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Abstract 

 In the Laurentian Great Lakes basin, Lake Sturgeon (Acipenser fulvescens) 

populations were decimated by the turn of the 20th century, but in some areas are 

beginning to rebound after decades of ongoing rehabilitation efforts. In the Genesee 

River of Lake Ontario, hatchery-raised Lake Sturgeon have been stocked in hopes of 

re-establishing a healthy and self-sustaining population. To understand the efficacy of 

these efforts and to build an understanding of how these stocked individuals use the 

Genesee River and Lake Ontario habitats, ninety-nine juvenile lake sturgeon (30 sub-

adults, 69 yearlings) were tagged with acoustic transmitters and tracked for 

approximately two years. Water quality parameters were monitored with the 

combined use of a USGS stream gauge and passive dissolved oxygen monitors. A 

multi-state model created to estimate survival and transitions from the Genesee River 

to Lake Ontario revealed that sub-adults had higher survival rate compared to 

yearlings. Yearling survival estimates were higher than previously estimated with 

capture-mark-recapture techniques, likely a result of being able to account for 

emigration. Sub-adults used both lake and river habitats more than yearlings, 

although both life stages frequently utilized both habitats. Seven sub-adults made 

large scale migrations (>100km) to either the Lower Niagara River or the St. 

Lawrence River. Hypoxic conditions that relate to discharge formed during the 

summer months within the Genesee River and appeared to limit Lake Sturgeon 

movements. The use of and survival in the Genesee River indicates that stocked 

juvenile Lake Sturgeon are using it as a nursery habitat. This has important 
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implications when considering the efficacy of this management approach with 

implications for supplementing population abundance, understanding habitat use, and 

directing management efforts. Patterns of large-scale movements and nearshore 

habitat use exhibited by sub-adults should continue to be monitored as they could 

prove to influence vital rates (i.e., survival, recruitment, growth) and inform the 

degree of connectivity among populations throughout the Lake Ontario basin. 
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General Introduction 

The Lake Sturgeon (Acipenser fulvescens) is a large, long-lived, benthic fish, 

native to the Mississippi, Hudson Bay, and Laurentian Great Lakes drainage basins 

(Harkness and Dymond 1961). Populations have experienced severe declines from 

overexploitation, poor water quality, and habitat destruction during the last century 

(Harkness and Dymond 1961, Auer 1996, Peterson et al. 2007). Their susceptibility to 

these factors is exacerbated by slow growth, late sexual maturation, and a protracted 

spawning period (Harkness and Dymond 1961, Peterson et al. 2007). 

As commercial fisheries grew in the Laurentian Great Lakes region, Lake 

Sturgeon were increasingly despised by fishermen (Hay-Chmielewski and Whelan 

1997). Although Lake Sturgeon were not yet a target species, they were caught by the 

thousands and killed as a nuisance (Tody 1974). Into the 19th and early 20th centuries, 

Lake Sturgeon meat, eggs (caviar), and swim bladders (for isinglass and paint 

additives; Peterson et al. 2007) became highly valued and resulted in a fishery that 

produced a maximum annual harvest of 8.6 million pounds (Holst and Zollweg-Horan 

2018). The fishery was unsustainable and rarely endured for longer than 10 years 

(Harkness and Dymond 1961). 

Another factor that led to the decline of Lake Sturgeon populations was the 

construction of dams that isolated Lake Sturgeon from their natal spawning sites 

(Winton et al. 2019). The human attraction to hydropower has proven to be 

detrimental to populations that no longer are able to access quality spawning sites 

(Auer 1996). Dams not only block fish passage, they significantly alter the ecology 
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and function of the river; creating unfavorable conditions and habitats for Lake 

Sturgeon (Hay-Chmielewski and Whelan 1997). Hydroelectric dams can transform 

lotic systems into lentic systems which stratifies the water, altering temperatures, 

sediment flow, dissolved oxygen levels, and water levels both downstream and 

upstream (Bartholow et al. 2004, Young et al. 2011, Winton et al. 2019). Lake 

Sturgeon that spawn below hydroelectric dams deal with unfavorable water 

conditions (false thermal cues, poor turbidity, and low dissolved oxygen levels) and 

degraded habitat for spawning and juvenile rearing (Parsley et al. 1993, Billard and 

Lecointre 2001, Bruch et al. 2016). The variable water levels caused by dams has also 

resulted in egg desiccation and sturgeon becoming stranded on shore and dying (Auer 

1996). The combination of both overharvest and habitat destruction lead to the listing 

of Lake Sturgeon as a threatened species in much of their native range, including 

New York State (Hay-Chmielewski and Whelan 1997, Bruch et al. 2016). 

Biologists from the U.S. Geological Survey (USGS), U.S. Fish and Wildlife 

Service (USFWS), and New York State Department of Environmental Conservation 

(NYSDEC) are currently monitoring Lake Sturgeon in the lower Genesee River 

located in Rochester, New York. In 2003 and 2004, juvenile Lake Sturgeon were 

experimentally stocked in the lower Genesee River to reestablish this species in what 

was a historically utilized spawning and nursery area. Researchers monitored water 

quality, habitat characteristics, and sturgeon behavior to examine the success of the 

experimental stocking within the river (Holst and Zollweg-Horan 2018). Based on 

Schnabel population estimates, prey analysis, river fidelity, and growth by age, it was 



 
 

5 

found that the river was able to support stocked individuals and an annual stocking 

program was established in 2013 (Dittman and Zollweg 2006). 

Since the initial stocking of juvenile Lake Sturgeon in the lower Genesee 

River, habitat quality, movement behavior, and survival have been continuously 

monitored to varying extents (Dittman and Zollweg 2006, Jonahson 2010, Dittman 

and Chalupnicki 2021). With the advent of acoustic telemetry and development of a 

widespread passive monitoring network (the Great Lakes Acoustic Telemetry 

Observation System or GLATOS), a more comprehensive understanding of juvenile 

movement behaviors within and beyond the Genesee River is achievable. Having a 

robust understanding of post-stocked juvenile movements has important implications 

for both survival estimates and understanding of habitat use. 

In their most recent statewide Lake Sturgeon population assessment report, 

the NYSDEC in conjunction with the USFWS and USGS identified the need to more 

comprehensively characterize Lake Sturgeon recruitment within the Genesee River to 

assess population trends (NYSDEC 2021). By enhancing the understanding of 

juvenile movements both within and beyond the Genesee River using acoustic 

telemetry, knowledge of recruitment could be refined by integrating emigration in 

estimates of survival. Moreover, information concerning the movements of juveniles 

will help better characterize how juvenile lake sturgeon use nursery habitats that are 

important for successful recruitment. Thus, the goal of my study was to answer 

questions regarding emigration probability, survival probability, and movement 
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characterization of juvenile Lake Sturgeon within the Genesee River and Lake 

Ontario. 
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Chapter 1: Emigration probabilities and survival estimates of stocked juvenile 

Lake Sturgeon (Acipenser fulvescens) within the Genesee River, NY 

Abstract 

 Knowledge of juvenile Lake Sturgeon (Acipenser fulvescens) survival is 

important both to understanding changes in population abundance and for assessing 

the efficacy of management practices like stocking. High mortality rates of yearling 

fish are partially mitigated by stocking hatchery-raised individuals; however, survival 

of post-stocked Lake Sturgeon remains lower compared to survival at older life-

stages. In this study, acoustic telemetry data from 69 yearlings (weight: x̄ = 29g, min 

= 22g, max = 41g; Length: x̄ = 198mm, min = 176mm, max = 223mm) and 30 sub-

adults (weight: x̄ = 2144g, min = 1100g, max = 7020g; Length: x̄ = 751mm, min = 

605mm, max = 1020mm)  tagged in the fall of 2019 and 2020 tracked over two years 

were utilized to construct a multi-state model used to estimate both survival and 

spatial transitions between the Genesee River and Lake Ontario. Sub-adults 

(approximate ages: 4-7 years) had estimated survival rates exceeding 93% in both the 
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Genesee River and Lake Ontario. Yearlings (age 0) displayed much lower survival 

rates that ranged between 36% (Lake Ontario) and 54% (Genesee River). Both 

yearlings and sub-adults were highly likely to leave the Genesee River in the fall and 

winter months, while being highly likely to return in the spring and summer months. 

The approach used in this study to estimate survival is likely to have led to higher 

survival estimates than previously derived as a result of accounting for emigration 

from the Genesee River. 

Introduction 

 Estimates of demographic parameters such as abundance and survival are 

integral to effective fisheries management and conservation. Population growth and 

stability are sensitive to changes in survival rates, especially in long-lived fishes 

(Schaub and Pradel 2004, Colborne et al. 2019). Population growth is affected not 

only by survival, but also by fecundity, spawning periodicity, age to maturation, and 

many other factors. The importance that each variable has on population growth 

changes among species and populations. Population growth can also be sensitive to 

changing survival rates of certain life stages while being robust to changing survival 

rates of other life stages, usually determined by elasticity analyses (Gross et al. 2002). 

Sturgeon population growth rates are known to be most sensitive to the survival rates 

of yearlings when compared to other life stages (Gross et al. 2002). Therefore, 

accurately estimating the survival rate of yearling sturgeon is imperative when 

managing for increased population growth. Survival rates must increase to allow for 

population growth to occur most efficiently. Estimating accurate abundance and 
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survival however, has proven to be difficult, especially when the population is a rare 

or threatened species (Sollmann et al. 2013, Dudgeon et al. 2015).  

 Lake Sturgeon (Acipenser fulvescens) is a large, long-lived freshwater fish 

native to the Mississippi, Hudson Bay, and Great Lakes basin (Harkness and Dymond 

1961, Peterson et al. 2007). Male Lake Sturgeon typically live to be about 50 years 

old while females can live to be 150 years old (Holst and Zollweg-Horan 2018). Due 

to large population declines resulting from overharvest, exploitation, and habitat 

degradation, Lake Sturgeon is now listed as threatened or a species of concern in 

much of its native range (Peterson et al. 2007, Bruch et al. 2016, Holst and Zollweg-

Horan 2018). Following the identification of Lake Sturgeon as threatened, 

management efforts were put into place such as stocking hatchery raised juveniles 

and rehabilitating degraded habitat (Hay-Chmielewski and Whelan 1997, Holst and 

Zollweg-Horan 2018). 

