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Executive Summary
The Middle Rio Grande Endangered Species Collaborative Program (Collaborative Program) is comprised
of multiple stakeholders representing diverse interests related to water operations and management
within the Middle Rio Grande (MRG), New Mexico. The Collaborative Program works to comply with the
Endangered Species Act and support the recovery of the federally listed species that occupy this reach.
The Collaborative Program has a special emphasis on the Rio Grande Silvery Minnow (Hybognathus
amarus; RGSM) and the Southwestern Willow Flycatcher (Empidonax traillii extimus) and,
simultaneously, to protect existing and future water uses while complying with applicable state and
federal laws, rules and regulations. The Collaborative Program is transitioning to become a Recovery
Implementation Program (RIP), and will be establishing sufficient progress metrics for the RIP that may
include species demographics.
As part of a transition to a RIP, the Collaborative Program is beginning its review of the Monitoring
Program, including its indices and methodologies. However, there is disagreement among the parties of
the Collaborative Program regarding whether the trends detected by the Monitoring Program fully meet
the needs of the Collaborative Program. To address these concerns, the Bureau of Reclamation
sponsored a workshop in December 2015 to discuss the current Catch per Unit Effort (CPUE)
methodologies and sampling design as the Collaborative Program’s next step in further development of
the Monitoring Program.
This report is organized to address four primary questions that were provided to the expert panelists in
advance of the workshop.

(1) Is the CPUE index appropriate for monitoring the Rio Grande Silvery Minnow in
the Middle Rio Grande?
(2) Are the monitoring plan and sampling design appropriate for tracking the status
and trend of the RGSM in the Middle Rio Grande?
(3) A. Are the statistical analyses used in the Monitoring Program appropriate and in
line with data distributions and characteristics?
(3) B. Are there additional analytical techniques that could be used that would
improve the use of CPUE?
(4) What revision can be made to the sampling design to improve accuracy, precision,
and power to detect change in RGSM abundance?

In advance of the workshop, the expert panelists were provided with data sets along with relevant
documents and publications. The materials were carefully selected by consensus of the Collaborative
Program members. In this report, the panelists address each of the four primary questions of the
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workshop, and provide additional observations and recommendations related to the topics of CPUE
computation, survey design, trend analysis, and future research.
The expert panelists concluded that existing use of CPUE indices provide a reasonable indication of
status and trends for monitoring RGSM in the MRG; however, several modifications to the computation
of CPUE used in the Monitoring Program would provide more accurate indices of RGSM abundance. The
recommendations include: (1) separation of the catch and effort data from the small‐mesh seine and
the fine‐mesh seine into two data sets and computation of separate CPUE indices for each gear type, as
well as for specific age classes captured with each gear type; (2) exclusion of older fish from the CPUE
index derived from the small‐mesh seine because it is primarily an index of the relative abundance of a
single cohort of RGSM that is recruited into the gear late in the summer and captured into the summer
of the following year; and (3) inclusion of only larval fish in the CPUE index derived with the fine‐mesh
seine because it is primarily an index of larval fish abundance. These changes in computation of CPUE
indices will require modification of recovery standards for RGSM to include specific descriptions of
sampling gear, sampling design, sampling techniques, computation of CPUE, data analysis, and size
classes used to compute CPUE indices.
The expert panelists concluded that the current monitoring plan and sampling design are appropriate
for tracking the status and trends in abundance and occurrence of age‐0 RGSM in the MRG, but when
fixed sites are found to be dry at the time of sampling events, the sampling design and CPUE indices are
compromised. The current fixed‐site sampling is not adequate when dry sampling sites occur. An
ancillary randomized sampling design is recommended at such times to enable inferences about RGSM
abundance and distribution in the MRG. The Monitoring Program could also be improved by increasing
site lengths, effort per site, or number of sites.
In general, the Expert Panelists concluded that the statistical analyses currently used in the Monitoring
Program are appropriate given the distribution and characteristics of the CPUE data, which exhibit a high
frequency of zeros and non‐normal frequency distributions of the non‐zero catches. The Monitoring
Program uses the mixture model approach to address these distributional characteristics and to permit
estimation of CPUE from the catch and effort data. Mixture models are flexible and allow consideration
of the effects of factors such as year, mesohabitat type, and hydraulic variables on both the presence
and CPUE of RGSM in the system. Mixture models are more informative than previously applied
approaches. We believe that mixture models provide a reasonable statistical tool for assessing the
effects of hydrological variables, and the availability of mesohabitat types on CPUE; furthermore,
mixture models lead to better understanding of the habitat conditions necessary for persistence and
annual recruitment of RGSM in the MRG. Currently, there are confounding effects of environmental
variability and stocking of hatchery fish that must be disentangled in assessments of the effects of
hydrologic and habitat features on RGSM in the MRG.
Additional analytical techniques may be explored, but it is unclear if such approaches would reduce bias
or improve precision of estimates of CPUE. Comparative analyses or simulation studies are needed to
ascertain if analytical improvements can be obtained and the possible magnitude of potential
improvements. We recommend examination of the underlying assumptions of the mixture model and
interpretation of results in light of these assumptions. The assumption of constant effort among sites
and the assumption of constant, proportional effort among mesohabitat types that are currently made
in the calculation of CPUE for RGSM should be examined. The processes that give rise to the zeros in the
datasets from which CPUEs are calculated warrant further consideration. Dynamic features of the MRG,
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such as the spatial and temporal extent of drying events, need to be assessed and considered as factors
affecting observed catch rates. Approaches such as classification and regression trees, boosted
regression trees, or random forests may be used to elucidate the relationship between CPUE of RGSM
and hydrologic conditions in the river; these approaches are particularly useful for identifying thresholds
of response. Insights on the persistence, colonization, and extinction rates of RGSM can be derived from
the Population Estimation Program; this approach should be continued, but we emphasize that such
sampling is in addition to the current Monitoring Program.

1.0 Introduction
The Middle Rio Grande Endangered Species Collaborative Program (Collaborative Program) is comprised
of multiple stakeholders representing diverse interests related to water operations and management
within the Middle Rio Grande (MRG), New Mexico. The MRG is the section of the Rio Grande in New
Mexico between Cochiti Dam and Elephant Butte Reservoir. The Collaborative Program works to comply
with the Endangered Species Act and supports the recovery of the federally listed species that occupy
this reach, with special emphasis on the Rio Grande Silvery Minnow (Hybognathus amarus; RGSM) and
the Southwestern Willow Flycatcher (Empidonax traillii extimus). Simultaneously, the Collaborative
Program works to protect existing and future water uses while complying with applicable state and
federal laws, rules, and regulations. The Collaborative Program is transitioning to become a Recovery
Implementation Program (RIP), and will be establishing sufficient progress metrics for the RIP that may
include species demographics.
Population monitoring of the RGSM began in 1993 and has been carried out every year since, except for
1998 (Dudley and Platania 2011). The RGSM was listed under the Endangered Species Act as endangered
in 1994. The Monitoring Program provides annual, as well as nearly monthly, CPUE estimates of small‐
bodied fishes in the MRG.
As part of a transition to a RIP, the Collaborative Program is beginning its review of the Monitoring
Program, including its indices and methodologies. The Monitoring Program has provided the U.S. Fish
and Wildlife Service and the Collaborative Program with an index of fish abundance and population
trends in the portion of the MRG between Angostura Diversion Dam and Elephant Butte Reservoir.
However, there is disagreement among the parties of the Collaborative Program regarding whether the
status and trend information from the Monitoring Program fully meet the needs of the Collaborative
Program. To address these concerns, the Collaborative Program formed an ad hoc Population
Monitoring Workshop Planning Workgroup (Planning Workgroup) to evaluate the current Monitoring
Program and to set up a process for establishing the RIP’s fish monitoring program. A work plan was
approved by the Collaborative Program that included a workshop to address the current CPUE
methodologies and sampling design as its first step in refining the Monitoring Program.
The Collaborative Program conducted a Fish Population Monitoring Workshop (Workshop), described
herein, that resulted in this summary report. This report was prepared by knowledgeable experts in the
fields of fisheries science, fish sampling methodologies, and statistical analyses. The panelists also have
experience with fisheries issues associated with the Endangered Species Act. The recommendations
from this report are available to assist the Collaborative Program in its fish‐monitoring program. The
purpose of the Workshop was to discuss and resolve outstanding questions, gain external opinions on
issues identified by the Collaborative Program, and receive external recommendations on the current
methods and indices used. The external opinions contained herein were developed to be objective and
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to provide recommendations for consideration by the Collaborative Program. This report is organized to
address four primary questions, as developed by the Planning Workgroup.

(1) Is the CPUE index appropriate for monitoring the Rio Grande Silvery Minnow in
the Middle Rio Grande?
(2) Are the monitoring plan and sampling design appropriate for tracking the status
and trend of the RGSM in the Middle Rio Grande?
(3) A. Are the statistical analyses used in the Monitoring Program appropriate and in
line with data distributions and characteristics?
(3) B. Are there additional analytical techniques that could be used that would
improve the use of CPUE?
(4) What revision can be made to the sampling design to improve accuracy, precision,
and power to detect change in RGSM abundance?

The panelists addressed each of the four primary questions within this report. Additionally, the panelists
provided observations regarding the Collaborative Program that go beyond the four primary questions
in a separate section of the report (Section 7.0 ‐ Observations beyond the scope of the Population
Monitoring Workshop).

1.1 Workshop Logistics
The Workshop was conducted at Isleta Casino and Resort, 11000 Broadway Boulevard SE, Albuquerque,
NM 87105. The workshop was held on 8‐10 December 2015. All logistics for the workshop were
coordinated by Matthew Cusack of Atkins. The workshop was held the first morning in the Seminar
Room, but because of poor acoustics in that room, the workshop was relocated to the Manzano/Sunrise
Rooms that had been combined into one space to accommodate the workshop layout. The workshop
layout was organized as depicted in the agenda (see Appendix A), with the technical experts and
external panelists seated at the workshop table and interested observers seated behind the table on
three sides.
The original workshop agenda was prepared by the Working Group members. The workshop facilitator,
Dr. Wayne Hubert, was given an opportunity to adjust the agenda and the schedule of the workshop.
The final agenda of the workshop is available as Appendix A. A series of ground rules was prepared by
Dr. Hubert and submitted to the Working Group in advance of the workshop to gain their feedback and
approval (Appendix B). The Working Group members approved the ground rules in a meeting on 9
November 2015.
The focus of the workshop was to conduct a professional and technical conversation regarding the
status of the Monitoring Program, as well as to answer four key questions (Appendix C). Sub‐questions
associated with each key question were developed by the Planning Workgroup to provide additional
context to the primary questions rather than to be explicitly addressed themselves. The workshop was
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developed and facilitated in a manner deemed most likely to provide clear and consistent dialogue
among the workshop participants about each primary question. An additional benefit of addressing each
of the four questions separately in the agenda was to ensure that only one question was being
addressed at a time, to reduce confusion, and to minimize disjointed dialogue that would interfere with
recording and continuity. The format of the workshop also enabled the expert panelists to provide their
opinions in this report in a manner that is both clear and organized.
In advance of the workshop the expert panelists were provided with data sets along with relevant
documents and publications. The materials were carefully selected by consensus of the Planning
Workgroup, and the expert panelists were requested to prepare for the workshop by reviewing the
provided materials (Appendix D). Other materials were provided by participants during the workshop,
but only the selected works, the dialogue from within the workshop, and the references listed in this
report (see Section 8) were used by the expert panelists in developing the recommendations provided in
this report (see Section 6).
The workshop was open to the public; however, the invited workshop participants were technical
experts representing numerous Collaborative Program signatories (Table 1). Daily sign‐in sheets were
collected (Appendix E) and every attempt was made to ensure that every person who attended the
workshop signed in regardless of whether they were a participant (at the table) or an observer.
The external scientists provided by Atkins were selected from a pool of nationally recognized experts
that the Planning Workgroup had pre‐qualified during the contracting process with Atkins. It was
deemed essential by the Collaborative Program that the Workshop include expert scientists who have
expertise in the subject matter and would bring in new perspectives and objective viewpoints to the
Workshop proceedings.
Table 1. Technical Participants at the Rio Grande Silvery Minnow Population Monitoring Workshop

Representative

Agency

Rick Billings
Robert Dudley
Gary White
Mike Marcus
Ben Cogdell
Matt Cusack
Mark McKinstry
Kathy Lang
Bob Hughes
Wayne Hubert
Mary Fabrizio
Bill Pine
Rich Valdez
Scott Bulgrin
Michael Porter
Thomas Archdeacon

ABCWUA; Albuquerque Bernalillo County Water Utility Authority
ASIR; American Southwest Ichthyological Researchers
ASIR; American Southwest Ichthyological Researchers
APA; Assessment Payers Association
Atkins
Atkins
BOR; Bureau of Reclamation
COA; City of Albuquerque
Expert Panelist
Expert Panelist
Expert Panelist
MRGCD; Middle Rio Grande Conservancy District / University of Florida
NMISC; New Mexico Interstate Stream Commission
Pueblo of Sandia
USACE; United States Army Corps of Engineers
USFWS; United States Fish and Wildlife Service
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In accordance with the ground rules for the workshop (see Appendix B), every attempt was made to
ensure that all comments and questions were directed at the meeting facilitator to avoid cross
conversations, arguments amongst participants, or distracting conversations that could not be heard by
all participants and observers attending the workshop. Written notes and statements were collected by
Atkins during the workshop, with the notes presented on a screen made available to all attendees to
ensure that complicated or long statements were accurately captured for review by the expert panelists
during the development of this report. The questions and statements from Days 01 and 02 (8 and 9
December) are provided as Appendix F. After the four primary questions were addressed in the
workshop, the expert panelists and Atkins met during the evening of 9 December and the morning of 10
December to develop preliminary conclusions. The preliminary conclusions were presented to all
meeting attendees later in the morning on 10 December. The afternoon of 10 December included open
comments and questions from any meeting participant or observer (Appendix G).
This document was originally prepared in draft form and circulated to workshop participants (see Table
1) for review and comment. Comments were organized by program, and provided to the expert
panelists in a detailed comment matrix prepared by Atkins. The expert panelists addressed each
comment provided in the matrix, and provided the draft comment matrix back to the commenters.
Atkins hosted a screen sharing teleconference with the Working Group, and they were given an
opportunity to restate or clarify their comments in the event that the comment matrix indicated that
their comments were not specifically addressed. The expert panelists considered all of this feedback
when developing this final report. The draft report, the final comment matrix, and the notes from the
teleconference call are available as part of the administrative record for this project.
Understanding the logistics of the workshop and this resulting summary report are important to provide
the necessary context regarding the findings and recommendations of the expert panelists. For the
remainder of this document, the expert panelists address each of the four primary questions, provide
context to questions and statements entered into the record during the workshop (when necessary),
and provide their overall recommendations and observations for the Collaborative Program to consider.

2.0 Population Monitoring Workgroup Question 1
1. Is the CPUE index appropriate for monitoring the Rio Grande Silvery Minnow in the
Middle Rio Grande?

The expert panelists concluded that CPUE indices are appropriate for monitoring RGSM in the MRG, but
the indices may be improved if the current data recording and computational techniques are modified
as described below.

2.1 Definition of catch per unit effort (CPUE)
Most common fish abundance indices are computed from CPUE data for samples from a fish population
(Hubert and Fabrizio 2007). A CPUE index is defined mathematically as C/f =qN, where C is the number
of fish caught, f is the unit of effort expended, q is the catchability coefficient or probability of catching
an individual fish in one unit of effort, and N is the absolute abundance of fish in the population.
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Because absolute numerical abundance is extremely difficult and expensive to estimate, fisheries
scientists often use CPUE indices to make judgments about the abundance of fish in a population.

2.2 Definition of the MRG fish population in the Monitoring Program
In the case of the Monitoring Program, the RGSM population of concern occurs within the MRG from
Angostura Diversion Dam downstream to where the river meets Elephant Butte Reservoir. The entire
population of the RGSM is not the focus of the Monitoring Program. The entire RGSM population may
also include fish occurring upstream (above Angostura Diversion Dam), downstream (in Elephant Butte
Reservoir), in tributaries, and in portions of irrigation and water delivery systems. The objective of the
Monitoring Program is to monitor fish only in the MRG between Angostura Diversion Dam and Elephant
Butte Reservoir and to facilitate inferences about the population between Angostura Diversion Dam and
Elephant Butte Reservoir.
When the Monitoring Program was initiated in 1993, the objective was to monitor status and trends of
wild RGSM that were spawned in the MRG and that lived in the MRG throughout their lives. In recent
years, cultured RGSM have been introduced annually to the MRG. The progeny of cultured fish cannot
be distinguished from fully wild fish when sampled. Consequently, the Monitoring Program is currently
monitoring status and trends of a mixed population of wild fish, marked hatchery fish, and the progeny
of hatchery fish without the ability to distinguish the progeny of hatchery fish from wild fish.

2.3 Sampling gears used in the Monitoring Program
Seines are widely used to sample fish and are particularly useful for sampling small fishes in wadeable,
debris‐free portions of streams and rivers (Bonar et al. 2009). Catch (C) is defined as the number of fish
caught of a given species, life stage, or size class (e.g., age‐0 RGSM). The chosen gears for the Monitoring
Program are two kinds of seines. The small‐mesh seine is 3.1 m long by 1.8 m wide with 5‐mm mesh.
The other is a fine‐mesh seine that is 1.0 m long by 1.0 m wide with 1.5 mm mesh. The small‐mesh seine
is designed to catch larger fish, whereas the fine‐mesh seine is designed to catch larval fish. Because the
gears are selective for different size classes of the RGSM population, the catchability coefficients (q)
differ between the small‐mesh seine and the fine‐mesh seine. Consequently, it is inaccurate to combine
the catch (C) from the two gears into a single CPUE index. Separation of CPUE estimates by gear type
enables understanding of status and trends of specific RGSM life stages (i.e., larval fish versus age‐0 and
larger fish).

2.4 Standardization of catch rates
In the Monitoring Program, the unit of effort (f) is the total area over which a seine is hauled within a
sampling site during a specific sampling event. For the small‐mesh seine, the area is computed as the
total distance of all seine hauls multiplied by the width of the seine as it is being pulled (i.e., 2.5 m).
Similarly, for the fine‐mesh seine, the area is computed as the total distance of all seine hauls multiplied
by the width of the seine as it is being pulled (0.25 m). To standardize catch rates, the Monitoring
Program uses catch and effort data to express CPUE as the number of fish caught per 100 square meters
(m2) seined during an individual sampling event at a sampling site. For example, if 50 fish were captured
in 20 seine hauls covering 500 m2, the CPUE would be recorded as 10 fish/100 m2. However, use of a
common CPUE metric (i.e., fish/100m2) for both small‐mesh and fine‐mesh seines does not allow for
data from the two types of seines to be combined into a single CPUE because of the differing selectivity
(i.e., catchability coefficients) of each type of seine. See Sections 2.5, 2.6, and 4.11 for more detail.
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2.5 Sampling effort in the presence of dry sites
The absence of water at a sampling site may provide a signal that fish are absent, but such an
observation does not provide CPUE data and should not be recorded as a true zero in CPUE datasets
(See Section 4.11 for more detail). Effort (f) must be expended to obtain CPUE data. For example, when
sampling with seines in the MRG, if seining is not possible at a site because of drying or extremely low
flows, then no effort (f) is expended and no CPUE data are obtained. In these cases, the Population
Monitoring Program assumed that because the site was dry, no fish were present, and the number of
RGSM observed at the site was recorded as a zero for analytical purposes. Consequently, in data
analyses a distinction is not made between zero CPUE at sites with water that were sampled and zero
CPUE at sites that were dry and not sampled. In the Population Monitoring Program, the zeros
associated with dry sites constitute what have been called ‘naughty naughts’ (also see Sections 3.2, 3.3,
4.10, and 4.12; Martin et al. 2005), a special type of zero observation. The manner in which these
naughty naughts are handled is critical; zero observations from dry sites should not be included in
computations of CPUE (Zuur et al. 2009). Naughty naughts arise when sampling is conducted in an area
where the probability of encountering an individual is zero, regardless of the sampling design or method
used. For example, sampling for RGSM in the Sacramento River would result in zero RGSM at all sites;
these naughty naughts occur outside the environmental range of the species (Martin et al. 2005) and
cannot provide information on relative abundance or occurrence of the species. If the probability of
encountering an individual in a given area is zero because the area is outside the species’ range, then
those areas are not part of the survey‐sampling domain, and those naughty naughts should be ignored
in CPUE computations. The presence of naughty naughts is a strong indication that the fixed‐site survey
design is not adequate at times when dry sampling sites occur in the MRG (see Section 3.2; Martin et al.
2005).
Information obtained from American Southwest Ichthyological Researchers, the organization that
conducts the Monitoring Program on the MRG, indicates that field data records, and the database in
which the data are stored, differentiate zeros at dry sampling sites and zero catches from sites that were
sampled but which yielded no RGSM. The issue of naughty naughts occurs during statistical analyses,
when the distinction is lost, and the two types of observations (zeros at dry sampling sites, and zero
catches from sites where sampling was conducted and no RGSM were captured) are treated in the same
manner.

2.6 Age composition of the catch
The small‐mesh seine captures primarily age‐0 (spawned in early summer) RGSM once they have grown
to a size that is retained by the small‐mesh seine. Age‐0 fish are susceptible to capture beginning in late
summer and continuing through the remainder of the calendar year (Dudley et al 2015). In January of
the following calendar year, these fish are designated as age‐1 (per standard fishery aging conventions);
however, in January, RGSM in the MRG are not yet a full 1 year of age (i.e., they have lived less than 12
months). The small‐mesh seine captures these age‐1 RGSM in February to May samples along with a few
older RGSMs. Few RGSM older than age‐1 are captured at any time of the year. Consequently, the CPUE
of RGSM captured in the small‐mesh seine is primarily an index of abundance of age‐0 fish in the fall of
the year and age‐1 fish early in the following year (i.e., the abundance of the most recent cohort). A
more accurate and precise CPUE index for a particular year’s cohort of RGSM could be obtained if older
fish were separated from the catch (C) of the most recent cohort. This improved small‐mesh seine CPUE
index has the potential to provide better insight into several demographic parameters of RGSM in the
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MRG: survival through the first year of life, magnitude of recruitment to the population of sexually
mature spawners, and abundance of the most recent cohort. A separate CPUE index could be computed
for older cohorts using length frequencies to delineate age classes. However, we recognize that age‐
length relationships for RGSM in the MRG have not been resolved.

2.7 Multiple sampling gears and CPUE
Our evaluation of Dudley et al. (2015), particularly Appendix D, and the database (i.e., Copy of
Provisional _RGSM_Pop_Mon_Database_1993‐2014) indicates that catch and effort data with each type
of seine for April to October sampling events are combined to yield a single CPUE index for each
sampled site on each sampling event. The manner in which the catch and effort data are summarized in
annual reports does not distinguish the fish caught with the small‐mesh seine from those captured with
the fine‐mesh seine, nor does it report CPUE specific to those gears, or identify individual length classes
captured with those gears. We consider this a serious computational error (see Section 2.3).
The fine‐mesh seine is designed to capture larval fish, but occasionally captures larger fish. Again, the
catch and effort data with the fine‐mesh seine should be analyzed separately from catch and effort data
from the small mesh seine because CPUE indices computed from those data are unique to each gear
type. Additionally, because the fine mesh seine is selective for larval fish, only larval fish should be
included as catch (C) in the computation of these CPUE indices and only the seine hauls with the fine‐
mesh seine should be included in the computation of effort (f) for that gear. A more accurate and
precise fine‐mesh seine CPUE index has the potential to provide insight into hatching dates, magnitude
of spawning success, and potential cohort abundance of RGSM in the MRG. Similarly, the small‐mesh
seine is designed to capture larger fish and the data from this gear type should be used separately to
compute CPUE for the most recent cohort (see Section 2.3).

2.8 Factors affecting the catchability coefficient of sampling gears
Variation in the catchability coefficient (q) of a particular type of seine can be affected by the
mesohabitat in which sampling occurs. Variation in the catchability coefficient can result from features
of the mesohabitat type (e.g., water depth, current velocity, substrate composition, etc.) and the affinity
of fish for particular mesohabitat types. The Monitoring Program protocols involve sampling several
mesohabitat types at a site, but the catches from distinct mesohabitats are pooled in a single index of
CPUE. Dudley et al. (2015) state, “Runs and shorelines were sampled four times at each site (when
available); backwaters, pools, and riffles were sampled two times (when available); any remaining
samples (to obtain a total of 18 to 20) were taken in shoreline runs.” These protocols fail to account for
the proportions of various mesohabitat types sampled, variation in the catchability coefficient among
mesohabitat types, and the affinity of fish for particular mesohabitats. The current Monitoring Program
protocols do not account for this source of variation in the computation of CPUE indices. It is likely that
the CPUE values are biased by the proportion of sampling in particular mesohabitat types. Numerous
scenarios could be described to demonstrate the potential for bias. For example, it can be hypothesized
that at a site where there are no backwaters or pools and only runs and shoreline mesohabitats at the
time of sampling, the catchability coefficient and subsequent catch would be lower than at a site where
backwater and pool mesohabitats (assumed preferred habitat by RGSM) are present and sampled. The
effects of variation in the availability mesohabitat types and variation in catchability of RGSM among
mesohabitat types are not addressed using the current protocols (see Section 4.10 for a suggested
statistical approach to address this problem).
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The catchability coefficient is also affected by environmental factors (e.g., turbidity, water temperature,
and current velocities). Although several environmental factors are measured when sites are sampled
during the Monitoring Program, there has been limited assessment as to how those factors may affect
the variability of the catchability coefficient of a gear. It appears that the Monitoring Program assumes
that environmental factors have little influence on the catchability coefficient of the sampling gears.
Better understanding of the influence of measurable environmental factors on the catchability
coefficient of each seine type used in the MRG could reduce the uncontrolled variation among samples
and improve both the accuracy and precision of CPUE estimates (see Sections 4.3 and 5.2 for more
detail).
Another source of variation in the catchability coefficient of a gear is related to how sampling gears are
operated by sampling crews. When using seines, such variability can be associated with the length of
seine hauls, how seines are operated or lifted at the end of hauls, the speed at which seines are hauled,
the direction of hauls relative to river currents, how data are recorded when seine hauls are interrupted
by snagging, and many other factors. The operation of the seines by sampling crews of the Monitoring
Program appears to be highly standardized with little variation among sampling years. The same crew
leader has been involved since the beginning of the Monitoring Program.
It is recognized that the RGSM tends to be a schooling species. The effect of this behavior on CPUE data
is likely to be high variation in CPUE among individual seine hauls and sites, and variation in capture
efficiency among different mesohabitat types. Constrained mesohabitats, such as small backwater
areas, from which fish cannot readily escape, are likely to yield higher CPUEs than other mesohabitat
types. To address this variation, we recommend the continued examination of CPUE data by
mesohabitat type. We caution that mesohabitat types and the schooling behavior of RGSM may be
confounded, and that directed studies may be needed to determine if relationships exist.

