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Presenter Notes
Presentation Notes
Good morning. Its good to be here. I’m going to describe the potential uses of snorkel surveys to monitor cutthroat. I first want to thank a Scott Kirby, Erik Suring, and Alex Neerman for their contributions to this presentation and also Matt Falcy, who has done a lot of the data analysis you will see in this talk.



Snorkel Surveys
Cheaper, safer, can access remote areas, but…

1. Can snorkelers distinguish cutthroat from other trout?
2. What is the precision of snorkel survey counts of cutthroat?
3. What is the bias of these counts? How variable is this bais?
4. How can snorkel surveys be used to monitor cutthroat?  

Presenter Notes
Presentation Notes
Snorkel surveys are a popular method of monitoring fish because they are cheap. They are also much safer for fish than methods that require capture. On the other hand, there is uncertainty about the ability of snorkel surveys to do a few things when it comes to cutthroat or other trout.1) Can snorkelers reliably ID trout?2) What is the Precision of snorkel surveys, are stream counts repeatable? Are there differences among observers or fish movements into or out of a site?3) What is the Bias? What portion of the actual number of fish are counted by snorkelers? How variable is this?A lot has been done to answer these questions for species like coho or chinook, but not much for cutthroat. I’ll try to address some of that here and ultimately try to answer this fourth question - what are the uses and limitations of snorkel surveys for cct? 



Data Sources

• Oregon Plan for Salmon and Watersheds snorkel surveys 
conducted by the ODFW Aquatic Inventories project – 2002-
2023.

• Snorkel calibration study (2016-2019) comparing mark-
recapture estimates to snorkel counts.

• Smith River verification study (2000-2008) comparing 
electrofishing removal estimates to snorkel counts.

Presenter Notes
Presentation Notes
I’ll be using three sources of data for to answer these questions. First are the annual snorkel surveys that ODFW does as part of the OPSW monitoring. These surveys are conducted by the Aquatic Inventories project. They have been ongoing since 1998 and have produced a large database of snorkel counts of salmonids in Western Oregon streams. The project was designed to monitor coho, but we began counting cutthroat and steelhead in 2002.Second is a study designed to calibrate the Oregon Plan snorkel counts to M-R estimates. We have a manuscript that is under review for this study.And I’ll use a few results from a third source, the Smith River Verification Project. I look at this study as one of ODFW’s most successful failures; it did not meet its primary objective, but it sure did produce a lot of useful results.For the sake of time, I’m not going to detail the methods of each study, but I will say the snorkel component of all of them is a count from a single pass in which only pools are sampled –and they all take place in cct territory – the streams of Coastal Oregon. If you want details on these please let me know.



Can snorkelers distinguish cutthroat from O. 
mykiss?

• Can be challenging in 
hand.

• Hybridization occurs 
but seems limited in 
coastal Oregon.

• Some protocols lump 
and count trout in 
aggregate or do not 
count YOY trout.

Presenter Notes
Presentation Notes
OK, first question.ID-ing cutthroat underwater is difficult. In can even be tricky when you have both species in hand and we know that Cutthroat and O mykiss can hybridize. In many snorkeling protocols where cutthroat and other trout co-occur, the trout have just been lumped and counted together. YOY or 0+ trout are often not counted or distinguished. The Oregon Plan snorkel surveys do not count or distinguish YOY trout species.Many studies - Mullner and Hubert N. Am. J. Fish. Manage. 18, 947 (1998), Roni and Fayram N. Am. J. Fish. Manage. 20, 683 (2000), Quinones and Mulligan Trans. Am. Fish. Soc. 134, 1147 (2005).Hybrids – Kennedy et al. 2009., but limited = E. Suring Pers Com



Underwater ID

• Never:
– slash marks

• With Luck:
– Snout shape
– Eye – jaw hinge

• With Less Luck:
– Medial dorsal parr 

marks
– Spots v. parr marks
– Behavior

Presenter Notes
Presentation Notes
When you are attempting to ID cutts underwater you do not get to see its namesake, distinctive feature – the slash marks under the jaw. I don’t want to paint with a broad brush here, but no one, ever, in the history of the world, has seen cutthroat slash marks while snorkeling.With some luck a snorkeler can see distinctive features like the shape of the snout and the relationship between the hinge of the jaw and the rear margin of the eye, but snorkelers often rely on secondary characteristics that are not 100% distinctive: spots being more apparent or superimposed on parr marks and the absence of parr marks on the medial dorsal surface. Behavior can be a helpful too. Mouth flapping. Distinguishing trout underwater is tricky and can stray into the shadowy world where science meets art.



Underwater ID



Underwater ID

Method Site Occupancy Pool Occupancy
Snorkeling 79% 34%
Electrofishing 74% 27%
Snorkeling 100% 86%
Mark - Recapture 100% 92%

Presenter Notes
Presentation Notes
That said, Oregon Plan monitoring data shows that snorkelers can distinguish steelhead from cutthroat. THIS IS RESURVEY DATA, where the exact same stream reach is surveyed a second time by a different and more experienced snorkeler. IN these resurveys the portion of cutthroat trout from surveys and resurveys have decent correlation, suggesting the ID is mainly correct. Supporting this is data from our M-R Study and the Smith River Study- in the Smith Study, snorkeling and electrofishing produced similar pool and site occupancy metrics. Snorkeling and m-r also produced similar pool and site occupancy metrics. There were only four pools where m-r observes cutthroat where snorkelers do not. There were no pools where snorkeling observed cutthroat and m-r did not. 