 The purpose of stocking hatchery raised individuals is to increase the 

likelihood of survival for more individuals, yearly recruitment, and overall population 

size (Gross et al. 2002, Chebanov and Galich 2013). Mortality rates for Lake 

Sturgeon are highest during early life stages (Caroffino et al. 2010) and quickly 

decrease as the fish ages. These high rates of early mortality can be mitigated by 

hatching and raising individuals under controlled conditions (Gross et al. 2002, 

Crossman et al. 2014). Although mortality rates can be averted within the hatchery, 

both post-stocking mortality and over-winter mortality threaten annual recruitment 

(Crossman et al. 2009, Baker and Scribner 2017). 
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 Survival rates of stocked individuals in the Genesee River have been 

monitored extensively by USGS researchers, using traditional capture-mark-recapture 

(CMR) techniques such as the Cormack-Jolly-Seber model (Cormack 1964, Jolly 

1965, Seber 1965, Dittman and Zollweg 2006). In 2003 and 2004, 1,900 Lake 

Sturgeon were stocked in the Genesee River and the estimated overall survival rate 

for those fish was 24% (Holst and Zollweg-Horan 2018). Updated survival rates are 

currently being estimated (D. Dittman, personal communication), although the 

survival rates are expected to be like those in 2003 and 2004 (Holst and Zollweg-

Horan, 2018). The estimated rate of survival is likely lower than actual, as an 

important assumption of CMR models is that there must be no immigration into or 

emigration out of the population, implying that the system must be closed. This is 

likely violated in an open system like the Genesee River that empties into Lake 

Ontario. 

 Use of acoustic telemetry can bolster traditional CMR models by helping to 

account for temporary emigration of tagged individuals from a system. This 

methodology can also be used as an efficient method for obtaining “recapture” data 

for the duration of the entire project given that detections of individuals with 

transmitters emitting a unique ID provide evidence of a fish’s presence, all while 

minimizing stress from handling the fish during repeat sampling events (Sollmann et 

al. 2013, Colborne et al. 2019). Therefore, utilizing acoustic detection data in a CMR 

model is effective at improving the precision of population models by increasing the 
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“capture” efficiency, while also helping to account for emigration from the system 

(Dudgeon et al. 2015, Withers et al. 2019).  

The primary question of the present study was, what is the rate of survival for 

juvenile Lake Sturgeon stocked in the Genesee River? A juvenile is considered any 

individual with all developed adult structures except for gonads. To further the 

question, how do survival rates compare between two classes of juveniles: young-of-

year (YOY) or yearlings, and sub-adults? By using acoustic telemetry detection data 

from two separate year classes of stocked yearlings and two continuous years of sub-

adults in a multi-state model, I estimated apparent their survival within the Genesee 

River, the Rochester Embayment, and nearshore habitats. I expected that sub-adults 

would yield a higher survival rate in all respective locations due to their age and size. 

Methods 

Study Site 

The Genesee River is a major tributary of Lake Ontario, stretching over 250 

rkm with headwaters in Potter County, Pennsylvania. Lake Sturgeon can only use the 

lower ten river kilometers (rkm) of this system due to an impassable natural waterfall. 

The lower ten rkm of the Genesee River has been stocked annually with yearling 

Lake Sturgeon since 2013 with cohorts between 500 and 1000 individuals. Lake 

Ontario habitats were also considered in this project for individuals that emigrated 

from the river system. 
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Sample Fish and Acoustic Telemetry 

 I assisted United States Fish and Wildlife Service (USFWS) researchers in 

tagging 100 Lake Sturgeon via laparotomy following the methods used by Bruestle 

(2017) on Lake Sturgeon in the lower Niagara River, NY. Lake sturgeon were placed 

in a supine position in a sling and anesthetized by pumping a dose of buffered tricaine 

methanesulfonate (MS-222) through their gills. After induction, a less concentrated 

working dose was continuously pumped through their gills. Transmitters were then 

implanted into the abdominal cavity through a small incision. Ethicon PDS II 

(Ethicon Inc., Somerville, NJ) sterile synthetic absorbable sutures and needles were 

used to stitch the incision closed. Lastly, the incision was disinfected with betadine 

swabs and fish were introduced to fresh water to allow for emergence. All surgeries 

lasted no longer than two minutes to ensure minimal negative effects. All juvenile 

Lake Sturgeon met the minimum weight requirement of >20 g for yearlings and 

>1000 g for sub-adults to satisfy a relative tag weight of less than 4% body weight 

(McCabe et al. 2019). 

Juvenile Lake Sturgeon stocked in the Genesee River were reared at the New 

York State Department of Environmental Conservation (NYSDEC) Oneida Fish 

Hatchery. Two cohorts (69 individuals) of yearling Lake Sturgeon (weight: x̄ = 29 g, 

min = 22 g, max = 41 g; Length: x̄ = 198 mm, min = 176 mm, max = 223 mm) were 

tagged at the fish hatchery. In September 2019, 40 yearling Lake Sturgeon were 

tagged with V7-2L transmitters (Innovasea; Halifax, NS, Canada) prior to release. 

During the recovery period one individual suffered a mortality, therefore creating a 
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sample size of 39 yearlings tagged and released in 2019.  In October 2020, 30 more 

yearling Lake Sturgeon were tagged with the same style transmitters as those used in 

2019. The mean total length for the 2020 yearlings was 207mm, the minimum total 

length was 188mm, and the maximum total length was 223mm. The mean weight for 

these yearlings was 34g, the minimum weight was 28g, and the maximum weight was 

41g. All V7-2L transmitters have a maximum life of 325 days and cycled between 

being on for 60 days and being off for 30 days. Tagged yearlings spent a minimum of 

three days at the hatchery after surgery before release to monitor for post-surgery 

mortality. 

Sub-adult Lake Sturgeon (weight: x̄ = 2144 g, min = 1100 g, max = 7020 g; 

Length: x̄ = 751 mm, min = 605 mm, max = 1020 mm) were captured in the Genesee 

River during 24-hour gillnet sets. The experimental gillnets were deployed and 

recovered from a boat by USGS researchers. The sub-adults were then tagged with 

acoustic transmitters and released at the site of capture after a short recovery of 

approximately 15 minutes. In October 2019, 15 sub-adults were tagged with V13TP-

1L or V16P-6H transmitters (Innovasea; Halifax, NS, Canada). In October 2020, an 

additional 15 sub-adults were tagged with the same style transmitters as those used in 

2019 for the sub-adults. The transmitters implanted in sub-adults have a maximum 

life of 10 years and will remain powered on for the entire duration. 

An array of 35 VR2W and VR2TX (Innovasea; Halifax, NS, Canada) passive 

acoustic hydrophones (subsequently referred to as hydrophones) were deployed by 

the USFWS in 2019 to track the movements of juvenile Lake Sturgeon captured 
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and/or released in the Genesee River. The array was broken up into three primary 

groups, ten hydrophones within the Genesee River, six arranged as a grid within the 

Rochester Embayment outside the mouth of the Genesee River, and six lines of three 

hydrophones placed along the southern shoreline of Lake Ontario (Figure 1). 

 Data from the hydrophones were downloaded bi-annually for the duration of 

the project. The hydrophone was recovered by retrieving the receiver from a boat by 

using a grapple to snag a cable that connected the receiver to a satellite anchor or a 

fixed object on the shoreline. The data was offloaded and then any biofouling was 

cleaned off of the hydrophone to ensure functionality. Lastly, the battery was replaced 

(only once per year) and the hydrophone was redeployed in the same place that it was 

recovered. 

The hydrophone array utilized in this study was also complemented by the 

Great Lakes Acoustic Telemetry Observation System (GLATOS), which includes 

hydrophones deployed by other agencies and institutions tracking fish movements 

within Lake Ontario. Hydrophones deployed by other researchers could detect Lake 

Sturgeon used in this project, and I could access those data as a result of this project 

being registered with GLATOS. Other researchers could also access their fish 

detections from our hydrophones. GLATOS allows for data sharing and data privacy 

by filtering the raw detection data and delivering to researchers only their respective 

data. 



 
 

17 

Statistical Analyses 

Prior to running any statistical analyses, I removed what were considered false 

detections from the overall dataset. False detections can be created by tag 

transmission collisions or acoustic interference (Pincock 2012, Simpfendorfer et al. 

2015). To account for false detections, all raw telemetry data were filtered through 

the false detection filter in the GLATOS R package (Holbrook et al. 2021). If the 

shortest interval for a consecutive pair of detections of the same transmitter on the 

same receiver is greater than one hour, the detections are flagged as being potentially 

false (Simpfendorfer et al. 2015). This filter identified 22,688 (0.65%) of the total 

dataset as potentially false. 

To estimate state-specific survival rates and emigration rates of both yearling 

and sub-adult Lake Sturgeon, a multistate model was constructed using the RMark 

package (Laake 2013). There were two states (stratum) that Lake Sturgeon in this 

study could have existed within: The Genesee River (G) and open Lake Ontario (L). 

Multinomial encounter histories for each fish were translated into five primary model 

parameters: state transition probabilities (𝜓𝜓𝑡𝑡𝑠𝑠), estimated survival within a state (𝑆𝑆𝑡𝑡𝑠𝑠), 

initial state probability (𝜋𝜋𝑡𝑡𝑠𝑠), partial observation estimates (𝛿𝛿𝑡𝑡𝑠𝑠), and detection 

probabilities (𝑝𝑝𝑡𝑡𝑠𝑠). Each parameter is dependent on the state (s) and time (t) of 

respective Lake Sturgeon observations. A conceptual diagram of the model structure 

is shown in Figure 2. Model notation is the same as White and Cooch (2017). 

States were not assigned directly to raw detections, instead they were assigned 

based on a weekly location. The state that a fish spent the most amount of time in 
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during any given week was assigned as the observed state within the respective week. 

If no detections were collected in the weeklong period, then the fish was assigned a 

zero for not being observed. One-week time bins were utilized for this project as 

Vleet (2019) simulated varying time-bins to determine which resulted in the lowest 

unexpected error for survival and found that eight-day bins resulted in the lowest 

error. Vleet (2019) used eight-day weeks instead of seven-day bins because that 

created an even number of capture events for the entire time of their project. Capture 

histories were created based off the state assignments; some examples of possible 

encounter histories are listed below in Table 1. Time bins were grouped by 

meteorological season to allow for computational ease and a broader interpretation 

(Lebreton and Pradel 2002). 

