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INTRODUCTION 
 
The San Juan River Population Model study began in 1998 with development of a 
conceptual model for the river aquatic ecosystem and initial population estimates for two 
reaches of the river.  The study has evolved since 1998 and focused on both gathering 
calibration data for development of the population model as well as coding the model 
from 1998 through 2001.  Since 2002, the major effort has been performing model runs 
and model calibration using new data collected annually by researchers during the 
monitoring program from 2002 to the present.  The major goal of the initial work was to 
determine the ultimate carrying capacity of the Colorado pikeminnow based upon the 
observed fish densities within the San Juan River.  Initially, it was felt that this 
“biologically” based density would be a guideline toward recovery. 
 
Simulation models have long been used in conjunction with field or laboratory 
experiments to develop knowledge and to form management decisions for ecosystems.  
The San Juan River Population Model follows the concepts and guidelines shown in 
many of the ecological modeling publications, in particular Grant et al. (1996).  The basic 
concept of modeling is to develop a conceptual framework for the specific area or 
ecosystem of interest, have a conceptual abstraction of that ecosystem, which is then 
transformed into a deterministic relationship for each of the system components and 
developed into a simulation model with either a programming software package or a 
programming language.  For the San Juan River Population Model, the original 
conceptual model was developed to identify the major components of the system and 
during the development of recovery goals for razorback and Colorado pikeminnow, the 
mechanistic relationships were developed that are now in the simulation model.  The 
purpose of the conceptual model was to identify cause and effect using basic box and 
arrow diagrams that showed relationships between the physical components of the system 
and the biological components of the system (Figures 1 and 2).  There are two primary 
components modeled with the ecosystem model: the physical system which includes 
habitat, discharge, water temperature, and suspended solids (turbidity); the second 
component was a biological component which includes the various trophic levels from 
primary up through top predator and shows the relationship between energy flow through 
the system.  It also includes reproduction, growth and mortality of the biological 
components of the system. 
 
CONCEPTUAL MODEL 
 
The San Juan River conceptual model consisted of four trophic levels within the system 
and the physical variables that form the environment for those trophic levels.  The 
physical system included habitat, as determined by habitat mapping during fall surveys 
and in particular the amount of riffle and run habitat which are the most abundant in the 
system.  In addition, discharge information and the relationship between how habitat 
changes with the amount of water or discharge in the river was important to quantifying 
change in habitat with flow which affected the amount of area for both primary producers 
up through the top predator.  Water temperature affects growth of primary producers and 
also growth of the fish species of interest when they are in the river.  Water temperature 
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Figure 1.  Conceptual trophic relationships for San Juan Population Model (arrow 
indicate direction of energy flow).s 
 
 

 
 
Figure 2.  Physical and biological interactions. 
 
 
was included in the model and used to determine growth rates for the biological species 
in the system.  The final physical variable used in the model is the suspended solids or 
turbidity since the large thunderstorms in the monsoon season in the San Juan Basin can 
produce short durations of high intensity rainfall.  It is one component of the system that 
can reset the primary productivity to near zero when large suspended solids 
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concentrations come into the river with thunderstorm inflows.  This has been shown both 
in the biological monitoring data and in the physical monitoring data with the 
thunderstorm activity within the basin. 
 
The model incorporates several biological trophic level interactions and the physical 
processes that might regulate their biomass and productivity.  Primary producers, detritus, 
primary consumers, secondary consumers, and predators are represented and were 
initially modeled.  An interactive matrix was built which represented the specific fish 
species within the San Juan River, and their direct interrelationships (Table 1) with other 
ecosystem components.  This matrix directed the final model interactions. 
 
Primary producers in the river are periphyton and the detritus subsystem, which are 
affected by water temperature, discharge and suspended solids.  These physical 
parameters affect the amount of surface area they can occupy, (biomass levels) as well as 
the rate of productivity.  The turbidity or suspended solids in the system can scour 
periphyton from the rocks and decrease the amount of available productivity to primary 
consumers and secondary producers.  
 
Macroinvertebrates are the second trophic level in the system.  They feed off the primary 
producers and detritus in the system, (both instream detritus and the allochthonous 
material that comes from riparian leaf fall.  
 
The third level for the trophic system includes the insectivorous fish and omnivorous fish.  
This group feeds on the lower trophic levels of both periphyton and macroinvertebrates.  
The final level is predatory fish in the system which generally feed on lower trophic 
levels of macroinvertebrates and the insectivorous and omnivorous fish.   
 
The structure of the model incorporates two basic forms.  The first is the calculation of 
the numeric numbers of organisms at any timestep.  This process uses basic population 
dynamics.  Once the population densities are generated, the model then uses bioenergetic 
calculations too determine the associated impacts to adjacent trophic levels through 
foodweb interactions. 
 
Population dynamics for the fish species included the basic components of stocks of each 
lifestage of fish which include larval, juvenile and adult lifestages.  It also includes the 
reproduction, mortality and growth for each fish species.  There is a general flow in the 
system from spawning and hatching through the younger lifestages and then on to the 
adult lifestages and back through the reproductive life cycle.  Important components of 
these simulations are the natural and predation mortality that occurs on each of these 
species, the number of eggs produced, the sex ratio of male to female fish, and the 
hatching success of the eggs when fertilized.  Mortality rates for the young lifestages are 
included as well as for each subsequent lifestage up through adults.   
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Table 1.  Interrelationship matrix of ecosystem level parameters for the San Juan 
River. 
 
Species Functional 

group 
Food source Competitor Habitat Predator 

Phytoplankton Primary 
producer 

Water nutrients Scour/turbidity Stream surface Inverts/scraper
s 

Inverts Secondary  Phytoplankton/
detritus 

Scour/turbidity Cobble Dace/suckers/c
atfish/carp 

Dace Secondary/omn
ivore 

Inverts/algae Juvenile catfish Riffles Catfish-
roundtail chub- 
pikeminnow 

Bluehead Scraper-
secondary 

Algae-inverts Scour/turbidity Riffle pool 
interface 

Catfish-
roundtail chub- 
pikeminnow 

Flannelmouth Grazer-
secondary 

Algae-detritus-
inverts 

Carp –juvenile 
catfish 

Runs – pools Catfish-
pikeminnow 

Roundtail Tertiary-
predator 

Inverts – small 
bodied fish 

Catfish – 
pikeminnow 

Runs – pools Pikeminnow – 
catfish 

Pikeminnow Keystone 
predator 

Fish to 300 
mm 

Catfish Runs/eddy/poo
ls/chutes(spaw
ning 

Catfish-red 
shiner – 
roundtail 

Catfish Predator Small fish, 
inverts, algae 

Pikeminnow Runs pools Mechanical 
removal 

Carp Grazer Algae-inverts-
detritus 

Flannelmouth Runs Pikeminnow-
catfish 

 
 
These common components were developed for each species modeled in the San Juan 
River Population Model (SJRPM).  San Juan specific data were used where available to 
develop the necessary information.  Where that information was lacking, an extensive 
literature review was conducted to develop basic information on life history requirements 
and life history components from the published and unpublished literature. 
 
The second associated submodel was the bioenergetic dynamics. Data needed were the 
physiological characteristics and the associated mathematical coefficients relative to fish 
species in the San Juan River.  The computer program Fish Bioenergetics v.3.0 (Hansen 
et al. 1977) was initially used for bioenergetic simulations.  This model uses predictive 
equations for estimating grams of prey consumed based upon body weight (grams) of the 
consumer and the associated growth increments (grams).  For each species modeled in 
the San Juan, the input parameters for the consumption, respiration, and 
egestion/excretion functions were selected from literature values for those species or 
from surrogate species with similar thermal requirements and trophic position.   
A summary of the parameters used for the bioenergetic simulations is presented in 
Appendix B. 
 
Two key species in the model from the management standpoint are the razorback sucker 
and Colorado pikeminnow, both of which are listed as endangered.  These two species 
are long-lived fish which makes the modeling environment well suited to development of 
management scenarios since their lifespan is thirty to as much as fifty years.  Developing 
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cause and effect relationships from short-term information, as well as from literature that 
has been developed since the 1960s, aids in formulation of the mechanistic relationships 
of the model.   
 
METHODS 
 
The following section describes the methods and procedures used to collect the empirical 
data necessary to calibrate the SJRPM.  These data vary spatially and temporally within 
the San Juan River based upon the intensity of data needed for calibration (e.g. monthly 
for invertebrates while only annually for fish). 
 
Two ecosystem components (primary and secondary producers) were quantified in the 
San Juan River at three locations (RM 104, RM 147, and RM 188) between February 
1998 and September 2000.  Samples were collected 20 times at roughly monthly intervals 
excluding high flow months (May and June).  In addition, at each location and time 
period, both riffles and runs were sampled. 
 
In addition to the temporal monitoring, a synoptic survey in the San Juan River (RM 188 
to RM 58) was undertaken in 1998.  The purpose of this survey was to obtain stable 
isotope signatures of the major ecosystem components to establish the trophic structure of 
the aquatic community. 
 
PRIMARY PRODUCERS  
 
Primary producers were quantified by measuring in situ concentrations of chlorophyll a 
pigments.  Periphyton was collected from cobble sized rocks located in a representative 
riffle and run habitat within the same river mile.  A one centimeter diameter circle was 
scraped on triplicate rocks and returned to the laboratory for analysis.  Data were 
calculated as mg Chlorophyll a per square meter.  Chlorophyll a content of these samples 
was used as a measure of periphyton biomass. 
 
In addition to the structural biomass parameters noted above, an in situ primary 
production experiment was undertaken in May, 1998 in order to quantify the rate of 
primary production occurring in the San Juan River.  Production/respiration chambers 
were placed in the River at RM 158.  Within each duplicate chamber, a representative 
amount of ambient substrate was placed in each chamber.  The chambers were sealed and 
placed in the river at the same depth (0.25 meter) as the original.  YSI oxygen probes and 
LYCOR light sensors were placed in each chamber and recorder data at 15 minute 
intervals.  The chambers were refreshed every 4 hours over a 72 hour timeframe in order 
to prevent nutrient limitations.  
 
SECONDARY PRODUCERS 
 
Benthic macroinvertebrates were collected at each sample location where periphyton 
collections were made using a modified Hess sampler.  Triplicate samples were preserved 
in alcohol and returned to the laboratory for analysis.  Once in the laboratory, specimens 
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were removed from the associated organic matter and identified to species.  For each 
dominant group, one hundred individuals were measured for total length.  A length-
weight relationship was established for each group of macroinvertebrates so that total 
counts could be converted to biomass.  Data were expressed as grams or numbers per 
meter squared.  
 
DETRITUS BIOMASS 
 
Organic material removed from the macroinvertebrate samples were dried and weighed 
to provide estimates of coarse particulate organic matter.  This biomass of detritus was 
expressed as grams per meter squared. 
 
STABLE ISOTOPE ANALYSIS 
 
In 1998, fifteen locations between RM 180 and RM 58 were sampled for stable isotopes 
(N15 and C13).  At each location, terrestrial leaf litter was collected for the major 
riparian vegetation types present in the San Juan River floodplain (willow, cottonwood, 
tamarisk, Russian olive, and grasses).  Aquatic ecosystem components collected at each 
site included native fish species (flannelmouth sucker, bluehead sucker, speckled dace, 
and razorback sucker and non native fish species (brown trout, channel catfish, and red 
shiner).  In addition algal periphyton, benthic detritus (course through ultra fine sizes) 
and particulate organic drift (course to ultra fine sizes) were collected and returned to the 
laboratory. Samples were frozen in the field and returned to the laboratory.  Samples 
preparation included air drying and compositing samples across all location.  Composited 
samples were then sent to the Utah State University Water Research Laboratory for stable 
isotope (13C and 15N) analysis using a mass spectrometer.  Data are reported as 
units/mass.   
 
HABITAT DATA 
 
Data used in the modeling effort described in this report came from the monitoring data 
collected since 1992 by Bliesner and Lamarra (2005).  Data were reduced to the surface 
area (meter squared) per river mile for both run and riffle habitat.  Regression 
relationships between flow and habitat area for each geomorphic reach were developed 
using Excel spreadsheet statistical functions. 
 
Flow and water quality data used in the model were obtained from existing information.  
Flow data were obtained from the USGS for the period of record.  Turbidity data was 
obtained from the San Juan River Recovery Implementation Program database. 
 
Fish Population Estimates  
 
Population estimates were made from 1998 through 2001 (Table 2).  The population 
estimate data was used for development of biomass estimates by river reach.  In each 
reach the following methods were be employed to develop population estimates. 
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Table 2.  San Juan River population estimates by year and reach. 
 
Year Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 
19981 X   X  
1999 X X X X X 
2000 X   X  
2001 X   X  
1Initial data collection, one riffle and shoreline run sampled in each reach. 
 
 
Specific Habitat Estimates 
 
In each river reach during 1999, 2000, and 2001, three riffles and three shoreline run 
habitats were selected as locations for multiple pass removal location for small bodied 
fish population estimates.  Three to five removal passes were made in each selected 
habitat.  The number of removal runs required was determined by the number of fish 
collected each pass.  The riffle and run habitat was sampled by blocking the area with 
seines as follows.  A 20 meter (m) long small mesh seine was placed parallel to the river 
bank during sampling and a 8 m long bag seine positioned at the downstream end of the 
blocking net.  Stunned fish were captured in hand held dip nets and the block seine.  
Surface area sampled and seconds electrofished were recorded for each habitat.  
Quantitative periphyton and macroinvertebrate samples were collected at each riffle and 
shoreline run sampling location. 
 
One Mile River Reaches 
 
A one mile section was selected in each of the five river reaches for population estimates.  
At least four removal passes were made in each one mile reach using three electrofishing 
rafts.  All removal passes in any one mile reach were made on the same day.  All fish 
captured, except Colorado pikeminnow (Ptychochelius lucius) and razorback sucker 
(Xyruachen texanus) were retained in separate holding nets and processed after all passes 
are completed.  The rare fish were weighed measured and released at the end of the pass 
in which they were collected.  Prior to release these fish were checked for PIT tags and if 
not tagged, a PIT tag was placed in all fish of appropriate size.   
 
Mechanistic Model 
 
The simulation software currently used for the San Juan River Population Model is the 
STELLA software developed by IC Systems.  This software produces a graphical 
interface with underlying equations for the relationships between each of the model 
components.   
 
Stella is a modeling environment that uses a graphical user interface to characterize the 
interactions between system components.  The basic components used in Stella are stocks 
(the basic population), flows (either inflow to or outflow from the stocks) and converters 
(these control the rate of the flows)(Figure 3). 
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Figure 3.  Stella model components. 
 
 
Each of these graphical components has an equation or number associated with it.  
During model construction, the modeler is prompted for the number, functional 
relationship or equation for each model component.  As such, there is an explicit set of 
model code associated with each model component (Figure 4).  
 
 

 
Figure 4.  Example of Stella model coding. 
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RESULTS AND DISCUSSION 
 
The collection, processing and analysis of the dynamics of ecosystem components in the 
San Juan River had two major objectives.  The first was to gain an understanding of the 
complexity of the food web to be modeled.  Inspection of the magnitude of primary 
producers and detritus biomasses provided insight into the food base in the San Juan 
River for higher trophic levels.  In addition, primary production experiments looked at 
the rate with which primary producers were replacing biomass (i.e. primary production).  
Detritus inflows were not measured as part of this modeling effort.  Personal observations 
by the authors indicated that during storm events substantial amounts of detritus entered 
the San Juan River and added to the particulate drift component.  The residual detritus 
quantified in this study was only a small component of the total detritus in the San Juan 
River.  The sample dates for the periphyton and macroinvertebrate study can be seen with 
the daily flows in Figure 5.  
 
Because the model is based on bioenergetics, with food resources for a species dependent 
upon another trophic level, the location of major ecosystem components were placed into 
their respective trophic levels using stable isotope signatures. 
 
The second major reason for the collection of site specific biological data was to provide 
empirical data by which to calibrate the model.  Macroinvertebrate densities and biomass 
data as well as the fish density estimates were found to be especially useful. 
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Figure 5.  San Juan River discharge during sampling events. 
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HABITAT  
 
The habitat data (surface area in m^2 per reach) was summarized from data collected at 
different flows between 1991 and 2004.  The data were used in non-linear regressions.  
The results of those regressions can be seen in Table 3.   
 
WATER QUALITY AND FLOW 
 
In the model simulations, water quality (turbidity) and flow data were based upon the 
period 1992 to 2004.  For the first three years, simulated (2001-2004), site specific daily 
data was used.  For the years beyond 2004, average daily data (calculated from 1992-
2002) was used as inputs for flow, temperature and turbidity.  Data are provided in 
Appendix B. 
 
PRIMARY PRODUCERS AND DETRITUS 
 
The major primary producer in the San Juan River is periphytic algae.  The nature of the 
bed substrate and water velocities exclude other rooted aquatic plants from growing in 
abundance.  Data were collected 20 times at three sites, between February 1998 and 
September 2000.  The data are shown for these sites for the riffle (Figure 6) and run 
(Figure 7) habitat types.  Inspection of the data for the riffle sites at each river location in 
Figure 2 and Figure 4 as well as the analysis in Table 1 indicates that the sites had similar 
temporal distributions with the average concentration of Chl a not significantly different 
between sites.  The periphyton biomass data from the run habitats had some significant 
differences between sites (Figure 8), however, these differences were caused by a few 
data points.  As can be seen in Figure 3, the sites had a good degree of similarity in there 
temporal patterns.  
 
Except for two dates at two different locations, the periphyton biomass estimates for 
riffles and runs were similar and not significantly different when averaged river wide 
(Table 4).  This has important consequences to the model in that a single subroutine can 
be used for all habitats.  The only difference between the two habitats is depth which can 
affect photosynthesis via light penetration.  This was investigated using 24 hour in situ 
chamber experiments.  
 
The periphyton data collected in the San Jun River was similar in densities when 
compared to the upper Colorado River (Osmundson et al. 2002).  The habitat differences 
found in the Colorado River were also similar to the San Juan River when looking at 
similar geomorphic sections between the two rivers. 
 
In February 1998, in situ field experiments were undertaken to quantify the amount of 
primary production occurring in the San Juan River benthic community.  The study was 
done at three locations (RM 188, RM 147 and RM 104).  At each location, duplicate 
chambers were used.  Net primary production and respiration were measured based upon 
the diurnal oxygen method (Welch 1968; Britton and Greeson 1987).  An example of the 
raw data generated from the P/R chambers for RM 188 can be seen in Figure 9 and 10.   
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Table 3.  The habitat flow relationships for runs, riffles and total low velocity 
habitats where y= area in m^2 and x=flow (cfs). 
 
RUNS:       
Model Reach 1    y = -0.00827x^2 + 165.27695x + 1418788.03824 
Model Reach 2    y = -0.01896x^2 + 216.12351x + 2533988.52574 
Model Reach 3    y = -0.02670x^2 + 581.00056x + 3036322.94238 
Model Reach 4    y = -0.08372x^2 + 1159.98680x + 4721119.75123 
Model Reach 5    y = -0.03602x^2 + 340.38991x + 560429.07811 
        
RIFFLES:     
Model Reach 1    none   
Model Reach 2    y = -0.0242x^2 + 117.45x + 345021 
Model Reach 3    y = -0.000032x^3 + 0.260786x^2 - 420.661057x + 
417593.551251 
Model Reach 4    y = 644223e^-0.0004x 
Model Reach 5    y = 123836e^-0.0004x 
        
ALL LOW VELOCITY HABITAT 
Model Reach 1    none   
Model Reach 2    y = -0.0242x^2 + 117.45x + 345021 
Model Reach 3    y = -0.000032x^3 + 0.260786x^2 - 420.661057x + 
417593.551251 
Model Reach 4    y = 644223e^-0.0004x 
Model Reach 5    y = 123836e^-0.0004x 
        
        



Draft Final Report: San Juan River Population Model Refinement and Model Runs, Fiscal Year 2005 Page 12 
Miller Ecological Consultants, Inc.  May 19, 2006 

SAN JUAN RIVER
PERIPHYTON BIOMASS  IN RIFFLES

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

02
/02

/98

04
/02

/98

06
/02

/98

08
/02

/98

10
/02

/98

12
/02

/98

02
/02

/99

04
/02

/99

06
/02

/99

08
/02

/99

10
/02

/99

12
/02

/99

02
/02

/00

04
/02

/00

06
/02

/00

08
/02

/00

DATE

B
IO

M
A

SS
 (g

 C
/m

^2
)

RM 104 RM 147 RM 188

 
Figure 6.  The temporal distribution of periphyton biomass at three locations in San Juan River riffle habitat type. 
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Figure 7.  The temporal distribution of periphyton biomass at three locations in  San Juan River run habitat type. 
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Figure 8.  The comparison of the average  periphyton biomass for the study period (February 1998 to September 2000. Bars 
represent one standard error.
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Table 4. The average density of carbon in periphyton and detritus in the San Juan 
River in 1998-2000. 
 
PERIPHYTON (g C/m^2)  DETRITUS (g C/m^2) 
  AVG SE   AVG SE
RIFF 104 1.18 0.15  RIFF 104 15.86 2.15
RIFF 147 1.37 0.18  RIFF 147 36.26 7.09
RIFF 188 1.09 0.15  RIFF 188 36.58 8.86
ALL RIFF AVG 1.21 0.09  ALL RIFF AVG 29.08 3.95
             
RUN 104 1.05 0.10  RUN 104 11.49 1.35
RUN 147 1.53 0.25  RUN 147 12.40 1.30
RUN 188 1.09 0.18  RUN 188 33.06 10.85
ALL RUN AVG 1.20 0.12  ALL RUN AVG 18.98 3.85
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Figure 9.  The amount of carbon produced and consumed in the benthic community in the San Juan River in February, 1998. 
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Figure 10.  The rate of photosynthesis and respiration expressed as grams of carbon per meter squared per hour of the benthic 
community in the San Juan River in February, 1998.
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The experiments were run over two consecutive 24 hour periods (duplicate days) as well 
as duplicate chambers.  The oxygen evolution in the chambers were used to calculate the 
net community production, community respiration and gross community production in 
units of grams dry weight produced (or consumed) per meter squared or per gram carbon 
per day.  These data were then used to make several production index estimates.  Firstly, 
using this production data as well as the density of algae in grams of carbon for the 
February 1998 data at RM 188, we calculated that the turnover rate of primary production 
(in units of carbon) to be on the order of 45 days.  In a similar analysis, the turnover rate 
for carbon at RM 147 was 33 days and for RM 104, 136 days.  River-wide the average 
turnover rate of the primary producer community was 34 days which is based upon the 
net production estimates and algal biomass estimates over the entire study period.  
Secondly, an annual net production estimate expressed as grams carbon per meter 
squared per day was made using the instantaneous production rate per gram carbon and 
the independent biomass data.  River wide, the average annual net production was found 
to be approximately 0.44 +/- 0.23 (+/- 1 SE) grams carbon per meter squared per day.  
The range encountered (0.38 to 1.57 g carbon per meter squared per day) was in good 
agreement with other studies on other rivers (Wright and Mills 1967; Westlake 1963; 
King and Ball 1966). 
 
The third analysis undertaken with the primary production experiments was to develop a 
photosynthetic irradiance curve in order to infer photosynthetic efficiency of the benthic 
algae in the San Juan River.  An example of this data for RM 188 can be seen in Figure 
11.  This analysis indicates that peak photosynthesis occurred prior to full sunlight (100-
125 uE/m^2/s).  This would indicate that these algae were adapted to low light intensities.  
This is consistent with the observations that the San Juan River is typically turbid with 
limited light penetration.  The data described for the benthic algal community indicates 
that primary production in runs is probably confined to shorelines of the river but present 
throughout the riffle habitats. 
 
The standing crop of benthic detritus was also measured as part of the collection of data 
for conceptual model development and model calibration.  The data (which was collected 
at the same locations and times as the periphyton data) can be seen in Figures 12 and 13 
for riffles and runs.  The standing crop (biomass) of organic detritus, also known as 
course particulate organic matter (CPOM) was higher in the riffles compared to the runs 
and tended to decrease with distance downstream.  Inspection of Table 4 and Figure 14 
shows that for the riffle community, the river wide average detritus biomass was 
approximately 29 grams carbon per meter squared compared with only 19 grams carbon 
per meter squared in run habitats.  The differences were statistically significant.  As noted 
previously, the detritus production rates (inflowing mass) were not determined.  Because 
frequent storm events occur in the basin and observations by the authors, detrital inflows 
were deemed to be extensive.  
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Figure 11.  The relationship between ambient light and photosynthesis in the San Juan River in February 1998. 
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Figure 12.  The temporal distribution of detritus biomass at three locations in  San Juan River riffle habitat type. 
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Figure 13.  The temporal distribution of detritus biomass at three locations in  San Juan River run habitat type 
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Figure 14.  The comparison of the average  detritus biomass for the study period (February 1998 to September 2000). Bars 
represent one standard error.
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MACROINVERTEBRATES 
 
The density and biomass of the macroinvertebrate community was determined at the 
same sites and times as the periphyton and detritus samples.  At each sample point, 
triplicate samples were collected.  Samples were sorted, identified and measured to the 
nearest millimeter.  An example of the results of this analysis can be seen for 
Hydropsyche sp at RM 188 (Figures 15 and 16).  The same data sets were collected for 
each major group of invertebrates at each site location (RM 188, RM 147 and RM 104).  
 
Based on the results of the invertebrate data collections, the invertebrate community in 
the San Juan River had five major groups of invertebrates.  These groups represented 
either a single species or several species within a genius.  These groups were carried 
forward into the conceptual model and the bioenergetics modeling.  As an overview of 
the data, the average biomass estimate for a group (expressed as mg C/m^2) on a date and 
river mile are shown in Figures 17, 19 and 21, while Figures 18, 20, and 22 are 
summaries for the entire study period.  The data shown indicate that in terms of biomass, 
the Hydropsyche group had the highest average overall biomass at each sample site.  This 
Trichoptera represented the largest sized individuals in the invertebrate community and 
are univoltine in the San Juan River.  The second largest group in the San Juan River was 
the Chironomidae group.  This Diptera, which averaged 25% of the invertebrate biomass, 
was found to be multivoltine (3-5 generations/year).  Simuliidae, which is also a Diptera, 
was the third most abundant group and also had multiple generations per year (2-3) in the 
San Juan River.  The final two groups, Ephemerella and Baetis are both Ephemeroptera. 
Biomass estimates of Ephemerella were found to be consistently 5% of the community 
biomass.  This species was univoltine in the San Juan River.  The Baetis densities were 
the lowest of any group.  This group was found to be multivoltine (2-3 generations/year) 
in the San Juan River. 
 
In order to understand the functional value of the invertebrate community in terms of 
overall secondary production, production estimates were made using the age class data, 
individual size class weights, and the number of observed generations for each of the 
groups used in this study.  Using the Hynes and Coleman (1968) method of secondary 
production (a modification of the removal-summation method), estimates of production 
(gm C/m^2/year) were made at each sample location and each group.  The data are 
presented in Table 5 and in Figures 23, 24 and 25.  The results of these calculations 
indicate that the production within the stream community is well distributed among the 
five major groups with Chironomids having on average about 50% of the benthic 
production.  Although this group did not have the highest biomass, they do have large 
numbers of generations per year thus resulting in a high turnover rate.  This was also true 
with the Baetis group which had the lowest biomass (< 2% of the total biomass) but a 
proportionally higher per cent of the production (> 12% of the total production) due in 
part to multiple generations.  In addition, it appears that the benthic invertebrate 
production decreases with distance downstream.  The highest production was realized at 
RM 188 (4.11 gm C/M^2/year) followed by RM 147 (2.18 gm C/m^2/year) and RM 104 
(1.64 mg C/m^2/year).  The reason for this decreasing secondary production is unknown. 
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Figure 15.  The density by size class of Hydropsyche in the San Juan River at RM 188 over 20 sample dates. 
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Figure 16.  The biomass by size class of Hydropsyche in the San Juan River at RM 188 over 20 sample dates. 
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Figure 17.  The biomass estimates of each major group of macroinvertebrates at RM 104 in the San Juan River. 
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Figure 18.  The average per cent distribution of the five major groups of invertebrates at RM 104 in the San Juan River 
between 2/1998 and 9/2000. 
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Figure 19.  The biomass estimates of each major group of macroinvertebrates at RM 147 in the San Juan River. 
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Figure 20.  The average per cent distribution of the five major groups of invertebrates at RM 147 in the San Juan River 
between 2/1998 and 9/2000. 
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Figure 21.  The biomass estimates of each major group of macroinvertebrates at RM 188 in the San Juan River. 
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Figure 22.  The average per cent distribution of the five major groups of invertebrates at RM 188 in the San Juan River 
between 2/1998 and 9/2000. 
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Table 5.  A summary of the annual production estimates in the San Juan River for 1998-1999. 
 
              
      ANNUAL PRODUCTION   

      (gms C/m2/year)     

              

INVERTEBRATE GROUP RM 104 RM 147 RM 188 AVERAGE 

              

Baetis   0.13 0.37 0.59 0.10   

Chironomidae   0.86 1.17 1.91 1.20   

Ephemerella   0.03 0.20 0.09 0.12   

Hydropsyche   0.56 0.35 1.16 1.04   

Simulium   0.07 0.08 0.36 0.53   

              

TOTAL   1.64 2.18 4.11 2.99   
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Figure 23.  The per cent distribution of the annual production (1.64 gms C/m2/year) by invertebrate group at RM 104 in the 
San Juan River. 
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Figure 24.  The per cent distribution of the annual production (2.18 gms C/m2/year) by invertebrate group at RM 146 in the 
San Juan River. 
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Figure 25.  The per cent distribution of the annual production (4.11 gms C/m2/year) by invertebrate group at RM 188 in the 
San Juan River. 
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TROPHIC RELATIONSHIPS 
 
In order to better define the trophic relationships within the San Juan River, this 
investigation collected ecosystem components and ran stable isotope analysis in order to 
quantify the concentration of 13-C and 15-N in terrestrial litter, benthic detritus, drift 
detritus, periphyton, invertebrates and fish in the San Juan River.  Each component 
sampled was collected river wide and composited into replicate samples.  The results of 
this analysis can be seen in Figure 26.  The results of this preliminary study are similar to 
other investigations of stable isotope distributions in aquatic environments.  For example, 
Peterson and Fry (1987) found terrestrial litter with a Carbon -13 signature of -28 o/oo 
and benthic algae -17 o/oo.  In this study we defined terrestrial litter from the four major 
riparian sources.  The average was -27.65 o/oo with a range of -26.65 o/oo to -29.57o/oo 
(Table 6).  In a similar manner, we found periphyton values of -18.32 o/oo.  Inspection of 
the detritus component indicates that course particulate detritus was dominated by 
terrestrial litter fall (-23.38 o/oo) while fine and ultrafine detritus had periphyton as its 
primary source (-19.19 and -17.15 o/oo).  The various size fractions of drifting detritus 
were intermediate in their carbon signature, however the tended towards the terrestrial 
litter.  Within the secondary trophic level (benthic invertebrates) the Hydropsyches, 
which represented the collector/filter feeding functional group had carbon signatures 
closer to the allochthonous sources than autochthonous.  On the other hand, the 
invertebrate members in the Baetis group (which represented the scrapers/collector 
feeding group were closer in signature to the periphyton (autochthonous) source.  It is 
interesting to note that the secondary consumers (fish species) and predators (vertebrate 
and invertebrate) had carbon signatures which tended toward the allochthonous source 
signatures (approximately -24 o/oo).  This would mean that the dominant energy sources 
for the San Juan River food chains tended towards terrestrial detritus.  This is consistent 
with the periphyton biomass data and the primary production experiments which indicate 
that the San Juan River was a light limited system.  
 
The use of 15-N as a measure of trophic position has indicated that the higher the 15-N 
signature ratio, the higher the trophic position (Zanden et al 1997).  In this study we 
found good agreement with that analysis.  Top predators, (in this case brown trout) had 
the highest 15-N signatures followed by speckled dace which exclusively eat 
invertebrates.  The remaining fish (including suckers and channel catfish) were 
intermediate relative to the predator and invertebrates.  The terrestrial primary producers 
(and litter) were the lowest 15-N signatures.  It is interesting to note that the periphyton 
collected in the San Juan River had a high 15-N signature.  This is consistent with the 
findings of Cabana and Rasmussen (1996) where they found higher 15-N signatures with 
increasing population densities.  For the San Juan River, we hypothesis that the major 
sources of nitrogen to the aquatic environment are the result of anthropogenic activities.  
In summary, the stable isotope analysis has shown that the dominant carbon source (and 
thus energy) appears to be the terrestrial riparian community.  In addition, the major fish 
species in the system occupy intermediate trophic positions and derive their energy from 
invertebrates, periphyton and detritus. 