2.9 The assumption that CPUE is a function of abundance (i.e., C/f = qN)
A major assumption of a CPUE index is that it is related to the abundance (N) or density (N/A) of fish,
where N is the absolute abundance of fish in the population and A is the area over which the population
occurs. Dudley et al. (2012) compared the CPUE of RGSM in the fall to an independent index of density
obtained at the same time in the MRG over a 4‐year period and found a positive relationship between
the two indices. However, they concluded from a simulation analysis that “a strong correlation between
the Population Estimation Program and Population Monitoring Program data is unlikely to persist over
time.” Consequently, it may be considered reasonable that CPUE from the Monitoring Program provides
a signal of year‐to‐year variation in density of age‐0 and older RGSM in the MRG, but that relationship
may not persist in all years. When October sampling is conducted to provide a CPUE index for year‐to‐
year assessment of trends, RGSM catches are predominantly age‐0 fish, suggesting that the CPUE index
is primarily an index of density of age‐0 fish. However, it must be recognized that the variation in CPUE
among some years is quite large (i.e., orders of magnitude) and that the CPUE index used in the analyses
by Dudley et al. (2012) did not differentiate catch and effort between the two types of seines or among
mesohabitat types. Computation of separate CPUE indices for each of the two gear types would yield
insight as to whether the variation in CPUE among sampling periods within a year or from year‐to‐year
for a particular sampling period is due to variation in the abundance of larval fish or age‐0 and older fish.
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2.10 Alternative sampling gears
It was asked if seines are the best gear for sampling RGSM to obtain an index of relative abundance.
Other gear types, such as minnow traps and small fyke nets (Hubert 1996) were suggested during the
workshop, because they may have higher catchabilities for larger RGSM, especially in mesohabitats with
woody debris, rooted vegetation, filamentous algae, and other obstacles to seining. Minnow traps and
fyke nets are passive gears, meaning they are not actively moved by humans while fish are captured,
and capture depends on the movements and behavior of fish. It is the experience of the expert panelists
that the efficiency of capturing small, stream‐dwelling fishes with minnow traps and small fyke nets is
likely to be low. Further, a wide array of environmental variables (i.e., season, water temperature, time
of day, water‐level fluctuation, turbidity, and currents) can influence CPUE with passive gears and lead
to high variability in CPUE (Hubert et al. 2012). Behavior of fishes, such as schooling, migration, or
crepuscular activity, also contributes to variation in CPUE estimates from passive gears (Hubert and
Fabrizio 2007). Substantial research on the factors affecting catchability and selectivity of alternative
gears is needed before they are added to the current Monitoring Program.

2.11 Appropriate use of CPUE indices as recovery standards
Measures of CPUE for RGSM from the MRG are currently identified as recovery standards for the
species. This is a reasonable use of CPUE indices. However, the description of recovery standards should
be explicit regarding gear, sampling design, sampling techniques, data analysis, and life stage, as well as
protocols used to compute the CPUE index. Although the workshop did not explicitly address the utility
of CPUE for the purposes of recovery standards, the current recovery standards could be improved with
the computation of more accurate and precise CPUE indices from the current monitoring program data.
Primary among the recommendations of the expert panelists is computation of CPUE indices separately
for each gear type and omission of naughty naughts (i.e., dry sampling sites where fish are not sampled)
from computations of CPUE. Further, the observation of dry sampling sites during some sampling
periods indicates that the fixed‐station survey design is not adequate at times when dry sampling sites
occur in the MRG (see Sections 3.2 and 5.3; Martin et al. 2005).

3.0 Population Monitoring Workgroup Question 2
2. Are the monitoring plan and sampling design appropriate for tracking the status
and trend of the RGSM in the Middle Rio Grande?

The panelists concluded that the monitoring plan and sampling design with the small‐mesh seines are
appropriate for tracking the status and trends in abundance and occurrence of the most recent cohort
of RGSM (see Section 2.6) except when sampling sites are observed to be dry. Similarly, the monitoring
plan and sampling design for fine‐mesh seines are appropriate for larval RGSM, but may also produce
naughty naughts when dry sampling sites are observed (also see Sections 2.5 and 4.12). The panelists
identified five considerations for survey designs applicable to the Population Monitoring program: (1)
random versus non‐random site selection, (2) fixed‐site versus variable‐site sampling, (3) adequate
sample size, (4) sub‐population inclusion, and (5) consistent site‐scale sampling protocols sufficient to
capture natural habitat variability.
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3.1. Random versus non‐random or stratified site selection
To allow inferences for an entire river or river reach without bias, a randomized survey sampling design
is generally recommended (Olsen & Peck 2008; Angradi et al. 2009; Hughes et al. 2012). For example,
Hughes et al. (2000) reported that Oregon coho salmon escapement was substantially overestimated
when using handpicked sites to which fish were known to return reliably compared with escapement
estimated from randomly selected sites. Similarly, markedly different results were obtained from
randomly and non‐randomly selected sites regarding characterization of lakes in the northeast USA as
eutrophic/hypereutrophic (Hughes et al. 2000).
Random site selection enables calculation of confidence bounds around estimates of means or medians
that are as useful for making population or assemblage assessments (Hughes et al. 2000; Paulsen et al.
2008; Dudley et al. 2012). However, two independent 20‐site studies in 2006‐2008 and 2014 employing
a GRTS (Generalized Randomized Tessellated Stratified) design (i.e., random site selection) and
population estimation based on multiple‐depletion sampling yielded similar annual patterns in RGSM
abundance as those produced from the 20‐fixed‐site survey used by the Monitoring Program (Dudley et
al. 2012; Archdeacon et al. 2015). This suggests that the non‐random fixed‐site sampling employed by
the Monitoring Program may provide a reasonably accurate representation of trends in RGSM
abundance given the discharges occurring during the years of those studies. However, Dudley et al.
(2012) concluded from a simulation analysis that “a strong correlation between the Population
Estimation Program and Population Monitoring Program data is unlikely to persist over time.” In the
Dudley et al. (2012) study, one randomly selected site had to be replaced with another because of
anthropogenic channel alterations that precluded sampling. In the Archdeacon et al. (2015) study, two
sites were dry in the summer, not sampled, and not replaced with wetted random sites. Archdeacon et
al. (2015) estimated a CPUE of 0.08 RGSM/100 m2 (95% confidence interval: 0.04‐0.18) from the random
survey compared with a CPUE of 0 from the non‐random survey. In both the Dudley et al. (2012) and
Archdeacon et al. (2015) studies, some selected sampling sites could not be sampled due to dry
conditions exemplifying the problem of the frequent occurrence of dry sampling sites in the MRG.
Options for the Monitoring Program may be a stratified random or stratified non‐random survey design,
where strata are defined according to mesohabitat type (i.e., riffle, run, shoreline run, pool, shoreline
pool, backwater, shoreline backwater). However, to provide statistically reliable data for each stratum,
the total number of randomly selected sampling sites needed would be 20 to 50 times (Hughes & Peck
2008; Olson & Peck 2008) the number of strata (i.e., the number of mesohabitat types). In the case of
the MRG, that number could be 140 to 350 (7 mesohabitat types times 20 to 50). The total number of
strata and sites could be reduced to two strata and 40 to 100 sites, respectively, by merging
mesohabitat types into faster water (riffle, run, shoreline run) and slower water (pool, shoreline pool,
backwater, shoreline backwater), or to only one stratum and 20 to 50 if only slower water (more
productive) habitats were sampled.

3.2 Fixed‐site versus variable‐site sampling
Fixed‐site survey designs, such as that employed by the Monitoring Program, usually provide CPUE (and
other) data with less variance than variable‐site designs. Use of a variable‐site design can add an
additional, and potentially sizeable, site component of variance (Anlauf et al. 2011). This is because
spatial variability among sites can account for more variability than measurement, year, or site‐by‐year
interaction variance in aquatic ecosystems (Anlauf et al. 2011). Therefore, fixed‐site designs can provide
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earlier long‐term trend detection than can variable‐site designs (Larsen et al. 2004). This is a strength of
the Monitoring Program—as long as the sites are watered and capable of being sampled. The
Monitoring Program has demonstrated the ability to sample the same set of fixed sites on a nearly
monthly and yearly basis, which is a critically important consideration for a long‐term, trend‐detection
monitoring program (Larsen et al. 2004; Anlauf et al. 2011). However, a fixed‐site design is useful and
appropriate only when those sites are sampleable (i.e., inferences to the RGSM population cannot be
made if sites are not sampled; Olsen & Peck 2008). Sites that cannot be sampled for fish during dry
months or dry years add measurement variance to population monitoring estimates if those sites are
retained and identified as zero CPUE values in data sets (i.e., naughty naughts; see Sections 2.5. 3.2, and
4.12, and 5.1; Martin et al. 2005), and they effectively reduce the sample size for population monitoring
if they are not replaced with another site (see Sections 2.5, 3.3, and 4.12). Regardless of the survey
design, a related problem occurs when flows fluctuate from dry to recently wetted. Depending on the
time elapsed since rewetting, such sites may not support RGSM; however, if they support other fishes,
they can be assumed to be suitable habitat for RGSM. Nonetheless, the fixed or variable sites that are
dry or recently wetted (and potentially unoccupied by fish) should be recorded as an important indicator
of habitat unsuitability for RGSM. However, care must be taken in how these sites are recorded in
databases and used in computation and analyses of CPUE data.

3.3 Sample size
It has been established that the greater the number of randomly selected sampling sites, the greater the
accuracy and precision of status and trend estimates (Larsen et al. 2004; Smith & Jones 2005; Olsen &
Peck 2008; Anlauf et al. 2011). This is because the increasing sample sizes or number of sample sites
reduces the among‐site variance as well as the site‐by‐year interaction variance and residual or
unexplained variance (Figure 1).

Figure 1. Effects of sample size (number of
sites) on the variance of a slope (modified
from Larsen et al. 2004)

Statistically and logistically, an ideal number of sites for making population estimates is approximately
50 sites per reporting unit (Hughes & Peck 2008; Olson & Peck 2008). The fixed‐site survey design and
the drying of sampling sites in the MRG results in naughty naughts that must not be included in the
calculation of annual mean CPUEs (see Sections 2.5, 3.2, and 4.12). Although this approach appears to
result in estimates that are biased high, the naughty naughts are not true zeros because naughty‐
naughts are obtained from areas that have a zero probability of supporting RGSM (and, in this case,
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other aquatic organisms). However, observations from wetted sites have non‐zero probabilities of
supporting RGSM, that is, there is a probability that fish occur at the site. These disparate probabilities
are not accommodated in the fixed‐station survey design, and thus, the presence of drying in the MRG
warrants reconsideration of the survey design when dry sampling sites occur. However, the proportion
of the reach (or river) that is dry (indexed for example, by the number of dry sampling sites) is an
indicator of aquatic habitat availability and, thus, of use when interpreting estimates of mean CPUE.
Understanding the processes contributing to annual fluctuations in the relative abundance (CPUE) of
RGSM requires careful consideration of the survey design, particularly with regard to dry sampling sites.
Consider the case where the mean CPUE estimated by sampling in October is zero (that is, no fish were
observed in a given year). In this situation, additional information is required to properly interpret this
observation and make comparisons with mean CPUE estimates from other years. In particular, the lack
of fish may indicate that: (1) a population crash occurred despite consistent flows, (2) all sites were dry
at the time of sampling, (3) all sites were dry immediately prior to sampling and fish had not yet
recolonized or been stocked, or (4) something else occurred. The proportion of the river that exhibits
drying can be used to infer habitat‐related causes of population declines or fluctuations. This is precisely
the type of information that should not be lost by coding dry sampling sites as zero CPUE values and
erroneously including these naughty naughts in the calculation of mean annual CPUEs.
Although the MRG has been subject historically to channel drying, such events appear to be limited in
time or restricted to portions of the river (Cowley 2002). Drying events appear to be dynamic features of
this system and, thus, may not be consistent from year to year or throughout the MRG. Thus, the spatial
and temporal extent of drying events need to be measured (annually by month) and considered as
factors affecting observed catch rates and distributions of fish. If such data are not available, suitable
proxies, such as peak spring discharge (Written Record 03) or amount of water released by the MRG
Conservation District (Written Statement 02) could be considered. Another approach to assess habitat
conditions in the MRG may be the use of low altitude aircraft with geolocation and video capabilities
(see e.g., http://www.fishdata.org/blog/digital‐revolution‐drones, and
http://portlandtribune.com/wlt/95‐news/246263‐113905‐oregon‐will‐use‐drones‐to‐collect‐data‐on‐
fish‐birds). Flights over 150 miles of the MRG could be completed in one day, and wet and dry segments
of the river could be delineated from digital images. However, such use must be considered in light of
federal and state regulations and restrictions.
Several comprehensive studies of recommended sample sizes have been produced in the USA. Olsen
and Peck (2008) recommended sampling 50 sites per reporting unit based on the US Environmental
Protection Agency’s National Rivers and Streams Assessment. Smith and Jones (2005) reported that for
Wisconsin rivers and streams, 30 to 98 (mean of 49) sites were needed to detect 95% of the estimated
species present, and 76‐151 (mean of 119) sites were needed to detect 100% of the estimated species
present. For common species in Kansas and Nebraska wadeable streams and rivers, Fischer and Paukert
(2000) found that 63 to 994 sites must be sampled to detect a 25% change in CPUE at a power level of
0.9. To detect 100% of all species per 20‐ to 30‐km‐long segment, Fischer and Paukert (2000)
determined that 10 sites covering 400 to 600 mean stream widths were needed in streams 10 to 29 m
wide. In other words, the number of sites that need to be sampled to detect rare, patchy, or
uncommonly encountered species in a river can be considerable. However, 20 sites is a reasonable
sample size for balancing statistics and logistics (Hughes & Peck 2008) when assessing status and trends
of common species in a river the length and mean wetted width of the MRG (Hughes & Gammon 1987;
LaVigne et al. 2008; Hughes et al. 2012). Nonetheless, a substantially greater number of sites would
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improve the confidence in, and accuracy of, both CPUE estimates and the spatial distribution of RGSM in
the MRG—especially when CPUE estimates are very low or zero and sites are many kilometers apart
(Gammon 1995; Larsen et al. 2004; Olsen & Peck 2008). The ideal number of sites is best determined by
assessing the current variance in CPUE estimates over the times of concern, determining the desired
confidence bounds in CPUE estimates (especially when CPUE is very low or zero), conducting power
analyses to estimate the number of sites needed given those conditions, and then deciding how much
the Collaborative Program wants to spend on long‐term CPUE monitoring (Hughes & Peck 2008; Olsen &
Peck 2008; see Section 5.1).

3.4 Sub‐group inclusion
In large‐scale monitoring programs, it is useful to have a sampling design sufficiently flexible to facilitate
sub‐group assessments (Olsen & Peck 2008). As long as sites are well wetted, there is a reasonable
spatial distribution of fixed sites throughout the MRG and within the three reaches, which are congruent
with the manner in which the river has been segmented for water management purposes. However,
there are far too few sites per reach for reliable status and trend estimates at the reach (sub‐group)
scale (Gammon 1995; Olsen & Peck 2008; Angradi et al. 2009). As described previously, 20 to 50 sites
per reporting unit (reach in this case) are needed for statistically rigorous assessments of each reach or
for making reach‐specific assessments of management actions (see Figure 1). The results presented in
Dudley et al. (2015) do indicate reach‐scale differences, but the statistical uncertainties of these
estimates need to be acknowledged. With appropriate caveats, these estimates may be useful for
making qualitative reach‐scale management decisions regarding water flow regimes and physical habitat
structure. However, much larger sample sizes are needed to yield statistically reliable CPUE indices for
individual reaches.

3.5 Site‐scale sampling protocol
Site‐scale sampling designs are a compromise between science, logistics, and temporal and fiscal
realities (Hughes & Peck 2008). An important strength of the Monitoring Program is that its design
incorporates effective sampling across available and spatially variable mesohabitats encountered at a
wide range of discharges. The selection of the October index period for annual assessments is
appropriate because base low flows at that time are relatively stable in most years. However, many sites
produce no RGSM. This may occur because RGSM are discontinuously distributed, because the species
avoids or prefers particular habitats, or because the species is rare, which may result from truly low
population density, or insufficient, inefficient, or inadequate sampling (Kanno et al. 2009). Fischer and
Paukert (2009) found that the number of sites needed to estimate species richness in 20‐ to 28‐km‐long
stream segments decreased as site length increased from 10 to 60 mean stream widths. Hughes et al.
(2002) sampled each of 45 Oregon river sites that were 100 times the mean wetted channel width
(MWCW); sites ranged from 7 to 210 m wide (mean of 52 m), and they found that a site length of 85
MWCWs yielded 95% of estimated true fish species richness (Colwell 1997), which was about 0 to 3
species fewer than estimated. The U.S. Environmental Protection Agency’s National Rivers and Streams
Assessment and others recommend site lengths of 40 to 100 MWCWs (Hughes & Peck 2008). Leopold et
al. (1964) estimated that 20 MWCWs usually incorporated one or more meander cycles, and therefore
most stream mesohabitat types. Following Leopold et al. (1964), the U.S. Geological Survey’s National
Water Quality Assessment uses 20 MWCWs to set site lengths initially, but with minima and maxima of
500 m and 1 km, respectively (Meador et al. 1993). Following these practices, the Collaborative Program
might consider increasing its site‐scale sampling effort by intensifying the sampling at each site (Dudley
et al. 2012) or by increasing the extent (length) of the sites to increase the probability of collecting rare
species and to account better for habitat heterogeneity within sites (see Section 5.1). That does not
15
Revised May 17, 2016

Final Report

mean that MRG site lengths should be 20 or 40 MWCWs long; however, sites that are only 200 to 400 m
long seem unlikely to include all major mesohabitat types and to detect a relatively rare species in a
river that is 30 to 200 m wide. Therefore, a sampling effort study is recommended to determine the
degree to which longer site lengths and intensified effort at a site are warranted.

4.0 Population Monitoring Workgroup Question 3
3A. Are the statistical analyses used in the Monitoring Program appropriate and in
line with data distributions and characteristics?

In general, the mixture model approach currently used in the Monitoring Program to analyze the catch
data is appropriate given the distribution of the data and the characteristics of those data. However, as
pointed out above, improvements are needed in the manner in which data are handled (e.g., zero
observations from dry sample sites, catches from multiple gears) prior to statistical analysis with mixture
models.

4.1 Mixture models and estimation of the CPUE index
The Monitoring Program provides nearly monthly catch data from which CPUE of the RGSM may be
computed. Like many other fish monitoring programs, the catch data often contain many zeros (i.e.,
instances where sampling effort yields no fish). Some of the zero catches are true zeros (e.g., when
RGSM are not present in the sampling area), but some of the zero catches may reflect less‐than‐perfect
detection, that is, fish are present but are not observed (MacKenzie et al. 2006; see Section 2.4).
Detectability of stream fishes using a seine (or any gear) can be highly variable and depends on features
of the environment, consistency of protocols, and true abundance of the species (Williams & Fabrizio
2011; see Section 2.9). Regardless of the source of zeros, their presence results in a distribution that is
not normal. Thus, standard statistical methods that assume normality of the catch data cannot be used,
and instead, methods that can handle excess zeros must be applied (Martin et al. 2005).
Several statistical techniques can be used to analyze count data with excess zeros, including: (1) mixture
models (e.g., zero‐inflated generalized linear models), and (2) hurdle or two‐part models (Zuur et al.
2009). Mixture models acknowledge that zeros can arise from two processes – a binomial process and
the count process. Figure 2b illustrates a zero‐inflated Poisson distribution, that is, a distribution which
is a mixture of a distribution at zero (dark bar) and a Poisson distribution that includes both zeros and
non‐zeros (gray bars; compare with Figure 2a). The negative binomial distribution may also be used to
describe the count process. In the zero‐inflated Poisson (or zero‐inflated negative binomial), an
additional process generates the extra zeros beyond those of the regular Poisson (or negative binomial)
distribution. This approach differs from that of hurdle or two‐part models (also known as zero‐altered
models). Hurdle models assume that the process that generates the zeros is not necessarily the same
process that generates the non‐zero observations. For example, the Poisson hurdle model is a mixture
of a distribution at zero and a truncated Poisson distribution (i.e., a Poisson distribution with no zeros;
compare Figure 2c with 2a).
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Figure 2. Data appropriate for alternative Poisson models (from Hu et al. 2011). Two types of
zeros are illustrated here: the gray bars represent the ‘sampling’ zeros and the black bars
represent ‘structural’ zeros. In the zero‐inflated model (panel b), structural zeros arise from
processes assumed to generate more zeros than expected (compare panels a and b); in the
hurdle model, all the zeros are structural zeros (compare panels a and c).
When applied to continuous data with excess zeros, such as CPUE data, hurdle models have been called
two‐stage or delta models (Lo et al. 1992; Ortiz et al. 2000; Li et al. 2015; Buchheister and Latour 2016).
The delta models comprise a binomial process (which generates zeros and non‐zeros), and another
process that generates the zero‐truncated CPUE data. Typically, the zero‐truncated CPUE data are
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modeled with a lognormal distribution (the delta‐lognormal model), but other continuous distributions
are possible (e.g., a gamma distribution).
The mixture models used by the population Monitoring Program (Dudley et al. 2015), which appear to
be delta‐lognormal models (i.e., hurdle models in the terminology of Zuur et al. 2009), are used
appropriately to estimate means and variances of the CPUE data. As noted above, these hurdle models
comprise two components – one that describes the probability of observing a zero CPUE (the binomial
portion), and the second that describes the probability of observing a non‐zero CPUE (the lognormal
portion). The mean catch is estimated as a product of the binomial and the lognormal portions.
Although there appears to be added complexity with this model (two distributions are needed to model
the CPUE data), the decomposition of the CPUE data into its two components provides additional
information concerning the status of the RGSM. For example, the proportion of zero catches may
increase (i.e., some habitats no longer support RGSM), but the CPUE of RGSM may remain constant in
habitats where they occur. This scenario may result in an overall decline in the mean CPUE of fish using
standard methods of estimating CPUE. Ignoring information about the proportion of zero catches, one
might assume that abundance was declining similarly throughout the sampling domain, when this was
not the case. The mixture models of the population Monitoring Program allow explicit investigation of
these changes. Although these models appear well suited to the treatment of the CPUE data for RGSM,
alternative statistical techniques (such as the application of zero‐inflated negative binomial models to
the discrete catch data, or the mixture‐distribution method for schooling fish described by Thorson et al.
2012) may be evaluated and their behavior compared with results obtained from mixture models to
better document the appropriateness of currently‐used models.

4.2 Flexibility of mixture models
The Population Monitoring Program uses mixture models that consider the variability associated with
mesohabitats and annual fluctuations; as such, the resulting CPUE estimates are improved. Mixture
models are flexible and may incorporate design‐based elements such as stratification or grouping to
allow for estimation of CPUE at spatial scales of interest. Although the Monitoring Program does not use
a strictly stratified design, samples are taken from multiple mesohabitats that represent available
habitats in the MRG. Using data from the Monitoring Program, mixture models can be used to compute
estimates of the mean and variance of the CPUE from each of the major mesohabitats (i.e., shoreline
runs, shoreline pools, backwaters, pools, and riffles), from slower water versus faster water
mesohabitats, and from year to year. This approach allows for comparison of mesohabitat‐specific
CPUEs; for example, the 2015 CPUE estimate of RGSM in shoreline runs can be compared with the 2015
CPUE estimate of RGSM in backwater habitats. Mesohabitat‐specific estimates of CPUE are critical to
understanding habitat use and potential changes in habitat use over time. Similarly, mean CPUEs
estimated for the entire MRG may be compared between consecutive years to determine the presence
and direction of annual changes in the RGSM population as a function of environmental conditions (see
Section 4.3).

4.3 Mixture models and the effect of covariates on CPUE estimates
Application of mixture models allows exploration of the relationship between covariates and the
probability of occurrence (derived from the binomial portion of the mixture), and between covariates
and the mean of the non‐zero catches (derived from the lognormal portion of the mixture). These
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relationships are depicted in Figures 8 and 9 in Dudley et al. (2015) and include multiple hydrological
covariates such as the number of days when discharge between March and October was below 200 cfs,
and the number of days from May to June that discharge exceeded 1,000 cfs. Mean annual CPUEs from
1993 to 2014 clearly depict strong relationships between the probability of RGSM occurring at a site and
various hydrological covariates considered (although not all relationships were linear; Figure 8, Dudley
et al. 2015). Similarly, relationships were observed between the mean of the non‐zero CPUEs and
various hydrological covariates that gauge river flow regime (e.g., intensity and duration; Figure 9,
Dudley et al. 2015). Use of the mixture model allowed investigation of the effect of hydrological
covariates on the presence of RGSM in the river and on the CPUE of these fish. We conclude that
mixture models represent a positive step forward that is more informative than previous approaches.
We recommend depiction of the relationship of hydrological covariates and estimates of the mean
annual CPUE for RGSM derived from mixture models (i.e., the product of δ, the probability of
occurrence, and μ, the mean of the non‐zero catches). Those relationships should use the October data
from 1993 to 2014. Further, we recommend that such analyses be repeated for catch data collected in
2006 to the present, but using the individual seine‐haul approach (rather than using the pooled‐catch
approach used by the Population Monitoring Program) to estimate CPUE (see Section 4.10).

