LEES FERRY TROUT MONITORING PROGRAM

Background

In 1991, a trout monitoring program for the sport fishery in the 25 km long Lees Ferry reach was established and sampled quarterly at 15 fixed sites (550-1200 m) distributed downstream from Glen Canyon Dam to Lees Ferry.  In 1996, modifications were made that reduced the frequency and number of fixed sampling sites (9 fixed sites).  Each of the sites had been continuously sampled for over a 10-year period and was valued for seasonal and inter-annual comparisons.  In 2000, a Lees Ferry Protocol Evaluation Panel (PEP) was convened to evaluate the current monitoring program.  Panel recommendations included increasing the number of sites, reducing the size of sites, randomizing the selection of sampling sites, subdividing sites by habitat type (i.e., consistent with habitat designation used in Grand Canyon), greater emphasis on young of year, and implementing an alternate sampling method to account for under-sampling due to gear type biases with the conventional electrofishing method.  In 2001, a solicitation and supplement was released that specified the sampling protocols to use for monitoring the Glen Canyon Lees Ferry Trout Fishery.  The current monitoring program (2001-2009) uses a stratified random and fixed sampling design for site selection.  Sampling frequency has varied between three and four times a year.  A total of 36 sample sites are sampled each sample period; 9 fixed sites (historical) and 27 randomly selected sites.  Annually, randomly selected sites are stratified without replacement based on habitat proportions (cobble bar, 9.2%; cliff, 15.4%; alluvial terrace/sand bar, 34.4%; and talus, 37.7%.  In total, approximately 32% of the total shoreline in the Lees Ferry/Glen Canyon section will be annually sampled by combining both fixed and random sampling sites.

Management Objectives and Core Monitoring Information Needs
The following tables contain the management objectives (MO) and associated core monitoring information needs (CMIN) for Lees Ferry trout as specified by the Program stakeholders.  The goal of the protocol evaluation panel (PEP) is to provide GCMRC with a critical review and guidance on the conduct of a fish monitoring program to address the CMINs listed below.
Table 1.  Management Objective Related to Lees Ferry Rainbow Trout

	MO #
	Objective

	4.1
	Maintain or attain rainbow trout abundance, proportional stock density, length at age, condition, spawning habitat, natural recruitment and prevent or control whirling disease and other parasitic infections.

	4.2
	Limit Lees Ferry rainbow trout distribution below the Paria River of the Colorado River ecosystem to reduce competition or predation on downstream native fish


Table 2.  Core Monitoring Information Needs Related to Management Objectives 4.
	CMIN
	Objective

	4.1.1
	Determine annual population estimates for age II+ rainbow trout in the Lees Ferry reach

	4.1.2
	Determine annual proportional stock density of rainbow trout in the Lees Ferry reach

	4.1.3
	Determine annual rainbow trout growth rate in the Lees Ferry reach

	4.1.4
	Determine annual standard condition (Kn) and relative weight of rainbow trout in the Lees Ferry reach

	4.1.5
	Determine if whirling disease is present in the Lees Ferry reach. Determine annual incidence and relative infestation of trout nematodes in rainbow trout in the Lees Ferry reach

	4.1.6
	Determine quantity and quality of spawning habitat for rainbow trout in the Lees Ferry reach as measured at 5-year intervals

	4.1.7
	Determine annual percentage of naturally recruited rainbow trout in the Lees Ferry reach

	4.2.1
	Determine and track the abundance and distribution of nonnative predatory fish species in the Colorado River ecosystem and their impacts on native fish.


Monitoring Questions

1. Are the current monitoring methods providing the information that managers need to manage the fishery, or should different metrics be pursued?

2. Is the current sampling design sufficiently robust enough both spatially and temporally to monitor a change in status and trends in the distribution, condition, and abundance of rainbow trout?

3. Are standard measures of relative abundance, e.g., catch rate, suitable surrogates for calculating absolute annual abundance? What are the relative risks of using CPUE instead of determining annual abundance? Does the PEP panel recommend that absolute annual abundance is needed for managers to make management decisions?