There are nine assumptions that were outlined by Perry et al. (2012) that must 

be fulfilled when constructing a multi-state model. The primary five assumptions of 

multi-state models (Sandercock 2019, Vleet 2019) are as follows: 

1. Marked individuals have the same probability of detection so that they are 

present in state r at time i. 

2. Apparent survival does not depend on the previous state. 

3. Observers can correctly identify individuals; the marks cannot be dropped 

or mis-identified. 

4. The survival and capture probability of a fish does not depend on the 

survival or capture probability of another fish. 
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5. Sampling periods are instantaneous, and recaptured animals are released 

immediately. 

As a result of using transmitters of varying strengths between yearling and 

sub-adult lake sturgeon, the assumption of equal recapture probability is violated; 

therefore, we constructed two multistate models, one for yearlings and one for sub-

adults. A caveat of acoustic telemetry is that detection probability is based on several 

factors, including proximity to the nearest receiver. This caveat also suggests that the 

assumption of equal detection probability may also be violated. This was partially 

accounted for by grouping receivers in each state to achieve the highest level of 

coverage within each state, effectively minimizing the chance of a fish not being 

detected while moving within each state. Williams et al. (2002) and Abadi et al. 

(2013) found that heterogeneity of capture probabilities does not result in heavily 

biased survival estimates. Similarly, instantaneous sampling was violated due to the 

creation of discrete weekly time bins although these models are robust against 

violations of this assumption (O’Brien et al. 2005, Mews et al. 2020). By binning 

time, it is possible to ignore known state transitions within a week, although these 

transitions are either captured in the following week or are short temporally to where 

they do not have a high biological significance. 

Initially, a small set of the simplest models were run to evaluate model 

convergence. Season was included as a covariate for survival, detection probability, 

and movement probability to highlight parameter seasonal differences. Year was also 

included as a covariate for all parameters to account for potential annual differences 
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in parameter estimates. I ran various models that were biologically realistic and 

compared models with an AIC score to determine which model best fit the data. I 

adjusted the parameter index matrices (PIM) so that they were time dependent for 

both yearling and sub-adult models. Adjusting the PIM type was necessary for 

computational ease and only changes the way that parameters were estimated. 

Without the adjustment, Mark was estimating parameters for 51,336 different data 

records, which was not possible. After adjusting the PIM type, parameters were 

estimated for only 1,104 different data records.  

This adjustment does have a downside, however. The adjustment coerces the 

model to ignore multiple cohorts and assume that all fish were marked on the same 

occasion and then continuously monitored. To adjust for this, detection probabilities 

were fixed to zero when fish were not present in the study (i.e., not yet tagged) for 

both yearlings and sub-adults that were tagged in the fall 2020. I also removed 

yearling detection histories during the weeks when transmitters were scheduled to be 

off, while accounting for irregular sampling intervals in the results. 

Estimates from both models were derived on weekly intervals, although I was 

most interested in estimating survival and transition probabilities at a seasonal time 

scale. Therefore, beta estimates were bootstrapped to create seasonal estimates of 

these parameters (Table S1, Table S2). Normal distributions of 10,000 weekly beta 

estimates and standard errors were utilized, then converted into the probability scale 

from the logit scale. Seasonal survival was calculated by taking the product of all 
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estimates, while seasonal transition probabilities were calculated by using the formula 

used by Vleet (2019): 

𝜓𝜓𝑆𝑆𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓 = 1 − ((1 −𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓)23) 

Where 23 indicates the number of intervals within a season for two years. From this, I 

created seasonal estimates by taking the mean and 95% quantile values. 

Results 

Sub-adult Model 

 The most parsimonious model from the model set was not the simplest model 

(Table 2) and was selected as it had the lowest AIC score while being more than two 

units away from the next model. The model that I used was: 

𝑆𝑆(~ − 1 + 𝑆𝑆𝑆𝑆𝑆𝑆𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆)𝑝𝑝(~ − 1 + 𝑆𝑆𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆)𝜓𝜓(~ − 1 + 𝑆𝑆𝑆𝑆𝑆𝑆𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆:𝑇𝑇𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆) 

This model indicates that survival was best estimated by state, detection probability 

was best estimated by the interaction between season and state, and transition 

probability was best estimated by the states where the movements took place. 

Survival of sub-adult Lake Sturgeon while in the Genesee River during any given 

season was 0.952 (95% CI: 0.796-0.996), and survival of sub-adults while in Lake 

Ontario was 0.936 (95% CI: 0.765-0.992) (Table 3). 

Transition probabilities of sub-adults from the Genesee River to Lake Ontario 

were 0.888 (95% CI: 0.535-0.917) in the fall, 0.742 (95% CI: 0.535-0.917) in the 

winter, 0.881 (95% CI: 0.751-0.967) in the spring, and 0.380 (95% CI: 0.099-0.813) 
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in the summer (Table 3). The transition probabilities of sub-adults from Lake Ontario 

to the Genesee River were 0.402 (95% CI: 0.167-0.729) in the fall, 0.500 (95% CI: 

0.296-0.726) in the winter, 0.898 (95% CI: 0.797-0.966) in the spring, and not 

estimable in the summer as these movements were limited (Table 3). 

Young-of-Year Model 

 The most parsimonious model from the model selection (Table 4) was not the 

simplest model and had the lowest AIC score while being over 4 units away from the 

nearest model. The model that I used for estimates was: 

𝑆𝑆(~ − 1 + 𝑆𝑆𝑆𝑆𝑆𝑆𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆)𝑝𝑝(~ − 1 + 𝑆𝑆𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓: 𝑆𝑆𝑆𝑆𝑆𝑆𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆)𝜓𝜓(~ − 1

+ 𝑆𝑆𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓: 𝑆𝑆𝑆𝑆𝑆𝑆𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆:𝑇𝑇𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆) 

Survival was estimated by the state that the yearlings were in, detection probability 

was best estimated seasonally and by state, and transition probability was best 

estimated seasonally and for the specific state transition. Survival of yearling lake 

sturgeon in the Genesee River was 0.540 (95% CI: 0.403-0.664), and survival of 

yearlings in the lake was 0.368 (95% CI: 0.224-0.511) (Table 5). 

 Yearlings in the Genesee River had a 0.846 (95% CI: 0.728-0.938) probability 

of transitioning to Lake Ontario in the fall, a 0.851 (95% CI: 0.690-0.963) probability 

in the winter, a 0.624 (95% CI: 0.377-0.868) probability in the spring, and a 0.378 

(95% CI: 0.090-0.831) probability in the summer (Table 5). Yearlings in Lake 

Ontario had a 0.416 (95% CI 0.152-0.771) probability of transitioning back into the 

Genesee River in the winter, a 0.792 (95% CI 0.596-0.942) probability in the spring, 
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a 0.823 (95% CI 0.580-0.942) probability in the summer, and an inestimable 

probability during the fall as result of not enough of these transitions in the season. 

Discussion 

 Sub-adult Lake Sturgeon had higher survival rates than yearlings in both the 

Genesee River and open Lake Ontario and had survival rates similar to adults in other 

populations throughout the Great Lakes (Holst and Zollweg-Horan 2018, Colborne et 

al. 2021). Yearling Lake Sturgeon had survival rates similar to yearlings in other 

systems of the Great Lakes (Bezold and Peterson 2008, Crossman et al. 2009), and 

were higher than previously estimated within the system (Dittman and Zollweg 

2006). The higher survival rates of sub-adult sturgeon compared to the survival rates 

of yearlings is likely the result of many factors. For example, sub-adults have grown 

to a size where predation is not a concern, they have already become acclimated to 

the river and lake for multiple years, and they are less sensitive to water quality 

changes (Secor and Niklitschek 2002). Yearling survival rates in the Genesee River 

are likely higher than previously estimated due to differences in the methodology of 

sampling. There are many ways that survival can be estimated and the assumptions 

that follow can change between methods. Utilizing acoustic telemetry data allowed 

me to account for emigration from the Genesee River whereas other methods may 

not. When Lake Sturgeon emigrate from the river when the system is assumed closed, 

they are regarded as dead, when in fact they are simply not available for recapture. 
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A benefit of utilizing a multi-state model to estimate survival of Lake 

Sturgeon in the Genesee River is that it simultaneously accounts for emigration. This 

approach can be used to estimate transition rates and highlight when the river is most 

likely to contain the greatest number of recapturable fish. Sub-adult lake sturgeon 

were most likely to move into the Genesee River from Lake Ontario during the spring 

months, coinciding with what was previously observed by Jonahson (2010) in the 

Genesee River and with what has been documented in other systems within the Great 

Lakes Basin (Hughes 2002, Trested et al. 2011). Similarly, sub-adults were most 

likely to move from the river to the lake during the fall months. Yearlings were most 

likely to move from the lake into the river during the spring and summer months and 

were most likely to move from the river into the lake during the fall and winter 

months. This indicates that traditional capture-mark-recapture survival estimates that 

assume a closed population would be most accurate when sampling periods occur in 

the spring and summer months. 

 Knowledge of Lake Sturgeon survival rates at various life stages is important 

for effective population management. The survival of yearling Lake Sturgeon has 

important implications for population growth (Gross et al. 2002, Crossman et al. 

2009) especially in population supported largely by stocking. For example, a 

minimum survival rate of 40% during the first post-stocked winter was found by 

Crossman et al (2009) and was regarded as being successful (Deslauriers et al. 2018). 

In the Genesee River, the minimum yearling survival rate was estimated at 0.368 

(95% CI: 0.224-0.511) indicating the likelihood that stocking hatchery-reared young 
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of year Lake Sturgeon in the Genesee River is supplementing population growth. 

Moreover, after yearlings survive their first winter post-stocking, their survival is 

likely to increase substantially (Gross et al. 2002, Baker and Scribner 2017) thereby 

influencing year-class strength. 