Draft Final Report: San Juan River Population Model Refinement and Model Runs, Fiscal Year 2005 Page 37 
Miller Ecological Consultants, Inc.  May 19, 2006 

SAN JUAN RIVER
STABLE ISOTOPE ANALYSIS

1

2

3

4

5

6

78
9

10

11

12

13

14

15

16

17
18

19

20

21

22

23

-4
-2
0
2
4
6
8

10
12
14
16
18

-30 -28 -26 -24 -22 -20 -18 -16

-13C

-1
5N

 
Figure 26.  The distribution of ecosystem components in the San Juan River relative to nitrogen and carbon stable isotopes 
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Table 6.  The results of the stable isotope analysis conducted on ecosystem components in the San Juan River 
 

ID Number Species/Functional group del 13C del 15N
1 Willow -29.566 3.648
2 Ccottonwood -27.601 -0.676
3 Russian olive -26.799 -1.942
4 Tamarisk -26.649 2.105
5 Fathead minnow -25.118 11.241
6 Speckled dace -24.698 15.260
7 Red shiner -24.403 13.140
8 Rrazorback sucker -24.272 12.789
9 Bbluehead sucker -23.974 13.632

10 Hydropsyche/collector-filterers -23.972 10.394
11 Perlodids/predators -23.880 12.029
12 Flannelmouth sucker -23.703 13.606
13 Brown trout -23.510 15.692
14 Benthic CPOM -23.383 4.752
15 Channel catfish -23.217 12.804
16 Baetis/collector-scrapers -22.651 11.488
17 Aquatic CPOM drift -22.089 8.632
18 Aquatic UFPOM drift -20.745 9.203
19 Aquatic FPOM drift -20.374 6.292
20 Terresterial grass -19.394 -0.540
21 Benthic fine detritus -19.183 11.743
22 Periphyton -18.322 14.000
23 Benthic ultrafine detritus -17.148 10.308
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PIKEMINNOW BIOENERGETICS ESTIMATES 
 
Following the development of the initial conceptual model of the San Juan River, an 
independent estimate of the carrying capacity of the pikeminnow in the San Juan River 
was undertaken.  The purpose of this initial work was to evaluate the amount of species 
specific data available for the bioenergetics analysis, and to determine the level of 
resolution necessary for model construction.  The results of that analysis are as follows. 
 
Evaluation of the bioenergetics for Colorado pikeminnow used available data from other 
piscivorous species similar in body type and habitat use to Colorado pikeminnow.  
Several data sets were necessary in order to determine the consumption rates of this 
predator.  First, Colorado pikeminnow population characteristics were needed.  Estimated 
length/weight regressions for Colorado pikeminnow were derived from Vanicek (1967) 
with actual observation of San Juan River pikeminnow used as confirmation that this 
relationship held for the San Juan River (Figure 27).  Age structure for the population 
shown in Figure 28 was developed by using the criteria for delisting proposed by Valdez 
and Ryel (2000) and a total adult population of 2,200 fish.  The maximum life span used 
for Colorado pikeminnow was 35 years.  To calculate the biomass for an individual 
pikeminnow by age or size we utilized the length and age /weight relationship developed 
by Vanicek (1967) as shown in Figure 27.  Total Colorado pikeminnow biomass 
distributed by age is shown in Figure 29 for the same distribution of the 2,200 adult 
pikeminnow.   
 
The second data set needed was physiological characteristics relative to fish 
bioenergetics.  The computer program Fish Bioenergetics v.3.0 (Hansen et al. 1977) was 
used for bioenergetic simulations.  This model will hereafter be referred to as the 
"Wisconsin Model".  This model uses predictive equations for estimating grams of prey 
consumed based upon body weight (grams) of the consumer and the associated growth 
increments (grams).  The input parameters for the consumption, respiration, and 
egestion/excretion functions from muskellunge (Bevelhimer et al. 1985) were selected to 
represent Colorado pikeminnow functions.  The muskellunge was selected as a surrogate 
species based upon similar body morphologies, feeding characteristics, and temperature 
preferences.  A summary of the parameters used for the Colorado pikeminnow 
bioenergetic simulations are located in Table 7.  Two predator energy densities, northern 
pikeminnow and individual species default, were evaluated for a wide range of 
piscivorous species to determine what effect a higher energy density would have on 
consumption rates (Sources for predator parameters are located in Table 8).  Results for 
the simulations using the northern pikeminnow and species default predator energy 
densities are presented in Figure 30.  The predator energy density of northern 
pikeminnow (6703 j/g) was selected for use.  The Colorado pikeminnow consumption 
rate is approximately in the middle of the range exhibited be the piscivores simulated.  
The Wisconsin Model simulates the loss of body mass and the additional consumption 
required to reach the end weight inputted by removing a user defined percent of body 
mass from the predator on the day of spawning (only one day may be used).  All 
individuals seven years or older were assumed to have spawned.  Another input for the 
model is water temperature.  The average daily water temperature data used in all  
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Predicted and observed weights (g) for Colorado pikeminnow captured in the San Juan River 
1987-1997
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Figure 27.  Predicted and observed weights (g) of Colorado pikeminnow captured in 
the San Juan River from 1987-1997. 
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Figure 28.  Theoretical Colorado pikeminnow age class distribution. 
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Figure 29.  Total biomass (kg) of each Colorado pikeminnow age class. 
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Figure 30.  Yearly consumption rate (g) for seven piscivorous species using the 
Wisconsin model to simulate the consumption requirements. 
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Table 7.  Parameters used for Colorado pikeminnow bioenergetic simulations. 
 

Parameter Value Species Source 
Consumption    

Mass dependence 
function intercept 0.2215 

Coefficient of mass dependence -0.18 
CQ: Approximates a Q10 2.53 

Optimum temperature 26oC 
Maximum water temperature 34oC 

  
Respiration  

Specific weight of O2 
consumed by a 1g fish at 0oC 0.00246 

Standard metabolism 
function slope -0.18 

RQ: Approximates a Q10 0.055 
Swimming speed velocity 0.1222 

cm/s 
Specific dynamic action 0.14 

  
Egestion/Excretion  

Egestion 0.2 
Excretion 0.07 

Muskellunge Bevelhimer et al. 1985 

    
Energy Density    

Colorado pikeminnow 6703 j/g Northern 
Pikeminnow 

Petersen and Ward 1999 

Prey 4500 j/g   
    
Spawning     

Percent of body weight lost 4.1% Northern 
Pikeminnow 

Petersen and Ward 1999 

Day of spawning 1 July  Bestgen et al. 1998, Miller 
and Ptacek 2000  

   
Water Temperature    

Montezuma Creek thermograph daily  SJR Integrated Database 
v.2.0 

Farmington thermograph daily  SJR Integrated Database 
v.2.0 
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Table 8.  Sources for parameters used in bioenergetic simulations for six predatory 
fish species. 
 

Species Source 
Northern Pikeminnow Parameters Petersen and Ward 1999 
Northern Pike Default Parameters Bevelhimer et al. 1985 
Largemouth Bass Default Parameters Rice et al. 1983 
Smallmouth Bass Default Parameters Shuter and Post 1990 
Striped Bass Default Parameters Hartman and Brandt 1995 
Muskellunge Default Parameters Bevelhimer et al. 1985 
 
 
bioenergetic simulations was obtained from the San Juan River Integrated database.  The 
Montezuma Creek and Farmington thermograph sites were selected to generally represent 
upper and lower river reaches, respectively.   
 
The final data set needed was an estimate of the biomass of available prey.  These 
biomass estimates for forage fish and nonnative species came from removal estimates 
conducted in 1998 and 1999, as previously noted.  Riffle, shoreline run, and boat 
electrofishing data was used to determine species biomass by size class for each mile 
censused.  Total biomass was divided into forage species that were susceptible to 
predation by Colorado pikeminnow < 650 mm in length and Colorado pikeminnow > 650 
mm length.  For the Colorado pikeminnow > 650 mm in length, prey size was limited to 
410 mm and less.  Prey biomass was limited to 300 mm and less for Colorado 
pikeminnow <650 mm. 
 
Utilizing all three data sets it was possible to estimate the annual consumption rate of 
Colorado pikeminnow based on the weight for each age, the growth in biomass between 
age class, and age structure as estimated from Valdez and Ryel (2000).  The calculated 
yearly consumption requirements of this hypothetical pikeminnow population and the 
available prey biomass are discussed below.   
 
Valdez and Ryel (2000) provide a summary of recovery goals for the Colorado 
pikeminnow in the upper, lower and San Juan River basins.  Their basis for the 
population numbers for all of these areas is genetic and demographic viability.  The 
preliminary recovery goal for the San Juan River is approximately 2,200 adults.  This 
population number of reproducing adults would require additional subadults, juveniles 
and young-of-the-year each year to maintain this number annually in the San Juan River.  
The breakdown of the age structure based on criteria presented by Valdez and Ryel 
(2000) is shown in Figure 28.  The total number of Colorado pikeminnow required to 
maintain the age structure of adults and the proportion of subadults and juveniles is 
approximately 5,300 individual fish.  Total Colorado pikeminnow biomass is estimated at 
approximately 4600 kg (Figure 29). 
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The bioenergetic dynamics or impacts of the Colorado pikeminnow  upon its prey base  
presented here is an  initial evaluation of the proposed population densities numbers 
suggested by Valdez and  Ryel  (2000) for the San Juan River.  This impact analysis does 
not include the biomass estimates for channel catfish and common carp, both of which 
are not considered prey species for Colorado pikeminnow.  Channel catfish are known to 
cause mortalities to Colorado pikeminnow and is likely not a preferred food item.  In 
addition, common carp rapidly reach a body shape and size that exceeds the gape of 
Colorado pikeminnow for forage.  Both of these species, catfish and carp, consume 
resources that, if they were absent from the system, would be available to the lower 
trophic levels in the San Juan River.  The exclusion of these trophic dynamics by 
shunting resources to unavailable prey (nonnatives) reduces the biomass of forage species 
for Colorado pikeminnow.  The total biomass in Reach 3 near Bluff is approximately 
1200 kg for all species, including catfish and carp (Figure 31).  Nonnative catfish and 
carp comprise nearly 80 % of the biomass.   
 
The composition and density (Figure 32 and 33) of the prey community has been 
quantitatively determined from 1998 to 2001.  The age class that made up susceptible 
prey in the San Juan River in 1998 was predominantly of age 1 and older native suckers 
(Figure 32 and 33).  Small fishes such as speckled dace, red shiner, and fathead minnow 
all make up a very small proportion of the prey biomass.  The largest proportion of those 
small fishes is seen in reach 6 with a high number of speckled dace, which constitute 
approximately 11% of the prey biomass for Colorado pikeminnow <650 (Figure 32 and 
33).  The estimates show that in reach 3, the consumption needed for Colorado 
pikeminnow is higher than the prey biomass available for pikeminnow < 650 mm (Figure 
32).  Total prey biomass compared to total consumption for all pikeminnow is higher 
than the consumption needed.  However, the consumption needed annually is a large 
proportion of the available prey, requiring approximately 80% of the biomass (Figure 
33).   
 
In reach 6, the prey biomass is approximately 60 percent higher than the required annual 
consumption to support the age structure of Colorado pikeminnow (Figure 33).  The 
required consumption rate to support the number of pikeminnow per mile is 
approximately 40% of the total biomass and again the prey biomass is predominantly 
older age native suckers.  Given that these older suckers maybe 10-12 years old, their 
replacement through recruitment would not be rapid.   
 
Implications for the consumption to prey ratios from this initial analysis indicated that the 
prey biomass that is currently in the San Juan River is not high enough to sustain the 
numbers of pikeminnow predicted to be required for recovery by Valdez and Ryel 
(2000).  There are several approaches to evaluating the proposed densities.  One approach 
is to compare the biomass of each trophic level compared to the next upper level.  In 
using this approach, the predator biomass should be approximately 10% of its prey base 
(Lindeman 1942; Mann 1965).  We have previously noted that the biomass of the 
pikeminnow was calculated to be 4,600 kg.  As noted above and shown in Table 3, the 
predator biomass ranges from 39% to 137% of the prey biomass.  Another approach is to 
use the Trophic Utilization Efficiency (ratio of biomass consumed by predator to the  
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Figure 31.  Total biomass (kg) for reaches 3 and 6 of the San Juan River. 
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Figure 32.  Colorado pikeminnow yearly consumption (kg/mile/year) and available 
prey biomass (kg/mile) for Reach 3 of the San Juan River. 
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Colorado pikeminnow yearly consumption (kg/mile) versus available prey biomass (kg/mile) for Reach 6 of 
the San Juan River
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Figure 33.  Colorado pikeminnow yearly consumption (kg/mile/year) and available 
prey biomass (kg/mile) for Reach 6 of the San Juan River. 
 
 
biomass production of the prey.  We have estimated the pikeminnow consumption 
biomass using the Wisconsin Model (Table 9). 
 
 
Table 9.  Estimates of available prey, and consumption of prey in the San Juan 
River.   
 

Colorado 
Pikeminnow  Available Prey Consumed Prey Percent 

biomass 

Size Class Reach Biomass (kg/mile) Biomass 
(kg/mile/year) 

Consumed 
(annual) 

less than 650 mm 3 40 55 137% 
greater than 650 mm 3 118 83 71% 

     
less than 650 mm 6 120 47 39% 

greater than 650 mm 6 181 70 39% 
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The annual production (kg/mile/year) can be estimated by the formula 
 
                                                      P=R*(avg  B) 

where P is biomass production, R is turnover rate, and B is the biomass.  For the San Juan 
River, our biomass estimates were made in September and probably represent an average 
annual weight for those aged fish.  The turnover ratio will vary by species and fish size, 
with a range in the literature of 0.35 to 3.5.  If we use an average of .65 for the San Juan 
River, our annual production for prey fish is shown in Table 10.  The estimated range is 
211% to 60% utilization.  Literature values for food utilization efficiencies range between 
25-35%. 
 
 
Table 10.  The estimate of the annual production of prey fish in the San Juan River 
assuming a Annual Turnover Ratio of 0.65. 
 

Colorado 
Pikeminnow 

 Consumed Prey Annual 
Prey  Production 

Utilization 
Efficiency 

Size Class Reach (kg/mile/year) (kg/mile/year)  
less than 650 mm 3 55 26 211% 

greater than 650 mm 3 83 77 108% 
     

less than 650 mm 6 47 78 60% 
greater than 650 mm 6 70 118 59% 
 
 
 
Other studies have shown that the daily prey consumption is approximately 3% of 
predator body weight (Whitledge and Hayward 1997).  Bevelhimer et al. (1985) reported 
that northern pike daily consumption rates ranged from approximately 1% to 15% of 
body weight depending on water temperature.  Lower daily rations were required at 5oC, 
whereas, the highest daily consumption rate was required at 25oC.  Other studies report 
similar consumption rates for large predatory species (Carline 1987, Wahl and Stein 
1991).  
 
This would mean that the total biomass for any size structure for recovery would need a 
prey base that can support the needed consumption rates without a reduction in total prey 
biomass.  The annual consumption, theoretically, should be from a stock that is 
replenished annually (its production) and does not reduce the ability for the prey species 
to reproduce and maintain population levels at a level high enough to sustain the 
consumption rates from the predators.  When consumption of a prey species reduces the 
species to a point where it cannot fully replenish the consumed biomass in subsequent 
years, a downward trend would be realized.  At some point the prey population will be 
reduced to a point where changes in the predator population will occur.  An example of 
this may be Lake Michigan where studies have been conducted on the predator/prey 
dynamics of the pelagic fisheries.  Brandt et al. (1991) used acoustic techniques to 



Draft Final Report: San Juan River Population Model Refinement and Model Runs, Fiscal Year 2005 Page 48 
Miller Ecological Consultants, Inc.  May 19, 2006 

determine prey abundance and bioenergetic modeling to determine total prey production 
as well as salmon consumption.  They report that approximately 53% of the available 
prey production was consumed by the stocked salmon population.  During 1981-83 the 
major salmon prey species (alewife) suffered a marked decline in population size.  
Stewart and Ibarra (1991) report that after the alewife decline, salmon populations 
demonstrated increased mortality and a 25% reduction in average weight.  The authors 
also suggest that the alewife population has also lost the ability to quickly rebound after a 
sharp decline. 
 
The initial pikeminnow bioenergetics modeling indicated that the current prey base 
(native fish and small nonnatives other than catfish and carp) in the San Juan River would 
not be able to sustain or to support a Colorado pikeminnow population the size estimated 
by Valdez and Ryel (2000).  The prey biomass including catfish and carp, (if we assume 
that those species can be totally removed from the system and that biomass converted to 
appropriate prey such as native suckers and speckled dace), that the San Juan River 
would currently support a Colorado pikeminnow population lower than the current 
estimate for recovery.   
 
The above results indicated that the bioenergetics approach was a viable tool that could 
be used to estimate the carrying capacity for pikeminnow in the San Juan River.  
Furthermore, it was important that a complete population model be developed that 
included both recruitment and production for the major native and nonnative fish species.  
Population models based on survival and reproductive potential for all age classes of the 
San Juan River fish community was incorporated into the SJRPM.  The model described 
below includes flannelmouth and bluehead sucker, Colorado pikeminnow, razorback 
sucker, speckled dace, red shiner, fathead minnow, channel catfish and common carp. 
 
 
MODEL DEVELOPMENT AND CALIBRATION 
 
The San Juan River population model was developed over the period from 1998 through 
2001.  Since 2001, model refinements have been made to incorporate data specific to the 
San Juan River for the species of interest.  The species in the model include the native 
fish currently present in the San Juan River including Colorado pikeminnow, razorback 
sucker, flannelmouth sucker, bluehead sucker and speckled dace.  Nonnative species 
included in the model include channel catfish, carp and red shiner.   
 
The population model uses STELLA as the modeling software to incorporate both the 
bioenergetic and population portion of the ecosystem (Figures 34-36).  In addition, there 
are physical variables of habitat versus flow relationships, discharge, water temperature 
and turbidity that are linked to the model using Microsoft Excel spreadsheets.  Data to 
initialize the model was derived from the San Juan River Monitoring Program.  These 
data include initial population estimates or relative abundance for the fish included in the 
model as well as the physical data for water temperature, turbidity and discharge.  The 
methods of collection and results have been previously discussed for these parameters. 
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Figure 34.  Example population dynamics for fish species with various interrelated 
parameters. 

 
Figure 35.  A more detailed view of the fish numeric population portion showing 
transfer from spawning to juvenile. 
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Figure 36.  The complete population model for one selected fish species (flannelmouth sucker) in the model. 
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The model configuration consists of five model reaches to reflect the variability in habitat 
and populations throughout the San Juan River.  Model results are reported for riverwide 
populations.  Model calibration used mortality estimates and hatching success to adjust 
the model outputs to match the San Juan River monitoring data for the period 2002 
through 2004.  Model execution, as currently configured, consists of a STELLA model 
for each river reach, a single Microsoft Excel spreadsheet for input data for physical and 
biological data.  There is a separate Microsoft Excel spreadsheet to link the output data 
for each model reach.  The output is summarized for native species on a riverwide basis 
to compare the modeling results with collection results for the monitoring period.  
Additional model runs were made after calibration to evaluate Colorado pikeminnow and 
razorback sucker augmentation for the period 2001 through 2010.  The specific code for 
the flannelmouth sucker example listed above is in Appendix E. 
 
MODEL EXECUTION 
 
The current configuration of the population model requires multiple copies of Stella and 
multiple MS Excel files to run concurrently.  The following execution sequence: 
 
Files 
1. open SJRDDE.xls 
          dialog box opens, select update links. 
2. open OUTPUTDDE.xls 
          dialog box opens, do NOT update links 
3. open Stella Model for each reach in a separate copy of Stella 
          dialog box opens, reestablish links 
Running 
1.  in Reach 5, use Ctrl R to begin running model, it will take several seconds but you 
will see no onscreen progress report.  It pauses at 26 or 27 time steps.  
2. migrate to OUTPUTDDE.xls 
       Under the Edit menu select Links 
             Dialog box opens 
                   use Ctrl A to select all links 
                         select update values (it initially shows #N/A in the worksheet but is 
updated when you close.) 
                            Close dialog box. 
3.  in Reach 4, use Ctrl R to begin running model. 
4. migrate to OUTPUTDDE.xls 
       Under the Edit menu select Links 
             Dialog box opens 
                   use Ctrl A to select all links 
                         select update values (it initially shows #N/A in the worksheet but is 
updated when you close.) 
                            Close dialog box. 
5.  in Reach 3, use Ctrl R to resume running model, it will once again pause after 26 or 27 
time steps. 
6. migrate to OUTPUTDDE.xls 
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       Under the Edit menu select Links 
             Dialog box opens 
                   use Ctrl A to select all links 
                         select update values (it initially shows #N/A in the worksheet but is 
updated when you close.) 
                            Close dialog box. 
3.  in Reach 2, use Ctrl R to resume running model. 
4. migrate to OUTPUTDDE.xls 
       Under the Edit menu select Links 
             Dialog box opens 
                   use Ctrl A to select all links 
                         select update values (it initially shows #N/A in the worksheet but is 
updated when you close.) 
                            Close dialog box. 
3.  in Reach 1, use Ctrl R to resume running model. 
4. migrate to OUTPUTDDE.xls 
       Under the Edit menu select Links 
             Dialog box opens 
                   use Ctrl A to select all links 
                         select update values (it initially shows #N/A in the worksheet but is 
updated when you close.) 
                            Close dialog box. 
                         
 
Repeat sequence in reverse order 2 – 3 – 4 – 5.   
 
Repeat this sequence for the number of years of simulations. 
 
Model Runs 
 
The results of the initial model runs show that population and biomass estimates with 
reasonable confidence intervals can be obtained using the above methods (Figures 37-
39).  Specific population estimates by size class (YOY, juvenile and adult) were made 
using the data obtained at the three river reaches.  This additional population effort 
provided additional information for use in refining the correlation between population 
estimates and relative abundance data. 
 
Population dynamics of lotic fish communities are largely a function of the condition of 
and changes in their physical environment and the resulting responses in both primary 
(phytoplankton and periphyton) and secondary (zooplankton, micro-and macro 
invertebrates) production, and upon which these fishes rely to varying degrees for forage.  
Although the importance of these relationships are universally recognized by fisheries 
researchers, these lower trophic levels and the physical processes which influence them 
are often poorly understood in many aquatic systems.  Yet these physical (substrate 
characteristics, temperature, water transparency, dissolved oxygen, etc.) and biological 
components of the ecosystem form the framework within which fish populations exist  
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Population estimates for speckled dace (Rhinichthys osculus ) captured from riffle habitat at 
Hatch Trading Post

2250

2300

2350

2400

2450

2500

2550

2600

2650

2700

2750

2800

0 1 2 3 4

Pass

Po
pu

la
tio

n 
Es

tim
at

e

 
Figure 37.  Speckled dace population estimate for riffle habitat, Reach 6, 1998. 
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Population estimates for flannelmouth suckers (Catostomus latipinnis ) captured from riffle 
habitat at Hatch Trading Post
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Figure 38.  Flannelmouth sucker population estimate for riffle habitat,  Reach 6, 
1998. 
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Population estimates for flannelmouth suckers (Catostomus latipinnis ) captured during boat 
electroshocking at Hatch Trading Post
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Figure 39.  Flannelmouth sucker population estimate (number per mile) for Reach 
6, 1998. 
 
 
and function.  In the San Juan and Animas Rivers, these factors are highly influenced by 
the flow regime associated with the annual spring runoff  as well as summer storm 
events.  This influence of the flow regime makes the study of these physical and 
biological components of the ecosystem especially relevant in rivers where the 
management of flow is considered vital to the health of the of fish population of concern. 
 
Furthermore, studies conducted by Ecosystems Research Institute in the San Juan River 
(Bliesner and Lamarra 1996, Holden 1998) and in the Colorado River with U.S. Fish and 
Wildlife Service (Lamarra 1998, Osmundson and Scheer 1997, Osmundson 1998) have 
illustrated the value of quantifying these environmental factors toward better 
understanding trends in the abundance and condition of the species in the fish 
community.  Within the SJRPM, data on the trophic structure of all ecosystem 
components was considered and, where relevant, incorporated.  Considering the influence 
of the flow regime in these environmental factors and in turn their influence on the fish 
community it is critical to quantify the detrital, primary, and secondary biomass dynamics 
in order for the populations goal model to be used as a management tool and to accurately 
estimate the carrying capacity of the San Juan and Animas Rivers for Colorado 
pikeminnow. 
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SENSITIVITY ANALYSIS 
 
Model sensitivity analysis was conducted on Age 0 mortality rates to determine the effect 
of early life stage mortality on the juvenile and adult population numbers.   
 
 
Table 11.  Comparison of 99% and 90% mortality of Age 0 Colorado pikeminnow. 
 
Model Outputs-300,000 per year, 99% Age 0 Mort     
 Juv B Adlt B Juv F Adlt F Juv CP Juv 6 Juv 7 Adlt Cp 
Init 17983 5557 28150 24112 0 0 0 61

2001 53882 5244 36132 22942 0 0 0 52
2002 31759 4998 30471 21131 6634 0 0 41
2003 22659 6234 23864 23912 8293 0 0 33
2004 19318 6772 24225 23109 8865 0 0 26
2005 16494 10338 23876 21499 9137 0 0 21
2006 19326 10487 23073 20106 9278 0 0 17
2007 20032 9709 21710 18818 9364 90 0 14
2008 20043 9102 20489 17707 9418 114 59 13
2009 19787 8836 19719 16693 9434 111 83 49
2010 19265 8918 18816 15734 9505 109 79 99

         
Model Outputs-300,000 per year, 90% Age 0 Mort     
 Juv B Adlt B Juv F Adlt F Juv CP Juv 6 Juv 7 Adlt Cp 
Init 17983 5557 28150 24112 0 0 0 61

2001 53882 5244 36132 22942 0 0 0 52
2002 31759 4998 30471 21131 38459 0 0 41
2003 22659 6234 23864 23912 48085 0 0 33
2004 19318 6772 24225 23109 51395 0 0 26
2005 16477 10338 23769 21499 52946 0 0 21
2006 19067 10487 22668 20106 53769 0 0 17
2007 19185 9710 20718 18818 54264 533 0 14
2008 19412 9103 19850 17706 54581 661 341 13
2009 19182 8837 19204 16682 54736 658 472 228
2010 18567 8894 18223 15689 56861 624 469 531

 
 
Model calibration included adjustment of parameters for hatching success and mortality 
through an iterative process and output for each fish species was compared to the 
monitoring data as collected for the years 2002 through 2004.  The model replicated the 
monitored data best for flannelmouth sucker adults and razorback sucker (Figures 40-47).  
Examination of the model over a ten-year time period shows that the model is stable and 
that the populations for the two native sucker species which are most abundant show 
relative stability and replicate numbers as they have been found in the monitoring 
collections (Figure 45). 
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Bluehead Sucker Juveniles Model vs. Monitoring Estimates
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Figure 40.  Comparison of model versus monitored bluehead sucker juvenile 
abundance. 
 

Bluehead Sucker Adults Model vs. Monitoring Estimates 
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Figure 41.  Comparison of model versus monitored bluehead sucker adult 
abundance. 
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Flannelmouth Sucker Juvenile Model vs. Monitoring Estimates
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Figure 42.  Comparison of model versus monitored flannelmouth sucker juvenile 
abundance. 
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Figure 43.  Comparison of model versus monitored flannelmouth sucker adult 
abundance. 
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Figure 44.  Model predicted abundance for native bluehead (JuvB and Adlt B) and 
flannelmouth (Juv B and Adlt B) sucker species 2001-2010. 
 

Razorback Sucker population estimate; Predicted vs. Schnabel estimate
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Figure 45.  Comparison of monitored versus modeled razorback sucker populations. 
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Predicted razorback sucker adult populations
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Figure 46.  Model predicted razorback sucker adult population with existing 
augmentation and with augmentation as specified in augmentation plan.2001-2010. 
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Figure 47.  Model predicted Age 6+ Colorado pikeminnow population with existing 
augmentation and with augmentation as specified in augmentation plan.2001-2010. 
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Model runs conducted in 2005 included an evaluation of the stocking for razorback 
sucker as well as Colorado pikeminnow.  Two separate runs were made for evaluation of 
the augmentation program.  The first run consisted of using actual stocking numbers from 
the years 2001 through 2005 and then the specified augmentation numbers of 300,000 
young-of-the-year Colorado pikeminnow and 5,000 razorback sucker for the years 2006 
through 2010.  This model run predicted that the adult razorback sucker recovery goal 
number could be met in the year 2010 (Table 12, Figure 46).  The Colorado pikeminnow 
number was slightly lower than the 800 adult Colorado pikeminnow although the total for 
six- and seven-year old pikeminnow as well as adults exceeds the recovery goal in the 
year 2010 (Figure 47).   
 
An additional model run using the specified augmentation numbers was conducted to 
evaluate whether the recovery goals would have been met sooner and shown using the 
actual stocking numbers.  As with the run using actual stocking numbers, adult razorback 
sucker do meet the recovery goals although if the 5,000 per year sub-adults would have 
been stocked, it appears that the adult numbers would have been reached in 2005 or 2006 
(Table 13, Figure 46).  The predicted Colorado pikeminnow population in 2009 is nearly 
double what was seen when using actual stocking numbers (Figure 47).   
 
Truncated model runs were used to compare the stocking of larger age 1 or age 2 
Colorado pikeminnow to determine if that larger size class would result in a more rapid 
reach of the recovery goal number.  Due to the high mortality rates for 1 and 2 year old 
fish, as derived from the existing data, it would require extremely high numbers of those 
size classes to be stocked to make a significant difference from the populations than 
result from stocking young-of-the-year fish. 
 
The native sucker populations were also modeled in conjunction with these model runs.  
The full suite of native species, as well as the major nonnatives, was modeled as a 
complete data set.  There was a slight reduction in native sucker populations, both for 
juveniles and adults, with the augmentation program and conclusion of the adult 
razorback sucker.  It appears that there may be some resource competition from those 
species and this is based on the analysis that razorback sucker and the two native sucker 
species would have a common food requirement.   
 
It appears that both the razorback sucker and Colorado pikeminnow should reach the 
population goal near the year 2010, assuming the augmentation will continue from 2006 
through 2010 at the proposed augmentation numbers of 300,000 young of the year 
Colorado pikeminnow and 11,000 sub adult razorback sucker.  The Colorado 
pikeminnow may take one or two years longer than the year 2010 to reach the 800 adult 
Colorado pikeminnow as specified in the recovery goals.   
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Table 12.  Predicted populations with Colorado pikeminnow and razorback sucker actual augmentation numbers 2000 – 2005. 
Model Outputs- using Actual Stocking Numbers           

 Bluehead sucker 
Flannelmouth 

sucker Channel catfish Colorado pikeminnow Common Carp Razorback 

 Juvenile Adult Juvenile Adult Juvenile Adult Juvenile
Age 

6 Age 7 
Age 
8+ Juvenile Adult Juvenile Adult 

Init 17983 5557 28150 24112 16092 13284 0 0 0 61 6884 9134 0 108 
2001 53550 5244 36050 22942 9437 15020 0 0 0 52 9165 8843 0 96 
2002 31445 4998 37768 21131 19265 14586 13953 0 0 41 9255 8445 431 81 
2003 22399 6234 32676 23915 21012 13049 30526 0 0 33 9989 7594 291 195 
2004 19089 6772 34994 23110 20843 11104 30918 0 0 26 10266 7027 878 202 
2005 16224 10290 34937 21494 18685 10259 44622 0 0 21 10539 6581 1871 336 
2006 18277 10432 33285 20458 17402 9512 52027 0 0 17 10823 6166 1827 800 
2007 18768 9647 31763 19597 16395 8816 52977 193 0 13 11037 5799 6725 1061 
2008 18294 9037 29714 18948 15433 8116 53557 393 126 11 10239 5485 7838 2785 
2009 17358 8760 27641 18302 14513 7484 53944 337 254 89 9415 5215 12832 4430 
2010 16477 8771 26288 17614 13601 6904 55060 571 219 230 8303 4966 17109 5850 

 
Table 13.  Predicted populations with Colorado pikeminnow and razorback sucker augmentation numbers as specified in the 
augmentation plans. 
Model Outputs - Using full augmentation numbers           

 Bluehead sucker 
Flannelmouth 

sucker Channel catfish Colorado pikeminnow Common Carp Razorback 

 Juvenile Adult Juvenile Adult Juvenile Adult Juvenile
Age 

6 Age 7 
Age 
8+ Juvenile Adult Juvenile Adult 

Init 17983 5557 28150 24112 16092 13284 0 0 0 61 6884 9134 0 108 
2001 53550 5244 36050 22942 9437 15020 0 0 0 52 9165 8843 0 96 
2002 31445 4998 37768 21131 19265 14586 38449 0 0 41 9255 8445 4982 81 
2003 22399 6234 32676 23915 21012 13049 47999 0 0 33 9989 7594 6450 2105 
2004 19091 6772 34995 23110 20843 11104 51190 0 0 26 10266 7027 10915 3816 
2005 15876 10287 34409 21494 18685 10259 52630 0 0 21 10539 6581 15787 5269 
2006 18159 10431 33208 20458 17402 9512 53359 0 0 17 10823 6166 20068 6540 
2007 18802 9647 31958 19598 16395 8816 53775 527 0 13 11037 5799 24044 7738 
2008 18610 9035 30619 18942 15433 8116 54029 527 338 11 10239 5485 27216 8865 
2009 18041 8722 29285 18265 14513 7484 54321 527 337 225 9415 5215 30608 9947 
2010 17370 8737 28245 17588 13601 6904 57145 524 337 395 8303 4966 33556 10933
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CONCLUSIONS 
 

• The San Juan River primary productivity 
o Detrital based 
o Light Limited 

• Secondary producers 
o Majority of the invertebrates fall in 4 to 5 groups of insects. 

• Fish populations in the current trophic structure are not limited by invertebrate 
production 

• Reliable fish population estimates can be made using multiple pass removal in the 
main channel and individual habitats. 

• The SJRPM can replicate the San Juan River fish populations 
• The model is a tool that can be used to evaluate management alternatives but it 

requires interpretation based on the monitoring and population data being 
collected now and into the future. 

• The San Juan River should support the razorback and Colorado pikeminnow 
populations specified in the Recovery Goals. 

• The SJRPM predicts that the Recovery Goals can be met in the next five to eight 
years for razorback sucker and Colorado pikeminnow. 

 
 
RECOMMENDATIONS 
 

• San Juan River monitoring should begin collection of fish population estimates 
rather than relative abundance data, especially for juvenile and adult life stages. 

