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Integrating mark-resight, count, 
and photograph data to more 
effectively monitor non-breeding 
American oystercatcher 
populations 



Research Objectives
• GA DNR was interested in potential improvements 

of their survey efforts and monitoring protocols for 
AMOY to better understand of the number and 
spatial structure throughout coastal GA.



2016-2017 non-breeding 
survey efforts

• Implemented paired survey 
design throughout the non-
breeding season:

• 3 core areas;
• Survey periods would occur 2x a 

month during the fall migration; 
and 1x a month during 
winter/spring migration;

• Each survey period would consist 
of two sampling occasions within 
~1-3 days.

• Surveys consisted of 
• Resights of marked individuals
• Counts of all marked individuals
• Counts of all individuals 
• A series of high resolution 

photographs taken of flocks



Topics
1. Compare inference from 

count and capture-mark-
recapture data.

2. Establish whether 
photographs can facilitate 
survey data.

3. Integrate multiple 
datatypes into a single 
model to improve 
understanding of non-
breeding AMOY 
demography.



Count Data

3 2 4
Min N = 4

1 2

4 5

31 2

4 5

3 1 2

4 5

3

1 0 1
1 0 1
0 0 1
0 1 0
1 1 1

Capture-Mark-Recapture Data

3 2 4
Min N = 5

Overview: Count vs CMR

Survey 1 Survey 2 Survey 3

Survey 1 Survey 2 Survey 3



The advent of the N-mixture model 
(and its progeny)

• Count-data and CMR-data suffer from similar 
problems associated with the observation process.

• A potential resolution was developed (Royle et al. 
2004) with the N-mixture model, which has been 
modified and widely implemented into practice.



Concerns over N-mixture models
• Recent paper highlights certain 

analytical/inferential problems
• Barker et al. 2017

• Issues with parameter identifiability (i.e., even under 
constant detection-assumption, detection and abundance 
may not be both identifiable)

• Chandler et al. 2011
• Bias associated with temporary emigration 

• As N-mixture models conflate temporary 
emigration with site ‘mortality’ and ‘recruitment’, 
estimates of abundance in more mobile systems 
will suffer from bias.

• Following suggestions presented in Hostetter et 
al., 2015, we decided that it would be worthwhile 
to determine if inference from count-data (N-
mixture models) would be similar to those 
generated from CMR models in open population 
settings.



Modeling approach
• Data were collected that 

could be analyzed in an N-
mixture modeling or CMR 
framework.

• Thus, we tested whether a 
series of N-mixture models 
produced estimates similar to 
those from a CMR model.

• First, we demonstrate a 
potential problem with a 
series of simulations

• N-mixture models:
• Static 

• Closed population 
• Non-Markovian

• Exponential growth 
• Closed population
• Markovian

• Dail-Madsen 
• Open population
• Markovian

• CMR model:
• Open population 

robust design



A simulated example:
• Super population ~ 1500
• Prop. pop. banded ~ 40%
• Count and CMR data structured in a repeat-observation 

approach .
• N-mixture model based on counts of marked and unmarked birds.
• OPRD model based on resights of marked birds and ratio of counts of 

marked and unmarked birds.
• Simulated demographic behaviors:

• Individuals can initially enter population during any interval.
• Following entry, individuals can permanently leave the population, as 

well as temporarily leave (and return to) the population.

Scenarios Population Detection Temporary Movements

High Movement Open Count = Resight 0.35

Low Movement Open Count = Resight 0.05

Low 
Movement(> p) Open Count > Resight 0.05



Have not entered 
population

Permanently left 
population

Observable 
population

Unobservable 
population

General Model



• N-mixture: Count: Precision high, 
accuracy low & sensitive to 
movements in/out of the observable 
population.

