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Project objective

• Gain a better understanding of population dynamics of Sicklefin
Redhorse using the capture-mark-recapture data from Brasstown Creek, 
GA and Valley River, NC

• Parameters interested in: population size, survival, recruitment, 
detection probability



Data source

• Capture-mark-recapture data from the Brasstown Creek and Valley River 
populations

• 2014-2018

• All field data: seining, fyke traps, PIT antenna
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Data characteristics

• Sampling effort uneven among sampling methods

• Some fish captured by more than one gear

• PIT antenna only collects re-sight data

• Fish received different types of tags depending on capture method



Modeling approach

• Cormack-Jolly-Seber model
▫ Multi-state formulation

 Allow for estimation of detection probability by sampling gear

▫ Assumptions
 No tag loss

 Individuals correctly identified

 Captured individuals are a random sample from the population

 “Instantaneous” sampling

• Bayesian statistical framework



Data format

SexIDCapture Method Date



Capture history

ID 2014 2015 2016 2017 2018 Sex

40 1 1 6 4 4 M

41 1 1 3 4 1 F

42 1 1 3 4 4 F

43 2 1 3 3 1 M

44 1 1 1 2 5 M

45 1 1 1 3 1 M

States Capture condition

1 Not captured

2 Captured by seine only

3 Captured by fyke only

4 Captured by PIT antenna only

5 Captured by fyke and antenna

6 Captured by seine and fyke

7 Captured by seine and antenna

8 Captured by all three methods



Model overview

• Capture history conditioned on 
first capture

• Following an individual’s capture 
history allows for estimation of 
survival and detection 
probability

ID 2014 2015 2016 2017 2018 Sex

40 1 1 6 4 4 M

41 1 1 3 4 1 F

42 1 1 3 4 4 F

43 2 1 3 3 1 M

44 1 1 1 2 5 M

45 1 1 1 3 1 M



States Capture condition Detection probability (p)

1 Not captured (1-pSeine)*(1-pFyke)*(1-pPIT)

2 Captured by seine only pSeine*(1-pFyke)*(1-pPIT)

3 Captured by fyke only pFyke*(1-pSeine)*(1-pPIT)

4 Captured by PIT antenna only pPIT*(1-pSeine)*(1-pFyke)

5 Captured by fyke and antenna pFyke*pPIT*(1-pSeine)

6 Captured by seine and fyke pSeine*pFyke*(1-pPIT)

7 Captured by seine and antenna pSeine*pPIT*(1-pFyke)

8 Captured by all three methods pFyke*pSeine*pPIT

Model overview – estimating survival and detection 
probability



Model overview – estimating survival and detection 
probability

𝐴𝑙𝑖𝑣𝑒𝑖,𝑡~𝐵𝑒𝑟𝑛(𝐴𝑙𝑖𝑣𝑒𝑖,𝑡−1 ∗ 𝑆𝑢𝑟𝑣𝑖𝑣𝑎𝑙𝑖)

State: whether alive in population

ID 2014 2015 2016 2017 2018 Sex

43 2 1 3 3 1 M

44 1 1 1 2 5 M

ID 2014 2015 2016 2017 2018 Sex

43 A* A A A NA M

44 NA NA NA A A M

Observation process

Ecological process

𝑂𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑖,𝑡~𝐶𝑎𝑡(𝐴𝑙𝑖𝑣𝑒𝑖,𝑡, pt)

p: detection probability

𝑙𝑜𝑔𝑖𝑡(𝑆𝑢𝑟𝑣𝑖𝑣𝑎𝑙𝑖) = 𝛼 + 𝛽 ∗ 𝑆𝑒𝑥𝑖

i = individual
t = year

*A = Alive



Model overview – estimating population size

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒𝑡=Newly captured individualst + Recaptured 
individualst

𝑁𝑡 =
𝑁𝑒𝑤 𝐶𝑎𝑝𝑡𝑢𝑟𝑒𝑠𝑡

Pr(𝑁𝑒𝑤𝑙𝑦 𝐶𝑎𝑝𝑡𝑢𝑟𝑒𝑑)𝑡
+

𝑅𝑒𝑐𝑎𝑝𝑡𝑢𝑟𝑒𝑠𝑡

Pr(𝑅𝑒𝑐𝑎𝑝𝑡𝑢𝑟𝑒𝑑)𝑡

1 − 1 − 𝑝𝐹𝑦𝑘𝑒𝑡 ∗ 1 − 𝑝𝑆𝑒𝑖𝑛𝑒𝑡

1 − 1 − 𝑝𝐹𝑦𝑘𝑒𝑡 ∗ 1 − 𝑝𝑆𝑒𝑖𝑛𝑒𝑡 ∗ (1 − 𝑝𝑃𝐼𝑇𝑡)



Summary statistics

• 282 individuals included in analysis

▫ 178 males

▫ 104 females

• 1296 total captures

▫ By sex

 Male: 1044

 Female: 252

▫ By gear

 Seining: 67

 Trapping: 249

 PIT Array: 980

Gear 2014 2015 2016 2017 2018

Seine 24 28 12 ̶ ̶

Fyke ̶ ̶ 63 106 73

PIT Array ̶ ̶ ̶ 110 135

Number of individuals captured by gear

Year 2014 2015 2016 2017 2018

Number 
captured

24 28 73 149 180

Number of individuals captured by year



Preliminary results

• Survival estimates

Sex Estimate Lower CI Upper CI

Male 0.69 0.62 0.75

Female 0.67 0.58 0.76

2015 2016 2017 2018

Seine 0.07 0.05 ̶ ̶

Fyke ̶ 0.05 0.09 0.09

PIT Array ̶ ̶ 0.65 0.98

• Detection probability



Detection probability by gear



Overall recapture probability



Survival probability



Population size



Looking forward

• Turn CJS model into JS model to obtain more accurate estimate of 
population size and recruitment

• Include environmental covariates

• Account for varying sampling effort

• Hold a Sicklefin!



Thank you!

• Sicklefin Redhorse Conservation 
Committee

• GA DNR
▫ Brett Albanese
▫ Zach Abouhamdan

• UGA
▫ Brian Irwin (Georgia Coop Unit)
▫ Richard Chandler (Warnell Sch. Forestry 

and Natural Resources)
▫ Clint Moore (Georgia Coop Unit)

Sicklefin Redhorse Picture