• Species specific data is needed for the following parameters to better refine the 
trophic, growth and reproductive dynamics. 

• Growth rate for native species based on food consumption and water temperature 
• Fecundity of native species, especially the native suckers 
• Length at age information based on individual cohorts and confirmed by 

definitive aging 
• SJRPM code should be converted to Visual Basic or other appropriate model code 

to facilitate model execution, updates and enhancements. 
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APPENDIX A – Model Parameters And Data Source For Stella Model 
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Fathead Minnow parameters 
 

Parameter Value 
Stella 
Value Source Comments 

Eggs per 
female 1218 87 

Isaak 
1961, 
Carlson 
1967 

Combined and averaged eggs per female values from both sources 
and divided the value by number of spawning weeks (14) to get the 
eggs per female per spawning week. 

Sex ratio 
(f:m) 1:1.4 0.42 

Payer and 
Scalet 
1978 

Used the average sex ratio from the three monthly values. Divided 
the number of females by the number of fish (I.e. 1/2.4) 

 
 
Red Shiner Parameters 
 

Parameter Value 
Stella 
Value Source Comments 

Eggs per 
female 6177 441 

Gale 
1986 

Divided eggs per female by number of spawning weeks (14) to get the 
number of eggs per female per spawning week 

Sex ratio 
(f:m)     
     

 
 
Bluehead sucker parameters 
 

Parameter Value 
Stella 
Value Source Comments 

Eggs per 
female     

Adult 350 
TL 6742 1348 

McAda 
1977 

Average eggs per female for a 350 mm fish from three upper basin 
rivers.  Number divided by number of spawning weeks (5) to get 
number of eggs per female per week. 

Adult 450 
TL 16886 3377 

McAda 
1977 

Average eggs per female for a 450 mm fish from three upper basin 
rivers.  Number divided by number of spawning weeks (5) to get 
number of eggs per female per week. 

Sex ratio 
(f:m) 1:2 0.33 

Maddux 
and 
Kepner 
1988, 
Otis 
1994 Divided the number of females by the number of fish (I.e. 1/3) 
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Flannelmouth sucker parameters 
 

Parameter Value 
Stella 
Value Source Comments 

Eggs per 
female     

Adult 450 
TL 12685 2114 

McAda 
and 
Wydoski 
1985 

Average eggs per female for a 450 mm fish from four upper basin 
rivers.  Number divided by number of spawning weeks (6) to get 
number of eggs per female per week. 

Adult 550 
TL 25297 4216 

McAda 
and 
Wydoski 
1985 

Average eggs per female for a 550 mm fish from four upper basin 
rivers.  Number divided by number of spawning weeks (6) to get 
number of eggs per female per week. 

Sex ratio 
(f:m) 1:2 0.33  Divided the number of females by the number of fish (I.e. 1/3) 

 
 
Razorback sucker parameters 
 

Parameter Value 
Stella 
Value Source Comments 

Eggs per 
female 46740 6677 

McAda and 
Wydoski 1980 

Number divided by number of spawning weeks (7) to get 
number of eggs per female per week. 

Sex ratio 
(f:m) 1:2.2 0.31 

Tyus 1987, 
Tyus and Karp 
1990 

Averaged the sex ratio's from the two sources and divided 
the number of females by the number of fish (I.e. 1/3.2) 

Hatching 
success   Marsh 1985  

 
 
Channel catfish parameters 
 

Parameter Value 
Stella 
Value Source Comments 

Sex ratio 
(f:m) 1:1 0.5  Divided the number of females by the number of fish (I.e. 1/2) 
Eggs per 
female     

Adult 450 
TL 11746 2349 

Raibley and 
Jahn 1991 

Average eggs per female for a 450 mm fish from Mississippi R.  
Number divided by number of spawning weeks (5) to get number 
of eggs per female per week. 

Adult 700 
TL 38004 7600 

Raibley and 
Jahn 1991 

Average eggs per female for a 700 mm fish from Mississippi R.  
Number divided by number of spawning weeks (5) to get number 
of eggs per female per week. 

Hatching 
success     
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Speckled dace parameters 
 

Paramete
r 

Valu
e 

Stella 
Valu

e 
Sourc

e Comments 
Eggs per 
female     

Adult 1 259 19 
Johns 
1963 

Multiplied 5.7 eggs/mm female total length by average length of each 
adult group then divided the value by number of spawning weeks (14) to 
get the eggs per female per spawning week. 

Adult 2 425 30   
Adult 3 584 42   
Adult 4 687 49   
Sex ratio 
(f:m)     

 
 
Common carp parameters 
 

Paramete
r Value 

Stella 
Value Source Comments 

Sex ratio 
(f:m) 1:1.8 0.36 

Swee and 
McCrimmo
n 1966 Divided the number of females by the number of fish (I.e. 1/2.8) 

Eggs per 
female     

Adult 500 
TL 244371 40728  

Average eggs per female for a 500 mm fish from Ontario.  
Number divided by number of spawning weeks (6) to get number 
of eggs per female per week. 

Adult 700 
TL 

120334
5 

20055
7  

Average eggs per female for a 700 mm fish from Ontario.  
Number divided by number of spawning weeks (6) to get number 
of eggs per female per week. 
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Spawning Weeks 
 

 Spawning   
Species Beg End Weeks for Stella Incubation Duration Adult Age Life Span 
Colorado pikeminnow1 25-Jun 29-Jul 26-30 6 days 34 days 8  
Bluehead sucker 30-Apr 3-Jun 18-22    3  
Fathead minnow2 25-Jun 30-Sep 26-39 3-5 d (18-30C)   1  
Flannelmouth sucker3 30-Apr 10-Jun 18-23    6  
Razorback sucker4 30-Apr 17-Jun 18-24      
Channel catfish5 23-Jul 26-Aug 30-34    6  
Red shiner 10-Jun 9-Sep 23-36      
Common Carp 25-Jun 5-Aug 26-31      
Speckled Dace 10-Jun 9-Sep 23-36      
        
1)        
2) Weeks were based on a spawning initiation water temp of 16oC and temp data for WY1995 from the four-corners thermograph 
3)  Weeks were based upon McAda 1977 and  McAda and Wydoski 1985    
4)        
5)  Weeks were based on spawning temperature requirements and temp data from four-corners thermograph as well as Platania 
larval capture data 
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Parameter values used in Stella  
 

Parameter Bluehead Speckled Flannelmouth Common Fathead Red Channel Razorback Colorado 

  Sucker Dace Sucker Carp Minnow Shiner Catfish Sucker Pikeminnow 

Sex Ratio F:M 1:2 (0.33)   1:2 (0.33) 1:1.8 (0.36) 1:1.4 (0.42)   1:1 (0.5) 1:2.2 (0.31) 1:2.4 (0.29) 

Fecundity, Adlt 1 6742 (1348/wk) 259 (19/wk) 12685 (2114/wk) 244371 (40728/wk) 1218 (87/wk) 6177 (441/wk) 11746 (2349/wk) 46740 (6677/wk) 1  

Fecundity, Adlt 2 16886 (3377/wk) 425 (30/wk) 25297 (4216/wk) 1203345 (200557/wk)     38004 (7600/wk) 46740 (6677/wk) 1  

Fecundity, Adlt 3   584 (42/wk)               

Fecundity, Adlt 4   687 (49/wk)               

Hatch Success                   

YOY Nmrate 1  1  1  1  1  1  1  1  1  

Juv 1 Nmrate 1    1  1  1    1  1  1  

Juv 2 Nmrate 1    1  1  1    1  1  1  

Juv 3 Nmrate 1    1  1  1    1  1  1  

Juv 4 Nmrate 1    1  1  1      1  1  

Juv 5 Nmrate 1    1    1      1  1  

Juv 6 Nmrate         1        1  

Juv 7 Nmrate         1        1  

Adult 1 Nmrate 1  1  1  1  1  0.94 1  1  1  

Adult 2 Nmrate 1  1  1  1  1    1  1  1  

Adult 3 Nmrate   1                

Adult 4 Nmrate   1                

Age at spawning Age 6 (7th yr) Age 1 (2nd yr) Age 6 (7th yr) Age 5 (6th yr) Age 1 (2nd yr) Age 1 (2nd yr) Age 5 (6th yr) Age 6 (7th yr) Age 8 (9th yr) 

Max Life Span 25 4 30 16 3 3 22 35 35 

Adult 1 9 (468), 300-400 mm 1 (52) 13 (676), 400-500 mm 6 (312), 400-600 mm 103 103 11 (572), 300-600 mm 15 (780), < 500 mm 14 (728) 

Adult 2 11 (572), 400-500 mm 1 (52) 12 (624), 500-600 mm 6 (312), > 600 mm 1  1  8 (416), > 600 mm 15 (780), > 500 mm 14 (728) 

Adult 3 1  1 (52) 1  1  1  1 1  1  1  

Adult 4 1  1 (51) 1  1  1  1  1  1  1  

Length at age Hist from Ryden 2005 (part) 1  Hist from Ryden 2005 (part) 1  1  1  MEC Ageing 1  Jackson 2005 (part) 
Length-Weight 

Regr 1998-2001 MEC Data 1998-2001 MEC Data 1998-2001 MEC Data 1998-2001 MEC Data 1998-2001 MEC Data 1998-2001 MEC Data 1998-2001 MEC Data 1  Ryden 2000 

 
Note 1 – Rate calculated from annual value.  Mortality rates separated into weekly values 
 
.
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Length Ranges used to model age classes 
 

For Population Estimates (traditional fish ageing)       
Initial Bluehead Speckled Flannelmouth Common Fathead Red Channel Colorado Razorback 

Length Range Sucker Dace Sucker Carp Minnow Shiner Catfish Pikeminnow Sucker 
Time Fall Fall Fall Fall at age at age Fall Fall Fall 
Age 0 0-45 0-30 0-45 0-85 0-40 0-40 0-80 0-80 0-110 
Age 1 45-90   45-90 80-200     80-180 80-170 110-210 
Age 2 90-185   90-240 200-300     180-236 170-225 210-300 
Age 3 185-265   240-340 300-400     236-270 225-280 300-400 
Age 4 265-300   340-400       270-311 280-335   
Age 5               335-390   
Age 6               390-445   
Age 7               445-500   

Adult 1 >300 30-55 >400 >400 40-85 40-85 >300 >500 >400 
Adult 2  55-80           
Adult 3   80-100               
Adult 4   100+               

          
For Growth (length at model age)        

Initial Bluehead Speckled Flannelmouth Common Fathead Red Channel Colorado Razorback 
Length Range Sucker Dace Sucker Carp Minnow Shiner Catfish Pikeminnow Sucker 

Age 0 0-55 0-35 0-55 0-95 0-45 0-45 0-90 0-100 0-120 
Age 1 55-100   55-100 95-210     90-190 100-180 120-220 
Age 2 100-195   100-250 210-310     190-245 180-235 220-310 
Age 3 195-275   250-350 310-410     245-275 235-290 310-410 
Age 4 275-305   350-405         290-345   
Age 5               345-400   
Age 6               400-450   
Age 7               450-505   

Adult 1 350-355 35-60 450-455 500-525 45-85 45-85 450-480 550-555 450-455 
Adult 2 425-430 60-85 550-555 625-650     650-665 650-655 550-555 
Adult 3   85-105               
Adult 4   105-125               
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Weight Ranges used to model age classes 
 

Initial Bluehead Flannelmouth Fathead 
Length Range Sucker 

Speckled Dace 
Sucker 

Common Carp 
Minnow 

Time Model Age Wt at length Model Age Wt at length Model Age Wt at length Model Age Wt at length Model Age Wt at length 
Age 0 0 0 0 0.00 0 0 0 0 0 0 

  55 1.53 35 0.33 55 1.35 95 11.54 45 0.79 
Age 1 55 1.53     55 1.35 95 11.54     

  100 9.74     100 8.69 210 129.14     
Age 2 100 9.74     100 8.69 210 129.14     

  195 76.74     250 150.95 310 422.65     
Age 3 195 76.74     250 150.95 310 422.65     

  275 222.09     350 430.64 410 990.00     
Age 4 275 222.09     350 430.64         

  310 321.64     405 678.59         
Age 5                     

                      
Age 6                     

                      
Age 7                     

                      
Age 8                     

                      
Adult 1 350 468.05 35 0.33 450 942.27 500 1811.40 45 0.79 

  355 489.03 60 1.73 455 975.28 525 2101.47 85 5.87 
Adult 2 425 852.98 60 1.73 550 1760.80 625 3573.09     

  430 884.38 85 5.04 555 1811.15 650 4026.24     
Adult 3     85 5.04             

      105 9.64             
Adult 4     105 9.64             

      125 16.47             
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Weight Ranges (continued) 
 

Initial Shiner Catfish Pikeminnow Sucker 

Length Range 
Model 

Age 
Wt at 
length Model Age Wt at length Model Age Wt at length 

Model 
Age 

Wt at 
length 

Time 0 0 0   0  0   
Age 0 45 0.84 90 5.79 100 9.16 120 23.71 

      90 5.79 100 9.16 120 23.71 
Age 1     190 51.64 180 52.80 220 131.26 

      190 51.64 180 52.80 220 131.26 
Age 2     245 108.71 235 116.91 310 345.61 

      245 108.71 235 116.91 310 345.61 
Age 3     278 157.38 290 218.82 410 761.00 

      278 157.38 290 218.82     
Age 4         345 367.20     

          345 367.20     
Age 5         400 570.68     

          400 570.68     
Age 6         450 810.73     

          450 810.73     
Age 7         505 1143.28     

                  
Age 8                 

  45 0.84 450 644.68 550 1474.54 450 810.73 
Adult 1 85 7.00 480 778.76 580 1727.47 455 837.87 

      650 1891.94 650 2426.17 550 1474.54 
Adult 2     665 2022.63 665 2596.90 555 1514.86 

                  
Adult 3                 

                  
Adult 4                 
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APPENDIX B – Population Model Life History, Bioenergetics And 
Population Parameter Data 
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Colorado Pikeminnow Life History information. 
Species Parameter Value Source Comments 

Colorado Pikeminnow Sex Ratio F:M 1:2.4 (0.29)? Hamman 1981  

   1:5.7 (0.15) Seethaler 1978 USU collection 

  Eggs per Female 82,576 Hamman 1989 Hatchery 

   74,341 Hamman 1986 Hatchery 

   45,000 Marsh 1985 Hatchery 

   8,300 Hamman 1981 Wild (uninj) 

   11,000 Hamman 1981 Wild (inj) 

   7,854 Hamman 1981 Hatchery (inj) 

   145,522 (754 mm) Hamman 2003 Hatchery (inj) 

  Hatching Success 0.025 (18-19C) Hamman 1981 Hatchery 

   0.65 (22-24C) Hamman 1981 Wild (inj), raceway 

   0.90 (20-21C) Hamman 1981 Wild (inj), screen tray 

   0.30 (20-21C) Hamman 1981 Wild (uninj) 

   0.59 (20-22C) Hamman 1986 Hatchery (Heath) 

   0.66 (20-22C) Hamman 1986 Hatchery (Jar 1983) 

   0.49 (20-22C) Hamman 1986 Hatchery (Jar 1984) 

   0.27 and 0.02 (20C) Marsh 1985 Hatchery (two trials) 

   0.0 and 0.9 (25C) Marsh 1985 Hatchery (two trials) 

   0.65 (18C), 0.74 (22C), 0.54 (26C), 0.38 (30C) Bestgen and Williams 1994 Laboratory, from wild 

  Incubation Time 6 day at 18C (50% hatching) Bestgen and Williams 1994 Laboratory, from wild 

   4.3 day at 22C (50% hatching) Bestgen and Williams 1994 Laboratory, from wild 

   4 day at 26C (50% hatching) Bestgen and Williams 1994 Laboratory, from wild 

   5 day (22 and 26oC), 6 day (18oC) Bestgen and Bundy 1998 Laboratory 

  egg to post larvae surv 0.01 Crowl and Bouwes 1998 Arbitrary 

  Post hatch survival 0.83 (18C), 0.69 (22C), 0.88 (26C), 0.13 (30C) to 7d posthatch Bestgen and Williams 1994 Laboratory, from wild 

   see crowl and bouwes for more on fry survival   

  Age 0 overwinter 45% Haines and Modde 1996 Green River, hatchery fish 

  Fry survival 27.7-36% Hamman 1989 Hatchery 

  Fingerling survival 84.8-99.7% Hamman 1989 Hatchery 

  Age 1 survival 30% Crowl and Bouwes 1998 Arbitrary 

  Age 2 survival 40% Crowl and Bouwes 1998 Arbitrary 

  Age 3 survival 60% Crowl and Bouwes 1998 Arbitrary 

  Adult survival 79% Osmundson and Burnham 1996  

   81% Gilpin 1993 PVA analysis 

   85% Osmundson et al. 1997 Colorado River, CO 

  Spawning Time middle July Miller and Ptacek 2000 San Juan River 

   Initial spawn, 13 June to 1 July, 34 day mean duration Bestgen et al. 1998 Lower Yampa River 

   Initial spawn, 9 June to 24 June, 37 day mean duration Bestgen et al. 1998 Lower Green River 

   16.4 to 23.1C Bestgen et al. 1998 Lower Yampa River 

   19.8 to 23C Bestgen et al. 1998 Lower Green River 

   24 June to 14 August Platania et al. 2000 San Juan River 

  Age of Maturity >503 mm (100%) Seethaler 1978 USU Collection 

   428-503 mm (76%) Seethaler 1978 USU Collection 

   <428 mm (0%) Seethaler 1978 USU Collection 

  Max Life Span 20-50yrs Holden and Wick 1982  

   26+ (765mm) Scoppettone 1988  

   30+ Minckley 1991 Green River 

  Diet    

  Thermal Preferendum    
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Colorado Pikeminnow Life History information. (continued) 
     

  adult 25.4oC Bulkley et al. 1981 Hatchery 

  juvenile 24.6oC Bulkley et al. 1981 Hatchery 

  Size (mm) at age 
106 (2), 198 (3), 285 (4), 355 (5), 411 (6), 453 (7), 495 (8), 531 (9), 570 (10), 619 

(11) Seethaler 1978 Colorado River, CO 

   71 (2), 172 (3), 269 (4), 342 (5), 400 (6), 449 (7), 486 (8), 518 (9), 552 (10), 600 (11) Seethaler 1978 Yampa-Green River 

   90 (2), 186 (3), 278 (4), 350 (5), 406 (6), 451 (7), 491 (8), 524 (9), 557 (10), 604 (11) Seethaler 1978 Colorado and Yampa-Green 

   94 (2), 150 (3), 220 (4), 286 (5), 345 (6), 396 (7), 440 (8), 478 (9), 514 (10), 554 (11) Hawkins 1992 Colorado, White, Yampa, Green 

   586 (12), 615 (13), 641 (14), 669 (15), 705 (16), 764 (17), 776 (18) Hawkins 1992 Colorado, White, Yampa, Green 

   44 (1), 95 (2), 162 (3), 238 (4), 320 (5), 391 (6), 454 (7), 499 (8),  Vanicek and Kramer 1969 Green River 

   536 (9), 570 (10), 600 (11) Vanicek and Kramer 1969 Green River 

   71 (1), 181 (2), 233 (3), 315 (4), 376 (5), 424 (6), 456 (7) Osmundson et al. 1997 Colorado River, CO 

  Growth rate (mm/year) 
400-499 (33.4 mm/yr), 500-599 (13.9 mm/yr), 600-699 (9.9 mm/yr), 700-799 (13.1 

mm/yr), 800-899 (4.2 mm/yr) Osmundson et al. 1997 Colorado River, CO 

  Age 0CP    

  Age 1CP    

  Age 2CP    

  Age 3CP    

  Age 4CP    

  Age 5CP    

  Age 6CP    

  Age 7CP    

  Adult CP    

  Pred Mrate 0CP    

  Pred Mrate JCP    

  NMrate 0CP    

  NMrate 1CP    

  NMrate 2CP    

  NMrate ACP    
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Red shiner Life History information. 
 

Species Parameter Value Source Comments 
Red Shiner Sex Ratio F:M    
  Eggs per Female 6177/year Gale 1986  
  Hatching Success    
  Spawning Time June-Aug Gale 1986 Lab 
   April-September Farringer et al. 1979 Texas and Oklahoma 
  Age of Maturity 1 (mature next spawn) (30 mm) Farringer et al. 1979 Texas and Oklahoma 
   >30 mm SJR Size Class Info  
   >30 mm (Age 1) Gido and Propst 1999 San Juan River 
   at least some same summer Marsh-Matthews et al. 2002 Artificial stream 
  Max Life Span 2 yrs (2 spawns) Farringer et al. 1979 Texas and Oklahoma 
   Age 3 Quist and Guy 2001 Kansas 
  Diet Inverts (>90%) and Debris/Detritus (<10%) Greger and Deacon 1988 Virgin River 
   Larval fish (15% of specimens) Ruppert et al. 1993 Yampa, Green Rivers 
   Larval fish (0.97% of specimens (n=414)) Brandenburg and Gido 1999 San Juan River 

   Maximum size of prey (<20 mm) 
R.T. Muth pers. comm in 
Ruppert et al. 1993  

   Aquatic inverts and debris/detritus Brooks et al. 2000 San Juan River 
   Algae, insects and crustaceans Koster 1957 New Mexico 
  Size (mm) at age 25-30 (0), 30-40 (1), 40-50 (2), 50-60 (3) Cross 1958 Kansas 
  backcalculated 37 (1), 59 (2) Quist and Guy 2001 Kansas 
  Mortality (0-1) ~20% can't account for individuals spawned after june Quist and Guy 2001 Kansas 
  Mortality (1-2) 94% Quist and Guy 2001 Kansas 
  Mortality (2-3) 100% Quist and Guy 2001 Kansas 
  Age 0RS    
  Adult RS    
  Pred Mrate 0RS    
  Pred Mrate ARS    
  NMrate ORS    
  NMrate ARS    
      

  
Thermal 
Maximum 37oc (27oC acclimation temp) Matthews and Hill 1977 Lab 

   38.99oC (25oC acclimation temp) Matthews and Maness 1979 South Canadian River 

  
Thermal 
Preferenda 30 Calhoun et al. 1982 unregulated river, texas 

   23.3 Calhoun et al. 1982 regulated river, texas 
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Red shiner bioenergetics information 
Species Parameter Value Source Comments 

Red Shiner     

  CONSUMPTION  Duffy 1998  

  Equation 2   

  CA 0.149   

  CB -0.242   

  CQ 2.4   

  CTO 24   

  CTM 30   

  CTL *   

  CK1 *   

  CK4 *   

      

  RESPIRATION  Duffy 1998  

  Equation 2   

  RA 0.0096   

  RB -0.041   

  RQ 2.6   

  RTO 28   

  RTM 33   

  RTL *   

  RK1 *   

  RK4 *   

  ACT 1   

  BACT *   

  SDA 0.172   

      

  EGESTION/EXCRETION Duffy 1998  

  Equation 1   

  FA 0.1   

  FB *   

  FG *   

  UA 0.1   

  UB *   

  UG *   

      

  PREDATOR ENERGY DENSITY Duffy 1998  

  Equation 1   

  Energy Density 980.8   

  Alpha 1 *   

  Beta 1 *   

  Cutoff *   

  Alpha 2 *   

  Beta 2 *   

      

  MISCELLANEOUS    

  % spawning 0.08 based on values from Duffy 1998  

  day of spawning 160 (June 9) based from values used for Stella  

      

  DIET    

  Inverts 0.6 based on Tables 19-21 from Brooks et al. 2000  
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Red shiner bioenergetics (continued) 
 

  Detritus 0.4   
     
  RESPIRATION  Duffy 1998 
  Equation 2  
  RA 0.0096  
  RB -0.041  
  RQ 2.6  
  RTO 28  
  RTM 33  
  RTL *  
  RK1 *  
  RK4 *  
  ACT 1  
  BACT *  
  SDA 0.172  
     
  EGESTION/EXCRETION Duffy 1998 
  Equation 1  
  FA 0.1  
  FB *  
  FG *  
  UA 0.1  
  UB *  
  UG *  
     
  PREDATOR ENERGY DENSITY Duffy 1998 
  Equation 1  
  Energy Density 980.8  
  Alpha 1 *  
  Beta 1 *  
  Cutoff *  
  Alpha 2 *  
  Beta 2 *  
     
  MISCELLANEOUS   
  % spawning 0.08 based on values from Duffy 1998 
  day of spawning 160 (June 9) based from values used for Stella 
     
  DIET   

  inverts 0.6 
based on Tables 19-21 from Brooks et al. 

2000 
  detritus 0.4  
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Bluehead sucker Life History information. 
 

Species Parameter Value Source Comments 
Bluehead Sucker Sex Ratio F:M ~1:2 (0.33) Maddux and Kepner 1988, Otis 1994  
  Eggs per Female 20227 Smith 1996? cited in Valdez and Carothers 1998  
   8,500 (319 mm) Smith 1966 cited in McAda 1977 Green River 
   5,450 (319 mm) has regr. eq. McAda 1977 Yampa River 
   7,761 (319 mm) has regr. eq. McAda 1977 Colorado River 
   9,484 (385 mm) MEC calcs from McAda 1977  
  Hatching Success    
  Spawning Time April and May Minckley 1991 Grand Canyon Region 
   mid April through late May Tyus and Karp 1990 Yampa, Green River 
   September-October Douglas and Douglas 2000 Havasu Creek 
  Age of Maturity all over 380 mm McAda 1977 Upper basin 
   >300mm (11.7in) SJR Size Class Info  
  Max Life Span 20+ (396mm FL) Scoppettone 1988 Green River 
   20+ (470mm) Minckley 1991 Yampa River 
  Diet Organic debris (83%) and Inverts (16%) Osmundson 1999 Colorado River 

   Larval: 34% chironomidae, 39% organic, 13% inorganic Childs et al. 1998 
Little Colorado, shoreline 
habitats 

   Aquatic inverts and debris/detritus Brooks et al. 2000 San Juan River 
   Aquatic inverts, cladophora, and debris/detritus Carothers and Minckley 1981 Grand Canyon 
  Size (mm) at age 94 (1), 132 (2), 167 (3), 195 (4), 220 (5), 244 (6), 307 (7), 323 (8) Carothers and Minckley 1981 Grand Canyon 
  October sampling 84 (0), 185 (1), 263 (2), 312 (3) MEC calcs from Length-Freq Hist in Ryden ?? San Juan River 
   60 mm (beg of Age 1) Gido and Propst 1999 San Juan River 
  Age 0B    
  Age 1B    
  Age 2B    
  Adult B    
  Pred Mrate 0B    
  Pred Mrate JB    
  Pred Mrate AB    
  NMrate 0B    
  NMrate 1B    
  NMrate AB    
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Flannelmouth sucker Life History information. 
 

Species Parameter Value Source Comments 
Flannelmouth Sucker Sex Ratio F:M ~1:2 (0.33)  Weiss 1993, Otis 1994  
   1:3.3 (0.23) McKinney et al. 1999 Lee's Ferry 
  Eggs per Female 9,827 (450 mm) has regr. eq. McAda 1977 Yampa River 
   12,719 (450 mm) has regr. eq. McAda 1977 Gunnison River 
   15,894 (450 mm) has regr. eq. McAda 1977 Colorado River 
  Hatching Success    
  Spawning Time May and early June McAda and Wydoski 1985 Upper basin 
   May and June (6-12oC) McAda 1977 Upper basin 
   March and April (7-19oC) Weiss 1993  Paria Creek 
   March (7-15oC) Otis 1994 Bright Angel Creek 
   mid-April through May Tyus and Karp 1990 Yampa, Green River 
   17-23oC Carothers and Minckley 1981 Grand Canyon 
  Age of Maturity by Age 7 McAda and Wydoski 1985 Upper basin 
   >410mm (16 in) SJR Size Class Info  
   300-400 mm Minckley and Holden 1980 General 
   most by 6, all by 7 McAda 1977 Upper basin 
  Max Life Span at least 20 yrs McAda and Wydoski 1985 cited in Valdez and Carothers 1998  
   28+ (530mm FL) Scoppettone 1988 Green River 
   35+ (590mm) Minckley 1991 Green River 
      
  Diet Organic Debris (55%) and Inverts (40%) Osmundson 1999 Colorado River 

   Larval: 34% chironomidae, 36% organic, 19% inorganic Childs et al. 1998 
Little Colorado, shoreline 
habitat 

   Larval: chironomids, cladocerans, copepods, similium Maddux et al. 1987 Grand Canyon 
   Aquatic inverts and debris/detritus Brooks et al. 2000 San Juan River 
   Aquatic inverts, cladophora and organic detritus Carothers and Minckley 1981 Grand Canyon 
  Survival Rates rates broken down by age class (chart) Douglas and Marsh 1998 Little Colorado River 
  Size (mm) at age 122 (1), 189 (2), 261 (3), 322 (4), 358 (5), 396 (6) Carothers and Minckley 1981 Grand Canyon 
   420 (7), 449 (8), 478 (9), 466 (10) Carothers and Minckley 1981 Grand Canyon 
   male 81 (1), 167 (2), 286 (3), 370 (4), 417 (5), 441 (6), 453 (7), 456 (8) McAda 1977 Yampa, Green River 
   female 77 (1), 144 (2), 273 (3), 370 (4), 430 (5), 465 (6), 479 (7), 485 (8) McAda 1977 Yampa, Green River 
  July Sampling 105 (1), 166 (2), 295 (3), 319 (4), 356 (5), 362 (6) McDonald and Dotson 1960 Colorado River 
  Fall Sampling 85 (0), 237 (1), 338 (2), 389 (3) MEC calcs from Length-Freq Hist in Ryden ?? San Juan River 
   60 mm (beg of Age 1) Gido and Propst 1999 San Juan River 
  September 102 mm (age 0) Gorman and VanHoosen 2000 Little Colorado River 
  Age 0F    
  Age 1F    
  Age 2F    
  Age 3F    
  Age 4F    
  Age 5F    
  Age 6F    
  Adult F    
  Pred Mrate 0F    
  Pred Mrate JF    
  NMrate 0F    
  NMrate 1F    
  NMrate AF    
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Channel catfish Life History information. 
 

Species Parameter Value Source Comments 
Channel Catfish Sex Ratio F:M 1:1 (0.5) Raibley and Jahn 1991 Mississippi R, MEC Calc 
  Eggs per Female ~4,000/lb Life History, Iowa For fish 1-4 lbs 
   7,759 (677-12,321) per kg body weight Walser and Phelps 1993  
   17,624 eggs per female Raibley and Jahn 1991 Mississippi R, MEC Calc 
   6,088 ± 1,858 per lb body weight Helms 1975 Mississippi River 
  Hatching Success    
  Spawning Time July based on Montezuma Creek temperature logger Temp >21C 
   late July/August based on Four Corners temperature logger Temp >21C 
   21-29C Sublette 1990 New Mexico 
   21-29C Leichleitner 1992 cited in Valdez and Carothers 1998 Grand Canyon 
   24-28C (June/July) Jester 1971 cited in Sublette 1990 Elephant Butte Res. 
   April-June Minckley 1973 cited in CC life history (�ussian�) Arizona 
   18.3oC Helms 1975 Mississippi River 
  Age of Maturity 6 Life History, Iowa  
   8-May Scott and Crossman 1998 Typical 
   18 months Scott and Crossman 1998 Ponds in Texas 
   8 Sigler and Sigler 1987 cited in Valdez and Carothers 1988  
   >300mm (11.7in) SJR Size Class info  
   3 (15 in) Raibley and Jahn 1991 Mississippi R, MEC Calc 
  Max Life Span 22+ (756mm) Tyus and Nikirk 1990, 24% of fish were >10 yrs Yampa and Green 
   6-10 yrs usual 3 citations in Tyus and Nikirk 1990  
   19+ (635 mm) Gerhardt and Hubert 1991 Powder River 
   13+ (557 mm) MEC ageing data San Juan River 
  Diet Aquatic inverts, �ussian olive and fish (13.5% in fish >450 mm) Brooks et al. 2000 San Juan River 
   Aquatic inverts, cladophora, seeds, fish Carothers and Minckley 1981 Grand Canyon 
  Age 0CC    
  Age 1CC    
  Age 2CC    
  Age 3CC    
  Adult CC    
  Size (mm) at Age 59 (1), 148 (2), 220 (3), 295 (4), 398 (5), 444 (6) Quist and Guy 1998 Kansas River, Fort Riley 
   95 (1), 181 (2), 254 (3), 332 (4), 407 (5), 478 (6), 528 (7), 587 (8) Quist and Guy 1998 Kansas River, Lawrence 
   79 (1), 164 (2), 219 (3), 247 (4), 280 (5), 304 (6), 340 (7), 373 (8) Carothers and Minckley 1981 Grand Canyon 
   63 (1), 116 (2), 165 (3), 202 (4), 234 (5), 260 (6), 283 (7), 305 (8) Tyus and Nikirk 1990 Yampa and Green 
    322 (9), 352 (10) Tyus and Nikirk 1990 Yampa and Green 
   71 (1), 175 (2), 236 (3), 305 (4), 386 (5), 467 (6), 531 (7) Kimsey et al. 1957 Colorado River 
   388 (3), 411 (4), 475 (5), 497 (6), 559 (7), 604 (8), 603 (9), 604 (10) Raibley and Jahn 1991 Mississippi R, MEC Calc 
   238 (3), 291 (4), 341 (5), 386 (6), 434 (7), 469 (8), 504 (9), 554 (10) Hubert 1999 Av of 102 studies 
   101.6(1), 190.5(2), 271.8(3), 337.8(4), 327.7(5), 447(6) Helms 1975 Mississippi River 
   143(1+), 229(2+), 259(3+), 298(4+), 334(5+), 364(6+), 420(8+), 557(13+) MEC ageing data  
   70 mm (beg of Age 1) Gido and Propst 1999 San Juan River 
  Fall sampling 63 (0+), 138 (1+), 238 (2+) MEC calcs from Length-Freq Hist in Ryden 2005 San Juan River 
  Optimum temp (growth) 28oC Buentello et al. 2000  
   appx 30oC Andrews and Stickney 1972  
   fingerlings 26-32oC Andrews et al. 1972  

  
Optimum temp (food 
conversion) 26.6-29.4oC Shrable et al. 1969 lab 
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Channel catfish (continued) 
 

  Pred Mrate 0CC    
  Pred Mrate JCC    
  NMrate 0CC    
  NMrate 1CC see Raibley and Jahn 1991   
  NMrate ACC    
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Speckled dace Life History information. 
 