Precision

Presenter Notes
Presentation Notes
Further evidence of the ability of surveyors to discriminate trout comes for the precision of the survey and resurvey counts. Cutthroat survey and resurvey counts are correlated and Sthd survey and resurvey counts are highly correlated. This resurvey work also suggests that snorkel counts of cutthroat have moderate precision, though less so than counts of steelhead or coho (Coho r = 0.986). You are going to see a pattern of that in this talk; precision and bias of snorkel counts are good for coho, still decent, but not as good for sthd, and a bit worse for cutthroat.Given this data the time I have spent over the last 20 years training snorkelers, I am confident that trout can be IDed correctly, at least most of the time and with good training. The Oregon Plan data shows that snorkelers can ID cutthroat and count them with decent precision.Rsqrd, coho .973, sthd, .82, cut, .642, ln of 1 = about 3 fish, 2 = 8, 3 = 20, 4 = 54, 5 = 150



Bias
Portion of M-R observed by snorkeling

Species

Percent of M-R 
estimate detected by 

snorkeling
Cutthroat 39%
Steelhead 47%
Coho 63%

Presenter Notes
Presentation Notes
In the M-R study we found that Snorkelers detected a mean of 39% of the cutthroat trout estimated by mark-recapture. That was the mean, but  you can see that uncertainty was high from the plots on the left side of the model output. When snorkeling data was integrated into the models – the blue lines and symbols – it improved the goodness of fit especially when sample sizes were low.



Bias
Variable and changes as abundance increases

Presenter Notes
Presentation Notes
So we can estimate the bias, but its not a constant. Snorkelers see a lower percentage of the cutthroat trout in a pool as the number of cutthroat trout in a pool increases. The more cutthroat you have in a pool, the smaller the portion counted by snorkelers.



Bias
inter-annual variation in 

fast:pool

Presenter Notes
Presentation Notes
It gets worse. We have been just talking about what snorkelers are seeing in pools. If you are trying to do something like get an abundance trend you also have to account for variability in habitats that snorkelers are not surveying;  Riffles and rapids – fastwater habitats. Does the portion of the abundance of cutthroat that is distributed into pools and fastwater habitats change among years or locations? Cutthroat typically have higher abundances in pools relative to fastwater units, but variation is high. The ratio of cutthroat abundance in fastwater to pools ranged from 1:4 to 5:4 during the mark-recapture study.In comparison, the ratio of abundances in fast and pool units was much more similar for both steelhead and coho.



Bias
Simple linear regression

Presenter Notes
Presentation Notes
To sum up the bias stuff we can look at some simple linear regressions of the M-R estimates and snorkel counts at the stream reach level.There is not much of a relationship between m-r estimate and snorkel count for cutthroat, it’s a little better for steelhead, and its really good for coho.Rsqrd: cut = 0.323, sthd = 0.482, coho = 0.941.We see the same pattern if we compare snorkel counts and electrofishing removal estimates in the Smith River study – weak correlation for cutthroat, better for steelhead, and good for coho (Smith correlation r = 0.637, r2 = 0.405, steelhead r = 0.914, coho, r = 0.847)



So, how can snorkel surveys be used to 
monitor cutthroat? 

Presenter Notes
Presentation Notes
So, what can we use snorkel survey data for when it comes to cutthroat. 



Occupancy

• Less effort = longer snorkeling sites.

• Electrofishing and snorkeling produce 
similar pool and site occupancy rates.

• M-R and Snorkeling produce the same 
site occupancy rates and similar pool 
occupancy rates.

Presenter Notes
Presentation Notes
Snorkeling is can measure occupancy. May be preferred over efishing in some situations.Better in mainstems. Worse in headwaters and the upper extent of distribution. Better at picking up the patchiness. For example, in the smith river study efishing was missing small clusters of cutthroat that snorkeling was finding in its longer survey reaches. 



Abundance

• Poor correlation with M-R.
• Variable bias.
• Variable portions in fastwater.
• Pair snorkel surveys with other methods to determine bias.

Presenter Notes
Presentation Notes
It would be very difficult to get abundance information on cutthroat from snorkeling: There is poor correlation with m-r and electrofishing estimates and the bias of the snorkel counts is much more variable than it is for species like steelhead or coho. Also, the portion of the population of cutthroat that is distributed into fastwater units that are not snorkeled has high variation – relative to steelhead or coho – making it hard to determine their status or trend. For example, if you are using snorkeling and you are not able to sample fastwater units and you notice a decline in abundance, that decline may just mean that a larger portion of the cutthroat were distributed into fastwater units that season. I do not think it is impossible though, if snorkeling were paired Mark-Resight or M-R. May want to capture for other reasons – genetic/age information



Questions
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