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Presentation Notes
Thank you all for coming today. Today I will be presenting on a research project that I lead while I was with the Research Branch of Arizona Game and Fish. 



Introduction
• Put-and-take trout fisheries 

are popular with anglers

• Replacement of stocked 
trout with native species

• AZGFD exploring switch to 
Gila Trout in some fisheries

• Survival and movement of 
hatchery Gila Trout 
unknown 
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However, while gila trout are closely related to rainbow trout, it is unknown how they will perform in a put and take stream fishery. Specifically, understanding their survival and movement patterns are important for assessing how they willdo as a stocked sportfish. 



Objectives
1. Evaluate the return to creel of 

catchable-size Gila Trout, 
angler satisfaction, and angler 
catch rates.

2. Evaluate the movement of 
catchable-size Gila Trout. 

3. Evaluate the suitability of Gila 
Trout as an alternative to 
Rainbow Trout in Arizona’s 
stream trout fisheries in its 
native range.
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As such, The objectives for this study were: 1. Evaluate the return to creel of catchable-size Gila Trout, angler satisfaction, and angler catch rates.2. Evaluate the movement of catchable-size Gila Trout. 3. Evaluate the suitability of Gila Trout as an alternative to Rainbow Trout in Arizona’s stream trout fisheries in its native range.This presentation will focus more on objectives 2 and 3 of this study, but the creel component for objective 1 is an integral part



Study Area

East Verde River (EVR)

Presenter Notes
Presentation Notes
One stream identified as a candidate for Gila Trout is the East Verde River. The East Verde is a tributary to the main-stem Verde that flows from its source on the side of the Mogollon Rim to its confluence with the Verde River South of Camp Verde.  A section of the river near the town of Payson is managed as a put and take trout fishery, which is the focus of our study. The white lines here denote the upstream and downstream limits of the study area.



Methods: Collection and Tagging
• 585 Gila Trout total
2020: 118 live tags, 119 controls

2021: 78 live tags, 60 controls

2023: 105 live tags, 105 controls

• Sedated using AQUI-S® aquatic 
anesthetic

• Radio tags surgically implanted 
with shielded needle technique

• Held for 10 days prior to 
stocking
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Presentation Notes
All live tagged fish were held for at least 10 days prior to being stocked to prevent post surgery mortality from biasing survival estimates in the stream. Controls were also kept at the hatchery for the duration of the stocking season to assess post surgery mortality. Controls were divided into three different treatment groups: dummy tags that underwent a full procedure, incision and staples only, and floy tag only, this was done to assess mortality at different stages of surgery. 



Study Area

East Verde River (EVR)

End of FR 199

Beaver Valley Estates
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In this figure of the East Verde, the two black bars show the study area limits, which coincide with the section of the river that is managed as a put and take trout fishery. All radio tagged trout were stocked with untagged fish in conjunction with normal weekly stocking operations in this section of river. The stocking season typically runs from the beginning of April until the end of August. In the next few slides I am going to go into some more detail on our stocking operations by year.



Stocking

2020 Stocking Locations

Numbers split evenly 
between 3 
locations/stocking

Alternated locations for 
each stocking

n = 74 
S1: 19 
S2: 18 
S3: 17 
S4: 20

Fixed Site

S1,S3

S2,S4

S2,S4

S2,S4

S1,S3

S1,S3
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With post Surgery mortality, we ended up stocking 74 tagged trout across 4 stockings in 2020. Each stocking contained 18-20 tagged fish and they were spread out across 6 locations throughout the study area. Locations were alternated by stocking. To estimate migration out of the study area, I placed a fixed radio antenna array with a detector about a quarter mile downriver from the nearest stocking location. If a tagged fish passed this, I would consider it to have left the study area and it would not be tracked further unless it moved back upstream.  



Stocking

2021 Stocking Locations

Reduced flow limited 
location availability 

n = 50 
S1: 13 
S2: 37

Fixed Site

S1

S1,S2

S1,S2

S2
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A combination of low water and warm water temps in 2021 put an early end to the stocking season and meant only 2 of the 4 planned stockings were able to take place. Additionally, high mortality in the stocking 1 sample meant only 13 tagged fish were still alive come stocking day. Low flows limited where fish could be stocked, so I was unable to exactly match locations with the first two stockings of 2020. 



Stocking

2023 Stocking Locations

Numbers split evenly 
between 3 
locations/stocking

Alternated locations for 
each stocking

n = 99 
S1: 29 
S2: 27 
S3: 28 
S4: 15

Fixed Site

S1,S3

S2

S2

S2,S4

S1,S3

S1,S3,S4
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Warm water temps again interfered with stocking locations in 2023, requiring stocking locations to be adjusted for the final stocking as water was too warm to put trout in below Verde Glen campground area. Because of this, only the two most upstream stocking locations were used. Additionally, a lack of taggable sized fish at the hatchery meant I was only able to deploy 15 radio tags in the last stocking of the study. 