Species Parameter Value Source Comments 
Speckled Dace Sex Ratio F:M    
  Eggs per Female 329 (45-75 mm) Johns 1963 Arizona 
   5.7 per mm of body length MEC calcs from data in Johns 1963  
   314 (55 mm) MEC calcs for 55 mm individual using Johns 1963  
   932 (spring), 1440 (fall) Carothers and Minckley 1981 Grand Canyon 
  Hatching Success    
  Incubation time 6 days (appr. 18.3oC) Sigler and Sigler 1987 Great Basin 
  Spawning Time April/May and August Johns 1963 Arizona 
   April and May Minckley 1991  
   peak June and July (temp near 18.3oC) Sigler and Sigler 1987 Great Basin 
  Age of Maturity 2 Johns 1963 Arizona 
   less than 1 Minckley 1991  
   >32mm  SJR Size Class Info  
   >40mm (Age 1) Gido and Propst 1999 San Juan River 
  Max Life Span 2-3 yrs Minckley 1991  
   3+ from SJR SD lengths  
  Diet Benthic inverts and organic debris Carothers and Minckley 1981 Grand Canyon 
   Benthic inverts (~85%) and debris/detritus (~15%) Greger and Deacon 1988 Virgin River 

   Larval, 48% chironomidae, 13% copepods, 14% organic Childs et al. 1998 
Little Colorado, shoreline 
habitats 

   Aquatic inverts and debris/detritus Brooks et al. 2000 San Juan River 
  Size (mm) at age 50 (1), 73 (2) Carothers and Minckley 1981 Grand Canyon 
  Age 0SD    
  Adult SD    
  Pred Mrate 0SD    
  Pred Mrate ASD    
  NMrate OSD    
  NMrate ASD    
      
  Thermal Maximum 32.4 Castleberry and Cech 1992 Klamath Basin 
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Speckled dace bioenergetics information. 
 

Species Parameter Value Source Comments 
Speckled Dace CONSUMPTION    
  Equation 2 He 1986  
  CA 0.36   
  CB -0.31   
  CQ 2.3   
  CTO 26   
  CTM 29   
  CTL *   
  CK1 *   
  CK4 *   
      
  RESPIRATION    
  Equation 2 He 1986  
  RA 0.0148   
  RB -0.2   
  RQ 2.1   
  RTO 29   
  RTM 32   
  RTL *   
  RK1 *   
  RK4 *   
  ACT 1   
  BACT *   
  SDA 0.15   
      
  EGESTION/EXCRETION   
  Equation 1 He 1986  
  FA 0.4   
  FB *   
  FG *   
  UA 0.1   
  UB *   
  UG *   
      
  PREDATOR ENERGY DENSITY   
  Equation 1 He 1986  
  Energy Density 5006   
  Alpha 1 *   
  Beta 1 *   
  Cutoff *   
  Alpha 2 *   
  Beta 2 *   
      
  MISCELLANEOUS    
  % spawning 0.12 based on Platania 1995  
  day of spawning 160 (June 9) based from values used for Stella  
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Razorback sucker Life History information. 
 

Species Parameter Value Source Comments 
Razorback Sucker Sex Ratio F:M 1:1.61 (0.38) Tyus 1987 Green River 
   1:2.5 (0.24) Tyus and Karp 1990 Yampa, Green River 
   1:1.86 (0.46) Bozek et al. 1984 Lake Mohave 
  Eggs per Female Mean 46,740 (n=10) McAda and Wydoski 1980 Green River 
   35 per g of body weight MEC calcs from data in McAda and Wydoski 1980  
   63,645 (49,838 eggs/kg) Hamman 1985 Hatchery 
   Mean 100,800 +/- 26,170 (n=5) Minckley 1983 Lower basin 
   Mean 1,812 +/- 90.5 eggs per cm SL Minckley 1983 Lower basin 
  Incubation Time 4-7 days (20-22oC) Hamman 1985 Hatchery 
   6-7 days (18-20oC), 11 days (15oC) Snyder and Muth 1990  
  Hatching Success 5oC (0%), 10oC (0), 15oC (19), 20oC (35), 25oC (29), 30oC (0) Marsh 1985 Laboratory 
   12oC (0%) Toney 1974 cited in Hamman 1985 Hatchery 
  Spawning Time late January through early April (>15C) Minckley 1991 Lake Mohave 
   mid February to early May Holden et al. 1997 Lake Mead 
   April 22 to June 15 (10-18oC)  Tyus 1987 Green River 
   May 24 to June 17 (9-17oC) Osmundson and Kaeding 1990 cited in USFWS 1997 Colorado River 
   mid-late April through May (mean=14oC) Tyus and Karp 1990 Yampa, Green River 
   May Modde et al. 2005 Green River 
  Age of Maturity begin at 2 (males), 3 (females) Hamman 1985 Hatchery 
      
  Max Life Span mean 35 yrs old McCarthy and Minckley 1987 cited in Minckley 1991 Lake Mohave 
   mean 29 yrs old W.L. Minckley 1989 cited in Minckley 1991 Green River 
   44 McCarthy and Minckley 1987 cited in Minckley 1991 Lake Mohave 
  Diet Benthic inverts, mud and plant material Vanicek 1967 Green River 

  
Thermal 
Preferendum 23-24oC Bulkley et al. 1981 Hatchery fish 

  Age 0F    
  Age 1F    
  Age 2F    
  Age 3F    
  Age 4F    
  Age 5F    
  Age 6F    
  Adult F    
  Pred Mrate 0F    
  Pred Mrate JF    
  NMrate 0F 97.50% Modde and Wick 1996 Green River, backwaters 
  Nmrate 1F 75% Crowl and Bouwes 1998 Arbitrary 

  Nmrate 2F 50% Hudson 2001, and Nesler 2001 
UCRB stocking plan 
assumptions 

   60% Crowl and Bouwes 1998 Arbitrary 

  Nmrate 3F 40% Hudson 2001, and Nesler 2001 
UCRB stocking plan 
assumptions 

   45% Crowl and Bouwes 1998 Arbitrary 

  Nmrate AF 30% Hudson 2001, and Nesler 2001 
UCRB stocking plan 
assumptions 

   29% Modde et al. 1996 Green River 
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Common carp Life History information. 
 

Species Parameter Value Source Comments 
Common Carp Sex Ratio F:M 1:1.8 (0.36) Swee and McCrimmon 1966 Ontario 
  Eggs per Female 1328 per mm of body length MEC calcs on data from Swee and McCrimmon 1966 Ontario 
   100-300,000 per kg body wt. Linhart et al. 1995 Europe 
   61,624 to 69,303 eggs/female Carothers and Minckley 1981 Grand Canyon 
  Hatching Success    
  Hatching Temps 20-25oC (21.7oC optimum)   
  Spawning Time 15-19.4oC (18.3oC optimum) Bell 1990  
   17-23oC Swee and McCrimmon 1966 Ontario 
   late winter through August Carothers and Minckley 1981 Grand Canyon 
  Age of Maturity 2-4 males, 3-5 females Carlander 1969  
   3-4 males, 4-5 females Swee and McCrimmon 1966 Ontario 
   smallest female 381 mm, all by 432 mm Swee and McCrimmon 1966 Ontario 
   250 mm  SJR Size Class Info  

  Max Life Span 12+ Lubinski et al. 1984 cited in Sublette 1990 
Mississippi and Illinois 
Rivers 

    captured up to 16 Swee and McCrimmon 1966 Ontario 
   captured up to 12 Carothers and Minckley 1981  
  Diet Organic debris and benthic inverts   
  as % volume aquatic inverts (6.4%), terrestrial inverts (2.5%), fish (1.8%) Eder and Carlson 1977 South Platte River 
  as % volume seeds (21.4%), aquatic plants (38.1%) Eder and Carlson 1977 South Platte River 
  as % volume dissolved and detritus (27.4%), sand (2.4%) Eder and Carlson 1977 South Platte River 
   Cladophora, inverts, organic detritus, plant seeds Carothers and Minckley 1981 Grand Canyon 
  Size (mm) at age 207 (1), 264 (2), 312 (3), 354 (4), 388 (5), 416 (6), 432 (7), 466 (8) Carothers and Minckley 1981 Grand Canyon 
  Fall Sampling 88 (0), 213 (1+) MEC calcs from Length-Freq Hist in Ryden 2003 San Juan River 
   a lot of citations Carlander 1969  
  Age 0F    
  Age 1F    
  Age 2F    
  Age 3F    
  Age 4F    
  Age 5F    
  Age 6F    
  Adult F    
  Pred Mrate 0F    
  Pred Mrate JF    
  Nmrate 0F    
  Nmrate 1F    
  Nmrate AF    
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Fathead minnow Life History information. 
 

Species Parameter Value Source Comments 
Fathead Minnow Sex Ratio F:M 1:1.5 (May), 1:1.3 (June), 1:1.4 (July) Payer and Scalet 1978  

   1:1 Carlson 1967 
Skunk River, Des Moines 
River 

  Eggs per Female 6800-10600 (16-26 spawns), mec calc ~414 per spawn Gale and Buynak 1982 Artificial 
   4306 (n=1) Carothers and Minckley 1981 Grand Canyon 
   950 (n=10, 41-51 mm SL) Isaak 1961 cited in Carlander 1969  

   1888 (n=4, 47-55 mm TL) Carlson 1967 
Skunk River, Des Moines 
River 

   85 per spawn (19 per day) Jensen et al. 2001 laboratory 
  Hatching Success    
  Spawning Time water temp >15.6oC Scott and Crossman 1998  
   when water temp >18oC til it drops below this temp Dobie et al. 1956  
   last week of May (17.5-19.3C) Held and Peterka 1974 North Dakota 
   water temp >16C Carlander 1969  
   15.6-28.9C water temp range during spawning Gale and Buynak 1982 laboratory 
   May (17.8oC) to August Sigler and Sigler 1987 Great Basin 
   May (17.8oC)  Markus 1934  
  Incubation 3 d (28-30oC), 4 d (23oC), 5 d (18oC) personal �omm.. Scott Kellman laboratory 
   4-6 days (25oC) Sigler and Sigler 1987 Great Basin 
  Repeat Spawning Yes Markus 1934  
  Spawning Mort 80-85% Markus 1934  
   87% Payer and Scalet 1978  

  
Reproductive 
Allocation 13-17% of body mass Carlson 1967  

   380-680% of body volume Gale and Buynak 1982  
  Age of Maturity after 1 year Scott and Crossman 1998 Canada 
   >30 mm (Age 1) Gido and Propst 1999 San Juan River 
   individuals hatched early spawn same year Markus 1934  
  Max Life Span 3 Markus 1934  
  Diet crustacean zooplankton, ostracodes, and chironomid larvae Held and Peterka 1974; Hambright and Hall 1992  
   and algae Scott and Crossman 1998; Abrahams 1996 Canada 
   Aquatic inverts and debris/detritus Brooks et al. 2000 San Juan River 
   no Larval fish (0.0% (n=95)) Brandenburg and Gido 1999 San Juan River 
   Aquatic inverts and organic detritus Carothers and Minckley 1981 Grand Canyon 
  Caloric Density 980.8 cal per g wet mass (mean) Duffy 1998 South Dakota 
   835 to 945 cal per g Chipps et al. 2000 Illinois 
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Fathead minnow  (continued) 
 

  Size at age    
  Age 0F    
  Age 1F    
  Age 2F    
  Age 3F    
  Age 4F    
  Age 5F    
  Age 6F    
  Adult F    
  Pred Mrate 0F    
  Pred Mrate JF    
  NMrate 0F    
  NMrate 1F    
  NMrate AF    
      
  Thermal Maximum 33.1oC Castleberry and Cech 1992 Klamath Basin 
  34.4oC Heath et al. 1994  
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Invertebrate Life History information. 
 

Species Parameter Value Source Comments 
Hydropsyche sp. Sex Ratio F:M    

  Eggs per Female 397.5 (n=4) Fremling 1960 
H. orris, Mississippi R., 
Iowa 

   840 (n=1) Badcock 1953 H. angustipennis 

  
Hatching 
Success    

  Hatching Time Last wk June-September D. Rees, pers comm  
  Survival 0.5% of eggs laid reach adult Willis and Hendricks 1992  
  Caloric Density       
Chironomid Sex Ratio F:M    
C. riparius, Rees 
guess Eggs per Female 1676 (n=10, range 1154-2014) Hilsenhoff 1966 Chironomus plumosus 
C. tentans, Rees guess  max 410  Pery et al. 2002 Chironomus riparius 
   average of all feeding rations (252 eggs) Pery et al. 2002 Chironomus riparius 
   400 Postma et al. 1994 Chironomus riparius 
   max 700 Sibley et al. 1997 Chironomus tentans 
   max 208, from reg eq on 64 ind. Charles et al. 2004 Chironomus riparius 
  Pupation 1 day @ 24oC, 6-10 days @ 10oC Hilsenhoff 1966 Chironomus plumosus 

  
Hatching 
Success    

  Hatching Time    
  Caloric Density    
  Feeding 0% (<5oC), 26% (8oC), 100% (10oC), Active (12oC) Hilsenhoff 1966 Chironomus plumosus 
Simulium Sex Ratio F:M    
S. vittatum Boris 
guess Eggs per Female 312 (n=3) Davies and Peterson 1956 Simulium vittatum 
  Pupation    

  
Hatching 
Success    

  Hatching Time    
  Caloric Density    
  Feeding    
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Fathead minnow bioenergetics 
 

Species Parameter Value Source Comments 
Fathead Minnow     
  CONSUMPTION  Duffy 1998  
  Equation 2   
  CA 0.149   
  CB -0.242   
  CQ 2.4   
  CTO 24   
  CTM 30   
  CTL *   
  CK1 *   
  CK4 *   
      
  RESPIRATION  Duffy 1998  
  Equation 2   
  RA 0.0096   
  RB -0.041   
  RQ 2.6   
  RTO 28   
  RTM 33   
  RTL *   
  RK1 *   
  RK4 *   
  ACT 1   
  BACT *   
  SDA 0.172   
      
  EGESTION/EXCRETION Duffy 1998  
  Equation 1   
  FA 0.1   
  FB *   
  FG *   
  UA 0.1   
  UB *   
  UG *   
      
  PREDATOR ENERGY DENSITY Duffy 1998  
  Equation 1   
  Energy Density 980.8   
  Alpha 1 *   
  Beta 1 *   
  Cutoff *   
  Alpha 2 *   
  Beta 2 *   
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Fathead minnow bioenergetics (continued) 
 

  MISCELLANEOUS    
  % spawning 0.08 based on values from Duffy 1998  
  day of spawning 175 (June 24) based from values used for Stella  
      
  DIET    

  inverts 0.15 
based on Tables 19-21 from Brooks et al. 

2000  
  detritus 0.85   
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General information for Bioenergetics 
 

Species Parameter Value Source Comments 

Detritus Energy content 419 J g-1 Ahlgren 1990  
  Indigestability proportion 0.4   
      
Zooplankton Energy content 2637 J g-1 Cummins and Wuycheck 1971  
  Indigestability proportion 0.2 citation in Horppila 1999  
      
Invertebrates Energy content 3349 J g-1 Cummins and Wuycheck 1971  
  Indigestability proportion 0.2 citation in Horppila 1999  
      
Plant Material Energy content 1047 J g-1 Cummins and Wuycheck 1971  
  Indigestability proportion 0.5 citation in Horppila 1999  
      
Fish Energy content 4186 J g-1 Wisc Model  
      

Cyplut Energy content 4923.2 Calories/g dry mass   
Pimpro Energy content 4286.1 Calories/g dry mass   
Rhiosc Energy content 5576.9 Calories/g dry mass   
Catdis Energy content 5564.6 Calories/g dry mass   
Catlat Energy content 4308.7 Calories/g dry mass   

Micsal Energy content 4196.4 Calories/g dry mass   
Invertebrates     

Chironomidae Energy content 3601.6 Calories/g dry mass   
Ephemeroptera Energy content 4480.7 Calories/g dry mass   

Trichoptera Energy content 4790.2 Calories/g dry mass   
Odonata Energy content 4732.7 Calories/g dry mass   

      
Filamentous Algae Energy content 2828.3 Calories/g dry mass   
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Bioenergetics 
 

Consumption       
 Cmax 0.278W-0.197  Petersen and Ward 1999 
 p       
 F(T) VX*e(X(1-V))  Kitchell et al. 1977 (eq. 2 from Hanson 1997) 
  where      
  V= (CTM-T)/(CTM-CTO)     
  X= (Z2(1+(1+40/Y)0.5)2)/400     
  Z= LN(CQ)(CTM-CTO)     
  Y= LN(CQ)(CTM-CTO+2)     
   where     
   CTO= 25.4 Bulkley et al.  1982  
   CTM= 35 Estimate   
   CQ= 0.59 Bevelhimer et al. 1985 
        
   CA 0.2045 Bevelhimer et al. 1985  
   CB -0.18 Bevelhimer et al. 1985  
   CQ 0.59 Bevelhimer et al. 1985  
   CTO 24 Bevelhimer et al. 1985  
   CTM 34 Bevelhimer et al. 1985  
        
Respiration       

 R Rs*ACT   
Petersen and Ward 1999 (eq. 1 from Hanson 
1997) 

  where      

  Rs= aWb*etT     
   where     
   t (RQ)= 0.105 Cech et al. 1994  
   a (RA)= 0.00165 Cech et al. 1994  
   b (RB)= -0.285 Cech et al. 1994  
  ACT= euψ     
   where     
   u (RTO)= 0.1222 Bevelhimer et al. 1985 
   ψ (RK1)= 5 Petersen and Ward 1999 
        
 SDA=   0.163 Rice et al. 1983  
        
   RA 0.00246 Bevelhimer et al. 1985  
   RB -0.18 Bevelhimer et al. 1985  
   RQ 0.055 Bevelhimer et al. 1985  
   RTO 0.1222 Bevelhimer et al. 1985  
   RK1 1 Bevelhimer et al. 1985  
   ACT 1 Bevelhimer et al. 1985  
   SDA 0.14 Bevelhimer et al. 1985  
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Bioenergetics (continued) 
 

Egestion and Excretion       
 Egestion F= FA*C     
 Excretion U= UA*(C-F)     
   where     
   FA= 0.2 Bevelhimer et al. 1985 
   UA= 0.07 Bevelhimer et al. 1985 
        
Energy Density       
 Prey 4310 j/g   Petersen and Ward 1999 
 Northern Pikeminnow 6703 j/g   Petersen and Ward 1999 
 Northern Pike  3600 j/g   Bevelhimer et al. 1985 
        
Spawning Loss       
 Male 6.30%   Petersen and Ward 1999 
 Female 1.90%   Petersen and Ward 1999 
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Spawning periodicity 
 

 Spawning   
Species Beg End Weeks for Stella Incubation Duration Adult Age Life Span 
Colorado pikeminnow1 25-Jun 29-Jul 26-30 6 days 34 days 8  
Bluehead sucker 30-Apr 3-Jun 18-22    3  
Fathead minnow2 25-Jun 30-Sep 26-39 3-5 d (18-30C)   1  
Flannelmouth sucker3 30-Apr 10-Jun 18-23    6  
Razorback sucker4 30-Apr 17-Jun 18-24      
Channel catfish5 23-Jul 26-Aug 30-34    6  
Red shiner 10-Jun 9-Sep 23-36      
Common Carp 25-Jun 5-Aug 26-31      
Speckled Dace 10-Jun 9-Sep 23-36      
        
        
        
        
        
        
1)        
2) Weeks were based on a spawning initiation water temp of 16oC and temp data for WY1995 from the four-corners thermograph 
3)  Weeks were based upon McAda 1977 and  McAda and Wydoski 1985    
4)        
5)  Weeks were based on spawning temperature requirements and temp data from four-corners thermograph as well as Platania larval capture 
data 
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Bioenergetic Input 
 

        Wisconsin Model book values         
Parameter Flanny Blue Carp Catfish Razorback Pikeminnow Bluegill YP Dace YOY Yp Tilapia  SB FH CP NP musky Suck 
Consumption                   
Equation 2 2 2 2 2 1             
CB -0.301 -0.301 -0.301 -0.274 -0.301 -0.18  -0.274 -0.27 -0.31 -0.42 -0.36 -0.31 -0.242 -0.18 -0.197 -0.18 -0.301 
CA 0.1495 0.1495 0.1495 0.182 0.1495 0.2215  0.182 0.25 0.36 0.51 0.15 0.25 0.149 0.2045 0.278 0.2215 0.1495 
CTO 25g 22f 27c 28a 25e 26             
CTM 31g 28f 35d 36b 31e 34             
CQ 2.2 2.2 2.15 2.15 2.2 2.53             
                   
Respiration                   
Equation 2 2 2 2 2 1             
RA 0.0214 0.0214 0.0214 0.0154 0.0214 0.00246             
RB -0.274 -0.274 -0.274 -0.2 -0.274 -0.18             
RQ 2.2 2.2 2.2 2.1 2.2 0.055             
RTO 31 28 35 36 31 0.1222             
RTM 34 31 38 39 34              
SDA 0.136 0.136 0.136 0.172 0.136 0.14             
                   
Note:  Flannelmouth, Bluehead, Razorback, and Carp are an average of Bluegill and Tilapia            
                   
                   
a:  Buentello?? 2000                  
b:  Jobling 
1981                   
c:  Pitt et al. 1956 cited in Carlander 1969 (P103)                
d:  Black 1953 cited in Carlander 1969 (B200)                
e:  Bulkley et al. 1982                  
f:  professional judgement                  
g:  based on razorback numbers                 
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Bioenergetic Input (continued) 
 

 Cmax Calculations          
Weight Bluegill YP Dace YOY Yp Tilapia  SB FH NP pikm musky Suck 

1 0.182 0.25 0.36 0.51 0.15 0.25 0.149 0.2045 0.278 0.2215 0.1495 
3 0.134691 0.185831 0.256091 0.321499 0.101001 0.177841 0.114215 0.167808 0.223899 0.181757 0.107406 
7 0.106786 0.14783 0.196935 0.225231 0.074449 0.13676 0.093041 0.144071 0.189479 0.156047 0.083227 

13 0.090126 0.125076 0.162547 0.173666 0.059576 0.11288 0.080096 0.128879 0.167725 0.139593 0.069079 
20 0.080092 0.111343 0.142227 0.144923 0.051018 0.098769 0.072167 0.119264 0.154078 0.129178 0.060678 
25 0.075342 0.104833 0.132721 0.131958 0.04708 0.092168 0.068373 0.114568 0.147452 0.124092 0.056736 
30 0.07167 0.099797 0.125428 0.12223 0.044089 0.087103 0.065422 0.110869 0.14225 0.120086 0.053707 
35 0.068706 0.095729 0.119575 0.114568 0.041709 0.083038 0.063026 0.107835 0.137995 0.1168 0.051272 
40 0.066238 0.092339 0.114727 0.108319 0.039751 0.079671 0.061022 0.105274 0.134412 0.114026 0.049252 
45 0.064134 0.089448 0.110613 0.103091 0.038101 0.076815 0.059307 0.103066 0.131329 0.111634 0.047536 
50 0.062309 0.08694 0.107059 0.098629 0.036683 0.074346 0.057814 0.10113 0.128632 0.109537 0.046052 

200 0.042618 0.059795 0.06966 0.055098 0.02227 0.048375 0.041337 0.078797 0.097891 0.085347 0.030341 
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Population estimate results- 1998 
Reach 6 – 
 
1998 Hatch Trading Post

Pop.Est 95% CI Pop.Est 95% CI Pop.Est 95% CI
Catdis  (all) Catdis YOY Catcom ADT

Pass 1 92 Pass 1 9 Pass 1
Pass 2 133 (121, 147) Pass 2 10 (10, 11) Pass 2 1 (1, 1)
Pass 3 133 (130, 138) Pass 3 10 (10, 10) Pass 3 1 (1, 1)

Catdis YOY Catlat (all) Pass 4 1 (1, 1)
Pass 1 26 Pass 1 53 Pass 5 1 (1, 1)
Pass 2 48 (39, 66) Pass 2 58 (58, 59) Catdis  (all)
Pass 3 47 (44, 53) Pass 3 60 (60, 61) Pass 1 55

Catdis JUV Catlat YOY Pass 2 209 (97, 408)
Pass 1 66 Pass 1 49 Pass 3 186 (124, 252)
Pass 2 86 (82, 93) Pass 2 53 (53, 54) Pass 4 268 (157, 381)
Pass 3 87 (86, 90) Pass 3 55 (55, 56) Pass 5 234 (184, 284)

Catlat (all) Catlat JUV Catdis JUV
Pass 1 40 Pass 1 4 Pass 1 38
Pass 2 45 (45, 47) Pass 2 5 (5, 6) Pass 2 95 (62, 151)
Pass 3 47 (47, 48) Pass 3 5 (5, 5) Pass 3 92 (75, 114)

Catlat YOY Cyplut (all) Pass 4 148 (97, 209)
Pass 1 11 Pass 1 3 Pass 5 145 (109, 182)
Pass 2 12 (12, 13) Pass 2 5 (5, 8) Catdis Adlt
Pass 3 12 (12, 12) Pass 3 8 (7, 15) Pass 1 17

Catlat JUV Cyplut JUV Pass 2 53 *
Pass 1 29 Pass 1 Pass 3 144 (49, 439)
Pass 2 33 (33, 35) Pass 2 1 (1, 1) Pass 4 119 (60, 231)
Pass 3 35 (35, 36) Pass 3 2 (2, 26) Pass 5 86 (64, 116)

Cotbai JUV Cyplut ADT Catlat (all)
Pass 1 23 Pass 1 3 Pass 1 107
Pass 2 28 (28, 30) Pass 2 4 (4, 6) Pass 2 306 (178, 443)
Pass 3 29 (29, 30) Pass 3 5 (5, 7) Pass 3 308 (245, 371)

Cyplut ADT Pimpro (all) Pass 4 382 (309, 455)
Pass 1 Pass 1 12 Pass 5 376 (331, 421)
Pass 2 1 (1, 1) Pass 2 13 (13, 14) Catlat JUV
Pass 3 1 (1, 1) Pass 3 13 (13, 13) Pass 1 43

Rhiosc (all) Pimpro JUV Pass 2 107 (70, 165)
Pass 1 2310 Pass 1 3 Pass 3 80 (75, 88)
Pass 2 2649 (2632, 2666) Pass 2 3 (3, 3) Pass 4 127 (98, 158)
Pass 3 2745 (2736, 2754) Pass 3 3 (3, 3) Pass 5 140 (111, 169)

Rhiosc JUV Pimpro ADT Catlat ADT
Pass 1 1964 Pass 1 9 Pass 1 64
Pass 2 2291 (2273, 2309) Pass 2 10 (10, 11) Pass 2 192 (108, 311)
Pass 3 2383 (2374, 2392) Pass 3 10 (10, 10) Pass 3 283 (149, 440)

Rhiosc ADT Rhiosc (all) Pass 4 252 (186, 318)
Pass 1 346 Pass 1 118 Pass 5 233 (200, 266)
Pass 2 361 (361, 363) Pass 2 179 (160, 198) Cypcar (all)
Pass 3 364 (364, 364) Pass 3 191 (180, 202) Pass 1 12

Cray (all) Rhiosc JUV Pass 2 18 (17, 23)
Pass 1 34 Pass 1 26 Pass 3 29 (23, 44)
Pass 2 68 (52, 95) Pass 2 33 (32, 37) Pass 4 41 (29, 67)
Pass 3 64 (59, 72) Pass 3 34 (34, 36) Pass 5 36 (31, 47)

Rhiosc ADT Cypcar JUV
Pass 1 92 Pass 1 4
Pass 2 146 (127, 166) Pass 2 4 (4, 4)
Pass 3 158 (146, 170) Pass 3 4 (4, 4)

Cray (all) Pass 4 4 (4, 4)
Pass 1 4 Pass 5 4 (4, 4)
Pass 2 4 (4, 4) Cypcar ADT
Pass 3 5 (5, 6) Pass 1 8

Pass 2 16 (13, 28)
Pass 3 33 (19, 79)
Pass 4 56 (25, 160)
Pass 5 37 (27, 59)

Micsal (all)
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

Pimpro (all)
Pass 1
Pass 2 5 *
Pass 3 8 (4, 50)
Pass 4 4 (4, 8)
Pass 5 4 (4, 6)

Saltru (all)
Pass 1
Pass 2 1 (1, 1)
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

BoatRun #1Riffle
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1998 Reach 6 Boat and Habitat original breakdowns
Habitat ≤ 150 mm, Boat > 150 mm

Pop.Est 95% CI Pop.Est 95% CI Pop.Est 95% CI
Catdis  (all) Catdis YOY 10 (10, 10) Catcom ADT 1 (1,1)
Catdis JUV 86 (85,88) Catlat (all) Catdis  (all) 215 (150, 280)
Catdis YOY 47 (44, 53) Catlat JUV 4 (4,4) Catdis Adlt 86 (64, 115)
Catlat (all) Catlat YOY 55 (55, 56) Catdis JUV 126 (81, 185)
Catlat JUV 34 (34,35) Cray (all) 5 (5, 6) Catlat (all) 345 (305, 385)
Catlat YOY 12 (12, 12) Cyplut (all) 8 (7, 15) Catlat ADT 233 (200, 266)
Cotbai ADT 29 (29, 30) Cyplut ADT 5 (5, 7) Catlat JUV 110 (91, 131)
Cray (all) 64 (59, 72) Cyplut JUV 2 (2, 26) Cypcar (all) 27 (27, 59)
Cyplut ADT 1 (1, 1) Pimpro (all) 13 (13, 13) Cypcar ADT 27 (27, 59)
Rhiosc (all) Pimpro ADT 10 (10, 10) Saltru (all) 1 (1, 1)
Rhiosc ADT 2743 2734, 2752) Pimpro JUV 3 (3, 3)
Rhiosc JUV 2 (2, 2) Rhiosc (all) 191 (180, 202)

Rhiosc ADT 158 (146, 170)
Rhiosc JUV 34 (34, 36)

BoatRun #1Riffle

 



Final Draft Report: San Juan River Population Model Report Page 124 
Miller Ecological Consultants, Inc. May 19, 2006 

1998 Reach 6 Boat and Habitat with additional Catlat and Catdis breakdowns

Note:   a * in the LCI or UCI indicates a non-descending removal pattern error

1998 Hatch Trading Post
Pop.Est 95% CI Pop.Est 95% CI Pop.Est 95% CI

Catdis  (all) Catdis YOY Catcom ADT
Pass 1 92 Pass 1 9 Pass 1
Pass 2 133 (121, 147) Pass 2 10 (10, 11) Pass 2 1 (1, 1)
Pass 3 133 (130, 138) Pass 3 10 (10, 10) Pass 3 1 (1, 1)

Catdis YOY Catlat (all) Pass 4 1 (1, 1)
Pass 1 26 Pass 1 53 Pass 5 1 (1, 1)
Pass 2 48 (39, 66) Pass 2 58 (58, 59) Catdis  (all)
Pass 3 47 (44, 53) Pass 3 60 (60, 61) Pass 1 55

Catdis JUV Catlat YOY Pass 2 209 (97, 408)
Pass 1 66 Pass 1 49 Pass 3 186 (124, 252)
Pass 2 86 (82, 93) Pass 2 53 (53, 54) Pass 4 268 (157, 381)
Pass 3 87 (86, 90) Pass 3 55 (55, 56) Pass 5 234 (184, 284)

Catlat (all) Catlat JUV Catdis JUV
Pass 1 40 Pass 1 4 Pass 1 38
Pass 2 45 (45, 47) Pass 2 5 (5, 6) Pass 2 95 (62, 151)
Pass 3 47 (47, 48) Pass 3 5 (5, 5) Pass 3 92 (75, 114)

Catlat YOY Cyplut (all) Pass 4 148 (97, 209)
Pass 1 11 Pass 1 3 Pass 5 145 (109, 182)
Pass 2 12 (12, 13) Pass 2 5 (5, 8) Catdis 301-410
Pass 3 12 (12, 12) Pass 3 8 (7, 15) Pass 1 14

Catlat JUV Cyplut JUV Pass 2 112 (28, 622)
Pass 1 29 Pass 1 Pass 3 96 (39, 265)
Pass 2 33 (33, 35) Pass 2 1 (1, 1) Pass 4 105 (49, 231)
Pass 3 35 (35, 36) Pass 3 2 (2, 26) Pass 5 78 (54, 115)

Cotbai JUV Cyplut ADT Catdis 411-500
Pass 1 23 Pass 1 3 Pass 1 3
Pass 2 28 (28, 30) Pass 2 4 (4, 6) Pass 2 7 (6, 16)
Pass 3 29 (29, 30) Pass 3 5 (5, 7) Pass 3 10 (8, 21)

Cyplut ADT Pimpro (all) Pass 4 10 (9, 16)
Pass 1 Pass 1 12 Pass 5 9 (9, 11)
Pass 2 1 (1, 1) Pass 2 13 (13, 14) Catdis 500+
Pass 3 1 (1, 1) Pass 3 13 (13, 13) Pass 1 0