4.4 Classification of mesohabitat types
In Dudley et al. (2015), catch data were analyzed at the level of five mesohabitats: shoreline runs,
shoreline pools, backwaters, pools, and riffles. Further delineation of these mesohabitats (e.g., main vs
secondary channels; Table 4 in Dudley et al. 2015) is not likely to provide additional insight. Analyses and
consideration of the mean CPUE indices for individual mesohabitat types are, however, informative.
Although the magnitude of the mean CPUE varied among mesohabitats (i.e., higher CPUEs were
observed in backwaters, whereas lower CPUEs were observed in runs), consistent annual patterns in
relative abundance among the five mesohabitats were observed (Figure 11, Dudley et al. 2015). This
suggests that samples from any one of these mesohabitats provide a reasonable indication of overall
temporal patterns in relative abundance (i.e., CPUE) of the RGSM population in the MRG. We do not
recommend abandonment of the current sampling plan; however, an ancillary survey design that
targets slow water mesohabitat types and more sites would be more likely to detect RGSM (see Sections
3.1, 3.3, and 5.1).

4.5 Key drivers of mesohabitat variability
Mesohabitat designations are used to differentiate portions of the sampling site with relatively
homogeneous physical habitat structure conditions. Three important differentiating factors of
mesohabitat type are current velocity, depth, and substrate size. Within a given mesohabitat, current
velocity can be highly variable and obtaining measures of velocity within each sampled mesohabitat may
be time consuming. However, other easily measured covariates may serve as proxies for water velocity,
such as substrate composition and grain size. The usefulness of these proxies as measures of
mesohabitat variability may be assessed by examining estimates of mesohabitat‐specific velocity and
substrate from a broad range of discharge conditions (which may occur in the same year), followed by
model development to evaluate the performance of proxy measures. Replacement of the mesohabitat
factor in the mixture model with suitable proxies of water velocity may help to improve the precision of
CPUE estimates at the site level. We recommend consideration of these physical factors directly in the
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models to better understand the relationship between proxies of current velocity and the occurrence
and abundance of RGSM at a site.
Discharge is a key driver of mesohabitat variability and as such, annual changes in discharge will affect
availability and suitability of mesohabitats for the RGSM. Annual and long‐term changes in CPUE may be
related to annual changes in discharge, and examination of this relationship may provide insights on the
response of RGSM populations to physical conditions in the river. Another potentially useful
investigation is to examine the historical availability of mesohabitats in the MRG relative to discharge. If
these two measures can be linked, then annual discharge may provide a good surrogate of mesohabitat
availability in the MRG. The availability of mesohabitats during certain times of the year may be
indicative of the potential of the system to support reproduction and recruitment of RGSM. The long‐
term CPUE data can be examined in light of this to determine mesohabitat availability or discharge
conditions that lead to high and low recruitment years.

4.6 Relationship of hydrological variables to mean CPUE
The linear regression analysis of the effect of hydrological variables on mean CPUE in October has
identified several predictors that are expressed as thresholds (e.g., the number of days that flow
exceeded a given value; Figures 8 & 9 from Dudley et al. 2015). This analysis can be repeated using
recalculated CPUE estimates that follow the recommendations in this report. Relating the recalculated
CPUE estimates to hydrological thresholds is, however, an exploratory approach and we caution that the
probabilities (i.e., P values) should not be mistaken for indications of the relative strength of the
relationships. We recommend that threshold discharge values be related to the availability of
mesohabitats (e.g., number of backwater habitats or number of acres of inundated floodplain) so that a
better understanding of the significance of the threshold can be obtained. Another suggestion is to use a
threshold discharge that reflects a historic average for the period when RGSM was present and
abundant in the system. Two models are available (FLOW2D and a hydrological model; M. Porter, as
communicated in Appendix F, page 21) that may allow estimation of the number of days of floodplain
inundation. These models can be run retrospectively back to 1990. This type of analysis could build a
better understanding of the habitat conditions necessary for the persistence and successful annual in‐
stream reproduction of RGSM. For example, joint consideration of the hydrograph provided to the panel
(Appendix G, Written Record 03) and the time series of occurrence and relative abundance of RGSM
may provide insights on minimal or necessary conditions for persistence of the species. This type of
investigation is useful in predicting the response of the RGSM population in the MRG to future changes
in hydrological characteristics of the river.

4.7 Detection of RGSM in seines
Factors influencing detection of RGSM in seines need to be determined and incorporated into the
sampling design to permit more robust estimation of CPUE from the Monitoring Program. One of the
key assumptions of typical fishery surveys is that individuals present in the study area and available to
the gear are detected perfectly, that is, detection is 100%. However, this assumption is commonly
untested, although recently fishery scientists have begun to address this issue (e.g., Hayer and Irwin
2008; Peoples and Frimpong 2011; Haynes et al. 2013; Hefley et al. 2013; Beesley et al. 2014). For
example, in mid‐Atlantic tidal rivers, the detectability of juvenile fishes in beach seines is affected by fish
size; high detection rates were obtained for small fish in tidal rivers, but larger juveniles effectively
avoided the gear and had detection probabilities less than 0.5 (Williams and Fabrizio 2011). In that case,
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detectability is maximized by sampling earlier in the season when smaller fish are present (Williams and
Fabrizio 2011). Thus, such information can be used to modify sampling designs to improve estimates of
CPUE. Perhaps more importantly, detectability may not be constant and may be associated with large‐
scale changes in the system that alter the manner in which fish interact with the sampling gear. This has
important implications for long‐term monitoring programs. For example, trawl‐based catch rates of the
endangered Delta Smelt declined through time in the Sacramento‐San Joaquin River system, but
catchability of the Delta Smelt has also declined as water clarity in the system has improved (Latour
2016). This raises the question: do catch rates reflect relative abundance of the Delta Smelt (which
assumes constant catchability), or do catch rates reflect changes in catchability (assumes constant
abundance)? Both processes are likely occurring simultaneously and thus may be confounded, but
without careful study and consideration of the factors affecting detectability, inferences about the
status of the species may be biased. In the MRG, lower discharges may be accompanied by lower
turbidity, which may in turn, affect detection rates for RGSM. Such factors warrant further study.

3 B. Are there additional analytical techniques that could be utilized that would
improve the use of CPUE?

Additional analytical techniques may be explored, but it is unclear if such approaches would reduce bias
or improve precision of CPUE estimates. Comparative analyses or simulation studies are needed to
ascertain if analytical improvements can be obtained or the possible magnitude of improvements.

4.8 Use of the lognormal distribution to describe non‐zero catches
In mixture models, the distribution of the non‐zero catches of RGSM is treated as a lognormal
distribution. This is consistent with common usage in fisheries assessments and modeling, and the
lognormal distribution is generally a good descriptor of the CPUE data. However, the assumption that
the non‐zero CPUEs follow a lognormal distribution is an important assumption that should be checked
(Myers and Pepin 1990). This can be readily accomplished by evaluating the fit of the lognormal
distribution to the nonzero CPUE data against that of other distributions (e.g., normal, gamma). An
alternative would be to model the non‐zero catches as discrete data (where CPUE is treated as an
integer) using, for example, either the Poisson or negative binomial distribution. These distributions are
typically used to model count data (integer data) and are appropriate for organisms that are randomly
dispersed throughout the sampling domain (Poisson) or for organisms with clumped distributions
(negative binomial). The lognormal distribution, however, appears more appropriate for data such as
CPUE, which are not strictly integer (discrete) data (see Section 4.10).

4.9 Mixture model assumptions
The assumptions of the mixture models need to be fully defined and explored. To promote better
understanding of the outcome from mixture models, we recommend examination of the assumptions
underlying mixture models. Interpretation of the results from mixture models should be presented in
light of the assumptions and inferences properly constrained. These assumptions include but are not
limited to: (1) the CPUE data follow a lognormal distribution (see Section 4.8); (2) processes believed to
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generate the zero observations (including detection error and catchability issues); (3) random sampling
occurs at each site and along the river; (4) seine hauls provide representative samples (see Sections 2.2
– 2.10); and (5) the treatment is replicated (here, treatment refers to year, but may refer to other
factors). With regard to assumption 3, several studies provide evidence to support the use of fixed‐
station sites for monitoring temporal trends in abundance (e.g., Quist et al. 2006; Tuckey and Fabrizio
2013; Li et al. 2015; Archdeacon et al. 2015)—but see discussion of naughty naughts in Sections 2.5, 3.3,
and 4.12. The remaining assumptions should be addressed.

4.10 Estimation of mean site‐specific CPUE
Because each seine haul has a different length and therefore, yields a different estimate of the area
sampled, CPUE estimates cannot be treated as integers. Instead, the distribution of the CPUE data is
treated as a continuous variable (specifically, lognormal). The length of the seine haul and hence, area
sampled, varies: the small‐mesh seine is used to sample primarily juvenile RGSM and the fine‐mesh
seine is used to sample primarily larval fish (Dudley et al. 2015, see Section 2.3 for additional detail). In
months when larvae and juveniles co‐occur, CPUE is computed by summing larval and juvenile RGSM
captured at a site and dividing this sum by the total effort (number of square meters sampled) expended
at the site with both types of seines (Dudley et al. 2015). The assumptions inherent in this approach are
unstated but include equal catchability of RGSM by the two kinds of seines (see Section 2.7), and
consistent sampling effort among sites, that is, the proportional allocation of sampling effort among
mesohabitats (i.e., shoreline runs, shoreline pools, backwaters, pools, and riffles) is constant from site to
site. However, these assumptions are unlikely to hold. First, catchability, though unknown, is not equal
for the two size classes or the two gears. Second, a variable number of mesohabitat types are sampled
at any given site. In addition, “mesohabitats are not sampled in proportion to their availability” (p. 33,
Dudley et al. 2015). In particular, backwaters, when present, are sampled twice, even though they are
relatively rare in the MRG. When site‐specific effort among mesohabitat types varies, then mean site‐
specific CPUE estimates based on pooling (Dudley et al. 2015 method) and those based on individual
hauls will differ and will depend on the proportional sampling among mesohabitat types (see Section
2.8). In general, the direction of the bias in the mean CPUE depends on fish density in each mesohabitat
such that mean CPUE will be underestimated at sites where a greater proportion of the effort yields a
smaller proportion of the fish, and overestimated at sites where a greater proportion of the effort yields
a greater proportion of fish. We therefore recommend estimation of mean site‐specific CPUE from
individual seine hauls (which are distinguishable in the database as of 2006). Mean CPUE at each site is
computed from the individual CPUEs from each of the 18‐20 mesohabitats (i.e., up to five different
types) sampled per site. An approach similar to stratification may be applied whereby the mean site
CPUE is a weighted estimate of mean CPUE at individual mesohabitats and weights are based on the
proportion of the site comprised by each mesohabitat and the effort expended per mesohabitat. Using
data from 2006 to the present, the direction and magnitude of the bias associated with pooling can be
explored. Although re‐estimation of site‐specific CPUEs is not likely to lead to order‐of‐magnitude
changes in the estimates of annual CPUE for the MRG, increasing the accuracy of the CPUE estimates
should be a goal of the Monitoring Program.
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4.11 Zero catches
Another aspect of the CPUE data that warrants further consideration is the treatment of zero catches
(see Section 2.4). Aside from the naughty naughts, which were discussed earlier (Sections 2.5, 3.2, and
3.3), two types of zero observations may occur in surveys: true and false zeros. True zeros, also known
as structural zeros, may arise due to chance (RGSM may be temporarily absent from the sampling site)
or because the frequency of occurrence of RGSM is low (some sampling sites are not occupied by RGSM
even though the habitat is suitable) (Martin et al. 2005). In contrast, false zeros arise from survey design
error (e.g., sites are sampled when no RGSM are present, but at other times, RGSM may occupy the
site), sampling error (e.g., the type of gear is not effective at capturing RGSM when they are present), or
observer error (e.g., RGSM occupy the site, but observers misidentify the species). Survey designs and
methods should strive to eliminate or at least, minimize false zeros. Because of the near‐monthly
frequency of sampling, the standardized use of seines, and the execution of the sampling by trained
observers, the Population Monitoring Program appears to minimize the occurrence of false zeros.
Both true and false zeros should be included in CPUE computations (and the Population Monitoring
Program currently does so). However, the naughty naughts associated with dry sites must be removed
from calculations of annual mean CPUE (Zuur et al. 2009).
Fortunately, it is not necessary for the analyst to distinguish between true and false zeros when using
mixture models or zero‐inflated models, which specifically address the presence of these zeros in the
data (Martin et al. 2005). The occurrence of zeros in the data leads to zero‐inflation when the frequency
of the occurrence of zero catches exceeds the expected frequency of the (assumed) underlying
distribution. This has implications for protocols implemented in the Monitoring Program when larval fish
are difficult to detect.

4.12 Alternatives to mixture models
Alternatives to the parametric mixture model, in particular, Bayesian hierarchical models, also may be
considered for estimation of annual CPUEs. Bayesian hierarchical models are increasingly used by
fisheries scientists to better understand how covariate effects are manifested at multiple scales
(multiple hierarchies; e.g., Beesley et al. 2014). These approaches are particularly suitable for
exploration of abundance of uncommon or rare species such as the RGSM, because Bayesian methods
can borrow information from common species to inform relationships for less common species. For
example, a hierarchical Bayesian mixture model may be constructed for RGSM and other species to
consider the effects of flow on the presence (binomial portion) as well as on the CPUE (lognormal
portion) of RGSM. A hierarchical approach can be used to examine spatial effects (e.g., at the reach
level) and as such, would provide a means to address the question of river‐wide and reach‐wide
processes that influence CPUE. This approach was recently developed for estimating abundance of an
invasive species in tidal tributaries of Chesapeake Bay (Tang et al. in review). However, it is not clear that
application of Bayesian models to RGSM catch data would provide additional insights on the dynamics of
RGSM populations.

4.13. Alternatives for exploring relationships between CPUE and covariates
Other analytical approaches such as classification and regression trees (CART; Breiman et al. 1984),
boosted regression trees (Friedman et al. 2000; Friedman 2001), or random forests (Breiman 2001) may
be used to examine relationships between hydrologic variables and CPUE to identify thresholds above or
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below which CPUE demonstrates changes. CART and associated techniques are nonparametric
approaches for exploring relationships among the response (e.g., CPUE, presence, density) and
covariates hypothesized to be important in mediating that response. As such, they have been widely
applied in fisheries research (e.g., Norcross et al. 1997; Rathert et al. 1999; Olden and Jackson 2002;
Leathwick et al. 2006; Froeschke et al. 2013; Miller et al. 2014; Then et al. 2015). These methods are
particularly useful for identifying thresholds of response. Regression tree models require no a priori
distributional assumptions (about the response or covariates), can handle zero data and interactions,
and work well in the presence of linear or nonlinear relationships. CART and associated techniques use
recursive partitioning to build trees whose leaves comprise samples that are homogeneous in terms of
their mean response. In addition, the importance of covariates in developing the tree can be assessed
using statistical measures. These approaches hold promise in elucidating the relationship between
hydrological conditions and the CPUE, presence, or density of RGSM (e.g., Figures 8 and 9 in Dudley et
al. 2015).

4.14. Defining spatial scales relevant to RGSM
Resource managers would benefit from the identification of fishery effects due to anthropogenic
activities in the Middle Rio Grande; however, the spatial scale of those effects need to be clearly
delineated. Although the design of the Monitoring Program in the MRG was optimized to provide insight
on the status and trends of the RGSM population, enhanced understanding of the response of the
population to changes in river discharge and availability of mesohabitats requires directed studies that
use a different sampling design. For example, the effects of water management policies may be
manifested at the level of a single reach and therefore, relative abundance of RGSM must be assessed at
that spatial scale (see Section 3.4). Other activities, such as habitat rehabilitation, may be more
localized, for example, at the sub‐reach scale, on the order of 100 to 1,000 m. Research on the effects of
such alterations on the distribution and abundance of RGSM requires implementation of a sampling
design that addresses the spatial scale of putative effects (e.g., Roni 2005; Thompson 2006). The design
of the current Monitoring Program is not appropriate to address these questions. For example, sampling
intensity in the Angostura Reach (n = 5 sites) is unlikely sufficient to provide a reliable estimate of
relative abundance of RGSM in response to habitat modifications or flow alterations affecting only this
reach (see Sections 3.3 and 3.4). The spatial area in which the response is measured must be properly
constrained so that the effects of a particular alteration can be measured; this is a fundamental lesson
applicable to a wide range of natural resource conservation questions (Creel et al. 2015). The Population
Estimation Program, which uses repeated sampling appropriate for occupancy modeling, has provided
additional insight on persistence, colonization, and extinction. This approach should be continued, but it
is noted that such sampling is in addition to the current Monitoring Program.

5.0 Population Monitoring Workgroup Question 4
4. What revisions can be made to the sampling design to improve accuracy, precision,
and power to detect change in RGSM abundance?
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Although a revision should not be implemented without strong empirical evidence that an alternative
sampling design and method provide more accurate and precise estimates of CPUE, the expert panelists
feel that several possible revisions could further strengthen the program.

5.1. Sampling design
The Monitoring Program could be improved by increasing site lengths (Cao et al. 2001; Hughes et al.
2002; Kanno et al. 2009), effort per site (Dudley et al. 2012) or number of sites (Smith & Jones 2005;
Olsen & Peck 2008; Anlauf et al. 2011; Larsen et al. 2012). This enhanced sampling effort would likely
increase the capture of RGSM over the MRG and enable better understanding of the relative abundance
and distribution of this species that is purported to have a highly clumped (patchy) spatial distribution.
The Monitoring Program also could be improved by conducting a rigorous population estimation
program (Widmer et al. 2010; Dudley et al. 2012), and by implementing a sampling design that
facilitates occupancy modeling (Dudley et al. 2012) in addition to the existing population monitoring
sampling in October. For example, Widmer et al. (2010) reported that single‐pass sampling in the Pecos
River detected significantly fewer species of both age‐0 and age‐1 small‐bodied fishes than did multi‐
pass sampling. The relative effects of increased sampling effort on estimates of RGSM CPUE, and
occupancy can be evaluated through use of existing data to determine the major sources of variance
(see Figure 1), but a far more rigorous and convincing approach would entail pilot studies (e.g., Fischer &
Paukert 2000; Cao et al. 2001; Hughes et al. 2002; Smith & Jones 2005; Dudley et al. 2012).
The Monitoring Program’s sampling design currently involves sampling at 20, 200‐meter‐long, fixed sites
selected from approximately 1,100 possible 200‐meter‐long sites over the length of MRG. It is assumed
that the 20 sites are representative of sites over the length of the MRG, but the sites were not randomly
selected. Mean CPUE over the 20 sites is used as an index of relative abundance of RGSM to make
inferences regarding the species over the length of the MRG. Some of the fixed sampling sites are dry
and not sampled during some months in some years. Because no sampling effort has occurred, the lack
of sampling cannot be considered as a zero CPUE value (see Sections 2.5, 3.2, 3.3, and 4.12). However,
during sampling months when dry sites are encountered, both unsampled dry sites and sites with 200 m
of water that were sampled are included in CPUE computation. Treating zero RGSM at dry and wetted
sites in the same manner for CPUE estimation over the length of the MRG creates biased estimates
because it includes both wetted sites that were sampled and dry sites that were not sampled.
Consequently, mean CPUE provides a biased index of relative abundance of RGSM when discharge
through the MRG declines to a level where any of the 20 sites cannot be sampled. This situation is likely
to be exacerbated by climate change and increased human water demands, unless instream flows are
provided for the RGSM (see Section 7). Because 20 fixed sites may underestimate or overestimate true
population sizes (Hughes et al. 2000), especially in naturally changing, patchy and anthropogenically
altered environments, an alternative survey design could be implemented when dry sites are
encountered.
One possible approach is an inverse sample drawn from a GRTS design in which new sites are added
when dry or inaccessible candidate sites are encountered, while maintaining a spatially balanced sample
(Stevens & Olsen 2004; Olsen & Peck 2008; Dudley et al. 2012). The USEPA used such a sampling design
in its National Wadeable Stream Assessment (Olsen & Peck 2008; Paulsen et al. 2008; USEPA 2013) by
drawing a large over‐sample of candidate sites for arid regions. The key to such a design is an
appropriate sample frame from which to choose candidate sites (e.g., perhaps a real‐time satellite photo
of wetted areas of the MRG) similar to the satellite‐generated wetland map used by the USEPA for its
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National Wetland Condition Assessment (USEPA 2015). Real‐time drone flights are another possible
means of selecting sites (see Section 3.3). All 1,100 possible sites should have an equal probability of
selection and selected sites that are not sampled should be documented as not assessed or insufficiently
sampled, along with the reason why. Such data can be very useful for making habitat status assessments
(e.g., percent of the MRG that is dry). For reasons stated in Sections 3.3 and 3.4 and assuming that the
Monitoring Program would like to make population assessments of the three reaches, one possible
sampling design would be based on a total sample of 60 to 150 randomly selected sites per year (20 to
50 per reach) each October. Each site would remain 200 m long and seined for 100 m with small‐mesh
seines and 100 m with fine‐mesh seines (Bonar et al. 2009; Bidlack et al. 2014). Individual haul lengths
should be limited to the size of major mesohabitat units or some multiple of the seine length depending
on site conditions. Sampling should be focused on shallow (<20 cm to 40 cm) silt and sand (low current
velocity) habitats. Repeating the hauls on the same day and on subsequent days would allow estimates
of population size and occupancy, respectively (Dudley 2012). Taking water samples at each site for
environmental DNA (eDNA) of RGSM could provide another indicator of RGSM presence in the system
(but not abundance). This technique employs the presence and detection of shed cells to indicate the
presence of otherwise rarely encountered species (Takahara et al. 2012; Simmons et al. 2016). Although
multiple issues remain regarding detection probability, water sample volume, DNA shedding rate, and
biomass and temperature effects, the Monitoring Program would be wise to follow the development of
the eDNA approach and its potential application in RGSM monitoring.

5.2. Population biology
Additional studies on catchability factors, stock‐recruitment, fecundity, survival, and population genetics
and epigenetics would be useful because they affect RGSM population monitoring, estimation,
occupancy, and viability to varying degrees.
As discussed in Sections 2 and 4, further studies of factors affecting catchability could lead to changes in
the covariates measured during sampling (or independently), the analytical method used for estimating
CPUE, and the sampling methodology itself (Arreguín‐Sánchez 1996; Wilberg et al. 2010; Benejam et al.
2012; NEON 2014). For example, how do mesohabitat type, velocity, depth, water temperature,
substrate, and fish cover at existing sites affect catchability (e.g., USFWS 2010)? How do other
mesohabitat types (e.g., other low velocity habitats, off‐channel pools, wetted floodplains) and sampling
gears (e.g. bag/beach seines versus minnow seines) alter catchability (Bonar et al. 2009; NEON 2014)?
How do RGSM size (length) and numbers affect catchability? If the suggested changes in survey design
were implemented, a substantial additional source of variability in catchability could result from the
markedly greater number of crews needed to sample the greater number of sites in a more intensive
manner (i.e., crew variability), but see Archdeacon et al. (2015) and USEPA (2013) on training to reduce
crew variability.
Stock‐recruitment studies would be useful for evaluating the abundance of fall recruits relative to spring
spawner abundance, spring and summer flows (Weber & Brown 2013), and hatchery practices
(Quiñones et al. 2014; Carmichael et al. 2015). Although such studies are difficult for an r‐selected
species such as the RGSM, determining the degree to which spawner abundance versus environmental
factors affects recruits could improve conservation and management of the RGSM as it has for other
valued species (e.g., Fleischman et al. 2013; Singh et al. 2014; Zimmerman et al. 2015). Recruitment in
some fish populations has been shown to be density dependent (i.e., recruitment dependent on the
number of spawners), density independent (i.e., recruitment driven mostly by environmental
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conditions), or varying between the two depending on the level of environmental pressures and a
threshold number of spawners. For example, to what degree is RGSM recruitment limited by the
number of spawning fish, proportion of hatchery fish, and the flow regime at the times of spawning,
rearing, and over‐wintering?
A study of age‐specific fecundity and survival rates based on pre‐breeding (fall) population estimates
would be useful for documenting population recovery and extirpation potentials as a function of press
disturbances such as altered flow regimes (e.g., Schaaf et al. 1987; Lo et al. 1995: Paulsen et al. 2007).
Typically, older, larger females produce more eggs and spawn in more suitable habitats than smaller
fish. A shift to a relatively large proportion of age‐0 fish in the October catch could suggest a shift to a
less reproductively fit population. The effects of this on the overall population fitness level would be
worthy of further investigation.

5.3. Improved collaboration among Collaborative Program elements
The current Collaborative Program provides a foundation for improved collaboration among MRG
interests that could further improve accuracy, precision, and power to detect change in RGSM
abundance in several ways.
Standardized sampling, data sharing, and analytical methods across agencies with RGSM interests could
increase the sample size, reduce gross costs, and improve trust among groups with conflicting interests.
Such a process has improved relationships among state and federal environmental protection agencies
in the USA (e.g., Paulsen et al. 2008; Hughes & Peck 2008; Mulvey et al. 2009) and the European Union
(e.g., Pont et al. 2006; Schmutz et al. 2007). For example, because they used the same Environmental
Monitoring and Assessment Program (EMAP) protocol, Mulvey et al. (2009) were able to analyze data
from 10 studies (6 agencies, 450 randomly selected sites) to assess ecological conditions in Oregon’s
Willamette River Basin. Pont et al. (2006) were able to assess fish assemblage condition across twelve
European nations (5,252 sites) because fishery biologists in each nation used the same European
standard sampling protocol.
There is considerable potential for further data use by the Collaborative Program in management
decisions (Stephens 2015) and recovery actions (Cowley 2006; USFWS 2010). In a recent survey of the
Executive Committee of the Collaborative Program regarding the Monitoring Program (Stephens 2015),
at least seven monitoring questions were deemed as having a critical or important need, but survey
respondents felt that the Monitoring Program had inadequately met those needs for various reasons. It
would be very useful for the Collaborative Program partners to determine explicitly the changes needed
to provide greater confidence in the data produced by the Monitoring Program.
The existing population monitoring data and the RGSM recovery criteria (USFWS 2010), together with
appropriate adjustments developed from this and other evaluations, plus current and future research,
could be used to establish quantitative objectives for adaptive management planning and
implementation (Runge 2011; Rist 2012; Conroy & Peterson 2013). Such an improved or parallel
monitoring program should be designed to be robust enough to assess the effects of large‐scale
management actions on RGSM at the reach or MRG scale in dry and wet years. Admittedly, the parallel
or ancillary monitoring program would be much more costly than the current program, and perhaps for
that reason alone, the lead monitoring scientists should become partners in the Collaborative Program
and the RIP rather than be viewed as outside consultants. Adaptive management employs a rigorous
decision making process (Conroy and Peterson 2013) or a deliberately experimental approach (Walters
1986) to increase knowledge and decrease the uncertainty of management results. Both approaches
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require rigorous monitoring, such as that employed in the Monitoring Program. However, adaptive
management has become an agency buzzword with management plans that are more trial‐and‐error
approaches than deliberate, monitored actions designed to improve resource management. Therefore,
effective adaptive management plans must explicitly identify current knowledge and key uncertainties,
articulate management expectations clearly, design and implement targeted monitoring programs to
gain knowledge useful for reducing those key uncertainties, improve predictive models with continued
monitoring information, and modify management decisions based on the new knowledge (Runge 2011).
Plans also must clearly state what will and will not occur (and when such actions will occur) when pre‐
identified trigger points are reached (Nie and Schulz 2012). Improved management is accomplished only
if the new knowledge is used to reevaluate management decisions, resolve ambiguities, and alter future
management decisions as needed. Those subsequent management decisions are then monitored and
the cycle continues—ideally leading to ever‐improved resource management. For recent examples of an
adaptive management program with a fish and fish habitat focus, see Bennett et al. (2016).