4. Should a greater emphasis be placed on young-of-year rainbow trout survival, growth and recruitment in this monitoring program?

5. Is the frequency of Lees Ferry rainbow trout population monitoring suitable for addressing the CMINs?

6. What is the best way to monitor downstream movement and fate of rainbow trout? What is the best way to determine if downstream movement is density dependent, or dependent on some other factor?
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Native Fish Monitoring Program

Background
Native fish populations in Grand Canyon are key resources of concern influencing decisions on both the operation of Glen Canyon Dam (GCD) and other non-flow actions. To inform these decisions, it is imperative that accurate and timely information on the status of native fish populations, particularly the endangered humpback chub Gila cypha (HBC), be available to managers. Status and trends information on other native species and nonnative species are also important for managers. The assessments generated from monitoring programs are used, in part, to evaluate the effects of experimental actions, many of which are carried out under the auspices of the Glen Canyon Dam Adaptive Management Program (Program). The USGS Grand Canyon Monitoring and Research Center (GCMRC) is the primary science provider to the Program, in cooperation with U.S. Fish and Wildlife Service, Arizona Game and Fish Department, and National Park Service. This information is therefore crucial to (1) inform the program as to attainment of identified goals, (2) provide baseline status and trend information to be used as a backdrop to further understand mechanisms controlling native fish population dynamics, and (3) evaluate the efficacy of particular management policies in attaining program goals. Finally, results from this project are potentially useful in assessing changes to Federal Endangered Species Act listing status of HBC in the Colorado River.
Management Objectives and Core Monitoring Information Needs
The following tables contain the management objectives (MO) and associated core monitoring information needs (CMIN) for native fish as specified by the Program stakeholders.  The goal of the protocol evaluation panel (PEP) is to provide GCMRC with a critical review and guidance on the conduct of a fish monitoring program to address the CMINs listed below.
Table 3. Native Fish Management Objectives

	M.O. #
	Objective

	2.1
	Maintain or attain humpback chub abundance and year-class strength in the Little Colorado River and other aggregations at appropriate target levels for viable populations and to remove jeopardy

	2.2
	Sustain or establish viable humpback chub spawning aggregations outside of the Little Colorado River ecosystem below Glen Canyon Dam to remove jeopardy

	2.3
	Monitor humpback chub and other native fish condition and disease/parasite numbers in Little Colorado River and other aggregations at an appropriate target level for viable populations and to remove jeopardy

	2.4
	Reduce native fish mortality due to nonnative fish predation/competition as a percentage of overall mortality in the Little Colorado River and mainstem to increase native fish recruitment

	2.5
	Attain razorback sucker abundance and critical habitat condition sufficient to remove jeopardy as feasible and advisable in the Colorado River ecosystem below Glen Canyon Dam

	2.6
	Maintain flannelmouth sucker, bluehead sucker, and speckled dace abundance and distribution in the Colorado River ecosystem below Glen Canyon Dam for viable populations


Table 4. Revised Science Planning Group (SPG) Core Monitoring Information Needs. SPG ranking where 1) is considered most important.

	REVISED CMINs 

(SPG 2005)

	1) CMIN 2.1.2 Determine and track recruitment (identify life stage), abundance and distribution of HBC in the Little Colorado River (LCR).

	2) CMIN 2.1.2 Determine and track recruitment (identify life stage), abundance and distribution of HBC in the mainstem.

	3) CMIN 2.3.1 Determine and track the parasite loads on HBC and other native fish found in the LCR and in the Colorado River ecosystem.

	4) CMIN 2.4.1 Determine and track the abundance and distribution of nonnative predatory fish species in the Colorado River.

	5) CMIN 2.6.1 Determine and track the abundance and distribution of flannelmouth sucker, bluehead sucker, and speckled dace populations in the Colorado River ecosystem. 


