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Survival and Reproduction

• 2 key demographic processes
• Can be estimated from tag-resight data 

using mark-recapture methods
• Important to account for tag-loss

• Artificially inflates mortality rates

• Sightability may be different for 
breeders/non-breeders, branded animals, 
number of flipper tags



Survival and Reproduction

• 4 components to model tag-resight data
– Number of flipper tags each year
– Survival from one year to next
– Whether female breeds in a year
– Number of sightings in a year



Survival and Reproduction

• Number of flipper tags in year t is multinomial 
random variable with 1 draw and category 
probabilities (π’s) that depends on number of 
tags in previous year
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Survival and Reproduction

• Analyses conducted with and without 
accounting for tag-loss to assess it’s effect 
on estimation of demographic parameters



Survival and Reproduction

• Given female is alive, it’s age and 
breeding status in year t-1, whether it is 
alive in year t is a Bernoulli random 
variable where probability of success 
(survival) is Sage,bred



Survival and Reproduction

• Given female is alive in year t, it’s age and 
breeding status in year t-1, whether it 
breeds in year t is a Bernoulli random 
variable where probability of success 
(breeding) is Bage,bred



Survival and Reproduction

• 3 relationships considered between age 
and survival/reproduction

1. Constant
2. Age groups: 0-3, 4-14, 15+
3. Logistic-quadratic



Survival and Reproduction

• Given female is alive, it’s breeding status, 
presence of a brand, PIT tag and number 
of tags in year t, the number of times it’s 
sighted during a field season is a binomial 
random variable with a daily resight
probability pt,bred,brand,tags



Survival and Reproduction
• Branded animals have the same resight probability 

regardless of number of flipper tags.
• Animals with no flipper tags can only be resighted if they 

are chipped or branded.
• PIT tags have no effect on the resight probability if the 

unbranded animal has 1 or more flipper tags.
• There is a consistent odds ratio (δ) between resighting

animals with 1 and 2 flipper tags.
• Resight probabilities are different for breeding and non-

breeding animals.
• Resight probabilities vary annually.



Survival and Reproduction

pt,bred,brand - applies to all females with 
brand

pt,bred,chip - applies to unbranded females 
with no flipper tags

pt,bred,T1 - applies to unbranded females 
with one flipper tags

pt,bred,T2 - applies to unbranded females 
with two flipper tags



Survival and Reproduction

• Posterior distributions for parameters can 
be approximated with WinBUGS by 
defining a model in terms of the 4 random 
variables

• Some outcomes are actually latent 
(unknown) random variables, but their 
‘true’ value can be imputed by MCMC

• Equivalent to a multi-state mark-recapture 
model



Survival and Reproduction

• 2 chains of 25,000 iterations
• First 5,000 iterations discarded as burn-in
• Prior distributions:

• Most probabilities ~ U(0,1)
• πX,2 ~ Dirichlet(1,1,1)
• ln(δ) ~ N(0,102)
• Logistic coefficients ~ N(0,4.472)

• Chains demonstrated convergence and 
good mixing



Survival and Reproduction: Data

• 1990-2003 tagging cohorts
• Resights from 1998-2008 in main field 

season at Enderby Island
• 2 definitions considered for breeder 

according to assigned status in database
• Confirmed breeders (status = 3)
• Probable breeders (status = 3 or 15)