Rhiosc (all) Pimpro JUV Pass 2 1 (1, 1)
Pass 1 2310 Pass 1 3 Pass 3 1 (1, 1)
Pass 2 2649 (2632, 2666) Pass 2 3 (3, 3) Pass 4 1 (1, 1)
Pass 3 2745 (2736, 2754) Pass 3 3 (3, 3) Pass 5 1 (1, 1)

Rhiosc JUV Pimpro ADT Catdis Adlt
Pass 1 1964 Pass 1 9 Pass 1 17
Pass 2 2291 (2273, 2309) Pass 2 10 (10, 11) Pass 2 53 *
Pass 3 2383 (2374, 2392) Pass 3 10 (10, 10) Pass 3 144 (49, 439)

Rhiosc ADT Rhiosc (all) Pass 4 119 (60, 231)
Pass 1 346 Pass 1 118 Pass 5 86 (64, 116)
Pass 2 361 (361, 363) Pass 2 179 (160, 198) Catlat (all)
Pass 3 364 (364, 364) Pass 3 191 (180, 202) Pass 1 107

Cray (all) Rhiosc JUV Pass 2 306 (178, 443)
Pass 1 34 Pass 1 26 Pass 3 308 (245, 371)
Pass 2 68 (52, 95) Pass 2 33 (32, 37) Pass 4 382 (309, 455)
Pass 3 64 (59, 72) Pass 3 34 (34, 36) Pass 5 376 (331, 421)

Rhiosc ADT Catlat 61-300
Pass 1 92 Pass 1 33
Pass 2 146 (127, 166) Pass 2 67 (51, 95)
Pass 3 158 (146, 170) Pass 3 52 (51, 55)

Cray (all) Pass 4 89 (70, 114)
Pass 1 4 Pass 5 97 (79, 118)
Pass 2 4 (4, 4) Catlat 301-410
Pass 3 5 (5, 6) Pass 1 10

Pass 2 40 (19, 127)
Pass 3 33 (24, 55)
Pass 4 32 (27, 43)
Pass 5 41 (32, 59)

Catlat JUV
Pass 1 43
Pass 2 107 (70, 165)
Pass 3 80 (75, 88)
Pass 4 127 (98, 158)
Pass 5 140 (111, 169)

Catlat 411-500
Pass 1 52
Pass 2 112 (81, 154)
Pass 3 203 (114, 316)
Pass 4 178 (133, 223)
Pass 5 180 (150, 210)

Catlat 500+
Pass 1 12
Pass 2 41 *
Pass 3 68 (35, 152)
Pass 4 74 (43, 136)
Pass 5 51 (44, 63)

Catlat ADT
Pass 1 64
Pass 2 192 (108, 311)
Pass 3 283 (149, 440)
Pass 4 252 (186, 318)
Pass 5 233 (200, 266)

Cypcar (all)
Pass 1 12
Pass 2 18 (17, 23)
Pass 3 29 (23, 44)
Pass 4 41 (29, 67)
Pass 5 36 (31, 47)

Cypcar JUV
Pass 1 4
Pass 2 4 (4, 4)
Pass 3 4 (4, 4)
Pass 4 4 (4, 4)
Pass 5 4 (4, 4)

Cypcar ADT
Pass 1 8
Pass 2 16 (13, 28)
Pass 3 33 (19, 79)
Pass 4 56 (25, 160)
Pass 5 37 (27, 59)

Micsal (all)
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

Pimpro (all)
Pass 1
Pass 2 5 *
Pass 3 8 (4, 50)
Pass 4 4 (4, 8)
Pass 5 4 (4, 6)

Saltru (all)
Pass 1
Pass 2 1 (1, 1)
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

Riffle Run #1 Boat
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1998 Sand Island: 
 
1998 Reach 3 Boat and Habtat original breakdowns
Habitat ≤ 150 mm, Boat > 150 mm
Note:   a * in the LCI or UCI indicates a non-descending removal pattern error

1998 Sand Island Riffle Run #2 Run #1 Boat
Pop.Est 95 % CI Pop.Est 95 % CI Pop.Est 95 % CI Pop.Est 95 % CI

Catlat (all) 25 (25, 26) Ictpun (all) 60 (53, 71) Catlat JUV 1 (1, 1) Amemel (all) 1 (1, 1)
Catlat JUV 24 (24, 25) Ictpun JUV 10 (9, 16) Cyplut JUV 1 (1, 1) Catdis (all) 6 (6, 8)
Catlat YOY 1 (1, 1) Ictpun YOY 48 (44, 56) Ictpun (all) 56 (51, 64) Catdis Adlt 4 (4, 7)
Cyplut ADT 5 (5, 6) Ictpun JUV 32 (31, 35) Catdis JUV 2 (2, 9)
Ictpun (all) 201 (197, 206) Ictpun YOY 24 (20, 35) Catlat (all) 229 (126, 352)
Ictpun JUV 153 (149, 158) Rhiosc ADT 1 (1, 1) Catlat ADT 53 (39, 78)
Ictpun YOY 48 (48, 50) Catlat JUV 182 (87, 337)
Pimpro ADT 1 (1, 1) Cypcar (all) 35 (27, 52)
Rhiosc ADT 133 (131, 137) Cypcar ADT 33 (25, 52)

Cypcar JUV 2 (2, 9)
Ictpun (all) 473 (295, 650)
Ictpun ADT 75 (48, 122)
Ictpun JUV 391 (224, 558)
Ptyluc (all) 1 (1, 1)
Stivit (all) 1 (1, 1)  
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1998 Sand Island
Pop.Est 95 % CI Pop.Est 95 % CI Pop.Est 95 % CI Pop.Est 95 % CI

Catlat (all) Cypcar ADT Catlat (all) Amemel (all)
Pass 1 31 Pass 1 3 Pass 1 1 Pass 1 1
Pass 2 35 (35, 37) Pass 2 3 (3, 3) Pass 2 1 (1, 1) Pass 2 1 (1, 1)
Pass 3 36 (36, 37) Pass 3 3 (3, 3) Pass 3 1 (1, 1) Pass 3 1 (1, 1)
Pass 4 37 (37, 37) Pass 4 3 (3, 3) Pass 4 6 (3, 46) Pass 4 1 (1, 1)

Catlat YOY Ictpun (all) Pass 5 3 (3, 9) Catdis (all)
Pass 1 1 Pass 1 40 Catlat JUV Pass 1
Pass 2 1 (1, 1) Pass 2 57 (53, 65) Pass 1 1 Pass 2 9 *
Pass 3 1 (1, 1) Pass 3 70 (64, 79) Pass 2 1 (1, 1) Pass 3 8 (6, 22)
Pass 4 1 (1, 1) Pass 4 72 (69, 78) Pass 3 1 (1, 1) Pass 4 6 (6, 8)

Catlat 61-300 Ictpun YOY Pass 4 2 (2, 15) Catdis 61-300
Pass 1 28 Pass 1 4 Pass 5 2 (2, 10) Pass 1
Pass 2 32 (32, 34) Pass 2 5 (5, 6) Catlat ADLT Pass 2 3 *
Pass 3 33 (33, 34) Pass 3 7 (7, 10) Pass 1 Pass 3 2 (2, 15)
Pass 4 34 (34, 35) Pass 4 10 (9, 16) Pass 2 Pass 4 2 (2, 9)

Catlat 301-411 Ictpun JUV Pass 3 Catdis 301-410
Pass 1 2 Pass 1 33 Pass 4 1 (1, 1) Pass 1
Pass 2 2 (2, 2) Pass 2 50 (45, 60) Pass 5 1 (1, 1) Pass 2 6 *
Pass 3 2 (2, 2) Pass 3 59 (54, 68) Cyplut JUV Pass 3 4 (4, 9)
Pass 4 2 (2, 2) Pass 4 59 (57, 63) Pass 1 Pass 4 4 (4, 7)

Catlat JUV Ictpun ADLT Pass 2 1 (1, 1) Catlat (all)
Pass 1 30 Pass 1 3 Pass 3 1 (1, 1) Pass 1 45
Pass 2 34 (34, 36) Pass 2 3 (3, 3) Pass 4 1 (1, 1) Pass 2 105 (72, 155)
Pass 3 35 (35, 36) Pass 3 3 (3, 3) Pass 5 1 (1, 1) Pass 3 238 (105, 457)
Pass 4 36 (36, 37) Pass 4 3 (3, 3) Ictpun (all) Pass 4 241 (129, 377)

Cyplut ADT Pass 1 28 Catlat 61-300
Pass 1 3 Pass 2 31 (31, 32) Pass 1 13
Pass 2 5 (5, 8) Pass 3 47 (42, 56) Pass 2 32 (22, 61)
Pass 3 5 (5, 8) Pass 4 61 (51, 76) Pass 3 47 (30, 87)
Pass 4 5 (5, 6) Pass 5 64 (56, 76) Pass 4 51 (36, 80)

Ictpun (all) Ictpun YOY Catlat 301-410
Pass 1 135 Pass 1 10 Pass 1 17
Pass 2 171 (164, 179) Pass 2 10 (10, 10) Pass 2 46 (29, 90)
Pass 3 199 (190, 208) Pass 3 13 (13, 15) Pass 3 61 (39, 105)
Pass 4 204 (200, 209) Pass 4 19 (17, 26) Pass 4 179 (54, 582)

Ictpun YOY Pass 5 24 (20, 35) Catlat JUV
Pass 1 33 Ictpun JUV Pass 1 30
Pass 2 44 (42, 49) Pass 1 18 Pass 2 87 (51, 160)
Pass 3 47 (46, 50) Pass 2 21 (21, 23) Pass 3 116 (69, 190)
Pass 4 48 (48, 50) Pass 3 34 (29, 45) Pass 4 197 (90, 376)

Ictpun JUV Pass 4 39 (34, 49) Catlat 411-500
Pass 1 102 Pass 5 39 (36, 45) Pass 1 15
Pass 2 126 (122, 132) Rhiosc ADT Pass 2 23 (21, 30)
Pass 3 152 (144, 161) Pass 1 1 Pass 3 54 *
Pass 4 156 (152, 161) Pass 2 1 (1, 1) Pass 4 53 (39, 78)

Pimpro ADT Pass 3 1 (1, 1) Cypcar (all)
Pass 1 Pass 4 1 (1, 1) Pass 1 8
Pass 2 1 (1, 1) Pass 5 1 (1, 1) Pass 2 29 *
Pass 3 1 (1, 1) Pass 3 34 (23, 63)
Pass 4 1 (1, 1) Pass 4 35 (27, 53)

Rhiosc ADT Cypcar JUV
Pass 1 94 Pass 1
Pass 2 112 (110, 116) Pass 2 3 *
Pass 3 125 (123, 129) Pass 3 2 (2, 15)
Pass 4 133 (131, 137) Pass 4 2 (2, 9)

Cypcar ADT
Pass 1 8
Pass 2 80 (17, 661)
Pass 3 29 (21, 51)
Pass 4 33 (25, 52)

Ictpun (all)
Pass 1 102
Pass 2 365 (177, 602)
Pass 3 392 (259, 525)
Pass 4 686 (336, 1036)

Ictpun YOY
Pass 1 4
Pass 2 4 (4, 4)
Pass 3 6 (6, 9)
Pass 4 17 *

Ictpun JUV
Pass 1 82
Pass 2 299 (143, 521)
Pass 3 317 (197, 437)
Pass 4 551 (247, 861)

Ictpun ADT
Pass 1 16
Pass 2 72 (30, 224)
Pass 3 61 (39, 105)
Pass 4 75 (48, 122)

 Stivit (all)
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)

Ptyluc (all)
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)

Riffle Run #2 Run #1 Boat
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Population estimate results- 1999: 
Reach 3 -  
1999 Reach 3
Habitat ≤ 150 mm, Boat > 150 mm
Note:  an * in the 95% indicates a non-descending removal pattern error

Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI
Ictpun Juvenile 1 (1, 1) Catlat Juvenile 1 (1, 1) Rhiosc Adult 2 (2, 7) Rhiosc Adult 6 (6, 6) Rhiosc Adult 7 (7, 8) Rhiosc Adult 12 (12, 13) Catdis (all) 27 Total
Rhiosc Adult 2 (2, 7) Cyplut Adult 1 (1, 1) Catdis Adult 15 Total
Cyplut Adult 3 (3, 3) Rhiosc Adult 2 (2, 2) Catdis Juvenile 15 (12, 27)

Catlat (all) 582 (304, 860)
Catlat Adult 406 (147, 828)
Catlat Juvenile 215 (130, 308)
Cypcar Adult 95 (68, 132)
Ictpun (all) 592 (440, 744)
Ictpun Adult 122 (73, 194)
Ictpun Juvenile 464 (335, 593)
Ptyluc JUV 1 Total
Xyrtex Adt 6 (4, 25)

Riffle, RM 97.9 Riffle, RM 100.6 Boat, RM 104.5-103.5Run, RM 93.6 Run, RM 95.7 Run, RM 97.9 Riffle, RM 95.7

 
Reach 4 –  
1999 Reach 4 Original and New Catlat and Catdis Breakdowns combined

1999 Reach 4
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catlat (all) Ictpun (all) Catlat (all) Rhiosc (all) Rhiosc (all) Rhiosc (all) Rhiosc (all)
Pass 1 1 Pass 1 1 Pass 1 3 Pass 1 53 Pass 1 16 Pass 1 11 Pass 1 23
Pass 2 2 (2-15) Pass 2 1 (1-1) Pass 2 3 (3-3) Pass 2 67 (65-72) Pass 2 20 (20-22) Pass 2 13 (13-14) Pass 2 35 (32-43)
Pass 3 2 (2-7) Pass 3 1 (1-1) Pass 3 3 (3-3) Pass 3 68 (68-70) Pass 3 20 (20-21) Pass 3 13 (13-13) Pass 3 43 (39-51)
Pass 4 2 (2-4 Ictpun Adult Catlat 411-501 Rhiosc Adult Rhiosc Adult Rhiosc Adult Rhiosc Adult

Catlat 301-410 Pass 1 1 Pass 1 3 Pass 1 53 Pass 1 16 Pass 1 11 Pass 1 23
Pass 1 1 Pass 2 1 (1-1) Pass 2 3 (3-3) Pass 2 67 (65-72) Pass 2 20 (20-22) Pass 2 13 (13-14) Pass 2 35 (32-43)
Pass 2 2 (2-15) Pass 3 1 (1-1) Pass 3 3 (3-3) Pass 3 68 (68-70) Pass 3 20 (20-21) Pass 3 13 (13-13) Pass 3 43 (39-51)
Pass 3 2 (2-7) Rhiosc (all) Catlat Adult
Pass 4 2 (2-4) Pass 1 2 Pass 1 3

Catlat Juvenile Pass 2 2 (2-2) Pass 2 3 (3-3)
Pass 1 1 Pass 3 2 (2-2) Pass 3 3 (3-3)
Pass 2 2 (2-15) Rhiosc Adult
Pass 3 2 (2-7) Pass 1 2
Pass 4 2 (2-4) Pass 2 2 (2-2)

Ictpun (all) Pass 3 2 (2-2)
Pass 1 6
Pass 2 48 (13-344)
Pass 3 15 (14-20)
Pass 4 14 (14-16)

Ictpun Juvenile
Pass 1 5
Pass 2 18 *
Pass 3 12 (12-15)
Pass 4 12 (12-13)

Ictpun Adult
Pass 1 1
Pass 2 1 (1-1)
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Riffle, RM 113.8 Riffle, RM 116.1 Riffle, RM 118.0 Riffle, RM 130.4
Note:  an * in the 95% indicates a non-descending removal pattern error

Run, RM 111.2 Run, RM 113.8 Run, RM 116.1

 
 
1999 Reach 4 Riffle Data with Original Breakdowns

1999 Reach 4

Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI
Rhiosc (all) Rhiosc (all) Rhiosc (all) Rhiosc (all)

Pass 1 53 Pass 1 16 Pass 1 11 Pass 1 23
Pass 2 67 (65-72) Pass 2 20 (20-22) Pass 2 13 (13-14) Pass 2 35 (32-43)
Pass 3 68 (68-70) Pass 3 20 (20-21) Pass 3 13 (13-13) Pass 3 43 (39-51)

Rhiosc Adult Rhiosc Adult Rhiosc Adult Rhiosc Adult
Pass 1 53 Pass 1 16 Pass 1 11 Pass 1 23
Pass 2 67 (65-72) Pass 2 20 (20-22) Pass 2 13 (13-14) Pass 2 35 (32-43)
Pass 3 68 (68-70) Pass 3 20 (20-21) Pass 3 13 (13-13) Pass 3 43 (39-51)

Riffle, RM 130.4

Note:  an * in the 95% indicates a non-descending removal pattern error

Riffle, RM 113.8 Riffle, RM 116.1 Riffle, RM 118.0

 
 
1999 Reach 4 Run Data with Original Breakdowns

1999 Reach 4
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catlat (all) Ictpun (all) Catlat (all)
Pass 1 1 Pass 1 1 Pass 1 3
Pass 2 2 (2-15) Pass 2 1 (1-1) Pass 2 3 (3-3)
Pass 3 2 (2-7) Pass 3 1 (1-1) Pass 3 3 (3-3)
Pass 4 2 (2-4 Ictpun Adult Catlat Adult

Catlat Juvenile Pass 1 1 Pass 1 3
Pass 1 1 Pass 2 1 (1-1) Pass 2 3 (3-3)
Pass 2 2 (2-15) Pass 3 1 (1-1) Pass 3 3 (3-3)
Pass 3 2 (2-7) Rhiosc (all)
Pass 4 2 (2-4) Pass 1 2

Ictpun (all) Pass 2 2 (2-2)
Pass 1 6 Pass 3 2 (2-2)
Pass 2 48 (13-344) Rhiosc Adult
Pass 3 15 (14-20) Pass 1 2
Pass 4 14 (14-16) Pass 2 2 (2-2)

Ictpun Juvenile Pass 3 2 (2-2)
Pass 1 5
Pass 2 18 *
Pass 3 12 (12-15)
Pass 4 12 (12-13)

Ictpun Adult
Pass 1 1
Pass 2 1 (1-1)
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Note:  an * in the 95% indicates a non-descending removal pattern error
Run, RM 111.2 Run, RM 113.8 Run, RM 116.1
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1999 Reach 4 Run Data with New Catlat and Catdis Breakdowns

1999 Reach 4
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catlat (all) Ictpun (all) Catlat (all)
Pass 1 1 Pass 1 1 Pass 1 3
Pass 2 2 (2-15) Pass 2 1 (1-1) Pass 2 3 (3-3)
Pass 3 2 (2-7) Pass 3 1 (1-1) Pass 3 3 (3-3)
Pass 4 2 (2-4 Ictpun Adult Catlat 411-501

Catlat 301-410 Pass 1 1 Pass 1 3
Pass 1 1 Pass 2 1 (1-1) Pass 2 3 (3-3)
Pass 2 2 (2-15) Pass 3 1 (1-1) Pass 3 3 (3-3)
Pass 3 2 (2-7) Rhiosc (all)
Pass 4 2 (2-4) Pass 1 2

Ictpun (all) Pass 2 2 (2-2)
Pass 1 6 Pass 3 2 (2-2)
Pass 2 48 (13-344) Rhiosc Adult
Pass 3 15 (14-20) Pass 1 2
Pass 4 14 (14-16) Pass 2 2 (2-2)

Ictpun Juvenile Pass 3 2 (2-2)
Pass 1 5
Pass 2 18 *
Pass 3 12 (12-15)
Pass 4 12 (12-13)

Ictpun Adult
Pass 1 1
Pass 2 1 (1-1)
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Note:  an * in the 95% indicates a non-descending removal pattern error
Run, RM 111.2 Run, RM 113.8 Run, RM 116.1

 
 
Reach 5 – 
1999 Reach 5 Original and New Catlat and Catdis Breakdowns combined

1999 Reach 5
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catlat (all) Rhiosc (all) Rhiosc (all) Catdis (all) Catdis (all)
Pass 1 1 Pass 1 2 Pass 1 24 Pass 1 1 Pass 1 20
Pass 2 1 (1-1) Pass 2 2 (2-2) Pass 2 25 (25-25) Pass 2 1 (1-1) Pass 2 80 *

Catlat 411-500 Pass 3 2 (2-2) Pass 3 25 (25-25) Pass 3 1 (1-1) Pass 3 117 *
Pass 1 1 Rhiosc Adult Rhiosc Adult Catdis Juvenile Pass 4 314 (95-844)
Pass 2 1 (1-1) Pass 1 2 Pass 1 24 Pass 1 1 Catdis Juvenile

Catlat Adult Pass 2 2 (2-2) Pass 2 25 (25-25) Pass 2 1 (1-1) Pass 1 6
Pass 1 1 Pass 3 2 (2-2) Pass 3 25 (25-25) Pass 3 1 (1-1) Pass 2 42 *
Pass 2 1 (1-1) Cyplut (all) Pass 3 63 *

Ictpun (all) Pass 1 1 Pass 4 75 *
Pass 1 7 Pass 2 1 (1-1) Catdis 301-410
Pass 2 7 (7-7) Pass 3 1 (1-1) Pass 1 12

Ictpun Juvenile Cyplut Adult Pass 2 56 (23-195)
Pass 1 2 Pass 1 1 Pass 3 86 (33-266)
Pass 2 2 (2-2) Pass 2 1 (1-1) Pass 4 101 (42-261)

Ictpun Adult Pass 3 1 (1-1) Catdis Adult
Pass 1 5 Rhiosc (all) Pass 1 14
Pass 2 5 (5-5) Pass 1 17 Pass 2 44 (25-102)

Pass 2 21 (21-23) Pass 3 83 (36-220)
Pass 3 22 (22-23) Pass 4 91 (45-194)

Rhiosc Adult Catlat (all)
Pass 1 17 Pass 1 84
Pass 2 21 (21-23) Pass 2 294 *
Pass 3 22 (22-23) Pass 3 407 *

Pass 4 450 (352-548)
Catlat Juvenile

Pass 1 39
Pass 2 168 *
Pass 3 236 *
Pass 4 282 (181-383)

Catlat 411-500
Pass 1 30
Pass 2 93 *
Pass 3 223 (87-499)
Pass 4 137 (98-181)

Catlat 501+
Pass 1 10
Pass 2 12 (12-13)
Pass 3 36 (20-88)
Pass 4 27 (22-39)

Catlat Adult
Pass 1 45
Pass 2 262 (84-746)
Pass 3 236 (114-413)
Pass 4 171 (130-212)

Cypcar (all)
Pass 1 23
Pass 2 71 (40-145)
Pass 3 207 (60-687)
Pass 4 180 (75-390)

Cypcar Adult
Pass 1 23
Pass 2 71 (40-145)
Pass 3 207 (60-687)
Pass 4 180 (75-390)

Ictpun (all)
Pass 1 195
Pass 2 474 (355-593)
Pass 3 884 (569-1199)
Pass 4 782 (649-915)

Ictpun Juvenile
Pass 1 128
Pass 2 405 (217-600)
Pass 3 729 (314-1144)
Pass 4 559 (437-681)

Ictpun Adult
Pass 1 67
Pass 2 110 (94-130)
Pass 3 201 (132-273)
Pass 4 220 (165-275)

Ptyluc (all)
Pass 1 0
Pass 2 3 *
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Ptyluc Juvenile
Pass 1 0
Pass 2 3 *
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Riffle, RM 136.2 Boat, RM 149-148
Note:  an * in the 95% indicates a non-descending removal pattern error

Run, RM 131.7 Riffle, RM 133.4 Riffle, RM 134.2
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1999 Reach 5 Riffle Data with Original Breakdowns

1999 Reach 5

Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI
Rhiosc (all) Rhiosc (all) Catdis

Pass 1 2 Pass 1 24 Pass 1 1
Pass 2 2 (2-2) Pass 2 25 (25-25) Pass 2 1 (1-1)
Pass 3 2 (2-2) Pass 3 25 (25-25) Pass 3 1 (1-1)

Rhiosc Adult Rhiosc Adult Catdis Juvenile
Pass 1 2 Pass 1 24 Pass 1 1
Pass 2 2 (2-2) Pass 2 25 (25-25) Pass 2 1 (1-1)
Pass 3 2 (2-2) Pass 3 25 (25-25) Pass 3 1 (1-1)

Cyplut
Pass 1 1
Pass 2 1 (1-1)
Pass 3 1 (1-1)

Cyplut Adult
Pass 1 1
Pass 2 1 (1-1)
Pass 3 1 (1-1)

Rhiosc (all)
Pass 1 17
Pass 2 21 (21-23)
Pass 3 22 (22-23)

Rhiosc Adult
Pass 1 17
Pass 2 21 (21-23)
Pass 3 22 (22-23)

Riffle, RM 133.4 Riffle, RM 134.2 Riffle, RM 136.2

Note:  an * in the 95% indicates a non-descending removal pattern error

 
 
1999 Reach 5 Run Data with Original Breakdowns

1999 Reach 5
Pop. Est. 95% CI

Catlat (all)
Pass 1 1
Pass 2 1 (1-1)

Catlat Adult
Pass 1 1
Pass 2 1 (1-1)

Ictpun (all)
Pass 1 7
Pass 2 7 (7-7)

Ictpun Juvenile
Pass 1 2
Pass 2 2 (2-2)

Ictpun Adult
Pass 1 5
Pass 2 5 (5-5)

Run, RM 131.7

Note:  an * in the 95% indicates a non-descending removal pattern error
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1999 Reach 5 Run Data with New Catlat and Catdis Breakdowns

1999 Reach 5
Pop. Est. 95% CI

Catlat (all)
Pass 1 1
Pass 2 1 (1-1)

Catlat 411-500
Pass 1 1
Pass 2 1 (1-1)

Ictpun (all)
Pass 1 7
Pass 2 7 (7-7)

Ictpun Juvenile
Pass 1 2
Pass 2 2 (2-2)

Ictpun Adult
Pass 1 5
Pass 2 5 (5-5)

Note:  an * in the 95% indicates a non-descending removal pattern error

Run, RM 131.7
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1999 Reach 5 Boat Data with Original Breakdowns

1999 Reach 5

Pop. Est. 95% CI
Catdis

Pass 1 20
Pass 2 80 *
Pass 3 117 *
Pass 4 314 (95-844)

Catdis Juvenile
Pass 1 6
Pass 2 42 *
Pass 3 63 *
Pass 4 75 *

Catdis Adult
Pass 1 14
Pass 2 44 (25-102)
Pass 3 83 (36-220)
Pass 4 91 (45-194)

Catlat (all)
Pass 1 84
Pass 2 294 *
Pass 3 407 *
Pass 4 450 (352-548)

Catlat Juvenile
Pass 1 39
Pass 2 168 *
Pass 3 236 *
Pass 4 282 (181-383)

Catlat Adult
Pass 1 45
Pass 2 262 (84-746)
Pass 3 236 (114-413)
Pass 4 171 (130-212)

Cypcar
Pass 1 23
Pass 2 71 (40-145)
Pass 3 207 (60-687)
Pass 4 180 (75-390)

Cypcar Adult
Pass 1 23
Pass 2 71 (40-145)
Pass 3 207 (60-687)
Pass 4 180 (75-390)

Ictpun (all)
Pass 1 195
Pass 2 474 (355-593)
Pass 3 884 (569-1199)
Pass 4 782 (649-915)

Ictpun Juvenile
Pass 1 128
Pass 2 405 (217-600)
Pass 3 729 (314-1144)
Pass 4 559 (437-681)

Ictpun Adult
Pass 1 67
Pass 2 110 (94-130)
Pass 3 201 (132-273)
Pass 4 220 (165-275)

Ptyluc
Pass 1 0
Pass 2 3 *
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Ptyluc Juvenile
Pass 1 0
Pass 2 3 *
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Note:  an * in the 95% indicates a non-descending removal pattern error

Boat, RM 149-148
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1999 Reach 5 Boat Data with New Catlat and Catdis Breakdowns

1999 Reach 5

Pop. Est. 95% CI
Catdis

Pass 1 20
Pass 2 80 *
Pass 3 117 *
Pass 4 314 (95-844)

Catdis Juvenile
Pass 1 6
Pass 2 42 *
Pass 3 63 *
Pass 4 75 *

Catdis 301-410
Pass 1 12
Pass 2 56 (23-195)
Pass 3 86 (33-266)
Pass 4 101 (42-261)

Catdis Adult
Pass 1 14
Pass 2 44 (25-102)
Pass 3 83 (36-220)
Pass 4 91 (45-194)

Catlat (all)
Pass 1 84
Pass 2 294 *
Pass 3 407 *
Pass 4 450 (352-548)

Catlat Juvenile
Pass 1 39
Pass 2 168 *
Pass 3 236 *
Pass 4 282 (181-383)

Catlat 411-500
Pass 1 30
Pass 2 93 *
Pass 3 223 (87-499)
Pass 4 137 (98-181)

Catlat 501+
Pass 1 10
Pass 2 12 (12-13)
Pass 3 36 (20-88)
Pass 4 27 (22-39)

Catlat Adult
Pass 1 45
Pass 2 262 (84-746)
Pass 3 236 (114-413)
Pass 4 171 (130-212)

Cypcar
Pass 1 23
Pass 2 71 (40-145)
Pass 3 207 (60-687)
Pass 4 180 (75-390)

Cypcar Adult
Pass 1 23
Pass 2 71 (40-145)
Pass 3 207 (60-687)
Pass 4 180 (75-390)

Ictpun (all)
Pass 1 195
Pass 2 474 (355-593)
Pass 3 884 (569-1199)
Pass 4 782 (649-915)

Ictpun Juvenile
Pass 1 128
Pass 2 405 (217-600)
Pass 3 729 (314-1144)
Pass 4 559 (437-681)

Ictpun Adult
Pass 1 67
Pass 2 110 (94-130)
Pass 3 201 (132-273)
Pass 4 220 (165-275)

Ptyluc
Pass 1 0
Pass 2 3 *
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Ptyluc Juvenile
Pass 1 0
Pass 2 3 *
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Note:  an * in the 95% indicates a non-descending removal pattern error

Boat, RM 149-148
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Reach 6 –  
1999 Reach 6 Original and New Catlat and Catdis Breakdowns combined

1999 Reach 6
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catlat (all) Catlat (all) Catlat (all) Rhiosc (all) Catlat (all) Catdis (all)
Pass 1 3 Pass 1 5 Pass 1 1 Pass 1 8 Pass 1 1 Pass 1 1
Pass 2 5 (5-8) Pass 2 5 (5-5) Pass 2 1 (1-1) Pass 2 8 (8-8) Pass 2 1 (1-1) Pass 2 1 (1-1)
Pass 3 5 (5-6) Pass 3 5 (5-5) Pass 3 1 (1-1) Rhiosc Adult Pass 3 1 (1-1) Pass 3 2 (2-15)

Catlat 61-300 Pass 4 5 (5-5) Catlat 411-500 Pass 1 8 Catlat 61-300 Catdis Juvenile
Pass 1 3 Catlat YOY Pass 1 1 Pass 2 8 (8-8) Pass 1 1 Pass 1 1
Pass 2 3 (3-3) Pass 1 1 Pass 2 1 (1-1) Pass 2 1 (1-1) Pass 2 1 (1-1)
Pass 3 3 (3-3) Pass 2 1 (1-1) Pass 3 1 (1-1) Pass 3 1 (1-1) Pass 3 2 (2-15)

Catlat Juvenile Pass 3 1 (1-1) Catlat Adult Catlat Juvenile Cypcar (all)
Pass 1 3 Pass 4 1 (1-1) Pass 1 1 Pass 1 1 Pass 1 1
Pass 2 3 (3-3) Catlat 61-300 Pass 2 1 (1-1) Pass 2 1 (1-1) Pass 2 1 (1-1)
Pass 3 3 (3-3) Pass 1 1 Pass 3 1 (1-1) Pass 3 1 (1-1) Pass 3 1 (1-1)

Catlat 411-500 Pass 2 1 (1-1) Rhiosc (all) Rhiosc (all) Cypcar Adult
Pass 1 0 Pass 3 1 (1-1) Pass 1 1 Pass 1 50 Pass 1 1
Pass 2 1 (1-1) Pass 4 1 (1-1) Pass 2 8 * Pass 2 104 (77-141) Pass 2 1 (1-1)
Pass 3 1 (1-1) Catlat Juvenile Pass 3 12 * Pass 3 88 (83-95) Pass 3 1 (1-1)

Catlat 500+ Pass 1 3 Rhiosc Juvenile Rhiosc Adult Rhiosc (all)
Pass 1 0 Pass 2 3 (3-3) Pass 1 0 Pass 1 50 Pass 1 49
Pass 2 1 (1-1) Pass 3 3 (3-3) Pass 2 1 (1-1) Pass 2 104 (77-141) Pass 2 89 (72-113)
Pass 3 1 (1-1) Pass 4 3 (3-3) Pass 3 1 (1-1) Pass 3 88 (83-95) Pass 3 87 (81-96)

Catlat Adult Catlat 411-500 Rhiosc Adult Rhiosc Adult
Pass 1 0 Pass 1 1 Pass 1 1 Pass 1 49
Pass 2 3 * Pass 2 1 (1-1) Pass 2 6 * Pass 2 89 (72-113)
Pass 3 2 (2-15) Pass 3 1 (1-1) Pass 3 11 * Pass 3 87 (81-96)

Cypcar (all) Pass 4 1 (1-1)
Pass 1 6 Catlat 500+
Pass 2 12 (10-12) Pass 1 1
Pass 3 11 (11-13) Pass 2 1 (1-1)