Little Colorado River Monitoring
The humpback chub is the primary focus of native fish monitoring in Grand Canyon.  The humpback chub population in Grand Canyon is centered near the confluence of the Colorado and Little Colorado rivers (LCR) in Grand Canyon. Valdez and Ryel (1995) describe the humpback chub distribution as consisting of nine aggregations throughout Marble and Grand canyons. However, the aggregation near the confluence of the LCR and Colorado River (hereafter referred to as the LCR population) is known to successfully reproduce.  In recent years, most monitoring efforts have focused on the LCR population since it is the most numerous (~7500 adults compared to less than 500 in the rest of the aggregations combined) and the only documented source aggregation in Grand Canyon.  Owing to logistical concerns and sampling efficacy, most effort to monitor this population is concentrated within the LCR even though this population resides both in the LCR and the mainstem Colorado River near the confluence.
Abundance and recruitment trends of the LCR population of HBC are assessed via catch-rate and open and closed population abundance estimators.  In particular, we rely heavily on age-structured mark-recapture models (ASMR) to determine trends in HBC abundance and recruitment.  Capture-recapture data collected in the system since 1989 support the annual stock assessment conducted with the Age-Structured Mark-Recapture (ASMR) model.  Additionally, annual capture-recapture data are used to inform closed population abundance estimators. The primary data used to populate these models are collected during spring and fall and described below.
Annual Spring (March and April) Humpback Chub Data Collection in the Little Colorado River

In the spring two mark-recapture trips (12-day) are conducted annually in the lower 13.57 river kilometers (rkm) of the LCR to estimate the abundance of HBC > 150 mm TL.  This program has been ongoing since 2000 and annually produces assessments of the abundance of HBC using closed population models.  These efforts rely on multiple event mark-recapture analysis of Passive Integrated Transponder (PIT; Biomark, Inc.) tag data to produce abundance estimates using closed population models. Additionally, this sampling effort provides both data for populating the ASMR model as well as measures of relative abundance on the spawning and resident populations of HBC in the LCR below Chute Falls. Unbaited hoop nets (50-60 cm in diameter, 100 cm long, a single 10 cm throat, and covered with 6 mm nylon mesh netting) were the sole fishing gear used in this study. During both monitoring trips, each reach was sampled with 20 nets for the first ~24 h haul, then re-sampled by redeploying nets, often to new locations within the same reach.  Evaluation of relative trends of other fishes, especially native bluehead suckers Catostomus discolbolus and flannelmouth suckers Catostomus latipinnis, is a desirable side benefit of this sampling. Some nonnative species, often ictalurids, are also captured with these methods.
Annual Fall (September and October) Humpback Chub Abundance Assessments in the Lower 15 km of the Little Colorado River 

The fall sampling is aimed primarily at providing an estimate of the abundance of subadult HBC rearing in the LCR. These data support the ASMR model to assess HBC population numbers. Two trips into the LCR are conducted to collect the data used to construct these estimates in the fall (September and October).  Findings from the fall trip are used as a complimentary comparison to the spring abundance estimates.  Sampling is predominantly conducted using hoop nets evenly distributed throughout the lower 15 km of the LCR. Other types of sampling gear are not used in the LCR because they have been shown to be less efficient at capturing HBC (150 mm total length in the LCR. 

Annual Spring Relative Humpback Chub Abundance Assessment in the Lower 1,200 m of the Little Colorado River 

This program was established by the Arizona Game and Fish Department (AZGFD) in 1987 and has operated continuously through 2009 with the exception of the years 2000–01. This program annually produces assessments of the relative abundance (catch rate) of all size classes of humpback chub, flannelmouth suckers, bluehead suckers, speckled dace Rhinichthys osculus, and a host of nonnative fishes in the lower 1,200 m of the LCR. Data are collected during a 30–40-day period in spring (April and May) using hoop nets set in standardized locations distributed throughout the reach. In general, this effort represents the longest and most consistent relative abundance dataset available to infer trends for the population of HBC in the LCR. Results provide an independent comparison to the mark-recapture-based assessments. The statistical power of this portion of the monitoring program has not yet been assessed, but statistically significant differences in relative abundance are apparent in current data.
Monitoring and Translocation Above Chute Falls