There were a few caveats to the structure of the model that are worth 

mentioning. First, this study spanned the course of two years and included one cohort 

(one cohort per life stage) stocked during each year, resulting in two years’ worth of 

data for one cohort and only one years’ worth of data for the other. This minimal 

amount of data is likely why some of the model estimates have large 95% confidence 

intervals or were not estimable. To estimate parameters of a multi-state model many 

data points must be present, and in the models for this study, some of the parameters 

were being estimated from relatively few data points. Given that sub-adult Lake 

Sturgeon were implanted with transmitters having battery lives of 5 to 10 years, 

continued monitoring will help to refine these estimates and perhaps reduce the 

variability in the 95% confidence intervals. Second, discretizing continuous detection 

data into weekly time bins masked temporary movement transitions between the 

Genesee River and Lake Ontario. Although these transitions are important to note, the 

masking of these transitions was minimal in this study. Similarly, Lake Sturgeon 

could have transitioned near the end of a week and not been recorded until the 

following week. This fine-scale resolution of transition is relatively unimportant as 

weekly estimates were converted into seasonal estimates. 
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 With recent evidence of successful recruitment in the Genesee River 

(Dittman, personal communication), my work indicates that the Genesee River is 

moving toward the prospect of maintaining a self-sustaining population of Lake 

Sturgeon. That yearling and sub-adult Lake Sturgeon are surviving post-stocking 

indicates that the Genesee River is a functional nursery habitat. An area for future 

study might be to compare survival estimates of wild yearling Lake Sturgeon to those 

of hatchery-raised yearlings. This line of inquiry could reveal limitations on survival 

during egg and larval stages for wild fish or limitations associated with a lack of 

acclimation during early life history in hatchery reared individuals. While wild 

recruitment of Lake Sturgeon in the Genesee River is likely limited, post-stocking 

survival rates that are similar to other published works (Bezold and Peterson 2008, 

Crossman et al. 2009) indicates the potential for both continued success of stocking 

efforts and wild recruitment. 

Conclusions 

 Understanding and accurately estimating the varying survival rates of Lake 

Sturgeon at different life stages can help guide effective management. Traditional 

capture-mark-recapture estimates of survival could be refined by including sampling 

in the nearshore Rochester Embayment to account for fish that are not available for 

recapture within the river. Similarly, the inclusion of acoustic telemetry data has been 

shown to not only increase the accuracy of survival and transition probability 

estimates but can also offer insight on other population characteristics such as 

residency and habitat use. The interaction of populations from different management 
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units is important to characterize as it can have a heavy influence on the overall 

recovery of Lake Sturgeon within Lake Ontario. 
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Tables 

Table 1. Example capture histories, where G is the Genesee River state and L is the 

open Lake Ontario state. 

Capture History Description 

GGGGG Individual was initially captured and marked in state G, then was 

recaptured in state G on occasions 2-5 

GGLLL Individual was initially captured and marked in state G, then was 

recaptured in state G on occasion 2, and then was recaptured in state 

L on occasions 3, 4, and 5. 

GG000 Individual was initially captured and marked in state G, then was 

recaptured in state G on occasion 2, then was not found during 

occasions 3, 4, and 5 

G0LLG Individual was initially captured and marked in state G, then was not 

found during occasion 2, then was recaptured in state L on occasions 

3 and 4, then was recaptured in state G on occasion 5 
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Table 2. Top 10 models from the sub-adult model selection. The best model has the 

lowest AICc score and is the first listed model. Npar is the number of parameters 

estimated in the model. AICc is the Akaike Information Criterion with a correction 

for small sample sizes. DeltaAICc is the difference between the AICc score of the 

respective model and the AICc score of the model with the lowest AICc score. 
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Table 3. Bootstrapped seasonal estimates of sub-adult survival (S) and transition 

probabilities (𝜓𝜓). G denotes the Genesee River and L denotes Lake Ontario. SD is the 

standard deviation of the estimate. Lcl is the lower control limit, and ucl is the upper 

control limit. 

Parameter Mean SD lcl ucl 
S: G 0.952 0.057 0.796 0.996 
S: L 0.936 0.064 0.765 0.992 

𝜓𝜓: Fall G to L 0.888 0.051 0.771 0.966 
𝜓𝜓: Winter G to L 0.742 0.099 0.535 0.917 
𝜓𝜓: Spring G to L 0.881 0.057 0.751 0.967 
𝜓𝜓: Summer G to L 0.380 0.188 0.099 0.813 
𝜓𝜓: Fall L to G 0.402 0.145 0.167 0.729 
𝜓𝜓: Winter L to G 0.500 0.111 0.296 0.726 
𝜓𝜓: Spring L to G 0.898 0.044 0.797 0.966 
𝜓𝜓: Summer L to G NA NA NA NA 
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Table 4. Top models from the yearling model selection. The best model has the 

lowest AICc score and is the first listed model. Npar is the number of parameters 

estimated in the model. AICc is the Akaike Information Criterion with a correction 

for small sample sizes. DeltaAICc is the difference between the AICc score of the 

respective model and the AICc score of the model with the lowest AICc score. 
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Table 5. Bootstrapped seasonal estimates of yearling survival (S) and transition 

probabilities (𝜓𝜓). G denotes the Genesee River and L denotes Lake Ontario. SD is the 

standard deviation of the estimate. Lcl is the lower control limit, and ucl is the upper 

control limit. 

Parameter Mean SD lcl ucl 
S: G 0.540 0.067 0.403 0.664 
S: L 0.368 0.073 0.224 0.511 

𝜓𝜓: Fall G to L 0.846 0.054 0.728 0.938 
𝜓𝜓: Winter G to L 0.851 0.072 0.69 0.963 
𝜓𝜓: Spring G to L 0.624 0.127 0.377 0.868 
𝜓𝜓: Summer G to L 0.378 0.194 0.09 0.831 
𝜓𝜓: Fall L to G NA NA NA NA 
𝜓𝜓: Winter L to G 0.416 0.162 0.152 0.771 
𝜓𝜓: Spring L to G 0.792 0.090 0.596 0.942 
𝜓𝜓: Summer L to G 0.823 0.106 0.580 0.942 
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Figures 

Figure 1. Acoustic receiver array deployed by the USFWS in 2019. Black dots 

represent individual passive acoustic receivers. 
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Figure 2. Conceptual diagram of the multi-state models, where G is the Genesee 

River state, L is the Lake Ontario state, S is survival, and 𝜓𝜓 is transition probability. 
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Chapter 2: Movement characterizations of stocked juvenile Lake Sturgeon 
(Acipenser fulvescens) within the Genesee River, NY 

Abstract 

 Knowledge of the movements of post-stocked juvenile Lake Sturgeon 

(Acipenser fulvescens) within and beyond the Genesee River of New York is limited 

but has important implications for understanding both population structure and the 

delineation of nursery habitat that might support a self-sustaining population. This 

project aimed to characterize the movements of juvenile sturgeon by tagging and 

tracking 70 yearling and 30 sub-adult Lake Sturgeon with acoustic transmitters from 

2019 to 2021. Habitat use was disproportionate between the two life stages of 

juvenile sturgeon; yearlings primarily inhabited the upper reaches of the Genesee 

River while sub-adults primarily utilized both the lower dredged reaches of the 

Genesee River and the embayment outside of the river. A lower proportion of 

yearlings left the Genesee River relative to sub-adults, with seven sub-adult sturgeon 

(23.3% of all tagged) moving to new habitats over 100km away. Water temperature, 

discharge, and dissolved oxygen concentrations were the most influential predictors 

of movement within the river. These results indicate that the Genesee River is serving 

as a nursery habitat for juvenile Lake Sturgeon and that a high degree of connectivity 

exists among the river, nearshore Lake Ontario habitats, and other tributaries. Such 

information is important when considering that management efforts for this species 

are commonly system specific and implies a broader metapopulation framework may 

be relevant. 
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Introduction 

Research goals were quickly established after Lake Sturgeon (Acipenser 

fulvescens) was pronounced as a threatened species in New York State and others 

within the Laurentian Great Lakes basin in the late 1900’s . Filling recognized 

knowledge gaps has become a focus of study following the population crash in the 

late 19th and 20th centuries due to overharvesting, exploitation, and habitat 

degradation (Harkness and Dymond 1961, Tody 1974, Hay-Chmielewski and Whelan 

1997). Commonly identified knowledge gaps across populations include the 

understanding of juvenile Lake Sturgeon movement patterns, habitat usage, and 

survival.  

Lake Sturgeon are a mobile species that range widely throughout their lifetime 

(Auer 1999). Adults may travel up to 200 km during their spawning migrations and 

are also known to range widely in open Great Lakes habitats (Auer 1999, Kessel et al. 

2018). In contrast to adult movements, juveniles were thought to typically undertake 

movements more limited in scale (Barth et al. 2009, Jonahson 2010, Trested et al. 

2011, Altenritter et al. 2013). However, recent evidence both in Lake Ontario 

tributaries and in other Great Lakes habitats suggests that juvenile Lake Sturgeon may 

travel greater distances than previously thought (Withers et al. 2021, Lacho 2013). In 

2019, a juvenile Lake Sturgeon initially PIT and FLOY tagged in the Genesee River, 

NY was later sampled in the lower Niagara River, NY, a movement with a minimum 

distance of approximately 125 km to the west mostly through nearshore Lake Ontario 

habitat (D. Gorsky personal communication). 
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Such observations of relatively long-range movements by juvenile Lake 

Sturgeon highlight a need to broaden understanding of changes in habitat use with 

ontogeny. With the advent of passive acoustic telemetry techniques and large-scale 

monitoring networks such as the Great Lakes Acoustic Telemetry Observation 

System (GLATOS), it is now possible to examine habitat use across multiple spatial 

scales throughout ontogeny (Lennox et al. 2017, Whoriskey et al. 2019). However, 

this approach requires access to multiple year classes of juvenile Lake Sturgeon to 

characterize such behavioral changes. In 2003 and 2004, yearling Lake Sturgeon were 

experimentally stocked in the lower Genesee River to reestablish this species in what 

was a historically utilized spawning and nursery area (Dittman and Zollweg 2006). 