6.0 Recommendations
This section summarizes recommendations discussed in this report and during the December workshop.
Some of the Expert Panelists’ suggestions can be easily implemented at little cost; other suggestions will
require additional pilot studies, research, or analyses based on existing data. A key consideration in
determining priorities among our many suggestions is to focus changes on those that are most likely to
reduce false zero CPUE estimates, naughty naughts, and the variance in CPUE estimates at the reach‐
and MRG‐scale. Such changes should increase the confidence in those estimates among all the partners
of the Collaborative Program.

6.1 CPUE computation
(1) Separate the catch and effort data from the small‐mesh seine and the fine‐mesh seine into two data
sets and compute separate CPUE indices for each gear type, as well as for individual age classes
captured in each gear type
(2) The CPUE from the small‐mesh seine is primarily an index of the relative abundance of a single
cohort of RGSM (i.e., the most recent cohort) that is recruited into the gear late in the summer and
captured into the summer of the following year. The precision of the index can be improved by exclusion
of older cohorts. A separate CPUE index can be computed for older cohorts. Consider the use of length‐
at‐age data and frequency histograms to identify cohorts.
(3) Only larval fish should be included in the computation of CPUE indices from the fine‐mesh seine
because of this gear’s selectivity for this life stage.
(4) An aspect of the CPUE data that warrants attention is the treatment of zero catches in data analyses.
Inclusion of dry sample sites as zero CPUE values when analyzing CPUE data for RGSM in the MRG
should be avoided. Field data records and the database in which the RGSM CPUE data are stored allow
dry sampling sites to be distinguished from sites that were sampled and no RGSM were caught. The
problem arises during statistical analyses because the naughty naughts (observations of zeros at dry
sampling sites) are treated in the same manner as the zero catches at fished sites where no RGSM are
caught.
(5) Survey designs should strive to minimize false zeros resulting from: (1) an inappropriate sampling
design (e.g., sampling in mesohabitats avoided by RGSM) and (2) ineffective survey methods (e.g.,
insufficient sampling effort to detect an organism when it is present).
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(6) The proportions of various mesohabitat types sampled are likely to bias CPUE indices because the
catchability coefficient probably differs among mesohabitat types and RGSM are likely to be selective for
specific mesohabitat types. We recommend that better understanding of the influence of mesohabitat
type on CPUE be developed and used to account for variability in CPUE indices. Further, we recommend
that estimation of mean site‐specific CPUE be improved by addressing the variable number of
mesohabitats that are sampled at any given site and the amount of sampling in each mesohabitat type.
We recommend estimation of mean site‐specific CPUE from individual seine hauls (which are
distinguishable in the database as of 2006); mean CPUE at each site is then computed from the
individual CPUEs at each of the 18‐20 mesohabitat units sampled per site.
(7) Environmental factors (e.g., turbidity, water temperature, substrate size, depth, current velocity, and
discharge) during sampling are likely to bias CPUE indices because of their influence on catchability. We
recommend that better understanding of the influence of measurable environmental factors on the
catchability of each seine type be developed and used to account for variability in CPUE indices.
(8) Factors influencing detection and catchability of RGSM in seines need to be determined and
incorporated into the sampling design to permit more robust estimation of CPUE.
(9) Measures of CPUE for RGSM from the MRG are currently identified as recovery standards for the
species. We recommend modification of recovery standards to be explicit regarding the gear, sampling
design, sampling techniques, data analysis, and life stage, as well as protocols used to compute the
CPUE index.
(10) We recommend depiction of the relationship of hydrological covariates and estimates of the mean
annual CPUE for RGSM derived from the mixture model. Those relationships should use the October
data from 1993 to 2014. Further, we recommend that such analyses be repeated for catch data
collected in 2006 to the present, but using the individual seine‐haul approach to estimate CPUE.
(11) We recommend that the assumptions of the mixture models be fully defined and that the results of
analyses be interpreted with consideration of the assumptions and the effects of the potential violation
of assumptions.

6.2 Survey design
(12) A greater number of sampling sites would improve the accuracy and precision of status assessments
and improve estimates of RGSM CPUE and spatial distribution, especially at the reach scale. A greater
number of sampling sites in each of the three reaches would facilitate status and trend estimates at the
reach scale. To make statistically rigorous reach‐scale CPUE estimates, 20‐50 sites per reach are
recommended. A design with substantially more sites and longer site lengths should be more effective
at detecting RGSM when they are at low densities or demonstrating patchy distributions.
(13) When river flows decline so that dry sampling sites occur among the 20 fixed sites sampled by the
Monitoring Program, the ability to make inference regarding CPUE of RGSM over the MRG is impaired.
The current 20‐fixed‐site sampling is not adequate when dry sampling sites occur. An ancillary
randomized sampling design is recommended at such times to be able to make inferences about RGSM
abundance and distribution throughout the entire MRG. Such a random sampling design would entail
sampling at many more sites over the length of the MRG. An ancillary design of this type would enhance
the feasibility of assessing the abundance and distribution of RGSM in the MRG during years of low
flows and when the species is likely to occur in low abundance.
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6.3 Future research
(14) Consider using key drivers of mesohabitat variability, such as current velocity, substrate size, and
water depth at specific locations where seines are deployed, to replace the mesohabitat factor in the
mixture models.
(16) Examine the historical availability of mesohabitats in the MRG relative to discharge. If these two
measures can be linked, then annual or monthly discharge may provide a good surrogate of mesohabitat
availability.
(17) Evaluate alternatives to the parametric mixture model, in particular, Bayesian hierarchical models,
for estimating annual CPUEs.
(18) Use classification and regression trees, boosted regression trees, or random forests to examine
relationships between hydrologic variables and CPUE for identifying thresholds above or below which
CPUE exhibits changes.
(19) Implement directed studies using different sampling designs, such as multi‐year, multi‐site, before‐
after‐control‐impact (BACI) designs to enhance understanding of the response of the population to
changes in river discharge, habitat rehabilitation projects, and availability of mesohabitats.
(21) Conduct stock‐recruitment studies to determine how the abundance of fall recruits relates to the
abundance of spring spawners. Investigate the effects of spring and summer discharges on the stock‐
recruitment relationship to enhance understanding of the dynamics of RGSM. Implement a spring
sampling protocol at spawning sites to estimate the number of spring spawners, and compare with
October results for several years; such studies may provide useful data on RGSM population dynamics
and limiting factors.
(22) Complete a study of age‐specific fecundity and survival rates based on pre‐breeding (fall)
population estimates, spring spawners, and hatchery supplementation. Results from this study could be
used to estimate population recovery and extirpation potentials as a function of altered flow regimes
and stocking.
(23) Consider genetic fingerprinting and epigenetic studies, including bar‐coding and gene‐expression, of
presumed wild and hatchery fish to help determine hatchery contributions to the spring spawners and
the long‐term risks to the wild population.
(24) Expand the analyses in Dudley et al. (2015) to assess flow regime and habitat fragmentation effects
on RGSM occurrence and abundance and suggest preliminary flow regimes for rehabilitating the wild
RGSM population.

7. Observations beyond the scope of the Population Monitoring
Workshop
This section summarizes observations of the expert panelists on issues that were beyond the scope of
the Population Monitoring Workshop. The panelists were not provided material on the topics discussed
below (instream flow, climate change, hatchery practices, genetic analyses, adaptive management, etc.)
and therefore, were unaware of current research efforts on these topics.
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(1) Attention to long‐term climate‐change issues and integration with climate‐change planning efforts
was not evident to the expert panelists (from the readings or from discussions at the December
workshop) regarding how the Cooperative Program and Monitoring Program plan to address markedly
lower flows and higher water temperatures. In western North America, global warming is projected to
reduce precipitation overall, resulting in widespread and persistent drought (Dai 2013; Garfin et al.
2013; Ault et al. 2014), and to shift winter precipitation from snow to rain at higher altitudes (ISAB 2007;
Healey 2011; Melillo et al 2014). Increased late fall and winter rains are likely to increase fall and winter
stream flows as well as the intensity and frequency of fall and winter flooding. Diminished annual snow
packs will reduce the spring runoff, as well as late summer and early fall stream flows, and increase
stream temperatures (Isaac et al. 2010; Garfin et al. 2013). A return to the long‐term drought conditions
experienced in the past is highly likely if global carbon emissions are not markedly reduced in the near
future.
(2) The MRG lacks minimum instream flow requirements to assure recovery. A major element of
discussion by program scientists and interested parties during the workshop focused on low‐flow
periods and the potential for survival of RGSM during those periods when portions of the MRG have no
observed surface flows or when there is no measurable discharge at gaging stations. It became evident
to the external panelists that there are no specified minimum instream flow requirements or guidelines
for the MRG. Minimum instream flow requirements or guidelines would not only enhance the potential
for recovery of the RGSM in the MRG, but they would enable the current 20‐site design of the
Monitoring Program to be used to assess continuously status and trends of the RGSM stock in the MRG.
(3) The Monitoring Program assesses relative abundance of the RGSM in October; the young‐of‐year fish
encountered at this time are likely to include the progeny of hatchery fish that were stocked the
previous year (in November), survived the winter, and successfully reproduced. As such, the Monitoring
Program is measuring the ability of hatchery stocking to contribute to or maintain a population in the
MRG. Understanding of the dynamics of the RGSM population and the effects of changes in water
resources in the MRG is hindered by confounding of environmental and hatchery‐fish effects. There is a
need for Monitoring Program scientists to effectively disentangle the source of new recruits (Creel et al.
2015), in particular the relative contribution of hatchery‐origin fish and naturally spawned wild fish. One
suggestion is to apply individual‐based models (IBMs) to simulate changes in the system (e.g., cessation
of stocking, decreased discharge rates) and assess those effects on RGSM populations (see e.g., Rose et
al. 2013a and b). IBMs are used to describe population outcomes by tracking the fate of the individual
fish that compose the population. As such, these models allow individual fish to exhibit unique
combinations of growth, survival, fecundity, and movement probabilities. Although this is a powerful
approach for the study of animal populations, IBMs require large amounts of data. Thus, the feasibility
of this approach will depend on the depth of knowledge of basic biological processes for RGSM in the
MRG.
(4) In recent years, low RGSM abundance has led to salvaging fish from residual pools and the
introduction of hatchery reared fish to supplement the RGSM population. This creates a dilemma of
providing fish to preclude RGSM extinction versus creating a domesticated hatchery‐dominated
population ill equipped to survive the rigors of a highly stressed environment. Therefore, additional
genetic fingerprinting and epigenetic studies of presumed wild, hatchery, and hatchery‐originated
progeny are needed to determine hatchery contributions to the spring spawners and the risks thereof to
the wild population (Quiñones et al. 2014; Trushenski et al. 2015; Carmichael et al. 2015). In a study on
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steelhead, Araki et al. (2008) found that hatchery spawners reduced recruitment by 2‐88% depending
on spawner source, sex, and years of hatchery supplementation. Evaluating two generations of
steelhead that were reared in a hatchery and then bred in the wild after release, Araki et al. (2007)
reported a 40% decline in reproductive capacity. Christie et al. (2016) determined that over 700 genes
were differentially expressed by the first‐generation offspring of wild versus hatchery steelhead,
including metabolic, immunity, and healing responses. Bakke (2013) provides a synopsis of more than 50
studies of the negative effects of hatcheries on the reproductive fitness of several salmonid species.
Although salmonids and cyprinids are markedly different fish with differing life histories, the genetic
effects of hatcheries on wild fish may be similar or even greater on an r‐selected species. For example,
Osborne et al. (2006) reported that RGSM that had been spawned and reared in hatcheries had reduced
allelic diversity and fish reared in hatcheries from wild‐caught eggs had greater inbreeding coefficients
compared with wild populations. Allelic richness of RGSM declined from parent to progeny regardless of
whether progeny originated from monogamous mating, communal spawning induced by hormones, or
communal spawning induced by environmental cues, although more viable eggs were produced in the
latter case (Osborne et al. 2013). Nonetheless, Osborne et al. (2012) concluded that the genetic diversity
of RGSM has been maintained for 10 years. The question of greatest concern here is the degree to
which the population has become, or is becoming, a largely hatchery‐derived population with reduced
survivability in the face of climate change and other physical and chemical habitat alterations. This
becomes of greatest concern when wild populations are naturally and anthropogenically constricted in
numbers relative to the numbers of hatchery‐origin fish added to the population. Because of such
natural and anthropogenic pressures, the highly variable RGSM population likely will continue to be
reduced and the wild population may be extirpated (Lawson 1993; Cowley 2006). Continuation of
current hatchery augmentation practices should include a rigorous risk/benefit analysis.
(5) Although not explicitly discussed during the December workshop, the current recovery plan and
criteria for the RGSM (USFWS 2010) are based on the 20‐fixed‐site sampling protocol. Recovery criteria
for the MRG include presence of unmarked and age‐0 RGSM at 75% of all sites per reach in October; an
October CPUE of >5 RGSM/100 m2 in all sites in a reach for five consecutive years; and age‐0 RGSM in
75% of all sites in a reach for five consecutive years. To the degree that insufficient October flows limit
sampling of all 20 sites, those recovery criteria cannot be met. In addition, the recovery plan implicitly
assumes that genetic exchange is generally in a downstream direction, that the wild RGSM genetic
composition has been preserved, and that unmarked fish have a wild genotype. However, those
assumptions may be negated by ongoing hatchery practices as discussed above in Observation 4.
(6) The analyses in Dudley et al. (2015) could lead to quantitative instream flow and habitat studies and
be used to assess flow regime and habitat fragmentation effects on RGSM occurrence and abundance
and then used to set preliminary system‐wide instream flow criteria for rehabilitating RGSM. This is
because current rehabilitation actions such as salvage, stocking of hatchery fish, and local flow and
physical habitat manipulations have only local or temporary effects compared with the system‐wide
effects of major diversion dams and basin‐scale land use (e.g., Wang et al. 2003; Hughes et al. 2005,
2014). Normalizing flow regimes, improving fish passage, and extensively lowering floodplains would
help rehabilitate a species such as the RGSM (Williams et al. 1999; Tockner et al. 2000; Dudley et al.
2015; Novak et al. 2015); admittedly, such rehabilitation measures may be costly. Although portions of
the MRG have experienced periods of natural drying and flooding historically, anthropogenic increases
in the frequency or extent of drying and anthropogenic decreases in the frequency and extent of
flooding, together with passage barriers, likely reduce the potential of wild RGSM to persist and flourish
in the MRG (Hughes et al. 2005; Novak et al. 2015).
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(7) During the workshop, the panelists noted that a number of organizations and agencies were engaged
in research on RGSM in the MRG (i.e., US Fish & Wildlife Service, Bureau of Reclamation, and Army
Corps of Engineers). However, the expert panelists did not identify whether formal procedures for
sharing outcomes and results from these studies are in place, for example, via annual multi‐day research
review and discussion meetings with all Cooperative Program and Monitoring Program partners. In
addition, models to describe the hydrodynamics of the MRG have been developed, but fish population
studies do not appear to make use of these models. The water resource problems in the MRG are
complex and water management actions affecting discharge and flow in the river affect the population
of RGSM. An annual research review or similar activity may help to strengthen information exchange
and advance scientific understanding of the issues in the MRG.
(8) An adaptive management program may help to improve understanding of the relationship between
management actions in the MRG and the status of the RGSM population. We understand that such an
approach will soon be implemented for the MRG and encourage the Collaborative Program to pursue a
rigorous adaptive management program. Adaptive management is typically viewed as a partnership
between management agencies and agencies engaged in research to address critical uncertainties in the
system. Partnerships are key because new knowledge about the system will be obtained only when
research and management work hand‐in‐hand. In adaptive management, (1) the science problems must
be defined in a clear manner that permits design of targeted investigations; (2) conceptual and
simulation models are then used to investigate responses of the system to potential management
interventions; (3) direct, purposeful manipulations are implemented and the response of the system
measured in a statistically reliable manner; and (4) analyses and synthesis of outcomes are completed in
a timely manner to support robust decision‐making. Adaptive management in the MRG would benefit
from a conceptual model of the system that integrates water use, hydrodynamics, and fish population
responses. It is unclear if such a model exists, but it is imperative to develop such models to ensure that
management manipulations will provide sufficient contrast and ensure a measurable result.
(9) In addition to adaptive management, Collaborative Program partners and collaborators may wish to
consider other tools such as scenario planning (Baker et al. 2004; Hulse et al. 2004; Allen and Gunderson
2011; Rowland et al. 2014) and resilience building (NYC 2013; Norfolk 2014). Scenario planning may be
an effective management approach when uncertainty about the system is high and factors that affect
the system are not readily controlled (e.g., amount of snow pack available for replenishment of rivers).
In this approach, alternative futures are explored with the goal of identifying improvements to current
management actions. This may be a good strategy to pursue now, perhaps together with adaptive
management. As uncertainty about the system declines (through learning derived from targeted
research studies and adaptive management), we suggest implementing a resilience building approach.
The approach is effective when driving factors remain uncontrollable and system uncertainty is low.
Many coastal cities have adopted this approach in the face of rising sea levels (e.g., New York City [NYC
2013] and Norfolk, VA [Norfolk 2014]).
(10) The research done on the RGSM warrants publication in high‐level peer reviewed journals. The
Expert Panel was provided 14 documents to help it prepare for the December workshop. Of those 14,
only 2 were published in, or submitted to, a peer‐reviewed journal by a member of the Program;
however, the results and interpretations included in the annual reports should be published in journals.
Similarly, the Expert Panelists were shown agency reports at the Workshop that were not included in the
preselected workshop reading materials that likely had received thorough agency review, but apparently
had not yet been submitted for journal publication. In the scientific world, peer‐reviewed journal
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publication is the standard by which research is judged. Publishing in such journals would add increased
scientific credibility to the Collaborative Program, and funding the time needed to prepare and revise
journal manuscripts should be included in the research grants of the Monitoring Program.
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Appendix A
Agenda

Fish Population Monitoring Workshop
DRAFT AGENDA: 9/13/2015
Date:

December 8–10, 2015

Location:

Isleta Resort and Casino, 11000 Broadway SE, Albuquerque, NM 87105

Purpose:

The purpose of this workshop is to convene external scientists, program scientists,
and interested parties to evaluate the current fish population monitoring
program for the Middle Rio Grande, New Mexico, and to recommend
updates, as necessary, in order to reliably measure the effects of water
management actions and conservation measures on the Rio Grande silvery
minnow. Note that this workshop is not intended to determine sufficient progress
metrics or recovery plan criteria. A report will be provided by external scientists
90 days after the workshop.

Agenda:

Day 1: December 8, 2015 AM 8:00 – 8:05 am: Welcome from Collaborative
Program Representatives (Brent Rhees or Rick Billings to give a welcome)
8:05 – 8:40 am: Introduction and Description of Workshop (Wayne Hubert, Facilitator)
a.
b.
c.
d.
e.

Purpose and goal of workshop
Logistics and ground rules (lunch, dinner, restrooms, cell phones, etc.)
Introduction of External Experts
Introduction of Program Scientists
Questions from Program and External scientists

8:40 – 9:50 am: Overview of Sampling Design (Robert Dudley, American Southwest
Ichthyological Researchers). Focus on sampling methodology and data analysis.
9:50 – 10:00 am: Break
AM—Question #1: Is the CPUE index appropriate for monitoring the RGSM in the Middle Rio
Grande?
10:00 -- 12:00 am: Discuss Issues to Question #1
Lunch 12:00 – 1:30 pm
PM—Question #2: Are the monitoring plan and sampling design appropriate for tracking the
status and trend of the RGSM in the Middle Rio Grande?
1:30 – 3:00 pm: Discuss Issues to Question #2
3:00 – 3:10 pm: Break
3:10 – 5:00 pm: Discuss Issues and Wrap-up of Question #2
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Day 2: December 9, 2015
AM—Question #3: Are the statistical analysis used in the monitoring program appropriate and
in line with data distribution and characteristics? Are there additional analytical techniques
that could be utilized that would improve the use of CPUE?
8:00 – 10:30 am: Discuss Issues to Question #3
10:30 – 10:40 am: Break
10:40 – 12:00 noon: Discuss Issues and Wrap-up of Question #3
Lunch 12:00 – 1:30 pm
PM—Question #4: What revisions can be made to the sampling design to improve accuracy,
precision, and power to detect change in RGSM abundance?
1:30 – 3:00 pm: Discuss Issues to Question #4
3:00 – 3:10 pm: Break
3:10 – 5:00 pm: Discuss Issues and Wrap-up of Question #4
7:00 – 9:00 pm: Meeting of External Scientists Only

Day 3: December 10, 2015
AM—Summary of Initial Responses by External Experts (preliminary thoughts)
8:00-10:00am: Meeting of External Scientists Only
10:00 – 10:30 am: Question #1
10:30 – 11:00 am: Question #2

11:00 – 11:30 am: Question #3
11:30 – 12:00 pm: Question #4
Lunch 12:00 – 1:30 pm
PM—Open Discussion
1:30 – 3:30 pm: Open Discussion—Comments and questions accepted from Program
Scientists and Interested Parties
3:30 – 3:40 pm: Break
3:40 – 5:00 pm: Wrap-up
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Appendix B
Ground Rules

Fish Population Monitoring Workshop Ground Rules

Summary of the process:
The focus of Day 1 and Day 2 is to assimilate as much pertinent scientific information as
possible regarding fish population monitoring on the Middle Rio Grande. The assimilation of
scientific information will be used by the External Experts. At the end of Day 2, the External
Experts will meet and summarize their initial responses/preliminary thoughts regarding the fish
monitoring program. During the morning of Day 3, the External Experts will present their initial
responses/preliminary thoughts to the Program Scientists and Interested Parties in attendance.
The afternoon of Day 3 is for an Open Discussion to allow Program Scientists and Interested
Parties to comment on the scientific information assimilated during the workshop and the initial
responses/preliminary thoughts of the Expert Scientists. Following the workshop, the External
Experts will develop their report on fish population monitoring and submit it.
The guiding principles for the workshop:
(1) Respect the dignity of all participants,
(2) Address the scientific aspects of monitoring, and
(3) Facilitate the assimilation of scientific information for use by external scientists in
providing their assessment the fish monitoring program in the Middle Rio Grande.
Facilitator:
Assists the workshop participants to understand their common objectives and help them
to achieve these objectives.
Chair person – recognize speakers, timekeeper, follow agenda.
Not a lecturer – will provide introductions to sessions addressing specific questions and
introduce scheduled speakers.
Interpreter – guide speakers to achieve understanding of their points and assure accurate
recording.
Active, unbiased External Expert.

Ground rules:
No opinions regarding the abilities, backgrounds, or policies of any individuals, groups,
or agencies are to be expressed by Program Scientists or External Experts during the workshop.
All Program Scientists and External Experts are asked to address only the scientific
aspects of the questions. Opinions or debates regarding policy issues are not to be expressed and
will not be recorded.
When recognized by the facilitator, the speakers will identify themselves by name and
address the facilitator, not another Program Scientist or External Expert.
Speakers will limit comments to less than 5 minutes.
The pertinent point(s) made of each speaker will typed, projected, and saved for future
reference by External Experts and workshop documentation.
External Experts will be given preference to ask questions and provide comments.
When a Program Scientist has been recognized to speak and their point(s) is recorded,
that person will not be recognized to speak again until all other Program Scientists have had an
opportunity to speak to the question.
When a point has been made and recorded, it is not to be made again by another speaker.
The focus will be on recording all pertinent information regarding a question, not to determine
the strength of support by Program Scientists for a particular point. However, further
clarification of a point is appropriate.
Only Program Scientists and External Experts will be recognized to speak during the
workshop with the exception of the Open Discussion on the afternoon of Day 3. At that time
Interested Parties will be recognized. Interested Parties who are recognized to speak will provide
their name, the organization they represent, and then state their comment. Pertinent comments
will be recorded and identified as those of the speaker and organization they represent.
During and following the workshop, Program Scientists and Interested Parties are not to
communicate with the Expert Scientists outside of the formal workshop proceedings regarding
the fish monitoring program. The intention is that the Expert Scientists provide their assessment
of the fish monitoring program based on the scientific information made available to them
through the workshop without bias.
The sound of all communication devices will be turned off during the workshop sessions.
If a participant must communicate via a device during a workshop session, either by voice or
text, they are asked to exit the meeting room to conduct their business.