Survival and Reproduction: Data

• Retagged females dealt with using the 
Lazarus approach

• Almost 1700 tagged females included in 
analysis



Results

• Daily sighting probabilities - branded



Results

• Daily sighting probabilities – PIT tag, 0 
flipper tags



Results

• Daily sighting probabilities – 1 flipper tag



Results

• Daily sighting probabilities – 2 flipper tags



Results

• Constant age effect - survival
– Non-breeders

Tag Loss No Tag Loss

0.7540.7410.7270.0070.741No Tag Loss

0.7700.7560.7420.0070.756Tag Loss

97.5%ileMedian2.5%ileSDMean



Results

• Constant age effect - survival
– Breeders

Tag Loss No Tag Loss

0.9060.8850.8620.0110.885No Tag Loss

0.9410.9210.9000.0100.921Tag Loss

97.5%ileMedian2.5%ileSDMean



Results

• Constant age effect - reproduction
– Non-breeders

Tag Loss No Tag Loss

0.1340.1220.1110.0060.122No Tag Loss

0.1430.1300.1170.0060.130Tag Loss

97.5%ileMedian2.5%ileSDMean



Results

• Constant age effect - reproduction
– Breeders

Tag Loss No Tag Loss

0.6770.6440.6110.0170.644No Tag Loss

0.6870.6550.6220.0170.655Tag Loss

97.5%ileMedian2.5%ileSDMean



Results

• Constant age model

0.7710.7490.7270.0110.74922

0.1800.1610.1450.0090.16112

0.1080.0890.0720.0090.08902

0.9440.9290.9120.0080.92911

0.0880.0710.0560.0080.07101

97.5%ileMedian2.5%ileSDMeanTags in tTags in t-1
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Results

0.9320.9120.8910.0100.912Breeders
0.7690.7550.7410.0070.755Non-breedersProbable

Confirmed
Defn.

0.9410.9210.9000.0100.921Breeders
0.7700.7560.7420.0070.756Non-breeders

97.5%ileMedian2.5%ileSDMeanStatus

Survival

0.7130.6820.6520.0150.682Breeders
0.1550.1420.1290.0070.142Non-breedersProbable

Confirmed
Defn.

0.6870.6550.6220.0170.655Breeders
0.1430.1300.1170.0060.130Non-breeders

97.5%ileMedian2.5%ileSDMeanStatus

Reproduction



Results

• Age groups - survival
– Non-breeders, with tag loss

0.8350.7200.5910.0620.71915+

0.8940.8750.8540.0100.8744-14

0.7160.6970.6780.0090.6970-3

97.5%ileMedian2.5%ileSDMeanAge Group



Results

• Age groups - survival
– Non-breeders, without tag loss

0.7970.6930.5750.0570.69115+

0.8570.8390.8200.0090.8394-14

0.7030.6860.6680.0090.6860-3

97.5%ileMedian2.5%ileSDMeanAge Group



Results

• Age groups - survival
– Breeders, with tag loss

0.8320.6850.5150.0810.68215+

0.9480.9290.9080.0100.9294-14

-----0-3

97.5%ileMedian2.5%ileSDMeanAge Group



Results

• Age groups - survival
– Breeders, without tag loss

0.7870.6430.4790.0790.64015+

0.9110.8910.8680.0110.8904-14

-----0-3

97.5%ileMedian2.5%ileSDMeanAge Group



Results

• Age groups - reproduction
– Non-breeders, with tag loss

0.4310.2810.1620.0690.28515+

0.3460.3160.2890.0150.3164-14

0.0150.0100.0060.0020.0100-3

97.5%ileMedian2.5%ileSDMeanAge Group



Results

• Age groups - reproduction
– Non-breeders, without tag loss

0.3920.2560.1460.0630.25915+

0.3000.2740.2510.0120.2744-14

0.0140.0090.0050.0020.0090-3

97.5%ileMedian2.5%ileSDMeanAge Group



Results

• Age groups - reproduction
– Breeders, with tag loss

0.8740.7190.5210.0910.71415+

0.6790.6470.6130.0170.6474-14

-----0-3

97.5%ileMedian2.5%ileSDMeanAge Group



Results

• Age groups - reproduction
– Breeders, without tag loss

0.8980.7560.5620.0870.74915+

0.6760.6430.6090.0170.6434-14

-----0-3

97.5%ileMedian2.5%ileSDMeanAge Group



Results

• Age groups

0.7760.7550.7330.0110.75522

0.1830.1640.1470.0090.16412

0.0980.0810.0640.0090.08102

0.9310.9130.8950.0090.91311

0.1050.0870.0690.0090.08701

97.5%ileMedian2.5%ileSDMeanTags in tTags in t-1
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Results