Researchers monitored and rated various habitat characteristics such as prey 

availability, sediment composition, water flow, depth, and water temperature with a 

habitat suitability index (HSI) specifically designed for lake sturgeon in Ontario 

tributaries. They also monitored sturgeon behavior and growth to determine the 

success of the experimental stocking within the river. Based on the results of their 

study, it was found that the river was able to support stocked individuals and an 

annual stocking program (500 to 1,000 yearlings released) was established in 2013 

(Dittman and Zollweg 2006, Holst and Zollweg-Horan 2018a). Currently, at-large 

Lake Sturgeon stocked in the Genesee River represent as many as eleven distinct year 

classes (Holst and Zollweg-Horan 2018, NYSDEC 2021). 

While stocking fish may supplement abundance, quality habitat is known to 

be a limiting factor for the growth of self-sustaining Lake Sturgeon populations in the 
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Great Lakes (Auer 1999). Identification of high-use areas is a first step in pinpointing 

important habitat for Lake Sturgeon, as this opens the door for habitat protection and 

ultimately a higher likelihood of survival. The identification and protection of habitats 

used heavily by juvenile Lake Sturgeon holds particular importance because 

population growth is most sensitive to yearling survival (Gross et al. 2002). In the 

Genesee River, gill netting surveys indicated that juvenile Lake Sturgeon aggregated 

in upper river reaches (Dittman and Zollweg 2006). Using radio telemetry, Jonahson 

(2010) observed that juvenile (N = 6, age = 2 to 3 years) Lake Sturgeon did not leave 

the Genesee River between summer and fall of 2006 and displayed frequent 

aggregation in upper river reaches. This author also observed that radio tagged 

individuals moved downstream during the fall as water temperatures declined. This 

highlights a potentially important correlation between behavior and abiotic 

environmental conditions in this system. Yet to be explored in this system are other 

factors such as river discharge and dissolved oxygen concentrations that may 

influence Lake Sturgeon movements. 

Preliminary monitoring of various water parameters indicated that in a middle 

section of the Genesee River, there is benthic seasonal hypoxia (< 4 mg/L) which 

may influence juvenile Lake Sturgeon movements and residency in the river. 

Dissolved oxygen plays an important role in both embryogenesis and survival of 

developed Lake Sturgeon. Concentrations of dissolved oxygen below 4.0 mg/L 

(hypoxia) can lead to negative complications on basic biological functions such as 

metabolism and immune response, or mortality of both yearling and adult Lake 
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Sturgeon (Chebanov and Galich 2013, Altenritter et al. 2013). Hypoxic conditions 

could potentially limit the movements of Lake Sturgeon in the Genesee River by 

acting as a non-physical barrier (Noatch and Suski 2012). If a prevalent zone of 

hypoxia were to routinely establish in the middle sections of the Genesee River, the 

reoccurring barrier could both trap fish upstream and limit movements between the 

river and the lake.  

The use of open Great Lakes habitats by juvenile Lake Sturgeon remains a 

relative “black box” in the ecology of this species and poses many challenges for 

achieving rehabilitation goals that emphasize addressing knowledge gaps related to 

survival and recruitment (Landsman et al. 2011). For example, an important 

assumption of simple capture-mark-recapture (CMR) techniques for estimating 

survival is that a population is closed to immigration and emigration (Koivuniemi et 

al. 2019). Thus, knowledge of the timing and scale of emigration is a key component 

for making accurate estimates of juvenile survival (Lord 2007, Jonahson 2010). 

Likelihood of survival increases as Lake Sturgeon are stocked at an older age, 

which relays into increased chances of population size increase (Gross et al. 2002, 

Crossman et al. 2014). New York State Department of Environmental Conservation 

(NYSDEC) has been stocking artificially propagated yearling (YOY) Lake Sturgeon 

across 14 distinct waterbodies since 1993 in effort to promote the creation of self-

sustaining populations and genetic diversity (Holst and Zollweg-Horan 2018). 

Gametes from both male and female healthy adult Lake Sturgeon are collected from 

the St. Lawrence River, NY in the spring when spawning conditions are favorable 
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(Holst and Zollweg-Horan 2018). The eggs are artificially fertilized and then 

transported to the Oneida Fish Hatchery located at Constantia, NY where they are 

raised (Holst and Zollweg-Horan 2018). The reared yearlings are then released into 

their respective waterbodies about four to six months later in the fall. 

The first main question of the present study was, do juvenile Lake Sturgeon 

leave the Genesee River and what factors are related with this movement? The second 

main question was, do juvenile Lake Sturgeon display distinct seasonal and spatial 

movement phases within the Genesee River and how are they influenced by abiotic 

factors such as water temperature, discharge, and dissolved oxygen concentrations? 

These questions were investigated by implanting juvenile Lake Sturgeon with 

acoustic tags and passively tracking their movements in the Genesee River while also 

monitoring water quality parameters. It was hypothesized that there would be a 

disproportionate rate of emigration relative to the life stage of the fish (yearling vs. 

sub-adult). Regarding within-river movements, it was hypothesized that distinct 

movement phases will be displayed in function of seasonal variation in water 

temperature, dissolved oxygen, and discharge influencing the characteristics of the 

phases. 

Methods 

Study Site 

The Genesee River is a major north-flowing tributary of Lake Ontario with 

headwaters originating over 250 km away in Potter County, Pennsylvania. Only the 

lower section of the river is accessible for fishes migrating between Lake Ontario and 
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the Genesee River. The lower section, located in the city of Rochester, Monroe 

County, New York, stretches approximately 10 rkm (river kilometers) upstream from 

Lake Ontario before reaching an impassible waterfall. Various other locations within 

and connected to Lake Ontario were included in the study as emigrating Lake 

Sturgeon were able to access open lake habitats and other lake-connected tributaries. 

Sample Fish and Acoustic Telemetry 

Yearling Lake Sturgeon (total length = 176 – 223 mm, x̄ = 198 mm) were 

reared in the New York State Department of Environmental Conservation (NYSDEC) 

Oneida Fish Hatchery located at Constantia, NY. Yearlings were tagged with V7-2L 

(VEMCO; Halifax, NS, Canada) transmitters in September 2019 and October 2020 at 

the hatchery facilities in Constantia and were stocked downstream of the Seth Green 

Island in the Genesee River 10-days post tagging in 2019, and 3-days post tagging in 

2020. These transmitters had a tag life of up to 325 days while cycling between being 

powered on for 60 days and being powered off for 30 days until the tags died. Sub-

adult Lake Sturgeon (total length = 605 – 1,020 mm, x̄ = 751 mm) were captured in 

October 2019 and October 2020 in the Genesee River using gillnets set for ≤24-hour 

periods (Dittman and Zollweg 2006). Following the captures, the sub-adults were 

tagged with either V13TP-1L or V16P-6H transmitters while aboard a research 

vessel. After recovering from surgery, the fish were released near the site of capture. 

These transmitters had a tag life of up to 10 years with continuously being powered 

on. Tagging methods followed those utilized by Bruestle (2017) on Lake Sturgeon 

within the lower Niagara River, NY. 
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In total, 100 Lake Sturgeon were tagged internally with acoustic transmitters 

between 2019 and 2020. In 2019, 40 yearling Lake Sturgeon and 15 sub-adult Lake 

Sturgeon were tagged, and in 2020, 30 yearlings and 15 sub-adults were tagged for a 

total sample size of 70 yearlings and 30 sub-adults. Fish were selected at random with 

the exception of the minimum weight requirement (yearlings: >20 g; Sub-adults: 

>1000 g) to satisfy a relative tag weight of less than 4% (McCabe et al. 2019). 

In 2019, an array that consisted of 35 Innovasea VR2W and VR2TX passive 

acoustic receivers was deployed by the USFWS at the Lower Great Lakes Fish and 

Wildlife Conservation Office within the lower Genesee River, in the Rochester 

Embayment, and along the Eastern and Western shoreline of Lake Ontario (Fig. 1). 

The receivers were placed to serve several unique functions; The ten receivers located 

within the Genesee River were separated by approximately one kilometer and were 

intended to provide high levels of in-river coverage. There were six receivers 

deployed as a grid within the Rochester Embayment to maximize coverage just 

outside of the river mouth. Lastly, there were six groups of three receivers (total = 18) 

placed near the mouths of tributaries along the shoreline of Lake Ontario, five groups 

to the west of the Genesee River and one group to the east. The nearshore receivers 

were deployed in a straight line perpendicular with the shoreline, serving as “gates” to 

detect fish moving between nearshore habitats (Fig. 1).  

This project was registered with GLATOS, which provided an increased 

spatial area for monitoring tagged Lake Sturgeon. GLATOS is a collaborative 

network of researchers in Canada and the United States that encourages the sharing of 
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acoustic telemetry equipment. There are over 200 acoustic receivers deployed 

throughout Lake Ontario that GLATOS collaborators could obtain detection data 

from during the timeframe of this project. To facilitate data sharing and data privacy 

simultaneously, GLATOS filtered all the raw detection data sent to them and 

delivered to each researcher only data respective to fish in their project. 

Environmental Monitoring 

Water temperature, discharge, and dissolved oxygen within the Genesee River 

were monitored throughout the duration of the project. Discharge and water 

temperature were monitored 2019 to 2022 using a USGS stream gauge at the Ford 

Street bridge (gauge 04231600; Latitude: 43.141722, Longitude: -77.616306). Water 

temperature was also obtained from the temperature sensor in the V13TP-1L 

transmitters within a subset of the sub-adult sturgeon, although the stream gauge was 

used predominantly as it had increased resolution relative to the sensors. Benthic 

dissolved oxygen was continuously monitored during the summer and fall of 2021 at 

varying temporal scales using four passive monitors (miniDOT® Logger, PME) 

deployed with acoustic receivers in the river. Continuous monitoring was initiated 

after active weekly dissolved oxygen profiles lead to the discovery of hypoxia 

development in the river. These loggers were attached to acoustic receivers deployed 

upstream and within areas where bottom water hypoxia was detected in preliminary 

monitoring during the summer of 2019 (Fig. 2) and where previous work suggests 

juvenile Lake Sturgeon aggregate (Jonahson 2010). During a routine check of the 

loggers, I observed that two of the four loggers deployed had taken on water and 
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ceased to function. Only data from the two intact loggers were used for analyses. The 

period when no-data was collected from the intact loggers corresponds with time back 

at the lab to ensure functionality. 