Cypcar Adult Pass 3 1 (1-1)
Pass 1 6 Pass 4 1 (1-1)
Pass 2 12 (10-12) Catlat Adult
Pass 3 11 (11-13) Pass 1 2

Ictpun (all) Pass 2 2 (2-2)
Pass 1 0 Pass 3 2 (2-2)
Pass 2 1 (1-1) Pass 4 2 (2-2)
Pass 3 1 (1-1) Cypcar (all)

Ictpun Adult Pass 1 4
Pass 1 0 Pass 2 4 (4-4)
Pass 2 1 (1-1) Pass 3 4 (4-4)
Pass 3 1 (1-1) Pass 4 5 (5-6)

Cypcar Adult
Pass 1 4
Pass 2 4 (4-4)
Pass 3 4 (4-4)
Pass 4 5 (5-6)

Rhiosc (all)
Pass 1 1
Pass 2 2 (2-15)
Pass 3 8 (4-50)
Pass 4 4 (4-8)

Rhiosc Adult
Pass 1 1
Pass 2 2 (2-15)
Pass 3 8 (4-50)
Pass 4 4 (4-8)

Riffle, RM 161.0 Riffle, RM 162.4 Riffle, RM 165.6
Note:  an * in the 95% indicates a non-descending removal pattern error

Run, RM 161.0 Run, RM 161.3 Run, RM 164.6

 
 
1999 Reach 6 Run Data with Original Breakdowns

1999 Reach 6
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catlat (all) Catlat (all) Catlat (all)
Pass 1 3 Pass 1 5 Pass 1 1
Pass 2 5 (5-8) Pass 2 5 (5-5) Pass 2 1 (1-1)
Pass 3 5 (5-6) Pass 3 5 (5-5) Pass 3 1 (1-1)

Catlat Juvenile Pass 4 5 (5-5) Catlat Adult
Pass 1 3 Catlat YOY Pass 1 1
Pass 2 3 (3-3) Pass 1 1 Pass 2 1 (1-1)
Pass 3 3 (3-3) Pass 2 1 (1-1) Pass 3 1 (1-1)

Catlat Adult Pass 3 1 (1-1) Rhiosc (all)
Pass 1 0 Pass 4 1 (1-1) Pass 1 1
Pass 2 3 * Catlat Juvenile Pass 2 8 *
Pass 3 2 (2-15) Pass 1 3 Pass 3 12 *

Cypcar (all) Pass 2 3 (3-3) Rhiosc Juvenile
Pass 1 6 Pass 3 3 (3-3) Pass 1 0
Pass 2 12 (10-12) Pass 4 3 (3-3) Pass 2 1 (1-1)
Pass 3 11 (11-13) Catlat Adult Pass 3 1 (1-1)

Cypcar Adult Pass 1 2 Rhiosc Adult
Pass 1 6 Pass 2 2 (2-2) Pass 1 1
Pass 2 12 (10-12) Pass 3 2 (2-2) Pass 2 6 *
Pass 3 11 (11-13) Pass 4 2 (2-2) Pass 3 11 *

Ictpun (all) Cypcar (all)
Pass 1 0 Pass 1 4
Pass 2 1 (1-1) Pass 2 4 (4-4)
Pass 3 1 (1-1) Pass 3 4 (4-4)

Ictpun Adult Pass 4 5 (5-6)
Pass 1 0 Cypcar Adult
Pass 2 1 (1-1) Pass 1 4
Pass 3 1 (1-1) Pass 2 4 (4-4)

Pass 3 4 (4-4)
Pass 4 5 (5-6)

Rhiosc (all)
Pass 1 1
Pass 2 2 (2-15)
Pass 3 8 (4-50)
Pass 4 4 (4-8)

Rhiosc Adult
Pass 1 1
Pass 2 2 (2-15)
Pass 3 8 (4-50)
Pass 4 4 (4-8)

Note:  an * in the 95% indicates a non-descending removal pattern error
Run, RM 161.0 Run, RM 161.3 Run, RM 164.6
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1999 Reach 6 Run Data with Original Breakdowns

1999 Reach 6
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catlat (all) Catlat YOY Rhiosc Juvenile
Pass 1 Pass 1 Pass 1
Pass 2 Pass 2 Pass 2
Pass 3 Pass 3 1 Pass 3

Catlat Juvenile Catlat Juvenile Pass 4 1 (1-1)
Pass 1 Pass 1 Rhiosc Adult
Pass 2 Pass 2 Pass 1
Pass 3 2 Pass 3 1 Pass 2

Rhiosc Adult Pass 3
Pass 1 Pass 4 8 (7,14)
Pass 2 Micsal Juv
Pass 3 4 (4,49) Pass 1

Pass 2
Pass 3
Pass 4 1 (1-1)

Note:  an * in the 95% indicates a non-descending removal pattern error
Run, RM 161.0 Run, RM 161.3 Run, RM 164.6

 
 
1999 Reach 6 Run Data with New Catlat and Catdis Breakdowns

1999 Reach 6
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catlat (all) Catlat (all) Catlat (all)
Pass 1 3 Pass 1 5 Pass 1 1
Pass 2 5 (5-8) Pass 2 5 (5-5) Pass 2 1 (1-1)
Pass 3 5 (5-6) Pass 3 5 (5-5) Pass 3 1 (1-1)

Catlat 61-300 Pass 4 5 (5-5) Catlat 411-500
Pass 1 3 Catlat YOY Pass 1 1
Pass 2 3 (3-3) Pass 1 1 Pass 2 1 (1-1)
Pass 3 3 (3-3) Pass 2 1 (1-1) Pass 3 1 (1-1)

Catlat 411-500 Pass 3 1 (1-1) Rhiosc (all)
Pass 1 0 Pass 4 1 (1-1) Pass 1 1
Pass 2 1 (1-1) Catlat 61-300 Pass 2 8 *
Pass 3 1 (1-1) Pass 1 1 Pass 3 12 *

Catlat 500+ Pass 2 1 (1-1) Rhiosc Juvenile
Pass 1 0 Pass 3 1 (1-1) Pass 1 0
Pass 2 1 (1-1) Pass 4 1 (1-1) Pass 2 1 (1-1)
Pass 3 1 (1-1) Catlat Juvenile Pass 3 1 (1-1)

Catlat Adult Pass 1 3 Rhiosc Adult
Pass 1 0 Pass 2 3 (3-3) Pass 1 1
Pass 2 3 * Pass 3 3 (3-3) Pass 2 6 *
Pass 3 2 (2-15) Pass 4 3 (3-3) Pass 3 11 *

Cypcar (all) Catlat 411-500
Pass 1 6 Pass 1 1
Pass 2 12 (10-12) Pass 2 1 (1-1)
Pass 3 11 (11-13) Pass 3 1 (1-1)

Cypcar Adult Pass 4 1 (1-1)
Pass 1 6 Catlat 500+
Pass 2 12 (10-12) Pass 1 1
Pass 3 11 (11-13) Pass 2 1 (1-1)

Ictpun (all) Pass 3 1 (1-1)
Pass 1 0 Pass 4 1 (1-1)
Pass 2 1 (1-1) Catlat Adult
Pass 3 1 (1-1) Pass 1 2

Ictpun Adult Pass 2 2 (2-2)
Pass 1 0 Pass 3 2 (2-2)
Pass 2 1 (1-1) Pass 4 2 (2-2)
Pass 3 1 (1-1) Cypcar (all)

Pass 1 4
Pass 2 4 (4-4)
Pass 3 4 (4-4)
Pass 4 5 (5-6)

Cypcar Adult
Pass 1 4
Pass 2 4 (4-4)
Pass 3 4 (4-4)
Pass 4 5 (5-6)

Rhiosc (all)
Pass 1 1
Pass 2 2 (2-15)
Pass 3 8 (4-50)
Pass 4 4 (4-8)

Rhiosc Adult
Pass 1 1
Pass 2 2 (2-15)
Pass 3 8 (4-50)
Pass 4 4 (4-8)

Note:  an * in the 95% indicates a non-descending removal pattern error
Run, RM 161.0 Run, RM 161.3 Run, RM 164.6
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1999 Reach 6 Riffle Data with Original Breakdowns

1999 Reach 6

Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI
Rhiosc (all) Catlat (all) Catdis (all)

Pass 1 8 Pass 1 1 Pass 1 1
Pass 2 8 (8-8) Pass 2 1 (1-1) Pass 2 1 (1-1)

Rhiosc Adult Pass 3 1 (1-1) Pass 3 2 (2-15)
Pass 1 8 Catlat Juvenile Catdis Juvenile
Pass 2 8 (8-8) Pass 1 1 Pass 1 1

Pass 2 1 (1-1) Pass 2 1 (1-1)
Pass 3 1 (1-1) Pass 3 2 (2-15)

Rhiosc (all) Cypcar (all)
Pass 1 50 Pass 1 1
Pass 2 104 (77-141) Pass 2 1 (1-1)
Pass 3 88 (83-95) Pass 3 1 (1-1)

Rhiosc Adult Cypcar Adult
Pass 1 50 Pass 1 1
Pass 2 104 (77-141) Pass 2 1 (1-1)
Pass 3 88 (83-95) Pass 3 1 (1-1)

Rhiosc (all)
Pass 1 49
Pass 2 89 (72-113)
Pass 3 87 (81-96)

Rhiosc Adult
Pass 1 49
Pass 2 89 (72-113)
Pass 3 87 (81-96)

Riffle, RM 161.0 Riffle, RM 162.4 Riffle, RM 165.6

Note:  an * in the 95% indicates a non-descending removal pattern error

 
 
1999 Reach 6 Riffle Data with Original Breakdowns

1999 Reach 6

Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI
Rhiosc (all) Catlat (all) Catdis (all)

Pass 1 8 Pass 1 1 Pass 1 1
Pass 2 8 (8-8) Pass 2 1 (1-1) Pass 2 1 (1-1)

Rhiosc Adult Pass 3 1 (1-1) Pass 3 2 (2-15)
Pass 1 8 Catlat Juvenile Catdis Juvenile
Pass 2 8 (8-8) Pass 1 1 Pass 1 1

Pass 2 1 (1-1) Pass 2 1 (1-1)
Pass 3 1 (1-1) Pass 3 2 (2-15)

Rhiosc (all) Cypcar (all)
Pass 1 50 Pass 1
Pass 2 104 (77-141) Pass 2
Pass 3 88 (83-95) Pass 3

Rhiosc Adult Cypcar Adult
Pass 1 50 Pass 1
Pass 2 104 (77-141) Pass 2
Pass 3 88 (83-95) Pass 3

Rhiosc (all)
Pass 1 49
Pass 2 89 (72-113)
Pass 3 87 (81-96)

Rhiosc Adult
Pass 1 49
Pass 2 89 (72-113)
Pass 3 87 (81-96)

Riffle, RM 161.0 Riffle, RM 162.4 Riffle, RM 165.6

Note:  an * in the 95% indicates a non-descending removal pattern error

 
 



Final Draft Report: San Juan River Population Model Report Page 136 
Miller Ecological Consultants, Inc. May 19, 2006 

1999 Reach 6 Riffle Data with New Catlat and Catdis Breakdowns

1999 Reach 6

Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI
Rhiosc (all) Catlat (all) Catdis (all)

Pass 1 8 Pass 1 1 Pass 1 1
Pass 2 8 (8-8) Pass 2 1 (1-1) Pass 2 1 (1-1)

Rhiosc Adult Pass 3 1 (1-1) Pass 3 2 (2-15)
Pass 1 8 Catlat 61-300 Catdis Juvenile
Pass 2 8 (8-8) Pass 1 1 Pass 1 1

Pass 2 1 (1-1) Pass 2 1 (1-1)
Pass 3 1 (1-1) Pass 3 2 (2-15)

Rhiosc (all) Cypcar (all)
Pass 1 50 Pass 1 1
Pass 2 104 (77-141) Pass 2 1 (1-1)
Pass 3 88 (83-95) Pass 3 1 (1-1)

Rhiosc Adult Cypcar Adult
Pass 1 50 Pass 1 1
Pass 2 104 (77-141) Pass 2 1 (1-1)
Pass 3 88 (83-95) Pass 3 1 (1-1)

Rhiosc (all)
Pass 1 49
Pass 2 89 (72-113)
Pass 3 87 (81-96)

Rhiosc Adult
Pass 1 49
Pass 2 89 (72-113)
Pass 3 87 (81-96)

Note:  an * in the 95% indicates a non-descending removal pattern error

Riffle, RM 161.0 Riffle, RM 162.4 Riffle, RM 165.6

 
 
Reach 7 –  
1999 Reach 7 Original and New Catlat and Catdis Breakdowns combined

1999 Reach 7
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catdis (all) Catdis (all) Catlat (all) Catdis (all) Catdis (all) Catdis (all) Catdis (all)
Pass 1 3 Pass 1 4 Pass 1 7 Pass 1 2 Pass 1 1 Pass 1 1 Pass 1 19
Pass 2 4 (4-6) Pass 2 4 (4-4) Pass 2 7 (7-7) Pass 2 2 (2-2) Pass 2 1 (1-1) Pass 2 1 (1-1) Pass 2 59 *

Catdis Juvenile Pass 3 4 (4-4) Pass 3 7 (7-7) Catdis Juvenile Catdis Juvenile Pass 3 2 (2-15) Pass 3 177 (55-566)
Pass 1 3 Catdis Juvenile Catlat 301-410 Pass 1 2 Pass 1 1 Pass 4 8 * Pass 4 133 (67-251)
Pass 2 4 (4-6) Pass 1 1 Pass 1 1 Pass 2 2 (2-2) Pass 2 1 (1-1) Catdis Juvenile Catdis Juvenile

Rhiosc (all) Pass 2 1 (1-1) Pass 2 1 (1-1) Rhiosc (all) Rhiosc (all) Pass 1 1 Pass 1 10
Pass 1 6 Pass 3 1 (1-1) Pass 3 1 (1-1) Pass 1 95 Pass 1 47 Pass 2 1 (1-1) Pass 2 30 (18-73)
Pass 2 9 (9-12) Catdis 301-410 Catlat Juvenile Pass 2 116 (113-121) Pass 2 65 (61-73) Pass 3 2 (2-15) Pass 3 130 (28-788)

Rhiosc Adult Pass 1 3 Pass 1 1 Rhiosc Adult Rhiosc Adult Pass 4 8 * Pass 4 119 (36-448)
Pass 1 6 Pass 2 3 (3-3) Pass 2 1 (1-1) Pass 1 95 Pass 1 47 Rhiosc (all) Catdis 301-410
Pass 2 9 (9-12) Pass 3 3 (3-3) Pass 3 1 (1-1) Pass 2 116 (113-121) Pass 2 65 (61-73) Pass 1 100 Pass 1 8

Catdis Adult Catlat 411-500 Pass 2 100 (100-100) Pass 2 30 *
Pass 1 3 Pass 1 4 Pass 3 100 (100-100) Pass 3 56 (26-154)
Pass 2 3 (3-3) Pass 2 0 (4-4) Pass 4 100 (100-100) Pass 4 42 (30-68)
Pass 3 3 (3-3) Pass 3 0 (4-4) Rhiosc Adult Catdis 411-501

Catlat (all) Catlat 500+ Pass 1 100 Pass 1 1
Pass 1 4 Pass 1 2 Pass 2 100 (100-100) Pass 2 1 (1-1)
Pass 2 4 (4-4) Pass 2 0 (2-2) Pass 3 100 (100-100) Pass 3 1 (1-1)
Pass 3 5 (5-6) Pass 3 0 (2-2) Pass 4 100 (100-100) Pass 4 1 (1-1)

Catlat 411-500 Catlat Adult Catdis Adult
Pass 1 3 Pass 1 6 Pass 1 9
Pass 2 0 (3-3) Pass 2 6 (6-6) Pass 2 32 *
Pass 3 1 (4-6) Pass 3 6 (6-6) Pass 3 50 (27-115)

Catlat 500+ Rhiosc (all) Pass 4 42 (31-65)
Pass 1 1 Pass 1 33 Catlat (all)
Pass 2 0 (1-1) Pass 2 115 (58-237) Pass 1 53
Pass 3 0 (1-1) Pass 3 89 (70-114) Pass 2 171 (91-301)

Catlat Adult Rhiosc Adult Pass 3 153 (113-195)
Pass 1 4 Pass 1 33 Pass 4 168 (135-201)
Pass 2 4 (4-4) Pass 2 115 (58-237) Catlat Juvenile
Pass 3 5 (5-6) Pass 3 89 (70-114) Pass 1 5

Pimpro (all) Pass 2 17 (10-53)
Pass 1 1 Pass 3 11 (11-14)
Pass 2 1 (1-1) Pass 4 21 (15-40)
Pass 3 1 (1-1) Catlat 411-500

Pimro Adult Pass 1 42
Pass 1 1 Pass 2 153 (74-309)
Pass 2 1 (1-1) Pass 3 143 (95-202)
Pass 3 1 (1-1) Pass 4 132 (107-158)

Rhiosc (all) Catlat 500+
Pass 1 7 Pass 1 6
Pass 2 63 (15-487) Pass 2 7 (7-8)
Pass 3 17 (16-22) Pass 3 7 (7-7)

Rhiosc Adult Pass 4 8 (8-9)
Pass 1 7 Catlat Adult
Pass 2 63 (15-487) Pass 1 48
Pass 3 17 (16-22) Pass 2 141 (81-238)

Pass 3 140 (102-182)
Pass 4 144 (117-171)

Rhiosc (all)
Pass 1 2
Pass 2 4 (4-9)
Pass 3 4 (4-6)
Pass 4 4 (4-5)

Rhiosc Adult
Pass 1 2
Pass 2 4 (4-9)
Pass 3 4 (4-6)
Pass 4 4 (4-5)

Saltru (all)
Pass 1 1
Pass 2 2 (2-15)
Pass 3 8 (4-50)
Pass 4 7 (5-23)

Saltru Juvenile
Pass 1 1
Pass 2 1 (1-1)
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Saltru Adult
Pass 1 0
Pass 2 1 (1-1)
Pass 3 2 (2-26)
Pass 4 6 (3-46)

Riffle, RM 188.6 Riffle, RM 194.3 Riffle, RM 195.0 Boat, RM 196-195
Note:  an * in the 95% indicates a non-descending removal pattern error

Run, RM 188.3 Run, RM 191.4 Run, RM 192.9
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1999 Reach 7 Run Data with Original Breakdowns

1999 Reach 7
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catdis (all) Catdis (all) Catlat (all)
Pass 1 3 Pass 1 4 Pass 1 7
Pass 2 4 (4-6) Pass 2 4 (4-4) Pass 2 7 (7-7)

Catdis Juvenile Pass 3 4 (4-4) Pass 3 7 (7-7)
Pass 1 3 Catdis Juvenile Catlat Juvenile
Pass 2 4 (4-6) Pass 1 1 Pass 1 1

Rhiosc (all) Pass 2 1 (1-1) Pass 2 1 (1-1)
Pass 1 6 Pass 3 1 (1-1) Pass 3 1 (1-1)
Pass 2 9 (9-12) Catdis Adult Catlat Adult

Rhiosc Adult Pass 1 3 Pass 1 6
Pass 1 6 Pass 2 3 (3-3) Pass 2 6 (6-6)
Pass 2 9 (9-12) Pass 3 3 (3-3) Pass 3 6 (6-6)

Catlat (all) Rhiosc (all)
Pass 1 4 Pass 1 33
Pass 2 4 (4-4) Pass 2 115 (58-237)
Pass 3 5 (5-6) Pass 3 89 (70-114)

Catlat Adult Rhiosc Adult
Pass 1 4 Pass 1 33
Pass 2 4 (4-4) Pass 2 115 (58-237)
Pass 3 5 (5-6) Pass 3 89 (70-114)

Pimpro (all)
Pass 1 1
Pass 2 1 (1-1)
Pass 3 1 (1-1)

Pimro Adult
Pass 1 1
Pass 2 1 (1-1)
Pass 3 1 (1-1)

Rhiosc (all)
Pass 1 7
Pass 2 63 (15-487)
Pass 3 17 (16-22)

Rhiosc Adult
Pass 1 7
Pass 2 63 (15-487)
Pass 3 17 (16-22)

Note:  an * in the 95% indicates a non-descending removal pattern error
Run, RM 188.3 Run, RM 191.4 Run, RM 192.9
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1999 Reach 7 Run Data with New Catlat and Catdis Breakdowns

1999 Reach 7
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catdis (all) Catdis (all) Catlat (all)
Pass 1 3 Pass 1 4 Pass 1 7
Pass 2 4 (4-6) Pass 2 4 (4-4) Pass 2 7 (7-7)

Catdis Juvenile Pass 3 4 (4-4) Pass 3 7 (7-7)
Pass 1 3 Catdis Juvenile Catlat 301-410
Pass 2 4 (4-6) Pass 1 1 Pass 1 1

Rhiosc (all) Pass 2 1 (1-1) Pass 2 1 (1-1)
Pass 1 6 Pass 3 1 (1-1) Pass 3 1 (1-1)
Pass 2 9 (9-12) Catdis 301-410 Catlat 411-500

Rhiosc Adult Pass 1 3 Pass 1 4
Pass 1 6 Pass 2 3 (3-3) Pass 2 0 (4-4)
Pass 2 9 (9-12) Pass 3 3 (3-3) Pass 3 0 (4-4)

Catlat (all) Catlat 500+
Pass 1 4 Pass 1 2
Pass 2 4 (4-4) Pass 2 0 (2-2)
Pass 3 5 (5-6) Pass 3 0 (2-2)

Catlat 411-500 Catlat Adult
Pass 1 3 Pass 1 6
Pass 2 0 (3-3) Pass 2 6 (6-6)
Pass 3 1 (4-6) Pass 3 6 (6-6)

Catlat 500+ Rhiosc (all)
Pass 1 1 Pass 1 33
Pass 2 0 (1-1) Pass 2 115 (58-237)
Pass 3 0 (1-1) Pass 3 89 (70-114)

Catlat Adult Rhiosc Adult
Pass 1 4 Pass 1 33
Pass 2 4 (4-4) Pass 2 115 (58-237)
Pass 3 5 (5-6) Pass 3 89 (70-114)

Pimpro (all)
Pass 1 1
Pass 2 1 (1-1)
Pass 3 1 (1-1)

Pimro Adult
Pass 1 1
Pass 2 1 (1-1)
Pass 3 1 (1-1)

Rhiosc (all)
Pass 1 7
Pass 2 63 (15-487)
Pass 3 17 (16-22)

Rhiosc Adult
Pass 1 7
Pass 2 63 (15-487)
Pass 3 17 (16-22)

Note:  an * in the 95% indicates a non-descending removal pattern error
Run, RM 188.3 Run, RM 191.4 Run, RM 192.9

 
 
1999 Reach 7 Riffle Data with Original Breakdowns

1999 Reach 7

Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI
Catdis (all) Catdis (all) Catdis (all)

Pass 1 2 Pass 1 1 Pass 1 1
Pass 2 2 (2-2) Pass 2 1 (1-1) Pass 2 1 (1-1)

Catdis Juvenile Catdis Juvenile Pass 3 2 (2-15)
Pass 1 2 Pass 1 1 Pass 4 8 *
Pass 2 2 (2-2) Pass 2 1 (1-1) Catdis Juvenile

Rhiosc (all) Rhiosc (all) Pass 1 1
Pass 1 95 Pass 1 47 Pass 2 1 (1-1)
Pass 2 116 (113-121) Pass 2 65 (61-73) Pass 3 2 (2-15)

Rhiosc Adult Rhiosc Adult Pass 4 8 *
Pass 1 95 Pass 1 47 Rhiosc (all)
Pass 2 116 (113-121) Pass 2 65 (61-73) Pass 1 100

Pass 2 100 (100-100)
Pass 3 100 (100-100)
Pass 4 100 (100-100)

Rhiosc Adult
Pass 1 100
Pass 2 100 (100-100)
Pass 3 100 (100-100)
Pass 4 100 (100-100)

Note:  an * in the 95% indicates a non-descending removal pattern error

Riffle, RM 188.6 Riffle, RM 194.3 Riffle, RM 195.0
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1999 Reach 7 Boat Data with Original Breakdowns

1999 Reach 7

Pop. Est. 95% CI
Catdis (all)

Pass 1 19
Pass 2 59 *
Pass 3 177 (55-566)
Pass 4 133 (67-251)

Catdis Juvenile
Pass 1 10
Pass 2 30 (18-73)
Pass 3 130 (28-788)
Pass 4 119 (36-448)

Catdis Adult
Pass 1 9
Pass 2 32 *
Pass 3 50 (27-115)
Pass 4 42 (31-65)

Catlat (all)
Pass 1 53
Pass 2 171 (91-301)
Pass 3 153 (113-195)
Pass 4 168 (135-201)

Catlat Juvenile
Pass 1 5
Pass 2 17 (10-53)
Pass 3 11 (11-14)
Pass 4 21 (15-40)

Catlat Adult
Pass 1 48
Pass 2 141 (81-238)
Pass 3 140 (102-182)
Pass 4 144 (117-171)

Rhiosc (all)
Pass 1 2
Pass 2 4 (4-9)
Pass 3 4 (4-6)
Pass 4 4 (4-5)

Rhiosc Adult
Pass 1 2
Pass 2 4 (4-9)
Pass 3 4 (4-6)
Pass 4 4 (4-5)

Saltru (all)
Pass 1 1
Pass 2 2 (2-15)
Pass 3 8 (4-50)
Pass 4 7 (5-23)

Saltru Juvenile
Pass 1 1
Pass 2 1 (1-1)
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Saltru Adult
Pass 1 0
Pass 2 1 (1-1)
Pass 3 2 (2-26)
Pass 4 6 (3-46)

Boat, RM 196-195

Note:  an * in the 95% indicates a non-descending removal pattern error
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1999 Reach 7 Boat Data with New Catlat and Catdis Breakdowns

1999 Reach 7

Pop. Est. 95% CI
Catdis (all)

Pass 1 19
Pass 2 59 *
Pass 3 177 (55-566)
Pass 4 133 (67-251)

Catdis Juvenile
Pass 1 10
Pass 2 30 (18-73)
Pass 3 130 (28-788)
Pass 4 119 (36-448)

Catdis 301-410
Pass 1 8
Pass 2 30 *
Pass 3 56 (26-154)
Pass 4 42 (30-68)

Catdis 411-501
Pass 1 1
Pass 2 1 (1-1)
Pass 3 1 (1-1)
Pass 4 1 (1-1)

Catdis Adult
Pass 1 9
Pass 2 32 *
Pass 3 50 (27-115)
Pass 4 42 (31-65)

Catlat (all)
Pass 1 53
Pass 2 171 (91-301)
Pass 3 153 (113-195)
Pass 4 168 (135-201)

Catlat Juvenile
Pass 1 5
Pass 2 17 (10-53)
Pass 3 11 (11-14)
Pass 4 21 (15-40)

Catlat 411-500
Pass 1 42
Pass 2 153 (74-309)
Pass 3 143 (95-202)
Pass 4 132 (107-158)

Catlat 500+
Pass 1 6
Pass 2 7 (7-8)
Pass 3 7 (7-7)
Pass 4 8 (8-9)

Catlat Adult
Pass 1 48
Pass 2 141 (81-238)
Pass 3 140 (102-182)
Pass 4 144 (117-171)

Rhiosc (all)
Pass 1 2
Pass 2 4 (4-9)
Pass 3 4 (4-6)
Pass 4 4 (4-5)

Rhiosc Adult
Pass 1 2
Pass 2 4 (4-9)
Pass 3 4 (4-6)
Pass 4 4 (4-5)

Saltru (all)
Pass 1 1
Pass 2 2 (2-15)
Pass 3 8 (4-50)
Pass 4 7 (5-23)

Saltru Juvenile
Pass 1 1
Pass 2 1 (1-1)
Pass 3 2 (2-15)
Pass 4 2 (2-9)

Saltru Adult
Pass 1 0
Pass 2 1 (1-1)
Pass 3 2 (2-26)
Pass 4 6 (3-46)

Note:  an * in the 95% indicates a non-descending removal pattern error

Boat, RM 196-195
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Population estimate results- 2000: 
Reach 3 –  
2000 Reach 3 Boat and Habitat Original Breakdowns

Note:  A * in the 95% CI indicates a non-descending removal pattern error

2000 Sand Island
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Cyplut ADT 1 (1,1 ) Catlat JUV 1 (1,1 ) Catdis JUV 3 (3, 6) Catlat JUV 8 (8, 8) Catlat JUV 1 (1,1 ) Catlat JUV 2 (2, 2) Catdis ADT 2 (2, 2)
Rhiosc ADT 61 (61, 62) Cyplut ADT 1 Total Catlat JUV 2 (2, 2) Cyplut (all) 16 (12, 31) Cyplut (all) 26 (18, 50) Cyplut (all) 9 Total Catlat (all) 105 (70, 155)

Ictpun (all) 2 Total Cyplut ADT 1 Total Cyplut ADT 13 (5, 95) Cyplut ADT 27 (17, 60) Cyplut ADT 7 Total Catlat ADT 49 (34, 80)
Ictpun JUV 1 Total Lepcya YOY 1 (1,1 ) Cyplut JUV 7 (7, 9) Cyplut JUV 1 (1,1 ) Cyplut JUV 2 (2, 2) Catlat JUV 51 (36, 81)
Ictpun YOY 1 Total Rhiosc ADT 43 (42, 47) Ictpun JUV 6 (6, 8) Ictpun JUV 7 (7, 8) Ictpun (all) 5 (5, 5) Cypcar ADT 43 (37, 54)
Rhiosc ADT 87 (87, 88) Rhiosc ADT 8 (8, 10) Ictpun YOY 2 (2, 2) Ictpun JUV 2 (2, 2) Ictpun (all) 279 (248, 310)

Rhiosc ADT 11 (11,13) Ictpun YOY 3 (3, 3) Ictpun ADT 35 (32, 42)
Lepcya YOY 1 Total Ictpun JUV 243 (213, 273)
Rhiosc ADT 2 (2, 2)

Run #2 Run #3 BoatRiffle #1 Riffle #2 Riffle #3 Run #1
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Reach 6 – 
2000 Reach 6 Boat and Habitat Original Breakdowns

Note:  A * in the 95% CI indicates a non-descending removal pattern error

2000 Hatch Trading Post
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catdis (all) Catdis (all) Catdis (all) Catdis (all) Catdis (all) Catdis (all) Catdis (all)
Pass 1 4 Pass 1 40 Pass 1 79 Pass 1 3 Pass 1 2 Pass 1 2 Pass 1 50
Pass 2 5 (5, 6) Pass 2 56 (52, 64) Pass 2 88 (88, 90) Pass 2 3 (3, 3) Pass 2 3 (3, 6) Pass 2 4 (4, 9) Pass 2 259 (92, 651)
Pass 3 5 (5, 5) Pass 3 78 (67, 93) Pass 3 89 (89, 90) Pass 3 5 (5, 8) Pass 3 3 (3, 4) Pass 3 4 (4, 6) Pass 3 285 (127, 519)

Catdis JUV Pass 4 79 (73, 88) Catdis YOY Pass 4 5 (5, 7) Catdis JUV Catdis JUV Pass 4 636 (170, 1581)
Pass 1 4 Catdis YOY Pass 1 5 Catdis YOY Pass 1 2 Pass 1 2 Pass 5 598 (204, 1166)
Pass 2 5 (5, 6) Pass 1 3 Pass 2 11 (9, 22) Pass 1 1 Pass 2 3 (3, 6) Pass 2 4 (4, 9) Catdis YOY
Pass 3 5 (5, 5) Pass 2 7 (6, 16) Pass 3 10 (10, 13) Pass 2 1 (1, 1) Pass 3 3 (3, 4) Pass 3 4 (4, 6) Pass 1

Rhiosc (all) Pass 3 16 (9, 53) Catdis JUV Pass 3 2 (2, 15) Catlat (all) Catlat (all) Pass 2
Pass 1 82 Pass 4 9 (9, 12) Pass 1 74 Pass 4 2 (2, 9) Pass 1 32 Pass 1 10 Pass 3
Pass 2 88 (88, 89) Catdis JUV Pass 2 79 (79, 80) Catdis JUV Pass 2 33 (33, 33) Pass 2 11 (11, 12) Pass 4 1 (1, 1)
Pass 3 95 (95, 97) Pass 1 37 Pass 3 79 (79, 79) Pass 1 2 Pass 3 33 (33, 33) Pass 3 12 (12, 13) Pass 5 1 (1, 1)

Rhiosc ADT Pass 2 48 (46, 53) Catlat (all) Pass 2 2 (2, 2) Catlat YOY Catlat YOY Catdis JUV
Pass 1 82 Pass 3 64 (58, 74) Pass 1 14 Pass 3 3 (3, 6) Pass 1 1 Pass 1 Pass 1 27
Pass 2 88 (88, 89) Pass 4 59 (58, 62) Pass 2 15 (15, 16) Pass 4 3 (3, 5) Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 2 98 *
Pass 3 95 (95, 97) Catlat (all) Pass 3 15 (15, 15) Catlat (all) Pass 3 1 (1, 1) Pass 3 1 (1, 1) Pass 3 137 *

Cotbai (all) Pass 1 4 Catlat JUV Pass 1 17 Catlat JUV Catlat JUV Pass 4 186 *
Pass 1 1 Pass 2 4 (4, 4) Pass 1 14 Pass 2 19 (19, 20) Pass 1 31 Pass 1 10 Pass 5 233 *
Pass 2 2 (2, 15) Pass 3 5 (5, 6) Pass 2 15 (15, 16) Pass 3 22 (22, 24) Pass 2 32 (32, 32) Pass 2 10 (10, 10) Catdis ADT
Pass 3 2 (2, 7) Pass 4 5 (5, 6) Pass 3 15 (15, 15) Pass 4 22 (22, 23) Pass 3 32 (32, 32) Pass 3 11 (11, 11) Pass 1 23

