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Supplementary Information 

Text S1. A brief review of assumptions of Capture-Mark-Recapture models related to sampling 
of Atlantic sturgeon in the Altamaha River, GA. 

Conditional likelihood capture models such as Huggins models have an advantage over 

full likelihood methods in certain population estimation applications. In the full likelihood 

framework, because covariates for uncaptured animals cannot be observed, a Maximum 

Likelihood Estimator for 𝑁" cannot be derived unless homogeneity of unseen individuals is 

assumed (Conroy & Carroll 2009; Yee et al. 2015). This assumption, however, is widely viewed 

as inappropriate due to its potential to produce biased estimates (Amstrup et al. 2005; Yee et al. 

2015). In contrast, because Huggins models are conditioned on only the individuals observed at 

least once (and as a consequence, 𝑁" is no longer a parameter in the likelihood function), it is 

possible to formulate a conditional likelihood using the positive-Bernoulli distribution. This 

method allows for an assumption of heterogeneity within uncaptured individuals as follows (Patil 

1962; Yee et al. 2015; all model subscripts provided in manuscript are consistent with original 

authors):  
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where: 

pij is the probability of capture for animal i where 1 ≤ i ≤ n during occasion j where 1≤ j ≤ 

τ,!

yij = 1 if the ith individual was caught on the jth occasion and 0 otherwise, and 

𝑝*,
-  is a subset of pij which ignores recaptures and is used to determine the probability that 

the ith individual was captured at least once. 
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Like all closed population models, the ones used in this study rely on a set of assumptions which 

include the following: 

1) the population being studied remains closed to immigration, emigration, births, and 

deaths (population abundance [N] remains constant between sampling occasions) 

2) catchability of individuals does not change based on whether they are marked or 

unmarked (this assumption is relaxed in the behavior models) 

3) all marked individuals retain their mark 

4) following the first sampling event, the potential for random mixing of marked and 

unmarked individuals exists, and 

5) all individuals encountered more than once are correctly identified. 

These model assumptions were met in the following ways: 

1) Because all members of the juvenile cohorts reside within the estuarine environment 

for a minimum of two years, population closure was assumed (Fox & Peterson 2019). 

In addition, to ensure the assumption of population closure was met, sampling was 

periodically conducted at sites located on the boundary of the study area as well as 

sites located outside of the study area. No juvenile sturgeon were captured outside of 

the study area. 

2) No previous literature has supported the hypothesis that marking sturgeon with 

passive integrated transponder (PIT) tags resulted in a behavioral change or 

differences in gear effectiveness. 

3) Although no tag retention study was conducted as part of this project, studies in the 

past have shown tag loss from sturgeon PIT tagged under dorsal scutes to be ~1% 

(Briggs et al. 2019). 
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4) The potential for random mixing was assured by never sampling the same location 

twice in the same day. This assumption does not account for the effects of site 

fidelity. Here, we note that site fidelity may be interpreted in two different ways. The 

first refers to the probability that an individual will remain in the study area, given 

that it is still alive. This form of site fidelity has been shown to be high in Atlantic 

sturgeon in this and other systems (Paradis et al. 2021). The second interpretation 

(which is more likely the form which would affect our model assumption) could refer 

to the probability that an individual will remain at a particular sampling location 

within the study area from one sampling occasion to the next. We are not aware of 

any movement studies involving Atlantic sturgeon which have addressed such a fine 

scale interpretation of site fidelity. We did, however, frequently observe recaptures of 

individuals at multiple sampling locations, suggesting that there is some degree of 

mixing among sampling occasions.   

5) Researchers were trained to properly identify Atlantic sturgeon using the descriptions 

of Vladykov & Greeley (1963) and Scott & Crossman (1973) as well as to check for 

existing PIT tags.



Supplement to Baker et al. (2023) – Endang Species Res 51:203–214 –   https://doi.org/10.3354/esr01250 
 

 
 
4 

REFERENCES 

Amstrup SC, McDonald TL, Manly BFJ (2005) Handbook of capture-recapture analysis. 

Princeton University Press, Princeton, NJ 

Briggs AS, Boase JC, Chiotti JA, Hessenauer JM, Willis TC (2019) Retention of loop, monel, 

and passive integrated transponder tags by wild, free-ranging Lake sturgeon (Acipenser 

fulvescens Rafinesque, 1817). J Appl Ichthyol 35:629–635 

Conroy MJ, Carroll JP (2009) Quantitative conservation of vertebrates. Wiley-Blackwell, 

Hoboken, NJ 

Fox AG, Peterson DL (2019) Movement and out-migration of juvenile Atlantic sturgeon in 

Georgia, USA. Trans Am Fish Soc 148:952–962  

Paradis, Y, Pépino M, Bernatchez S, Fournier D, L’Italien L, Doucet-Caron J (2021) Movement 

of sturgeons (Acipenser oxyrinchus oxyrinchus and A. fulvescens) in the St. Lawrence 

Estuary: A 35-year tagging study. J Appl Ichthyol 00:1–13 

Patil GP (1962). Maximum likelihood estimation for generalized power series distributions and 

its application to a truncated binomial distribution. Biometrika 49: 227–237 

Schueller P, Peterson DL (2010) Abundance and recruitment of juvenile Atlantic sturgeon in the 

Altamaha River, Georgia. Trans Am Fish Soc 139:1526–1535 

Scott WB, Crossman EJ (1973) Freshwater fishes of Canada. Fisheries Research Board of 

Canada, Ottawa  

Vladykov VD, Greeley JR (1963) Order Acipenseroidei. In: Olsen YH (ed) Fishes of the 

Western North Atlantic. Sears Foundation for Marine Research, Yale University, p 24–60 



Supplement to Baker et al. (2023) – Endang Species Res 51:203–214 –   https://doi.org/10.3354/esr01250 
 

 
 
5 

Yee TW, Stoklosa J, Huggins RM (2015) The VGAM Package for capture-recapture data using 

the conditional likelihood. J Stat Softw 65. http://www.jstatsoft.org



Supplement to Baker et al. (2023) – Endang Species Res 51:203–214 –   https://doi.org/10.3354/esr01250 
 

 
 
6 

Supplementary Figures 
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Figure S1a. Length-frequency histograms and age assignments for Atlantic sturgeon captured in the Altamaha River, 2008–2010. 

Ages were determined based on length distributions as described in Schueller & Peterson (2010). 
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Figure S1b. Length-frequency histograms and age assignments for Atlantic sturgeon captured in the Altamaha River, 2011–2014. 

Ages were determined based on length distributions as described in Schueller & Peterson (2010). 
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Figure S1c. Length-frequency histograms and age assignments for Atlantic sturgeon captured in the Altamaha River, 2015–2017. 

Ages were determined based on length distributions as described in Schueller & Peterson (2010). 
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Figure S1d. Length-frequency histograms and age assignments for Atlantic sturgeon captured in the Altamaha River, 2018–2020. 

Ages were determined based on length distributions as described in Schueller & Peterson (2010). 