There will be no audio or visual recording of the workshop sessions by participants or
interested parties.
Beyond the ground rules:
The workshop is to be enjoyable for the workshop participants and the workshop
facilitator. Let’s make it a joyful learning environment and recognize that we all have shared
values. Get to know each other on a personal basis while participating in the workshop.
There will be no consistent seating arrangement. Each session will begin with place
names in a different location. Program Scientists or External Experts should let the facilitator
know if they have hearing or sight limitations. Also, each session will begin with a brief
icebreaking exercise.
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Attachment 1. Questions for Experts—Population Monitoring Workshop
Preamble
The Population Monitoring Workgroup (Workgroup) has developed the following set of
questions for the external experts to address at the Population Monitoring Workshop and in their
report to the Workgroup. The questions are intended to focus the experts on the issues of
importance as reflected by the Workgroup and members of the Executive Committee of the
Middle Rio Grande Endangered Species Collaborative Program. The external experts are
asked to specifically address each question (Q1‒Q4) in their report. Additional sub-questions
(1, 2, 3…) are included to further inform each question, but the experts are not asked to
specifically address these sub-questions. A complete set of detailed questions developed by
the Workgroup is included in Attachment #1 to reflect the deliberation of the Workgroup and as
additional information for the experts.
Question and Sub-Questions for Experts:
Q1. Are the monitoring plan and sampling design appropriate for tracking the status and
trend of the RGSM in the Middle Rio Grande?
1. How many sample sites should be selected?
2. Should sample sites be spatially stratified (e.g., by reach, mesohabitat, etc.)?
3. Should sample site selection be fixed or random?
4. How often should samples be taken: monthly, bimonthly, quarterly?
5. What is the best time of year to monitor RGSM abundance (relative to spawning,
temperature, flow, survival rate, etc.)?
6. RGSM are distributed in highly clumped fashion; how should sampling be done in and
around structure where fish aggregate, such as debris piles?
7. Should monitoring be able to detect very low densities of RGSM, or should there be
supplemental sampling when the population is at low abundance?
8. Is seining the most appropriate gear type, or should other gears be used instead of, or in
addition to, seining (e.g., fyke nets, electrofishing, etc.)?
9. Over 25% of the CPUEs are zeros, where no RGSM were caught in a pool of seine
hauls. The large number of zeros preclude parametric analysis (even when data are
log-transformed). Should sampling design be refined to reduce zero catches?
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Q2. Is the CPUE index appropriate for monitoring the RGSM in the Middle Rio Grande?
1. Is CPUE the best index for monitoring the status and trend of RGSM and associated fish
species?
2. Should population estimation (e.g., depletion, mark-recapture, etc.) be used instead of
CPUE or to verify accuracy?
3. Can a different index—or a modification of CPUE—be used with the data since 1993
and not compromise the continuity of the 20+ year database?
4. Given the variability in river flow over the year and during sampling, does flow affect
CPUE and introduce variability or error when CPUE is compared over time or space; is it
possible to adjust for flow differences at sampling?
5. Can CPUE data be used to derive estimates of demographic parameters, such as
survival, recruitment, cohort strength, hatching dates, etc?
6. Is the monitoring program suitable for measuring recovery standards and for sufficient
progress metrics?
7. Can CPUE data be used to evaluate population viability and self-sustainability?
Q3. What revisions can be made to the sampling design to improve accuracy, precision,
and power to detect change in RGSM abundance?
1. Can the sampling design be revised to improve precision and change detection and yet
maintain consistency of data over time since 1993?
2. What level of precision and change detection should be targeted for monitoring RGSM?
3. How does cost balance with accuracy, precision, and power to detect change?
4. How does fish stress and injury balance with accuracy, precision, and power to detect
change?
Q4. Are the statistical analysis used in the monitoring program appropriate and in line
with data distribution and characteristics? Are there additional analytical techniques
that could be utilized that would improve the use of CPUE?
1. Samples are collected with individual seine hauls that are not distinguished in the
database before 2006, and mean CPUEs are computed from the “pool” of seine hauls
taken at a given sampling site (~20 per site). Should data of each seine haul be used to
compute mean CPUE rather than the pool of fish divided by the pool of square meters
seined?
1-2

3/5/2015
Population Monitoring Workgroup
2. The zero-inflated data preclude computation of parametric mean and variance and a
mixture model combining the binomial distribution with the lognormal distribution was
introduced in 2013 to compute mean CPUE and variance. Is this the best solution for
estimating mean CPUE and variance, or would another model be better suited (e.g.,
Poisson) and is use of a predictor model practical for managers to understand?
3. What is the role of occupancy models in monitoring the RGSM?

4. Is the monitoring program sufficiently robust and sensitive for detecting change in RGSM
abundance when a management action is implemented?
5. What management questions can--and cannot—be addressed with the current
monitoring program or a revision of the program?
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Attachment #1: Detailed Questions Developed by the Workgroup
A. Questions Compiled by Population Monitoring Workgroup (9/9/2014):
1. How do seine haul catches (CPUE) compare with other species?
a. How does it characterize and compare to how well seining tracks other species?
2. Is the current sampling design missing fish?
a. Does the distribution of sampling mimic the distribution of fish? Is that a bias?
3. How do different gear types affect capture probability and CPUE?
a. Supplemental ways to monitor minnow/small bodied fish.
4. Is some of the variability controllable?
a. Sources: sampling variability and resource variability
5. Has the CPUE vs population estimate been resolved?
a. Frequency of population estimate, population estimate is low abundance
6. Are CPUE data “zero-inflated”?
a. Does it matter?
7. How precise do we need to be with CPUE for management actions?
a. What types of management actions are measureable?
8. How effective are mark/recap for silvery minnow?
a. Thomas A has provided input on this during his presentation at the working meeting
9. What are key variables that affect CPUE (e.g. flow)?
a. Can anything be done? Is that an uncontrollable source of variability?
b. What are the key variables that affect the species
c. source variability = species abundance
10. Would stratified sampling by mesohabitat improve precision (as covariate)?
a. They already have certain types of mesohabitats that they have to sample, already
stratified by mesohabitat at each sampling location
b. How would sampling a certain type of mesohabitat rather than sampling
mesohabitats at a fixed location affect the data?
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c. Analysis of current sampling by mesohabitat data has not been done; should this be
done?
11. Does randomization of sites improve precision?
a. Site or reach has effect on detection probability
12. Is stratification by reach necessary?
13. Review use of mix model
14. How do physical changes with flow affect CPUE? By location
a. Does that make a difference over time?
15. Is there value from collections in addition to monitoring? e.g. S= e-zt (catch curves), cohort
strength
16. Timing of CPUE?
a. Should it be prior to spawning?
b. Handle fish prior to spawning?
17. Is current monitoring program sufficiently sensitive to detect small changes? (Q20)
18. Changes at small population size.
19. How much will increased sample size improve precision? Cost?
20. Would “effects monitoring” as a supplemental aspect help to determine effect of
management action?
21. When CPUE is low or “zero” at all sites - what action should be taken?
a. e.g., supplemental monitoring; consecutive months?
22. How do costs balance against precision?
23. What are advantages of October CPUE vs other times?
a. CPUE variability and flow variability
24. How does the dispersion parameter change with population size?
a. How does K vary with the mean? How does the clumping change with population?
K in negative binomial.
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B. Questions from Jason Davis:
Q1. Do the techniques, methods, and data used and the results provided support the
conclusions and interpretations that are provided in the annual reports issued and peer
reviewed articles authored by the PIs for the Monitoring Projects?
Q2. Do the techniques, methods, and data used and the results provided support the
conclusions and interpretations that are provided in the Fish Monitoring Plan and updates to that
Plan, authored by the MRG ESA CP (dated September 22, 2006?
Q3. Are the RGSM CPUE data appropriate in relation to the life history of RGSM (as is
supported by relevant, peer-reviewed reports or other references in the Genetics Project work
products)?
Q4. Was the experimental design and sampling methodology appropriate and did the methods
have sufficient power to detect the trends and findings that were reported?
Q5. Does the study design, and methods of monitoring and assessment achieve the goals and
objectives of the Monitoring Plan?
Q6. What statistical analyses were used and were the assumptions of those analyses met?
Q7. What other scientifically-robust interpretations could be made using the same data and
results of the Monitoring Projects?
Q8. When there are gaps or uncertainties in the information or data are they clearly identified in
the reports and publications issued? Does the Panel unanimously recommend remedies to
address any gaps or uncertainties?
Q9. Are there additional analytical techniques that could be utilized that would improve the use
of CPUE?
Q10. What parameters should be measured and reported that will most efficiently track spatial
and temporal trends in RGSM distribution and abundance?
Q12. How often (at what frequency) should the monitoring be implemented (based on the life
history of RGSM and current water management practices?
Q13. What changes would the Panelists recommend to improve the use of CPUE? Please
support recommendations with relevant citations, reasoning, and estimates of the relative power
to detect changes in a population? How can past data be used with any potential changes to
the monitoring program?
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C. Questions from Rich Valdez:
1. Is there an ideal number of samples collected by month?
2. How many months should be sampled each year? How many samples should be taken?
3. Do the different number of samples and months sampled affect comparability of CPUE?
4. Should sampling sites be fixed locations?
5. Should numbers of samples by site be evenly distributed (note that in recent years,
number of samples by site is approximately equal)?
6. Number of samples over time and by reach have varied; are densities (CPUE)
comparable over time?
7. Should numbers of samples by site be evenly distributed?
8. Should three reaches be treated as strata for purpose of distributing samples?
9. Is relatively higher density reflected across all stations and reaches?
10. Is relatively low density reflected across all stations and reaches?
11. What is causing the high number of zero catches—and is that necessarily bad?
12. Should monitoring be done at a time when data variability is lowest?
13. The numbers of samples over the last 20 years (1993-2013) have varied, especially
before 2002. Are the data over the entire time period comparable for determining the
status and trend of the RGSM?
14. Fixed locations (i.e., 20 sampling sites) have been used to collect monitoring data.
Should sampling locations be fixed or should samples be taken at different locations,
such as with a stratified random design?
15. Samples are collected from fixed sampling sites within each of three reaches. Should
the reaches be treated as different strata for the purpose of sample allocation?
16. Mean CPUE is based on October or “putative” October samples (i.e., samples taken in
adjacent months and included with October samples). Is October the best time of year
to sample or would sampling at another time reduce data variability?
17. Samples are collected with individual seine hauls that are distinguished in the database
starting in 2006, and mean CPUEs are computed from the “pool” of samples taken at a
given sampling site. Should data of each seine haul be used to compute mean CPUE
rather than the pool of fish divided by the pool of square meters seined?
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18. Over 25% of the CPUEs are zeros, where no RGSM were caught in a given seine haul.
Should sampling design be refined to reduce the number of zero catches?
19. The large number of zeros in the CPUE data preclude parametric analysis (even when
the data are log-transformed). Is resolving the distribution of the data with a model or
mixture model the most appropriate approach?
20. The zero-inflated data preclude computation of mean and variance and a mixture model
combining the binomial distribution with the lognormal distribution was introduced in
2013 (see Figure S-1). Is this the best solution for estimating mean CPUE and variance,
or would another model be better suited (e.g., Poisson)—and is this approach using a
predictor model practical for managers to understand?
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List of materials provided to Expert Panelists by the Collaborative Program so that they could prepare for the Workshop.
File Name
Document Name
Basic Sampling Design and Methods; Rio Grande Silvery Minnow Population
Monitoring Program; Working Meeting of the Population Monitoring Workshop
1_Basic Sampling Design and Methods 9‐10‐2014.pdf
Planning Committee; September 9, 2014
Rio Grande Silvery Minnow Population Monitoring Program Results From December
1_RGSM_PopulationMonitoring_2011_Draft.pdf
2010 to October 2011‐Draft
Detection and Population Estimation for Small‐Bodied Fishes in a Sand Bed River
1_Widmer et al. 2010 (Detection).pdf
Comment: Detection and Population Estimation for Small‐Bodied Fishes in a Sand
2_Archdeacon and Davenport 2013 (Pecos comment).pdf
Bed River
Overview of Population Monitoring Program and Database
2_Overview of Pop Mon Program and Database 9‐10‐2014.pdf
Rio Grande Silvery Minnow Population Monitoring Program Results From February to
2_RGSM_PopulationMonitoring_2014_draft.pdf
December 2014
Catch per unit effort in the Rio Grande, simplified
3_Archdeacon_2014_Catch per unit effort.pdf
Rio Grande Silvery Minnow Population Estimation Program Results from October
3_RGSM_PopulationEstimate_2011_Final.pdf
2011
Detection and Population Estimation for Small‐Bodied Fishes in a Sand Bed River:
3_Widmer et al. 2013 (Response).pdf
Response to Comment
An evaluation of multiple‐pass seining to monitor blackstripe topminnow Fundulus
4_jai12447.pdf
notatus (Rafinesque, 1820) in the Sydenham River (Ontario, Canada)
Response to preliminary questions for invited scientists
4_Response to preliminary question (R code example).pdf
The efficiency of a seine net
5_Bayley‐Herendeen_2000_.pdf
Comparison of Fish Communities at Random and Nonrandom Locations in a Sand‐
6_UJFM‐2014‐0228_Community Comparison.pdf
Bed River
DEPARTMENT OF THE INTERIOR Mail ‐ Removal of three expert
Removal of three expert scientists from consideration
scientists from consideration.pdf
Provisional_RGSM_Pop_Mon_Database_1993‐2014
Provisional_RGSM_Pop_Mon_Database_1993‐2014.xls
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Summary Report
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Concurrence Points Notes from the Rio Grande Silvery Minnow Workshop
Wayne Hubert, Facilitator
Matt Cusack, Data Recorder
1. Is the CPUE index appropriate for monitoring the RGSM in the Middle Rio Grande?
a. (Fabrizio): Regarding the seine nets themselves, has there been any modification to the gear over
time? Not how it was deployed, but the actual gear itself
i. (Dudley): The gear has remained true in its general concept. Have switched manufacturers.
The number of floats and dimensions have remained constant. The adult seines have
switched manufacturers, but the juvenile seines have been provided by the same
manufacturer over the life of the program.
b. (Hubert): Has the lead line changed over time?
i. Dudley: Continued to use heavily weighted (double weighted) to make sure that the bottom
of the net stays in contact with the river substrate
c. Fabrizio: Please clarify how the seine is deployed (upstream to downstream)
i. Dudley: Coming from the East Coast, It is unusual to go downstream (with flow), but the
technique has remained consistent for this program. We have a person along the shoreline
(right at shore) that moves down more slowly than the person on the downstream end of
the seine. Both folks will move somewhat quickly but will be spaced apart. The downstream
end of the seine then sweeps into the shoreline at the end of the transect. For mesohabitats
like pools and backwaters, this technique is also used.
ii. Dudley: For runs or other open water, the net is lifted with the lead being lifted first rather
than beaching.
iii. Seine hauls are most commonly performed at knee depth, occasionally thigh depth.
Typically avoid deeper water on the outside edge of the river with the fastest flow.
iv. Archdeacon:
1. Well over half (50‐80%) of RGSM in a depletion sampling are collected in the first
pass
2. Believes this to be an effective method
d. Fabrizio: Would you say that the downstream sampling is common method (the regionally
appropriate) for sampling in the Rio Grande
i. Dudley: This is a common method in New Mexico, used by numerous agencies
ii. Dudley: In the literature and more broadly, this is common in southwest in dynamic sand
bed systems.
iii. Dudley: Going upstream would make it difficult to access some of the mesohabitats
iv. Archdeacon: Agrees that southwest sampling is different than the east coast. USFWS uses
the same protocol
v. Porter: Agrees that this sampling type is used by the USACE in the Rio Grande
e. Hubert: If a snag or obstacle is encountered, are the data still used?
i. Dudley: No, the sample is discarded
f. Fabrizio: What is the quality assurance of the seine deployment? Do you have third party observers
to make sure that techniques are deployed in the manner in which they are described?
i. Dudley: Occasionally folks from the BOR or USFWS have come out and observed or
participated in sampling efforts. Not a formal oversight or quality assurance program. There
is self‐imposed quality assurance, with experience longevity of sampling personnel. Between
3 crew leaders, one is always present. A crew leader has a minimum of 10 years sampling
experience with this sampling approach. Goal is consistent sampling protocols.
g. Fabrizio: Are the different agencies generally satisfied with this sampling methodology
1
December 8 and 9, 2015