0.8170.6760.5160.0770.67315+

0.9390.9190.8980.0110.9194-14

-----0-3Breeders

0.8420.7220.5850.0660.72015+

-----0-3Breeders

0.9480.9290.9080.0100.9294-14

4-14

0-3

15+

15+

4-14

0-3

Age Group

0.8350.7200.5910.0620.719

0.8940.8750.8540.0100.874

0.8930.8730.8520.0100.873

0.7190.7000.6820.0090.700Non-breedersProbable

Confirmed

Defn.

0.8320.6850.5150.0810.682

0.7160.6970.6780.0090.697Non-breeders

97.5%ileMedian2.5%ileSDMeanStatus

Survival



Results

0.8130.6520.4650.0900.64915+

0.7080.6780.6460.0160.6784-14

-----0-3Breeders

0.4820.3260.1930.0740.32915+

-----0-3Breeders

0.6790.6470.6130.0170.6474-14

4-14

0-3

15+

15+

4-14

0-3

Age Group

0.4310.2810.1620.0690.285

0.3460.3160.2890.0150.316

0.3830.3530.3230.0150.353

0.0150.0090.0060.0020.010Non-breedersProbable

Confirmed

Defn.

0.8740.7190.5210.0910.714

0.0150.0100.0060.0020.010Non-breeders

97.5%ileMedian2.5%ileSDMeanStatus

Reproduction



Results

• Logistic-quadratic - survival
– Non-breeders, with tag loss

-0.065-0.076-0.0900.006-0.077Age2

0.1690.1300.0950.0190.130Age

5.2904.5163.9200.3444.533Intercept

97.5%ileMedian2.5%ileSDMeanTerm



Results

• Logistic-quadratic - survival
– Non-breeders, without tag loss

-0.039-0.044-0.0480.002-0.044Age2

0.0640.0440.0240.0100.044Age

2.7522.5652.3870.0932.566Intercept

97.5%ileMedian2.5%ileSDMeanTerm



Results

• Logistic-quadratic - survival
– Breeders, with tag loss

-0.019-0.046-0.0730.014-0.046Age2

0.3470.156-0.0570.1030.153Age

3.5032.9342.5290.2482.954Intercept

97.5%ileMedian2.5%ileSDMeanTerm



Results

• Logistic-quadratic - survival
– Breeders, without tag loss

-0.009-0.029-0.0490.010-0.029Age2

0.2290.095-0.0470.0700.094Age

2.4742.1891.9240.1402.192Intercept

97.5%ileMedian2.5%ileSDMeanTerm



Results

• Logistic-quadratic - reproduction
– Non-breeders, with tag loss

-0.061-0.071-0.0810.005-0.071Age2

0.3510.3110.2730.0200.311Age

-0.008-0.183-0.3580.089-0.183Intercept

97.5%ileMedian2.5%ileSDMeanTerm



Results

• Logistic-quadratic - reproduction
– Non-breeders, without tag loss

-0.052-0.061-0.0700.005-0.061Age2

0.3190.2810.2450.0190.281Age

-0.482-0.637-0.7930.080-0.637Intercept

97.5%ileMedian2.5%ileSDMeanTerm



Results

• Logistic-quadratic - reproduction
– Breeders, with tag loss

0.011-0.006-0.0240.009-0.006Age2

0.1250.020-0.0830.0530.020Age

0.8990.7040.5160.0970.705Intercept

97.5%ileMedian2.5%ileSDMeanTerm



Results

• Logistic-quadratic - reproduction
– Breeders, without tag loss

0.011-0.006-0.0240.009-0.006Age2

0.1330.028-0.0780.0530.028Age

0.8170.6260.4390.0960.627Intercept

97.5%ileMedian2.5%ileSDMeanTerm



Results

• Logistic-quadratic

0.7850.7650.7430.0110.76422

0.1850.1660.1480.0090.16612

0.0850.0690.0550.0080.06902

0.8910.8710.8500.0110.87111

0.1500.1290.1090.0110.12901

97.5%ileMedian2.5%ileSDMeanTags in tTags in t-1

P
r(
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Results

-0.016-0.040-0.0630.012-0.040Age2

0.3000.135-0.0440.0880.133Age

3.0492.6512.3060.1892.658InterceptBreeders

-0.055-0.064-0.0730.005-0.064Age2

3.5032.9342.5290.2482.954InterceptBreeders

0.3470.156-0.0570.1030.153Age

Age

Intercept

