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Abstract
Lake Sturgeon (Acipenser fulvescens) are a threatened species of fish in New York State due to historical overfishing and habitat loss.threats. Despite conservation efforts, significant knowledge gaps persist regarding population abundances, age structure, and growth rates. This study helpsaimed to address these gaps by developing an age-length key for Lake Sturgeon in New York State. Long-term Lake Sturgeon monitoring data from Oneida Lake, Genesee River, and the Niagara River were analyzed to compare population growth and determine if population specific age-length keys were needed. Size-at-age analyses and von Bertalanffy growth curves were used to assess differences among populations. Population specific age-length keys were then created and validated for each population. Results showed significant differences in size-at-age among populations, with the Genesee River population exhibiting the smallestr mean lengths at comparable ages. Von Bertalanffy growth curves further highlighted population-specific growth. Age-length keys were found to have varying degrees of accuracy in predicting fish ages. While age-length keys offer a time-efficient and cost-effective alternative to traditional aging methods, caution is advised in their application for Lake Sturgeon in New York, particularly in populations with greater age variability at a given length. 	Comment by Thomas Evans: Here I would simply state the primary reason(s). “...historical overfishing” and you may want to add habitat loss.	Comment by Thomas Evans: Given this is the first introduction of the abbreviation I would certainly spell it out.	Comment by Thomas Evans: I think this is captured by the proceeding sentence and is confusing given it appears to identify the populations as different.
Introduction
In New York, Lake Sturgeon are a threatened species of native fish occupying various systems within the Great Lakes regiondrainage. They are a long-lived and late to mature species, with first reproduction occurring between 10-15 years old. These characteristics made Lake Sturgeon vulnerable to human impacts, and Bby the late 1800’s they , Lake Sturgeon were considered a nuisance fish and thenwere harvested at unsustainable rates for their caviar. In combination with their life-history strategy, these actions quickly decimated Lake Sturgeon populations (Voelker 2016). Lake Sturgeon are listed as a threatened species in New York State and a priority species for recovery. Since 1993, the New York State Department of Environmental Conservation (NYSDEC) and the United States Fish and Wildlife Service (USFWS) have implemented a stocking program to restore native populations. While research has been conducted on on this threatened speciesLake Sturgeon, there is still a knowledge gap when considering population abundances and age structure for many populationsare still unknown (NYSDEC 2018).	Comment by Thomas Evans: These changes better connect the concepts introduced in the first two sentences with the cause of decline.
There are several reasons why these knowledge gaps exist. These fishSturgeon have been difficult to study because they often swim long distances to spawning groundscomplete their life cycle. Spawning occurs intermittently for this species as Lake Sturgeon do not spawn every year, and very little is known about preciset current spawning locations and habitats are uncertain. (NYSDEC 2018). The age structure of populations is also difficult to assess for a multitude of reasons including the resources involved in tagging individual fish and the difficulty of accurately interpreting age from bony structures (e.g. pectoral spine, scutes). Growth rings can be counted on a sectioned piece of pectoral spine to interpret the age of the fish, but this can be challenging to interpret when early life growth rings shrink or vanish, and “false” rings can occur. Interpreting ages can be especially difficult in long-lived fish, such as Lake Sturgeon, as it becomes more difficult to interpret growth rings as a fish gets older (Paragamian and Beamesderfer 2003). As a result, Ddifferences in growth and survival between Lake Sturgeon populations in different systems has also not been well studied in general (NYSDEC 2018). 	Comment by Thomas Evans: I would avoid the word very, either deleting it whenever it occurs or substituting with another word.
The goal of this study was to create an age-length key for Lake Sturgeon in New York State. The growth rates and size of Lake Sturgeon in different populations occurring in waterbodies throughout the state were compared to determine if individual age-length keys were needed for each population.	Comment by Thomas Evans: Generally the last paragraph would include the goals/objectives and the hypotheses. It would make more sense to move this there and move the paragraphs that follow before it.