Cotbai ADT Catlat YOY Cyplut (all) Catlat YOY Cypcar (all) Cypcar (all) Pass 2 27 (27, 29)
Pass 1 1 Pass 1 1 Pass 1 Pass 1 3 Pass 1 3 Pass 1 4 Pass 3 41 (36, 51)
Pass 2 2 (2, 15) Pass 2 1 (1, 1) Pass 2 3 * Pass 2 4 (4, 6) Pass 2 3 (3, 3) Pass 2 5 (5, 6) Pass 4 57 (45, 77)
Pass 3 2 (2, 7) Pass 3 1 (1, 1) Pass 3 2 (2, 15) Pass 3 4 (4, 5) Pass 3 3 (3, 3) Pass 3 5 (5, 5) Pass 5 54 (48, 64)

Pass 4 1 (1, 1) Cyplut ADT Pass 4 4 (4, 4) Cypcar JUV Cypcar YOY Catlat (all)
Catlat JUV Pass 1 Catlat JUV Pass 1 3 Pass 1 1 Pass 1 65

Pass 1 3 Pass 2 3 * Pass 1 14 Pass 2 3 (3, 3) Pass 2 1 (1, 1) Pass 2 222 *
Pass 2 3 (3, 3) Pass 3 2 (2, 15) Pass 2 15 (15, 16) Pass 3 3 (3, 3) Pass 3 1 (1, 1) Pass 3 530 (195, 1010)
Pass 3 4 (4, 6) Rhiosc (all) Pass 3 18 (18, 20) Cyplut (all) Cypcar JUV Pass 4 1199 (263, 3056)
Pass 4 4 (4, 5) Pass 1 91 Pass 4 18 (18, 19) Pass 1 18 Pass 1 3 Pass 5 503 *

Cypcar (all) Pass 2 112 (109, 118) Cypcar (all) Pass 2 27 (25, 33) Pass 2 4 (4, 6) Catlat JUV
Pass 1 Pass 3 116 (115, 119) Pass 1 2 Pass 3 35 (31, 44) Pass 3 4 (4, 5) Pass 1 37
Pass 2 Rhiosc ADT Pass 2 2 (2, 2) Cyplut JUV Ictpun (all) Pass 2 161 *
Pass 3 1 (1, 1) Pass 1 91 Pass 3 2 (2, 2) Pass 1 1 Pass 1 1 Pass 3 216 *
Pass 4 1 (1, 1) Pass 2 112 (109, 118) Pass 4 2 (2, 2) Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 4 291 *

Cypcar YOY Pass 3 116 (115, 119) Cypcar JUV Pass 3 1 (1, 1) Pass 3 1 (1, 1) Pass 5 368 *
Pass 1 Pass 1 2 Cyplut ADT Ictpun ADT Catlat ADT
Pass 2 Pass 2 2 (2, 2) Pass 1 17 Pass 1 1 Pass 1 28
Pass 3 1 (1, 1) Pass 3 2 (2, 2) Pass 2 26 (24, 33) Pass 2 1 (1, 1) Pass 2 49 (41, 64)
Pass 4 1 (1, 1) Pass 4 2 (2, 2) Pass 3 34 (30, 43) Pass 3 1 (1, 1) Pass 3 60 (51, 74)

Cyplut (all) Cyplut (all) Rhiosc (all) Rhiosc (all) Pass 4 118 (69, 194)
Pass 1 Pass 1 Pass 1 1 Pass 1 6 Pass 5 326 (90, 960)
Pass 2 9 * Pass 2 1 (1, 1) Pass 2 2 (2, 15) Pass 2 48 (13, 344) Cypcar (all)
Pass 3 18 * Pass 3 2 (2, 26) Pass 3 3 (3, 8) Pass 3 27 (17, 60) Pass 1 26
Pass 4 21 * Pass 4 6 (3, 46) Rhiosc ADT Rhiosc ADT Pass 2 80 (45, 158)

Cyplut JUV Cyplut JUV Pass 1 1 Pass 1 6 Pass 3 50 (47, 56)
Pass 1 * Pass 1 Pass 2 2 (2, 15) Pass 2 48 (13, 344) Pass 4 56 (53, 62)
Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 3 3 (3, 8) Pass 3 27 (17, 60) Pass 5 58 (56, 62)
Pass 3 5 * Pass 3 1 (1, 1) Cray (all) Cray (all) Cypcar YOY
Pass 4 6 * Pass 4 1 (1, 1) Pass 1 1 Pass 1 Pass 1 1

Cyplut ADT Cyplut ADT Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 2 2 (2, 15)
Pass 1 Pass 1 Pass 3 1 (1, 1) Pass 3 1 (1, 1) Pass 3 2 (2, 7)
Pass 2 8 * Pass 2 Micsal (all) Pass 4 2 (2, 4)
Pass 3 14 * Pass 3 1 (1, 1) Pass 1 3 Pass 5 2 (2, 3)
Pass 4 36 (10, 258) Pass 4 3 * Pass 2 3 (3, 3) Cypcar JUV

Ictpun (all) Rhiosc (all) Pass 3 3 (3, 3) Pass 1 13
Pass 1 1 Pass 1 5 Micsal JUV Pass 2 98 (26, 527)
Pass 2 1 (1, 1) Pass 2 5 (5, 5) Pass 1 3 Pass 3 31 (28, 38)
Pass 3 1 (1, 1) Pass 3 6 (6, 7) Pass 2 3 (3, 3) Pass 4 35 (32, 42)
Pass 4 1 (1, 1) Pass 4 6 (6, 6) Pass 3 3 (3, 3) Pass 5 36 (34, 41)

Ictpun JUV Rhiosc ADT Cypcar ADT
Pass 1 1 Pass 1 5 Pass 1 12
Pass 2 1 (1, 1) Pass 2 5 (5, 5) Pass 2 18 (17, 23)
Pass 3 1 (1, 1) Pass 3 6 (6, 7) Pass 3 17 (17, 18)
Pass 4 1 (1, 1) Pass 4 6 (6, 6) Pass 4 19 (19, 21)

Pimpro (all) Cray (all) Pass 5 20 (20, 21)
Pass 1 2 Pass 1 Ictpun (all)
Pass 2 2 (2, 2) Pass 2 3 * Pass 1 1
Pass 3 2 (2, 2) Pass 3 5 (3, 32) Pass 2 1 (1, 1)
Pass 4 2 (2, 2) Pass 4 3 (3, 8) Pass 3 1 (1, 1)

Pimpro ADT Gamaff (all) Pass 4 2 (2, 15)
Pass 1 2 Pass 1 1 Pass 5 3 (3, 10)
Pass 2 2 (2, 2) Pass 2 1 (1, 1) Ictpun ADT
Pass 3 2 (2, 2) Pass 3 1 (1, 1) Pass 1 1
Pass 4 2 (2, 2) Pass 4 1 (1, 1) Pass 2 1 (1, 1)

Rhiosc (all) Gamaff ADT Pass 3 1 (1, 1)
Pass 1 114 Pass 1 1 Pass 4 2 (2, 15)
Pass 2 249 (183, 315) Pass 2 1 (1, 1) Pass 5 3 (3, 10)
Pass 3 393 (272, 514) Pass 3 1 (1, 1) Rhiosc (all)
Pass 4 381 (317, 445) Pass 4 1 (1, 1) Pass 1 18

Rhiosc ADT Micsal (all) Pass 2 56 *
Pass 1 114 Pass 1 1 Pass 3 89 *
Pass 2 249 (183, 315) Pass 2 2 (2, 15) Pass 4 170 *
Pass 3 393 (272, 514) Pass 3 2 (2, 7) Pass 5 204 *
Pass 4 381 (317, 445) Pass 4 2 (2, 4) Rhiosc ADT

Cray Micsal ADT Pass 1 18
Pass 1 Pass 1 1 Pass 2 56 *
Pass 2 1 (1, 1) Pass 2 2 (2, 15) Pass 3 89 *
Pass 3 1 (1, 1) Pass 3 2 (2, 7) Pass 4 170 *
Pass 4 2 (2, 23) Pass 4 2 (2, 4) Pass 5 204 *

Funzeb (all) CatlatXCatcom (all)
Pass 1 1 Pass 1
Pass 2 1 (1, 1) Pass 2
Pass 3 1 (1, 1) Pass 3 1 (1, 1)
Pass 4 2 (2, 15) Pass 4 1 (1, 1)

Funzeb JUV Pass 5 1 (1, 1)
Pass 1 1 CatlatXCatcom ADT
Pass 2 1 (1, 1) Pass 1
Pass 3 1 (1, 1) Pass 2
Pass 4 2 (2, 15) Pass 3 1 (1, 1)

Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

Micsal (all)
Pass 1 8
Pass 2 9 (9, 10)
Pass 3 9 (9, 9)
Pass 4 11 (11, 12)
Pass 5 13 (13, 15)

Micsal JUV
Pass 1 8
Pass 2 9 (9, 10)
Pass 3 9 (9, 9)
Pass 4 11 (11, 12)
Pass 5 13 (13, 15)

Cotbai (all)
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 1 (1, 1)
Pass 4 2 (2, 15)
Pass 5 6 *

Cotbai ADT
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 1 (1, 1)
Pass 4 2 (2, 15)
Pass 5 2 (2, 10)

Amemel (all)
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

Amemel JUV
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

CatlatXCatdis (all)
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

CatlatXCatdis ADT
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

Saltru (all)
Pass 1
Pass 2
Pass 3
Pass 4
Pass 5 1 (1, 1)

Saltru JUV
Pass 1
Pass 2
Pass 3
Pass 4
Pass 5 1 (1, 1)

Xyrtex (all)
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 2 (2, 15)
Pass 4 3 (3, 10)
Pass 5 3 (3, 7)

Xyrtex JUV
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 2 (2, 15)
Pass 4 3 (3, 10)
Pass 5 3 (3, 7)

Catdis 301-410
Pass 1 18
Pass 2 20 (20, 21)
Pass 3 24 (24, 26)
Pass 4 36 (31, 46)
Pass 5 38 (34, 46)

Catdis 411-500
Pass 1 5
Pass 2 7 (7, 9)
Pass 3 27 (12, 105)
Pass 4 20 (14, 40)
Pass 5 15 (14, 19)

Catlat 301-410
Pass 1 6
Pass 2 12 (10, 22)
Pass 3 16 (13, 27)
Pass 4 20 (16, 33)
Pass 5 32 (20, 67)

Catlat 411-500
Pass 1 15
Pass 2 23 (21, 30)
Pass 3 31 (27, 41)
Pass 4 93 (39, 244)
Pass 5 243 (50, 1174)

Catlat 501+
Pass 1 7
Pass 2 10 (10, 13)
Pass 3 11 (11, 13)
Pass 4 15 (14, 20)
Pass 5 46 (20, 146)

Run #2 Run #3 BoatRiffle #1 Riffle #2 Riffle #3 Run #1
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2000 Reach 6 Boat and Habitat Original Breakdowns

Note:  A * in the 95% CI indicates a non-descending removal pattern error

2000 Hatch Trading P
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catdis (all) Catdis (all) Catdis (all) Catdis (all) Catdis (all) Catdis (all) Catdis (all)
Pass 1 4 Pass 1 40 Pass 1 79 Pass 1 3 Pass 1 2 Pass 1 2 Pass 1 50
Pass 2 5 (5, 6) Pass 2 56 (52, 64) Pass 2 88 (88, 90) Pass 2 3 (3, 3) Pass 2 3 (3, 6) Pass 2 4 (4, 9) Pass 2 259 (92, 651)
Pass 3 5 (5, 5) Pass 3 78 (67, 93) Pass 3 89 (89, 90) Pass 3 5 (5, 8) Pass 3 3 (3, 4) Pass 3 4 (4, 6) Pass 3 285 (127, 519)

Catdis JUV Pass 4 79 (73, 88) Catdis YOY Pass 4 5 (5, 7) Catdis JUV Catdis JUV Pass 4 636 (170, 1581)
Pass 1 4 Catdis YOY Pass 1 5 Catdis YOY Pass 1 2 Pass 1 2 Pass 5 598 (204, 1166)
Pass 2 5 (5, 6) Pass 1 3 Pass 2 11 (9, 22) Pass 1 1 Pass 2 3 (3, 6) Pass 2 4 (4, 9) Catdis YOY
Pass 3 5 (5, 5) Pass 2 7 (6, 16) Pass 3 10 (10, 13) Pass 2 1 (1, 1) Pass 3 3 (3, 4) Pass 3 4 (4, 6) Pass 1

Rhiosc (all) Pass 3 16 (9, 53) Catdis JUV Pass 3 2 (2, 15) Catlat (all) Catlat (all) Pass 2
Pass 1 82 Pass 4 9 (9, 12) Pass 1 74 Pass 4 2 (2, 9) Pass 1 32 Pass 1 10 Pass 3
Pass 2 88 (88, 89) Catdis JUV Pass 2 79 (79, 80) Catdis JUV Pass 2 33 (33, 33) Pass 2 11 (11, 12) Pass 4 1 (1, 1)
Pass 3 95 (95, 97) Pass 1 37 Pass 3 79 (79, 79) Pass 1 2 Pass 3 33 (33, 33) Pass 3 12 (12, 13) Pass 5 1 (1, 1)

Rhiosc ADT Pass 2 48 (46, 53) Catlat (all) Pass 2 2 (2, 2) Catlat YOY Catlat YOY Catdis JUV
Pass 1 82 Pass 3 64 (58, 74) Pass 1 14 Pass 3 3 (3, 6) Pass 1 1 Pass 1 Pass 1 27
Pass 2 88 (88, 89) Pass 4 59 (58, 62) Pass 2 15 (15, 16) Pass 4 3 (3, 5) Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 2 98 *
Pass 3 95 (95, 97) Catlat (all) Pass 3 15 (15, 15) Catlat (all) Pass 3 1 (1, 1) Pass 3 1 (1, 1) Pass 3 137 *

Cotbai (all) Pass 1 4 Catlat JUV Pass 1 17 Catlat JUV Catlat JUV Pass 4 186 *
Pass 1 1 Pass 2 4 (4, 4) Pass 1 14 Pass 2 19 (19, 20) Pass 1 31 Pass 1 10 Pass 5 233 *
Pass 2 2 (2, 15) Pass 3 5 (5, 6) Pass 2 15 (15, 16) Pass 3 22 (22, 24) Pass 2 32 (32, 32) Pass 2 10 (10, 10) Catdis ADT
Pass 3 2 (2, 7) Pass 4 5 (5, 6) Pass 3 15 (15, 15) Pass 4 22 (22, 23) Pass 3 32 (32, 32) Pass 3 11 (11, 11) Pass 1 23

Cotbai ADT Catlat YOY Cyplut (all) Catlat YOY Cypcar (all) Cypcar (all) Pass 2 27 (27, 29)
Pass 1 1 Pass 1 1 Pass 1 Pass 1 3 Pass 1 3 Pass 1 4 Pass 3 41 (36, 51)
Pass 2 2 (2, 15) Pass 2 1 (1, 1) Pass 2 3 * Pass 2 4 (4, 6) Pass 2 3 (3, 3) Pass 2 5 (5, 6) Pass 4 57 (45, 77)
Pass 3 2 (2, 7) Pass 3 1 (1, 1) Pass 3 2 (2, 15) Pass 3 4 (4, 5) Pass 3 3 (3, 3) Pass 3 5 (5, 5) Pass 5 54 (48, 64)

Pass 4 1 (1, 1) Cyplut ADT Pass 4 4 (4, 4) Cypcar JUV Cypcar YOY Catlat (all)
Catlat JUV Pass 1 Catlat JUV Pass 1 3 Pass 1 1 Pass 1 65

Pass 1 3 Pass 2 3 * Pass 1 14 Pass 2 3 (3, 3) Pass 2 1 (1, 1) Pass 2 222 *
Pass 2 3 (3, 3) Pass 3 2 (2, 15) Pass 2 15 (15, 16) Pass 3 3 (3, 3) Pass 3 1 (1, 1) Pass 3 530 (195, 1010)
Pass 3 4 (4, 6) Rhiosc (all) Pass 3 18 (18, 20) Cyplut (all) Cypcar JUV Pass 4 1199 (263, 3056)
Pass 4 4 (4, 5) Pass 1 91 Pass 4 18 (18, 19) Pass 1 18 Pass 1 3 Pass 5 503 *

Cypcar (all) Pass 2 112 (109, 118) Cypcar (all) Pass 2 27 (25, 33) Pass 2 4 (4, 6) Catlat JUV
Pass 1 Pass 3 116 (115, 119) Pass 1 2 Pass 3 35 (31, 44) Pass 3 4 (4, 5) Pass 1 37
Pass 2 Rhiosc ADT Pass 2 2 (2, 2) Cyplut JUV Ictpun (all) Pass 2 161 *
Pass 3 1 (1, 1) Pass 1 91 Pass 3 2 (2, 2) Pass 1 1 Pass 1 1 Pass 3 216 *
Pass 4 1 (1, 1) Pass 2 112 (109, 118) Pass 4 2 (2, 2) Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 4 291 *

Cypcar YOY Pass 3 116 (115, 119) Cypcar JUV Pass 3 1 (1, 1) Pass 3 1 (1, 1) Pass 5 368 *
Pass 1 Pass 1 2 Cyplut ADT Ictpun ADT Catlat ADT
Pass 2 Pass 2 2 (2, 2) Pass 1 17 Pass 1 1 Pass 1 28
Pass 3 1 (1, 1) Pass 3 2 (2, 2) Pass 2 26 (24, 33) Pass 2 1 (1, 1) Pass 2 49 (41, 64)
Pass 4 1 (1, 1) Pass 4 2 (2, 2) Pass 3 34 (30, 43) Pass 3 1 (1, 1) Pass 3 60 (51, 74)

Cyplut (all) Cyplut (all) Rhiosc (all) Rhiosc (all) Pass 4 118 (69, 194)
Pass 1 Pass 1 Pass 1 1 Pass 1 6 Pass 5 326 (90, 960)
Pass 2 9 * Pass 2 1 (1, 1) Pass 2 2 (2, 15) Pass 2 48 (13, 344) Cypcar (all)
Pass 3 18 * Pass 3 2 (2, 26) Pass 3 3 (3, 8) Pass 3 27 (17, 60) Pass 1 26
Pass 4 21 * Pass 4 6 (3, 46) Rhiosc ADT Rhiosc ADT Pass 2 80 (45, 158)

Cyplut JUV Cyplut JUV Pass 1 1 Pass 1 6 Pass 3 50 (47, 56)
Pass 1 * Pass 1 Pass 2 2 (2, 15) Pass 2 48 (13, 344) Pass 4 56 (53, 62)
Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 3 3 (3, 8) Pass 3 27 (17, 60) Pass 5 58 (56, 62)
Pass 3 5 * Pass 3 1 (1, 1) Cray (all) Cray (all) Cypcar YOY
Pass 4 6 * Pass 4 1 (1, 1) Pass 1 1 Pass 1 Pass 1 1

Cyplut ADT Cyplut ADT Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 2 2 (2, 15)
Pass 1 Pass 1 Pass 3 1 (1, 1) Pass 3 1 (1, 1) Pass 3 2 (2, 7)
Pass 2 8 * Pass 2 Micsal (all) Pass 4 2 (2, 4)
Pass 3 14 * Pass 3 1 (1, 1) Pass 1 3 Pass 5 2 (2, 3)
Pass 4 36 (10, 258) Pass 4 3 * Pass 2 3 (3, 3) Cypcar JUV

Ictpun (all) Rhiosc (all) Pass 3 3 (3, 3) Pass 1 13
Pass 1 1 Pass 1 5 Micsal JUV Pass 2 98 (26, 527)
Pass 2 1 (1, 1) Pass 2 5 (5, 5) Pass 1 3 Pass 3 31 (28, 38)
Pass 3 1 (1, 1) Pass 3 6 (6, 7) Pass 2 3 (3, 3) Pass 4 35 (32, 42)
Pass 4 1 (1, 1) Pass 4 6 (6, 6) Pass 3 3 (3, 3) Pass 5 36 (34, 41)

Ictpun JUV Rhiosc ADT Cypcar ADT
Pass 1 1 Pass 1 5 Pass 1 12
Pass 2 1 (1, 1) Pass 2 5 (5, 5) Pass 2 18 (17, 23)
Pass 3 1 (1, 1) Pass 3 6 (6, 7) Pass 3 17 (17, 18)
Pass 4 1 (1, 1) Pass 4 6 (6, 6) Pass 4 19 (19, 21)

Pimpro (all) Cray (all) Pass 5 20 (20, 21)
Pass 1 2 Pass 1 Ictpun (all)
Pass 2 2 (2, 2) Pass 2 3 * Pass 1 1
Pass 3 2 (2, 2) Pass 3 5 (3, 32) Pass 2 1 (1, 1)
Pass 4 2 (2, 2) Pass 4 3 (3, 8) Pass 3 1 (1, 1)

Pimpro ADT Gamaff (all) Pass 4 2 (2, 15)
Pass 1 2 Pass 1 1 Pass 5 3 (3, 10)
Pass 2 2 (2, 2) Pass 2 1 (1, 1) Ictpun ADT
Pass 3 2 (2, 2) Pass 3 1 (1, 1) Pass 1 1
Pass 4 2 (2, 2) Pass 4 1 (1, 1) Pass 2 1 (1, 1)

Rhiosc (all) Gamaff ADT Pass 3 1 (1, 1)
Pass 1 114 Pass 1 1 Pass 4 2 (2, 15)
Pass 2 249 (183, 315) Pass 2 1 (1, 1) Pass 5 3 (3, 10)
Pass 3 393 (272, 514) Pass 3 1 (1, 1) Rhiosc (all)
Pass 4 381 (317, 445) Pass 4 1 (1, 1) Pass 1 18

Rhiosc ADT Micsal (all) Pass 2 56 *
Pass 1 114 Pass 1 1 Pass 3 89 *
Pass 2 249 (183, 315) Pass 2 2 (2, 15) Pass 4 170 *
Pass 3 393 (272, 514) Pass 3 2 (2, 7) Pass 5 204 *
Pass 4 381 (317, 445) Pass 4 2 (2, 4) Rhiosc ADT

Cray Micsal ADT Pass 1 18
Pass 1 Pass 1 1 Pass 2 56 *
Pass 2 1 (1, 1) Pass 2 2 (2, 15) Pass 3 89 *
Pass 3 1 (1, 1) Pass 3 2 (2, 7) Pass 4 170 *
Pass 4 2 (2, 23) Pass 4 2 (2, 4) Pass 5 204 *

Funzeb (all) CatlatXCatcom (all)
Pass 1 1 Pass 1
Pass 2 1 (1, 1) Pass 2
Pass 3 1 (1, 1) Pass 3 1 (1, 1)
Pass 4 2 (2, 15) Pass 4 1 (1, 1)

Funzeb JUV Pass 5 1 (1, 1)
Pass 1 1 CatlatXCatcom ADT
Pass 2 1 (1, 1) Pass 1
Pass 3 1 (1, 1) Pass 2
Pass 4 2 (2, 15) Pass 3 1 (1, 1)

Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

Micsal (all)
Pass 1 8
Pass 2 9 (9, 10)
Pass 3 9 (9, 9)
Pass 4 11 (11, 12)
Pass 5 13 (13, 15)

Micsal JUV
Pass 1 8
Pass 2 9 (9, 10)
Pass 3 9 (9, 9)
Pass 4 11 (11, 12)
Pass 5 13 (13, 15)

Cotbai (all)
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 1 (1, 1)
Pass 4 2 (2, 15)
Pass 5 6 *

Cotbai ADT
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 1 (1, 1)
Pass 4 2 (2, 15)
Pass 5 2 (2, 10)

Amemel (all)
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

Amemel JUV
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

CatlatXCatdis (all)
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

CatlatXCatdis ADT
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)
Pass 5 1 (1, 1)

Saltru (all)
Pass 1
Pass 2
Pass 3
Pass 4
Pass 5 1 (1, 1)

Saltru JUV
Pass 1
Pass 2
Pass 3
Pass 4
Pass 5 1 (1, 1)

Xyrtex (all)
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 2 (2, 15)
Pass 4 3 (3, 10)
Pass 5 3 (3, 7)

Xyrtex JUV
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 2 (2, 15)
Pass 4 3 (3, 10)
Pass 5 3 (3, 7)

Catdis 301-410
Pass 1 18
Pass 2 20 (20, 21)
Pass 3 24 (24, 26)
Pass 4 36 (31, 46)
Pass 5 38 (34, 46)

Catdis 411-500
Pass 1 5
Pass 2 7 (7, 9)
Pass 3 27 (12, 105)
Pass 4 20 (14, 40)
Pass 5 15 (14, 19)

Catlat 301-410
Pass 1 6
Pass 2 12 (10, 22)
Pass 3 16 (13, 27)
Pass 4 20 (16, 33)
Pass 5 32 (20, 67)

Catlat 411-500
Pass 1 15
Pass 2 23 (21, 30)
Pass 3 31 (27, 41)
Pass 4 93 (39, 244)
Pass 5 243 (50, 1174)

Catlat 501+
Pass 1 7
Pass 2 10 (10, 13)
Pass 3 11 (11, 13)
Pass 4 15 (14, 20)
Pass 5 46 (20, 146)

Run #2 Run #3 BoatRiffle #1 Riffle #2 Riffle #3 Run #1
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Population estimate results- 2001: 
Reach 3 –  
2001 Reach 3 Boat and Habitat Original Breakdowns

Note:  A * in the 95% CI indicates a non-descending removal pattern error

2001 Sand Island
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Cyplut (all) 14 (14, 14) Catlat JUV 1 (1, 1) Cyplut ADT 9 (9, 10) Catlat JUV 3 (3, 3) Catlat JUV 1 (1, 1) Catlat JUV 8 (8, 9) Catdis (all) 29 (24, 41)
Cyplut ADT 13 (13, 13) Cyplut (all) 21 (21, 23) Ictpun JUV 1 (1, 1) Cyplut ADT 22 (20, 29) Cyplut (all) 103 (67, 155) Cyplut ADT 90 (88, 94) Catdis ADT 8 (8, 8)
Cyplut JUV 1 (1, 1) Cyplut ADT 20 (20, 22) Rhiosc (all) 36 (36, 37) Ictpun (all) 28 (28, 29) Cyplut ADT 92 (49, 178) Ictpun (all) 118 (106, 131) Catdis JUV 16 Total
Ictpun JUV 2 (2, 2) Cyplut JUV 1 (1, 1) Rhiosc ADT 30 (30, 30) Ictpun JUV 11 (11, 11) Cyplut JUV 19 (18, 24) Ictpun JUV 77 (69, 88) Catlat (all) 318 (142, 557)
Rhiosc (all) 79 (79, 79) Pimpro ADT 1 (1, 1) Rhiosc JUV 6 (6, 6) Ictpun YOY 17 (17, 18) Ictpun (all) 66 (56, 81) Ictpun YOY 40 (37, 47) Catlat ADT 44 Total
Rhiosc ADT 62 (62, 62) Rhiosc (all) 122 (122, 123) Rhiosc ADT 20 (19, 24) Ictpun JUV 57 (41, 86) Rhiosc ADT 2 (2, 15) Catlat JUV 174 (98, 275)
Rhiosc JUV 17 (17, 17) Rhiosc ADT 115 (115, 115) Ictpun YOY 15 (15, 16) Cypcar (all) 24 Total

Rhiosc JUV 7 (7,8) Pimpro ADT 3 (3, 8) Cypcar ADT 23 Total
Rhiosc (all) 23 (22, 27) Cypcar JUV 1 Total
Rhiosc ADT 22 (21, 26) Ictpun (all) 130 Total
Rhiosc JUV 1 (1, 1) Ictpun ADT 23 Total

Ictpun JUV 107 Total

Run #2 RM 80 Run #3 RM 78 BoatRiffle #1 RM 81 Riffle #2 RM 79 Riffle #3 RM 77 Run #1 RM 82

 
Reach 6 – 
2001 Reach 6 Boat and Habitat Original Breakdowns

Note:  A * in the 95% CI indicates a non-descending removal pattern error

2001 Hatch Trading P
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catdis (all) Catlat (all) Pimpro (all) Catdis (all) Catdis (all) Catdis (all) Catdis (all)
Pass 1 2 Pass 1 1 Pass 1 1 Pass 1 8 Pass 1 17 Pass 1 5 Pass 1 163
Pass 2 2 (2, 2) Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 2 9 (9, 10) Pass 2 17 (17, 17) Pass 2 5 (5, 5) Pass 2 640 (286, 1016)
Pass 3 3 (3, 6) Pass 3 1 (1, 1) Pass 3 1 (1, 1) Pass 3 11 (11, 13) Pass 3 18 (18, 18) Pass 3 5 (5, 5) Pass 3 508 (417, 599)

Catdis JUV Catlat YOY Pimpro ADT Catdis YOY Catdis YOY Catdis YOY Pass 4 474 (434, 514)
Pass 1 2 Pass 1 1 Pass 1 1 Pass 1 4 Pass 1 12 Pass 1 4 Catdis JUV
Pass 2 2 (2, 2) Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 2 4 (4, 4) Pass 2 12 (12, 12) Pass 2 4 (4, 4) Pass 1 150
Pass 3 3 (3, 6) Pass 3 1 (1, 1) Pass 3 1 (1, 1) Pass 3 4 (4, 4) Pass 3 13 (13, 13) Pass 3 4 (4, 4) Pass 2 666 (268, 1148)

Catlat (all) Pimpro (all) Rhiosc (all) Catdis JUV Catdis JUV Catdis JUV Pass 3 492 (394, 590)
Pass 1 Pass 1 2 Pass 1 282 Pass 1 3 Pass 1 5 Pass 1 1 Pass 4 451 (409, 493)
Pass 2 1 (1, 1) Pass 2 2 (2, 2) Pass 2 325 (320, 331) Pass 2 4 (4, 4) Pass 2 5 (5, 5) Pass 2 1 (1, 1) Catdis ADT
Pass 3 1 (1, 1) Pass 3 2 (2, 2) Pass 3 325 (325, 327)) Pass 3 6 (6, 10) Pass 3 5 (5, 5) Pass 3 1 (1, 1) Pass 1 13

Catlat JUV Pimpro ADT Rhiosc Juv Catdis ADT Catlat (all) Catlat (all) Pass 2 19 (18, 24)
Pass 1 Pass 1 2 Pass 1 Pass 1 1 Pass 1 25 Pass 1 17 Pass 3 22 (21, 26)
Pass 2 1 (1, 1) Pass 2 2 (2, 2) Pass 2 3 * Pass 2 1 (1, 1) Pass 2 27 (27, 28) Pass 2 21 (21, 23) Pass 4 23 (23, 25)
Pass 3 1 (1, 1) Pass 3 2 (2, 2) Pass 3 2 (2, 15) Pass 3 1 (1, 1) Pass 3 29 (29, 30) Pass 3 22 (22, 23) Catlat (all)

Pimpro (all) Rhiosc (all) Rhiosc ADT Pimpro (all) Catlat YOY Catlat YOY Pass 1 238
Pass 1 2 Pass 1 145 Pass 1 282 Pass 1 7 Pass 1 23 Pass 1 16 Pass 2 1461 (441, 2735)
Pass 2 2 (2, 2) Pass 2 161 (160, 164) Pass 2 325 (320, 331) Pass 2 8 (8, 9) Pass 2 25 (25, 26) Pass 2 20 (20, 22) Pass 3 1162 (815, 1509)
Pass 3 2 (2, 2) Pass 3 167 (167, 169) Pass 3 325 (325, 327)) Pass 3 8 (8, 8) Pass 3 25 (25, 25) Pass 3 21 (21, 22) Pass 4 853 (772, 934)

Rhiosc ADT Pimpro ADT Catlat JUV Catlat JUV Catlat JUV
Pimpro ADPass 1 2 Pass 1 145 Pass 1 7 Pass 1 2 Pass 1 1 Pass 1 219

Pass 2 2 (2, 2) Pass 2 161 (160, 164) Pass 2 8 (8, 9) Pass 2 2 (2, 2) Pass 2 1 (1, 1) Pass 2 1447 (409, 2883)
Pass 3 2 (2, 2) Pass 3 167 (167, 169) Pass 3 8 (8, 8) Pass 3 4 (4, 9) Pass 3 1 (1, 1) Pass 3 947 (707, 1187)

Rhiosc (all) Cotbai (all) Rhiosc (all) Pimpro (all) Pimpro (all) Pass 4 770 (696, 844)
Pass 1 112 Pass 1 2 Pass 1 30 Pass 1 38 Pass 1 3 Catlat ADT
Pass 2 120 (120, 122) Pass 2 2 (2, 2) Pass 2 90 * Pass 2 43 (43, 45) Pass 2 3 (3, 3) Pass 1 19
Pass 3 123 (123, 124) Pass 3 2 (2, 2) Pass 3 73 (64, 86) Pass 3 45 (45, 46) Pass 3 4 (4, 6) Pass 2 49 (32, 90)

Rhiosc ADT Cotbai JUV Rhiosc Juv Pimpro JUV Pimpro JUV Pass 3 84 *
Pass 1 112 Pass 1 2 Pass 1 1 Pass 1 15 Pass 1 1 Pass 4 81 (58, 115)
Pass 2 120 (120, 122) Pass 2 2 (2, 2) Pass 2 9 * Pass 2 18 (18, 20) Pass 2 1 (1, 1) Cypcar (all)
Pass 3 123 (123, 124) Pass 3 2 (2, 2) Pass 3 6 (6, 10) Pass 3 20 (20, 22) Pass 3 1 (1, 1) Pass 1 8

