an excellent source of highly accurate,

unbiased, and complete data on census, status, and selected biological processes of

marine mammals in captivity."

There havebeen some studies done on wild populatioing few species of nmene mammals.

Of the species, covedein studies of capte marine mammia (DeMaster adl Drevenak,

1988 Smadl and DeMaster, 1995), compardive studes d wil d populations are avaiable for:

. the bottlenose dolphinTursiops truncatus): the Saraota population (s and Scott,
1990) and the Indian Banana river population (Hersh, et al., 1990)

. the killer whak (Orcinus orca): the Washington and British Columbia pdgtion
(Olesiuk, et al., 1990)

. the Steller sea liorHumetopias jubatus): the Alaska population (York, 1994)
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Species Populaton Annual Survival Rate
Bottlenose @lphin Sarasta, Fbrida 0.961
IndianBanana Rier, Fbride 0.920
oceanan (19401985 0.930
oceandn (19881992} 0.951
Killer whale British Columbia and Wshington 0.976
oceanan (19401985% 0.930
oceanan (19881992 0.937
Beluga oceandn (19401985} 0.940
oceanan (19881992 0.954
Stellersea Ibn Alaskd < 0.930
oceanan (19401985 0.964
oceandn (19881992} 0.969
California ®a lion oceanan (19401985 0.935
oceandn (19881992} 0.952
1. Wells and Satt, 1990
2. Hersh, eal, 1990
3. DeMaster ad Drevenak1988
4. Small ad DeMaster1995
5. Olesiuk,et al, 1990
6. York, 1994

Forbottlenos dolphinsthe diffeernce baéween the surval rates in captity (both the viole
period 1940-1992 and the subset 1988-1992) andSti@asota qpulation is not stagtically
significant. The survival rates for killer whales in captivity are lower than in the wild,
whereaghe survial rates for Stelleres lions are sighcantly higher in captivity than in the
wild. For theCalifornia sea lion and ¢hbeluga, no data areadable on the surval rates in
wild populations.

Thereis litle informaion about the repducive rates and calf mortalities in wild cetaceans. Wells and Sqott
(1990), for the Saraota populdon of botlenose dgdhins, ckculaied a maxhum survivarate to age 1 fo
0.811(an average ASR to age 1 of 0.803). Olesiukl€tl®90) estimatedhe calf mortality in kille whales at
43%. Since they daulated cdl mortalties asmortalites up to 0.5 yea, thismeans a surval rae to age ®
of 0.57. Assuming aurvivalrate betweenge 0.5 and 1 comparaitio adult whaleg0.976), theASR to age 1
could be 0.563. Smll and DeMaster (1995) report calf/pup survival rates for the captive populationugtro
Decenber 192) of 0.666 for battlenose dolphins ard 0.858 for California sea lims.
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An example: The survival rate of the Sarkanniemi dolphins

Calculdion of the swival rates for a kown popiation is petty s$raightbrward. A an
example,let's have aobk at the dolphimin the Sarknniemi Delihaario in Tanpere,
Finland.Five dolphinsarrived athe fadity on March31*, 1985, so their first full day at the
facility was April ¥, 1985. We will coriger the period Apl1®, 1985until June 12, 2000
for this calculdon. To be hle  calculate tb surwal rate, v need to calcate the total
numbe of animal daysfor that peind. At the end of t samplingnterval 4 of the 5 aginal
dolphinswere still alive. One of the male3pona, diecbn September"7 1990. During the
samplingperiod, two caleswere born that survived beyond oreayof age. On August 1.8
1993 a male calf nametdeev was bornand on Seember9", 1996, another male calf,
Eevetti, wasborn. Boh were sti alive at he end of th samplingperiod. Thelays ctected
for Leev and Eevertti since their first birthdays (Augag", 1994 and Septembef,91997)
must alsde includedSo this leds us tolie following data:

Niki 01-04-1985 12-06-2000 5551
Nasi 01-04-1985 12-06-2000 5551
Veera 01-04-1985 12-06-2000 5551
Joona 01-04-1985 07-09-1990 1985
Delfi 01-04-1985 12-06-2000 5551
Leevi 18-08-1994 12-06-2000 2125
Eevertti 09-09-1997 12-06-2000 1007

Now thatwe have callated the tal number banimal dag, we can callate the D& ard
the Annud Survival Rates for this group

DSR = 1 - (fdeathsBanimal days) = 1- (1/27321) = 0.9999634
ASR = DSR™ = 0.9999634°% = (0.98672

So,based on the data collected so far, the ASR for the Sarkanniemirdolptealculad to
be approximately 0.986 (95% confidence interval: 0.961-1).
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Average lagevity vs surviva rates

In online disussionson the B Animal Zne web $e and on thealt.animals.dolphins
newsgroupsome @ople clamed that the life expedancy of dolphins in captivity was ony
5.3 years Apparetly, that number caméom William Johnsos' book The Rosdinted
menagerie” (1990). In chapter 4.1, Johnsan staes:
"According to statigics provided by the UN's Food and Agricultural Organisation
(FAO), dolphins in the wild can live up to 30 years, but their average life expectancy in
captivity is a mere 5.3 years. "