Methods: Tracking

• Tracking performed on a 
weekly basis

• Hand held ATS units with 
yagi antenna

• Tracked to location and 
GPS waypoint taken
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Heard tags were tracked until location in stream could be determined, at which point a GPS waypoint was taken



Methods: Tracking

• Cover and habitat noted, 
fish visually located if 
possible

• If no movement recorded 
for 2 weeks, induced 
movement attempted

• Tag and carcass recovery 
was recorded 

Presenter Notes
Presentation Notes
Any tag or carcass recoveries were noted and built into each fish’s capture history. 



Methods: Creel

• Roving-roving design

• Four weekdays and one 
weekend day a month 
randomly selected

• AM/PM shift randomized

• Four Creek reaches, 
direction and start reach 
randomized

Presenter Notes
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Any tag or carcass recoveries were noted and built into each fish’s capture history. 



Methods: Analysis
• Stream divided in to 

high and low traffic 
zones based on creel 
waypoints

High Traffic

Low Traffic
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The Department wanted to assess movement and survival of Gila Trout relative to angling pressure. To do this, I used waypoints from creel surveys running concurrently to the telemetry study to perform a cluster analysis in Arc GIS and identify angler high traffic and low traffic zones



Methods: Analysis
• Stream divided in to 

high and low traffic 
zones based on creel 
waypoints 

• Zone and live/dead 
assessed for every 
tracking period

High Traffic

Low Traffic

Presenter Notes
Presentation Notes
High traffic zones on the EVR are highlighted here in orange. Unsurprisingly, these coincide with access areas where anglers can easily get to the water on public land.  The East Verde has several sections where neighborhoods surround the river, and the bulk of anglers seemed to stick to the easy access areas near clearly marked public parking.  Its important to note as well that all stocking locations used for the study were identified as high traffic zones. Once the high and low traffic zones were identified, I assigned a zone and a live, dead, or uncertain state to every fish each time it was located. 



Methods: Analysis
• Stream divided in to 

high and low traffic 
zones based on creel 
waypoints 

• Zone and live/dead 
assessed for every 
tracking period

• Capture history built 
based on spatial state 
and survival

High Traffic

Low Traffic
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This resulted in a capture history that consisted of a spatial state (which zone) and a live/dead/uncertain state for each fish in each tracking, or “capture” event. 



Methods: Analysis
• Multi - state Barker 

model

Evaluation and selection:
• ΔAICc < 2
• �𝒄𝒄 < 2 or 3
• Least complex

Model parameters 
evaluated:
S = Survival probability 

Ψ = Transition (movement) probability 

p = Detection probability 

Survival Probability
(S)

Ψ
(Transition 
Probability)

Survival Probability
(S)

Ψ
(Transition 
Probability)

Detection 
Probability (p)

Detection 
Probability (p)
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The three parameters evaluated were probability of transition (or movement) between zones represented by the Greek letter psi, S: probability of survival, and p: probability of detection. The evaluation interval was set to 1 week.
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Results

p = 0.89 - 1

High Traffic

Low Traffic
Survival: Per week 
by year/stocking

S1 S4S3S2

*No Fixed site 
state due to lack of 

occurrence
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S1 S2 S1 S4S3S2
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Lets look at some model results. This set of figures are visual representations of the estimates provided by the barker model for all 3 years of data collection. The x axis contains the stocking, and the y is the percent survival. Year is labeled at the top and separated by a dashed line. The colored lines represent the 95% confidence limit range for each group, with red lines being high traffic zones and blue being low traffic. Again, these estimates are on a weekly timescale so these are survival percentages by week  for each stocking. Due to only 4 fish passing the fixed site during the entire study, a fixed site state was not used. Rather, those fish were considered undetermined spatial and live/dead state unless they were detected again in the study area. No fish ever returned once they passed the fixed site. One other thing to note here is that I have an Asterix next to 2023. Unfortunately there seems to be something quite wrong with my version of program MARK and the median c-hat test was not functioning when I tried to analyze these data this year. I am looking for ways to fix this, but in the meantime these estimates are somewhat untested for fit. I performed some bootstrapping of the data and had it estimate c-hat, which indicated there may be some overdispersion issues with the data, but without having access to the test, its hard to say for sure. So take 2023 with a bit of a grain of salt. 
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Overall, weekly survival is pretty high, but there is quite a bit of variation within stocking that results in a lot of overlap between estimates. The main exceptions to this are stocking 2 in 2021 and all stockings in 2023, where there is total separation between survival estimates in high and low traffic zones with survival being significantly higher in high traffic zones. Between years, there is quite a bit of overlap, but statistical comparisons between years will be difficult for reasons I will discuss later. 
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This figure is a weekly representation of psi for all years and stockings and it is set up very similarly to the previous figure. In this case, however, red lines represent probability of transition from high to low traffic, and blue lines represent probability of transition from low to high traffic. When interpreting this figure, its important to note that all fish were stocked into a high traffic zone initially, so transitions from low traffic to high traffic means a fish had to functionally make two movements
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Despite that fact, transition probability ranges were pretty similar between years and stockings, and like survival there was a lot of variation. I've circled a few of the more interesting results in this slide. Namely, both stockings in 2021 and stocking 3 in 2020 had no return to high traffic from low traffic zones. These differed from other years considerably, especially stocking 2 in 2023 which had a much higher low to high transition probability than any other year aside from stocking 4, which it had some overlap with. 