An age-length key is used in fisheries to reduce the time spent aging individual fish. It can be created if population growth is relatively constant and developed from a relatively small number of known-age from the summarization of the known relationship between the age and length of a small sample of fish. This relationship can then be applied to a larger sample of fish with known lengths but without known ages. Age-length keys will vary depending on the species of fish and may evencan differ within species of fishbetween populations occurring in different systems (Isely and Grabowski 2007). An age-length key for Lake Sturgeon was identified as a need by the New York State Lake Sturgeon Working Group (NYSDEC 2018). .	Comment by Thomas Evans: This is implied in the prior sentence.	Comment by Thomas Evans: It would be great to cite the working group’s request here.
Age-length keys are useful when studying sturgeon as it is a time and resource-effective way to estimate a sturgeon’s age based solely on its size (Isely and Grabowski 2007). The use of age-length keys can be an alternative to pectoral spine clipping aging methods, which are taxing to the fish and time-intensive to age. Ideally, a generalized age-length key for Lake Sturgeon in New York water bodies could be produced. However, a generalized age-length key assumes that differences between population sizes and growth rates are negligible. 
The goal of this study was to compare growth rates by creating an age-length key for Lake Sturgeon in New York State. The growth rates and size of Lake Sturgeon in different populations occurring in waterbodies throughout the state were compared to determine if individual age-length keys were needed for each population. Therefore, the specific objectives of this honors thesis were to determine if population-specific age-length keys are needed and to subsequently create age-length keys for Lake Sturgeon populations in systems within the Great Lakes Region of New York with sufficient data. These results could be used as an aid to those studying Lake Sturgeon as another tool for aging these fish.	Comment by Thomas Evans: Generally the last paragraph would include the goals/objectives and the hypotheses. It would make more sense to move this there and move the paragraphs that follow before it.
Therefore, the specific objectives of this honors thesis were to determine if population-specific age-length keys are needed and to subsequently create age-length keys for Lake Sturgeon populations in systems within the Great Lakes Region of New York with sufficient data. These results could be used as an aid to those studying Lake Sturgeon as another tool for aging these fish.
Materials and Methods
Overview of approach: 
Data on individual ages and lengths of Lake Sturgeon from three waterbodies in New York State with long-term monitoring surveys was used to examine differences in Lake Sturgeon population growth and develop age-length keys. Two methods were used to evaluate differences in populations. First, differences in size-at-age at younger ages (ages 6 and 9) that were on the increasing exponential region of the growth curve were compared among these populations. Secondly, von Bertalanffy growth curves for the three populations were evaluated. Age-length keys were then created for each population once if differences between populations were observed and subsequently tested for their accuracy.	Comment by Thomas Evans: How were they compared?	Comment by Thomas Evans: How?	Comment by Thomas Evans: How were they tested?
Study Systems:
[image: ][image: A map of the united states

Description automatically generated] Oneida Lake: Lake Sturgeon have beenwere stocked in Oneida lake since 1995, when 40,000 larvae were released in the lake. In that same year,and 5,000 fingerlings were stocked in the lakereleased. A  and a few hundred fingerlings have been stocked in most years sinceevery year since (Brooking et al. 2002).. Prior to stocking, no Lake Sturgeon were known to inhabit the lake, other than the occasional transient Lake Sturgeon. Natural reproduction was first detected in 2013 therefore, all individuals associated with annual cohorts before 2013 are assumed to have been stocked. Some sturgeon do travel through Oneida lake from another population, but those are assumed to compose an insignificant proportion of the population. 	Comment by Thomas Evans: I quick made this map if you want it, but it helps get away from the potential copyright issues of using geology.com’s	Comment by Thomas Evans: Were they stocked once? Or were they stocked multiple times? As written it appears to be once. If multiple times no need to give specifics on the first stocking numbers.	Comment by Thomas Mark Evans: I rewrote this to make it clearer.	Comment by Thomas Mark Evans: Fingerlings? Or larvae?Figure 1 Map of New York State showing the Locationwaterbodies with populations of Lake Sturgeon populations in Genesee River, Niagara River, and Oneida Lake in this study..