• OPRD: CMR: Accuracy high, 
precision low & insensitive to 
movements in/out of the observable 
population

‘High’ movement

‘Low’ movement ‘Low’ movement
Count p > Resight p

Simulation highlights issues



• Lastly, there isn’t a mechanism 
to estimate the total unique 
number of individuals 
associated with a given 
population in an N-mixture 
framework.

• However, this may be of 
management interest...

‘High’ movement

‘Low’ movementLow movement
Count p > Resight p



With AMOY data: 
Discrepancies among 
models were apparent 
and variable

• Dail-Madsen and 
exponential growth 
models overestimated 
local population size 
relative to CMR model

• Static model 
fluctuated around 
CMR estimates, but 
produced arguably 
unreasonably precise 
estimates.



Part 1:Take home message
• Depending on the system, CMR and Count data may not 

allow for similar types of, or confidence in inference.
• Count data analyzed in an N-mixture model framework may 

be effective for certain questions of management interest, 
but clearly not all.  

• Research groups should consider what level of detail and 
confidence required, and develop monitoring protocols that 
achieve a priori goals. 

• Capture-Mark-Recapture remains the gold standard.



Part 2: Photographs and survey data
• Large flocks of birds can be challenging to survey efficiently, 

especially if observers are trying to do more than generate 
counts of individuals.

• CMR models may require band resights as well ascounts of banded 
and unbanded birds

• Collecting age, sex, or behavior data are an additional challenge. 

• Thus, we were interested in if photographs of flocks could 
be used to facilitate on-the-ground survey efforts.



Age ratios
• Age data can be used to inform various demographic 

estimates (i.e., age-structure or fecundity); however, 
accurately classifying ages in the field is highly variable 
among species and time of year.

• In the case of AMOY, accurately classifying individuals as 
sub-adults/adults in the field may be extremely 
challenging if not impossible under realistic survey 
conditions.

• Goal: 
• Determine if individuals can be classified as subadults/adults 

from photographs of partial flocks.
• Determine whether independent observers scored images 

similarly or not.
• Assess whether age ratios varied among sites and through 

the non-breeding season



Image Scoring
• Two images were selected from the 

series of pictures taken from each 
flock photographed/surveyed.

• Each image was scored by two 
independent observers.

• Recorded:
• # No. banded, unbanded, unknown legs
• # Heads
• # Adults, subadults, unknown
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Age ratio results

• No support for an effect 
of observer, which means 
trained observers score 
the age ratios from 
images similarly.

• Non-breeding population 
became increasingly 
adult-centric throughout 
the winter, suggestive of 
lower survival or site 
persistence of sub-adults.



Part 2:Take home messages

• Trained observers consistently recorded similar age 
data from images, which suggests these 
observations can be pooled together across 
multiple observers with low risk of bias.

• Given the difficult of classifying individual AMOY 
into age-classes during surveys, these images 
provide an opportunity to answer new questions.



Bringing it all together: Linking age 
and CMR data



Metapopulation robust design

Site 
A

Site 
B

Site 
C

Gibson, D., et al. (in review). Application of a Bayesian formulation of the open 
population robust design model: Assessing the impact of Hurricane Matthew on 
American oystercatchers. Methods in Ecology and Evolution



• In this context, we can 
break this study 
system into three sub-
units, and estimate 
movement rates 
among these sites, as 
well as from each of 
the sites to a joint 
unobservable state.

• Additionally, we can 
estimate age-specific 
population sizes by 
integrating the band 
and age ratio models 
with the population 
model.



Entry rates declined 
during hurricane. 
Especially at the 
most abundant site

Apparent survival was 
high during hurricane



Movements between monitored sites 
and the unobservable population were 
low, but relatively consistent. 





Age-specific abundance



From late August-early March, 
the average individual spent 2 
months within this system. 



In summary

• Despite the potential risk, we 
found that American oystercatcher 
survivorship in Georgia was 
relatively unaffected by Hurricane 
Matthew.