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

Concurrence Points Notes from the Rio Grande Silvery Minnow Workshop
Wayne Hubert, Facilitator
Matt Cusack, Data Recorder
i. Archdeacon: Yes
ii. McKinstry: We don’t administer the sampling contract. No controversy with the protocol,
only the data interpretation. The approach needs to be defensible.
iii. Valdez: The manner in which a seine is drawn is not the issue, but rather how the data that
are collected with the seine are interpreted.
iv. Porter: Within the context of the program, the sampling methodology appears to be
meeting the objectives. Over the last 10 years, there has been some new opportunities to
refine the methods, as well as the analysis.
h. Hughes: What studies were done initially to determine the length of the sites and the size of the
gear?
i. Dudley: Some of those decisions pre‐date me. The length of the sites, within a 200m reach
of river you would encounter the full suite of mesohabitats that would be representative of
those found throughout that section of the river. Not necessarily every single mesohabitat,
but representative. A massive inventory was undertaken in the late 1980s, Dr. Dudley
believes that the length recommendation came from that work.
ii. Dudley: As per the size of the gear, is similar to the gear used by other Rio Grande
researchers. Tried to use the standard gear (seine size)
i. Hughes: Sacrifice the width of the seine in order to move quickly in the water?
i. Dudley: Precisely
j. Hubert: How is the distance that the seine is pulled measure
i. Dudley: Rolled out metric tape held by the third crew member (data recorder). They are in
charge of the fish, making sure that the collected fish cannot escape.
k. Hubert: Two different gears are used. The index of abundance…are the data from each gear
combined into the same index?
i. Dudley: No. In the fall sampling (October), the spawning period is over by then
ii. Hubert: I don’t see a distinction between the larval nets or the larger nets?
1. Dudley: The data presentation used only the larger nets. October data are only using
the larger nets.
iii. Hubert: When I looked at the data, it looks like the data from months other than October
are combined into one index
1. Dudley: For months other than October, that is correct.
l. Fabrizio: It appears that most of the data comes from age 0 fish. I would like to hear some
comments about how efficient the seine might be for other age classes, specifically for the size of
the seine and the deployment methods.
i. Dudley: The remarkable thing about this species is that is has already reach a 60mm
standard length by the October sampling event. Into the next year growth is minimal
compared to the first year growth.
m. Fabrizio: Historically, I believe I read that the RGSM might live to 3 or 5 years. Are there observations
on these older fish in the same survey data?
i. Dudley: There was an age and growth study that specifically looked at otoliths and scales to
age the fish. As you alluded to, most captured fish were age 0. There is a specific interval of
length that is correlated with age. In the field, we find fish that are dominated by the first
two year classes.
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ii. Porter: Mary has hit on one of the key questions with the monitoring methods. How
effectively are we sampling the entire population with regards to size and age. We
occasionally see much larger fish, with much larger numbers of older age classes spawning
into the floodplain where the numbers are not supported by the in channel sampling.
iii. Archdeacon: We don’t have the exact numbers, but we do release hatchery fish. Only two
recaptured to date have been age 2, with the remainder being age 1 recapture (from fall age
0 release).
iv. Dudley: Have put together information regarding the frequency distribution of the different
age classes, found that the overwhelming majority were age 0 with lesser frequency age 1
and 2 fish.
Hubert: With the exception of the October data that are used for population modeling, how are the
data from the other months being utilized?
i. Porter: Two examples
1. a) Population viability analysis which began in 2008. Monthly sampling data are
very useful for general trends.
2. B) The second example is for 5 years the USACE did an experiment manipulating the
hydrology from the upstream dam. We used those population data to monitor how
the hydrograph occupied the floodplain and how the RGSM responded with
spawning behavior. There have been some insights from these data, and we are
trying to figure out how to handle the data in the “bad years”
ii. Archdeacon: USFWS would use these non‐October data for
1. permits and calculating incidental take.
2. For calculating hatchery augmentation
Valdez: Has there been an attempt to calculate capture probability?
Valdez: Back to the fundamental question, is the CPUE the most appropriate index? Are there other
ways to measure the abundance and the status of this fish? Is this the only way to do it?
i. Fyke nets in the floodplain edge during high flow events
ii. Are there other methods or techniques that could be used as an alternative to the CPUE
index (seining)?
Marcus: The catchability index is a pressing question. The RGSM is a schooling fish. That is accepted
from the literature. Schooling fish require different sampling than regularly distributed individuals.
The literature does not currently provide adequate recognition to this feature. Clumped distribution
require different sampling methods. I also believe that there is risk of disturbance that can cause the
dispersion of the species.
i. Archdeacon: In Dr. Dudley’s presentation, he described some other sampling methods
(elimination sampling using electrofishing). While I personally haven’t used any different
methods, the data appear to be consistent between different sampling programs using the
seining methodology. The trends coming from the population monitoring match the results
from different crews and different studies.
Archdeacon: Are there any data that suggest that the seining method is not adequate, that would
encourage further re‐evaluation of the sampling method.
i. Dudley: The enclosure methods did match the trends found from population monitoring.
The enclosure method did not find majorly different density than the seining. Request to see
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a paper or review that suggests that tens of thousands of RGSM have been documented
from a single pool that was discussed by Mike Marcus?
ii. Porter: Electofishing, fyke nets, and seining methods have been compared. Also research
into habitat use, which uses a dual seining method. The dual seining method uses a mobile
seine (similar to Dudley) with a bag seine as a backstop (downstream end). Four crew
members pull the mobile seine towards the bag seine, then the lead weights are lifted in a
manner that is overlapping. The data are kept separate from each seine type.
1. Hughes: The results?
a. Porter: This is the first year with good reproduction to test the results. Each
seine haul typically gets about 60% catch, with the bag seine getting the
remainder for that run. Hasn’t had a chance to look at the trends specific to
the RGSM.
Archdeacon: If we have different gears, there would be varying detection probabilities at different
sites at different years, yet the data show the same trends. Are the data showing changes in
detection probability, or different years?
i. Pines: Table 5 of the 2011 of Rio Grande Population Estimate report and Appendix G have
capture probability estimates recorded for the depletion samples.
Hughes: We are really not answering Question 01. I would say “Yes”. There may be other methods
that could augment or be considered. Are there other indices?
i. Total Population Abundance
ii. Valdez: We are dealing with a very small, short lived species. I am not disputing the CPUE
index, but wondering if there are other options.
1. White: Clearly an r‐selected species. From the population estimation data,
sometimes there are two orders of magnitude changes. Monitoring population is a
waste of time due to these changes. Instead, managing habitat using an occupancy
model
a. Valdez: is the occupancy model calculation being done on the seine haul
unit basis or on the pool unit basis by site? The seine haul is not calculated
on the individual haul, rather it is calculated on the site.
b. White: Occupancy data are calculated on time, not space at the site basis
and require four visits. Current data are one visit per month.
c. Valdez: Occupancy models are intended to define whether a fish occupies a
specific mesohabitat.
Hubert: Are the data obtained from the current program compatible with occupancy modeling?‐
i. White: NO, multiple visits are required.
1. Hughes: How many visits, and how far apart?
2. White: We should start with four, and then could design an optimal study. Four gets
an estimate of the detection probability.
LUNCH BREAK Until 1:30pm
Valdez: Closed the discussion before lunch discussing occupancy modeling. Would like to hear more
discussion.
i. Hubert: Should we explore a different index, and what would be required to initiate this
new approach.
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1. White: Occupancy is not an index of presence. Is not estimating populations.
Requires multiple visits in the fall. Site is assumed closed, has to be closed during all
site visits.
2. Valdez: Have we done a power analysis
a. White: No but the data are available to do so
x. McKinstry: What are we doing with this? We come up with a population estimate, that is usually a
number. He is not sure how these estimates are being used. What do we need to get in order to
satisfy the regulatory agencies. Since BOR isn’t the decision maker, want to make sure that the
correct information is being collected.
i. Fabrizio: That is a very important question, and as an external panel member that is a very
important question. It would help the panel to know what the criteria are for restoring or
delisting the species.
ii. Valdez: Don’t think there is a single answer. Each stakeholder has a different view point. The
overall purpose is to look at the status and the trends of the fish over time and space. Can
we follow the abundance and status over time and space using the CPUE index?
iii. Fabrizio: Needs more clarity on this answer. Would like to know up front. If monitoring
status and trends, how do you measure success/failure?
iv. McKinstry: As a management agency, how can we tell if what we are doing is restoring or
allowing further degradation of the managed species.
v. Hubert: The overall answer depends on the question, as well as the spatial scale of the
question.
vi. Valdez: The question may not be when we have reached a certain point. Can we in fact
make that determination? If we want to monitor a specific management action and detect a
10‐percent change in the population. We have to look at probability of detection, may not
have this amount of sensitivity in the data. It is important and critical to look at the
robustness of this monitoring program and whether the detection probability can be
calculated.
vii. Archdeacon: There are recovery criteria for the RGSM. To prevent jeopardy, there is a CPUE
of 5 for 5 consecutive years. Confirm against recovery plan.
1. Updated 12/21/2015: Recovery Criterion 2‐A‐1. Using the standard sampling
protocol (Appendix E), and sampling at a minimum of 20 sites distributed
throughout the middle Rio Grande in New Mexico, document for at least 5
consecutive years, an October catch per unit effort (CPUE) from all monitoring sites
within each reach of > 5 fish/100 m2 .
viii. Pine: Suggest a clarifying question: Is CPUE index appropriate for detecting a response
related to the recovery goal?
ix. Hubert: The monitoring program is one way of looking at the question of recovery
x. Pine: Monitoring programs often have numerous objectives. Different stakeholders have
different interests in the monitoring program. The question as phrased is too open ended
and therefore this panel cannot assess.
xi. Porter: CPUE has been informative on years with strong seasonal flows. For large scale
hydrograph, we can tell if we “got everything right.” But if we didn’t get everything right, we
may not detect the response. Can’t tease apart the contributing components (magnitude,
duration, habitat components)
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xii. Dudley: Mixture modeling in place can weigh the different factors. These factors can be
entered into the model and if they are floated to the top will be subjected to the same
scientific rigor of anything else that is evaluated.
xiii. Pine: Fundamentally, the response variable is still CPUE. You can include flow metrics, or
combinations of several metrics (seasonality). What is the relationship between CPUE and
abundance? What is the detection threshold? Can’t separate capture probability and
abundance.
xiv. White: Can’t detect variability in individual capture probabilities across years. One of the
reasons is that you can’t estimate capture probabilities when there are no fish due to lack of
water.
xv. Pine: You can detect order of magnitude responses. If a finer response is needed, then there
is a need to address the confounding issue between capture probabilities and abundance.
xvi. Dudley: Can we differentiate between years using a 95% confidence interval in CPUE
estimates. Those intervals don’t span an order of magnitude. They are less than that, but
you have to evaluate with perspective relative to magnitude of change across years.
xvii. Valdez: If you take these data and run a power analysis…he calculates a change detection of
60%. Is this good enough for managers?
1. Hubert: Is a 60% change in detection equivalent to a 60% in abundance?
2. White: Capture probabilities don’t vary much across years. So a 60% variability in
detection is
xviii. Pine: Occupancy models have potential in this situation, which makes it a good fit for this
situation.
y. Pine: Before we discuss alternative frameworks. A CPUE index is appropriate if we understand the
difference between capture probability and abundance. Is catchability constant across space and
time. During the population estimation efforts that suggest different catchability in mesohabitat and
time. Do the available approaches (Dr. White)
i. Is there a graph available that shows the estimated trends in GLM overlain on catchability
through time?
1. White: We were using removal estimators. Seldom removed enough fish to trigger
successive hauls. Pooling data across years, but did keep data straight by
mesohabitat type. There were differences between mesohabitats. Overall, there is a
weakness of data.
2. Pine: Referring to Table 5 and Table G1 from the 2011 report. Both have capture
probabilities by mesohabitat, and the other one is detection probabilities by day
from the passes. Has Day 1‐4, year, and age. Believes that these are capture
probabilities from occupancy modeling. His question is whether White has looked at
GLM standardization of CPUE and if those match capture probability estimates in
abundance.
3. White: N under CPUE data are fish caught on a site. In order to get population
estimation data (Q) we have to correct for 20 sites rather than 1,120 sites.
ii. Pine: In the mixture model you use abundance, not CPUE. Have to assume catchability is the
same across time. For CPUE to relate to N, Catchability has to be constant. Pop Mon data do
appear to have catchability vary over time.
iii. Pine: Does the mixture model include a detection function?
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1. White: No
iv. Pine: Does detection probability change over time?
1. White: Don’t know. Two different detection probabilities. For the individual
detection probability, we don’t know. Not enough data for any one year. For the
occupancy model, the detection probabilities vary by year for a logical reason
(density varies by year).
2. Valdez: For population estimation in Program Mark, was capture probability
determined from each pass. (No from White). It was set equal in Program Mark.
3. White: The weakness of the PopMon data was p.
4. Archdeacon: There is a regression of raw CPUE vs population estimate. There is not
a lot of data to it, but the r‐squared is .95. He believes that information has been
provided to the experts.
z. Hughes: Believes that CPUE alone is not sufficient to address the objectives raised by the Program.
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2. Are the monitoring plan and sampling design appropriate for tracking the status and trend of the RGSM in
the Middle Rio Grande?
a. Hubert: When we discuss the “monitoring plan” what are we specifically referring to? Does that
have a precise definition or specific document? Or is it the recovery plan or something else?
i. Dudley: There is a document called “the monitoring plan” that was published by the
Collaborative Program in 2006. As far as the guidance that he follows, there were changes in
2006 in terms of the overall plan, the frequency of sampling, etc. They were codified into
the 2006 document and released as RFPs.
ii. Valdez: The annual reports on population monitoring there is a succinct description of what
is being done at the time. He refers to these documents when discussing the monitoring
plan.
b. Hughes: What is the rationale for the numbers of each mesohabitat sampled at each site?
i. Dudley: At a particular sampling site, the total number of all mesohabitats is 20. Why do we
pick 20? We sample over 200m and through he initial studies that they have done found
that they could capture all of the different variability present within that reach for analysis.
They wanted to have every mesohabitat represented by at least two examples. Runs
typically comprise 80% of the available habitat, but they decided against sampling by
proportion of site, but rather representative of those types available.
ii. Fabrizio: Was there any analysis completed regarding how the proportion of the
mesohabitats changed from year to year? Is there some indication of change since the river
is very dynamic.
1. Dudley: The best information that they have for that came from the Population
Estimation work because the mesohabitats were mapped to the nearest 10cm. The
BOR has the full GIS database delivered in 2012.
2. Hughes: Although mesohabitats move, were they equally represented through the
site? If you have 2 debris piles would they persist across years and flows?
a. Dudley: The stability of the site (incised vs braided) would impact whether
the same types of mesohabitats are available year to year.
iii. Hughes: Multiple seine hauls for each mesohabitat?
1. Dudley: Correct
2. Hughes: Up to 5?
a. Dudley: Depends on the mesohabitat. For habitats like runs there were a
maximum of 4 hauls. For backwater maximum of 2. For shoreline runs, max
would be 16 leaving 4 for shoreline runs?
iv. Hughes: When you ran into a dry site, how do you handle those data? No data?
1. Dudley: Assign 0, so you still have twenty sites for each month.
2. White: No detection probability issue, there is no distinction. Just more sure that
there are no fish.
c. Fabrizio: When designing monitoring programs, it is always difficult to design for multiple species.
Can you tell me what would you do differently is designing only for the silvery minnow.
i. Dudley: The inception of the program was specifically targeting small bodied fish. Since
small bodied cyprinids were the focus, the design was geared at picking up any low
frequency or rare species.
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ii. Dudley: The reason to keep things the same is the long record of consistently collected data.
The population estimate study allowed him the chance to design, which allowed for site
mesohabitat randomization. If I was to redesign the study today, I would focus on these
types of variables for the PopMon. Don’t know that we could do too much more without
increasing the scope of the project. A more robust way of increasing the sites or
mesohabitats sampled would likely be the outcome.
iii. Porter: Spend some time looking at experiments to calibrate catchability. Look at flow
velocities, depths, size classes of fish. Try and identify the catchability value for those
variables. Probably also include substrates. Fairly rigorous evaluation to determine any
changes to the design.
Fabrizio: Age 0 fish are a big component of your CPUE data. How important is it to delineate nursery
or spawning areas and sample that adequately. Does the current design allow for that?
i. Dudley: The current design focuses on month to month changes. New born fish have a fast
growth rate and spend weeks (not months) in those nursery habitats. Those habitats are
ephemeral at best, so wouldn’t work for annual sampling. They spend most of the year with
the remainder of the population.
Hughes: Seems like the focus is on the October numbers. Why not sample more sites with more
effort (bigger and longer) and drop the other sampling?
i. Dudley: Sampling occurs during the irrigation season because the population changes so
rapidly, particularly during droughts, that they receive numerous requests for real time
updates for population estimates. In 2006, monthly sampling was reduced to bi‐monthly in
the winter and monthly in the summer.
ii. Dudley: Take from one and give to the other is a good question, but one that others might
need to support his answer. When we hit those low numbers it would be nice to have more
sampling sites.
Hubert: Refugia. The 20 sites are not necessarily identifying the refugia? Has there been a low flow
effort to identify, map, and/or monitor the fish within those areas?
i. Archdeacon: The USFWS has variable sites (besides the Dudley fixed sites) and have some
sites below diversion dams that sample some of those refugia.
Hubert: Are there certain locations that year after year can be found to have potential refugia?
i. Archdeacon: The diversion dams and the entire Albuquerque reach have reliable water year
over year.
Hubert: How do the USFWS efforts and the Collaborative Monitoring program integrated?
i. Archdeacon: The monitoring that the USFWS does includes sampling on tribal lands, which
the USFWS does not share due to sensitivities. Looked to mirror similar methodologies, but
in the past haven’t shared all data.
1. Hubert: There is potential for additional sites to look at trends through data sharing
2. Archdeacon: Through salvage and the USFWS efforts the fish densities do mirror the
PopMon estimates reported by Dudley
Hughes: Are there sufficient deep water sites that could use a boat and a trawl? It is a different
habitat that isn’t being sampled in October
i. Dudley: In October flows are moderate to low, so they don’t often encounter that situation.
Typically plan sampling to evade that situation by watching the hydrographs so that all sites
can be sampled through wading. One caveat is that during the higher flows, they don’t have
9
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the cobble lined bank which requires the ASIR team to be more selective when choosing
mesohabitats.
ii. Bulgrin: There are electrofishing from the BOR from all three reaches. Sampling is usually
performed in the winter.
1. Hubert: Are these data publicly available?
2. Bulgrin: Yes
iii. Hubert: Are these data integrated into population monitoring trends?
1. Dudley: Is aware of these data but haven’t integrated them into their data.
2. Hubert: Probably a need for some data integration across agencies
j. Fabrizio: Wondering if there is any evidence that the RGSM are using refugia or habitats that are not
routinely sampled. Is there a chance that the fish could be heavily using these other areas that fall
outside of the current scope of the monitoring program.
i. Bulgrin: Probably yes. There are several habitat construction projects that have been
undertaken by several agencies that have been known to attract the RGSM. Due to time and
budget constraints, these areas are not monitored on a regular basis.
ii. Porter: USACE is looking at those mesohabitats and are starting to get some data related to
backwater vs main channel habitat
iii. Dudley: When the population estimate study was completed, the random sites and random
mesohabitats provided an evaluation of densities that would not suggest that they would
have the unusually high abundance that were not being captured by the population
monitoring.
1. Fabrizio: Clarification on the areas that have backwaters? Are there more
backwaters in areas being restored? Are natural or restored backwaters more
prevalent? Is the physical structure different between restored and natural
backwaters?
2. Porter: 2005 floods changed the available backwaters significantly. Trying to
monitor those backwater areas that are associated with USACE restoration projects.
a. Hughes: Those constructed systems, how long do they persist naturally?
i. Porter: Seen the full spectrum of restored features that were gone
the next year. The longevity of restored backwaters is comparable
to naturally occurring backwaters. USACE is learning a lot about how
to design
k. Valdez: (Comment) Mike Marcus commented that the RGSM is a clumping species (Question) Why
are the mesohabitats sampled in the proportion that they are when three specific mesohabitats
hold 90% of the fish? Why is the sampling not distributed to take advantage of the contagious
distribution of the species.
i. Dudley: Debris piles are common in some river systems and less common in others. He
would characterize the Rio Grande as a system where debris piles are not common. They do
sample them when they are encountered. They do agree that backwaters and pools do have
higher densities in those habitats. They don’t target those areas more heavily because they
try to maintain consistency as much as possible. If the site is diverse, then half of the
samples will be from those sites. The main reason is that they didn’t want to get into
“chasing fish” so add some standardization. They are striving to have consistency.
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ii. Hubert: Do you think that your capture efficiency is higher in backwaters than in shoreline
runs?
1. Dudley: Yes, I do think so
iii. Valdez: Heard that these are 0 inflated data this morning. In other monitoring for other
species, there is often a stratification that provide the least variability in the index.
iv. Marcus: Say that we do have a schooling population of a small bodied fish in a large river
system. (White) how would you design a monitoring program that would capture the
clumped distribution of these fish?
1. White: How big are the schools?
2. Marcus: Where does it make a difference?
3. White: We are sampling a 200m reach
4. Marcus: Assume we have several hundred to a few thousand fish that are sensitive
to disturbance.
5. White: Adaptive sampling, but there is a challenge that the fish could be scared
away from the sampling in place. Doesn’t foresee the clumping as an issue that is
not being captured by Dudley methods.
a. Dudley: Turbidity levels allow capture of fish that suggests that evasion is
not a big issue in the success of fish collections.
6. White: The biggest variability is site to site. How do you identify the clump? Doesn’t
believe that the schools are that large (hundreds of meters) that we are not getting
a representative sample from? The best way to reduce site to site variability is to
sample more that 20 sites.
a. Pine: Would like to tie this back to Main Question 1. Given the high
variability between the sites, adding more sites may reduce the variability. Is
reducing the variability going to make detecting CPUE changes more likely.
b. White: If you collect four times the samples you half the variance. Those
results are in one of the reports on population estimation.
c. White: We are never going to get to the point where a finite population
correction is going to help. Finite population correction is not a fix.
d. Archdeacon: Agree with White that more sites are required to reduce site to
site variability. Need to identify what the confidence interval needs to be,
since narrowing the confidence intervals would require a lot of additional
personnel effort. Stressing that the sampling resolution needs to match the
management actions.
7. Hughes: If you are sampling a mesohabitat and are scaring fish, could enclosure
sampling reduce the risk of losing fish?
a. White: When we did the population estimation work, we did enclosure
sampling and electroshocking. Mapped out the mesohabitats before
sampling, then did gridded sampling. It wasn’t detection probabilities that
caused the variability.
8. Hughes: What causes the site to site variation
a. Dudley: Physical barriers and spatial variability. There are upstream to
downstream differences that we see across years even with constant
11
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augmentation. More young fish lower in the system. Habitat within the
reach is another factor. Fish may be in the area but are more transitory.
v. Valdez: Instead of going to 20 sites and taking 20 hauls during the month of October, what if
we stratify the sampling by mesohabitat type and sample only those habitat types where
one would expect the largest number of fish (pools, backwaters, debris piles). Then do
encounter type sampling on a predetermined schedule. Looking at general sampling design
to address the issue of 0 inflated data and sample/site variability.
1. Hughes: I call that point design. So you would have 400 points.
2. Valdez: Not a fixed location design, yes.
Fabrizio: Not a lot of analysis of water chemistry covariates.
i. Why are we not measuring water velocity at the level of mesohabitat
1. Dudley: It is difficult, but possible. In the past they have measured discharge at the
site. Velocity, depths, and substrates could be added but add time to the sampling.
Typically have a rapid turnaround time on the seine hauls, and if we added
additional data it would slow the progress rates. Having enough data for analysis is
another factor limiting the usefulness of these data beyond a snapshot.
2. Porter: For habitat restoration monitoring the USACE collects depth and velocity and
is seeking to get enough data to evaluate fish preference.
ii. Are the water quality measures not valuable?
1. Dudley: Those are snapshot factors and don’t have the robustness in order to
consider them in the covariant analysis. That is main reason they are not
incorporated. If you set up water quality monitoring station then you could have
better established patterns for including in analyses.
2. Porter: Generally agree with Dudley assessment that the data are a snapshot and
not robust enough for inclusion in the analysis.
iii. Hughes: If you don’t use the data, why collect them?
1. Dudley: We have asked the same question and do not have a good answer.
Tradition. There are times when the data have been informative during freak
events. For instance there was a series of fires in Los Alamos areas where ash flows
were reaching the river. Were able to gather anecdotal water quality data during
the ash flows and correlating them to fish kills.
2. Dudley: Main concern is critically low DO levels. Haven’t seen that very often, but
continued monitoring assists in making those determination when the condition
arises.
3. Archdeacon: The USFWS has stopped taking some of these measurements.
iv. Marcus: Considering the water chemistry data are not that valuable, but the flow data could
be…is there a tradeoff to swap those data? Could you trade chemistry for flow?
1. Dudley: Those data would be more valuable, but the main difference is the amount
of time required to collect the data is not the same. Water quality takes <5 minutes,
but the flow could take upwards of an hour.
v. Valdez: Observation. Sees a great value in these data related to the demographics of the
species. Still asking the question whether the group is resolved that the sampling design
isn’t going to do a lot of good without recommending changes.
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1. Hubert: Prioritizing catch curves could be useful information. Are there more things
that could be done with data or with small modifications to the existing program
could be derived and be useful?
2. Valdez: Growth rate or catch curves
vi. Valdez: Is the group satisfied with the current sampling design?
1. Archdeacon: Regardless of the method used, sample size is always going to become
an issue. Sample size may not provide the resolution to support management
decision making. There are plenty of things that could be inherently more precise.
2. Pine: What is the resolution that the agencies require for their management
actions?
a. What amount of change would like to see detected to support or evaluate
your management actions.
b. White: 2012 and 2014 detected no fish at the 20 sites. What management
decisions were made?
i. Archdeacon: the USFWS would stock more fish
ii. McKinstry: Might be a jeopardy situation where locking down
irrigation may be required. Those are the things that the agencies
need to do.
iii. White: Interesting that these data become available at the tail end
of the irrigation season. What is the time lag?
1. Dudley: First week of each month. Rapid turnaround of a
days to a week for critical decision making. Final report
available to public six weeks after sampling.
iv. Billings: The management staff didn’t take action in 2012 or 2014.
Would look to the regulators to require changes or adaptive
management. There hasn’t been an update of the water managers.
The following management strategies could be tied to the
population monitoring efforts with some clear guidance on how to
evaluate the need. If there aren’t good monitoring data to support
the decisions, then what is the point?
1. Spring spawn (natural or engineered)
2. Minimum flows using water available
3. Habitat restoration
4. Fish augmentation
v. Valdez: What do 0s in this monitoring program mean? In other
types of monitoring, 0s could mean very serious population decline.
Is there a need to enhance the sensitivity of the monitoring
program when the numbers get critically low?
1. Hubert: 0s could mean there is low water. If you have 0s
with wetted habitat that could be an indication of
something quite different. Or, maybe you aren’t sampling in
the right places or didn’t detect them.
vi. Marcus: When the 0s were identified in 2012 and 2014, did ASIR
notify the managers to facilitate a management action?
13
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1. Dudley: Don’t report immediately on years where there is
not a crisis. In drought years it is an expected telephone call
or communication to make the managers aware and to
ensure that information is disseminated.
vii. Pine: Are these 0s consecutive? What is the context behind the 0s
1. Dudley: Of the 400 seine hauls that were collected, no
silvery minnow were collected. It is a 0 across every haul at
every site for October. What does that mean?
2. Pine: Site occupancy, when does a 0 mean something. If
80% of the sites are occupied, then the 0s should be
interpreted against the other data that have already been
collected and interpreted.
a. Dudley: Did not have 0s during those years, so you
cannot directly correlate those data.
c. Hubert: Monthly sampling leading up to October can clarify the results of
the October sampling. The summer monitoring could be valuable for
management decisions.
vii. Valdez: What other demographic parameters can be taken or teased from the CPUE data?
viii. Hughes: How are the agencies looking 100 years ahead when the drought conditions are
expected to be more common
1. Archdeacon: This is a heavily augmented population. Have tried to coordinate with
ASIR to avoid stocking immediately sampled.
a. Hughes: Are these fish marked? Yes (Archdeacon)
b. Hughes: Looking at the fitness of the natural population with regards to
augmenting?
i. Archdeacon: There have been genetic bottlenecks, but it hasn’t
been as severe as other augmentation programs. The wild fish look
a lot like the hatchery fish.
ii. Fabrizio: Have there been studies to examine whether or not the
age 0 fish that are considered wild have some hatchery origin to
them? Is there a way to tease this out or not?
1. Archdeacon: We cannot tease that out at this time, but we
suspect that the proportion of hatchery to wild fish there
almost certainly needs to be a link. On salvage hatchery fish
are much more common than wild fish
2. Billings: New water management strategy is coming out in the next spring and will
include a lot of climate adaptation management.
3. Hughes: When thinking about the future, we need to think about long reaches for
long periods of time that may be without water.
ix. Please expand on the salvage operation
1. Archdeacon: Driving up the river and mapping each reach and relocating them to a
perennially wetted section of the river.
a. Fabrizio: Are there estimates of survival estimates from salvage?
i. Archdeacon: Maybe older data
14
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2. Pine: Are the hatchery fish reared from wild eggs
a. Archdeacon: The eggs are collected from the river, and then those are
reared for hatchery augmentation.
x. Hughes: Are there any fish preserved in alcohol where the genetic analyses could be
performed to see how the genetics have changed over the years
1. Archdeacon: Yes there are data and published reports.
m. Miscellaneous
i. Porter: Adaptive Management program. Going to look at all levels of native species
including the RGSM. Will rely on collaborative partners to do detailed analysis. CPUE and
monitoring is going to one aspect of this process, and the results of this process will be very
informative to their decision making.
ii. Fabrizio: Couple of other issues with regards to Question 2.
1. Stratification: Necessary or desirable? She has taken away from yesterday the
reaches are somewhat independent and disconnected, and she would like to hear
whether the survey that produces the CPUE estimates might benefit from
stratification. If yes, what kind?
a. Dudley: This has been discussed in the past by ASIR. There are differences
across reaches. There is a lack of downstream to upstream connectivity. The
issue that was encountered during the original population estimation efforts
was the number of sampling units. Stratification across reaches would not
produce adequate sample sizes.
b. White: Population Estimation (not PopMon) did use stratification of the
reaches. Did not make sense to change the sites from year to year, so the
same sites were used for that effort as the PopMon efforts.
i. Fabrizio: Was primarily interested in the PopMon efforts to see if
stratification by reach if there is benefit
ii. White: There is that stratification in the data
iii. Fabrizio: Is that how they are presented?
iv. White: Sometimes
iii. Hughes: Do sites display homogenous or heterogeneous distribution of habitat? Is there
consistency of habitat (not mesohabitat scale) at the site scale?
1. Dudley: The answer is highly variable across years depending on the particular site.
Some sites that are highly channelized would class as pretty homogenous with little
change across time. Those are the narrowest sites. If you change the factors that
would be most indicative of how mesohabitats are predicted, it would be channel
width. The wider the channel, the more heterogeneous that habitats available
within that site. To qualify that, the sampling in October the flows are generally
moderate and so they are not dealing with the highest or lowest extremes of the
flows. Therefore the variability is not as dramatic during that sampling as occurs
during the rest of the year.
2. Archdeacon: The most channelized areas are the most homogenous. When the river
is dry, there are pools that developed from a tree that fell. There are some features
that appear to be permanent. Most pools are getting shallower as they fill in. He
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can’t recall any that are getting larger. There is variability, but there are some
mesohabitats that persist year over year.
3. Dudley: These habitats to have a tendency to shift around. Seems to be certain
characteristics of each site, despite the individual features that move around within
the site. For instance, the way the river carves around a corner, there is going to be
a deeper pool. The spatial location may be different, but a pool in that location can
be expected.
4. Valdez: Dr. White stated that the greatest variation in the CPUE effort is from site to
site. Intra‐annual variability (White: yes). Is this because the changes of variability
due to the geomorphology or because of how the fish use the site.
a. White: Inherent differences across sites, but I haven’t ever looked at the
data in the way.
5. Hubert: 20 fixed sites. Is the variation consistent from year to year. Are some sites
always predictably low CPUE vs other sites that are predictively high? Are there
known “good sites” and known “poor sites?”
a. Dudley: We looked at this specifically with the mesohabitat dataset. We did
add a covariant for site with the idea being to assess whether there were
predictable trends relative to site. It turns out that the data did not support
that. Across years, some sites will be high one year relative to other sites,
but then may be low relative to other sites in another year. The differences
across years do not appear to be based upon the locations of the fixed sites.
b. White: Some of the years I have run site models. Is there an easy way to
factor out variability by site? Simply, no.
i. Hughes: In my mind that is good
6. Porter: The USGS mesohabitat study look at 15 sites at two different flows, as well
as some other studies. What has been missing from those studies is nursey habitat.
All of these studies are in‐channel studies.
iv. Fabrizio: Question concerning the number of mesohabitats. Some papers were using very
fine definition of mesohabitats (lots of habitats within a site), while other papers seemed to
group them more. I would be interested in learning whether a finer enumeration of groups
of mesohabitats is desired? How coarse of a classification for mesohabitats
1. Dudley: You are correct that over time there has been a change of reducing down to
currently 5 mesohabitats. These changes came through conversations with Gary
White to focus on what is trying to be evaluated. In the past we made the
distinction between main river and side channel, but found that these distinctions
clouded the data. You would assume that in a side channel there would be less flow,
but found that it was not always apparent in the field. We decided to classify those
separately. What was found to be important were the velocities (run vs pool). We
ultimately went with the lowest common denominator in terms of habitat
classification.
2. White: In trying to do the analysis I wanted smaller number of habitats. With more
habitats, many didn’t occur at every site. With these five categories, we more
commonly have observations of each mesohabitat type across years for each site.
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v. Hubert: Would like to refocus back onto the augmentation. Would like clarification
regarding the interaction between augmentation
1. With the stocking of the fish, how are they marked?
a. Archdeacon: Visible tags that should be distinguishable. As long as the
researcher is looking for it, should be identifiable
b. Pine: Body location, colors that are used
i. Arch: Predorsal (left or right). Have used six colors. Difficult to use
all six colors in the same year. Several colors are similar. Try to avoid
using more than 3 colors in one year.
ii. Pine: In any one year, you could use from 1‐3 colors. Do those colors
represent any information (reach, when stocking tool place)
iii. Archdeacon: Yes, for several years color indicated reach. For the
past 2‐3 years, the colors are different hatchery origin.
iv. Pine: Using visual tags, can be difficult to discern the different
colors. Do you use black light to ensure testing? Training detection?
1. Dudley: Have used black lights in the past. Members of the
USFWS were doing the same. Determined by both parties to
be unnecessary if crews were aware of the colors in use for
that year. Separated between left and right across years,
which allowed greater awareness.
2. What time of year are the fish released
a. Archdeadon: October and November
3. How does the augmentation relate to the October sampling
a. Archdeacon: Will wait until after sampling. In the last three years they had
so many fish they did an October release but still waited until after the
monitoring in the associated reach.
4. Hubert: How are the marked fish treated in the field processing and coding for the
PopMon efforts.
a. Dudley: The marked fish are recorded on the data sheets as the color and
body location of each mark. These are separate field in the database. When
Gary analyzes the data the marked fish are excluded from the October
analysis.
5. What proportions of the fish collected in the PopMon efforts are marked?
a. Dudley: The proportions do vary across years. From 2012‐2014 with low
numbers of wild fish the proportion would be upwards of 90% hatchery fish
b. Archdeacon: Adding to Rob’s comment, in 2009 we released 20,000 fish and
salvaged in 2010 in that location and 5,000 were salvaged. All were wild. In
2012‐2014, more of the hatchery fish were salvaged. He can provide those
numbers.
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3.
a. Are the statistical analysis used in the monitoring program appropriate and in line with data
distribution and characteristics?
i. Fabrizio: Appreciate the approach that has been taken in the last few years (mixture
modeling). One of the things that I think about are residual analyses and re‐evaluation of
assumptions. How big of a role do those questions play in the analysis?
1. White: Residual analysis has been a mystery because of the mixture. You have the
probability of a non‐zero, and then you have a prediction of that particular site. For
that site, you are getting an average CPUE for the site. Not the traditional kinds of
regression where you can plot regressions. The sampling unit is a site. We look at
the data in many different ways, but he believes we are pseudo replicating. When
you start thinking about mesohabitats and other things lower than site scale,
site*year interaction. I would like to hear what the panel thinks about pseudo
replication below the site scale.
2. Fabrizio: That is probably a healthy tension
3. Hughes: The site*year is really important. Not sure that is pseudo‐replication. You
could argue within one year, that each site effects the other sites within the reach.
They are not totally independent.
4. Fabrizio: Pseudo‐replication can be raised by lack of independence. Are you saying
that the individual mesohabitats within a site are not independent?
a. White: Analogy would be schools of people. Want to compare across grade
schools. Take 20 schools. Don’t use students within those schools for the
tests. That is how the mesohabitats are being used (as students). Can have
variation across the site, but in his opinion that is pseudo‐replication
b. Fabrizio: I interpreted as the data are nested
c. White: The kids are nested within schools just like the mesohabitats are
nested within sites.
5. Pine: What is the treatment we are using to address this issue? If it’s a high flow
year it affects everything. These issues are extremely important. The key questions
of the stakeholders are larger treatments on the river has a whole. I agree with Dr.
White that you will have pseudo‐replication at the mesohabitat scale. But I think the
stakeholders are interested at the larger river scale. Going back to the by reach
comparison may provide new insight.
a. Porter: Suggests that we would learn more by looking at the geomorphic
reaches rather than the diversion reaches. The habitat in a class geomorphic
reach are more similar and would have more similar trends for the
mesohabitats and PopMon data.
i. Hubert: How many geomorphic reaches are there
ii. Porter: 6‐10
iii. Hubert: how many sites occur in those reaches?
iv. Porter: Maps available. Not sure of sites occurring within those
reaches. Massong and Tasjian
v. Hughes: Rather than 6‐10 reaches could you cluster those into 2 or
3?
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1. Porter: Yes (4), incised, aggrading, and stable, none of the
above
6. Marcus: Going back to grade school, is it the students or the grades within the
school that are analogous to the mesohabitats.
a. White: You could look at CPUE by habitat would match that analogy
7. Marcus: By using the site as the sample unit not the seine haul or mesohabitat, one
of the questions is the effect of displacement. By having multiple seine hauls in
multiple mesohabitats you start to wash away the displacement issue. If they are
driven from one mesohabitat into another where they are collected. At the site
scale, you ignore the mesohabitat scale. The total collection at the site is where the
data should be analyzed. The assumption is that displacement may play into the
density at the mesohabitat scale. Only a small proportion of the habitat is sampled
within a site. What kind of spatial segregation occurs at the mesohabitat scale?
a. Dudley: Depends on the site. Since the seine hauls are 10m in length, we
have 200m in total length (50 m wide) for the site. Can allow for buffer in
narrow sites (5m buffer).
8. Marcus: Heard yesterday that my increasing the number of seine hauls at the sites
increases the cost, but does not increase the precision of the data.
a. White: What we found with the PopEst data the increase of area sampled
within the site did not appreciably increase the precision. The only thing
that increased the precision is more sites, not more sampling within a site.
b. Pine: Read from 2011 RGSM report, page 36 provides data to support White
point.
ii. Valdez: I think I have heard pretty general agreement in the use of the mixture models for
these data. I don’t think there is a lot of dispute on that. The question that still faces us is
the very nature of those data. The 0 inflated nature of those data. Are we not measuring the
variance of the sites rather than the variability in the index of the abundance at the seine
haul level? The reason this is raised is that the sum of total number of fish collected in
twenty hauls rather than CPUE per seine haul. The variance of the seine haul is not being
carried over into the analysis. Why is this being done and what difference would that make?
1. White: The variation across seine hauls is nested and clearly pseudo‐replication. It
would be like taking all of the school kids, testing the variability across school kids,
and then testing across years. By summing the seine hauls and summing the area
this variation is not lost and is still part of the index.
a. Hubert: Explain why that would be pseudo‐replication
b. White: It is nesting that was discussed earlier. It is the wrong nest to test.
c. Hughes: The mesohabitats are fake replicates of sites. Don’t use them as
sites. Rich is saying something total different. He is saying thinking of
mesohabitats as sites, which is a totally different design.
i. White: Rob has a graph that shows that mesohabitats are well
correlated with CPUE. The study is not interested in what is higher
or lower, but the total index (fish population going up or down). The
models that we fit where mesohabitat has an effect over year there
is a positive correlation. Are the fish population in the river changing
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from year to year? Refer to Dudley presentation for data on this
statement.
ii. Valdez: Back to the original question, is there a different design that
would reduce the 0 inflated data? Are the CPUE data worth
collecting considering the caveats and constraints?
iii. White: Even if the river that was never dry, there would still be sites
with 0 silvery minnows.
iv. White: We have a clearly defined sampling framework. If the
habitats are fixed, then you could modify the design to sample
them. However, since the mesohabitats are not fixed you can’t have
a fixed framework.
v. Valdez: There is variability within sites over years. This is
contributing to the variability of the index. If you stratify by
mesohabitat types
vi. White: When it comes to mesohabitat types, you can’t have a
defined frame where those are sampled across years
vii. Valdez: The sampling frame is occurrence moving down the river
d. Valdez: What if those mesohabitats were not within a site rather than
distributed throughout the river. Is there that dependence among
mesohabitat types
iii. Pine: In the mixture model, could we develop other models to fit the data that are similar
that have already been fit but may have specific covariant that are of interest to the
stakeholders? Some examples to clarify: several of the models that are fit discharge
exceedance between a period of time (June to October). Possibly incorporate a model in
April or May where floodplain habitats are inundated. Another is fish stocked in October
and fish captured the next year. Would expand the candidate sets of models. There is
expertise in this room that could bring a new set of candidates of models.
1. White: New covariates.
2. Hubert: Do we have data to support new covariates?
a. Porter: We can look at the number of days of inundation, acres of
inundation (by year and by reach), number of fish stocked and salvaged
each year.
3. Pine: The stakeholders could identify new covariates that could lead to
management actions. Four to six new models with new covariates that could be fit.
4. Dudley: Relative to the existing covariates, there was some discussion regarding
days with a specific flow. It was April to May. During those particular months of year
there is a high likelihood of spring run‐off and biological response to the water. If
had a certain flow for a certain duration, based upon the knowledge that this
species spawns and requires several weeks of persistence of this habitats we could
expect a higher recruitment success if we could keep those nursery habitats wetted
for a minimum period of time. Goes directly to acreage, but they do have some
covariates of this information. It is a model based upon a model, so it has been used
for insight not data analysis. Could look at additional covariates. Base concept is
that spring flows and the subsequent summer drying are the important
20
December 8 and 9, 2015