Age2

Age2

Age

Intercept

Term

-0.065-0.076-0.0900.006-0.077

0.1690.1300.0950.0190.130

0.1360.1050.0750.0160.105

4.3053.8143.4060.2293.825Non-breedersProbable

Confirmed

Defn.

-0.019-0.046-0.0730.014-0.046

5.2904.5163.9200.3444.533Non-breeders

97.5%ileMedian2.5%ileSDMeanStatus

Survival



Results

0.003-0.014-0.0300.008-0.014Age2

0.1680.066-0.0360.0520.066Age

0.9560.7670.5820.0940.767InterceptBreeders

-0.062-0.072-0.0820.005-0.072Age2

0.8990.7040.5160.0970.705InterceptBreeders

0.1250.020-0.0830.0530.020Age

Age

Intercept

Age2

Age2

Age

Intercept

Term

-0.061-0.071-0.0810.005-0.071

0.3510.3110.2730.0200.311

0.3810.3390.2990.0210.340

0.144-0.057-0.2490.100-0.055Non-breedersProbable

Confirmed

Defn.

0.011-0.006-0.0240.009-0.006

-0.008-0.183-0.3580.089-0.183Non-breeders

97.5%ileMedian2.5%ileSDMeanStatus

Reproduction



Population Size 

• Gales-Fletcher approach
– OK to give ball-park estimates of total 

population
– Unlikely to give reliable annual estimates
– Decided to not proceed with reassessment of 

method

• Traditional mark-recapture methods 
cannot be applied to tag-resight data



Population Size

• As part of previous analysis, whether an 
animal is alive each year is predicted as 
part of the estimation

• Number of females still alive each year 
from specific cohorts can be readily 
obtained: ,ˆcohort tn



Population Size
Number of female sea lions estimated to be alive that were 

first released in year 1 (1998) on Enderby Island



Population Size

• Given the fraction of pups produced in a 
cohort year that were tagged (        ), then:cohortr

,
,

ˆˆ cohort t
cohort t

cohort

n
N

r
=

,
ˆ ˆ

t cohort t
cohort

N N= ∑



Population Size
Number of female sea lions estimated to be alive 
that where first released between years 1 and 6 

(1998-2003) from Enderby Island



Discussion Points

• Tag loss has minimal effect on 
reproduction estimates, but significant 
effect on survival

• Using biased estimates of demographic 
parameters in population models will 
underestimate population growth rate

• Tag loss should be accounted for in all 
subsequent analyses



Discussion Points

• Flipper tags are not lost independently. 
Only possible to identify this through 
branded/chipped animals

• Assumed no PIT tag loss
– Unlikely in practice
– Current estimates may still be biased low



Discussion Points

• More liberal definition of ‘breeders’ has 
little effect on survival estimate, but 
increases reproduction significantly
– Debatable which definition might be more 

accurate
• Still plan to assess alternative approach 

based upon the chance of seeing the 
required evidence of reproduction with 
each resighting



Discussion Points

• Difficult to formally compare models using 
Bayesian inference
– Suggest the age groups model as comprise 

between realism and simplicity



Discussion Points

• Population size estimates should be a key 
demographic parameter to fisheries/sea 
lion management

• Suggested approach makes use of current 
data, not ideal in some respects

• Additional data would need to be collected 
for alternative approaches