Discussion: Telemetry
• High variability in survival and movement within stocking 

and year
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Moving on to some discussion points to wrap up, estimates of movement and survival were highly variable for all stockings across all years. In every stocking I had fish that were dead in the first week, and fish that made it close to, if not the full 16 week life of the tags. There were fish that never left the stocking pool, but also fish that moved several miles in a matter of days. Overall, it seemed like fish that left high traffic areas were less likely to return, but this is confounded by the fact that proportionally fewer fish left high traffic zones than stayed in the area that they were stocked. 
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Here are some of the barriers I had fish move past. There were fish that jumped waterfalls up to 3 feet high, moved up through chutes of heavy flow, and even upstream across roads. Pretty impressive for trout that were fresh out of the raceway.



Discussion: Telemetry
• High variability in survival and movement within stocking 

and year

• Survival estimates similar in 2020, divergence between 
HT and LT apparent in 2021 and 2023
• Low water in those years, stocking pools were best habitat

Presenter Notes
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Between zones, 2020 had almost total overlap in all stockings, but in the latter half of 2021 and all of 2023, I started to see that separation in estimates and lower surivival in low traffic zones. One possible cause for this is persistant low water conditions driving survival reduction outside of good pool habitat, which just so happens to be where fish get stocked and where people like to fish. The East Verde River has a somewhat artificial summer flow regime that is influenced by a pump station that moves water from Blue Ridge Reservoir on top of the rim through a pipeline and into the river to serve water needs. This pump was run through the summer of 2020, but was not fully utilized during 2021 and 2023. This meant summer flows were significantly lower in those years. Fish that left stocking pools may have been less vulnerable to angler harvest, but more vulnerable to warm water and the active heron colony we had on the river. In fact, I think I lost over 2 dozen fish to herons over the course of the study. The vast majority of those predations were in 2021 and 2023. 



Discussion: Telemetry
• High variability in survival and movement within stocking 

and year

• Survival estimates similar in 2020, divergence between 
HT and LT apparent in 2021 and 2023
• Low water in those years, stocking pools were best habitat

• Transition probability similar across years and stockings
• Most fish stayed in stocking pools
• 2023 outlier (S2) possibly driven by proximity of LT boundaries 

to stocking pools
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Transition probability between zones was similar across all stockings and years with the exception of stocking 2 in 2023. I don’t want to speculate too much on the cause of this, but stocking locations for that stocking were in fairly small high traffic zones and a handful of fish bouncing back and forth across the division between zones could artificially inflate those estimates. That being said, I used those same stocking locations for stocking 2 in 2020 and did not observe that phenomenon despite higher flow conditions. 



Discussion: Telemetry
• High variability in survival and movement within stocking 

and year

• Survival estimates similar in 2020, divergence between 
HT and LT apparent in 2021 and 2023
• Low water in those years, stocking pools were best habitat

• Transition probability similar across years and stockings
• Most fish stayed in stocking pools
• 2023 outlier (S2) possibly driven by proximity of LT boundaries 

to stocking pools

• Inability to standardize stocking numbers and locations 
between years makes comparison difficult
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Ultimately, making too many comparisons between years is difficult because of high variability in estimates and inability to standardize our stocking locations and numbers due to environmental conditions. Mother nature wrought havoc on my study design, but there is not much to be done when portions of the stream become inhospitable to trout due to low and warm water. The results from these models should still allow AZGFD to determine whether Gila Trout are suitable in a put and take style fishery, especially when these results are combined with creel data from the same years. I don’t have time to talk about those results, but overall people are catching fish and are happy with the fishery so the Department plans to continue stocking Gila Trout in the East Verde River.
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To finish, I would like to thank some people that made this work possible. All of our techs and interns, past and present, who stuck it out in the heat, cold and monsoon storms to help me collect dat. Thanks to Department personnel who stepped up to help us when we were short handed and made field days possible. And a big thanks to the staff and Canyon Creek Fish Hatchery for working so hard to rear the all important fish that were used in this study. If you have any questions, please reach out to me at the number or email provided and I would be happy to answer them. 
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