[image: From tree rings to sturgeon growth rings: The fish aging process | by U.S.  Fish & Wildlife Service Northeast Region | Conserving the Nature of the  Northeast | Medium]Since 1998, the Cornell Biological Field Station (CBFS) has conducted an annual Lake Sturgeon survey to monitor the population on Oneida Lake. CBFS has an extensive data collection consisting of 8,051 Lake Sturgeon that have been captured since the survey startedwere captured by this survey in Oneida Lake. Observations consist of stocked fish, stocked fish that have been recaptured, fish that are a product of natural reproduction, and recaptures of these naturally reproduced fish. The annual sturgeon survey consists of short-sets (~4 hours) of large gill nets (6-14 inch mesh) in the same locations each year during May and June. Sturgeon caught in these nets are measured and checked for both PIT tags and dangler tags. Some sturgeon were tagged at the hatchery, while others were caught and tagged in previous surveys. Because not all stocked fish were tagged at stocking, untagged fish may have been stocked without a tag, lost or shed their tag, or have been naturallyhave been naturally reproduced. This tag number is unique to this fish, so it can be checked against records to indicate the year this fish was stocked (its annual cohort) or what age the fish was  (if assigned to cohorts after 2013). This tag number is unique to this fish, so it can be checked against records to indicate the year this fish was stocked (its annual cohort) or at what age the fish was tagged. Atagged. A clipping from the pectoral spine is also taken from each the fish as another method offor aging. Figure 2 Source: USFWS. Section of Lake Sturgeon pectoral spine.