Beginning in 2003, juvenile humpback chub have been “translocated” within the LCR from near the confluence of the LCR and Colorado Rivers to a location approximately 16 km upstream in an attempt to increase juvenile survivorship.  As part of the monitoring program, two separate trips are conducted in the summer above Chute Falls in the LCR to monitor translocated individuals and potential offspring. These trips occur during late May when the LCR discharge is at base flow to provide an annual abundance estimate of HBC within this region. In addition to the annual population estimates, these data can be incorporated into the ASMR model. Moreover, because we have and will continue to implant these fish with PIT tags, it is likely that some individuals will eventually be recaptured in the lower LCR corridor and/or Colorado River, which would increase our knowledge of migration patterns. 
Baited hoop nets are fished in the LCR corridor above Chute Falls (13.6 rkm), which is the upstream extent of the current LCR monitoring. Approximately 50 hoop nets are fished throughout this upper reach from 13.6 rkm to 18.0 rkm, with the average spacing between nets approximately 100-150 m. The overall reach will be broken down into two sub-reaches and each sub-reach fished for 3 days. The upper reach designation will be from 18.0 to 15.0 rkm (undesignated point below Blue Spring to first travertine dam above Chute Falls). Currently 18 rkm is the highest point in which HBC have been located above Chute Falls. The lower subreach will extend from 15.0 to 13.6 rkm (first dam above Chute Falls to Lower Atomizer Falls where lower LCR monitoring begins).
Questions for the PEP
1. Are the current monitoring methods and analytical approach employed by GCMRC, AZGFD, USFWS, and other cooperators sufficient to address the CMINs? If not, how should the field and analytical methods be improved to better address the CMINs?

2. The current biological opinion requires an annual update of the ASMR model of the adult humpback chub population. What is the most efficient way to monitor to achieve this annual update?

3. Does the panel agree that parasite monitoring be conducted every 5-6 years as recommended? If not, what alternative monitoring schedule is recommended? How should parasite monitoring data be used?

4. Can the panel recommend a range of stock assessment options at differing levels of effort and expense so that managers can evaluate the relative range of information to be gained from a range of expenditures? In other words, what are the most precise, most expensive stock assessment methods, and what are the less precise, less expensive methods?

5. Does the panel have any concern over the amount of handling (monitoring) of humpback chub that is currently conducted? Is too much monitoring being conducted now? If so, what handling should curtailed or eliminated to reduce this concern?
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Mainstem Colorado River Monitoring

Finding the appropriate design for monitoring native fishes in the mainstem Colorado River has been one of the most difficult challenges for the Program and GCMRC.  The debate has centered around systemic sampling according to an appropriate randomized design versus focused sampling on areas of known higher abundance of native fishes, primarily humpback chub.  Systemic surveys using hoop and trammel nets typically yield low and highly variable catches with low power of change detection.  Focused surveys around the areas of known HBC aggregations typically yield higher and less variable catches, but provide no information about abundance or distribution of fish in the majority of the Colorado River.  As mentioned above, in recent years efforts have focused solely on the LCR Inflow reach.
Mainstem native fish monitoring has historically focused on hoop and trammel nets as an appropriate gear type for capturing juvenile and adult native fishes.  This was predominantly due to the observation that adult humpback chub were more readily captured using trammel nets than electrofishing.  However, since about 2002, systemic electrofishing sampling trips (see NONNATIVE FISH DOWNSTREAM MONITORING PROGRAM below) have indicated a large increase in the catch-rate of flannelmouth and bluehead suckers and we now believe that this may be an appropriate gear type for monitoring abundance of these species.  Additionally, the slow electrofishing of shorelines (~10 seconds/meter, the “Korman Slow Shocking Method”) also appears to be effective at sampling juvenile humpback chub.  However, trammel netting still appears to be the most effective method for capturing adult humpback chub.
In addition to the issues above related to sampling design and gear for monitoring changes in the abundance and distribution of native fishes in the mainstem Colorado River, perhaps the most relevant and difficult monitoring problem is to determine survival rate of juvenile native fishes in the mainstem Colorado River.  This is particularly important as many proposed or implemented experimental management actions are aimed at improving rearing conditions for native fishes in the mainstem Colorado River.  This is the topic of a current research initiative termed “Nearshoreline Ecology” and PEP input on this topic would be particularly helpful.
Questions for the PEP
1. Given the distribution of humpback chub in Grand Canyon, how should monitoring efforts for this species be distributed?