• Integration of the band and age 
ratio data with resight data 
allowed for the opportunity to 
estimate age-specific abundances 
(even if subadults comprised 
little/none of the marked 
population).



Potential next steps
• Metapopulation models are 

gaining in popularity, and 
AMOY may be an exemplar 
system to demonstrate their 
effectiveness. 

• Conditioned on similar 
monitoring protocols within 
and among regions, the 
development of larger-scale, 
cross-seasonal 
metapopulation models for 
AMOY are definitely a 
possibility. 
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1. More individuals 
permanently left AL 
prior to Hurricane 
Matthew than during it 

2. More individuals 
temporally left AL during 
Hurricane Matthew than 
surrounding periods.

3. Migration rates into AL 
temporarily declined 
prior to the Hurricane.

4. Re-immigration rates 
back into AL 
substantially increased 
after Hurricane 
Matthew. 
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1. Shifts in demographic rates 
resulted in an immediate reduction 
in local population abundance at AL 
prior to Hurricane Matthew....

2. As a subset of the population 
temporarily moved away from our 
study area.

3. And migration into our study area 
came to a standstill.

4. However, following the storm, 
immigration into the population 
rebounded

5. And non-observable individuals re-
entered the population

6. Leading to an increase in local 
population size
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Band ratios

• Ratios of banded to all individuals can be used to inform 
estimates of population size.

• However, conducting these counts may be challenging at in 
large groups, especially if other data is being collected. 

• Goal:
• Determine if band ratios generated from photographs of partial 

flocks are similar to those generated from counts of marked and 
unmarked birds from full flock surveys.

• Determine if scoring images are subjective or do trained observers 
score images similarly.



Modeling approach: 
Band Ratio

Total Flock 
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Banded Flock 
Counts

Band Ratio: 
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Band Ratio: 
Image
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Image: 
Obs. 1
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Band ratio results

𝛽𝛽𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = -0.022; 95% C.I.: -0.128–0.082

𝛽𝛽𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑜𝑜𝑚𝑚 = 0.043; 95% C.I.: -0.122–0.215

• No support for an 
effect of observer, 
which means training 
observers score the 
band ratios from 
images similarly.

• No support for an 
effect of method, 
which means band 
ratios estimated from 
partial flock photos 
were similar to band 
ratio ratios estimated 
from full flock 
surveys.



• We allowed the estimated 
age ratio (𝜇𝜇𝑓𝑓,𝑜𝑜) of a 
particular flock (f) to vary 
by site, primary occasion, 
and by observer, which 
informed the categorical 
model describing the 
number of adult or 
subadult individuals 
classified within each 
image.

Modeling approach: 
Age Ratio

�𝑎𝑎𝑎𝑎𝑎𝑎1:𝑖𝑖,𝑓𝑓,𝑜𝑜,𝑘𝑘 ~ 𝑐𝑐𝑎𝑎𝑐𝑐𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐( 𝜋𝜋1:𝐴𝐴,𝑓𝑓,𝑜𝑜

𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐 𝜋𝜋𝐴𝐴𝐴𝐴,𝑓𝑓,𝑜𝑜 ~ 𝑛𝑛𝑐𝑐𝑐𝑐𝑛𝑛𝑎𝑎𝑐𝑐(𝜇𝜇𝑓𝑓,𝑜𝑜, σ𝑎𝑎𝑎𝑎𝑜𝑜)

𝜋𝜋𝑆𝑆𝐴𝐴,𝑓𝑓,𝑜𝑜 = 1 − 𝜋𝜋2,𝑓𝑓,𝑜𝑜

𝜇𝜇𝑓𝑓,𝑜𝑜 = β0𝑥𝑥𝑜𝑜𝑖𝑖𝑚𝑚𝑜𝑜 + β1𝑥𝑥𝑝𝑝𝑜𝑜𝑖𝑖𝑚𝑚 + β2𝑥𝑥𝑜𝑜𝑜𝑜𝑜𝑜
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