To age a sturgeon through its pectoral spine, a piece of the hard spine is collected andthe spine is sliced into a thin section. From this section,  and the growth rings are counted (Figure 2). Each annulus indicates one year that the fish has lived (Paragamian and Beamesderfer 2003). Multiple agers interpret an age from the spine until a consensus is reached. Including fish tagged at the hatchery right before stocking at age-0, there are 2,977 observations of sturgeon with a known age and length that were tagged, with 133 of these fish having been recaptured. Excluding age-0 fish tagged at the hatchery there were 260 total tagged fish with known ages from tags. Sturgeon with known lengths that were aged through a pectoral spine clipping account for 685 observations in this data with 141 of these spine-aged fish known as being recaptured. 	Comment by Thomas Evans: Is this saying that at least two readers age each fish, if they disagree a third ager also ages the fish and the fish is assigned the modal age.	Comment by Thomas Evans: This sounds like results.
Genesee River: In 2003, the U.S. Geological Survey (USGS) and the NYSDEC stocked the Genesee River with 1,900 juvenile Lake Sturgeon. About  and ~1,000 sturgeon continue to be stocked annually. Some stocked fish have PIT tags, but most have specific a series of scutes (lateral bony plates) removed when they are stocked that correspond to their year class. Lake Sturgeon have five rows of bony scutes that span the length of their body. At the hatchery before they are stocked, a few of these scutes are removed. The specific scutes that are removed depend on the year the fish was stocked. 
USGS has a data collection ofSince 2003, 2,600 597 sturgeon that were caught in thehave been captured in the Genesee River during their annual Lake Sturgeon survey that takesing place between May and September since 2003. Sturgeon are caught in small mesh nets that typically target younger fish, differing from the Oneida Lake survey. Sturgeon that are caught in this survey are checked for tags and missing scutes. There are 2,597 fish that were caught and aged through these tag and scute aging methods. The 176 fish that are unaged in this system do not have a tag or missing scutes that were attributed to a year class.	Comment by Thomas Evans: It would be good to report the size of the mesh here.	Comment by Thomas Evans: I am unsure what this is saying.
Niagara River: Lake Sturgeon in Tthe Niagara River is home to an extant sturgeon population have been monitored by the U.S. Fish and WildlifeUSFWS service since 1997, but. As a result, Lake Sturgeon have never been stocked in this system (Withers et al. 2021). The U.S. Fish and Wildlife ServiceUSFWS also has an extensive data collection ofhas 979 sturgeon records that were caught in the Niagara River during their annual sturgeon survey. During this survey, sturgeon are caught through overnight setlines, which are trotlines that sit on the bottom of the river and fished across the entire night (~8 hours). All sturgeon captured in this survey are aged through their pectoral spines.	Comment by Thomas Evans: What time of year?
Analysis:	Comment by Thomas Evans: Generally this is a subsection of the Methods rather than a new section.
Size-at-age comparisons can be made by comparing the average sturgeon length at a certain given age in one population to anotherfor each population. For Lake Sturgeon, we chose to compare the length of fish at age -6 and age -9 between populations because these ages are on the rising growth curvethe exponential portion of the growth curve, and there were sufficient large numbers of fish at these ages in each population at these ages. First, a two-sample t-test was run in the R stats package between the mean length of sturgeon in Oneida at age 6 that were aged through their spine and their tag (R Core Team 2023). No significant difference was found between the mean lengths (Table 1). This was repeated for fish at age 9, and again no significant difference was found between the mean lengths between aging methods (Table 1). At For sturgeon ages 6 and 9, spine-aged and tag-aged fish in Oneida Lake were combined. Next, tTwo ANOVAs were run using the R stats package to compare the mean length of Genesee, Niagara, and combined Oneida sturgeon at age 6 and at age 9,  (R Core Team 2023)and significant levels were tested with a Tukey’s honest significant difference (HSD) test (R Core Team 2023).. If a significant difference was found in the ANOVA, a Tukey-HSD test was run using the R stats package to identify where the specific pairwise significant differences had occurred (R Core Team 2023).	Comment by Thomas Evans: Ok is this saying you compared the two aging methods in Oneida Lake? The paragraph starting about comparing populations.	Comment by Thomas Evans: This would be results, so unless it is needed to understand another analysis approach it should moved there.	Comment by Thomas Evans: It would be better to give the function in R that you ran as opposed to the package.	Comment by Krystal Lynn Dixon: Hm
aov
 Von Bertalanffy growth curves were used to compared the between each population growth between populations. following Ogle et al. (2017). describe a method for creating von Bertalanffy growth curves using the R statistical package, FSA (Ogle et al 2023). Starting vValues of Linf, K, and t0, for each population were first estimated using the vbStarts function and later fitted to the von Bertalanffy growth curve using the nls function. 	Comment by Thomas Evans: Why is this two paragraphs?	Comment by Thomas Evans: I don’t think its important to say how starting values were selected. Generally, these are guesses, and should not constrain the model so much that it fails to converge at the most parsimonious values.
To determine if the parameters of the von Bertalanffy equations differed between populations, 8 models were created in which different combinations of the 3 von Bertalanffy parameters (Linf, K, and t0) were allowed to differ between populations (Table 5). These models were compared with Akaike Information Criterion (AICc) corrected for small sample sizes (Burnham and Anderson 2002).	Comment by Thomas Evans: This part is important, and I am not understanding it well. What are the 10 models? What is meant by combinations of parameters? I would also abbreviate AIC with AICc given it will need to be used later.
Isermann and Knight (2005) first described a method for using a computer program to create an age-length key. The FSA package was used to create age-length keys in R. The FSA  because it canpackage can easily make an age-length key from a data set containing known ages and lengths of fish and then predict the ages of fish with known lengths (Ogle et al. 2023). Age-length keys were then used to assign ages to unaged fish with known lengths in each population.	Comment by Thomas Evans: Is this necessary?
Age length keys were validated by taking a random subset of the 33% of the population with known ages and lengths. An age-length key was created from the remaining 67% of the population. This key was then used to assign ages to the fish in the subset based on their length. The predicted ages and actual ages of the subset were compared to determine the accuracy of each age-length key. The number and percentage of ages each key correctly predicted was recorded. The percent difference was found calculated by taking the absolute value of the known age minus the predicted age, and dividingwhich was divided by this value the average of the known age and the predicted age.  The standard deviation, mean, and coefficient of variance of the percent difference was also recorded.	Comment by Thomas Evans: How?	Comment by Thomas Evans: Reviewers sometimes don’t like the word found, because this suggests it was lost.	Comment by Thomas Evans: You don’t need to say this, you can calculate them and simply report them in the results.
Results:
[image: A diagram of a number of different colored rectangular objects

Description automatically generated][image: A diagram of a number of different colored squares

Description automatically generated with medium confidence]Size-at-age ANOVA comparisons revealed that tThere was a significant difference between the mean length of Lake Sturgeon between the populations at age 6 in the populations (ANOVA, F2,213 = 278.78, p-value <0.0001; Table 2). A Tukey-HSD test revealed that there was a significant pairwise significant pairwise difference between the mean length of the Niagara River-Genesee River, the Oneida Lake-Genesee River, and the Oneida Lake-Niagara River populations at this ageall populations (Table 3). Average lengths from the Niagara River and Oneida Lake populations were 241 mm and 312 mm larger than the mean length of the Genesee River sturgeon at this age (Table 3, Figure 3). The average length of sturgeon in the Oneida Lake population was 71 mm larger at age 6 than that of the Niagara River [image: A graph of different colored lines