However, tis is a serious misquote of tleiginal report. It illustrates a lack of understanding
of the sulject matter, which is not uncommon in discussions abaut survival. To clarify the
issue,let's examine the aginal FAO paper (Cornell and Asper, 1981hig paper doesat
deal with life expectacy, but with average longevityp to 1976. This has virtually no
relationshipwith life expectang. Basicallywhat the aitors did $ tallyup the time wvived

in captivity p to 1976. They abkd the life span of animatlsat weredead before that date
(reallongevity of those aimals) ard the ages ofanimals in capivity thatwere stillalive at
the time. So an amal born in1975 woull count forone yea only, eventhough hat
particula animal might even be alive today, in which case its longewvityld exceed 24
years.

Part of the aim of the paper was to coane numbers of animalsrought or bor into
captivity prior to the MarinedMammal Protectn Act (MMPA) and the so-called peStMPA
animals. A direct quote from the paer:
"Less than four years have passed since the implementation of the Act, therefore the
maximum longevity of animals collected after the Act would be 3 years and 8 months.
Most post-Act animals have not been in captivity for © long, and many have only been
recently acquired"”.

The method of calulating ife expectan&s (or actally survival raes from which life
expectanciesan be derived) is quite different from the methods useleif-AO paper and
comparing the numbers from this paper to life expectancies from other papers is invalid.

DeMasterand Devenak (1988)ay, with repect to the averagaimber of daysurvivedin
captivity (which is the same as the average longevégytioned above):
"However, these statistics are of no real use in evaluating the husbandry record of the
public display industry unless the entire cohort of animals that are used in estimating this
statistic is dead. When this is not the case, this method of calculating longevity is very
sensitive to the proportion of animals that have been recently acquired. In this study most
of the animals included in the marine mammal inventory were not dead. Because some
animals have survived in captivity for over 30 yr, it is not possible to do a meaningful
analysis of the data at this time with this statistic because of the limited number of
animals that could be used in the analysis".
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To show tle differencéetween the athods cosider the dllowing hypotletical case:

. on day 010 animalsre acquired

. two years later (on day 730) one of the animals dies which leaves 9 animals alive.

. atthat same datwe take ousample, save have Q@ anmalswhich have lived 2 years
up to the sample date. Tlaerage longevitis then 2 years. (This is the methaogkd in
the FAO paper).

. For the calculatio of surwal rates we havecollected 730 animal day and we hav
recordedl death. Thisdads to a dbji suviva rate of 0.9986 or an amual surwal
rateof 0.951. Tis trankates to a lé expectancyor this "population” of 19.98 years.
(Thisis the method used by Wells and Scott (1990)&mell and 2Master (1995) to
calculate survival rates for the wild and captive populations).

To demonstrate the differe@ between the meaills everfurther, lets vary the number of
deaths occurring on day 730:

Nr of deaths Average longevity Survival rate Life expectany
0 2 yrs undetermined undetermined
1 2yrs 0.951 19.98 yrs
2 2yrs 0.904 9.99 yrs
3 2yrs 0.861 6.66 yrs
4 2 yrs 0.819 5.00 yrs
5 2 yrs 0.779 4.00 yrs
6 2yrs 0.740 3.33 yrs
7 2 yrs 0.704 2.85yrs
8 2yrs 0.670 2.50 yrs
9 2 yrs 0.637 2.22 yrs
10 2yrs 0.606 2.00 yrs

As you ca see, the maber of dedts has nonfluence onhe averag longeity in this case.
The number remains the samey matter low manydeaths occoed. Hovever, the @rvival
rateand the derived life expectango down drasticallyif more deaths occur.n® when all
animalsin the sample are dead at the enchefdample period dodhaverge longevity and
survival rate yield match.

In short, the average longeviiyd the life expectancy are vastly different. They cannot and
should not be comared. If you want to campare the captive populatiowith wild
populations, always check the oginal reérences to ake sureyou compare the same
parameters.
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Conclusion

Now that we have examined the terminology involved aade seen@ne publibed data,
let's examine some examples of flawed or incomplet@rasentaons, both from
anti-captivity organizations and from the captive disphalystry.

The average life pan of a dolphin in the wild is 45 years; yet half of all captured dolphins die
within their first two years of captivity. The survivors last an average of only 5 years in
captivity. (Dolphin Project Europe, 1996)

This is incorrect. 45 gars is the (maximunmdngevityfor dolphins in the Wd, not he
avergye life span lffe expectany) (Wells and $ott, 1990) The sme studyshowed
thatthe Annal Survval Rate for théSarasotagpulation vas0.961, which tranates to

a life expectancy of about 25 years. Small and DeMaster (1995) calculated an ASR for
the captive pgoulation of 0.951, which translates to a life expectancy of 19.9 years. If

the life expectancy in captivity would be only ®ars, the associated ASR woulel b
0.819, which is not even close to the measured value.