Statistical Analyses 

To identify and remove false detections created by tag transmission collisions 

or acoustic interference, all detections were filtered through the false detection filter 

in the GLATOS R package (Holbrook et al, 2021). Detections are identified as 

potentially false when the shortest interval between the closest consecutive detection 

of the same tag on the same receiver is greater than one hour (Pincock 2012). Of the 

3,493,049 raw detections, 22,688 (0.65%) were identified as potentially false and 

were therefore excluded from analysis. 

Every true detection was plotted by the unique tag ID over time to visualize 

when Lake Sturgeon were present and absent in the array and their general location of 

detection. I first created river use histograms to highlight seasonal and demographical 

spatial variation in movements of Lake Sturgeon within the river. Individual locations 

were rounded to every hour within the study, and if an individual was detected at 

multiple locations within the hour, the location that the sturgeon had the most 

detections at was selected. Emigration events were observed and described by 

comparing the timing, size, frequency, maximum distance traveled, and return rates 

between sub-adult and yearling Lake Sturgeon. 

Movement phases of sub-adult sturgeon were identified through the use of a 

multiple changepoint detection analysis on hourly locations within the Genesee River 
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(Killick et al. 2012, Madon 2014). Like the creation of the river use histograms, 

detection data were first transformed into a time-series with hourly time bins, and the 

assigned location of the fish in the respective time bin was determined by the receiver 

with the greatest number of detections. 

A movement phase was distinguished from another by identifying statistical 

changepoints along the time-series constructed data based on changes in the 

sequential mean of a fish’s location. A changepoint within a time series could be 

described as the point at which the targeted statistical property changes dramatically 

(Killick and Eckley 2014). The method used to detect multiple changepoints in a 

fish’s location was the Pruned Exact Linear Time (PELT) method. A penalty value 

must be assigned to the analysis to decrease the sensitivity of changes in the mean. 

The penalty value used was, 100 ∗ log (# 𝜓𝜓𝑜𝑜 𝑑𝑑𝜓𝜓𝑆𝑆𝜓𝜓𝑑𝑑𝑆𝑆𝑑𝑑𝜓𝜓𝜓𝜓𝜓𝜓). This penalty value was 

used due to both the violation of the assumption of independence and the variation in 

number detections within the sample of sub-adults. Sturgeon detections within the 

river are not independent, as detections are spatially dependent on one-another. Also, 

the number of detections affects the number of possible changepoints, so an 

increasing penalty relative to the number of detections standardizes the results 

(Killick and Eckley 2014). The “changepoint” package in R (Killick et al. 2016) was 

utilized to run the analysis.  

Residence indices were created for each fish for the four seasons of the year to 

highlight seasonal spatial variation between the Genesee River and the Rochester 

Embayment. The residence index is calculated as the number of days an individual 
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fish was detected at each receiver divided by the number of days the respective fish 

was detected anywhere in the acoustic array (Kessel et al. 2016). Mean residence 

index was calculated at each receiver location within the river and the embayment by 

averaging all residence indices at each location. Residence indices are helpful in both 

assessing receiver efficiency throughout an array, and reducing the bias of a large 

number of detections at a given station (Kessel et al. 2016). Results were plotted 

using ArcMap® 10.4.1, on the project map as circles of varying size to observe 

seasonal differences in spatial positions.  

A binomial logistic regression and Wilcoxon rank sum test were performed to 

ascertain the effects of dissolved oxygen on the likelihood that Lake Sturgeon 

aggregate and are present, respectively. For this analysis, only sites 35 and 37 during 

the summer of 2021 were utilized as they were the only two that had continuous 

dissolved oxygen monitoring.  An aggregation of sturgeon is considered to be a 

gathering of multiple fish at the same site, meaning that one fish being detected on a 

receiver within an hour was documented as a zero for aggregation presence (Jonahson 

2010). Two or more sturgeon being detected on a receiver within an hour was 

documented as a one for aggregation presence. The Wilcoxon rank sum test was 

testing whether the median number of fish present (multinomial) was different 

between dissolved oxygen levels above 4 mg/L (normoxic) and dissolved oxygen 

levels below or equal to 4 mg/L (hypoxic). The Wilcoxon rank sum test was 

performed as the data did not follow a normal distribution. 
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Depth use was calculated for all sub-adults as they had transmitters that 

measured pressure as a surrogate for water depth during every transmission. The 

equation to convert pressure sensor values to depth in meters was derived from 

Innovasea passive acoustic receivers and is as follows: 

𝐷𝐷𝜓𝜓𝑝𝑝𝑆𝑆ℎ = (𝑃𝑃𝑆𝑆𝜓𝜓𝜓𝜓𝜓𝜓𝑆𝑆𝑆𝑆𝜓𝜓 𝑆𝑆𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝑆𝑆 𝑉𝑉𝜓𝜓𝑉𝑉𝑆𝑆𝜓𝜓 ∗  0.3032) − 1.2129 

The mean daily depth for each sub-adult fish was then calculated for only open lake 

habitats to observe depth use where depth is minimally limited. 

 Water temperature was calculated for all sub-adults as they had temperature 

sensors within their transmitters, like the pressure sensors. The equation to convert 

temperature sensor values to temperature in degrees Celsius was derived from the 

Innovasea passive acoustic receivers and is as follows: 

𝜓𝜓𝜓𝜓𝑆𝑆𝜓𝜓𝑆𝑆 𝑇𝑇𝜓𝜓𝑆𝑆𝑝𝑝𝜓𝜓𝑆𝑆𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆𝜓𝜓 = (𝑇𝑇𝜓𝜓𝑆𝑆𝑝𝑝𝜓𝜓𝑆𝑆𝜓𝜓𝑆𝑆𝑆𝑆𝑆𝑆𝜓𝜓 𝑆𝑆𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝜓𝑆𝑆 𝑉𝑉𝜓𝜓𝑉𝑉𝑆𝑆𝜓𝜓 ∗ 0.1569) − 5.0 

These water temperatures were used to ensure the temperature measurements 

upstream effectively describe the temperature of the sturgeon within the lower river 

(Fig. 3). 

 To investigate the presence of a relationship between discharge and hypoxia, a 

cross-correlation of both discharge (cfs) and dissolved oxygen (%SAT) was run. Due 

to the discharge being measured upstream of where the dissolved oxygen loggers 

were measuring, discharge and dissolved oxygen were correlated at time lags of first 

one hour, then six hours. The one-hour time lags were utilized to determine at which 

time lag had the highest correlation value (i.e., correcting for the time it takes for a 
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measured discharge to influence the lower river), then the six-hour time lags were 

utilized to make interpretation simpler. 

All statistical analyses were performed in R version 4.0.4 (R Development 

Core Team, 2021) and a statistical significance was assumed at a 95% confidence 

interval.  

Results 

In-river movements 

 Lake Sturgeon were detected in varying degrees relative to sturgeon life stage 

and inherently the respective transmitter type. Sub-adults outfitted with the larger 

V13 or V16 transmitters had a stronger power output than the yearlings outfitted with 

the smaller V7 transmitters, and as a result detection histories of sub-adults had 

higher resolution when compared to the detection histories of yearlings. In an effort to 

extend battery life of the yearlings’ V7 transmitters, power cycled from being on for 

60 days to being off for 30 days. This also led to gaps in yearling detection histories 

and fewer overall detections than sub-adults whose transmitters were always on (Fig. 

4). 

 Post-surgery and post-stocking effects on sturgeon behavior was minimized 

by omitting the first week of data of all fish. One yearling Lake Sturgeon died while 

recovering from surgery in the hatchery and was never stocked, resulting in a sample 

size of 69 yearlings. Three additional yearlings showed a movement behavior that 

suggested death (i.e., quickly leaving the river and never being detected again) within 
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the first 20 days of being stocked and were therefore removed from all analyses. 

Twenty-five yearlings showed movement patterns that suggested death or loss of the 

ability to be detected at subsequent points during the life of the transmitter, however, 

data were utilized up until loss of data. No sub-adults displayed movements that 

suggested death shortly after surgery and release. Two sub-adult Lake Sturgeon 

showed a movement pattern that suggested death or the loss of the ability to be 

detected at subsequent points during the life of the transmitter, however, data were 

utilized up until the loss of data. 

 Throughout the entire study period, yearling and sub-adult Lake Sturgeon 

utilized much of the lower Genesee River with considerable spatial overlap that 

varied both seasonally and annually (Fig. 5). When utilizing the river, yearlings were 

predominantly observed in upstream habitats (i.e., sites 31-36 or 4.9 - 8.6 rkm), while 

sub-adults predominantly used downstream habitats. The changepoint analysis 

indicated that changes in mean river location occurred seasonally, as water 

temperatures dropped into the winter months, when a large proportion of the sturgeon 

displayed a downstream movement and, in some cases, exited the river to the 

embayment (Fig. 6). Inversely, as water temperatures rose into the summer months, a 

large proportion of the sturgeon displayed an upstream movement (Fig. 6). During the 

winter months of both 2020 and 2021, sturgeon displayed almost no changes in mean 

river location. Similarly, during the summer months of 2020 there were relatively few 

changes in mean river location, but much fewer than the spring and fall months. In 
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contrast to the summer of 2020, the summer months of 2021 contained many changes 

in mean river location, comparable to the spring and fall months. 

Severe benthic hypoxia was observed for multiple weeks during the summer of 

2021 (DO: x̄ = 6.16 mg/L ; min = 0.01; max = 10.99) (DO: x̄ = 67.46%SAT; min = 

0.09; max = 111.69) at two sites within the Genesee River (Fig. 7). Hypoxia was first 

observed during the second week of June, when the dissolved oxygen loggers were 

deployed. The last hypoxic measurement occurred during the third week of 

September, with healthy dissolved oxygen levels persisting into the fall (Fig. 7). 

Hypoxia influenced Lake Sturgeon aggregation at site 37 (3.82 rkm), but not at site 

35 (5.85 rkm). I found that for every decline in dissolved oxygen by 1 mg/L at site 37, 

the probability of observing Lake Sturgeon aggregations (≥ two individuals) was 55% 

less likely (p < 0.0001). A Wilcoxon Signed-Ranks test indicated that the median 

number of Lake Sturgeon present differed between hypoxic and normoxic periods 

with a p-value <0.0001. 