Description automatically generated]population (Table 3, Figure 3). ANOVA also revealed aThere was also significant difference between the mean lengths of of Lake Sturgeon among the populations at age  9 fish (ANOVA, F2,97 = 114.18, p-value <0.0001; Table 2). (Table 2). The subsequent Tukey-HSD revealed that there was a significant pairwise difference between lengths of the Niagara River-Genesee River and the Oneida Lake-Genesee River, but there was no significant difference between the Oneida Lake-Niagara River populations at this age (Table 4, Figure 4). At age 9, the mean lengths of the Niagara River and Oneida Lake populations were 312 mm and 333 mm larger than the mean length of the Genesee River sturgeon at this age (Table 4, Figure 4).	Comment by Thomas Evans: This caption is the same as Figure 3, but I assume it is age-9.	Comment by Thomas Evans: I would consider changing the Oneida label to just ‘Oneida’.	Comment by Thomas Evans: I would recommend the use of letters above the boxplots to distinguish groups as opposed to the p-values in arrows.	Comment by Thomas Evans: This would be all the rivers, so you can just say that.	Comment by Thomas Evans: Given that this information is in Figure 3 you don’t need the table.	Comment by Thomas Evans: This is already contained in the image, and if you are going to compare the populations you would need to have all three values.	Comment by Thomas Evans: I see it appears in the sentence after, it would be better to have these all in one place if you want to include them. I think it is sufficient to say Niagara and Oneida had larger age-6 animals (Fig. 3).	Comment by Thomas Evans: As for the age-6, I prefer to state direction and point to the figure instead of restating each mean.Figure 3 Mean length of each population at age 96, with statistical significance.

Figure 4 Mean length of each population at age 6, with statistical significance.
Figure 5 Von Bertalanffy growth curves for each population with 95% confidence intervals.

Analysis of the Akaike model weights revealedBased on AICc scores, the best fit von Bertalanffy model to be the model was the one where all all model parameters differed by populationwith a ΔAIC=0 ( (Table 5). Von Bertalanffy growth curves were fitted for the Oneida, Genesee, and Niagara populations (Table 6, Figure 5).	Comment by Thomas Evans: It’s great that you tried these in R. You may find that the ggplot package offers better control over these types of figures than base R, and chatGPT is helpful at getting code together.	Comment by Thomas Evans: For these types of graphs it is usually better to have a legend as a scale of color as opposed to discrete units to make it easier to read.	Comment by Thomas Mark Evans: Ideally the points used to generate these curves would also be placed on these..	Comment by Thomas Evans: This version of word moved these all around. It’s a good idea to keep these at the end of the document to prevent this because you can never trust Word.	Comment by Thomas Evans: This reads more like methods.
[image: A graph of a number of different colored bars

Description automatically generated][image: A graph of different colored bars

Description automatically generated]Due to the size and growth differences among populations, age-length keys were created for each population. The age-length key for the Genesee River sturgeon population consists of 2,597 fish with known ages and lengths. The ages of 176 fish with known lengths but without known ages were predicted [image: A graph of different colored bars

Description automatically generated](Figure 6). The age-length key for the Oneida Lake Sturgeon population consists of 260 fish with known ages and lengths. This age-length key was used to [image: A graph of different colored squares

Description automatically generated]predict the ages of 2,660 fish with known lengths but without known ages (Figure 7). The age-length key for the Niagara River sturgeon consists of 979 sturgeon that were aged through their spines by agers. There are no unknown ages to predict in this population (Figure 8). 	Comment by Thomas Mark Evans: What is the test to determine this?	Comment by Thomas Mark Evans: If you need to report the exact numbers, I would do this in a table. You have already given us this in the Methods too. You also have three histograms. I would recommend using ggplot’s facets so that you can have one figure and just use a, b, c to mark them.	Comment by Thomas Mark Evans: I added page numbers because I would be surprised if that was not a requirement for these type of documents.Figure 6 . Predicted Age and Length Frequency of Genesee Sturgeon. Age zero fish are dark purple, and the oldest 19-year-old fish are shown in red.
Figure 7 Predicted Age and Length Frequency of Sturgeon in Oneida Lake. Age 1 fish are shown in dark purple while the oldest age 25 fish are shown in dark red.
Figure 8 Age and Length Frequency of Sturgeon in Niagara River. Age 2 fish are shown in dark purple while the oldest age 30 fish are shown in dark red. 