2. Given that various levels of monitoring effort are required to assess various levels of fish population changes, and unlimited funding is not available, can the panel recommend one or more processes for determining how to allocate limited resources to native and nonnative fish monitoring?

3. Considering the trade-offs between monitoring cost and sampling precision, are there any suggested spatial sampling designs (systematic, random, stratified) that optimize the sampling distribution (e.g., use a multi-level approach that integrates a priori the sampling efforts among existing research and monitoring programs that are presently conducted independently)? 

4. How should the monitoring program allocate sampling effort in the monitoring design that temporally accounts for sampling constraints (e.g., NPS non-motor season) or seasonal differences (e.g., developmental and dispersal histories)?  

5. Should routine monitoring methods be altered to allow detection of nonnative fish invasions and expansions?  If so, how?  If not, what sampling program should be instituted to allow detection of new invasions or significant expansions?

6. Given that the primary focus of many GCDAMP management actions are to improve spawning and rearing conditions for native fish in the Colorado River, what metrics should be evaluated for assessing these actions (survival, growth, abundance, distribution) and what are promising sampling designs?
7. How can monitoring of the humpback chub mainstem aggregations best be conducted to determine if humpback chub are spawning in these locations?

8. Should GCRMC and cooperators establish separate monitoring for natives and nonnatives, or can the CMINs be addressed if these efforts are conducted together?

9. Are there multiple sampling methods and gear types (nets, traps, electrofishing, hydro-acoustics) that could be used in combination (temporally/spatially) that would best inform the monitoring objectives? 

10. In allocating sampling effort, should river segments or habitat features be used to stratify the sampling distribution?  And if so, should the number of sample units be selected based on the proportion of available strata or evenly distributed among strata?
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NONNATIVE FISH DOWNSTREAM MONITORING PROGRAM

Background

The current downstream non-native fish monitoring program (2 trips/yr) uses a stratified random sampling design, such that sampling areas are distributed evenly among 12 geomorphic reaches found in the Colorado River that extend from Lees Ferry to Lake Mead (360 km).  A sub-reach is randomly selected and sampled within each of the geomorphic reaches in the spring and early summer.  Two electrofishing boats per trip each sample nightly 11 shoreline sites sequentially along opposing shorelines.  The first site is randomly selected; the remaining sites are then sampled in series and separated by time (300 sec).  Average number of samples per trip is between 350 and 450.  Electrofishing is the primary gear type used and is quite affective in capturing rainbow trout and flannelmouth suckers.  Under the current sampling design, the power to detect a change in CPUE of 21% decrease and 26% increase over a five–year period using an estimated coefficient of variation (CV ≤ 0.10) is 0.80.  Fishing effort does not relate catch to linear shoreline distance or delineate sampling sites by macro habitat features.
Questions for the PEP
1. Is the current sampling design sufficiently robust enough both spatially and temporally to monitor a change in status and trends in the distribution, composition, and abundance of nonnative fish species?
2. Would using alternate sampling methods or gear types in addition to electrofishing provide greater insight on fish distribution, composition, and abundance?
3. Should electrofishing effort be quantified by time and/or distance?
4. Should sampling areas be stratified by geomorphic reaches? Or should another type of strata be used in the sampling design?
5. Would other types of abunace indices (e.g., occupancy rate ) be more appropriate for monitoring than conventional catch rate indices? 
6. Is the sampling coverage sufficiently representative of this system? 
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