During the summer of 2021, estimated discharge was highly variable with an 

average of 2497.5cfs and was anywhere between the minimum of -282.9 cfs (this is 

not possible but was estimated as a function of the gauge height) and maximum of 

12100 cfs. The strongest correlation between discharge and dissolved oxygen was r = 

0.48 and indicated that a measured discharge at the USGS stream gauge influenced 

the lower river dissolved oxygen concentration most around 18 hours later (Fig. 8). 

The correlation coefficients were also positive, suggesting that higher levels of 

discharge relate to higher levels of dissolved oxygen concentrations. A lowess 
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smoothing line was overlaid on each scatterplot to more easily visualize the 

relationship between the two variables (Fig. 9). Hypoxic conditions were far more 

likely to occur when discharge at the stream gauge 18 hours prior was below 

approximately 1800 cfs, based on the elbow of the lowess line. 

Out-of-river movements 

 Yearling and sub-adult Lake Sturgeon were detected outside of the Genesee 

River disproportionately throughout the duration of the project. During the study 

period, just over half of the yearlings (36/69 or 52%) were detected outside of the 

Genesee River, while a greater proportion (23/30 or 77%) of sub-adult Lake Sturgeon 

were detected outside of the river. Of those yearlings detected outside of the river, 

only 6 of 36 (17%) returned to the river while most (21 of 23 or 91%) of sub-adults 

detected outside of the river returned during the study period. All Lake Sturgeon that 

left the Genesee River utilized the nearshore embayment although the extent of use 

was disproportionate relative to the life stage. Residency indices indicated an 

increased use of the embayment and downstream river sites by sub-adults compared 

to yearlings (Fig. 10). 

 Seven (23%) sub-adult Lake Sturgeon that left the Genesee River were 

detected in habitats over 100 km away. Five of those seven traveled to the Lower 

Niagara River (approximately 130 km to the west of the Genesee River), and the 

other two traveled to the St. Lawrence River/Chaumont Bay area (approximately 200 

km northeast of the Genesee River). Of the five that traveled to the Lower Niagara 
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River, one of those fish made two separate movements to the Lower Niagara River, 

once in May 2020 and again in May 2021. All other individuals undertaking large-

scale movements were last detected in the new habitat after their first arrival to the 

site. The average time between the last detection at the Genesee River and the first 

detection at the Lower Niagara River was approximately 8 days (min = 3.5 days, max 

= 11.8 days), except for one fish that spent 141.5 days in the nearshore array between 

the Genesee and Niagara rivers. It took the two fish 12.2 days and 34.3 days 

respectively to reach the Chaumont Bay habitat near the St. Lawrence River after 

their last detection at the Genesee. Both fish spent significant amounts of time in 

Chaumont Bay before entering the upper St. Lawrence River. 

 The mean depth utilized while in the nearshore migration corridors of Lake 

Ontario was 17.6 ± 9.4 m (Fig. 11). A Wilcoxon Rank Sum test indicated that the 

median difference between depths utilized in the migration corridors was statistically 

different from depths utilized elsewhere (p < 0.0001). 

Discussion 

 Juvenile Lake Sturgeon stocked within the Genesee River displayed distinct 

movement behaviors based on the life stage (yearling vs. sub-adult) and frequently 

left the river to nearshore Lake Ontario habitats. Yearling Lake Sturgeon tended to 

either stay within the Genesee River year-round or move into Lake Ontario and 

remain there for the duration of the study. Sub-adult Lake Sturgeon were more likely 

to incorporate both lake and river habitats into their seasonal home-range when 
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compared to yearling Lake Sturgeon. In general, if a juvenile Lake Sturgeon was 

going to leave the Genesee River, it left during the fall or early winter months shortly 

after being tagged and released, likely a response to declining temperatures 

(Ecclestone et al. 2020). Sub-adults tagged in 2020 that were in the river a year after 

they were stocked also left the river in the fall months. 

 In-river movements also seem to be highly related to water temperature and 

discharge in the river (Forsythe et al. 2012, Ecclestone et al. 2020). The changepoint 

analysis showed that seasonal changes in temperature are likely a driver of movement 

phases, but they also suggest that there are more drivers at play. When comparing the 

number of movement phases between the summer of 2020 and the summer of 2021, 

the summer of 2021 had substantially more movement phases than in the first 

summer. We hypothesized that the high variability of discharge and dissolved oxygen 

in the summer of 2021 was very influential on Lake Sturgeon movements within the 

river. The discharge during the summer of 2020 was much less variable as there were 

not as many rainfall events, potentially explaining the difference in movement phase 

characteristics between the two summers. 

 Fall and early winter downstream movements by juvenile Lake Sturgeon in 

the Genesee River were highlighted by Jonahson (2010) and were also noted in other 

systems within the Great Lakes (Auer 1999, Hughes 2002, Trested et al. 2011, 

Damstra and Galarowicz 2013). The temporal scope in Jonahson’s study (2010) 

resulted in lack of overwintering data, which is where our study was able to fill in 

knowledge gaps. It was previously hypothesized that juvenile Lake Sturgeon do not 



 
 

61 

emigrate from the Genesee River, although the emigration events were potentially 

being missed as a result of not being able to monitor movements during the winter 

months (Jonahson 2010).  

 This project is one of few projects (Kronisch et al. 2020, NYSDEC 2021) that 

have documented large-scale movements of juvenile Lake Sturgeon within Lake 

Ontario. In those previous and on-going studies, acoustic transmitters were not 

utilized and that resulted in detection histories comprised of relatively sparse physical 

encounters of PIT or FLOY tagged fish. The histories of these fish while in between 

detections at various habitats remain unknown. However, where adequate monitoring 

resources exist, some insight might be gained into how Lake Sturgeon utilize open 

Lake Ontario habitats while transitioning from one habitat to another. 

 The amount of time that it takes the sub-adult Lake Sturgeon to travel from 

the Genesee River to either Eastern or Western habitats may have important 

implications on open-lake habitats in between. Based on the spread of times and 

depths spent in the open-lake habitats, these habitats seem to act both as movement 

corridors and suitable habitat for routine daily functions. Similarly, this spread of 

times spent in between river habitats could serve as evidence that some of these 

movements are likely driven by a desired outcome, rather than being random 

“wandering”. Five of the seven sub-adults that moved through nearshore Lake 

Ontario habitats to a new habitat did so in a matter of weeks and sometimes days. The 

other two fish spent at least a month while travelling between major habitats, which 

suggests that these movements were less likely to be driven by a specific outcome. 
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These movements that were long temporally also indicate that there is likely habitat 

in between the large river habitats that support the survival and development of 

juvenile Lake Sturgeon. 

 Multiple movement behaviors were present in our sample of juvenile Lake 

Sturgeon and is not uncommon in populations of Lake Sturgeon within the Great 

Lakes (Kessel et al. 2018, Ecclestone et al. 2020). Populations of fish that display 

variable life-histories are likely to have a higher level of resiliency against stressors, 

often referred to as the portfolio effect (Schindler et al. 2010, Kessel et al. 2018). This 

has important implications for current methods of estimating abundance and survival. 

Traditional mark-recapture techniques used to estimate abundance and survival have 

been applied widely including within the Genesee River (Dittman et al. 2015, Holst 

and Zollweg-Horan 2018, Colborne et al. 2021). These methods often assume that 

fish do not emigrate from the system, and therefore can be captured with the same 

likelihood as all fish within the system. This is obviously violated for the Genesee 

River and should be considered when estimating population size in the future. This 

assumption goes hand-in-hand with realized system size, and violations can be 

mitigated by increasing the area of sampling. Sampling for lake sturgeon by both set-

line and gillnet in the Rochester Embayment and in the Genesee River simultaneously 

will likely lead to a broader age-range and more accurate population estimates of 

sampled lake sturgeon. Of course, this proposed method would not cover the actual 

system size (Lake Ontario), so the assumption would still be violated. Although a 

much higher proportion of the population would have a chance of being captured and 
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therefore the error associated with lacking to account for emigration (or sampling 

only a portion of the actual system) would be minimized. 

 The lower Genesee River is the second largest contributor of nitrogen and 

phosphorus into Lake Ontario and has been heavily managed for a balance of 

industry, recreation, and ecological function (Makarewicz et al. 2013, 2015, 

NYSDEC 2014). The Genesee is in the best condition that it has been in recent 

decades (Elliott 2000, Makarewicz et al. 2015, D. Dittman, personal communication), 

although it should be recognized that management and rehabilitation should be 

continued. The levels of hypoxia recorded during the summer of 2021 were alarming 

and were prevalent throughout most of the summer. Hypoxia had a clear and 

significant effect on Lake Sturgeon use of the Genesee River; however, it was evident 

that juvenile Lake Sturgeon were able to avoid hypoxic areas. Even when dissolved 

oxygen concentrations approached zero, Lake Sturgeon were still being detected, just 

in smaller numbers. This is potentially a result of Lake Sturgeon suspending over the 

benthic layer of hypoxia, or the inherent location bias involved with assigning a 

location of a fish based on raw detections. There is commonly a detection radius 

larger than 0.5 km around an acoustic receiver, meaning that the Lake Sturgeon in our 

project could be far away from the measured hypoxia and in a zone with normoxic 

dissolved oxygen concentrations. Aggregation of aquatic organisms including fish 

just on the edge of hypoxic waters is commonly observed in other aquatic habitats 

that suffer from bottom-water hypoxia (Craig 2012). 
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We hypothesize that the hypoxia is a result of settling decaying organic (i.e., 

oxygen-demanding) material when discharge is relatively low (< approximately 2000 

cfs). This is backed by the cross-correlations between discharge and dissolved oxygen 

levels, and observations of both the smell of decaying organic material and 

composition of the limited substrate that was sampled during other projects (K. 

Morton personal observation). In conjunction to the low discharge driven hypoxia, we 

hypothesize that the dredging of the downstream portions of the river negatively 

affects dissolved oxygen concentrations. Channel alterations like dredging inherently 

reduce flow and the surface-to-volume ratio and therefore likely reduces the ability 

for oxygen to mix into the benthic layers. In the summer of 2020, discharge was 

substantially lower than in the summer of 2021 and both hypoxia and thermal 

stratification were observed only in the dredged sections of the river. Unfortunately, 

COVID-19 complications lead to the inability to monitor dissolved oxygen 

throughout the entire summer, making accurate comparisons and assertions not 

possible. 