The age-length keys for each population generally support the differences in size-at-age and in growth from the von Bertalanffy models. Genesee sturgeon appear to be shorter than Oneida sturgeon of the same age. Not many fish younger than age 7 are caught in the Niagara population, but the older fish are similar in size to those in the Oneida population. 	Comment by Thomas Mark Evans: What does this mean?
 The Oneida and Genesee age-length keys performed better at predicting ages than the Niagara age-length key. The Oneida age-length key was able to correctly predict the age of a fish 38.9% of the time, with an average 15.3% difference when it was incorrect (Table 7, Figure 9). The Genesee age-length key was able to correctly predict the age of a fish 32.7% of the time, with an average percent difference of 26.7% when it was incorrect (Table 7, Figure 10). The Niagara age-length key was able to predict the correct age of a fish 12.7% of the time, with an average of 18.3% difference when it was incorrect (Table 7, Figure 11). 	Comment by Thomas Mark Evans: This wording is hard to read. Here is what I found in a similar study: “Contempo-
rary mean size-at-age in the Atlantic population was greater than historic estimates
for ages 4–10, similar to historic estimates for age 3, and less than historic estimates
for age 2. The average percent difference in size-at-age between contemporary and
1986–92 samples for ages 2–10 were −4.3%, −3.4%, 5.2%, and 4.6% for GOM females,
GOM males, Atlantic females, and Atlantic males, respectively”	Comment by Thomas Mark Evans: This paragraph could be shortened: The Oneida Lake age-length key correctly predicted the age of sturgeon 38.9% of the time, the Genesee River key was lower, 32.7%, and the Niagara River was the lowest 26.7%. The average percent difference was lowest in Oneida Lake (15.3%) and highest in the Genesee River (26.7%), while the Niagara River was intermediate (26.7%).Figure 9 Known vs Predicted age of the subset of Oneida Lake lake sturgeon.
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Description automatically generated]	Comment by Thomas Mark Evans: If these known ages and predicted ages were in a single multipanel plot that would help make it easier to read.Figure 10 Predicted and known age of the subset of Genesee River lake sturgeon.
Figure 9  Predicted and known age of the subset of Oneida Lake lake sturgeon.

[image: A graph of a red line with black dots

Description automatically generated]	Comment by Thomas Mark Evans: I prefer captions that do not use the abbreviation vs. ”Predicted and known age of Lake Sturgeon from the Niagara River.”
Figure 10 Predicted and known age of the subset of Niagara River lake sturgeon.