At least 134 orcas (killer whales) have been taken into captivity from the wild since 1961. One
hundred and three (77%) arenow dead (WDCS, 1999)

While this infamation maybe correct, @ conclusias can be defed fran this sice

no timing details are given which would allow the calculation of animal days or years.
Of the 103 which died, average length of survival in captivity was under six years (range: 1 day

- 27.2 years) (WDCS, 1999)

Selectingdata on animals based on the thatthey are dead introduces a bias towards
the shorer lived individuals. The mes trat ae doing beter and are still alive are
excluded from tle statistics.

Of 54 known pregnancies in captivity snce 1968, only 21 calves (39%) have survived. (WDCS
1999)

This seems to suggest that calf survival in captiigtjow. While a 39% swival rate
may seem low,tiis in the ame order omagnitu@ as wild cdlsurvival, estimated by
Olesiuk et al (1990) at 43% for the BC population.

Another indicator that dolphins are living as long in zoological collections as in the world is
research by Drs. Deborah Duffield of Portland State University and Randall Wells of the
Chicago Zoological Society. Their data show that the average age of dolphins in their natural
environment is similar to that of dolphins in public display facilities. This work corroborates a
study published in 1988 by DeMaster and Drevenak (Marine Mammal Science, 4:297-311,
1988) which pointed out that survival of dolphins in aquariums "may be better than or equal to
survival in thewild." (Dolphin Quest, 1999)

The Duffield and Wells (1991)stwly quded uses arage ag of animalsas an
indicator. As pointedout earlier, this is not a reliable measure, unless the populations
havebeen stable for a long period of time. This is uncertain for the Sarasotapopu
and not true fo the captie populationIn addiion, the qute from DeMsterard
Drevenak(1988) is incorrect. Actually, they noked: "<...> At this time it is not possible to
compare survivability of animals in captivity with that of animals in the wild.<...> Additional

data from free-ranging animals are needed to determine if captive animals have similar life
expectancies."”
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The average life expectancy for bottlenose dolphins in their natural environment in the best

studied population is 7.0 years for females and 10.1 years for males. The average age at death

for captive bottlenose dolphins over the last 20 years hasbeen 11.1 years for females and 10.9

years for males. (Minnesota Zoo, 1999)

This is an incorrect quote from the Duffield and Wells (1991) paper. The numbers
quotedare the average ages at death recorded, not life expectancies (the paper does not
mention life expectanciesilso tre numbersnvolvedare low: the agat death for wild
females was based on only one animal (the only confirmed female death).

Hint s and tips

When you get invokd in discussions about marine mammal survival, keep the following
things in mnd:

look out for false comparisons (like comparing longevity with life expectancy)
stay away from life expectancy estimatese survival rates instead.

verify claims abotulife expectacies andwvival times byconvertng them tesurvial
rates.

know and verify the published data about this subject.

look for proper reasoning in your own statements and those of othasefu\ tool for
this is the Baloneetection Kit (Saan, 1996; online at:
http:/ivww1.tpgicom.au/userggs-seti/aloney.htnjl
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Appendix: Confidence Irtervals

Confidence intervals for the DSR can be calculated from a binomial distribution, where the
binomial parameter is set to (1-DSR) or DMR. Drevenak and DeMaster (1988) used a method

of interpolation to get the confidence intervals. However, the confidence interval can be
calculated from the Standard Error (SE), which can be calculatectlgi The Standard Error
for a binonml distrbution (asa proporton ratheriian absolie numbenscan be calcutad

as.
p*g \/p*(l—p)
sg= 2 4. £
\/ i i

Substituting the standd parameters witlthe variables we use the DSR calculaons we
get:

| DSR* DMR
N #animal days

The confidene interval is then dened as:
(DSR-196*5F)< 4 £ (DSR +L96*5F)
where: represents the real value of the DSR.

For more information see:

Sokd, R.R. andF.J.Rohlf (1995)
Biometry, 3 edition. The principles and practice of statistics in biological research.
W.H. Freemand & Compani.Y.
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Paper hitory

This pape hasbeen presened &:

. the 24" Annual Conference of the International Marine Animal Trainers Association,
November 5-8, 1996, Gold Coast, fata.

. the 28" Annual §mposum of the Evopean Asociatia for Aquatic Mammad, March
14-17, 1997, Duisburg, Gemany

A formal version hasbeen pulished in:
Marine Mammals: Public Didpy and ResearcB(1). 27-38.

This version has been created on June 12, 2000. Main differences with the conference and

paper vesions are

. Updated the Sarkanniemi data, reflecting the situation on June 12, 2000

. Added information abut reproductive res

. Added a chapter orvarage longevity vs. survival rates

. Updated examples in the Conclusion section to included references from both the
anti-captivity movements ard the cagptive dsplay industry

. Added information about confidence intervals added as an appendix
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