841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860

Concurrence Points Notes from the Rio Grande Silvery Minnow Workshop
Wayne Hubert, Facilitator
Matt Cusack, Data Recorder
environmental factors that would impact recruitment success. How many days
before flow drops below a certain flow in June was directly requested by USFWS.
The timing, magnitude, and duration analyses are in their contract. If he had free
reign, they would consider other objectives but have kept the analyses within the
objectives of their contract.
5. Porter: The USACE has taken a finer look at some of the hydrologic parameters
(magnitude and duration) in the floodplain. Currently, their analysis points to
2000cfs as the critical threshold on the magnitude. An eleven day duration at least
that magnitude or longer is the minimum threshold tied to the recruitment success.
a. Fabrizio: More clarification. Is that just for the upper reach or for the entire
river?
b. Porter: Using the ABQ gauge, but it does appear to reflect successfully for
the entire river.
6. Fabrizio: How were the number of wetted days were calculated
a. Hydrologic inundation analysis from Flow2D and from HEC RAS.
7. Fabrizio: what is the role of remote sensing
a. Porter: Ground truthing and surveying currently used, evaluating LiDAR
b. Fabrizio: That limits how far back in time you can get that information. How
far back?
c. Porter: 1990
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b. Are there additional analytical techniques that could be utilized that would improve the use of
CPUE?
i. Pine: There are hierarchal Bayesian antecedent models that link prior flow conditions to fish
population responses. These approaches are an alternative approach that the program may
be interested in evaluating. Pine will provide the reference to Atkins for review. There are
different camps on these techniques, but it could be considered.
ii. Marcus: What if we have a different way to analyze the data. Can we do something
different? Instead of taking the 20 sites and looking at those as the unit. Could we instead
take the same data and break them up my mesohabitat types and analyze the data that way
and then collapse them. When we are dealing with fixed sites, when a site is dry the CPUE is
0. However, if you sample mesohabitats then you don’t have dry sites but find the
mesohabitats where they can be found.
1. Hubert: A mesohabitat sample frame?
2. White: On Rob’s presentation, slide 38 shows that they are highly correlated. 2005
they all went up, and 2006 they all went down
a. Valdez: Are they correlated because they are in the same sites. Is there an
alternative sampling frame? See question 4.
3. White: Discussion on autocorrelation. Autocorrelation is the previous year affecting
the numbers of the following year.
a. Valdez: It has been stated that the mesohabitats are not independent of
each other at the site scale.
iii. Hughes: Have the researchers looked at signal noise by visiting the same sites per year
versus the variance found across sites?
1. White: The only place that has been done is the Occupancy analysis. The encounter
histories seldom show all ones. In terms of the CPUE and PopEST data, no. No, this
has not been done. This would be a way to get at the delta to determine the true
occupancy probability rather than detection probability and occupancy. If we could
visit the same site multiple times we could develop occupancy as Delta, but not sure
if we could correct Mu. Two different kinds of detection probability, species and
individual. Cool to have data from multiple times. We are currently losing detection
probability, which is the biggest weakness of the CPUE data. We don’t have strong
evidence that it varies a lot.
2. Hughes: Mostly concerned with the variance of revisiting a site vs the variance
among sites. Not as concerned about multiple visits. If that variation is relatively
small compared to that across sites, then we are getting a strong signal regarding
CPUE index.
3. Dudley: Wanted to bring attention to slide 42 from his slideshow. Sampling occasion
was also considered but not listed as a covariant on the slide. The reason it was
excluded is that it was not found to be correlated. November sampling with four
consecutive days. Year is still the big covariant.
4. White: The answer is still site.
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5. Hughes: You could still calculate variance, if it higher than 3 then it is a useful
indicator.
6. Pine: Question about slide 42. Are these the occupancy from each day?
a. White: Each day treated as a sampling unit. Visits doesn’t appear here.
b. Pine: Is the expected value in slide 42 CPUE or corrected for non‐detection
c. White: CPUE, not corrected.
iv. Fabrizio: When I think about these types of surveys, I think about the need to detect the
trend through time. Want to get a clear indication of whether this would be useful or
interesting scientifically but not for management purposes. Comparing last year vs this year
we saw and increase rather than the trend since 2000. Long term trend vs year to year
variation
1. Valdez: Trend analysis in a formal sense, focusing on probability on an alpha level.
Would provide confidence in the trend that the data are telling you
2. White: Look at slide 35. Pretty clear that orders of magnitude change with the log
scale. When you are going from 100 to 1, you are looking at 5,000 times the
difference. A formal trend analysis isn’t needed.
3. Hughes: Looking at slide 35, those trends are very similar to Pacific salmon. Those
are being driven by climate changes (water). The lows are getting lower, and that is
the scary part as a fish biologist. There is a NOAA model that deals with this. I forget
the authors, and can give a probability of extinction. Generally ratcheting down.
Mickie’s stuff is very important to make sure that the decreasing lows don’t fall off
of the graph.
4. White: Having a 1,000cfs threshold is difficult, should we fit a trend model from
2009 down?
5. Fabrizio: You have to know that this is a log scale and don’t think about it. Does the
message come through strong enough? Would it help to have additional analyses
that would emphasize the changes in that graph.
6. White: I don’t think you would be able to detect a downward trend because the 0s.
We are looking at the hypothesis of delta (detection probability) and Mu. You could
fit a trend on Delta and on Mu, but could make assumptions
7. Valdez: I have seen people fit a regression to a log type scale and appreciate Mary’s
question. There is a formal trend analysis (Gerrodette) that could be done, but you
would have to reduce your confidence before you could see anything. Unless you
take short periods of these data you won’t be able to see these trends.
8. Dudley: Want to put the statistics in a biological perspective. This is an r‐strategist
species that literally explodes into the environment under the right conditions. Can
go from 1 to over 1,000, and that is what is being demonstrated with this graphs. On
the flip side the declines could be just as dramatic. Long term trends make more
sense with longer lived species. With the RGSM, the trend is between year 1 and
year 2, and the line is either going up or down.
9. Hubert: If you have extremely low or absent data points in your monitoring, how
could you expect them to bounce back up? Are their wild fish in the river, or would
any subsequent bounce be from augmentation?
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a. Dudley: There are a couple of points there. When you get to a critically low
level (2012 and 2014), you do get into a certain critical threshold. In past
years when populations with larger populations in the fall, you could expect
the end point to be higher. When discusses the 0s and the meaning of the
0s in the CPUE data, we get into the issues of the two p’s (species and
individual detection). This is where tools like site occupancy are very useful
and provide insights into these challenges.
v. Pine: Please go to slide 34. This provides both Mu and Delta. We discussed how when the
populations are really large the detection function is not going to help you. The stakeholders
and managers are not worried about when the populations are large, but rather when the
population is really low. Maybe some thought should be given to detection probability
(individual) under low density conditions. The second point is whether the researchers have
use the analyses in this plot but add in the augmented fish. Do a graph with all fish, would
that provide a different picture?
1. Dudley: The site occupancy are only the same data, so Delta and Mu are not the
same data.
vi. Pine: Has this model been fit with wild and hatchery released fish
1. Dudley: These data have not been fit to wild and hatchery fish. By the October
survey in virtually all years the hatchery fish comprise a negligible portion of the
total catch.
2. Dudley: The hatchery fish are stocked in November, survive the winter (some), and
then spawn. Their progeny are then captured in October, but they are unmarked
and are considered wild.
3. Pine: These creatures live three years at the very most.
a. Archdeacon, extremely rarely 3 years, rarely 2 years. Most commonly 0‐1
age class with 0 age class being the largest age class.
4. Pine: Does the Program consider the RGSM as an annual species like a scallop that
only lives one year. You can’t pretend that the species doesn’t live to age 3 just
because you don’t find them. It is unusual to discount the longevity of the species
from a fisheries assessment (stock assessment). This is super important. In thinking
about additional analyses, the antecedent flow analyses is a really important
analysis.
a. Dudley: We do know from empirical data (ear bones) and lengths of the fish
the approximate age. After examining a series of individuals, there is a
report out on age and growth. That report demonstrates that there is a
large proportion of 0 fish, a small portion of age 1, and a few age 2. There is
not documentation of age 3. In the field, good sampling days (1990s) and
could look at 10,000+ individuals we found a clear distribution that was
bimodal but dominated by age 0. We could consider additional age class
analyses, but in most years they wouldn’t be fruitful because of low survival
beyond year 1. Previous efforts were problematic. Would occasionally have
no data for specific reaches.
b. Pine: The point is that it is a fish, where more age 0. If you should have more
than one age class in the data, and your age ranges are truncated then you
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won’t have full recovery. Should consider age classes distribution for future
sampling and data analyses. When you handle so few animals, those older
age classes may not be present. Everything is focused on age 0 or age 1, but
if year 2 plus age classes aren’t subsisting, that brings up a host of issues
that should be considered from a management perspective. Why are older
age classes not persisting?
i. Hughes: That would be an important data variable if these data we
being collected.
c. Pine: Size classes as age classes is problematic. Age 0, 1, and 2 lengths may
overlap.
d. Archdeacon: From salvage data, all species and all sizes are being trapped in
the pools. Don’t see fish older/longer fish in those salvage data.
e. Pine: Assuming that the size classes are reflective of the ages, if multiple
year classes are collapsed within the CPUE data, older 1990s data could
have been from persistence. We are failing to fully analyze the day to
consider year classes by collapsing the CPUE by length. It appears that the
use of the CPUE considers these to be an annual species, and that the CPUE
catch in the fall is a function of the fish that are there in that year from the
previous year’s spawning
i. White: Age 0 fish are the predominant age class sampled
ii. Hughes: In the 1990s, were the length frequency distribution similar
to what is seen today?
1. Dudley: Yes. Collected fish from the river to do an age class
assessment. Did collect the largest fish that has even been
collected in the Rio Grande (over 100mm). Typical is 60mm.
That was an age 2+ fish meaning it survived two winters.
Have a general idea of the size class distributions that would
associate with those ages. There are problems with using
lengths as an age and doing an analysis is problematic due
to the limited number of fish. Not the situation where we
are losing population due to the lack of persistence.
vii. White: Lognormal rather than alternative distributions. The benefit of lognormal is that
there is no covariance. In other models (negative binomial), mean and the variance are
related. Point 1. Mean and variance and uncorrelated. Point 2. Integer distributions would
have to be corrected by seine haul length and 0 inflation. Lognormal provides a strong
framework
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4. What revisions can be made to the sampling design to improve accuracy, precision, and power to detect
change in RGSM abundance?
a. Hughes: Before you think about sampling design, you need to have clear statements of the
objectives of the sampling. That is not clear in my mind. If the following list are objectives of the
sampling program, then there are too many objectives. Recommend condensing the list to the one
or two most important objectives. For the people at the table, what are the objectives of the
sampling.
b. Archdeacon: Program Monitoring Plan stated that tracking CPUE trends was a primary objective
c. Pine: Detecting responses in RGSM to management actions
i. Hughes: System wide rather than site specific responses
ii. Pine: Maybe consider both, with depending on the scale of the management actions
1. A desire may be to detect responses to management actions at either the river or
reach scale. It may not be possible to detect at the reach scale due to the CPUE
variability.
d. Hubert: The current sampling design can detect management actions if the management action
would affect the entire Middle Rio Grande reach
e. Valdez: Don’t design for numerous objectives but can possibly answer several question. That doesn’t
mean that the objectives of the program were intended to address those issues.
f. Porter: Two objectives are Spring run‐off flow for spawning recruitment and river continuity and
river drying during the summer
i. Hughes: Effects of salvage and the effects of augmentation
g. Pine: We could add additional sampling sites to detect the response to a specific management
action.
h. Hughes: Increase the number of sites. Don’t disregard the existing sites, but add more. Thomas said
that the USFWS already samples an additional 6 sites. What about doubling the entire the sampling
effort to 50 sites.
i. White: That would reduce the standard error by the square root of 2. Does that really
matter? Referred group to slide 35. Would only shrink the error bars, not change the data.
Would improve the precision of the data.
i. Valdez: Status and trend. Status is how the fish is doing now, trend is how the population is changing
over time. There is no perceptible trend in data due to the extreme variability. What if you do
increase the number of sites, would it facilitate a more clear answer to the trend objective?
j. Fabrizio: You can predict what the population size is going to be the following spring assuming you
have the proper habitat conditions and enough fish to spawn. This is really driven by the
environment, a minimum level of spawners, so I am not sure if you need data about the population
in order to predict the trajectory of the population. What would have been more useful to me is a
stock/recruitment relationship? In a typical stock assessment you evaluate the size of the spawning
stock and the recruitment that occurs. The relationship is often very difficult to detect, but a low
population sizes it is often linear. Should there be some investigation into that relationship and how
the habitat impacts that
i. White: Plot year I plus year I+1 you will get your stock recruitment curve.
ii. Fabrizio: the abundance sampled in October are not the fish that are spawning, the
augmented fish stocking in November are likely creating the
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iii. Pine: You are going to learn the most regarding stock recruitment when stock sizes are low
and in the absence of stocking
iv. Archdeacon: We did stop stocking for 5 years, but the same general trends continued when
there was a very low population 2008‐2012 in the uppermost reach. The population still
mirrored the same trends, although the numbers were lower.
v. Fabrizio: In terms of the stocking and the cessation of stocking, were there more silvery
minnow in the upper reach or what was the rationale?
1. Archdeacon: Doesn’t remember the rationale
2. Porter: The hiatus in stocking the ABQ reach, it was the one reach that was
perennial and wouldn’t have mortality through river drying. Let’s see if that carries
through five years.
k. Valdez: The current design can address items
i. To Track the status and trends of the RGSM
ii. To assess incidental take
iii. To evaluate recovery criteria
iv. To evaluate sufficient progress
v. To determine the need for population augmentation
vi. To evaluate response to management actions
vii. To implement measures to avert population crash
viii. To track other fish species
ix. To assess demographic characteristics of RGSM, such as survival, growth, and recruitment
x.
l. Executive Committee Survey
i. 1. Provides estimates of long‐term population trends (increase/decrease)
1. Need: This is seen as a critical need by the majority of signatories
2. Current Success: Range of responses indicates uncertainty by the EC.
ii. 2. Provides estimates of population abundance over time and area
1. Need: Majority see this as a critical need for the Program.
2. Current Success: Range of responses indicates uncertainty by the EC
3. Hughes: Is it worthwhile to spend the money to estimate population abundance, if
so then a different design is required.
a. CPUE trends are sufficient
iii. 3. Evaluates species response to variations in natural conditions.
1. This workshop interprets natural as related to hydrologic flow
2. Need: Majority indicates needed to critical need for species response to natural
variability.
1. Current Success: Range of responses indicates uncertainty
iv. 4. Evaluates species response to management actions, such as:
1. Need: Majority believes this is an important or critical need.
2. Current Success: Majority believes need is addressed poor to fair.
3. Hughes: This should be a primary goal of the CPUE program. Salvage, augmentation,
flows
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4. Archdeacon: Scale of the response is going to be related to the scale of the
management action. Determining the scale of the management action that should
be measureable in response should be clear
a. Hughes: The Middle Rio Grande should be the area of focus, not at the site
scale.
v. 5. Refines understanding of species development and behavior.
1. Need: Majority indicates needed (perhaps not through this monitoring program?)
2. Current Success: Majority indicates poor to fair or unknown.
vi. 6. Evaluates progress toward species recovery.
1. Need: Majority sees this as an important to critical need.
2. Current Success: Majority indicates poor to fair.
vii. 6. Evaluates progress toward species recovery.
1. Need: Majority sees this as an important to critical need.
2. Current Success: Majority indicates poor to fair.
viii. 7. Evaluates sufficient progress.
1. Need: Range of responses indicates uncertainty but needed.
2. Current Success: Wide range of responses indicates uncertainty and unknowns.
ix. 8. Assesses population viability and self‐sustainability.
1. Need: Needed to critical need.
2. Current Success: Wide range of responses indicates uncertainty and unknowns.
x. 9. Tracks trends and abundances of other fish species.
1. Need: Needed, maybe?
2. Current Success: Range of responses indicates uncertainty and unknowns.
xi. 10. Provides high level of precision and accuracy for the cost.
1. Need: Needed to critical need.
2. Current Success: Range of responses indicates uncertainty, mostly poor to well.
m. Hubert: Which new sampling designs could address other EC objectives
i. Hughes: Each mesohabitat is seined 3‐10 times? How many seine hauls per mesohabitat
1. Dudley: 5 mesohabitats, with 20 seine hauls per site divided amongst available
habitat.
2. Hughes: Why not sample more mesohabitats? Sample more than 20 seines and
cover more mesohabitats within the same site? Since you are sampling a small
proportion of the site.
a. White: That analysis was performed before, it didn’t have any effect. The
variation is coming across from year to year.
b. Hughes: But mesohabitat was the second most important variable
c. White: There is variation across repeated samples, but the larger variation is
across years. Within site variation is a much smaller component.
d. Hughes: You don’t see any value in increasing the level of effort at a site, or
increasing the number of sites
i. White: The data clearly show big differences across years?
ii. Hughes: Let me go the other way, reduce the number of sites
n. Valdez: Look at the issue in terms of representation. There are 150 miles from the uppermost to the
lowermost sampling site. Each of the sampling sites is 200m long, altogether there is 4000m
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sampled, or less than 3 miles over 150 miles. How well do these sites represent the population for
the whole area? What effect would have from increasing site numbers? The means are going to stay
the same, but I am not sure if we know that.
i. White: Referred the group to slide 21. Compares population estimation and population
monitoring efforts, which show similar trends. Two different samples of 20, and they show
the same patterns.
ii. Archdeacon: We intentionally selected 20 new sites and used the mixture modeling to found
similar results. Referred to a published paper that was distributed to experts.
iii. Valdez: Are we saying that this species is uniformly distributed across the system?
1. Archdeacon: In high population years, yes. You find it at all sites in good years.
iv. Dudley: When we think about slide 21, it was done specifically from the work group. If you
follow these totally different methodologies, would you have a different answer? If we take
the PopEst is being the best to the total population, CPUE is an index of abundance and have
empirical data to back up that statement. These other statements are what ifs, which are
important to raise. When we look at the relationships between density and CPUE we have a
CPUE 1. That results in a PopEst of 100,000. We have a dataset on augmentation, where we
know exactly how many fish are in the system. If we look at those two datasets, the CPUE
data for the augmented data the CPUE should be 2. The last three years the CPUE for 2 for
December data. From the empirical data we have, there is a reasonable agreement that the
CPUE estimates are indicative of the population. The CPUE data are also capturing the
abundance of augmented fish.
1. Fabrizio: More clarification of the years included in the study. Did it include high
flow and low flow years
a. Dudley: Two higher and two lower flow years. Did not include exceptionally
low flow years.
2. Pine: The description above is related to predicting the CPUE based upon known
populations of the stocked fish over the last three years (2012‐14). The question is
what were the spring flows like 2012‐2014
a. Dudley: Referred to slide 37 for the hydrograph
b. Pine: Doesn’t look like there is a strong contrast in the flows for those years.
Were those average, low, or high flow years
i. Porter: Below average spring flows. You can look at slide 37 and see
that none of those years exceed 1,000 cfs
ii. Dudley: These are taking as monthly averages, so individual flows
could have exceeded the 2,000cfs threshold. The point of bringing
this up is that I wouldn’t go too far with 3 years’ worth of data, but
they were low flow years during the fall and most importantly
where no wild fish were found. The monitoring data reflected
something in the river. No fish and then picked up a predicted signal
associated with augmentation. The current monitoring program
may have value in assessing augmentation.
iii. Dudley: In reference to the EC Summary. Do we have confidence
that the CPUE index is reflective of truth in true abundance? The
empirical data that are available support this.
29
December 8 and 9, 2015

1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246

o.

p.

q.

r.

s.

t.