Discussion:/Conclusion:	Comment by Thomas Mark Evans: I would leave this as discussion and if you want to mark the conclusion you can note that before that paragraph. This style is also different from the style that is used for other sections.
	The goal of this project was to compare growth between Lake Sturgeon populations in NYS to determine if one age-length key could be used for all Lake Sturgeon populations across the state. Size-at-age comparisons and von Bertalanffy growth curves have shown that enough differences exist among Lake Sturgeon populations in NYS that population-specific age-length keys may be required in some instances. However, similarities between the Oneida Lake and Niagara River populations indicate that some populations may be similar enough to share an age-length key. 	Comment by Thomas Mark Evans: This is a repeat of the introduction, I would shorten it sightly and make the sentence that follows it part of the same sentence, so it is punchier. Arguably you could just start with the second sentence.
The sturgeon in the Genesee River are younger and appear to be smaller at age than the sturgeon in the Oneida and Niagara populations. Size-at-age comparisons found the mean length of the Genesee River sturgeon to be significantly smaller than the mean length of sturgeon in both the Niagara and Oneida populations at age 6 and at age 9 (Table 3, Table 4). The von Bertalanffy growth curve for the Genesee River sturgeon differed from the von Bertalanffy growth curves produced for the Niagara River and Oneida Lake populations, showing that fish of the same age are smaller in the Genesee population (Table 6, Figure 5). Some of the differences among populations may be due to the gear used to catch sturgeon in the Genesee River, which typically catches smaller and younger fish. Alternatively, the high proportion of younger and smaller fish in the Genesee River may be because the stocking program is newer, but this would not explain why fish are smaller at age. It is also possible that there is actual variation inis less growth orr survival between in the Genesee River population and populations fromthan in Oneida Lake and the Niagara River. The causes of these variations between populations were not explored in this paper. Juvenile density, water temperature, water velocity, and conductivity as well as food availability and competition have all been attributed to affecting Lake Sturgeon growth (Barth and Anderson 2015; McDougall et al. 2018).	Comment by Thomas Mark Evans: Is that expected? I would like to see the discussion link your work to what we know and the literature you have read.	Comment by Thomas Mark Evans: This is largely a reiteration of the results. Why should we expect differences? What are driving these differences?	Comment by Thomas Mark Evans: There should be a paper cited here.	Comment by Thomas Mark Evans: This seems unnecessary unless you spend time showing these populations are likely to have these effects acting on them.
The von Bertalanffy growth curves produced for the Oneida Lake and Niagara River sturgeon populations were similar. While there was a significant difference in size-at-age 6 between these populations, there was no significant difference in size-at-age 9 (Table 3, Table 4). Additionally, the difference in size-at-age 6 was relatively small (~71 mm) compared to the difference between the Oneida and Niagara populations and the Genesee (241-312 mm) (Table 3). These metrics indicate that these two populations are performing similarly, despite Lake Sturgeon in the Niagara River being an extant naturally reproducing population while Lake Sturgeon in Oneida Lake are stocked. The age and length frequency of sturgeon in the Niagara River looks similar to the predicted age and length frequency of Lake Sturgeon in Oneida Lake (Figure 7, Figure 8). However, iIt is not recommended that these age-length keys be used interchangeably due to the poorer performance of the Niagara River age-length key compared to the age-length keys of the other populations. The age-length keys for the Genesee River and Oneida Lake populations created in this study were able to perfectly age a fish about one-third of the time (Table 7). The age-length key for the Niagara River population did not perform as well and was only able to perfectly age a fish 12.7% of the time (Table 7). When a fish was not perfectly aged, the Oneida Lake age-length key predicted an age closest to the actual age of the fish, followed by the Niagara River age-length key, and then the Genesee River age-length key (Table 7). It is possible that the Niagara River age-length key was not able to perfectly predict the age of a fish as well as the other two populations because each length had a higher number of possible ages a fish could be. This could be because the age derived from the pectoral spine aging method used in the Niagara River population is subject to more variation than the ages derived from the tag and scute aging methods in the Oneida Lake and Genesee River populations. There may also be ecosystem differences that create these discrepancies if aspects of the Niagara River cause sturgeon to be more variable in length at each age and thus harder to encompass in one length bin. Ecological differences among these populations should be examined in future studies to better understand potential causes for variation in growth and size.	Comment by Thomas Mark Evans: You can move the statistics inline, but this is really results.	Comment by Thomas Mark Evans: Both are extant.	Comment by Thomas Mark Evans: Much of this restates the results. I would spend the discussion stating the importance, by citing other studies or reports.	Comment by Thomas Mark Evans: This is discussion, it would be good to cite papers supporting this claim.	Comment by Thomas Mark Evans: This circles back to the idea that growth is different between systems. Since you already brought this up, I would either condense that into the paragraph where that occurs or discard it.
While age-length keys will never be asare not as accurate as the tagged age of atagging fish to measure age, age-length keysthey can beare a low-cost and low-effort alternative to aging a Lake Sturgeon through its pectoral spinewith hard structures. Aging a fish from its spine is not only taxing to the fish but also time-consuming and subject to a degree of human error. Coming to agreement on ages with pectoral spines can be difficult and age estimates can be biased, especially in fish older than six years (Olson et al. 2022). A study of pectoral spine aging in pallid sturgeon found that agers accurately aged the fish 28% of the time and multiple readings of the same spine by the same agers were the same 25% of the time (Hurley et al. 2004). Age-length keys can be useful as an alternative to spine aging methods in populations where the majority of fish with known ages have been aged through accurate aging methods.	Comment by Thomas Mark Evans: Ok this appears to be rationale for age-length key. I would expect that in the introduction.
In threatened populations such as Lake Sturgeon, it is necessary to understand how populations are performinggrowing. Size-at-age comparisons, von Bertalanffy growth curves, and age-length keys are helpful for setting expectations in these populations that are not well studied. The age-length keys produced in this study are a useful tool for researchers studying these Lake Sturgeon populations but must be developed for each populationused with caution in mind. Age-length keys are not a replacement for tagged and scute aging methods but can be used as an alternative to pectoral spine aging. The work done in this study can easilycould be expanded to include other Lake Sturgeon populations where there is sufficient age and length data of individuals, both within and outside of NYS.