Rhiosc ADT Pimpro ADT Pimpro ADT Pass 2 10 (10, 12)
Pass 1 29 Pass 1 23 Pass 1 2 Pass 3 19 (15, 32)
Pass 2 149 (54, 437) Pass 2 25 (25, 26) Pass 2 2 (2, 2) Pass 4 15 (15, 17)
Pass 3 64 (58, 74) Pass 3 25 (25, 25) Pass 3 3 (3, 6) Cypcar JUV

Rhiosc (all) Rhiosc (all) Pass 1 3
Pass 1 43 Pass 1 14 Pass 2 3 (3, 3)
Pass 2 60 (56, 68) Pass 2 22 (20, 29) Pass 3 5 (5, 8)
Pass 3 61 (60, 64) Pass 3 26 (24, 32) Pass 4 5 (5, 7)

Rhiosc Juv Rhiosc Juv Cypcar ADT
Pass 1 9 Pass 1 1 Pass 1 5
Pass 2 11 (11, 13) Pass 2 2 (2, 15) Pass 2 7 (7, 9)
Pass 3 11 (11, 11) Pass 3 2 (2, 7) Pass 3 12 (10, 12)

Rhiosc ADT Rhiosc ADT Pass 4 10 (10, 12)
Pass 1 34 Pass 1 13 Ictpun (all)
Pass 2 48 (45, 55) Pass 2 19 (18, 24) Pass 1 0
Pass 3 50 (49, 53) Pass 3 24 (22, 30) Pass 2 1 (1, 1)

Gamaff (all) Pass 3 1 (1, 1)
Pass 1 Pass 4 1 (1, 1)
Pass 2 1 (1, 1) Ictpun ADT
Pass 3 2 (2, 26) Pass 1 0

Pass 2 1 (1, 1)
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)

Rhiosc (all)
Pass 1
Pass 2
Pass 3
Pass 4 1 (1, 1)

Rhiosc ADT
Pass 1
Pass 2
Pass 3
Pass 4 1 (1, 1)

CatlatXCatcom (all)
Pass 1
Pass 2
Pass 3
Pass 4 1 *

CatlatXCatcom
Pass 1
Pass 2
Pass 3
Pass 4 1 *

Micsal (all)
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 5 (3, 32)
Pass 4 3 (3, 8)

Micsal JUV
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 5 (3, 32)
Pass 4 3 (3, 8)

Xyrtex (all)
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)

Xyrtex ADPass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)

Run #2 RM 174 Run #4 RM 171B BoatRiffle #1 RM 177.5 Riffle #2 RM 172 Riffle #3 RM 168 Run #1 RM 176.5
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2001 Reach 6 Boat and Habitat Original Breakdowns

Note:  A * in the 95% CI indicates a non-descending removal pattern error

2001 Hatch Trading Post
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catdis (all) Catlat (all) Pimpro (all) Catdis (all) Catdis (all) Catdis (all) Catdis (all)
Pass 1 2 Pass 1 1 Pass 1 1 Pass 1 8 Pass 1 17 Pass 1 5 Pass 1 163
Pass 2 2 (2, 2) Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 2 9 (9, 10) Pass 2 17 (17, 17) Pass 2 5 (5, 5) Pass 2 640 (286, 1016)
Pass 3 3 (3, 6) Pass 3 1 (1, 1) Pass 3 1 (1, 1) Pass 3 11 (11, 13) Pass 3 18 (18, 18) Pass 3 5 (5, 5) Pass 3 508 (417, 599)

Catdis JUV Catlat YOY Pimpro ADT Catdis YOY Catdis YOY Catdis YOY Pass 4 474 (434, 514)
Pass 1 2 Pass 1 1 Pass 1 1 Pass 1 4 Pass 1 12 Pass 1 4 Catdis JUV
Pass 2 2 (2, 2) Pass 2 1 (1, 1) Pass 2 1 (1, 1) Pass 2 4 (4, 4) Pass 2 12 (12, 12) Pass 2 4 (4, 4) Pass 1 150
Pass 3 3 (3, 6) Pass 3 1 (1, 1) Pass 3 1 (1, 1) Pass 3 4 (4, 4) Pass 3 13 (13, 13) Pass 3 4 (4, 4) Pass 2 666 (268, 1148)

Catlat (all) Pimpro (all) Rhiosc (all) Catdis JUV Catdis JUV Catdis JUV Pass 3 492 (394, 590)
Pass 1 Pass 1 2 Pass 1 282 Pass 1 3 Pass 1 5 Pass 1 1 Pass 4 451 (409, 493)
Pass 2 1 (1, 1) Pass 2 2 (2, 2) Pass 2 325 (320, 331) Pass 2 4 (4, 4) Pass 2 5 (5, 5) Pass 2 1 (1, 1) Catdis ADT
Pass 3 1 (1, 1) Pass 3 2 (2, 2) Pass 3 325 (325, 327)) Pass 3 6 (6, 10) Pass 3 5 (5, 5) Pass 3 1 (1, 1) Pass 1 13

Catlat JUV Pimpro ADT Rhiosc Juv Catdis ADT Catlat (all) Catlat (all) Pass 2 19 (18, 24)
Pass 1 Pass 1 2 Pass 1 Pass 1 1 Pass 1 25 Pass 1 17 Pass 3 22 (21, 26)
Pass 2 1 (1, 1) Pass 2 2 (2, 2) Pass 2 3 * Pass 2 1 (1, 1) Pass 2 27 (27, 28) Pass 2 21 (21, 23) Pass 4 23 (23, 25)
Pass 3 1 (1, 1) Pass 3 2 (2, 2) Pass 3 2 (2, 15) Pass 3 1 (1, 1) Pass 3 29 (29, 30) Pass 3 22 (22, 23) Catlat (all)

Pimpro (all) Rhiosc (all) Rhiosc ADT Pimpro (all) Catlat YOY Catlat YOY Pass 1 238
Pass 1 2 Pass 1 145 Pass 1 282 Pass 1 7 Pass 1 23 Pass 1 16 Pass 2 1461 (441, 2735)
Pass 2 2 (2, 2) Pass 2 161 (160, 164) Pass 2 325 (320, 331) Pass 2 8 (8, 9) Pass 2 25 (25, 26) Pass 2 20 (20, 22) Pass 3 1162 (815, 1509)
Pass 3 2 (2, 2) Pass 3 167 (167, 169) Pass 3 325 (325, 327)) Pass 3 8 (8, 8) Pass 3 25 (25, 25) Pass 3 21 (21, 22) Pass 4 853 (772, 934)

Rhiosc ADT Pimpro ADT Catlat JUV Catlat JUV Catlat JUV
Pimpro ADT Pass 1 2 Pass 1 145 Pass 1 7 Pass 1 2 Pass 1 1 Pass 1 219

Pass 2 2 (2, 2) Pass 2 161 (160, 164) Pass 2 8 (8, 9) Pass 2 2 (2, 2) Pass 2 1 (1, 1) Pass 2 1447 (409, 2883)
Pass 3 2 (2, 2) Pass 3 167 (167, 169) Pass 3 8 (8, 8) Pass 3 4 (4, 9) Pass 3 1 (1, 1) Pass 3 947 (707, 1187)

Rhiosc (all) Cotbai (all) Rhiosc (all) Pimpro (all) Pimpro (all) Pass 4 770 (696, 844)
Pass 1 112 Pass 1 2 Pass 1 30 Pass 1 38 Pass 1 3 Catlat ADT
Pass 2 120 (120, 122) Pass 2 2 (2, 2) Pass 2 90 * Pass 2 43 (43, 45) Pass 2 3 (3, 3) Pass 1 19
Pass 3 123 (123, 124) Pass 3 2 (2, 2) Pass 3 73 (64, 86) Pass 3 45 (45, 46) Pass 3 4 (4, 6) Pass 2 49 (32, 90)

Rhiosc ADT Cotbai JUV Rhiosc Juv Pimpro JUV Pimpro JUV Pass 3 84 *
Pass 1 112 Pass 1 2 Pass 1 1 Pass 1 15 Pass 1 1 Pass 4 81 (58, 115)
Pass 2 120 (120, 122) Pass 2 2 (2, 2) Pass 2 9 * Pass 2 18 (18, 20) Pass 2 1 (1, 1) Cypcar (all)
Pass 3 123 (123, 124) Pass 3 2 (2, 2) Pass 3 6 (6, 10) Pass 3 20 (20, 22) Pass 3 1 (1, 1) Pass 1 8

Rhiosc ADT Pimpro ADT Pimpro ADT Pass 2 10 (10, 12)
Pass 1 29 Pass 1 23 Pass 1 2 Pass 3 19 (15, 32)
Pass 2 149 (54, 437) Pass 2 25 (25, 26) Pass 2 2 (2, 2) Pass 4 15 (15, 17)
Pass 3 64 (58, 74) Pass 3 25 (25, 25) Pass 3 3 (3, 6) Cypcar JUV

Rhiosc (all) Rhiosc (all) Pass 1 3
Pass 1 43 Pass 1 14 Pass 2 3 (3, 3)
Pass 2 60 (56, 68) Pass 2 22 (20, 29) Pass 3 5 (5, 8)
Pass 3 61 (60, 64) Pass 3 26 (24, 32) Pass 4 5 (5, 7)

Rhiosc Juv Rhiosc Juv Cypcar ADT
Pass 1 9 Pass 1 1 Pass 1 5
Pass 2 11 (11, 13) Pass 2 2 (2, 15) Pass 2 7 (7, 9)
Pass 3 11 (11, 11) Pass 3 2 (2, 7) Pass 3 12 (10, 12)

Rhiosc ADT Rhiosc ADT Pass 4 10 (10, 12)
Pass 1 34 Pass 1 13 Ictpun (all)
Pass 2 48 (45, 55) Pass 2 19 (18, 24) Pass 1 0
Pass 3 50 (49, 53) Pass 3 24 (22, 30) Pass 2 1 (1, 1)

Gamaff (all) Pass 3 1 (1, 1)
Pass 1 Pass 4 1 (1, 1)
Pass 2 1 (1, 1) Ictpun ADT
Pass 3 2 (2, 26) Pass 1 0

Pass 2 1 (1, 1)
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)

Rhiosc (all)
Pass 1
Pass 2
Pass 3
Pass 4 1 (1, 1)

Rhiosc ADT
Pass 1
Pass 2
Pass 3
Pass 4 1 (1, 1)

CatlatXCatcom (all)
Pass 1
Pass 2
Pass 3
Pass 4 1 *

CatlatXCatcom
Pass 1
Pass 2
Pass 3
Pass 4 1 *

Micsal (all)
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 5 (3, 32)
Pass 4 3 (3, 8)

Micsal JUV
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 5 (3, 32)
Pass 4 3 (3, 8)

Xyrtex (all)
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)

Xyrtex ADT Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)

Run #2 RM 174 Run #4 RM 171B BoatRiffle #1 RM 177.5 Riffle #2 RM 172 Riffle #3 RM 168 Run #1 RM 176.5

 
 
Animas River Water Treatment Plant 
2001 Animas River Water Treatment Plant Habitat Original Breakdowns

Note:  A * in the 95% CI indicates a non-descending removal pattern error

2001 Animas River
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catdis (all) Catlat (all) Catdis (all) Catlat (all)
Pass 1 1 Pass 1 6 Pass 1 30 Pass 1 3
Pass 2 1 (1, 1) Pass 2 24 (12, 86) Pass 2 33 (33, 34) Pass 2 7 (6, 16)
Pass 3 1 (1, 1) Pass 3 14 (13, 19) Pass 3 35 (35, 36) Pass 3 7 (7, 10)

Catdis YOY Catlat YOY Catdis YOY Pass 4 7 (7, 8)
Pass 1 1 Pass 1 5 Pass 1 30 Catlat YOY
Pass 2 1 (1, 1) Pass 2 35 (11, 229) Pass 2 33 (33, 34) Pass 1 3
Pass 3 1 (1, 1) Pass 3 13 (12, 18) Pass 3 35 (35, 36) Pass 2 5 (5, 8)

Pimpro (all) Catlat JUV Catlat (all) Pass 3 6 (6, 9)
Pass 1 2 Pass 1 1 Pass 1 Pass 4 6 (6, 7)
Pass 2 2 (2, 2) Pass 2 1 (1, 1) Pass 2 6 * Catlat JUV
Pass 3 2 (2, 2) Pass 3 1 (1, 1) Pass 3 13 (5, 95) Pass 1

Pimpro ADT Rhiosc (all) Catlat YOY Pass 2 1 (1, 1)
Pass 1 2 Pass 1 47 Pass 1 Pass 3 1 (1, 1)
Pass 2 2 (2, 2) Pass 2 74 (65, 88) Pass 2 6 * Pass 4 1 (1, 1)
Pass 3 2 (2, 2) Pass 3 77 (73, 84) Pass 3 13 (5, 95) Rhiosc (all)

Rhiosc (all) Rhiosc ADT Rhiosc (all) Pass 1 5
Pass 1 61 Pass 1 47 Pass 1 7 Pass 2 7 (7, 9)
Pass 2 109 (89, 134) Pass 2 74 (65, 88) Pass 2 31 (14, 118) Pass 3 12 (10, 21)
Pass 3 104 (98, 112) Pass 3 77 (73, 84) Pass 3 14 (14, 16) Pass 4 14 (12, 22)

Rhiosc ADT Cotbai (all) Rhiosc ADT Rhiosc ADT
Pass 1 61 Pass 1 1 Pass 1 7 Pass 1 5
Pass 2 109 (89, 134) Pass 2 1 (1, 1) Pass 2 31 (14, 118) Pass 2 7 (7, 9)
Pass 3 104 (98, 112) Pass 3 1 (1, 1) Pass 3 14 (14, 16) Pass 3 12 (10, 21)

Micsal (all) Cotbai ADT Pass 4 14 (12, 22)
Pass 1 Pass 1 1 Micsal (all)
Pass 2 Pass 2 1 (1, 1) Pass 1 2
Pass 3 1 (1, 1) Pass 3 1 (1, 1) Pass 2 2 (2, 2)

Micsal Juv Pass 3 2 (2, 2)
Pass 1 Pass 4 2 (2, 2)
Pass 2 Micsal Juv
Pass 3 1 (1, 1) Pass 1 2

Cotbai (all) Pass 2 2 (2, 2)
Pass 1 2 Pass 3 2 (2, 2)
Pass 2 4 (4, 9) Pass 4 2 (2, 2)
Pass 3 4 (4, 6) Amemel (all)

Cotbai ADT Pass 1 5
Pass 1 2 Pass 2 5 (5, 5)
Pass 2 4 (4, 9) Pass 3 6 (6, 7)
Pass 3 4 (4, 6) Pass 4 6 (6, 6)

Amemel YOY
Pass 1
Pass 2
Pass 3 1 (1, 1)
Pass 4 1 (1, 1)

Amemel JUV
Pass 1 5
Pass 2 5 (5, 5)
Pass 3 5 (5, 5)
Pass 4 5 (5, 5)

Run #2Riffle #1 Riffle #2 Run #1
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2001 Animas River Animas Park Habitat Original Breakdowns

Note:  A * in the 95% CI indicates a non-descending removal pattern error

2001 Animas River
Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI Pop. Est. 95% CI

Catdis (all) Catdis (all) Catdis (all) Catdis (all) Catdis (all) Catdis (all)
Pass 1 1 Pass 1 11 Pass 1 4 Pass 1 14 Pass 1 5 Pass 1 15
Pass 2 1 (1, 1) Pass 2 36 * Pass 2 8 (7, 15) Pass 2 20 (19, 25) Pass 2 8 (8, 11) Pass 2 28 (23, 42)
Pass 3 1 (1, 1) Pass 3 120 (34, 504) Pass 3 8 (8, 10) Pass 3 23 (22, 27) Pass 3 9 (9, 11) Pass 3 28 (26, 33)

Catdis JUV Catdis YOY Catdis YOY Catdis YOY Catdis YOY Catdis YOY
Pass 1 1 Pass 1 5 Pass 1 2 Pass 1 4 Pass 1 2 Pass 1 13
Pass 2 1 (1, 1) Pass 2 21 * Pass 2 4 (4, 9) Pass 2 4 (4, 4) Pass 2 3 (3, 6) Pass 2 27 (21, 44)
Pass 3 1 (1, 1) Pass 3 33 * Pass 3 5 (5, 8) Pass 3 6 (6, 9) Pass 3 3 (3, 4) Pass 3 26 (24, 32)

Catlat (all) Catdis JUV Catdis JUV Catdis JUV Catdis JUV Catdis JUV
Pass 1 1 Pass 1 6 Pass 1 2 Pass 1 10 Pass 1 3 Pass 1 2
Pass 2 1 (1, 1) Pass 2 12 (10, 22) Pass 2 3 (3, 6) Pass 2 17 (15, 25) Pass 2 5 (5, 8) Pass 2 2 (2, 2)
Pass 3 2 (2, 15) Pass 3 13 (12, 18) Pass 3 3 (3, 4) Pass 3 16 (16, 18) Pass 3 6 (6, 9) Pass 3 2 (2, 2)

Catlat YOY Catlat (all) Rhiosc (all) Catlat (all) Catlat (all) Catlat (all)
Pass 1 1 Pass 1 22 Pass 1 60 Pass 1 8 Pass 1 14 Pass 1 2
Pass 2 1 (1, 1) Pass 2 33 (30, 41) Pass 2 97 (84, 114) Pass 2 9 (9, 10) Pass 2 17 (17, 19) Pass 2 2 (2, 2)
Pass 3 2 (2, 15) Pass 3 30 (30, 31) Pass 3 114 (101, 129) Pass 3 9 (9, 9) Pass 3 17 (17, 18) Pass 3 2 (2, 2)

Rhiosc (all) Catlat YOY Rhiosc JUV Catlat YOY Catlat JUV Catlat YOY
Pass 1 28 Pass 1 21 Pass 1 Pass 1 2 Pass 1 14 Pass 1 2
Pass 2 40 (37, 47) Pass 2 32 (29, 40) Pass 2 Pass 2 2 (2, 2) Pass 2 17 (17, 19) Pass 2 2 (2, 2)
Pass 3 45 (43, 50) Pass 3 29 (29, 30) Pass 3 1 (1, 1) Pass 3 2 (2, 2) Pass 3 17 (17, 18) Pass 3 2 (2, 2)

Rhiosc ADT Catlat JUV Rhiosc ADT Catlat JUV Rhiosc (all) Rhiosc (all)
Pass 1 28 Pass 1 1 Pass 1 60 Pass 1 6 Pass 1 5 Pass 1 32
Pass 2 40 (37, 47) Pass 2 1 (1, 1) Pass 2 97 (84, 114) Pass 2 7 (7, 8) Pass 2 5 (5, 5) Pass 2 77 (52, 122)
Pass 3 45 (43, 50) Pass 3 1 (1, 1) Pass 3 112 (100, 126) Pass 3 7 (7, 7) Pass 3 5 (5, 5) Pass 3 64 (58, 73)

Rhiosc (all) Rhiosc (all) Rhiosc ADT Rhiosc JUV
Pass 1 45 Pass 1 12 Pass 1 5 Pass 1 2
Pass 2 162 (79, 319) Pass 2 18 (17, 23) Pass 2 5 (5, 5) Pass 2 2 (2, 2)
Pass 3 91 (84, 101) Pass 3 21 (20, 25) Pass 3 5 (5, 5) Pass 3 2 (2, 2)

Rhiosc JUV Rhiosc ADT Rhiosc ADT
Pass 1 2 Pass 1 12 Pass 1 30
Pass 2 4 (4, 9) Pass 2 18 (17, 23) Pass 2 80 (50, 138)
Pass 3 4 (4, 6) Pass 3 21 (20, 25) Pass 3 62 (56, 72)

Rhiosc ADT Micsal (all)
Pass 1 43 Pass 1
Pass 2 148 (75, 285) Pass 2
Pass 3 87 (80, 97) Pass 3 1 (1, 1)

Micsal Juv
Pass 1
Pass 2
Pass 3 1 (1, 1)

Lepcya (all)
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 1 (1, 1)

Lepcya Juv
Pass 1 1
Pass 2 1 (1, 1)
Pass 3 1 (1, 1)

Run #2 Run #3Riffle #1 Riffle #2 Riffle #3 Run #1
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APPENDIX E – Flannelmouth Example Code 
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Adult_F(t) = Adult_F(t - dt) + (Surv_5F - Maximum_Life_Span_F - Mort_AF) * dt 
INIT Adult_F = 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,1 
 
 TRANSIT TIME = 355 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Surv_5F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF(TIME<5) THEN 5 ELSE 12 
Maximum_Life_Span_F = CONVEYOR OUTFLOW 
Mort_AF = LEAKAGE OUTFLOW 
 
 LEAKAGE FRACTION = NMrate_AF 
 
 NO-LEAK ZONE = 0 
Age0_18_F(t) = Age0_18_F(t - dt) + (Spawning_18_F - Surv_18_F - Mort_Age0_18_F) * dt 
INIT Age0_18_F = 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Spawning_18_F = (Breeding_F*Eggs_per_female_F)*Hatch_success_F 
Surv_18_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 51 
Mort_Age0_18_F = LEAKAGE OUTFLOW 
 
 LEAKAGE FRACTION = Pred_18_F 
 
 NO-LEAK ZONE = 0% 
Age0_19_F(t) = Age0_19_F(t - dt) + (Spawning_19_F - Surv_19_F - Mort_Age0_19_F) * dt 
INIT Age0_19_F = 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Spawning_19_F = (Breeding_F*Eggs_per_female_F)*Hatch_success_F 
Surv_19_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 50 
Mort_Age0_19_F = LEAKAGE OUTFLOW 
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 LEAKAGE FRACTION = Pred_19_F 
 
 NO-LEAK ZONE = 0% 
Age0_20_F(t) = Age0_20_F(t - dt) + (Spawning_20_F - Surv_20_F - Mort_Age0_20_F) * dt 
INIT Age0_20_F = 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Spawning_20_F = (Breeding_F*Eggs_per_female_F)*Hatch_success_F 
Surv_20_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 49 
Mort_Age0_20_F = LEAKAGE OUTFLOW 
 
 LEAKAGE FRACTION = Pred_20_F 
 
 NO-LEAK ZONE = 0% 
Age0_21_F(t) = Age0_21_F(t - dt) + (Spawning_21_F - Surv_21_F - Mort_Age0_21_F) * dt 
INIT Age0_21_F = 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Spawning_21_F = (Breeding_F*Eggs_per_female_F)*Hatch_success_F 
Surv_21_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 48 
Mort_Age0_21_F = LEAKAGE OUTFLOW 
 
 LEAKAGE FRACTION = Pred_21_F 
 
 NO-LEAK ZONE = 0% 
Age0_22_F(t) = Age0_22_F(t - dt) + (Spawning_22_F - Surv_22_F - Mort_Age0_22_F) * dt 
INIT Age0_22_F = 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Spawning_22_F = (Breeding_F*Eggs_per_female_F)*Hatch_success_F 
Surv_22_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 47 
Mort_Age0_22_F = LEAKAGE OUTFLOW 
 
 LEAKAGE FRACTION = Pred_22_F 
 
 NO-LEAK ZONE = 0% 
Age0_23_F(t) = Age0_23_F(t - dt) + (Spawning_23_F - Surv_23_F - Mort_Age0_23_F) * dt 
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INIT Age0_23_F = 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Spawning_23_F = (Breeding_F*Eggs_per_female_F)*Hatch_success_F 
Surv_23_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 46 
Mort_Age0_23_F = LEAKAGE OUTFLOW 
 
 LEAKAGE FRACTION = Pred_23_F 
 
 NO-LEAK ZONE = 0% 
Age_1F(t) = Age_1F(t - dt) + (Surv_19_F + Surv_20_F + Surv_21_F + Surv_22_F + Surv_23_F + 
Surv_18_F - Surv_1F - Mort_1F) * dt 
INIT Age_1F = 0,0,0,0,1 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Surv_19_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 50 
Surv_20_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 49 
Surv_21_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 48 
Surv_22_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 47 
Surv_23_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 46 
Surv_18_F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<17) THEN 17 ELSE 51 
Surv_1F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF(TIME<5) THEN 5 ELSE 12 
Mort_1F = LEAKAGE OUTFLOW 
 
 LEAKAGE FRACTION = NMrate_JF+Pred_Mrate_J1F 
 
 NO-LEAK ZONE = 0% 
Age_2F(t) = Age_2F(t - dt) + (Surv_1F - Surv_2F - Mort_2F) * dt 
INIT Age_2F = 0,0,0,0,1 
 
 TRANSIT TIME = varies 
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 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Surv_1F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF(TIME<5) THEN 5 ELSE 12 
Surv_2F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF(TIME<5) THEN 5 ELSE 12 
Mort_2F = LEAKAGE OUTFLOW 
 
 LEAKAGE FRACTION = Pred_Mrate_J2F+NMrate_JF 
 
 NO-LEAK ZONE = 0% 
Age_3F(t) = Age_3F(t - dt) + (Surv_2F - Surv_3F - Mort_3F) * dt 
INIT Age_3F = 0,0,0,0,1 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Surv_2F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF(TIME<5) THEN 5 ELSE 12 
Surv_3F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF(TIME<5) THEN 5 ELSE 12 
Mort_3F = LEAKAGE OUTFLOW 
 
 LEAKAGE FRACTION = NMrate_JF 
 
 NO-LEAK ZONE = 0% 
Age_4F(t) = Age_4F(t - dt) + (Surv_3F - Surv_4F - Mort_4F) * dt 
INIT Age_4F = 0,0,0,0,1 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Surv_3F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF(TIME<5) THEN 5 ELSE 12 
Surv_4F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF(TIME<5) THEN 5 ELSE 12 
Mort_4F = LEAKAGE OUTFLOW 
 
 LEAKAGE FRACTION = NMrate_JF 
 
 NO-LEAK ZONE = 0% 
Age_5F(t) = Age_5F(t - dt) + (Surv_4F - Surv_5F - Mort_5F) * dt 
INIT Age_5F = 0,0,0,0,1 
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 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Surv_4F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF(TIME<5) THEN 5 ELSE 12 
Surv_5F = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF(TIME<5) THEN 5 ELSE 12 
Mort_5F = LEAKAGE OUTFLOW 
 
 LEAKAGE FRACTION = NMrate_J5F 
 
 NO-LEAK ZONE = 0% 
NMrate_AF = 0 
NMrate_J5F = Rate_to_reach_F_carry_cap 
NMrate_JF = 0 
Pred_18_F =  { Place right hand side of equation here... } 
Pred_19_F =  { Place right hand side of equation here... } 
Pred_20_F =  { Place right hand side of equation here... } 
Pred_21_F =  { Place right hand side of equation here... } 
Pred_22_F =  { Place right hand side of equation here... } 
Pred_23_F =  { Place right hand side of equation here... } 
Pred_Mrate_J1F = Juv_1FPred_Rate 
Pred_Mrate_J2F = Juv_2FPred_Rate 
Total_Juv_F = Age_3F + Age_1F + Age_2F + Age_4F + Age_5F 
F Feedback 
Juv_F_Carry_Cap = 27000 
Rate_to_reach_F_carry_cap = (Total_Juv_B-Juv_F_Carry_Cap)/Age_1B 
F Spawning 
Breeding_F = round (Adult_F*Sex_Ratio_F) 
Eggs_per_female_F = 0 
Hatch_success_F = 0 
Sex_Ratio_F = .5 
Juv 1F Pred 
Juv_1F_Pop(t) = Juv_1F_Pop(t - dt) + (Juv_1F_inflow - Juv_1F_dump) * dt 
INIT Juv_1F_Pop = 0,0,0,0,8000 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Juv_1F_inflow = Surv_0F 
Juv_1F_dump = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<5) THEN 5 ELSE 12 
J3CP_Pred_Switch_Juv1F =  { Place right hand side of equation here... } 
Juv_1FPred_Rate = IF (TIME<6) THEN 
((((Juv_Predator_Food_Req*Pred_Juv1_Diet_3)/Juv_1F_g_Conv)*Juv_1B_Rel_Abun)/Juv_1F_Pop)*5 
ELSE 
((((Juv_Predator_Food_Req*Pred_Juv1_Diet_3)/Juv_1F_g_Conv)*Juv_1B_Rel_Abun)/Juv_1F_Pop)*12 
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Juv_1F_cons_CP = 
round((((Adult_RS*Adult_CP_Diet_Requ_4)/YOY_F_Av_Wt)*RS_0B_Rel_Ab)*CP_Pred_Switch_Juv1
F) 
Juv_1F_cons_J3CP =  { Place right hand side of equation here... } 
CP_Pred_Switch_Juv1F = GRAPH(counter(1,12)) 
(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 1.00), (7.00, 0.00), (8.00, 0.00), 
(9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00) 
Juv_1F_Av_Wt = GRAPH(COUNTER(1,12)) 
(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 0.00), (7.00, 0.00), (8.00, 0.00), 
(9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00) 
Juv 2F Pred 
Juv_2F_Pop(t) = Juv_2F_Pop(t - dt) + (Juv_2F_inflow - Juv_2F_dump) * dt 
INIT Juv_2F_Pop = 0,0,0,0,6400 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Juv_2F_inflow = Surv_1F 
Juv_2F_dump = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<5) THEN 5 ELSE 12 
Juv_2FPred_Rate = IF (TIME<6) THEN 
((((Juv_Predator_Food_Req*Pred_Juv2_Diet_2)/Juv_2F_g_Conv)*Juv_2B_Rel_Abun)/Juv_2F_Pop)*5 
ELSE 
((((Juv_Predator_Food_Req*Pred_Juv2_Diet_2)/Juv_2F_g_Conv)*Juv_2B_Rel_Abun)/Juv_2F_Pop)*12 
Juv_2F_Av_Wt =  { Place right hand side of equation here... } 
Juv_2F_cons_CP = 
round((((Adult_RS*Adult_CP_Diet_Requ_4)/YOY_F_Av_Wt)*RS_0B_Rel_Ab)*CP_Pred_Switch_Juv2
F) 
CP_Pred_Switch_Juv2F = GRAPH(counter(1,12)) 
(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 1.00), (7.00, 0.00), (8.00, 0.00), 
(9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00) 
YOY F Pred 
Adult_CP(t) = Adult_CP(t - dt) 
INIT Adult_CP = 1 
 
 TRANSIT TIME = 1 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Adult_RS(t) = Adult_RS(t - dt) 
INIT Adult_RS = 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1 
 
 TRANSIT TIME = 21 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
Age_2CP(t) = Age_2CP(t - dt) 
INIT Age_2CP = 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1 
 
 TRANSIT TIME = 12 
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 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
YOY_F_Pop(t) = YOY_F_Pop(t - dt) + (YOY_F_inflow - YOY_F_dump) * dt 
INIT YOY_F_Pop = 0,0,0,0,8000 
 
 TRANSIT TIME = varies 
 
 INFLOW LIMIT = INF 
 
 CAPACITY = INF 
YOY_F_inflow = Egg_hatching_F 
YOY_F_dump = CONVEYOR OUTFLOW 
 
 TRANSIT TIME = IF (TIME<5) THEN 5 ELSE 12 
J3CP_Pred_Switch_YOYF =  { Place right hand side of equation here... } 
RS_0_Rel_Ab = Age_0B/Total_RS_Prey 
Total_Juveniles_3_CP = Age_3CP + Age_4CP + Age_5CP + Age_6CP + Age_7CP 
YOY_FPred_Rate = IF (TIME<6) THEN 
((((Juv_Predator_Food_Req*Pred_Juv1_Diet_2)/Juv_1B_g_Conv_2)*Juv_1B_Rel_Abun)/YOY_F_Pop)*
5 ELSE 
((((Juv_Predator_Food_Req*Pred_Juv1_Diet_2)/Juv_1B_g_Conv_2)*Juv_1B_Rel_Abun)/YOY_F_Pop)*
12 
YOY_F_cons_CP = 
round((((Adult_RS*Adult_CP_Diet_Requ_4)/YOY_F_Av_Wt)*RS_0B_Rel_Ab)*CP_Pred_Switch_YOY
F) 
YOY_F_cons_J2CP =  { Place right hand side of equation here... } 
YOY_F_cons_J3CP =  { Place right hand side of equation here... } 
YOY_F_cons_RS = 
round((((Adult_RS*Adult_RS_Diet_Requ_2)/YOY_F_Av_Wt)*RS_0_Rel_Ab)*RS_Pred_Switch_YOYF) 
Adult_CP_Diet_Requ = GRAPH(counter(1,12)) 
(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 0.00), (7.00, 0.00), (8.00, 0.00), 
(9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00) 
Adult_RS_Diet_Requ = GRAPH(counter(1,12)) 
(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 0.00), (7.00, 0.00), (8.00, 0.00), 
(9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00) 
CP_Pred_Switch_YOYF = GRAPH(counter(1,12)) 
(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 1.00), (7.00, 0.00), (8.00, 0.00), 
(9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00) 
J2_Pred_Switch_YOYF = GRAPH(counter(1,12)) 
(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 0.00), (7.00, 0.00), (8.00, 0.00), 
(9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00) 
Juv2_CP_Diet_Requ = GRAPH(counter(1,12)) 
(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 0.00), (7.00, 0.00), (8.00, 0.00), 
(9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00) 
Juv3_CP_Diet_Requ = GRAPH(COUNTER(1,12)) 
(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 0.00), (7.00, 0.00), (8.00, 0.00), 
(9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00) 
RS_Pred_Switch_YOYF = GRAPH(counter(1,12)) 
(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 1.00), (7.00, 0.00), (8.00, 0.00), 
(9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00) 
YOY_F_Av_Wt = GRAPH(COUNTER(1,12)) 
(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 0.00), (7.00, 0.00), (8.00, 0.00), 
(9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00) 
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