Concurrence Points Notes from the Rio Grande Silvery Minnow Workshop
Wayne Hubert, Facilitator
Matt Cusack, Data Recorder
iv. Valdez: What is the proximity of the sample sites to where the
release of the fish? Did it reflect where the fish were released or the
mixing of the fish
1. Archdeacon: In the last four years, there has been
purposeful avoidance of ASIR sampling sites, and USFWS
has avoided releasing on top of ASIR location. We try to
release in between ASIR sampling sites.
c. Dudley: Those are the entire year flows
Valdez: Has there been some kind of a reconnaissance of the entire river to establish if there are
differences in numbers of fish by geomorphic reach
i. Hughes: Do the 20 current sites cover those geomorphic reaches?
ii. Dudley: Not sure how the geomorphic reaches are defined? Request for a document that
clarifies those locations?
1. Porter: Will identify the reference and provide to Atkins
Valdez: Let’s look at an alternative design to look at trends in abundance and the precision of
abundance. Goal is to improve the precision of the CPUE index. My basic approach would not
involve fixed locations.
i. Pine: Drawing 1 is existing schematic
ii. Pine: Drawing 2 is proposed schematic that address Valdez comment
1. Encounter sampling. Map the river, then avoid nonproductive mesohabitats and
focus on the productive mesohabitats
iii. Pine: Consider low flow/low abundance sampling. Does the existing design tracking those?
Archdeacon: If you do 400 seine hauls and you establish that the fish is rare, then why do you need
to do more sampling
i. Valdez: For precisely that reason. If you are showing an insensitive level of detection, don’t
we need to increase the sensitivity of detection? Is it important to know that there are fish
in the system, but in a different location?
Valdez:
i. Alternative design
1. More diverse investigation
ii. Supplemental design
1. With many zeros, trigger supplemental sampling
Fabrizio:
i. Are you saying as density goes down, that they are not being encountered? If the situation
regarding RGSM would lend itself to multi‐state occupancy models? With those, you can
define a state as different levels of abundance, with each level have different values for
occupancy and abundance
1. White: We all agree that the detection probability decreases with occupancy. If you
do 400 seine hauls and still don’t detect species, is that small improvement
beneficial to the program?
Porter: Yesterday we discussed catchability. Maybe an addition to the sampling design but a very
rigorous of gear types, flow, and depth to perform a good catchability study. Do depletions with the
different gear types of flow and water depths. Seining, electrofishing, single net, dual net, etc.
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Concurrence Points Notes from the Rio Grande Silvery Minnow Workshop
Wayne Hubert, Facilitator
Matt Cusack, Data Recorder
u. Marcus: If I were a water manager or an irrigator, and I looked at the CPUE data that varies by
orders of magnitude over time back in history and currently. Back in history the low years were
followed by big surges in fish. If that fish can come back from zero, why should I be concerned about
zero? Not giving me information on the potential of the species to recover. There are fish that are
still reproducing from the zero CPUE. I need a better way to understand the population information
that is improved from CPUE.
i. Hubert: A trigger to add supplemental sampling on top of the PopMon sampling efforts.
ii. Archdeacon: Big picture, historically the species has already lost 90% of its range. The goal of
recovery is not to hover on the edge of extinction but rather have the change to avoid being
zero in low flow years.
iii. Pine: If 400 isn’t enough, do you want to go out and do 800 is not realistic thinking. If we are
thinking of triggers, could you consider repeatedly sampling in a subset of sites to
understand capture probability at those low flow conditions? This would help understand
detection at the low flow. Could trigger a different spatial or different intensity of sampling.
1. White: Is that displacement behavior? When it gets this low, we haven’t seen it
come back from zero to a very large magnitude.
2. Marcus: We don’t want to keep them on the edge of extinction, but when you see
the variability in the CPUE
3. Archdeacon: You want to prevent yourself from going extinct, you either need to be
very abundant or geographically diverse. For this species, both are no longer options
for the RGSM.
v. Pine: Under the average or lower catch conditions (over the last 5 years), are you equally likely to
find the RGSM in the available mesohabitats types or is there difference of capture in the habitats.
i. Dudley: Provided a summary of sampling quotas for the different mesohabitats types
ii. Pine: Supplemental sampling should focus on backwaters and pools, not the low catchability
mesohabitats, but only if research confirms that those habitats are where the fish would
congregate in those habitats and following the habitat utilization identified during higher
flow sampling.
iii. Dudley: We are talking about targeted sampling. If things are really low would it be
worthwhile to find those areas where we would expect to find higher densities. The
questions are better addressed by looking at the broader issue of whether we are detecting
the species at the site. The site occupancy study provided insight into this question, and
allowed us to determine presence/absence
1. Pine: The site occupancy work determined that there was high site occupancy and
high flow. Please confirm that the occupancy work also takes place low flow areas
2. Dudley: The occupancy work is ongoing. There is an appendix that makes the
dataset current through 2014. The site occupancy during successive years have
declined year over year to site extinction. Site extinction probabilities
3. Pine: Those are site extinction probabilities, which is a different index than true
species extinction. Can you get inferences from the data that would inform
management actions? In years with low CPUE, is there different utilization rates of
the available mesohabitats. If differential habitat use is occurring at low fish
abundances, then that might inform management actions related to promoting
species resilience through conserving or restoring specific habitat types.
31
December 8 and 9, 2015

1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320

Concurrence Points Notes from the Rio Grande Silvery Minnow Workshop
Wayne Hubert, Facilitator
Matt Cusack, Data Recorder
4. Hughes: I believe Gary showed me graphs that addressed through this issue over
time. There is not a consistent signal over time. The fish is sometimes present during
high flow and low flow times.
a. White: These were CPUE data from the November data where we had
repeated counts. When you look at each site repeatedly over years, they
bounce all over the place.
w. Hubert: What studies or research are available that the experts may not be aware of? Biology of the
fish, datasets, etc. that could be evaluated?
i. Archdeacon: The salvage dataset could be made available, which has not yet been peer
reviewed.
1. Fabrizio: what is the question? Status and trends of the salvage data
2. Archdeacon: Findings follow what ASIR what would predicted. Lots of YOY or almost
none. Not a distinct decline.
ii. Valdez: Data are taken from a variety of sites other than the 20 sites. My observation would
be that it is worthwhile to perform an analysis of alternative designs. Several years of data.
Data collected by the USFWS by Remshardt. Some of those sites had numerous seine hauls,
but the length of river was missing. Can’t convert to CPUE because missing length data.
iii. Archdeacon: Tribal data, but there are sensitivities with those data
iv. Hughes: Mike Marcus has a report that may have been pertinent. It was in the set of
additional zip files. He handed me files 12b and 4b from a file of 15. 12b is SWCA 2015. Main
Channel Fisheries Monitoring Draft Report. 4b is Dudley et al. 2011 Rio Grande Silvery
Minnow Population Estimation
v. Archdeacon: All marked fish, where they were released, and when. Plus the recapture
database
x. Valdez: With regards to what does the 0 CPUE mean as an observation. To managers it means
nothing. There is not a good understanding of CPUE and what it means. What would be useful if the
CPUE data could be translated to a prediction of extinction or population viability? Let’s be
cognizant that 0s do mean something and are important, and want to make sure that we
understand what these data mean. Need a connection between the biologists and the managers.
y. Hughes: Not sure if the listed species have instream ecological minimum flows. NO
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Recorded Notes during the Workshop
(Day 3)
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1. Is the CPUE index appropriate for monitoring the RGSM in the Middle Rio Grande?
a. Panelists Response: YES
i. Rationale
 Seines are applied globally for fisheries monitoring and assessment
 Protocol for operation of seines has been standardized (crew leader etc)
 Seining is an effective method for sampling small fish (particularly age‐
0)
 Seining protocol has been in place for the entire program (since 1993)
a. Appropriate corrections to the data recording protocol have
been implemented since 2002
 The standard methodology reduces potential for crew variance
 CPUE is widely used index of abundance or density in freshwater
fisheries management, and the potential sources of variation are widely
documented
 Research on the Rio Grande provides empirical evidence of a convincing
correspondence between CPUE and estimates of abundance derived
from an independent study implementing a different methodology
(gear)
 Research has shown that environmental factors affect both CPUE and
catchability.
a. The CPUE index can be standardized in the presence of
environmental variability using analytical methods.
 We conclude that CPUE provides a useful signal that reflects the relative
abundance of age‐0 Rio Grande Silvery Minnow in the Middle Rio
Grande.
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2. Are the monitoring plan and sampling design appropriate for tracking the status and trend of
the RGSM in the Middle Rio Grande?
a. Panelists Response: YES
i. Rationale
 Fixed site designs often provide CPUE data with less variance than
randomly chosen sites.
 Fixed site designs provide earlier trend detection.
 An independent study using a GRTS (Generalized Randomized
Tessellated Stratified) design yielded similar results in the Middle Rio
Grande.
 The Program has demonstrated the ability to sample fixed sites on a
monthly and yearly basis.
 There is a reasonable spatial distribution of fixed sites over the Middle
Rio Grande and within the three reaches.
 The three reaches are congruent with the manner in which the river has
been segmented for water management purposes.
 The 20 sites are a reasonable sample size.
 The design incorporates sampling across available mesohabitats.
 The design allows for effective sampling over a wide range of discharges
encountered seasonally.
 The design accommodates variation in mesohabitats occurrence both
spatially and temporally.
 October is the most appropriate index period for the annual
assessments.
 We conclude that the design allows for tracking abundance and
occurrence of age‐0 RGSM.
ii. Observations
 Consider implementing a sampling design that facilitates occupancy
modeling in addition to the existing PopMon sampling in October.
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3. A. Are the statistical analysis used in the monitoring program appropriate and in line with
data distribution and characteristics?
a. Panelists Response: YES
i. Rationale
 The use of mixture models is appropriate for estimating the CPUE index
utilizing both zero and non‐zero catches.
 Mixture models consider mesohabitat and year variability and improves
CPUE estimates.
 Mixture models allow evaluation of covariate influences on CPUE
estimates.
 We conclude that mixture models represent a positive step forward that
is more informative than previous approaches.
ii. Observations
 Continue using the 5 mesohabitat classifications.
 Consider key drivers of mesohabitats variability such as water velocity
as well as replacement of the mesohabitat factor in the mixture model
with velocity.
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3 B. Are there additional analytical techniques that could be utilized that would improve the
use of CPUE?
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a. Panelists Response: UNRESOLVED
iii. Rationale
 Because each seine haul has a different length, the CPUE estimates
should not be treated as integers.
a. The two parameters (mean and variance) of the lognormal
distribution are independent.
b. The panelists support the use of the lognormal approach.
 We recognize that there are other techniques for dealing with zero
inflated data.
 An alternative to the parametric mixture model may be Bayesian
hierarchical models.
 CART, boosted regression trees, random forests, and similar techniques
may be used to examine relationships between hydrologic covariates
and CPUE to determine thresholds.
 The assumptions of the mixture models need to be fully defined and
explored
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4. What revisions can be made to the sampling design to improve accuracy, precision, and power
to detect change in RGSM abundance?
a. Panelists Response:
 A revision should not be implemented without strong empirical evidence that
an alternative sampling method provides more precise estimates of CPUE and
offers constant catchability.
 Raw data from large mesh nets and larval nets should never be combined into a
single index because of the different sampling efficiencies of the two gears.
 Possible additions may further strengthen the program:
 Further studies on factors affecting catchability could lead to changes in
the covariates measured during sampling (or independently) and the
analytical method used for estimating CPUE.
 Precision can be improved by addition of sampling sites.
 Stock/recruitment studies to evaluate the abundance of spring
spawners relative to fall recruitment.
 Genetic fingerprinting studies of wild and hatchery fish to determine
hatchery contributions to the spring spawners.
 Efforts to standardize sampling and analytical methods across agencies
with RGSM interests.
 Age specific fecundity and survival rates based upon pre‐breeding
census methodology (fall).
 There is potential for further data use from the PopMon program in
management decisions
 The analyses in Dudley et al. 2015 could be used to assess discharge
effects on occurrence and abundance.
 Apply the existing PopMon data to the recovery goals outlined in the
RGSM Recovery Plan.
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EXPERT PANELIST OBSERVATIONS
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1. River flow regime and abundance of the RGSM are strongly associated.
2. There is an apparent lack of attention to long‐term climate change issues and integration with
climate change planning efforts.
3. There is an absence of minimum instream flow requirements to assure recovery.
4. Using hatchery fish to avoid extinction may reduce the overall population fitness.
5. There is insufficient data integration within and among agencies.
6. Rigorous adaptive management processes are needed.
7. If there is a desire to estimate relative abundance in extremely low flow years, the panelists
foresee an immense challenge to develop and carry out a statistically valid sampling design.
a. There is consensus among the panelists that such additional sampling would add clarity
to the recovery issues documented by the PopMon program.
8. Additional gears may be added to the existing sampling design (fyke nets, bag seines, eDNA,
and/or acoustic camera) to improve characterization of age distribution.
9. The research done on the RGSM warrants publication in high level peer reviewed journals.
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Day 03 Afternoon: RGSM Population Monitoring Workshop
1. Porter: Focused monitoring compatible with CPUE may be more compatible with adaptive
management, and appreciate the comments regarding low flow and CPUE to make sure that
they are addressed in the report relative to Question 01.
2. Kris Schafer (USACE): Sometimes difficult to avoid engaging in policy, and want to encourage the
panel to avoid getting involved into policy related to the Program. The USACE in the process in
developing an adaptive management program, and look forward to using the results from this
workshop in the adaptive management process.
3. Pine (speaking on behalf of MRGCD, APA, the Authority, and ISC): Reads a statement that will be
entered into the record as “Written Statement 01”.
4. McKinstry: The BOR supports sound science to make river management action decisions. The
BOR did not see a lot of surprises here. The panel findings are in line with what was expected
given the priorities and constraints of the program. The scientific work is good, and does not
need significant improvement. One of the important questions is “how well do you need to
know zero”, and what kind of decisions are being made of these data. From the BOR standpoint,
they don’t see a large investment in the results that would lead to different management
decisions. The BOR requests that the panel include some prioritization in the recommendations
and observations that were made in the presentation this morning. The BOR doesn’t have an
unlimited budget but recognizes that there are other things that could be done in order to
improve the program. We are open to that. The BOR want to work with the interagency
partners to evaluate large and collaborative research projects that can benefit the system.
5. Matt Schmader (City of ABQ): Wants to make some statements that are different than the
others that have been made. Listened from the point of view from a social science, which
includes a lot of impoverishment. As an outsider trying to look in, he is not sure whether the
beginning of this effort ever came out of a structured, scientific research design. The sampling
design is not research design. The sampling design is something that happens as a matter of
necessity. He does not believe that there was a scientifically structured research design that has
guided this process. We have proceeded with induction, which is the collection of information.
The person who is the most right is the person who can compile the largest pile of facts and
argue from the position of the most data. Induction is a justificational exercise. The opposite is
called deduction. Hypothetico deduction involves trying to prove oneself wrong that leads to
new research questions. Most of the research to date is based on justificational induction. The
current research design is too inflexible to adapt to the needs of the changing system. There are
piles of facts that retrodictively try to accommodate the data. (Post hoc retrodictive arguments).
Deduction tells you to setup a hypothesis and try to prove yourself wrong. We have lots of 0s,
and have had some interesting conversation. If this was a commercial operation looking for as
many fish as possible, you would catch the most fish possible that you could. This is not being
done on the Rio Grande. The research design should be hardened off the control and vary
against that my choosing new sites that reflect off of research questions. I would defer to the
panelists to develop the research questions, but the publication (Porter delivered) provides this
type of approach. It is possible to evaluate this from where we began, where we have come, and
what we desire moving forward. Want to avoid a “my expert is smarter than your expert” which
has prevailed in this program, and is not the way that science should proceed.
6. Valdez (New Mexico Interstate):
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a. What we are doing here today is important to the stakeholders of this program. Along
those lines it is important that a reliable measure of the key resource of the program is
clarified and scientifically based. I appreciate the efforts of this workshop. There have
been some progressive and productive discussions. I see this as the beginning and not
the end. I think that there will be some recommendations, and I look forward to those
from the panel experts. I would ask that the experts provide insight into the general
overall question: how well does this program characterize the short and long term trend
of the species. How well does this program enable managers to know if their
management actions are doing any good or not?
b. I think what we have heard today lays the foundation and identifies the need for
additional evaluation and analyses of the program and program data. Consistent with
earlier comments, and with the observations of the panel experts, there is encouraged
continued and improved collaboration between the various stakeholders.
c. Fundamental reiteration of the first point. An encouragement of the various scientists of
the program to embrace the fundamental concepts of science and apply them going
forward with a productive and scientifically reliable program.
7. David Gensler (Middle Rio Grande Conservancy District): Reads a statement that will be entered
into the record as “Written Statement 02.”
8. Janet Jarratt (Assessment Pairs Association): She is a farmer in the valley, and what she likes to
think of herself as a real stakeholder, because her livelihood depends on the management
decisions. She is on the Executive Committee and only non‐compensated person. She is here
before it matters to her and she has skin in the game. A lot of perception of conflict of farmer vs
fish is false. No one wants to the extinction of the fish. Many of the people that she represents
have been on the land for many hundreds of years, and they are from an economically
depressed constituency. Every dollar and every cubic foot matters. That means that how CPUE is
used matters a lot. One of the ways that it matters is that if CPUE is used as part of the annual
progress metric, the CPUE is a hindsight. How does that help you plan for next year? She was
chairman of the MRGCD before, and understands this from a water manager perspective. If
CPUE is used for annual progress and is a hindsight view, the 0 catch data don’t support the
management decisions (water managers and farmers), which have to be made 3‐5 years in the
future. The water managers need some amount of certainty and confidence in the results. Is
CPUE the best metric to be used for sufficient annual progress that make water management
decisions that affect farmers directly? One of the other expert panel observations, expansion of
data collection to improve CPUE, particularly eDNA. Conclusion 3 about minimum flows. This
river system is fully appropriated if not over appropriated. All of the water is owned. While the
fish are being kept alive, the water that is doing it is coming at the expense of the constituents
that own the water and are not being compensated ($15,000‐$20,000 per acre/foot). Who is
going to be paid for the use of the water associated with the minimum flows? We have to be
more creative in habitat restoration, creation, and I look forward to being involved in adaptive
management. I appreciate the opportunity to put a face by the non‐scientific people who are
impacted by these management decisions.
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9. Billings (Water Utility Authority): In the words of Mark Twain, the Rio Grande is the only river
that needs to be irrigated. New Mexico is losing people due to economic activities are also
drying up. Water is an important part to reverse that trend, and is critical to our future. Each
and every drop is important. CPUE needs to evaluate the effectiveness of water management
decisions. We have to prove to ourselves that we are making good environmental and economic
decisions.
10. Wally Murphy (USFWS): In the USFWS, we have a mantra that is codified in statute and
regulation. The use of the best available scientific information in our decision making process.
We have worked closely with ASIR, and have come to have a high amount of respect for them
and the work that they do. We have learned about the statistics from Dr. White, so this is all a
validation of what we have come to know and expect from ASIR. We look forward to being able
to use this information moving forward. We are very deep in the Section 7 process for the
Middle Rio Grande. We have some hypothesis and solutions, including the Hydrologic Objective,
which is a reflective of the relationship between flows and the reproductive success of the fish.
We hold that hypothesis from what we know from the CPUE data. We are looking at ways to
improve the use of that information.
11. Mike Hamman (Middle Rio Grande Conservancy District): I come from the position of a senior
decision maker. In my position I represent 12,500 constituents that include MRG Pueblos that
are also underrepresented here today. There are another 250,000 people that are impacted by
activities in this District. From an ESA perspective, it is important that we can continue to
function while searching for a recovery.
a. Overall hope to get to a point where the rancor and dispute of the scientific status of
how CPUE is used and how it is applied in the future for the species as we start a new
recovery program. It is important for the panel to understand that we come to
consensus on the status of the species and identify what must be clarified to make the
program stronger and reach a consensus to recognize each other interests as equal so
that we can be truly collaborative and design an adaptive management program that
will allow us to measure the impact of adaptive management decisions. What do we
need to do to bring together a very carefully managed program that allows for success.
We cannot repeat the last ten years. What I hope for is a starting point with the experts
that is a launching point. We have never established our science advisory council that
would allow us to develop a rigorous program that efficiently uses our resources and
has clearly defined actions and responses. There is more than data that is not being
integrated, and I really want to build on this collaboration today and close the door to
apply what we have learned to a really valuable adaptive management plan. There is a
few areas that we need to hone in and design other data collection programs in the low
flow realm to understand how to reset the river with longer term conditions that will
allow this species to flourish and avoid extirpation. There are new basin studies coming
forward. The instream flow cannot be sustained because we don’t have the water. We
can strive instead to minimize drying and maximize the habitat available for this species.
Maximize opportunities when the water is available and then maximize the refugia
where we can get the age 1 and age 2 to spawn and secure the future. Hopefully you
can use the thoughts and comments to shape your thoughts for the program moving
forward. We also would like feedback on how to develop the science advisory panel
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b. Would like clarity on observation 7a, is that in relation the recovery plan?
c. There are a lot of people relying on sound scientific design that are juggling limited
water and fiscal resources.
12. Grace Haggerty (Interstate Stream Commission): Not sure if this workshop worked for all of the
needs, but believes this was the best beginning since she has come into her position. There were
a lot of points and side conversations that came up that she wasn’t able to be a part of. She
wants to ensure that moving forward that they really look at all of available data. Also
responsible for Otowi Index upstream of Cochiti Reservoir, and wants to make sure that the
Middle Rio Grande and also deliver to southern New Mexico and Texas. There is a lot of
information that didn’t go in front of this panel and narrow the questions. The ISC also wants to
echo that there is a lot of money going into water management and geomorphology issues, and
this money needs to be justified. Whether through refinement of creation of new strategies she
needs to be able to provide results that can evaluate the management actions for their success
or lack of success. She is aware that these issues on water supplies, use, and money are
common to other programs that are reviewed nationally by this panel. The ISC provides up to
$2M to this program.
13. Brent Rhees (Federal Co‐Chair for the Rio Grande Collaborative Program): Thank you to those
around the table. Workshop took a lot of planning over several years. In the room we have
several EC members and collaborative program members. What Matt of ABQ said is that the
“table is set” for moving forward. We all have ties to the river, even though our relationships are
unique. As we have these additional question in front of us, the answers should motivate us to
move forward.
14. Marcus (APA): My perspective on the RGSM topics is habitat restoration. I want to reiterate
some points and emphasize some things from the expert conclusions
a. Day 01 talked about CPUE being a valuable index. My conclusion was that maybe, it
depends. It was pointed out in the conclusions today it is good for age 0 fish. Not clear if
it is good for other ages. All of the fish sampled in November are the age 1 fish that are
the result of the hatchery fish that were stocked. In November, we are only measuring
the age 0 fish that were spawned the preceding spring during high flows
b. Day 01 RGSM are a schooling fish. Question whether the sampling method are adequate
for schooling fish. There was a fair amount of discussion that the sampling is adequate,
but some of my sidebar conversation continue to provide uncertainty
c. Day 02 focused on alternative sampling methods and designs. Repeatedly heard that the
current methods and design are adequate for age 0 fish and not older fish. Also learned
that adding sites would increase precision but not by much. If we increase sampling
within a site, it would increase precision which would be a more precise 0.
d. I get the feeling that the from the discussions that all of the RGSM collected in October
are from the hatchery release the preceding year, so you could almost consider the
RGSM a put and sample fishery. This probably has management and decision
implications.
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15. Valdez: Similar thoughts to Marcus. I would make one request of the expert panel to help us
reconcile the issue of the 0 catches. This has been brought up a number of times, and we have
wrestled with this a number of times. What does that tell us about overall abundance? Your
insights would be valuable when we are dealing with an endangered species when apparent
abundances are as low as they are. Monitoring and management perspective is requested.
16. David Gensler (MRGCD): Since Rich brought up the 0 numbers again, he is holding up a
graph(Written Record 03) of the last 100 years of flows. The discussion regarding of the CPUE
relation to the hydrology (fish to flow), if you use these assumptions like they have been
presented today, it looks like there are 20 occasions over the last 100 years where you would
get a CPUE of 0. Of all of these apparent 0s that appear to occur, these fish still must have been
finding a way to survive.
a. Marcus: My perspective is from restoration. How did this fish get to be what it is since it
became a species. One of things we have learned is how resistant some of the younger
age groups is how resilient it is to poor water quality and low DO and high temperature.
Half of them can survive in almost 0 mg/L DO when compared to 4 or 6 like most
species. They can also survive in 100 degree F water. From an evolutionary perception,
that kind of resistance from an evolutionary basis can only occur from remnant pools
with hot water and low Dos. River themselves don’t have these kinds of temperature
and DO fluctuations. Suggests evolution in isolated ponds or pools in the river. Refugia
are something important that still don’t occur. Hydrated floodplain that allowed them to
survive. Similar strategy to Topeka shiner, when they kept the stream wet the Topeka
shiner would lose dominance as the predators and competitors were able to also
survive. The presence of refugia is very important.
17. Joel Lusk (USFWS): We don’t have a lot of empirical data on the history and evolution on the
species. There is an unpublished USGS study that provides information on Marcus’ points.
18. Pine: Not only is there interesting information related to the CPUE indices. The occupancy work
is very important from the program perspective regarding the persistence of the species. Rob
Dudley has made these available. Figures from 2014 draft report Figure B2 (Site Occupancy
Model), across all ages seem to decline in site occupancy, B3, B4, and B5 are individual age
groups. The age 1 and age 2 fish site occupancy declines are not as strong in recent years as age
0 has experienced. Might be good for Figure 11 to be expanded upon. We look at this plot a lot.
Might be useful to think about showing two generations of the fish on a normal scale combining
site occupancy and abundance context. Would show densities by habitat type in low flow years.
19. Grace Haggerty: In the discussion on the 20 fixed sites, what appears to me is that you have to
look at the 20 sites as one result for the river. You could not look at the individual sites within a
reach or a segment or a reach. Is that correct? If that is the case, that gives me a little concern
because we are looking at doing flow management, habitat restoration within different parts of
the river. Geomorphologically, the river changes quite a bit through the 150 mile stretch. How
do we determine if large scale projects are making a difference using CPUE data, or is another
monitoring program needed to address those questions?
20. Jennifer Faler (EC member from BOR): I see this as a launching pad for the future. Folks that
want to know more about that 0 is getting us into the adaptive management world, not just the
population monitoring effort. Need to think about how we are going to use this into the future
from the perspective of changing management actions.
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21. Valdez: Request for Atkins to advise on the timing of the document from the expert panelists.
22. Hughes: Request for clarification on report review schedule.
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