Tables and Figures:

Table 7 1 T-test Statistics Between Oneida Tagged and Spine Aging Methods
	Age
	T value
	Degrees of Freedom
	P-value

	6
	0.29
	15.53
	0.77

	9
	1.61
	14.28
	0.13





Table 2 ANOVA stats for Size-at-Age Comparisons
	ANOVA
	F-stat
	Numerator-Degrees of Freedom
	Denominator-Degrees of Freedom
	P-value

	Size-at age 6
	278.78
	2
	213
	2.20E-16

	Size-at age 9
	114.18
	2
	97
	2.20E-16







Table 3 Tukey-HSD stats for Age 6 Size-at-Age Comparison
	Tukey-HSD Size-at-age 6
	Difference between means
	Lower Confidence Interval
	Upper Confidence Interval
	P-value

	Niagara-Genesee     
	241.36
	193.97
	288.75
	0

	Oneida-Genesee 
	312.31
	279.79
	344.82
	0

	Oneida-Niagara 
	70.95
	20.56
	121.34
	0.003




Table 4 Tukey-HSD stats for Age 9 Size-at-Age Comparisons
	Tukey-HSD Size-at-age 9
	Difference between means
	Lower Confidence Interval
	Upper Confidence Interval
	P-value

	Niagara-Genesee     
	312.66
	255.80
	369.52
	0

	Oneida-Genesee 
	333.70
	276.54
	390.86
	0

	Oneida-Niagara 
	21.04
	-29.95
	72.04
	0.59





Table 5 Model Selection Table
	Models
	K
	AICc
	   Δ AICc

	Linf, K, t0 differ between populations
	10
	80909.97
	0

	Linf, t0 differ between populations, K does not
	8
	80987.08
	77.12

	K, t0 differ between populations, Linf does not
	8
	80996.2
	86.23

	Linf, K differ between populations, t0 does not
	8
	81108.24
	198.27

	Linf differs between populations, K and t0 do not
	6
	81381.11
	471.14

	K differs between populations, Linf and t0 do not
	6
	82189.58
	1279.62

	t0 differs between populations, K and Linf do not
	6
	85029.3
	4119.33

	Linf, K, t0 do not differ between populations	Comment by Thomas Evans: This is hard to read but if you had a column for each parameter and then a symbol if it varied in the row that would make it easier to read.
	4
	86245.7
	5335.73





Table 6 Von Bertalanffy Fitted Parameters
	VB Fitted Parameters
	Linf
	K
	t0

	Oneida
	1563
	0.1499
	-0.8885

	Genesee
	1237
	0.1107
	-1.692

	Niagara
	1659.48
	0.11198
	-1.4973




Table 7 Validity of Age-Length Keys
	Population
	Total In Subset
	Correctly Aged
	Percent correct
	STDEV of Percent Difference
	Avg Percent Difference 
	Coefficient of Variance

	Oneida Lake
	311
	121
	0.3891
	17.21
	15.26
	112.76

	Genesee River
	278
	91
	0.3273
	23.75
	26.74
	88.83

	Niagara River	Comment by Thomas Mark Evans: This table includes a fair amount of information, so I would keep it but it should be cleaned up (centered values, one or two decimals, full names in titles, using notes to explain abbreviations). I would also remove the word ‘Key’ given we are dealing with Lake Sturgeon, and replace it with ‘River’.
	323
	41
	0.1269
	16.39
	18.32
	89.49


	Comment by Thomas Mark Evans: Given the von Bert figures appear early, you can either work this information into the caption or simply print it on the figures.
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