The unique large-scale migrations displayed in this project may be related to 

the genetic structure of the stocked Lake Sturgeon in Lake Ontario. These 

observations of large-scale migrations are relatively new to Lake Ontario sturgeon as 

the few remaining historic populations of Lake Sturgeon within Lake Ontario 

typically do not display large-scale migration behaviors (Hughes 2002, Trested et al. 

2011, Bruestle 2017). We hypothesize that commercial fisheries in the late 1800’s 

and early 1900’s may have inadvertently harvested for more mobile Lake Sturgeon 
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than sedentary Lake Sturgeon in habitats that are difficult to fish commercially (i.e., 

Lower Niagara, Grasse River). Lake Sturgeon within the St. Lawrence River were 

found to have unique DNA structure compared to other sturgeon populations within 

the Great Lakes (Welsh et al. 2008). These unique Lake Sturgeon could potentially 

have higher mobility than historic populations within Lake Ontario and would 

potentially help explain why the stocked individuals in the Genesee River are 

migrating all-throughout the lake. Examining the genetic composition of stocked 

Lake Sturgeon and native populations within Lake Ontario could further explain 

differences in migration behaviors and how the stocked Lake Sturgeon are mixing 

with other populations throughout the lake. 

 Delineating juvenile Lake Sturgeon movement patterns should continue as 

populations continue to rebound from recent disturbances. These patterns are 

imperative to identifying important nursery habitats that are important for the success 

of natural recruitment and overall self-sustaining populations. The NYSDEC has 

recently noted the increased success of Lake Sturgeon populations throughout Lake 

Ontario by pointing out that there are now four out of seven management units that 

have met recovery goals established in 2018 (NYSDEC 2021). To continue and 

potentially ensure higher levels of success, management and preservation of quality 

nursery habitat should be a future goal. Increased focus should also be placed on 

movements in open-lake habitats in between the major management units. This study 

has touched on the use of open Lake Ontario by juvenile Lake Sturgeon, but there are 

still questions to be asked. For example, variation in the amount of time spent in 
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nearshore Lake Ontario habitats by juvenile Lake Sturgeon suggests utility beyond a 

simple corridor for movement. Elucidating such utility and the relevance to important 

vital rates (i.e., recruitment, growth, and survival) has implications for the continued 

recovery of this species across the basin. 

Conclusions 

 Understanding post-stocked juvenile Lake Sturgeon movements allow insight 

on important habitat use, survival, and overall population recruitment. These 

movements also suggest that current survival rates are likely lower than estimated as 

there is a moderate amount of emigration, both permanent and temporary, that drives 

abundance estimates derived from traditional mark-recapture sampling downward. 

There is also more to learn about the relationship between the hydrology of the 

Genesee River and Lake Sturgeon success in the river. The river’s seasonal variability 

has clear effects on juvenile Lake Sturgeon movements and habitat use and 

investigating how it may affect larval and adult sturgeon would make the influence of 

such variables at a broader level much clearer.  
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Figures 

 

Figure 1. Map of acoustic receiver array (black dots) within Genesee River, 

Rochester Embayment, and Southern nearshore habitats. Bathymetry contours 

represent the range of depths that the receivers were deployed within. 
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Figure 2. Map of acoustic receiver array (black dots) within the Genesee River. 

Black stars represent where the continuous dissolved oxygen loggers were deployed. 

The shaded grey region resembles where previous benthic hypoxia was observed 

during the summer of 2020. 
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Figure 3. Mean daily temperature (solid line) measured at the USGS stream gauge, 

located at the Ford Street bridge (gauge 04231600; Latitude: 43.141722, Longitude: -

77.616306). Calculated temperatures (black dots) derived from the temperature 

sensors within the sturgeon transmitters are overlain to visualize the accuracy of the 

stream gauge. 
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Figure 4. Abacus plot of all individuals grouped by location of detection. Each dot 

represents a recorded detection by an individual Lake Sturgeon. Sub-adult Lake 

Sturgeon are the bottom 30 unique individuals, the next 39 unique individuals are 

yearling Lake Sturgeon stocked in 2019, and the top 30 unique individuals are 

yearling Lake Sturgeon stocked in 2020. 



 
 

81 

 

Figure 5. River use histograms for each respective season during the project. Station 

numbers go from upstream (31) to downstream (40). An hourly count is the greatest 

number of detections a fish has within an hour, if there is a tie in number of detections 

then the first detected site is selected for the count. Light gray bars are representative 

of sub-adult Lake Sturgeon and dark gray bars are representative of yearling Lake 

Sturgeon. 
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Figure 6. Statistical changepoints of the mean river kilometer of each fish overlain 

with mean daily temperature (°C) of the Genesee River. Solid vertical lines represent 

downstream changepoints, and dashed vertical lines represent upstream changepoints. 

The top two panels include the changepoints of the fifteen sub-adults tagged in 2019, 

the bottom two panels include the changepoints of the fifteen sub-adults tagged in 

2020. 
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Figure 7. Dissolved oxygen measurements (mg/L) measured at sites 35 and 37 every 

5 minutes during the summer and early fall of 2021. Breaks in the line indicate 

absence of data due to gear malfunctions. The light gray portion represents oxygen 

concentrations that are considered normoxic, while the dark gray portion represents 

oxygen concentrations that are considered hypoxic. 
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Figure 8. Cross-correlation values between mean hourly discharge (cfs) at lagged 

intervals of six hours and mean hourly dissolved oxygen concentrations (%SAT). 

Each dot is the correlation coefficient at each lagged interval. The largest correlation 

coefficient is at lag -3 (-18 hrs) with a value of 0.48. The steep slope followed by a 

shallow slope is indicative of the presence of autocorrelation, which is to be expected 

with discharge and dissolved oxygen continuous measurements. 
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Figure 9. Correlations between mean hourly discharge (cfs) at four separate time lags 

of six-hour intervals and mean hourly dissolved oxygen (%SAT). The number in the 

top right corner of each plot is the correlation coefficient (r). The correlation between 

mean discharge at time lag -3 and mean dissolved oxygen are the highest, although all 

correlations are similar due to autocorrelation. The red line is a lowess smoothing line 

that helps to visualize the relationship between the independent and dependent 

variables. 
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Figure 10. Distribution of mean residence indices. The letters in the top left of each 

individual map represents the season (W = winter, Sp = spring, Su = summer, F = 

fall). Two years of detection data are included with seasons combined to observe 

seasonal trends of RI. Light gray graduated symbols represent residence indices of 

yearling Lake Sturgeon and dark gray graduated symbols represent residence indices 

of sub-adult Lake Sturgeon. 
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Figure 11. Calculated mean monthly depths (m) of acoustically tagged sub-adult 

Lake Sturgeon while utilizing open lake habitats. 
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Appendix 

Table S1. Beta parameter estimates from the sub-adult multistate model prior to 

bootstrapping. S is survival, p is detection probability, Psi is transition probability, 

stratumG is the Genesee River state, and statumL is the Lake Ontario state. 

Parameter Estimate SE lcl ucl 
S:stratumG 6.7628 1.0305 4.7431 8.7826 
S:stratumL 6.3596 0.9082 4.5795 8.1398 
p:Season1 45.9970 0.0000 45.9978 45.9979 
p:Season2 20.0820 105.5090 -186.7153 226.8801 
p:Season3 5.7968 1.4540 2.9470 8.6466 
p:Season4 3.7702 0.5838 2.6260 4.9145 
p:stratumL -43.087 0.0000 -43.0875 -43.0875 
p:Season2:stratumL 23.9452 108.6518 -189.0122 236.9027 
p:Season3:stratumL 38.9208 0.0000 38.9208 38.9208 
p:Season4:stratumL 41.4299 0.0000 41.4300 41.4300 
Psi:Season1:stratumL:tostratumG -3.9749 0.5047 -4.9641 -2.9858 
Psi:Season2:stratumL:tostratumG -3.6313 0.3378 -4.2933 -2.9693 
Psi:Season3:stratumL:tostratumG -2.3648 0.2014 -2.7594 -1.9701 
Psi:Season4:stratumL:tostratumG -45.046 40834.3420 -80080.3600 79990.2660 
Psi:Season1:stratumG:tostratumL -2.4021 0.2227 -2.8385 -1.9657 
Psi:Season2:stratumG:tostratumL -2.9078 0.3096 -3.5147 -2.3010 
Psi:Season3:stratumG:tostratumL -2.4302 0.2398 -2.9003 -1.9600 
Psi:Season4:stratumG:tostratumL -4.1110 0.7129 -5.5083 -2.7137 
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Table S2. Beta parameter estimates from the yearling multistate model prior to 

bootstrapping. 

Parameter Estimate SE lcl ucl 
S:stratumG 3.7393 0.2059 3.3357 4.1428 
S:stratumL 3.2393 0.2080 2.8316 3.6470 
p:Season1:stratumG 4.0436 0.4510 3.1597 4.9276 
p:Season2:stratumG 1.6337 0.2070 1.2279 2.0395 
p:Season3:stratumG 1.7759 0.2111 1.3622 2.1896 
p:Season4:stratumG 2.9637 0.3409 2.2954 3.6320 
p:Season1:stratumL -0.8663 0.2324 -1.3219 -0.4108 
p:Season2:stratumL -2.8023 0.2705 -3.3325 -2.2720 
p:Season3:stratumL -1.0754 0.1472 -1.3639 -0.7870 
p:Season4:stratumL -1.0713 0.2234 -1.5091 -0.6334 
Psi:Season1:stratumL:tostratumG -20.558 2788.6250 -5486.263 5445.1472 
Psi:Season2:stratumL:tostratumG -3.9264 0.5579 -5.0199 -2.8328 
Psi:Season3:stratumL:tostratumG -2.7477 0.3032 -3.3420 -2.1535 
Psi:Season4:stratumL:tostratumG -2.6215 0.3904 -3.3866 -1.8564 
Psi:Season1:stratumG:tostratumL -2.5794 0.2009 -2.9733 -2.1856 
Psi:Season2:stratumG:tostratumL -2.5452 0.2725 -3.0793 -2.0111 
Psi:Season3:stratumG:tostratumL -3.2554 0.3732 -3.9868 -2.5240 
Psi:Season4:stratumG:tostratumL -4.1230 0.7311 -5.5560 -2.6900 
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